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INTRODUCTION 
WILFRIED FELDENKIRCHEN

Werner von Siemens – 
Inventor and International Entrepreneur

Werner Siemens (1816–1892) – or Werner von Siemens, as 
he was known aft er 1888 – lived in an age of upheaval in 
every aspect of life. Conditions in those days not only pro-
vided the environment that was essential in order for the 
fi rm of Siemens & Halske to grow, but were themselves 
 infl uenced signifi cantly by Werner von Siemens’ own work 
and the business operations of the companies he founded.1

Th e process of industrialization began in Germany 
while Werner von Siemens was still a child, and accelerated 
by mid-century. Within a few decades, Germany had been 
transformed from a still largely agrarian country, with 
an economy lagging far behind its Western European 
 neighbors, into one of the leading industrialized nations 
in the world. At fi rst, industrialization was driven mainly 
by railroad construction and the rapidly expanding manu-
facturing sector, both in machine construction and in 
heavy industry. By contrast, the “second industrialization” 
that  began toward the end of the nineteenth century was 
marked by the expanding use of electricity and the market-
ing of newfound chemical products. True, before the First 
World War the value of manufactures and the number 
of people employed in the “new” electrical equipment and 
chemical sectors of the economy were still well behind the 
fi gures for the “old” industries – despite vigorous growth 
since the 1890s, the prewar workforce in the electrical 
industry and in electrical installation was still only about 
1.3 percent of the fi gure in craft s and industry as a whole. 

  7
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8  INTRODUCTION

Yet above-average growth rates and obvious development 
potential already hinted at the role that these industries 
would play in the future, as technical advances furthered 
their development. Seemingly endless new applications 
were discovered for electricity, so that in our time electrical 
equipment is directly or indirectly connected with every 
aspect of life, and the growth elasticity of the world’s electri-
cal equipment market continues to rise relative to worldwide 
aggregate output even today.

Th e electrical industry had its roots in the develop-
ment of “low-voltage” technology, a term applied in those 
days to distinguish communications technology from “high-
 voltage” (power) technology. Th e fi rst products of the low-
voltage technology industry, where production was at fi rst 
still organized as a craft  operation, were the telegraph appa-
ratus, the overhead line, and the cable for long-distance 
commu nications. In 1837, the American Samuel Morse built 
the fi rst telegraph set (which produced a zigzag type of 
script), in the recognition that neither the existing optical 
systems (like semaphore) nor Charles Wheatstone’s dial 
 telegraph could meet the rising world economy’s rapidly 
increas ing demand for information and communications. 
Here Wer ner von Siemens, by refi ning Wheatstone’s tele-
graph, laid the groundwork for all encompassing com -
mercialization.2 He belongs to the list of outstanding 
per sonalities who were responsible for developing electrical 
engineering3 away from an experimental pastime into the 
electrical equipment industry.

Werner von Siemens’ own personality and the fi rm Sie-
mens & Halske that he founded in 1847 – the “stem cell” of 
today’s Siemens AG – early attracted the attention of bi  og-
raphers and of historians of business and technology.4 Works 
about Werner von Siemens have hitherto emphasized his 
outstanding impor tance for the technical development of 
the electrical equipment industry – an approach that seems 
well justifi ed by his pioneering inventions and develop-
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ments, for example in the dial telegraph and in the 
“dynamo electric” principle, to name just the most important 
innovations. Yet these outstanding technological achieve-
ments have somewhat overshadowed his importance as 
a businessman, even though in his day it was not only 
his inventions that lent important momentum to the still 
young science of electrical engineering, but also his activity 
as an entrepreneur that provided crucial assistance to the 
development of the electrical equipment industry. Despite 
his vigorous technical interests, Werner von Siemens worked 
until his very last years to take over profi table, prestigious 
enterprises that comprised not just fabrication, but installa-
tion and operation as well.

Werner von Siemens was born on December 13, 1816, 
the fourth of 14 children of the leasehold estate farmer 
Christian Ferdinand Siemens and his wife Eleonore. In 
terms of his parents’ backgrounds and the household’s 
 liberal Protestant ethic, Werner’s family would be catego-
rized among the upper levels of the educated middle class. 
But the family’s fi nancial circumstances were in stark con-
trast to its social status and were exacerbated still further 
by the persistent agrarian crisis of the 1820s, making it dif-
fi cult for the children to get a formal education consistent 
with middle-class aspirations. Werner left  his Gymnasium, 
an academically oriented secondary school, as early as 1834, 
without graduating, and joined the Prussian Army as a path-
way toward training as an engineer. Although his schooling, 
 oriented to classical languages, hardly off ered much of a 
recommendation for a career that required a sound know-
ledge of mathematics, physics, geography and French for 
the entrance exams, he nevertheless more than measured 
up – thanks to three months of intensive preparation and 
a spot of good luck. Training at the military academy, an 
institution halfway between a trade school and a scientifi c 
university, gave him a background in science and theory 
that would place him at a distinct advantage over most tech-

INTRODUCTION  9
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10  INTRODUCTION

nicians, whose training was merely empirical and practical. 
It also provided a solid foundation for his research, which 
he intensifi ed and pursued systematically aft er his transfer 
to Berlin, most especially in electrical engineering.

In 1847, using extremely simple materials – a cigar box, 
tin-plated sheet iron, a few scraps of plain iron, and a bit 
of insulated copper wire – he built a dial telegraph that 
operated reliably and was, thus, far superior to previous 
equipment. “My telegraph uses only one wire, can be played 
with keys like a piano, and combines the greatest reliability 
and such speed that one can telegraph nearly as fast as 
the keys can be pressed. Yet it is ridiculously simple and 
quite independent from the strength of the current,” 
he reported to his brother Wilhelm. He entrusted the 
 construction of his new device to a precision-instrument 
maker named Johann Georg Halske, whom he knew from 
the Physics Society, an association of ambitious young prac-
titioners and researchers who met at the house of physics 
professor Gustav Magnus on the Kupfergraben in Berlin. 
Halske, born in 1814, had settled in Berlin as a precision 
mechanic, and operated the small workshop of Bötticher & 
Halske there. He quickly developed an interest in the simple 
yet reliable system, and enthusiastically set about making 
mechanical improvements in the apparatus. When Werner’s 
cousin, the magistra te Johann Georg Siemens, provided 
 startup capital of 6,842 thalers, there were no further 
 obstacles in the way to founding a new company. 

On October 1, 1847, “Telegraphen-Bauanstalt von Sie-
mens & Halske” (Siemens & Halske Telegraph Construc-
tion Company) was formed under a partnership agree-
ment by 
1. “Mechanic Halske,” 
2. “Artillery Lieutenant Werner Siemens,” and 
3. “Justizrath Georg Siemens.”5 

On October 12, less than two weeks later, Werner von 
Siemens and Johann Georg Halske opened their workshop 
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INTRODUCTION  11

in a building at the rear of Schöneberger Strasse 19 in Ber-
lin. Within a few decades, the small precision-mechanics 
operation of Siemens & Halske, making mechanical bell 
systems for railroads, water meters, gutta-percha insulation 
for wires, and especially electrical telegraphs, would become 
one of the largest electrical equipment fi rms in the world. 
Indeed, it was already operating internationally within a 
short time aft er its founding. Th e company was founded 
to meet a demand that was not directly determined by 
the market and was not subject to general economic fl uc -
tuations. Until the 1880s, it was the unquestioned leader 
in Germany, since no competitor could match it in size, 
capitalization, variety of products, technical knowledge, 
experience or qualifi cations.6 

Th e speed of this no-red-tape process of launching a 
company and the way in which it was fi nanced with the help 
of a well-to-do relative were typical of the early phase of 
German industrialization. What was less typical is that the 
company was founded successfully in the midst of the crisis 
of the late 1840s, a crisis both political and economical – 
demonstrating quite clearly that, for the moment at least, the 
new telegraph industry was in a position to operate with 
a considerable degree of independence from economic 
 conditions. What’s more, handcraft ing telegraph equipment 
called for no great capital investment. But the fl ip side of 
this extensive independence from economic conditions 
was a dependence on a few clients: the military administra-
tion and, a short time  later, the administrations of the state 
 telegraph offi  ces and the railroads.

At fi rst, the new Telegraph Construction Company 
found that this disadvantage was outweighed by its near-
monopoly position as a vendor and by the fact that it could 
profi t from its founder’s excellent contacts. Even before the 
company was founded, Werner von Siemens was in promis-
ing negotiations with the Prussian Telegraph Commission, 
the Anhalt Railway and the Russian Ambassador in Berlin. 
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12  INTRODUCTION

So, at its founding, Siemens & Halske already had several 
almost fi rm orders; the fi nancial risk seemed low.

By the summer of 1848, the young Telegraph Construc-
tion Company had already received its fi rst prestigious major 
order: a government contract to build a telegraph line more 
than 500 kilometers long between Berlin and Frankfurt am 
Main, where the German National Assembly was convening 
in the aft ermath of the revolutionary March uprisings of 
1848. Th is, the longest telegraph line on the European conti-
nent at the time, was put up within an extremely short time, 
so that on March 28, 1849, the election of King Friedrich 
Wilhelm IV of Prussia as German Emperor was wired to 
Berlin within the very hour it was announced. It was a 
 technical sensation that attracted attention not just within 
Germany but – most signifi cantly – from abroad. 

But smooth relations with the Prussian telegraph ad -
ministration did not last long. Th e fi rst diffi  culties arose as 
early as the summer of 1849, as a consequence of disrup-
tions in line service. Finally, by 1851, the Prussian tele graph 
administration was placing no new orders with Siemens & 
Halske. Th e young company went into its fi rst fi ght for sur-
vival, which it overcame only by carefully tapping foreign 
markets. 

Th e Russian business in particular provided for a new 
upswing in business in the early 1850s, aft er Siemens & 
 Halske won the contract in 1851 to build the Russian 
 telegraph network. By the mid-1850s, this system would 
extend from the Baltic to the Black Sea,7 and the company 
had signed special maintenance or “remount” agreements 
with the Russian government to cover it. Th ese contracts 
proved a lucrative source of income, especially aft er Werner 
von Siemens invented the “Tatar” galvanometer, which soon 
made it possible to localize malfunctions accurately and 
thus reduce maintenance expenses. Th e high repute that 
Siemens &  Halske enjoyed in Russia was particularly 
re fl ected in the offi  cial appointment of the company as 
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INTRODUCTION  13

“Contractors for the Construction and Maintenance of the 
Imperial Russian Tele graph Lines.” To ensure that they could 
exercise their authority in maintaining the lines, the “offi  -
cials” employed at Siemens & Halske received the right to 
wear uniforms with badges of rank. 

In 1853, Werner’s younger brother Carl, only 24, took 
over the supervision and management of telegraph installa-
tions in Russia. With his ability to solve problems quickly 
and capably, he soon proved his mettle. In 1855, the Russian 
business under Carl’s management became an autonomous 
subsidiary with its own assets, and with Carl Siemens still at 
its head.

During the early years of Siemens & Halske Telegraph 
Construction Company the nature and scope of orders 
 fl uctuated widely. It was barely possible to keep up with 
the production of telegraph equipment and accessories for 
large orders, yet underemployment during the intervening 
slack periods repeatedly threatened the company’s survival. 
Th is basic problem would remain insoluble as long as the 
company operated solely or at least primarily in the tele-
graph industry. Siemens & Halske attempted to counter 
with an early form of diversifi cation. When the Russian 
contracts began falling off  at the end of the 1850s, the 
 Berlin plant began building water meters – developed 
under the guidance of another younger brother, Wilhelm, 
and patented by him – for the English market. Th us, the 
company was able to maintain and off er employment for its 
core staff  of highly skilled workers even when orders were 
few. It was able to maintain an almost constant workforce 
of about 150 from the fi rst expansion up to the mid-1860s, 
and only a few of these were unskilled assistants.

In addition to the Russian business, operations in Eng-
land became a second important mainstay of the Telegraph 
Construction Company. Here Wilhelm Siemens – who was 
later naturalized as Charles William Siemens and eventually 
knighted as Sir William – became involved in the produc-
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14  INTRODUCTION

tion and laying of undersea telegraph cables and achieved 
the diffi  cult feat of breaking into the highly evolved English 
telegraph market, where private operating companies com-
peted with one another.8 Th e London offi  ce, which became 
an independent business in 1858, was especially successful 
in the cable business, thanks to Wilhelm’s good contacts 
among engineers and government offi  cials. So, in 1863, the 
company decided to build its own cable factory near Wool-
wich in order to shake off  its dependence on suppliers’ 
quality and prices. 

In 1865, the London business was reorganized and re -
named Siemens Brothers aft er Halske left  the company. A 
highlight of operations was the construction of the Indo-
European Telegraph line linking London and Calcutta. Th e 
line remained in operation until 1931 as one of the world’s 
fastest, most reliable and most profi table telegraph systems. 
Another triumph was laying large trans atlantic cables from 
the Faraday, a cable steamer designed by Werner and Wil-
helm Siemens. Stretches of bad weather, false rumors and 
sabotage by competitors made laying the cable a test of 
nerves for all involved, and Carl Siemens later said, “I can 
consider those fi ve years as equal to at least ten years taken 
off  my life. I was mentally and physically at the end of my 
tether.”

In 1883, Siemens & Halske opened an Austrian branch 
in Vienna with its own production capability. Attempts to 
establish offi  ces in Belgium and France failed, not least of 
all because of politics. Werner von Siemens’ last project 
before his death was founding an offi  ce in America. In 
1892, the year he died, Siemens & Halske of Berlin, joined 
together with two American partners to found Siemens & 
Halske Electric Co. of America, a company that concen-
trated on building dynamos, railroad engi nes and their 
accessories. But it suff ered from serious internal disputes 
among management from the very start, and Siemens & 
Halske shed its holding only a few years aft er the company 
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INTRODUCTION  15

was founded.9 Th e business did not perform terribly well 
and fi nally had to be discontinued entirely aft er a fi re 
destroyed a large portion of the plant. 

Th ese examples show that worldwide business opera-
tions were an impor tant part of the corporate culture from 
the very start. Few businessmen of that era moved as reso-
lutely into foreign markets as Werner von Siemens and his 
brothers. With their inventions and business projects, they 
sought global success from the outset and, thus, were well 
ahead of their time. Certainly one of the reasons behind 
this international orientation lay in the exceptional charac-
teris tics of the still young electrical equipment industry 
in the middle of the nineteenth century. If only to protect 
their patents, electrical companies, like chemical compa-
nies, were interested in becoming a presence abroad at an 
early stage, while the drop in Prussian government orders 
in the early 1850s added to the pressure to become really 
successful abroad, as a matter of economic survival. But 
another source of the company’s inter  na tional involvement 
lay in the Siemens brothers’ personalities, their philo so phies 
and political convictions. In this connection, the 71-year-
old Werner wrote to his brother Carl:

“From my young days it has always been my ambition 
to build an enterprise of world standing in the style of the 
Fuggers, which would give not only me but my successors 
power and authority in the world and also provide the 
means to a better life for my brothers and sisters and close 
relatives. [. . .] I view business only secondarily as a way of 
making money; for me, rather, it is an empire that I have 
founded, and that I would like to leave to my descendants 
undiminished, so that they may continue to work in it.”

Th ese words reveal another deciding factor in Werner 
von Siemens’ corporate policies: his focus on his family 
and the obligation he felt to provide for his closest family 
members – initially his brothers and sisters, and later his 
children. Th is view of his own role provides an understand-
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16  INTRODUCTION

ing of his intensely familial and personal style of doing 
business, as well as his eff orts to include family members 
in a joint enterprise. Yet despite the successes in Germany 
and abroad, relations between Werner and his brothers 
Carl and Wilhelm were not free from tensions. Diff erences 
of opinion on corporate policy sometimes led the brothers 
into  vehement arguments that peaked when both Wilhelm 
and Carl accused Werner of unprofessional management: 
they were suff ering from what they saw as the infl exible 
operating methods of the Berlin plant and Werner’s patriar-
chal attitude. Nevertheless, Werner von Siemens continued 
to assert his policy concept of a combined business man-
aged out of Berlin until 1880, maintaining ascendancy over 
his brothers in management – not least of all because the 
business was based on his capital, and the brothers needed 
his help since their own sideline businesses had not been 
very successful. 

Werner von Siemens’ management style is sometimes 
called “liberal patriarchalism” in the literature, but a more 
accurate term might be “social-welfare patriarchalism” – 
because his attitudes favoring general social welfare were 
combined with considerations of corporate policy. Th e 
 com pany’s hier archical structure could not be touched, 
and unconditional loyalty and strict maintenance of labor 
harmony were requirements, but the reward – as Werner 
himself expressed it – was the happy, independent coopera-
tion of all employees for the promotion of their interests. 
His business approach was conditioned by the belief that 
social problems had to be solved through concessions, 
because the livelihood of everyone working in a company 
depended on everyone else. Combining the employees’ best 
interest with the objectives of the company – that was the 
maxim that guided Werner von Siemens in his numerous 
social policy initiatives as well. He was far ahead of his time, 
for example, in the “inventory bonus” he fi rst paid out in 
1866, the ancestor of today’s annual employee profi t-sharing 
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INTRODUCTION  17

bonuses. As early as 1872, he founded the fi rst company 
re tirement program with a “pension, widows’ and orphans’ 
fund” – more than a decade before the  government-
 regulated retirement and survivors’ pension plan was 
founded. Th e fund also served as a way of strengthening 
staff  loyalty to the company. Werner von Siemens himself 
once called this mixture of entre preneurial calculation and 
patriarchal responsibility a “healthy egoism.” 

What made it possible to carry out his social-policy 
 ideas was the company’s fi nan cial success, thanks to  Wer ner’s 
own forward-looking, inno vative inven tions. With these he 
earned Siemens & Halske Telegraph Con struction Company 
a reputation as a pioneer in electrical engineering. In 1866, 
he achieved what is probably his most important contri-
bution to electrical engineering, when he built on Michael 
Faraday’s work to discover the dynamo-electric principle, 
thus achieving the breakthrough that enabled electricity to 
be used as a power source.

Werner von Siemens’ report to the Berlin Academy of 
Sciences on January 17, 1867, entitled “Über die Um-
wandlung von Arbeitskraft  in elektrischen Strom ohne 
Anwen  dung permanenter Magnete” (Of the Conversion 
of Mechanical Energy into Electric Current without Per-
manent Magnets), established his credentials not only as 
a researcher who sought to track down the sources of 
the phenomena he observed, but also as an engineer and 
farsighted entrepreneur, who from his experiences with 
the experimental machine he himself had built derived a 
prediction: “Technology now has the means to generate 
electric current of unlimited power cheaply and conve-
niently  wherever work is available. Th is fact will be of 
considerable signifi cance in many technological fi elds.”

He put his expectations of his invention even more 
 precisely in a letter he wrote to Wilhelm in England on 
De cember 4, 1866: “If the design is carried out correctly, 
the eff ects must be colossal. Th e matter is very capable of 
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18  INTRODUCTION

expansion, and may open up a new era in electromag netism. 
[. . .] It will make magneto-electricity very cheap, while 
lighting, electroplating, and so forth – even small electro-
magnetic machines that obtain their power from larger 
ones – will become possible and useful.” By that time, 
Werner von Siemens had already recognized the principal 
applications of power engineering and had named the fi elds 
that would become widespread by the time of his death. 
A few examples to show how rapidly this development 
advanced: In 1879, Siemens & Halske introduced the 
world’s fi rst electric railroad at the trade exposition in Ber-
lin. Th e fi rst electric street lighting followed in Berlin’s 
Kaiser galerie. In 1880, came the fi rst electric elevator in 
Mannheim and, in 1881, the world’s fi rst electric tram line 
in Berlin-Lichterfelde. Th ere were no limits to the general 
public and private spread of electricity. In 1892, Siemens & 
Halske alone was building 1,000 dynamos a year and gener-
ating sales of nearly 20 million marks. Th e company had 
6,500 employees worldwide, 4,775 of them in Germany.

As Werner von Siemens’ own expectations (quoted 
abo ve) about the dynamo machine also show, only one side 
of his work tends to be illuminated in the variety of publi-
cations that mainly emphasize his outstanding importance 
to the technical development of the electrical industry. It 
needs to be pointed out that he not only lent signifi cant 
impetus to the then young fi eld of electrical engineering 
through his inventions, but as a businessman, played a 
 crucial role in the industry’s advancement as well, even 
though for his own part he always claimed to see himself 
as a researcher and inventor, and had no particular sym-
pathy or esteem for the business profession or, as he called 
them, the “money people.”10 Yet Werner von Siemens’ suc-
cess as an entrepreneur lay not simply in his ability to 
formulate fundamental technical discoveries, but rather in 
that as a researcher and a businessman, he was able to pro-
vide an intermeshed vision that extended all the way from 
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INTRODUCTION  19

an invention to marketable products and systems solutions. 
In this, he laid the found ations of a way for Siemens to view 
its business, in a tradition that continues even today: it 
might be called fi nding both technical and business applica-
tions for electricity in a universal sense, with an involvement 
in almost every fi eld of electrical engineering and a presence 
in virtually every regional market in the world. Never the-
less, in the 1970s the company relinquished the principle of 
working in every fi eld of electrical engineering and electron-
ics. Th e diffi  cult market conditions in the recent past have 
led the company to address the advancing integration of the 
world economy with a further concentration on its core 
operations and an opti mization of its business port folio. 

It does not detract from Werner von Siemens’ tower-
ing signifi cance if one notes that in advanced age, his 
increasingly conservative, cautious and rather risk-averse 
business policies favored the rise of competitors and caused 
a relative weakening of Siemens & Halske’s position in the 
1880s. One con tributing factor in this change was that 
 Siemens & Halske’s business policy aimed more for tech nical 
than commercial optimization, and its cautious expansion 
was based not least of all on the founding  family’s interests 
and fi nancial capacity. Despite its technical leadership, in 
the 1880s Siemens & Halske, as a family fi rm with a rela-
tively small capital base, could no longer compete in every 
sector with stock corporations like AEG. Since its inception, 
the electrical industry had had a tendency toward large-
scale operations, and during this period the large capital 
demands of energy technology amplifi ed that tendency still 
further. 

In international operations, Werner von Siemens’ aver-
sion to delegating tasks and his severe distrust of anyone not 
belonging to the family became an increasingly serious 
handicap. Not until the last decade before the turn of 
the century did Siemens & Halske’s corporate policy begin 
slowly to change, not least of all in response to the industry’s 
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changing operating conditions. One sign of the new direc-
tion was the transformation to a stock corporation, initiated 
in 1890 and completed in 1897 with signifi cant cooperation 
from Deutsche Bank. In 1890, Werner von Siemens offi  cially 
left  the fi rm when it changed its form to a limited partner-
ship, but he continued to exercise a defi ning  infl uence. Only 
aft er his death in 1892 did the second  generation of entre-
preneurs – his sons Wilhelm and Arnold under the  executive 
oversight of his brother Carl – set the course for Siemens & 
Halske to quickly make up for the gap that had opened 
between it and its competitors.

One hundred sixty years has passed since Siemens & 
Halske was founded. Th at time has seen immense political, 
social, economic and technical advances and changes. Th e 
company that Werner von Siemens and Johann Georg 
 Halske founded still exists today, albeit with a diff erent 
 corporate structure. Siemens is thus one of the few corpo-
rate groups that has far exceeded what a study by the 
Harvard Business Review11 found was the average lifespan 
for companies in Western Europe and the United States – 
20 years. Th at study listed several characteristics that all 
long-lived companies seem to share and that might help 
explain their survival: 

• A conservative fi nancial policy
• A strong ability to learn, so as to adapt to the changing 

environment
• Openness and tolerance for new ideas
• Most importantly, a clearly marked, strong corporate 

culture
•  And fi nally, a repertoire of visions that defi ne the com-

pany’s strategic orientation.

On the basis of these success factors, it is possible to identify 
central values in operation at Siemens that go back to Wer-
ner von Siemens. His entrepreneurial spirit still infl uences 
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the strategy and policies of Siemens AG today. Th e follow-
ing core elements of the company’s corporate culture have 
been present right from the start:

• A high level of technical accomplishment
• A consistent fl ow of innovations
• Personnel and social policies in keeping with the times
• Internationalism – or what Werner von Siemens called 

“a world enterprise like that of the Fuggers”
• Solidity/long-term corporate strategy
• A conservative fi nancial and investment policy. 

Th ese elements have changed very little in the 160 years 
since the company was founded. Th is is why it is so fasci-
nating to study the historic roots of the company, and 
the inventive power and outstanding achievements of its 
founder, Werner von Siemens. 

Conventions Used in this Edition

Werner von Siemens wrote his Recollections during the 
last three years of his life, from the summer of 1889 to the 
summer of 1892. Th e book was published in December 
1892, shortly before his death. In the foreword, he noted 
he was motivated by the intention of preventing his eff orts 
and achievements from “later being misjudged and falsely 
 interpreted.” He also hoped that his writings “would be 
instructive and stimulating for young people [. . .] and they 
could see that a young man without an inheritance and 
infl uential patrons, even without the right educational 
 background, can rise in life and achieve something use-
ful through his work alone.”

In a highly attractive and lively style, Werner von Sie-
mens set down a thrilling report of his event-fi lled life, 
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during which he traveled to many countries and met with 
countless personalities of his day. His Recollections are not 
only an important document about the pioneering age of 
modern technology but also a valuable personal testimony 
about daily life and culture in the 19th century. Th ey bring 
alive the conditions of life and work in an age when techno-
logical progress was changing human lives at a breathtaking 
pace and to a degree previously unimaginable. Werner von 
Siemens, whose inventions and application of innovative 
technologies made a decisive con tribution to this develop-
ment, regrets at the end of his Recollections “that it is not 
granted to me to continue working on the full development 
of the age of science.” At the very end, he sums up with the 
words: “my life was beautiful.”

While working on his Recollections, Werner von Siemens 
was told by a critic who had been given texts for correcting 
that the language and style he had used were too nonchalant 
and not refi ned enough. Siemens replied: “For me, the 
 correct style of my recollections is less important than the 
fact that they refl ect me, my feelings and my thoughts with-
out adornment. [. . .] It is writing in a nightshirt and slippers, 
and it should also remain so; it shouldn’t be a clumsy attempt 
at a carefully groomed and stylized offi  cial language!” 
Th e goal of the newly revised English edition is to keep the 
original and lively character of the Recollections in their 
 author’s spirit. Th is book is based on the 19th German edi-
tion of the Recollections, published in 2004 by Piper Verlag 
of Munich.

When the fi rst edition of the Recollections came out in 
1892, it imme diately attrac ted considerable attention. Just 
one year later, the book was translated by William Chatter-
ton Coupland and published by Asher & Co. in London. 
By 1986, the Recollections had gone through 18 editions in 
Germany. In the 16th edition, which appeared in 1956, 
Werner von Siemens’ original text was for the fi rst time 
accom pa nied by extensive footnotes, contemporary docu-
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ments and illustrations. Th ese supplementary elements were 
retained in the second English edition, which was published 
in 1966 by Percy Lund Humphries & Co. in London and by 
Prestel in Munich, as well as in the following two German 
editions. Th is English edition – the third – is based on the 
revised 19th German edition of 2004. Werner von Siemens’ 
texts were editorially reworked from the 18th edition, the 
footnotes were brought up to date, and the layout was 
enhanced with additional illustrations. Th e current edition 
also contains an appendix written by Werner von Siemens 
as a supplement to his Recollections, in which he primarily 
discusses his later scientifi c and technical work. Th is ap -
pendix appeared in the fi rst edition, but was omitted – for 
unknown reasons – in some of the later editions, including 
the second English edition.

Th e fi rst edition of 1892 serves as the basis of the text 
presented here. Th is new English edition followed certain 
conventions: Spelling has been modern ized to ease read-
ability, while phonetics and grammar refl ect the fi rst 
edition. Special contemporary terms, such as used by the 
military, are also oriented to the fi rst edition. Obvious errors 
have been corrected.

Th e footnotes, which have been revised and updated 
from the 19th edition, are provided to clarify the histori-
cal background of the main texts. Th e footnotes include 
explanations of facts, brief biographical information and 
more extensive comments on the technical developments 
discus sed in the original text. Explanations necessary for 
understanding the text are placed in the margins beside 
the relevant passage. Terms which are explained more 
ex tensively in the appendix notes are printed in small 
 capitals. In addition, the appendix also contains a genealogy 
of Werner von Siemens’ parents, siblings and children. A 
chronology with biographical information about Werner 
von Siemens includes key facts and data from the life of 
the company founder. Th e index has been reorganized and 
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lists places, names and subject matter. Th e bibliography has 
also been newly compiled and provides a more extensive 
listing of literature about Werner von Siemens and his 
work.
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PREFACE

Harzburg, June 1889

“Th e days of our life are threescore years and ten, or even 
by reason of strength fourscore years” – that is a serious 
ad monition to one who is approaching the mean point 
between these limits, and who still has much to do! Speak-
ing generally, we may indeed console ourselves with the 
thought that others will do what we ourselves have not been 
able to accomplish, that the world accordingly will be no 
permanent loser; but there are certain tasks in regard to 
which this consolation is of no avail, since the performance 
of them can devolve upon no 
other. Into this category falls 
the autobiographical narrative 
which I have promised my fam-
ily and my friends.

I confess that the proposed 
undertaking has weighed heavily 
on my mind, being fully con-
scious as I am of possessing the 
talent neither of the historian nor 
of the man of letters, and having 
always had a more lively interest 
in the present and the future than 
in the past. Furthermore I do not 
have a good memory for names 
and dates, and not a few events of 
my tolerably changeful existence 
are utterly beyond recall. On the 
other hand, however, I am desir-

  27

Werner von Siemens’ 
country home in 
Harzburg. On the 
balcony: Werner and 
his second wife, 
 Antonie. Undated.

titelei_feldenkirchen_engl.indd   27titelei_feldenkirchen_engl.indd   27 13.08.2008   21:20:0013.08.2008   21:20:00



28  PREFACE

ous of being my own chronicler, in order to preclude the 
possi bility of future misunderstanding and misinterpreta-
tion of my endeavors and actions, and I have an idea also that 
it will be instructive and stimulating to the coming gene-
ration to be shown plainly how a young man, without 
inherited re sources and infl uential supporters, nay, even 
without proper preliminary culture, may, solely through his 
own industry, rise and do something useful in the world. 
I shall not expend much thought on literary form, but 
shall jot down my recollections just as they occur to me, being 
only anxious that my statements may be clear and truth-
ful, and my impressions and feelings faithfully reproduced. 
I shall, how ever, at the same time try to indicate those inner 
and outer forces which have borne me through weal and woe 
to the desired goals, and which have made my evening of life 
an easy and sunny one.

Here in my secluded villa at Harzburg I hope to fi nd the 
necessary calm for such a retrospect, for amid the scenes of 
my active labors, in Berlin and Charlottenburg, I am too 
much beset by the demands of the hour to be able without 
interruption to devote any considerable time to refl ection 
on my own past.
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CHILDHOOD AND YOUTH 

My earliest recollection is of an act of juvenile heroism, 
which perhaps im printed itself so indelibly on my mind 
on account of its striking eff ect on the development of my 

character. My parents lived till I was eight in Lenthe, near 
Hanover, where I was born, and where my father farmed 
the estate (Obergut) of a Herr von Lenthe. I must have been 
about fi ve years of age when, while I was playing one day in 
my father’s room, sister Mathilde, my senior by three years, 
was led in, weeping copiously. She had been on her way to 

The Lenthe estate 
near Hanover, where 
Werner von Siemens 
was born on 
 December 13, 1816.

Werner von Siemens’ 
birth recorded in 
the Lenthe church 
register.

  29
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the parsonage for her knitting lesson, but a dangerous 
 gander, she complained, had barred her entrance into the 
parsonage yard, and had repeatedly snapped at her. Accord-
ingly she stoutly refused, despite all her mother’s coaxing, 
to repair to her lesson without a companion. My father, too, 
could not succeed in shaking her determination. At last he 
gave me his stick, which was considerably bigger than I was, 
saying: “Th en Werner shall go with you, and I hope he has 
more courage than you have.” At fi rst that appeared to me 
somewhat questionable, as my father dismissed me with the 
injunction: “If the gander comes, just go toward him bravely 
and hit him soundly with the stick, then he will run away!” 
And so it turned out. When we reached the yard gate, the 
gander ran toward us with outstretched neck and terrible 
hissing. My sister turned tail, shrieking, and I was strongly 
tempted to follow suit, but I trusted my father’s counsel and 
encountered the monster, with eyes shut indeed, but hitting 
out doughtily with the stick to left  and right. And lo, fear 
seized the gander, and he returned cackling noisily to the 
fl ock of geese that had also taken to fl ight.

It is curious what a deep and lasting impression this fi rst 
victory made on my childish mind. Even now, aft er well-

The vicarage in 
 Lenthe. Drawing by 
Anton Scheuritzel.
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nigh 70 years, all the persons and 
 surroundings associated with 
this important event stand clear-
ly before my eyes. With it too 
is connected the only remem-
brance that remains to me of the 
appearance of my parents in their 
younger years; and numberless 
times in diffi  cult situations the 
victory over the gander has un-
consciously stimulated me, not 
to yield to threatening dangers, 
but to  overcome them by a bold 
confrontation.

My father came of a family 
which had lived since the Th irty 
Years’ War on the northern slope 
of the Harz mountains, and en-
gaged for the most part in agriculture and forestry. An old 
family legend, which it is true is rejected as unproven by 
recent historians, runs that some venerable ancestor came 
to North Germany during the Th irty Years’ War with the 
troops of Tilly, was present at the storming of Magdeburg, 
then married a citizen’s daughter whom he had snatched 
from the fl ames, and settled in the Harz region. As is proved 
by the existence of a reliable genealogical tree, somewhat 
rare in middle-class families, the Siemens family has always 
shown a certain cohesiveness. In recent times the gathering 
taking place every fi ve years in some place in the Harz 
mountains, as well as an institution founded in 1876, have 
contributed to the solidarity of a family now very widely 
distributed.

My father was very proud of his family, as were most of 
the Siemens, and oft en told us children of its members 
who had in some way or other distinguished themselves. Of 
these celebrities, except for my grandfather with his fi ft een 

Christian Ferdinand 
Siemens (1787–1840), 
Werner von Siemens’ 
father. Undated.
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children, my father being the youngest, I remember only a 
military councilor, who held a position of authority in the 
council of the free town of Goslar at the time when the town 
lost its immediate connection with the empire. My grand-
father had rented the estate of Reichsfreiherr von Grote, 
consisting of the manors Schauen and Wasserleben at the 
foot of the northern part of the Harz mountains. Wasser-
leben was my father’s birthplace. Of the stories which my 
father loved to recount to us children, two have remained 
vivid in memory.

About 120 years ago, the petty court (Duodezhof) of 
Reichsfreiherr von Grote was startled by the intimation that 
King Frederick II of Prussia was about to trespass on the 
imperial-baronial domain in his march from Halberstadt 
to Goslar. Th e old baron awaited his powerful neighbor 
in befi tting manner along with his only son, at the head of 
his customary contingent to the Imperial Army, consisting 
of two men, and accompanied by his vassals – my grand-
father and his sons, all on horseback.

As Old Fritz with his mounted escort approached the 
boundary, the imperial baron rode a few paces to meet 

The Wasserleben 
estate near Wernige-
rode. Drawing by 
Anton Scheuritzel. 
From 1777 to 1805, 
Werner von Siemens’ 
grandfather had a 
leasehold on the 
 estate from the 
Count of Stolberg-
Wernigerode.
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him, and in due form bade him welcome “in his territorio.” 
Th e king, in whose memory perhaps the existence of this 
 neighboring realm had grown somewhat dim, appeared 
surprised at the greeting, returned the compliment, how-
ever, in proper form, and turning to his retinue remarked: 
“Messieurs, voilà deux souverains qui se rencontrent!” 
Th is caricature of old imperial glory has always remained 
in my memory, and very early kindled in us children the 
longing for future national unity and greatness.

Th ere was another event of even greater importance for 
the miniature state of Grote than the foregoing. My father 
had four* sisters, one of whom, Sabine, was very amiable 
and beautiful: excellences which the young baron was not 
slow to perceive, and who accordingly off ered her his heart 
and hand. Th e attitude the old Freiherr adopted in this 
 crisis is unknown to me; but the young gentleman met 
with a decided rebuff  from my grandfather. Th e latter was 
un willing that his daughter should enter a family where she 
would not be treated as an equal, holding tenaciously to the 
opinion of his time, that bliss and blessing can only spring 
from a union of like and like. He forbade his daughter all 

The Schauen estate 
near Wernigerode. 
Drawing by Anton 
Scheuritzel. 
From 1762 to 1792, 
Werner’s grandfather 
Johann Georg Heinrich 
 Siemens held a 
 leasehold and local 
magistracy here. The 
house is where Johann 
Georg Heinrich’s son 
Christian Ferdinand 
was born on July 31, 
1787.

* Werner’s father, 
Christian Ferdinand 
Siemens, had eight 
sisters, only fi ve of 
whom reached adult-
hood.
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further dealings with the young 
nobleman, and resolved to facili-
tate the same by removing her 
from under the parental roof. 
But the young folk evidently 
were seized by the spirit of the 
new era, and on the morning 
of the arranged departure my 
grandfather received the dire 
intelligence that the young baron 
had carried off  his daughter 
the previous night. Whereupon 
there was great excitement and 
hot pursuit of the fl own birds 
by my grandfather and his fi ve 
grown-up sons. Th e trail of the 
fugitives was followed to Blan-
kenburg and there ended in 
the church. When entrance had 

been eff ected the young couple was found stationed at the 
altar, where the pastor had just pronounced the nuptial 
blessing!

How the family drama developed immediately there-
aft er it is no longer in my ability to say. Unhappily, aft er 
a few blissful married years the young husband died with-
out  leaving any progeny. Th e barony of Schauen thereupon 
passed to collateral relations, together with the obligation to 
pay to Aunt Sabine for nearly half a century the statutory 
imperial-baronial widow’s pension. While a young artillery 
offi  cer, I oft en visited the amiable and sprightly old lady at 
Kölleda in Th uringia, whither she had retired. “Aunt Grote” 
was still beautiful even in her old age, and formed at that 
time the acknowledged center of our family. For us young 
people she possessed an almost irresistible charm, and it 
was a real delight to hear her speak of the persons and 
scenes of her early life.

Johann Georg 
 Heinrich Siemens 
(1735–1805), Werner 
von Siemens’ grand-
father. Undated.
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My father was a clever, well-educated man. He had 
attended the grammar school at Ilfeld in the Harz, and 
 aft erward the University of Göttingen, in order to prepare 
himself thoroughly for his chosen vocation as agriculturist. 
He belonged with heart and soul to that section of young 
Germany which, growing up amid the storms of the great 
French Revolution, was enthusiastic for freedom and a 
united fatherland. Once, in Cassel, he had almost fallen into 
the clutches of Napoleon’s myrmidons, when taking part 
in the weak attempts of certain visionary youths who still 
strove to off er resistance aft er the prostration of Prussia. 
On his father’s death he went to councilor (Amtsrat) Deich-
mann at Poggenhagen, near Hanover, for practical training 
in agri culture. Th ere he quickly fell in love with the Amts-
rat’s eldest daughter, my beloved mother, Eleonore Deich-
mann, and his youth notwithstanding – he had hardly 
attained the age of 25 – married her aft er obtaining the 
lease of the Lenthe estate for farming. For twelve* years 
my  parents enjoyed a happy life in Lenthe. Unfortunately, 
however, the political condition of Germany and especially 
of Hanover, then again under English rule, was very depress-
ing to a man like my father. Th e English princes, who then 
kept court at the Hanoverian capital, troubled themselves 
but little about the welfare of the country, which they 
regarded chiefl y as a hunting ground. Th e game laws were 
in consequence very strict, so that it was a common remark 
that in Hanover to kill a stag was more criminal than to kill 
a man! A charge of damaging game, through the use of 
unlawful means for protecting his property, was the cause 
of my father leaving Hanover and seeking a new home in 
Mecklenburg.

Th e Lenthe estate (Obergut) is situated on a wooded 
ridge, the Benthe mountain, which joins on to the extended 
Deister range. Th e stags and wild boars, preserved for the 
royal chase and secure in their inviolability, visited the 
 Lenthe fi elds in large herds with unmistakable predilec-

* Th e family lived 
in Lenthe for just ten 
years, from 1813 to 
1823.
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tion. Although the entire village exerted itself to protect the 
crops by a nocturnal chain of guards, yet the game issuing 
forth en masse oft en annihilated in a few hours hopes based 
on the work of a whole year. In a severe winter, when wood 
and fi eld failed to aff ord the animals suffi  cient sustenance, 
they frequently foraged in complete herds in the villages 
themselves. One morning, the bailiff  announced to my 
father that a herd of deer had got within the farm enclosure; 
the gate had been shut, and he wanted to know what should 
be done with the animals. My father gave orders that they 
should be driven into a stable, and sent an express messen-
ger to the Royal Supreme Court Hunting Bureau in Hanover 
with a notice of what had happened and the inquiry wheth-
 er it pleased that the deer should be sent to Hanover. Th at, 
however, turned out to be a most unlucky business for him! 
Aft er a very short interval there appeared on the scene an 
imposing commission of investigation, which liberated the 

The Poggenhagen 
 estate in 1988.  Werner 
von Siemens’ maternal 
grandfather, local 
magistrate Ludwig 
 August Deichmann 
(1768–1819), had the 
leasehold on the main 
house of the Poggen-
hagen manor near 
Neustadt am Rüben-
berge. Here Werner’s 
mother Eleonore 
spent her childhood.
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stags, and aft er a criminal inquiry of several days arrived at 
the conclusion that violence had been off ered to the crea-
tures, inasmuch as they had been driven into the stall against 
their will! And my father had to think himself lucky that he 
got off  with a heavy fi ne.

Th is is a brief account of the then condition of the “Royal 
Hanoverian Province of Great Britain,” as my dear country-
men were pleased with a certain pride to call their country. 
But even in the other German lands the state of things 
was not much better, in spite of the French Revolution and 
the glorious War of Liberation. It were well if the relatively 
 fortunate youth of the present day now and again compared 
their own condition with the woes and oft en hopeless cares 
of their fathers, as a prophylactic against pessimistic ideas 
and fancies. Th e freer surroundings which my father sought 
he really found in the principality of Ratzeburg appertain-
ing to Mecklenburg-Strelitz, where he obtained a lease of 

The marriage of 
 Christian Ferdinand 
Siemens and Eleonore 
Henriette Deichmann 
(1792–1839) in 1812. 
Extract from the 
 Bordenau church 
 register, transcribed 
in 1871.
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the grand-ducal domain of Menzendorf for a lengthy 
period. Apart from domains and peasant villages, in this 
heavenly little place there was only a single nobleman’s 
estate. It is true the peasants on the domains were still bound 
to services appertaining to socage tenure, but in the years 
immediately following our arrival these were abolished, and 
the holdings of the peasants were freed from all burdens 
and even from almost all imposts.

Th e childhood years of my brothers and sisters were 
happy ones in Menzendorf, growing up among the village 
youth tolerably free and unre strained. At fi rst we older 
 children – my sister Mathilde, my younger brothers Hans 
and Ferdinand, and I – roamed unhindered through the 
woods. Our instruction was undertaken by my grand-
mother, who lived with us aft er her husband’s death. She 
taught us reading and writing and exercised our memories 
by compelling us to learn by heart innumerable poems. 
Father and mother were too occupied with their economic 
cares, and the latter also with the rapidly increasing fl ock of 
my younger brothers and sisters, to be able to concern 

The farmhouse of the 
Menzendorf estate 
near Schönberg in 
Mecklenburg, 1910. 
Werner’s brothers 
Friedrich, Carl, Franz, 
Walter and Otto and 
his sister Sophie 
were born here.
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themselves much with our education. My father was a 
 thoroughly good-hearted but also hot-tempered man, who 
punished unfailingly if any of us did not do our duty, 
were untruthful or guilty of a dishonorable action. Fear 
of our father’s wrath and aff ection for our mother, whose 
 sorrow we never occasioned intentionally, kept our little 
band, otherwise somewhat unruly, in good order. Th e care 
of the elder for the younger children was prescribed as a 
primary duty. In fact it reached so far that the seniors were 
punished with their juniors, if the latter ever rendered 
 themselves liable to punishment. Th e said burden weighed 
especially upon me as the eldest, and awakened and con-
fi rmed in me at a very early age the feeling of obligation to 
care for my more youthful brothers and sisters. Accordingly, 
I assumed the right to set the penal law in motion in 
re spect of my juniors, which not infrequently led to counter-
coalitions and violent combats. Th ese, however, were always 
fought out without invoking the intervention of our pa rents. 
I call to mind an incident of that time, which I will relate, as 
it is characteristic of our youthful life.

View of the town 
of Menzendorf, 
around 1910. The 
young Werner lived 
in  Menzendorf from 
age 7 to 16. His father 
leased the Menzen-
dorf estate from 1823 
to 1840.
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It was the habit of my brother 
Hans and myself to assail, and 
not in vain, crows and birds of 
prey with self-fabricated cross-
bows in the use of which we 
attained great profi ciency. One 
day, a dispute having arisen in 
connection with the chase, I 
took the liberty of exercising 
the right of the stronger. My 
broth  er declared this to be base, 
and demanded that the dispute 
should be settled by a duel, 
in which my superior strength 
would give me no advantage. I 
found that equitable, and we 
proceeded to a crossbow duel, 
correct according to the rules 
which we had learned from 
occasional stories of my father 
of his student life. Ten paces 
were measured off , and at my 

word of command “Now!” we both discharged at one 
an other our feathered arrows with knitting needles for 
heads. Brother Hans had aimed well. His arrow hit the tip of 
my nose and penetrated under the skin. Our joint outcry 
brought our father on the scene, who pulled out the arrow 
and thereupon pre pared to chastise the delinquent by tak-
ing out his pipestem. Th is confl icted with my feeling of 
rectitude. I stepped between my father and Hans and said: 
“Father, it isn’t Hans’s fault, we have been fi ghting a duel.” 
I still can see the puzzled face of my father, who in justice 
could not punish an activity which he had engaged in 
 himself and considered honorable. He quietly replaced the 
pipestem in the bowl, adding only: “In future leave such 
nonsense alone.”

Ferdinand Siemens 
(1820–1893). 
 Undated.
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When my sister and I out-
grew the tuition of grandmother 
Deichmann – née von Schei  ter, 
as she never forgot to sign her-
self – my father undertook our 
instruc tion for six months. Th e 
outline of universal history and 
ethnography, which he dic tated 
to us, was spirited and original, 
and formed the foundation of 
my later knowledge. When I 
had reached the age of eleven 
my sister was sent to a boarding 
school at Ratzeburg, while I 
attended the grammar school in 
Schönberg, the market town 
neighboring Menzendorf. In fi ne 
weather I had to cover a distance 
of something like three miles on 
foot. In wet weather the path-
ways were impassable, and I 
rode to school on a pony. Th is, 
and my habit of always being a match for practical jokes, 
soon led to chronic feuds with the town scholars, through 
whose midst I generally had to force a way, lance (i.e., bean-
pole) in hand. Th is tourney, in which the farm lads of my 
village sometimes assisted me, continued for a whole year. 
It certainly contributed a good deal to strengthening my 
powers of action, though it yielded only very indiff erent 
 scientifi c results.

A decisive turning point in my life occurred at Easter 
1829, when my father engaged a private tutor. Th e choice was 
an exceedingly fortunate one. Sponholz, candidate of the ol-
ogy, was still a young man. He was highly cultured, but in 
bad odor with his spiritual superiors, his theology being too 
rationalistic, too little positive, as one would say nowadays. 

Hans Siemens
(1818–1867). 
 Undated.
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He contrived, even in the fi rst weeks, to obtain a power over 
us semisavage youths which is mysterious to me to this day. 
He never punished us, hardly ever uttered a word of blame, 
frequently shared in our games, however, and through the 
medium of play even had the knack of calling forth our 
good qualities and repressing our bad ones. His teaching 
was  stimulating and encourag ing in the highest degree. 
He understood how to set up really attainable goals for our 
labors, and strengthened our energies and our ambition by 
his delight at the attainment of the proposed goal, which he 
himself frankly shared with us. Th us he succeeded in a very 
few weeks in making out of unruly lazy boys the most eager 
and industrious scholars, whom he had not to urge to work, 
but rather to keep from attempting too much.

In me, especially, he awakened an inextinguishable 
 feeling of delight in useful work and the ambitious desire 
actually to perform it. An important expedient em ployed by 
him for this purpose was his stories. If late in the evening 
our heads began to nod over our work, he would beckon us 
to him on the leather sofa where he used to sit beside our 
worktable, and while we clung to him paint us pictures of 
our own future. Th ese either represented us at the heights of 
civil life, which we had scaled through industry and moral 
fi tness, and which enabled us to lessen the cares of our par-
ents – very considerable in that time of great agricultural 
diffi  culty – or depicted our wretched fate, if we relaxed in 
our eff orts, and were unable to resist temptation to evil.

Unfortunately, this happiest period of my boyhood did 
not last long, not even a full year. Sponholz oft en had attacks 
of deep melancholy, which probably arose in part from his 
mistaken theological calling and career, in part from caus-
 es which were unintelligible to us children. During one 
such attack he left  the house on a dark winter’s night, gun 
in hand, and aft er a prolonged search was found in a re -
mote part of the estate with a shattered skull. Our grief at 
the loss of our beloved friend and teacher was boundless. 
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My own love and gratitude to him I have retained to the 
present day.

Sponholz’s successor was an elderly gentleman who had 
for years fi lled the offi  ce of private tutor in noblemen’s 
 families. He was in almost all respects the reverse of his 
predecessor. His educational system was of a wholly formal 
character. He required that before all things we should be 
docile and mannerly. He was especially averse to anything 
boisterous. We had to be attentive and do our tasks at the 
prescribed times, accompany him with decorum in our 
walks, and not disturb him out of school hours. Th e poor 
man was sickly, and aft er two years died of consumption 
in our house. He certainly did not exert a stimulating and 
molding infl uence, and had it not been for the previous 
training of Sponholz, whose eff ect was enduring, the two 
years would have been pretty well thrown away, at least as 
far as my brother Hans and I were concerned. As for me, the 
desire to do my duty and to learn thoroughly had become 

The “Bürgerschule” 
in Schönberg. 
 Undated. Werner von 
Siemens attended 
this school from June 
1828 to Easter 1829.
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so engrained, thanks to Sponholz, that far from my ardor 
being dampened I rather set the pace for my tutor. Years 
later, the thought has oft en given me a pang that I so oft en 
robbed the poor sick man of his needed rest by remaining 
aft er the end of lessons for hours together at my desk,  quietly 
ignoring all the little devices he employed to be rid of me.

On the death of our second tutor, my father determined 
to send brother Hans and myself to the Lübeck grammar 
school, the so-called St. Catherine’s School, and carried 
out the plan aft er my confi rmation in the parish church at 
Lübsee. As a result of the entrance examination I was put in 
the upper, and my brother in the lower, fourth form. We 
were placed in no regular board inghouse, but lodged with a 
Lübeck citizen who at the same time boarded us. My father 
had such an unbounded faith in my trustworthiness that he 
also gave me custody of my somewhat giddy brother, whose 
lawless nature had again come to the surface, as is evident 
from the nickname given him by the school, “mad Hans.”

A classroom in the 
St. Catherine’s 
School in Lübeck, 
the  second ary school 
 attended by Werner 
von Siemens and his 
brothers.
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St. Catherine’s School, Lübeck, consisted of the grammar 
school proper and the city school, both under the same 
headmaster and having similar classes as far as the fourth 
form of the grammar school. Th e latter at that time enjoyed 
considerable scholastic repute. Th e instruction was mainly 
confi ned to the dead languages. Th e teaching in mathemat-
ics was extremely defective and did not satisfy me; in this 
subject I was put into a higher class, although up to that 
time I had only worked at mathematics by myself, as neither 
of my tutors knew anything of it. Th e ancient languages on 
the other hand gave me a great deal of trouble, through lack 
of thorough grounding. Much as the study of the classics 
interested and excited me, the acquisition of the gram-
matical rules, which off ered no material for thought and 
posi tive knowledge, was distasteful to me. In the two follow-
ing years, I conscientiously worked myself up to the highest 
form, perceived, however, that I should never fi nd satis-
faction in the study of ancient languages, and resolved to 
devote myself to architectural engineering, at that time 
the only technical branch. Accordingly, in the fi ft h form 
I dropped the study of Greek, and instead took private  
lessons in mathematics and land 
surveying, in order to prepare 
myself for entrance into the 
Bau-Academy at Berlin. On 
 further inquiry, however, it un-
happily appeared that the course 
at the Academy was too expen-
sive (at a time of ever-increasing 
diffi  culty in agriculture, when 
the selling price of wheat was 
a fl orin per bushel) to allow of 
my imposing so great a sacrifi ce 
upon my parents, having regard 
to the interests of my younger 
brothers and sisters.

Werner to Carl, December 25, 1887

. . . From my young days it has always been my 
 ambition to found an enter prise of world standing 
comparable to that of the Fuggers [ed. note: German 
family dynasty of the late Middle Ages], which 
would give not only me but my successors power and 
authority in the world and also pro vide the means 
to a better life for my brothers and sisters and close 
rela tives. Th is sentiment originated from our tutor 
Sponholz, who goaded us lazy youngsters to energetic 
diligence by stories in which we regularly saw our-
selves in a position to eliminate all the troubles of our 
parents at one go. Th is feeling remained with me and 
was reinforced by the turn of fate which placed on me 
the responsibility for the care of my younger brothers 
and sisters . . .
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In these straits I found relief in the advice of my pre-
ceptor in land surveying, Freiherr von Bülzingslöwen, 
lieutenant in the Lübeck contingent, who had formerly 
served in the Prussian Artillery. He advised me to join the 
Corps of Engineers, where I should have the opportunity of 
acquiring the same knowledge as a student of the Academy 
of Architecture. When I confi ded this plan to my father, he 
at once consented, giving an additional important reason in 
its favor, the truth of which has been clearly demonstrated 
by recent German history. He said: “Th e present condition 
of things in Germany cannot possibly last. A time will come 
when everything will be turned topsy-turvy. Th e only fi xed 
point in Germany is, however, the state of Frederick the 
Great and the Prussian Army, and in such times it is always 
better to be hammer than anvil.” Accordingly, at Easter 
1834, in my seventeenth* year, I left  the grammar school, 
and repaired with a very moderate supply of money in my 
pocket to Berlin, in order to place myself among the ham-
mers of the future.

* Werner von Siemens 
was already 18 
at Easter 1834.

The schoolyard of 
the St. Catherine’s 
School in Lübeck. 
Drawing by Anton 
Scheuritzel.
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When the painful leave-taking of the old home, of my 
deeply loved but overburdened and ailing mother, and my 
numerous brothers and sisters aff ectionately clinging to me 
had been accomplished, my father took me to Schwerin, 
and from there I embarked on my pilgrimage. Aft er I had 
crossed the Prussian frontier and found myself on a straight 
and dusty road in the midst of a treeless and barren sandy 
plain, I was overcome by a feeling of terrible loneliness, 
which was intensifi ed by the melancholy contrast between 
the landscape and the scenery with which I was familiar. 
Before my departure, a deputation of the most respected 
peasants of the place had presented itself to my father with 
the petition not to send “so good a lad” to that famine-
stricken land Prussia; I should always fi nd plenty to eat at 
home! Th e peasants would hardly credit my father that 
beyond the desolate sandy borders there lay also fertile land 
in Prussia. Despite my fi rm resolve to seek my advancement 
in the world through my own eff orts, it did indeed for a 
moment seem as if the peasants were right and I was wend-
ing my way toward a sorry future. It was therefore some 
consolation when I met in my journeying a cheery and 
 cultivated young man, who, like me, was tramping knap-
sack on back toward Berlin. He was no stranger there, and 
proposed that I should go with him to his inn, which he 
greatly praised.

It was the buttonmaker’s inn in which I took up quarters 
for my fi rst night in Berlin. Th e host soon perceived that 
I did not belong to his regular patrons, and accorded me 
his goodwill. He protected me from the tricks of the young 
buttonmakers, and assisted me on the following day to dis-

  47
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48  MILITARY SERVICE

cover the address of a distant relative, Lieutenant von Huet, 
who belonged to the Horse Artillery of the Guards. Cousin 
Huet received me kindly, but was seized in mortal terror 
when he heard I had put up at the buttonmaker’s inn. He at 
once gave orders to his servant to fetch my knapsack from 
the inn and to engage a room for me in a small hotel in the 
new Friedrichstrasse. He also off ered, aft er the necessary 
improvement of my toilet, to proceed with me to General 
von Rauch, the chief of the Corps of Engineers, and to 
inform him of my desire.

Th e general strongly dissuaded me, since, as so many 
cadets were already waiting for their call to the Artillery and 
Engineering School, I could not hope to gain entry in less 
than four or fi ve years. He advised me to try the Artillery, 
whose cadets attended the same school as the engineers 
and who had considerably better prospects. I accordingly 
made up my mind to try my luck in the Artillery, and as 
there was no question of joining the Guards, I obtained an 
intro duction from Lieutenant von Huet’s father, colonel 
on the retired list, to Colonel von Scharnhorst, comman d-

 er of the 3rd Artillery Brigade, 
and proceeded blithe of heart to 
Magdeburg.

Th e colonel – a son of the 
celebrated organizer of the Prus-
sian Army – also made sundry 
diffi  culties at fi rst, remarking 
that applications for cadet ships 
were very numerous, and that 
of the fi ft een young men who 
had already off ered themselves, 
he could take only the four 
who should pass out top in the 
ex amination. Finally, however, 
he acceded to my request, and 
promised to admit me to the ex-

Ludwig Siemens 
(1819–1892), known 
as Louis. Undated.
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amination, provided His Majesty the King was pleased to 
allow me, although a foreigner, to enter the army of Prussia. 
My frank, resolute bearing evidently took his fancy; but 
most infl uential perhaps was the fact that he saw from my 
papers that my mother was a Deichmann of Poggenhagen, 
which adjoined his father’s estate.

As the entrance examination was not to take place till 
the end of October, I still had three months for preparation. 
I therefore moved to Rhoden on the northern slope of the 
Harz, where a brother of my father owned some property, 
and there spent a few weeks with my relations, of whom the 
two pretty and amiable grown-up daughters in particular 
made a great impression upon me; I willingly allowed them 
to exercise their refi ning infl uence on their young and still 
somewhat unpolished cousin. Th en I went with my cousin 
Louis Siemens, my junior by a few years, to Halberstadt, 
where I prepared myself in good earnest for the entrance 
examination.

Th e syllabus of the exami-
nation placed in my hands by 
Colonel von Scharnhorst caused 
me a good deal of uneasiness. 
In addition to mathematics 
were history, geography and 
French especially required, and 
at the Lübeck grammar school 
these subjects had only been 
taught in a very superfi cial 
 man ner. I could scarcely hope to 
make good my defi ciencies in a 
 couple of months. Th ere was still 
want ing my discharge from the 
Mecklenburg military service, 
which my father would have to 
purchase, and the permission of 
the King to enter the Prussian 

Your Most Gracious Grand-Duke and Lord!

I most humbly beg Your Royal Highness to permit 
my second son, Ernst Werner Siemens, seventeen 
years old, to enter the Prussian engineer or artillery 
service and will myself accept any condition which 
Your Highness may wish to impose.
My son, who is not without talent, has studied with 
great diligence to become a mathematician and it is 
quite impossible for me to procure for him a suitable 
education in any other way. When he presents him-
self on the fi rst of October next he is required to 
produce permission from his Sovereign. I venture to 
state that if his wish is not fulfi lled he has no prospect 
of following his chosen career and irreplaceable years 
would be lost. I can only hope, therefore, for the 
 gracious permission of Your Royal Highness.
Your Royal Highness’s most humble servant

C. F. Siemens,
Tenant of Menzendorf

Menzendorf, September 1, 1834
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Army. It was with a heavy heart, therefore, that toward the 
middle of October I marched to Magdeburg, where I was 
disappointed at not fi nding the expected letter from home 
along with the necessary papers. When, nevertheless, at the 
prescribed hour I was just about to start for the examina-
tion, to my great and joyful surprise I was met by my father, 
who had himself driven over to Magdeburg in a light con-
veyance, in order to deliver the papers into my hands by 
the right time, as the post in those days was far from expe-
ditious.

Th e examination took a favorable course for me from 
the commence ment, and beyond my expectation. In math-
ematics I was decidedly ahead of my fourteen competitors. 
In history I had luck, and got off  tolerably well. In modern 
languages I was certainly weaker than the others, but my 
better knowledge of the ancient languages made up for it. 
Th e outlook was worse in geography; I soon perceived that 
most of them knew more of the subject than I did. But here 
I was favored by a particularly lucky coincidence. Th e exam-
iner was a certain Captain Meinicke, who had the reputation 
of being a very learned and at the same time original 
man. He passed for a great connoisseur of Tokay wine, as 
I aft erward learned, and that was perhaps the reason for 
his curiosity regarding the location of Tokay. No one knew, 
whereupon he waxed very wrath. When my turn came last 
of all, by good hap it occurred to me that Tokay wine had 
once been prescribed for my invalid mother, and that it had 
also borne the name of Hungarian wine. At my answer “In 
Hungary, Captain!” his face brightened up, and with the 
exclamation “But, gentlemen, you must surely know Tokay 
wine!” he gave me the highest mark in geography.

So I was one of the fortunate four who passed out top in 
the examination, but I still had to wait four anxious weeks for 
the royal permission to enter the army, and when at the end 
of November it arrived, I could not immediately be admitted, 
because I had only been born on December 13, 1816, and so 
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had not yet reached my seventeenth* year. I was, however, 
allowed a special drill sergeant, who vigorously drilled me in 
civilian dress in the cathedral square.

My performance soon gained the approval of the strict 
bombardier, although there was one point which almost 
drove him to despair. I had extremely curly light-brown hair, 
which absolutely refused to conform to military regulations. 
Th ese required that the hair should lie evenly on the tem-
ples. On inspection day the captain had expressed displeasure 
at the disorderly hair of the recruit, and as a result every 
 conceivable means was tried to conceal in a measure this 
military blemish. Th e sediment of a favorite Magdeburg beer 
seemed to be most eff ective. I was obliged to order many a 
bottle for the purpose, as unfortunately only the sediment 
could be of any use to me. Aft er repeated applications I 
 succeeded in rendering my hair tolerably smooth, but aft er 
an interval it showed symptoms of revolt, and, usually on 
parade, to the horror of the bombardier, certain rebellious 
locks persisted in protruding from the even layer.

Despite the great exertions, and the rough and appar-
ently harsh treatment at the hands of the drill sergeant, I 
still look back with pleasure to my time as a recruit. Th e 
roughness is sheer habit and does not spring from intention 
to infl ict pain. It therefore does not go very deep; on the 
contrary it has something refreshing and stimulating about 
it, especially if combined with humor, as has almost always 
been the case with the models of military harshness known 
to fame. Th e service over, the incivility is forgotten and the 
feeling of comradeship is again uppermost. Th e feeling 
of comradeship which pervades the entire Prussian Army 
from king to recruit renders endurable the strict discipline, 
the toils and hardships reaching oft en to the extreme limits 
of endurance, and constitutes its cementing bond in good 
times and bad. It will, accordingly, oft en be very hard for the 
military veteran to feel comfortable in civil life; he misses 
therein the toughness and the good fellowship.

* Th e author means 
his 18th birthday.
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Aft er six months’ drill came the great event of advance-
ment to the rank of bombardier. It was an elevating feeling 
now to be the superior of hundreds and thousands and 
to be duly saluted by every private. Th en followed the trans-
fer to the Horse Artillery, then the interesting artillery 
practice, in which for the fi rst time I became aware of my 
technical abilities, since what most found hard to com-
prehend appeared to me a matter of course. Lastly, in the 
autumn of 1835, I received the longed-for order to attend 
the united school of artillery and engineers in Berlin, 
and therewith the fulfi llment of my ardent desire to have an 
opportunity to learn something useful.

Th e three years which, from the autumn of 1835 to 
the summer of 1838, I spent at the Berlin Artillery and 
 Engineering School I reckon to be the happiest of my 
life. Th e social life with young people of the same age and 
with the same aims, the common study under the guidance 

The Royal Artillery 
and Engineering 
School in Berlin, 
around 1829. Here 
Werner von Siemens 
acquired a thorough 
scientifi c and 
 technical training, 
1835–1838.
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of able teachers, of whom I will mention only the mathe-
matician Ohm, the physicist Magnus, and the chemist Erd-
mann, and whose instruction opened to me a world new 
and full of interest, made this time one of extraordinary 
enjoyment. In addition, I found in one of my comrades in 
the brigade, William Meyer, a real friend, with whom till 
his death I was united by the bond of the closest and com-
pletest friendship. I had before, at the Lübeck grammar 
school, entered on the fi rst stage of such an intimate friend -
ly alliance, and imagined I had found in a fellow pupil a 
 genuine friend, but when I called upon him one day he gave 
orders to say he was not at home, although I was perfectly 
sure that he was in the house and concealing himself from 
me. Th at appeared to me such an unpardonable breach of 
proper friendship that I severed the tie with intense pain, 
and could never again bring myself to treat him as a friend.

I got to know William Meyer when the Horse 
Ar tillery was stationed at Burg, whither he had been or-
 dered before me. He had a far 
from imposing fi gure, was in 
no respect distinguished or 
 talented, but possess ed a clear 
understanding, and pleased me 
from the fi rst by his straight-
forward, unaff ected nature, and 
his unimpeachable sincerity and 
trustworthiness. We chummed 
together at the school, lived and 
studied together, had the same 
quarters then and thencefor-
ward, whenever circumstances 
allowed of it. Our conspicuous 
friendship and the circumstan-
ce that I revolted against the 
“ty ranny of the ensigns,” which 
led to a duel with the senior of 

Lieutenant’s commission

Whereas His Royal Majesty of Prussia, our most 
 gracious King and Lord, has graciously decided to 
promote the Ensign in the 3rd Artillery Brigade, 
Ernst Werner Siemens, to Second Lieutenant and 
to appoint him to the aforesaid Brigade; so the 
All-Highest does the same herewith and by virtue of 
this Commission so that he may serve His Royal 
Majesty and His Royal House faithfully, devotedly 
and obediently, may do and perform his duty in a 
manner befi tting his rank faithfully and diligently 
by day and night, may bear himself bravely and 
 honourably in all circumstances, in times of war, 
but otherwise shall enjoy all prerogatives and rights 
associated with his rank. In witness whereof the 
All-Highest has authorized this Commission to be 
impressed with His Seal.

Th us eff ected and given
Berlin, September 29, 1837
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my room, in which Meyer acted 
as my second, had the cu rious 
result that in almost all the duels 
which occurred in the fi rst year 
at the school, Meyer and I were 
chosen as  seconds of the oppos-
ing parties.

Th ese duels were only in a 
few instances followed by dan-
gerous con sequences, and had a 
very useful eff ect in that they 
tended to preserve a polite tone 
in social intercourse.

Our year was the fi rst in 
which the cadets were admitted 
in limited numbers aft er a pretty 
stiff  entrance examination, and 
were then ordered to the school 
on completion of their year of 

service. Before that, no diff erence was made between the 
rank of commissioned and noncommissioned, and it was 
then oft en only aft er the lapse of several years of service, 
which in part had to be spent in barracks, that the ablest or 
perhaps the best recommended were ordered to the school. 
Th e somewhat unpolished tone which had clung to the 
young fellows through prolonged intercourse with unre-
fi ned comrades was most eff ectively and quickly corrected 
by means of the duels.

My three years at the military school passed without any 
important events. Although I suff ered much from attacks of 
intermittent fever, and once was obliged to lie several 
months in hospital on account of an injury to the shin, yet 
I contrived to pass successfully the three examinations – 
the ensign, the army offi  cer and fi nally the artillery offi  cer 
ex amination, although with out special distinction. I had 
with unremit ting endeavor crammed the required matter 

Carl Himly 
(1811–1885), 
 Professor of Physics 
at Göttingen, 
 Professor of Chemis-
try at Kiel from 1846 
onward. Undated.
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into my head in order aft erward to forget it as quickly again, 
but had devoted all my spare time to my favorite sciences, 
mathe matics, physics and chem istry. Th e fondness for these 
sciences has remained all through my life, and has been 
the root of my sub sequent achievements. Great was the joy 
when, the school course completed, I received four weeks’ 
leave to visit my home along with my friend Meyer. My 
brothers and sisters, whose number had risen to ten, and 
even my parents, hardly recognized me.

Th e whole village rejoiced with them on the return of 
the “Muschü,” the traditional title of the sons of “the 
Manor.” Th ere were really touching meetings with the wor-
thy people of our own and the neighboring villages, who 
for the rest had great respect for the Prussian offi  cers, in 
whom certainly they perceived no signs of Prussia’s starving 
condition.

My elder sister, Mathilde, was just celebrating her 
 marriage to Professor Carl Himly from Göttingen, who 
remained a dear friend of mine until his death. Hans and 
Ferdinand had become farmers. My third younger brother, 
William, was at the school at Lübeck and was destined for 

Carl Himly and 
his wife Mathilde, 
née Siemens 
(1814–1878), with 
their children. 
 Undated.
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commerce. Th e next two, Fried-
rich and Carl, likewise attended 
the Lübeck School, where they 
boarded with a younger brother 
of my mother, Ferdinand Deich-
mann, a merchant.

Th at William was to be a 
businessman didn’t at all please 
me. At that time I shared the 
aversion of Prussian offi  cers 
to the mercantile class, while 
William’s somewhat reserved 
but intelligent nature and his 
clear understanding particu-
larly attracted me. I accordingly 
begged my parents to let him 
accompany me to my future 
 garrison town, Magdeburg, that 

he might attend the highly esteemed School of Trade and 
Commerce in that city. My parents consented, and so we 
took him with us to Magdeburg, where I installed him in a 
small boardinghouse, having myself to spend the fi rst year 
in barracks according to the regulations.

At the end of this year, which I had to devote entirely 
to strict military service, friend Meyer and I took up our 
quarters in the town, and I brought William, now sixteen 
years of age, to reside with me. I took a paternal delight 
in watching his rapid development, and helped him with 
his school tasks in my leisure hours. I also induced him 

to give up the unsatisfactory 
 lessons in math ematics at the 
school and to learn English 
instead. Th is turned out very 
im portant for his future career. 
I myself gave him mathematical 
instruction every morning from 

Friedrich Siemens 
(1826–1904), 
around 1866.

Note by the Section Commander concerning 
Werner von Siemens:
. . . He combines excellent moral qualities with 
 commendable zeal and good scientifi c knowledge . . .
From the conduct reports of the offi  cers of the 
3rd Artillery Brigade, 1839
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5:00 to 7:00, and was rewarded 
by the particularly good exam-
ination he aft erward passed in 
that subject. For my part, this 
tuition was of great utility, and 
it also made it  easier for me to 
resist the temptations of an offi  -
cer’s life, as well as stimulating 
me energetically to continue my 
scientifi c studies.

Unhappily, this fraternal in -
tercourse was much troubled by 
the increas ingly ominous com -
munications from my father 
regarding the health of our be-
loved mother. On July 8, 1839, 
she succumbed to her malady, 
leaving my father, himself ail-
ing, in a very doleful condition, 
weighed down with sorrow and 
serious material cares, together with numerous children still 
to be educated. I forgo the description of the poignant grief 
at my mother’s loss. Th e love for her was the strong tie that 
held the family together, and the fear of distressing her 
always formed for us children the most eff ective guarantee 
for our good behavior.

I received a brief leave to visit our home and my mother’s 
grave. Unhappily, the enfee bled health of my father inspired 
me with but little confi dence in the duration of a regular 
family life, favorable to the prosperity and development of 
the younger members. Th e correctness of my foreboding 
was only too soon confi rmed. Barely six months later, on 
January 16, 1840, we also lost our father.

On the death of our parents, guardians for the younger 
children were appointed by the court of ward, and the man-
agement of the domain of Menzendorf was entrusted to my 

Carl von Siemens 
(1829–1906), 
around 1860.
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brothers Hans and Ferdinand. My youngest sister, Sophie, 
was adopted by uncle Deichmann in Lübeck, while the 
youngest brothers, Walter and Otto, re mained for the 
present under my grand mother’s care in Menzendorf.

Th e scientifi c-technical studies to which I now devoted 
myself with increased ardor almost had very serious con-
sequences in the following summer. I had heard that my 
cousin, the Hanoverian artillery offi  cer A.  Siemens, had 
made some successful experiments with friction tubes, 
which were intended to be used for the fi ring of cannon 

Wilhelm (Sir William) 
Siemens (1823–1883), 
around 1847.
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in place of the hand fuses then exclusively employed. Th e 
importance of this discovery was evident to me, and I 
resolved myself to make experiments in this direction. 
As the fl ammable materials employed did not act with suf-
fi cient certainty, in the absence of better im plements I 
stirred up together an aqueous solution of phosphorus 
and chlorate of potash in a pomatum bowl with a very thick 
bottom, and as I had to go to the drill ground, placed the 
bowl, carefully covered, in a cool window corner.

When I returned and looked with some anxiety for my 
dangerous preparation, to my satisfaction I found it still in 
the same corner. But on carefully taking it up and barely 
touching the match standing in the paste, which had served 
to stir up the mixture, a violent explosion took place, which 
hurled the shako from my head and shattered all the win-
dowpanes, together with their frames. Th e entire upper part 
of the porcelain bowl was scattered about the room in the 
form of fi ne powder, while its 
stout bottom was wedged fi rmly 
into the windowsill.

Th e cause of this altogether 
unexpected explosion turned 
out to be this: that my man on 
cleaning the room had placed 
the vessel in the oven, and let 
it dry there a few hours be-
fore putting it back in its place. 
Strange to say, I was not visibly 
wounded, though the violent 
pressure of the air had so con-
tused the skin of my left  hand 
that the forefi nger and thumb 
were covered by a large hema-
tocystis. Unfor tunately, however, 
the drum of my right ear was 
fractured, which I immediately 

I hereby request and authorize Lieutenant Werner 
Siemens of the 3rd Artillery Brigade of the Royal 
Prussian Army in Berlin to take over my rights and 
obligations with respect to his 3 brothers, August 
Friedrich Siemens, Carl Heinrich Siemens, Ferdinand 
Walter Siemens, who have been handed over to him 
for his special supervision and for their further edu-
cation so that he may arrange what is necessary for 
the education of these persons committed to my 
charge, direct their occupations and give the neces-
sary permission for any holiday travel and generally 
undertake the care of these his brothers according 
to the obligations which I myself would perform if 
I were personally in Berlin. I hereby give my full 
approval in advance to anything which Lieutenant 
W. Siemens may do in this respect.

J. G. Ekengren as legally appointed guardian of the 
children of the late tenant Siemens of the domain of 
Menzendorf

Warsaw, November 10, 1845
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Werner von Siemens to the committee of the Wittenberg Guild
Charlottenburg, December 22, 1886

Dear Sirs,
Your letter of the 16th inst. gave me great pleasure and I thank you for it sincerely.
I have always had the happiest recollections of the year which I spent in your town as a young artil-
lery offi  cer. It was there, while enjoying the life of cheerful comradeship, that I fi rst felt I might aspire 
to greater achievements than were off ered by military service in peace time . . . My grateful thanks 
are therefore due to the good Mrs. Knoke and for the friendly inter cession of her amiable daughter, 
for without their kindly indulgence as regards the dire consequences of my chemical experiments, 
I should probably never have had the opportunity to put my ideas into  practice and . . . I would 
myself probably now be a pensioned military man, having stuck at the rank of major . . .

A copy of the death 
certifi cate of Eleonore 
Henriette Siemens, 
née Deichmann, 
dated July 8, 1839.
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perceived when I found that I was able to blow out the air 
through both ears; the drum of the left  ear had been burst 
the year before during artillery  practice. In consequence, I 
was for the moment quite deaf and had heard no sound, 
when suddenly the door of my room opened and I saw the 
whole anteroom full of horror-stricken people. Th e report 
had immediately spread that one of the two offi  cers resident 
in the lodgings had shot himself.

In consequence of this mishap, I have long suff ered 
some diffi  culty in hearing and still suff er, from time to 

A copy of the death 
certifi cate of 
 Christian Ferdinand 
Siemens, dated 
 January 16, 1840.
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time, when ever the closed rents in the tympana 
chance to open.

In the autumn of 1840, I was transferred to Wit-
tenberg, where I had to enjoy for a year the 
 dubious pleasures of life in a small garrison town. 
All the more eagerly did I  continue my scientifi c 
 studies. In that year, Jacobi’s dis covery was made 
known in Germany: the precipitation of copper in 
a metallic form by means of the galvanic current 
from a solution of the sulfate. Th is process inter-
ested me to a high degree, as it evidently was the 
key to a whole class of hitherto unknown phe -
nomena. As I succeeded well with the copper 
 precipitates, I tried also to precipitate other  metals 
in the same way, but with only moderate success, 
owing to my limited means and apparatus.

My studies were interrupted by an event which 
in its consequences had an important infl uence 
on my future career. Th e frequent squabbles in 
the smaller garrison towns between the members 
of diff erent branches of the service had led to a 
duel between an infantry offi  cer and an artillery 
offi  cer with whom I was on friendly terms. I had 
to act as the latter’s second. Although the duel 
terminated with only an insignifi cant wound sus-
tained by the infantry offi  cer, for certain reasons 
it came to be taken notice of and to be dealt with 

by a court-martial. Th e statutory punishments for dueling 
in Prussia were at that time draconian in their severity, but 
precisely on that account were almost always mitigated by 
an early pardon. In fact, by the court-martial held in Magde-
burg, the principals were condemned to ten and the seconds 
to fi ve years’ con fi nement in the  fortress.

I was condemned to confi nement in the citadel of Mag-
deburg and had to report there on confi rmation of the 

Werner von Siemens received his 
fi rst (Prussian) patent in 1842 for 
his method of galvanoplastic 
gilding and silvering.

A Daniell cell.
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sentence. Th e prospect of being shut up for at least half a 
year without occupation was not pleasant, but I consoled 
myself with the thought that I should have a good deal of 
leisure time for my studies. In order to make good use of 
this time I sought out a chemist’s shop on my way to the 
citadel, and provided myself with the necessary means for 
pursuing my experiments in electrolysis. A friendly young 
fellow in the shop promised not only to smuggle these arti-
cles into the citadel, but also to execute promptly future 
orders, and conscientiously kept his promise.

Accordingly, I set up a small laboratory in my barred but 
roomy cell and was quite content with my situation. Fortune 
favored me in my work. I remembered that some time ago 
I had tried experiments with my brother-in-law Himly in 
Göttingen for the production of pictures according to the 
process made known a little while before by Daguerre, and 
that hyposulfi te of soda employed in these experiments 
had dissolved otherwise insoluble salts of gold and silver. I 
deter mined therefore to proceed on these lines, and to test 
the applicability of such solutions for electrolysis. To my 
unspeakable joy the experiments succeeded in a surpris-
ing manner. I believe it was one of the happiest moments 
of my life when a German silver teaspoon, which I had 
dipped into a beaker fi lled with a solution of hyposulfi te of 
gold and connected with the zinc pole of a Daniell cell, 
while the copper pole was con-
nected with a louis d’or as anode, 
changed in a few minutes into a 
golden spoon of the fi nest and 
purest luster.

Galvanic gilding and plat ing 
was then, at least in Germany, 
still quite new and naturally 
caused a sensation in the circle 
of my comrades and acquaint  -
ances. I almost immediately 

Patent application fi led by Lieutenant of 
 Artillery Siemens.

Th e undersigned respectfully submits a request 
to the Ministry for the issue of a patent relating to 
the use of certain gold salts discovered by him, not 
previously employed for tech nical purposes, and 
especially for the deposition of gold in coherent plates 
from solutions of the same by means of galvanic 
current . . .

Wittenberg, January 8, 1842
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con  cluded a bargain with a Magdeburg jeweler who had 
heard of the marvel and visited me in the citadel, whereby 
I sold him the right of making use of my process for forty 
louis d’or, which supplied me with the required means for 
making further experiments.

In the meantime, a month of my confi nement had elapsed, 
and I imagined I should have at least a few more months 
quietly to continue my work. I improved my apparatus and 
lodged a petition for a patent, whereupon with surprising 
rapidity a Prussian patent for fi ve years was granted me. But 
the offi  cer of the guard unexpectedly appeared and, much to 
my conster nation, I must confess, handed me a royal order 
in council announcing my pardon. It was really hard to be so 
suddenly torn from my successful activity. According to the 
regulations, I was obliged to leave the citadel the same day, 
and had neither an abode into which I could put my eff ects 
and apparatus nor any idea whither I should be ordered.

I therefore drew up a petition to the commander of the 
fortress, in which I begged to be allowed to occupy my cell 
for a few more days, in order that I might arrange my aff airs 
and fi nish my experiments. I came off  badly by that, how-
ever! Toward midnight I was awakened by the entrance of 
the offi  cer of the guard, who communicated to me that he 
had received orders to turn me out of the citadel at once. 
Th e commander had regarded it as a sign of ingratitude for 
the royal favor extended to me that I desired a prolongation 
of my impris onment. Accordingly, about midnight I was 
conducted out of the citadel with my eff ects and had to get 
lodgings in the town.

Luckily, I was not sent to Wittenberg again, but received 
an order to go to the pyrotechnic factory at Spandau. My 
discovery had in the eyes of my superiors doubtless made me 
appear less qualifi ed for active service! Th e fi reworks factory 
was a relic of the old days when “gunnery” (Konstablertum) 
was still an art of which the manufacture of fi reworks was 
held to be the crown. My interest in the activity assigned to 
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me was great; in good spirits I repaired to Spandau and took 
possession of the rooms in the citadel allotted to the manu-
facture of pyrotechnics.

My new occupation was in fact very interesting, and I 
devoted myself to it with the greater eagerness, as a large 
order had arrived for a quantity of fi reworks intended to 
be let off  on the birthday of the Russian Empress in the park 
of Prince Charles at Glienicke, near Potsdam. Owing to the 
progress of chemistry, means were aff orded at that time for 
the production of very beautiful colored fl ames unknown 
to the old gunners. My fi reworks on the Havel Lake at 
 Glienicke brought me therefore much honor and recogni-
tion, especially on account of the splendor of their colors. 
I was asked to the prince’s table, and received an invitation 
to en gage the young Prince Frederick Charles in a sailing 
match, as the sailing boat in which I had come from Spandau 
to Glienicke had distinguished itself by its excellent speed. 
I had the honor of beating the future victor of famous 
 battles, who even then impressed me to a high degree by his 
re solute, energetic character, or his “smartness,” as one now 
expresses it.

With the letting off  of these fi reworks my command of 
the pyrotechnic factory came to an end, and to my delight I 
was ordered to Berlin for service in the ordnance depart-
ment. Th rough this transfer my greatest wish was fulfi lled, 
to obtain time and opportunity for further scientifi c studies 
and for increasing my technical knowledge.

But there were also other reasons which made this change 
welcome. Aft er my parents’ death, the duty devolved upon 
me of providing for my younger 
brothers and sisters, of whom 
my youngest brother, Otto, was 
at the time of our mother’s death 
only in his third year. It is true 
the farming of the domains still 

Werner to William, January 21, 1842

. . . [I] hasten to send you in reply a belated Christ-
mas present, namely a job in an engineering works 
in Magdeburg . . . I believe that thereby you will be 
able to learn a great deal in two years . . .
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remained in the hands of the family for a number of years, 
but the times continued to be extremely bad for agriculture, 
so that the slight profi ts made from farming by my brothers 
Hans and Ferdinand did not suffi  ce for the edu cation of the 
children. I was therefore obliged to look out for some way of 
earning money in order to fulfi ll my obli gations as senior of 
the family, and that appeared to me to be easier in Berlin 
than elsewhere.

My brother William had meanwhile completed his course 
at the Magdeburg School, and at my suggestion had gone for 
a year to Göttingen, to sister Mathilde, in order to further 
his scientifi c studies. Aft er that, he entered the Count 

 Stol berg engineering works in 
Magdeburg as an apprentice. He 
there devoted himself with great 
energy to practical  engineering, 
which just then was undergoing 
rapid development in Germany 
in consequence of the introduc-
tion of railways.

I kept up a frequent corre-
spondence with William, and 
got him to communicate to me 
the problems which exercised 

The artillery work-
shop in Berlin. 
Werner von Siemens 
lived in a room here 
from 1842 to 1846, 
sharing it after his 
parents’ death with 
his brothers Carl, 
Walter, Friedrich, 
and sometimes 
 Ferdinand.

Agreement
Berlin, November 18, 1842

Between W.-Siemens, Lieutenant in the Royal 
 Prussian Artillery, and the manufacturers of German 
silver, J. Henniger & Co., the following is agreed and 
settled. § 1 J. Henniger & Co. with W. Siemens will 
establish on their joint account a works for the depo-
sition of metal by galvanic means (coating of all 
metals with others from their solutions by means 
of galvanic current). Th e process patented by 
W. Siemens on 29 March of this year, i.e. the solution 
of gold for the purpose of gold plating by galvanic 
means, will be employed.
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his constructive faculty. One 
such problem was the precise 
regulation of steam engines, 
which were assisted by wind or 
water mills. William’s plan did 
not  satisfy me, and I proposed 
to employ as regulative princi -
p le a heavy, freely swinging circu-
lar pendulum, which, connected 
with the engine to be regulated 
by a diff erential mechanism, 
might eff ect an absolutely uni-
form rotation, instead of di -
minishing the irregularities by 
the only means then known, 
the very imperfect regulator of 
Watt. To this suggestion was due 
the construction of the diff erential governor, to which I shall 
return in due course.

In Berlin, my eff orts to earn money by my inventions 
were soon attended with success, although I was very much 
hampered as a military offi  cer by being considerably restrict-
 ed in the choice of devices for initiating business under-
takings. I succeeded in concluding an agreement with the 
German silver manufacturer J. Henniger, by which in return 
for a share in the profi ts I agreed to set up an establishment 
for him for gilding and plating in accordance with my pat-
ent. Th us arose the fi rst establishment of its kind in Germa -
ny. In England, a Mr. Elking ton had already started a similar 
establishment, employ ing an other process, now in general 
use – viz. depositing from gold and silver cyanides – which 
was soon widely extended.

In the negotiations with regard to the Berlin plan and 
the fi tting up of the estab lishment I was materially assisted 
by my brother William, who had paid me a holiday visit, 
and who succeeded at the same time in inducing a Berlin 

Otto Siemens 
(1836–1871). 
 Undated.

umbr1_feldenkirchen_engl.indd   67umbr1_feldenkirchen_engl.indd   67 13.08.2008   21:22:0813.08.2008   21:22:08



68  MILITARY SERVICE

engineering fi rm to adopt the diff erential governor. As he 
clearly showed talent for such negotiations and himself 
wanted to get to know England, we agreed that he should 
try to utilize my inventions in that country and for this 
 purpose obtain a longer leave of absence from his factory. 
I certainly could not aff ord him considerable means for 
his journey, and I have oft en wondered how in spite of 
this he attained his end. With excellent judgment he went 
straight to our competitor Elkington, who at fi rst cut him 
short with the remark that we had no right to use our pro-
cess in England, as his patent gave him the exclusive right 
to employ electric currents, produced by electric batteries 
or by induction, for depositing gold and silver. William 
had suffi  cient presence of mind to reply that we employed 
thermo electric currents, and therefore did not infringe his 
patent. In fact I at once succeeded in making a thermo-
electric battery, consisting of pairs of bars of iron and 
German silver, with which we could very well precipitate 
gold and silver from hyposulfi te solutions. As a conse-
quence, William succeeded in selling our English patent to 
Elkington for £ 1,500. Th is in our then circumstances was a 
colossal sum, which put an end for some time to our fi nan-
cial diffi  culties.

A view of Berlin from 
the tower of the 
French Church at the 
Gendarmenmarkt, 
around 1850.
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On his return from England, William reentered his Mag-
deburg factory, but soon found he had lost his relish for such 
small undertakings, aft er becoming acquainted with the 
large scale of English industrial operations and acquiring a 
taste for English life. He accordingly proposed to settle in 
England, and as I approved of the project, we took out a 
 patent there for the jointly elaborated diff erential governor, 
in order to facilitate its introduction into England.

I had meanwhile made two more discoveries which 
 William was likewise to try to turn to account there. Th e 
prosecution of my experiments in electrolysis had led me 
also to attempt to get good deposits of nickel from a solution 
of the double salt of sulfate of nickel and sulfate of ammonia. 
Th is nickelizing appeared to be of special im portance for 
engraved copper plate, which, provided with a coating of 
nickel, allowed of a far larger number of impressions, with-
out the fi neness of the engraving being blunted by the 
nickelizing. To derive benefi t from this process I had made a 
compact with a Berlin house, from which I expected con-
siderable profi t. Unluckily, however, the galvanic deposition 
of iron from the corresponding iron solution was discovered 
soon aft erward. Th is had the great advantage over nickel 
coating that it could be easily renewed when worn out, in 
that the iron could be liberated again by dilute sulfuric acid 
and the plate then coated afresh with iron. Th is made my 
nickelizing worthless for this purpose. A few years later, it 
was again discovered and made known by Professor Bött-
ger, but has only in recent times been much employed in 
industrial operations.

Th e second discovery con-
sisted in the application of the 
zinc printing to a rotating fl y 
press, which process had just 
then come to be known. With 
the help of a skillful  mechani-
cian, the watchmaker Leonhardt, 

Werner to William, March 11, 1845

. . . He [an American journalist] was particularly 
intrigued by the small presses (especially their  output) 
and thought that they would be widely acclaimed in 
America, for every well-to-do American would 
 consider such a handsome press an indis pensable 
ornament for his drawing-room . . .
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I had prepared a model of such a 
press, which very satisfactorily 
ex ecuted the necessary opera-
tions for producing lithographic 
impressions from a cylindrical 
zinc plate. But it subsequently 
turned out, on its employment 
on a large scale by William in 
England, that zinc printing al-
low ed of no rapid repetition of 
impressions. Aft er about 150 to 
200 impressions the work had to 
be interrupted for a pretty long 
time, or else an obliteration of 
the reprint on the cylinder took 
place.

When my brother met with 
these diffi  culties in England, I 
obtained six weeks’ leave and 

 visited him in London, where he had rented a small place 
for our experiments in a narrow lane in the City near the 
Mansion House. Despite the most stre nuous eff orts, how-
ever, we could not succeed in overcoming the diffi  culties. 
We succeeded, indeed, in ob  taining reimpressions from 
even century-old prints by a regenerating process – by con-
tinuous heating, if I remember rightly, in a solution of salts 
of barium – and our process, to which we had given the 
grand name “anastatic printing,”  accordingly excited 
much attention in England and contri buted to making 
 William known there; but it soon became clear to us that 
speculative inventions are a very uncertain aff air and only 
in very rare cases lead to good results, unless sup ported by 
thorough knowledge and ample means.

For me personally the journey to England proved very 
stimulating, and at the same time gave a more earnest and 
critical direction to my further endeavors, leading me to 

Werner von Siemens 
as a second 
 lieutenant in the 
Prussian Artillery, 
around 1842.
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look rather at the solidity of my foundations than at the 
hoped for result. Th is was still more confi rmed by my return 
journey through Paris, where in the then fl ourishing period 
of the reign of Louis Philippe the fi rst great French Indus-
trial Exhibition was taking place.

Unfortunately, my stay in Paris was disturbed by an 
unpleasant incident. I had intended to decide in Brussels 
whether I should return by way of Paris or by the direct 
route, and had arranged therefore with William that he 
should send to Paris any money required to supplement 
my traveling budget, if I should write him to that eff ect 
from Brussels. When I decided therefore to make the  journey 
to Paris, I enclosed with the request for money my Paris 
address and entrusted the letter to the landlord of my hotel.

Arriving in Paris aft er a two-day journey, perched on 
the top of an omnibus of the messageries générales,* I found 
the city fi lled to overfl owing as a result of the Exhibition and 
only succeeded with diffi  culty in obtaining a small garret 
room on the eighth fl oor of the hôtel des messageries géné-
rales, in which it was only possible to stand upright if the 
window, which served also as a roof, were placed hori-
zontally. As my cash had as a result of the extra traveling 
been reduced to a minimum, I could not think of a change 
of residence until the expected remittance had arrived. 
Almost a fortnight passed, however. A young Berliner who 
had come to Paris for the Exhibition found himself in 
the same plight. We had to study the art of living in Paris 
without money very thoroughly, and being entirely without 
acquaintances or other sources of assistance found ourselves 
at last in a very uncomfortable position. Finally we resolved 
simultaneously to employ our remaining resources in dis-
patching letters to London and Berlin, as at that time only 
prepaid letters were accepted. At the post offi  ce it turned 
out, however, that my ready money was not quite suffi  cient 
for the purpose. Th e young Berliner – Schwarzlose was his 
name – magnanimously came to my assistance, but was 

* With a postal coach.
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then obliged to forgo the dispatch of his own missive, his 
funds being now exhausted.

Th is magnanimity found its reward, for on the same 
evening the eagerly awaited money letter from my brother 
arrived, instead of aft er the lapse of a week, as I had feared. 
Th e postage for the Brussels letter had been embezzled 
by the boots of the hotel; the post offi  ce authorities had 
therefore not dispatched the letter, but had written to the 
addressee that if he desired to have it he must remit the 
postage. Only aft er my brother had done this, and had 
received the letter containing my address, could he let me 
have the truly “necessary.”

Our distress was accordingly relieved, but the Paris trip 
was rendered useless, for my leave was now at an end. As 
compensation, I had had practical experience of what lack 
of money really means. Of Paris itself I saw little except the 
streets in which I tramped away my hunger.

Back in Berlin, I refl ected very seriously on the aims I had 
lately been pursuing, and saw clearly that the pursuit of dis-

coveries, by which I had allowed 
myself to be carried away follow-
ing the facility of my fi rst success, 
would if continued probably 
be my own and my brother’s 
ruin. I accordingly got rid of all 
my inventions, even selling my 
share in the manufactory set up 
in Berlin, and devoted myself 
again with heart and soul to 
 serious scientifi c study. I at -
tended  cour ses at the Berlin 
University, but soon perceived 
to my dismay from the lectures 
of the celebrated mathematician 
Jacobi that my previous train-

Rudolf Clausius 
(1822–1888), 
co-founder  of the 
Physics Society. 
 Undated.
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ing was insuffi  cient to enable 
me to follow him all the way. To 
my great regret this imperfect 
schooling in scientifi c study has 
always kept me back and crip-
pled my eff orts. All the more 
grateful am I to some of my 
 earlier teachers, among whom I 
must specially mention the phy-
sicists Magnus, Dove and Riess, 
for the friendly reception they 
gave me into their highly inter-
esting circles. I also owe many 
thanks to the younger Berlin 
physicists, who allowed me to 
take part in founding the Phys-
ics Society. Th at was a won   der fully stimulating asso ciation 
of talented young scientists, who subsequently almost with-
out exception became celebrated by their achievements. 
I need mention the names only of Du Bois-Reymond, 
Brücke, Helmholtz, Clausius, Wiede mann, Ludwig, 
Beetz and Knob lauch. As sociation and co op eration with 
these young men, distinguished by talent and earnest 
endeavor, strengthened my prefer ence for scientifi c study 
and labors, and kindled in me the determination to be in 
future the votary of pure science alone.

But circumstances were stronger than my will, and the 
native impulse never to let acquired knowledge lie idle, but 
as far as possible to make some use of it, led me ever and 
again back to technology. And so it has been all my life. My 
aff ection has always been given to pure science as such, but 
my labors and achievements have been for the most part in 
the domain of applied science.

Th is technical turn was especially favored and supported 
by the Polytechnic Society, to which as a young offi  cer I 
 zeal ously devoted myself. I took an active part in its pro-

Gustav Magnus 
(1802–1870). Magnus 
intro duced Werner 
von Siemens into the 
society and presented 
Werner’s discovery of 
the dynamo-electric 
principle (1866) to 
the Prussian Academy 
of Sciences in January 
1867.  Undated.
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ceedings, and in the answering 
of the questions deposited in the 
query box. Th e answering and 
discussing of these soon formed 
a part of my regular activity and 
proved a good schooling for me. 
My scientifi c study stood me in 
good stead, and it became clear 
to me that technical progress is 
only to be attained by the dif-
fusion of  scientifi c knowledge 
among technicians.

At that time there still exist-
ed an unbridged gulf be tween 
pure and applied science. Th e 
meritorious Beuth, who should 
without doubt be regarded as the 
founder of technical science in 

North Germany, had indeed in the  Berlin Industrial Insti-
tute erected an institution which was especially designed for 
the diff usion of scientifi c knowledge among young techni-
cians. Th e existence of this institute, out of which arose the 
Industrial Academy and fi nally the Technical College in 
Charlottenburg, was, however, too short to raise the level of 
education of the craft smen of the period.

Prussia was at that time still a purely military and bureau-
cratic state. Only in its offi  cial class was culture to be found, 
and it is doubtless mainly owing to this circumstance that 
even at the present day the semblance of an offi  cial title is 
regarded and striven for as an external mark of a cultured and 
respected man. Of the economic body only agriculturists, 
from whom the military class as well as the bureaucracy was 
almost without excep tion recruited, had a respectable status 
in the eyes of the latter. In this country, wasted and impover-
ished by a century of wars, there no longer existed a well-to-do 
bourgeoisie to act as a counterpoise in culture and property 

Heinrich Wilhelm 
Dove (1803–1879). 
Undated.
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to the military and offi  cial class. It must, however, be added 
that this state of things was in part attributable to the fact that 
the representatives of science, always highly respected in 
Prussia under the rule of the farseeing Hohenzollerns, did 
not consider it compatible with their dignity to manifest a 
personal interest in technical progress. Th e same may be said 
in respect of sculpture and its like, whose representatives 
regarded – and in part, I believe, still regard – it beneath 
their dignity to employ a part of their creative power for the 
elevation of commercial art.

Th rough my activity in the Polytechnic Society I arrived 
at the conviction that scientifi c knowledge and scientifi c 
methods of investigation are capable of developing the 
industrial arts to a degree far beyond anything that can 
be foreseen. It had the further advantage of making me 
 personally acquainted with  Berlin manufacturers, and of 
aff ording me an insight into the achievements and defects 

The house belonging 
to the physicist  Gustav 
Magnus at Kupfer-
graben 7 in Berlin. In 
1843, at this location, 
Magnus set up the 
Physics Colloquium, 
the forerunner of 
the Physics Society 
founded in 1854. Here 
Werner von  Siemens 
found important 
 inspiration for new 
ideas and  became 
 acquainted with 
 Johann Georg Halske.
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of the industry of the time. My advice was oft en sought by 
manufac turers, and I thereby became acquainted with the 
contrivances employed and the modes of working. It be-
came clear to me that the industrial arts cannot advance by 
 sudden leaps, as has oft en been possible in science as a result 
of the fruitful ideas of a few remarkable men. A technical 
invention only achieves value and importance if industrial 
art itself has so far progressed that the invention is a prac-
tical one and supplies a need. Hence one so oft en sees the 
most considerable inventions lying idle for decades, until 
all at once their great importance is recognized, their hour 
having arrived.

Of the scientifi c-technical questions which at that time 
especially occupied me, and at the same time gave rise to 
my fi rst literary labors, the fi rst owed its origin to a letter 
from my brother William concerning an interesting engine 
which he had seen at work in Dundee. From a rather brief 
account it appeared that this engine was not driven by steam 
but by heated air. Th is idea interested me exceedingly, since 
it appeared to aff ord a foundation for an advantageous 
transformation of the whole art of engine construction. In a 
paper entitled “Über die Anwendung der erhitzten Luft  als 
Triebkraft ” (On the Employment of Heated Air as a Motive 
Power) contributed in 1845 to Dingler’s Polytechnic Journal,* 
I described the theory of such air engines, and gave also a 
sketch of the construction of such a one as I conceived to be 
practicable.

My theory was based entirely on the principle of the 
conservation of energy, which had been advanced by Mayer 
and worked out mathematically by Helmholtz in his cele-
brated memoir “Über die Erhaltung der Kraft ” (On the 
Conservation of Energy), originally read before the Phys-
ics Society. Later on, my brothers William and Friedrich 
 occupied themselves a good deal with these engines, and 
constructed them in various forms. Unfortunately, how-
ever, they too had to undergo the common experience of 

* A periodical found-
ed by pharmacist and 
manufacturer Johann 
Gottfried Dingler 
(1778–1855) in 1820. 
It reported on inven-
tions, fi rst primarily 
in the craft s and agri-
culture and later from 
all fi elds of techno logy. 
For example, it main-
tained a register of all 
English patents. Th e 
Polytechnisches Jour-
nal, or Dinglers poly-
technisches  Journal 
aft er 1874, was pub-
lished until 1931.
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fi nding that engineering had by 
no means advanced far enough 
to allow of the discovery being 
utilized with ad vant age. Only 
small engines could be con-
structed on the basis of the 
above principle so as to work 
well for any length of time; for 
large ones the right material for 
the heating apparatus was and 
still is wanting.

In the same year, I printed in 
Dingler’s journal a description 
of the diff erential governor 
 mentioned earlier, to which in 
collaboration with my brother 
William I had tried to give the most varied forms.

Another question, which had already occupied me for 
a long time, was that of the exact measurement of the velo-
city of pro jectiles. Th e watchmaker Leonhardt, known as 
a skilled mechanician and in the employ of the Artillery 
Com mis sion, had constructed a clock which turned an 
indicator with great velocity when the latter was electro -
magnet ically connected with the clockwork.

Th e coupling and uncoupling of the indicator by the 
 fl ying shot was attended, however, with great diffi  culties, 
which in spite of our eff orts could not be quite overcome. 
Th is led me to the idea of the employ ment of the electric 
spark for the meas urement of velocity. In a paper published 
in Poggen dorff ’s Annalen,* “Anwendung des elek trischen 
Funkens zur Geschwindigkeitsmes sung” (Application of the 
Electric Spark to the Measurement of Velocity), I demon-
strated the possibility of accurately measur ing the velocity 
of pro jectiles at every stage of their progress by means of a 
rapidly rotating polished steel cylinder, on which incident 
electric sparks could leave a distinct mark. Th is paper also 

* Annalen der Physik, 
founded in 1799, 
was published in 160 
 volumes from 1824 until 
his death by the physi-
cist Johann Christian 
Poggendorff  (1796–
1877) as  Annalen der 
Physik und Chemie; 
it has been published 
since 1877 as Annalen 
der Physik once again.

The co-founders of 
the subsequent Berlin 
 Physics Society, 1842. 
Standing, from left: 
 Gustav Karsten, Wilhelm 
Heintz, Karl Hermann 
Knoblauch. Seated in 
the middle, between 
Ernst Wilhelm von 
Brücke and Wilhelm von 
Beetz, is Emil Du Bois-
Reymond.
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contained the plan, executed by me only many years later, of 
ascertaining by the same method the velocity of electricity 
itself in its conductors.

My interest in electrical experiments was most vividly 
stimulated by participating in the work of Leonhardt, who 
was at the same time occupied with experiments, which the 
military staff  had caused to be instituted, with regard to the 
substitution of electric for optic telegraphy. In the house 
of Hofrat Soltmann, father of a close friend of mine, I had 
had the opportunity of seeing the model of a Wheatstone 
dial telegraph, and had taken part in the attempts to bring 
it into operation between the house and an establishment for 
producing artifi cial mineral waters at the end of the large 
garden. Th ese, however, never succeeded, and I soon per-
ceived the cause of the failures. Th ey were traceable to the 
principle on which the apparatus was constructed, which 
required the turning of a handle with such regularity that the 
impulses of current produced had always suffi  cient strength 
to keep the clockwork of the receiving apparatus in motion. 
Th is was not attainable with any certainty even if the entire 
apparatus was working in the same room, and was altogether 
impossible where an important part of the current was lost 
through the imperfect insulation of the conductors.

Leonhardt, trying at the instance of the commission to 
remedy this defect, caused the impulses to be produced by 
clockwork, i.e., at quite regular intervals, which was cer-
tainly an improvement but which still, with the varying loss 
of current, did not suffi  ce. Th is made it apparent to me that 
the problem was most completely to be solved by convert-
ing the dial telegraphs into self-acting machines, each of 
which would automatically break and make the circuit. If 
two or more such electrical machines were connected to 
a single electrical circuit, a fresh impulse could only be given 
when all the inserted apparatus had completed its stroke, 
and thus had again closed the circuit. Th is proved sub-
sequently to be a very fruitful principle for innumerable 
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elec trotechnical applications. All the self-acting 
alarms or bells employed at the present time are 
based on automatic interruption aft er a com-
pleted stroke, fi rst introduced as described above.

Th e construction of these self-interrupting 
dial telegraphs I entrusted to a young mecha-
nician named Halske, with whom I had become 
acquainted through the Physics Society, and who 
at that time managed a small mechanical work-
shop, the business fi rm being known as Boetticher 
& Halske. As Halske at fi rst entertained doubts 
whether my apparatus would work, I myself set 
up a couple of automatic telegraphs, composed of 
cigar boxes, tin plate, a few pieces of iron, and 
some insulated copper wire, which worked with 
perfect certainty. Th is unexpected result fi lled 
Halske with so much enthusiasm – for a design 
capable of success notwithstanding such defective 
materials – that he gave himself up with the 
 greatest eagerness to the construction of the 
fi rst apparatus, and even declared himself ready 
to withdraw from his fi rm and in conjunction 
with me to devote himself entirely to telegraphy.

Th is success, as well as the growing responsibility for 
my younger brothers and sisters, matured my resolution 
to relinquish military service and by means of telegra-
phy, whose great importance I clearly perceived, create for 
my self a new vocation, which should also aff ord me the 
means of fulfi lling the duties I had undertaken toward my 
younger brothers. I was therefore intent on the preparation 
of my new telegraph, which was to form the bridge to the 
new career, when an event occurred which threatened to 
throw all my plans to the winds.

It was a time of great religious and political stir all over 
Europe. Th is fi rst found expression in Germany in the free 
religious movement which ran counter both to Catholicism 

A Wheatstone 
dial telegraph. 
Top: the transmitter; 
bottom: the receiver.
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and to the rigid Protestantism 
then in the ascendant.  Johannes 
Ronge had come to Berlin, and 
held public  lectures in the Tivoli 
Gardens, which were attended 
by all the world and excited great 
enthus iasm. Th e younger offi  cers 
and offi  cials in particular, then 
al most without exception liber-
ally inclined, raved about Johan-
nes Ronge.

Just as this adulation of 
Ronge was at its height, I, along 

with all the offi  cers of the Ar tillery workshop – nine in 
number – happened to take a stroll aft er working hours in 
the Tiergarten. We found many people assembled “under 
the tents,” listening to lively speeches, in which all those 
of like mind were called upon to support Johannes Ronge 
against the obscurantists. Th e speeches were good, and were 
perhaps the more persuasive and captivating as people in 
Prussia were not then accustomed to public speaking.

When, therefore, on leaving, a sheet already almost fi lled 
with names partly known to me was presented for my sig-
nature, I did not hesitate to add mine. Th e other offi  cers, 
some considerably my seniors, fol lowed my example with-
out ex ception. No one dreamed for a moment of doing 
anything wrong. Each thought it only common hon esty 
openly to avow his con viction.

But great was my alarm when at break fast on the follow-
ing morning I happened to glance at the Vossische Zeitung, 
and found a leading article entitled “Protest gegen Reaktion 
und Muckertum” (Protest against Reaction and Religious 
Cant), and at the head of the subscribed names my own, 
 followed by those of my comrades.

When, soon aft er – half an hour before the com men ce-
ment of work – I appeared in the laboratory yard, I found 

Characterization of Johann Georg Halske 
by Werner von Siemens at the end of his 
 Mémoire sur la télégraphie électrique (présenté 
à l’Académie des Sciences le 15 avril 1850)
. . . Il va sans dire, au reste, que ces appareils, malgré 
la simplicité de leur principe, exigent, en leur qualité 
de machines à mouvement propre, un constructeur 
habile, intelligent et soigneux. Qu’il me soit permis, 
à cette occasion, de faire mes remerci ments publics 
à mon collaborateur M. J. Halske, de Berlin, à l’ad-
mirable talent duquel je dois attribuer la plus grande 
partie des succès dont mes eff orts, dans cette belle 
branche de la physique appliquée, ont peut-être été 
couronnés.
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my comrades all assembled in a 
state of great excitement. We 
feared we had committed a grave 
military off ense. In this supposi-
tion we were soon strengthened 
by the appearance of the com-
mandant of the  workshops, an 
excellent and extremely amiable 
man, who declared to us in great 
excitement that we had by our 
action ruined ourselves and him 
likewise.

Some anxious days passed. 
Th en it was announced that 
the inspector of the workshops, 
General von Jenichen, had to communicate to us an order 
in council. Th e order in council reprimanded us very 
severely indeed, but was more gracious than we had ven-
tured to hope. Th e general addressed us in a long speech in 
which he set before us the impro priety and blameworthi-
ness of our conduct. I was awaiting with some curiosity 
the conclusion of this speech, as I had taken the waters at 
Kissingen for a month with the general, who was a highly 
cultured and very humane man, and as I knew well that his 
opinions were not altogether diff erent from those sub-
scribed to by us. “You know,” said the general in conclusion, 
directing a look toward me, “that I am of the opinion that 
every man, and particularly every offi  cer, should always 
express his opinion openly. You 
have, however, not con sidered 
that openly and publicly are 
worldwide diff erent things!”

We soon learned that as pun-
ishment we were all to be sent 
back to our brigade – or our reg-
iment, as it is now again called. 

Johann Georg Halske 
(1814–1890), 
around 1855.

Werner von Siemens’ 
dial telegraph of 1847. 
The pointer, which 
traveled uniformly in 
both the transmitter 
and the receiver, was 
held at the desired 
 letters by pressing the 
keys, and thus trans-
mitted the message.
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For me this was an almost insupportably hard blow, upset-
ting all my future plans, and making it impos sible for me to 
go on providing for my younger brothers. Th e problem was 
to fi nd a way to prevent this removal. Th at was only to be 
attained by an important military discovery, which should 
necessitate my presence in Berlin. Telegraphy, in which I 
was specially interested, could not perform this service, for 
only few then believed in its great future, and my projects 
were still undeveloped.

Siemens dial tele-
graph, 1847. 
An extract from the 
patent drawing.

umbr1_feldenkirchen_engl.indd   82umbr1_feldenkirchen_engl.indd   82 13.08.2008   21:22:2413.08.2008   21:22:24



MILITARY SERVICE  83

By good luck, the idea of 
 guncotton occurred to me. Th is 
had been discovered a little while 
before by Professor Schön bein 
in Basle, but had not yet been 
brought into use. It appeared to 
me beyond question that it could 
be so improved as to be made 
available for military purposes. I 
therefore went immediately to 
my old teacher Erdmann, pro-
fessor of chemistry at the Royal 
Veterinary School, told him of 
my trouble, and begged per-
mission to institute experiments 
with guncotton in his laboratory. 
Th is he willingly granted, and I 
went eagerly to work.

I had the idea that by em ploying stronger nitric acid and 
by more careful washing and neutralizing, a better and 
less easily decomposable pro duct could be obtained. All 
the experiments, however, came to nothing, though I used 
extremely concentrated fuming nitric acid; a greasy, easily 
destructible product was always the result. My stock of 
extremely concentrated nitric acid having run short, I once 
tried the eff ect of adding some concentrated sulfuric acid in 
order to strengthen it, and to my astonishment got a gun-
cotton with altogether diff erent properties. Aft er washing, it 
became white and fi rm like the un changed guncotton and 
exploded very energetically. I was overjoyed, and till late at 
night made a considerable quantity of such guncotton and 
placed it in the drying stove of the laboratory.

When aft er a brief sleep I went again to the laboratory 
early in the morning, I found the professor standing mourn-
fully among ruins in the middle of the room. On heating 
the drying stove, the guncotton had exploded and destroyed 

Berlin, August 2
(Private communication)
Yesterday evening aft er 8 :00 here in the Tiergarten 
without any previous announcement an assembly of 
Protestant friends was held, at which the following 
declaration was made, discussed and signed:
“Freedom of conscience and instruction is recognized 
as the basis of true, human culture and the sole 
 guarantee of its continuance. It is up to us in our 
day and age to put this hard-fought-for right into 
practice. Religion . . . is a matter for the individual . . . 
the undersigned are resolved to defend these precious 
possessions by all legal means within their power and 
undertake to protest publicly against any coercion.”
[About 170 signatures, among others]:
W. Siemens, Lieutenant, Müller, First Lieutenant 
of Artillery, Th [eodor] Fontane.
Supplement to the Berlinische Nachrichten von 
Staats- u. gelehrten Sachen (Spenersche), 
August 7, 1845
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the stove. A glance made this clear to me and showed 
the perfect success of my experiments. Th e professor, with 
whom in my joy I tried to waltz around the room, seemed 
at fi rst to think I had gone wrong in the head. It cost me 
some trouble to set his mind at rest, and to induce him to 
resume the experiment at once. About eleven o’clock I had 
packed a goodly quantity of faultless guncotton, and sent it 
with a formal explanatory letter to the war minister.

Th e result was glorious. Th e minister of war instituted a 
shooting trial in his large gardens, and, as it went off  brilliant-
ly, imme diately induced the heads of the ministry to make a 
regular trial with pistols. On the very same day, I received an 

Station 2 of the 
 optical telegraph in 
Berlin-Dahlem, with 
the telegraph room 
next to it. One offi -
cial, looking through 
a telescope, spotted 
the characters sig-
naled by the nearest 
station, and a second 
offi cial transmitted 
the characters to the 
signalmen on the 
roof by way of levers. 
If the weather was 
good, this technique 
made it possible to 
send a message from 
Berlin to the Rhine 
within two hours.
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offi  cial order direct from the minister to repair to the powder 
manufactory at Spandau, which had already been instructed 
to place everything required at my disposal, to institute 
experiments on a larger scale. It is seldom, I fancy, that a 
memorandum to the war offi  ce has been so quickly acted 
upon! Of my returning to the brigade there was no more talk. 
I was soon the only one of my brothers in misfortune who had 
not been obliged to leave Berlin.

Th e experiments on a large scale, which were made un-
der my direction in the powder factory at Spandau, did not 
lead to the result expected in the fi rst glowing moments, viz. 
that guncotton would generally supersede gunpowder. It is 
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true the trials with small arms 
as well as with cannon yielded 
ex cellent results; it appeared, 
however, that guncotton was not 
a suffi  ciently fi xed combination, 
since it gradually decomposed 
in the dry state, and also would 
occasionally go off  by itself. 
Moreover, its eff ectiveness de-
pended on the degree of com-
pression of the gun cotton and 
on the mode of its ignition. My 
report therefore ran that the 
guncotton produced according 
to my method, by means of 
a mixture of nitric and sulfuric 
acid, possessed excellent proper-
ties as a blasting material, and 
seemed well suited to take the 

place of  blasting powder for military purposes, but that 
it could not in general be sub stituted for gunpowder, as it 
presented no suffi  ciently stable chemical combination, and 
its action was not constant enough.

I had already sent in this report when Professor Otto in 
Brunswick discovered anew and published my method of 
preparation of serviceable guncotton. My earlier action in 
the matter and my report to the war offi  ce remained of 
course secret, and Otto therefore must rightly be held the 
discoverer of serviceable guncotton, since he was the fi rst to 

make public the method of its 
production. It has oft en been so 
with me. It appears at fi rst sight 
hard and unjust that anyone may 
by earlier publi cation appropriate 
the honor of a discovery or in-
vention which another, who has 

The Berlin Justizrat 
Johann Georg 
 Siemens (1805–1879). 
Undated.

. . . Because of his excellent knowledge of engineering 
and the natural sciences and his talent for invention 
he is capable of higher achievements in the technical 
fi eld . . .

From the conduct reports, note by a brigadier, 1846, 
on Werner von Siemens
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long worked at it with ardor and 
success, would only make known 
aft er the most thorough testing. 
On the other hand, however, it 
must be admitted that some 
 defi nite rule must be established 
in regard to priority, since for 
scien ce and the world it is not 
the person, but the thing itself 
and its publication, that is of 
importance.

Aft er the danger of removal 
from Berlin had in this manner 
been successfully averted, I was 
able to devote myself with a tran-
quil mind to telegraphy. I sent 
General O’Etzel, the chief of 
the optical telegraph depart ment 
under the immediate direction of the staff , a memorandum 
on the condition of telegraphy and the improvement to be 
expected therein. In con sequence of this I was ordered 
to place myself at the service of the staff  commission, which 
was deliberating on the introduction of electrical instead 
of optical telegraphs. I succeeded in gaining the confi dence 
of the general and his son-in-law, Professor Dove, in so 
high a degree that the commission almost always assented 
to my proposals and entrusted me with their execution.

It was then regarded as altogether out of the question that 
a telegraph wire easy of access, attached to posts, could be 
really serviceable, since it was imagined the public would 
destroy it. Accordingly, wherever on the European continent 
it was desired to introduce electric telegraphs, experiments 
were fi rst made with subterranean conductors. Th e best 
known were those of Professor Jacobi in St. Petersburg; he 
had tried resin, glass tubes, and india rubber as insulators, 
but had obtained no permanently satisfactory results. Th e 

Th is great length of copper wire is coated by means 
of one single machine which has been constructed by 
Mr. Siemens and a Mr. Halske conjunctively. It con-
sists of a horizontal cylinder, with a moveable piston; 
a chamber at the end of this cylinder is pierced with 
sixteen holes, eight of which are through the bottom, 
and of the same diameter as the wire itself; the 
remaining eight are through the top side, exactly 
opposite to those in the bottom, and are of the 
intended diameter of the coated wire. Eight separate 
wires are pointed through the bottom holes; the cylin-
der is moderately heated, and fi lled with the gutta- 
percha composition, whereupon the piston is urged 
forward, and, in forcing the semifl uid substance 
through the eight larger holes, it carries with it the 
coated wires with remarkable velocity, the wire itself 
being impelled by virtue of adhesion to the gutta- 
percha which surrounds it.

Th e Mechanics’ Magazine, 
London, February 3, 1849
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Berlin commission likewise had begun such experiments, 
which, however, yielded just as unsatisfactory a durable 
insulation.

By chance my brother William in London had sent me 
as curiosity a sample of a substance which had recently 
appeared on the English market, gutta-percha. Th e re-
markable properties of this material, of becoming plastic 
in the heated state and when cooled of being a good in-
su lator of electricity, aroused my attention. I covered some 

A view through the 
 entrance toward the 
fi rst Siemens & Halske 
workshop at Schöne-
berger Strasse 19 in 
Berlin. Undated. 
 Werner von Siemens 
lived on the ground 
fl oor, the workshop 
was on the next fl oor, 
and Halske lived on 
the fl oor above that.

umbr1_feldenkirchen_engl.indd   88umbr1_feldenkirchen_engl.indd   88 13.08.2008   21:22:3213.08.2008   21:22:32



MILITARY SERVICE  89

pieces of wire with the heated material, and found 
that they were thoroughly insulated. At my sug-
gestion the commission gave orders for more 
considerable experiments with such wires insu-
lated by gutta-percha, which were begun in the 
summer of 1846 and continued in 1847. In sam-
ples placed on the track of the Anhalt Railway in 
1846, the gutta-percha was rolled around the wire. 
It turned out, however, that the seam thereof became loos-
ened in the course of time. I accordingly constructed a screw 
press, by which the heated gutta-percha was cohesively 
pressed around the copper wire under the application of a 
high pressure. Th e conducting wires, coated by the help of a 
sampler press constructed by Halske, proved to be well insu-
lated and permanently retained their insulation.

In the summer of 1847, the fi rst long subterranean wire 
from Berlin to Grossbeeren was laid, by me, with such insu-
lated wires. As it stood the test per fectly, the question of the 
insulation of subterranean wires by the em ployment of 
gutta-percha and my press appeared now to be successfully 
solved. In fact, since that time not only the subterranean 

The Berlin–Potsdam 
Railway, 1838. 
In 1847 the Prussian 
military administra-
tion orga nized a 
compe tition along 
this route among the 
new  electric tele-
graphs. Werner von 
Siemens won with his 
dial  telegraph.

A model of the fi rst 
gutta-percha press, 
from 1847.
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land lines but also the sub-
marine cable lines have almost 
with out exception been insu-
lated in this manner.

Th e commission had under 
consideration the employment 
both of the wires coated with 
gutta-percha by pressing and also 
my dial and printing telegraph in 
the telegraph system about to be 
introduced into Prussia.

Th e resolution to devote my-
self entirely to the development 
of telegraphy was now fi xed. 
Accordingly, in the autumn of 
1847 I induced the mechanician 
J. G. Halske, with whom our 
common labors had bound me 
closely, to hand over his business 

to his partner and to start a  telegraph factory, into which I 
reserved to myself the right of entry on my discharge from 
the army. Since Halske like myself lacked available resources, 
we had recourse to my cousin, Georg Siemens, a barrister 
residing in Berlin, who lent us 6,000 thalers* for the erec-
tion of a small workshop on condition of a share in the profi t 
for six years. Th e workshop was opened on October 12, 
1847,** in the rear part of a house in the Schöneberger 
Strasse – where Halske and I also took rooms – and grew 
rapidly and without the aid of outside capital into the world-
renowned establishment of Siemens & Halske in Berlin, with 
branches in many of the chief cities of Europe.

I had put aside the enticing prospect of rising, by virtue 
of my dominating position in the telegraph commission, to 
be the head of the future Prussian state telegraphs, as a 
po sition of dependence was not congenial to me, and I had 
the conviction I should be of more service to myself and the 

Werner to William, December 14, 1846

. . . I have now practically decided to make a career of 
telegraphy, whether in or out of the army. Telegraphy 
will become an important branch of scientifi c tech-
nology in its own right and I feel the call to further 
its or ganization since I am convinced that it is still in 
its early childhood . . .

Th e undersigned witness that from today’s date 
J. G. Halske relinquishes his interest in the jointly 
run workshop; F. M. Boetticher will continue the 
business in the manner as hitherto, taking over all 
assets and liabilities, whereas J. G. Halske has 
 established a workshop in the Schöneberger Strasse 
19 for electromagnetic telegraphs and similar 
 apparatus.
Berlin, October 1, 1847
F. M. Boetticher J. G. Halske
Vossische Zeitung,
October 19, 1847

* To be exact, 6,842 
thalers and 20 silber-
groschen, i. e., £ 1,005.

** Th e articles of 
 association of Siemens 
& Halske date from 
October 1, 1847.

umbr1_feldenkirchen_engl.indd   90umbr1_feldenkirchen_engl.indd   90 13.08.2008   21:22:3413.08.2008   21:22:34



MILITARY SERVICE  91

world if I obtained my full independence. But I resolved not 
to renounce military service, and therewith my place on the 
military commission, before the latter had completely 
accomplished its task, and a defi nite settlement of the future 
telegraph system had been arrived at.

I urged in the commission that the public should also 
be allowed the use of the telegraph lines, which met with 
considerable opposition in military circles. Th e great celer-
ity and certainty with which my new patented dial and 
printing telegraphs worked on the overhead line between 
Berlin and Potsdam and on the underground line between 
Berlin and Grossbeeren – performances with which those 
of the old semaphores** were not to be compared – 

Johann Georg Halske 
and his wife, 
around 1847.

** A signal pole with 
several movable arms 
whose angles can be 
changed to send signals.
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 contributed, however, in no 
small degree to produce an 
 opinion more favorable to the 
public interest. Th e report of the 
 astonishingly favorable results 
of these experiments went the 
round of the higher circles in 
Berlin, and brought me a com-
mand from the Princess of 
Prussia to give a lecture in 
 Potsdam on electric telegraphy 
to her son, later Crown Prince 
 Frederick William and Emperor 
Frederick. Th is lecture, accom-

panied by experiments on the Berlin–Potsdam line, and a 
memorandum connected therewith, in which I enlarged 
upon the great future in store for telegraphy, supposing it to 
be made the common property of the people, no doubt 
 considerably assisted in winning over the higher circles.

At my instigation, the commission instituted a public 
competition for March 1848, and settled the conditions to 
be satisfi ed in regard to the telegraphic communications 
and apparatus. Prizes were assigned to the winners, who 
were also to have the reversion of consequent orders. I had a 
pretty safe expectation of obtaining victory with my own 
proposals in this competition, which opened on March 15, 
1848, when on the 18 the compe tition as well as the com-
mission itself came to an abrupt end.*

* But the interrup-
tion can only have 
been very transient, 
since by the begin-
ning of June 1848 the 
(Prussian) Ministry 
of State received a 
detailed report from 
the commission on the 
results of its  activities, 
prompting the king to 
issue a  decree on July 
24, 1848, calling for 
the immediate instal-
lation of an electro-
magnetic connection 
between Berlin and 
Frankfurt am Main, 
and between Berlin 
and Cologne and as 
far as the Belgian 
border. 
Aft er a publication 
from 1899.

Th e experiments which the State has just instigated 
here as to the most practicable means of introducing 
electromagnetic telegraphs are going very satisfac-
torily . . . so that it is probable that all State telegraphs 
to be installed will be of this kind . . . Th e tests are 
being carried out by Lieutenant Siemens, whose new, 
patented, electromagnetic telegraph system fi nds the 
highest approbation and in the forthcoming compe-
tition with all other usual systems for the purpose of 
determining the most suitable one for the Prussian 
State Telegraphs will no doubt prove victorious, as it 
is the simplest, most reliable, most highly perfected 
and withal the cheapest . . .
Bremer Zeitung,
December 19, 1847
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Plunged in my own interesting labors, I had found little 
time to give heed to the wild commotion which, since the 
February revolution in Paris, was spreading all over Ger-
many. With elemental force the mighty stream of political 
excitement rushed onward, tearing down all the feeble dikes 
which the existing powers aimlessly and without plan 
opposed to it. Discontent with the prevailing state of things, 
the hopeless feeling that they could not be changed without 
violent subversion, penetrated the entire German people 
and extended to the upper strata of the civil and even the 
military administra tion of Prussia. Th e political and na -
tional claptrap, the emptiness of 
which was only revealed by sub-
sequent events, still exerted its 
full infl uence upon the masses, 
and its diff usion was materially 
assisted by the unusually fi ne 
summer weather which pre -
vailed throug hout Germany 
during the whole of that time.

Th e streets of Berlin were 
continually fl ooded by excited 
crowds, discussing the most ex-
aggerated reports of the pro gress 
of the movement, and eagerly 
listening to agitators who spread 
them further and called for ac-
tion. Th e police seemed to have 
disappeared from the town, and 
the military, which did its duty 

  93

Werner von Siemens 
at the time of the 
company’s founding 
in 1847.
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with thorough fi delity, hardly 
made itself really noticed. Th en 
came the overwhelming news of 
the victory of the revolution in 
Dresden and Vienna, closely fol-
lowed by the shooting of the 
sentry at the Bank, and fi nally 
the mis understanding at the 
Castle Square. Th is drove even 
the quieter citizens, who had 
formed themselves into a medi-

ating national guard, to the revolutionary side. I saw from 
my windows how a division of this citizen guard came in 
great excitement from the Castle Square and threw their 
scarves and staves on the square in front of the Anhalt Gate 
with the cry “Treachery! Th e military have fi red upon us!” 
In a few hours the streets were covered with barricades, 
the  sentries were attacked and in part overpowered, and 
the struggle with the garrison, which for the most part con-
fi ned itself to defense, and without exception remained true 
to their fl ag, quickly extended over a large part of the town.

I, myself, owing to my being seconded to a special com-
mission, was out of touch with the active army and awaited 
with beating heart the issue of the unhappy struggle. Th en 
on the following day appeared the royal procla mation, 
which restored peace. On the forenoon of March 19, the 
citizens crowded to the Castle Square to thank the King 
for his proclamation. I could no longer stay at home and 
accordingly mingled with them in civil dress. I found the 
whole square fi lled with a vast throng, which on all sides 
gave lively expression to its joy at the peace proclamation. 
But soon the scene changed. Long processions came, bring-
ing the fallen to the Castle Square, in order, as was said, that 
the King might see for himself what havoc his soldiers had 
wrought. Th en followed the terrible scene on the balcony of 
the castle, when the Queen fainted away as her eyes caught 

Werner to William, March 11, 1848

. . . I would cry “Vive la France” with you with ent hu-
siasm if we were still lucky enough to belong even 
morally to the proletariat! Still, never mind, we are 
making tremendous progress. Such an emotional 
upheaval, such an eagerness to break all unworthy 
fetters and barriers must produce good results! 
No doubt, in North Germany the fi ght will be hard. 
Here phlegm and indiff erence are still too prevalent, 
yet the Press, which is already free in half of 
 Germany, is bound to do the rest! . . .
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sight of the bloodstained dead heaped at her feet. Th ere 
came fresh processions with corpses, and as the King no 
longer responded to the shout for his appearance, the 
excited throng prepared to burst open the castle gates, to 
confront him with the dead in the same way.

It was a critical moment, for to a certainty the struggle 
would have been renewed in the Castle Yard, where a 
 battalion had been stationed, a struggle the outcome of 
which, as the rest of the military had left  the town by royal 
order, would have been exceedingly doubtful had not a 
 savior appeared in the person of young Prince Lichnow-
sky. From a table placed in the middle of the Castle Square 
he addressed the crowd in a loud audible voice. He said 
His Majesty the King had in his great goodness and grace 
put an end to the struggle, in that he had withdrawn all 
the military and had entrusted himself entirely to the pro-
tection of the citizens. All demands would be granted, 
and they should now go quietly home. Th e speech mani-
festly made an impression. To the question from the 

Berlin, Alexander-
platz, the night of 
March 18–19, 1848.
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people whether everything was 
really granted he answered – 
“Yes, every thing, gentlemen!” 
“Smok ing too?” sounded an-
other voice. “Yes, smoking too” 
was the answer. “In the Tier-
garten also?” – was further en-
quired. “Yes, you may smoke in 
the Tiergarten also, gentlemen.” 
Th at was decisive. “Well, then, 
we can go home” was the gen  -
eral excla mation, and in a short 
time the cheered-up multitude 
left  the square. Th e presence of 
mind with which the young 
prince – probably on his own 
respon sibility – conceded the 
liberty of smoking in the pub -
lic streets and the Tiergarten 
possibly averted more serious 
mis chief.

Th is scene in the Castle 
Square produced in me an indel-
ible impression. It showed with 
such unmistakable plainness the 
perilous fi ckleness of an excited 
multitude and the impossibility 
of predicting its actions. It taught 

me also that it is not usually the large and weighty questions 
that agitate the masses, but petty grievances long felt as 
oppressive by everybody. Th e prohibition of smoking in the 
streets and particularly in the Tiergarten, with the constant 
petty warfare with gendarmes and watchmen connected 
with it, formed in fact about the only hardship really com-
prehended by the great mass of the Berlin populace, and for 
which it in truth contended.

Werner to William, March 20, 1848

I hasten, dear brother, to send you my fi rst greeting 
from a free country! What a change in 2 days! Th e 
two shots fi red by mistake on the Castle Square have 
brought Germany a whole generation forward at one 
bound. Outside my window the Civic Guard of my 
district is just falling in. Th e rest of the military is 
withdrawing from the town with funeral music, as 
the people demand. It was a frightening but beautiful 
night. Th e bright full moon was encircled by a 
 brilliant halo, all windows were shining brightly 
wherever the fi ght was not raging. In the streets no 
sad or anxious face, only a terrible earnestness in 
the features of all the people, including the women, 
combined with belliger ence and the humor so char-
acteristic of the Berliners even in the most serious 
situations. On that fearful night I solemnly made my 
apologies to the Berliners for the bad opinion which 
I previously had of them! I listened with tears in my 
eyes to the sound, powerful logic of people from the 
lowest classes and I have become convinced that no 
nation can be more ripe for freedom. You should 
have seen how courageously they all rushed on when 
the word went around: “Here they come – Forward 
brothers!” If only we had weapons, was the general 
cry, it would soon be over, but even without them we 
will win. And just think, during the whole revolution 
not a single street lamp was broken, not a single 
piece of private property touched! All the houses 
stood open and the crowd surged through them up 
and down stairs but not a thing was stolen. Can one 
now not be proud to be called a German? . . .
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With the victory of the Revolution in Berlin, all serious 
activity was put a stop to for a time. Th e whole governmen-
tal machine seemed out of gear. Th e telegraph commission 
without being abolished or even suspended had simply 
ceased to do anything. I owe it to the energy of my friend 
Halske that our workshop quietly continued its activity 
 during the hard times that ensued and manufactured tele-
graphic apparatus, although there was an entire lack of 
orders. Personally I was in a diffi  cult position, as my offi  cial 
activity had ceased without any other being assigned me, 
and on the other hand it did not do to request my discharge 
at a time when it was generally assumed that a foreign war 
was imminent.

Th en, again, as so oft en in my life, an event occurred 
which gave it a new and ultimately favorable direction.

In Schleswig-Holstein the uprising against the Danes 
had been accom plished successfully. A powerful impulse 
was thereby given to the desire for national unity, and free 
corps were formed throughout Germany to render aid to 
the brothers contending against foreign oppressors in the 
extreme north. On the other side, the Danes made prepa-
rations for reconquering the land, and the Copenhagen 
newspapers with one accord called upon the government to 
punish the center of the revolutionary movement, the town 
of Kiel, by a bombardment.

My brother-in-law, Himly, had in the previous year been 
called to Kiel as professor of chemistry, and resided close by 
the harbor. Sister Mathilde wrote me in great anxiety and 
almost envisaged her house in ruins, since it was parti c-
ularly exposed to any assaults by the Danish men-of-war. 
Th e Fried richsort marine battery, as the small fortress at 
the entrance to Kiel harbor was then called, was still in 
 Danish hands; the entrance to the harbor stood perfectly 
open therefore to the Danish fl eet.

Th is led me to the then entirely novel idea of defending 
the harbor by submarine mines fi red by electricity. My wires 
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insulated with gutta-percha off ered a means of exploding 
such mines at the right moment in safety from the shore. I 
communicated this plan to my brother-in-law, who took it 
up enthusiastically and immediately submitted it to the pro-
visional government for the defense of the country. Th e 
latter gave its approval and dispatched a special emissary to 
the Prussian government, with a request to grant me per-
mission to execute the plan. My authorized employment or 
even mere leave of absence for this warlike purpose was 
opposed, however, on the ground that peace still reigned 
between Prussia and Denmark. But it was intimated to 
me that I should receive the desired permission if, as was 
expected, circumstances changed.

I employed this waiting time in making preparations. 
Large and particularly strong canvas bags rendered water-
tight by caoutchouc were got ready, each capable of holding 
about fi ve hundredweight of powder. Further, wires in-
sulated in great haste and exploding contrivances were 
prepared, and the galvanic batteries necessary for fi ring 
were procured. When the departmental chief at the war 
offi  ce, General von Reyher, in whose anteroom I daily 
waited for the decision, at last made it known that he had 
just been appointed minister and that, war having been 
resolved against Denmark, he granted me the desired leave 
of absence as the fi rst act of hostilities against that country, 
my preparations were almost completed, and on the same 
evening I left  for Kiel.

In Altona, where great excitement prevailed, my brother-
in-law, Himly, already awaited me; a special locomotive 
took us to Kiel. Th e news of the declaration of war by Prus-
sia had already become known, but was still considerably 
doubted. My appearance in Prussian uniform was rightly 
taken as evidence of the longed-for fact and all the way to 
Kiel and in the town itself excited unbounded joy.

In Kiel my brother-in-law had meanwhile made all the 
preparations in order to proceed quickly with the laying 
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of the mines, as the appearance of the Danish fl eet was 
expected daily. A shipload of powder had already arrived 
from Rendsburg, and a number of large casks stood ready, 
well calked and pitched, in order to be used provisionally 
instead of the still unfi nished caoutchouc bags. Th ese casks 
were fi lled with powder as quickly as possible, provided 
with fuses, and anchored in the rather narrow channel in 
front of the bathing establishment in such a way that they 
were buoyed twenty feet under the surface of the water. Th e 
fi ring wires were carried to two covered points on the shore, 
and the course of the current so disposed that a mine must 
explode if contact was made at both points simultaneously. 
At both observation points upright rods were set up and the 
instruction given that contact must be made if a hostile ship 
took up its position in the direct line of the rods, and had to 
remain closed until the ship had again completely removed 
itself from the said-direct line. If contact of both right lines 
were made at any moment simultaneously, the ship would 
be exactly over the mines. By experiments with small mines 
and boats it was ascertained that this exploding arrange-
ment acted with perfect certainty.

In the meantime, the battle of Bau had been fought, in 
which the Schleswig-Holstein gymnasts and the German 
free lances had been van quished by the Danes and in part 
made prisoners. It is remarkable how quickly and potently 
the national hatred and the bellicose passions of the other-
wise peaceful Schleswig-Holsteiners were now infl amed. 
Th is was strikingly exhib ited in the temper of the women. 
A characteristic instance came immediately under my own 
observation.

At a social gathering a beautiful and amiable young 
girl made me explain to her the construction of the mines 
laid down for the protection of the town and the method of 
 fi ring them. When she learned that in a successful case the 
whole ship would be blown into the air and the entire crew 
destroyed, she excitedly asked me if I believed that there 
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were people who could perpetrate such an atrocity, and with 
the pressure of a fi nger annihilate hundreds of human lives. 
When I affi  rmed this and endeavored to excuse it by the 
necessity of war, she turned indignantly away and obviously 
avoided me from that moment. When I again met her 
shortly aft erward in society, the battle of Bau had mean-
while been fought; Wrangel was on the point of marching 
into Schleswig-Holstein with the Prussian troops, and the 
fever of war had taken possession of the public mind. To my 
surprise, as soon as she caught sight of me, my fair foe came 
straight up to me and asked whether my mines were still in 
order. I said “Yes” and added that I cherished the hope of 
soon being able to show their eff ectiveness on an enemy’s 
ship, for it was said that a Danish fl eet was on the way for 
the bombardment of Kiel. I intended by this means to again 
kindle her wrath, which had shown her to such advantage. 
But to my surprise she said, her countenance charged with 
hatred: “Oh, it would give me infi nite pleasure if a couple 
of hundred of those monsters were to be seen sprawling in 
the air!” Her fi ancé had been wounded at Bau and taken 
prisoner, and was according to rumor being badly treated 
by the Danes, along with the other captives aboard the war-
ship Droning Maria. Hence this sudden reversal of her 
sentiments!

It really was said at the time that it had been resolved in 
Copenhagen to bombard Kiel, even before it was occupied 
by German troops. I was indeed somewhat anxious about 
the town, for the channel proved on precise investigation to 
be broader for ships of moderate size than was originally 
supposed. Th e Danish fl eet could also quietly drop anchor 
at Friedrichsort and eff ect the bombardment at their leisure 
by means of gunboats. I considered it therefore of extreme 
importance that the Friedrichsort fort should not remain in 
Danish hands. It was said to be occupied by only a small 
number of disabled soldiers; its capture accordingly did not 
appear diffi  cult.
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I expressed my opinion to the newly nominated com-
mander of Kiel, a Hanoverian major. He entirely agreed 
with me, for he had also received news that a Danish squad-
ron was in fact on the way to occupy Friedrichsort. He only 
lamented that he was without men, and therefore unable 
to do anything. When I mentioned the Kiel civic guard, 
who certainly would be willing, he doubted this indeed, but 
off ered to have the drum beat and the civic guard informed 
of my proposal. Th e latter turned out in respectable num-
bers, and I tried to prove to them that it was absolutely 
necessary for the protection of the life and property of the 
citizens of Kiel to occupy Friedrichsort, which today would 
be quite easy, but tomorrow perhaps no longer so.

My speech took eff ect. Aft er a brief consultation, the 
civic guard declared itself ready to take possession of the 
fort in the coming night if I would under take their com-
mand, to which I of course willingly consented. Accordingly, 
with the help of the commander of the town, who it is true 
had no men but a tolerably well-fi lled magazine at his dis-
posal, an expeditionary force of 150 men was hastily formed 
from the civic guard, supplemented by a reserve of 50 men. 

The Danish sea 
 battery at Friedrichs-
ort. Undated drawing.
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Toward midnight we were on the way to Holtenau, whence 
the storming of the fort was to be attempted. My troops 
marched noiselessly and bravely on to the drawbridge, 
which luckily had been let down, and with loud hurrahs we 
took possession of the fort. Resistance of any kind whatever, 
alas, was not perceptible. I set up my headquarters in the 
Commander’s house, and soon the garrison, consisting of 
six old gunners and sergeants, altogether forgotten by the 
Danes as it seemed, was brought captive before us. Th e 
 fellows were placed temporarily under arrest and on the fol-
lowing day transported to Kiel as the fi rst prisoners of war; 
they were born Schleswig-Holsteiners, who obviously were 
glad enough to obtain their discharge from the Danish 
Army in this manner.

At daybreak I received the intelligence that a Danish 
man-of-war was lying in the roads, and soon aft erward a 
spy was brought in who had been signaling to it from the 
ramparts. A trembling old man was brought before me, 
 pinioned by powerful arms. On hearing the case, it appeared 
that he was the garrison chaplain, who, having found it 
too noisy in the otherwise quiet old fort, had therefore 
been  giving the accustomed signal for a boat to the fi sher-
men of Laboe, a village on the other side of the harbor 
entrance.

The old Commander’s 
House at the fortress 
of Friedrichsort. 
A front view, around 
1848.
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Th e Danish warship remained quietly at anchor, sent a 
boat to Laboe, and on its return went again to sea. I had 
hoisted on the fort a huge black, red and gold fl ag and 
manned the walls, so that the ship might carry the news 
to Copenhagen that the Friedrichsort marine battery was 
occupied by German troops, as was soon to be read in the 
Danish papers.

Th ere now began a right cheery life in the fort. My citi-
zen troops did their duty conscientiously. On organizing 
the service, to my surprise, I found among the men mem-
bers of well-known noble families of Schleswig-Holstein 
and respected citizens of the town of Kiel. Th ey all, however, 
submitted implicitly to the command of a young Prussian 
Artillery offi  cer of their own selection. I had the ramparts 
cleared, the embrasures repaired, and the old cannons 
placed on such platforms as remained. Th e powder maga-
zine was put in order and a stove for making the balls 
red-hot erected by Kiel artisans. I was especially assisted 
in this work by my man Hemp (who without orders had 
 followed me from Berlin), an intelligent, able fellow, who 
subsequently accompanied me in all my telegraphic under-
takings and fi nally became chief engineer of the Indo-
European telegraph line, which position he occupied till 
last year. With his help the men serving a gun were hastily 
trained, so that on the third day aft er the occupation we 
could essay a fi rst shot, which announced far and wide the 
military occupation of Friedrichsort.

On the following days we had many visits from Kiel. 
Not only the commander of the town and even a member of 
the provincial government paid us a visit, but the wives and 
relations of the civic guard also came in great numbers, in 
order to be personally assured of the welfare of their friends. 
Aft er the lapse of a week, however, my forces began percep-
tibly to shrink, as the wives in their visitings convincingly 
proved to their husbands that they were indispensable at 
home. I could not shut my eyes to the consideration that 
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it would be impossible to retain in Friedrichsort for any 
length of time the citizens, who could only with diffi  culty 
be absent from their private business. On the other hand, 
Holstein was still entirely without regular troops, and the 
feeble remnants of the Schleswig-Holstein force alone 
opposed the Danes, who were again advancing into North 
Schleswig.

I therefore had the choice either of abandoning my con-
quest or of procuring an equivalent for the civic guard. Th e 
peasant youth of the Provostry – the district over against 
the fort forming the south shore of Kiel harbor – appeared 
to me particularly suitable for supplying this substitute. 
Accordingly, accompanied by a small body of the guard, I 
went with drum and fl ag fi rst to Schönberg, the chief place 
of the Provostry, called the elders of the village together, and 
represented to them that it was altogether essential for their 
own safety that they should off er their grown-up sons for 
the occupation of the fort. Th en arose a long and diffi  cult 
negotiation with the farmers and their wives, who placed 
themselves behind their lords and took a leading part in the 
conversation. Th e people were of the opinion that if “the 
gentlemen,” viz. the govern ment, considered it necessary 
that their sons should march, they could give orders to that 
eff ect: Th en one would know what one had to do. If the 
Danes actually invaded their land, the Provostry, then they 
would certainly defend it, even without orders, but “in det 
Butenland up de annere Sid det Waters,” into the outland on 
the other side of the water, they would not voluntarily go.

As the peasantry with loud approval of the female  chorus 
remained immovable, I became angry. I declared to them in 
the Low German tongue, which I had not forgotten from 
my boyhood days, that they were stupid asses and craven 
poltroons, and told them that the women in Germany had 
more courage than the men here. In proof thereof I read to 
them from a newspaper the statement that a female com-
pany had already been formed in Bavaria to protect the land 
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against the Danes, as the men of 
that land had not the courage 
to do it. I would wait till they 
came, and defend the fort with 
them!

Th at had the desired eff ect. 
As I was on the point of depart-
ing with my little troop there came a deputation of the elder 
peasants and begged me to wait a little, they would think 
the matter over again, for they didn’t like the idea that the 
women should defend their country. I declared my willing-
ness, but required that the  village should furnish at least 
50 men, otherwise it would be no good. We were there-
upon well fed, and an hour later there stood in fact 50 young 
men ready to go with us, followed by vehicles laden to the 
utmost with all sorts of provisions, “that their youngsters 
might not have to starve in the fort,” as the mayor’s wife 
explained to me. Th us we proceeded from village to village 
with like result, and late in the evening I marched back to 
the fort with 150 stout peasant lads and a whole caravan of 
supplies.

I thereupon discharged the civic guard with the excep-
tion of a sprinkling of volunteers, who were willing to assist 
me in the direction and drilling of my peasant corps, and 
I had the pleasure of seeing a thoroughly serviceable troop 
turned out in a short space of time.

Arms, ammunition, and military insignia I obtained 
from the ever help ful commander of the town, whose name 
unfortunately has escaped my memory.* My corps of volun-
teers was recognized by the provisional govern ment, and 
also received the usual pay. In the military training of the 
folk my aforementioned man Hemp, whom I named chief 
of the artillery, again rendered me signal service. Th e can-
nons were certainly old and bad, but a short 24-pounder 
and a howitzer were still serviceable; the Danish blockade 
ship, which no longer left  the harbor roads, seemed some-

. . . On the 13 [of April] the Prussian Artillery 
 Lieutenant Siemens called for volunteers to occupy 
Friedrichsort; this was immediately carried out by 
150 men of the civic guard.

Berlinische Nachrichten von Staats- und gelehrten 
Sachen (Spenersche), April 20, 1848

* Major Hans 
Joachim von Sachau 
(1791–1848), 
 Commander of the 
Fift h Rifl e Battalion 
in 1848.
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what to respect the red-hot balls, which we always sent her 
when she came within range.

One morning, we were alarmed by the announcement 
that three large Danish men-of-war were lying in the roads. 
It seemed indeed as if an attack on the fort were intended, 
which, considering its bad condition and equipment, would 
have had everything in its favor. Th e weakest point of the 
fort was the entry-gate opening on the inner harbor. Th e 
drawbridge was out of repair, the moat was dry, and only 
the outlines of the ravelin protecting the entry remained. 
As meanwhile my brother-in-law, Himly, had partially 
replaced the casks temporarily employed for the mines 
by the india-rubber bags that had arrived from Berlin, I 
ordered one of these now superfl uous casks to be towed to 
Friedrichsort, in order to be there used as fougade for the 
defense of the fort gate. Th e day before the alarm I had had 
a deep pit dug in the middle of the old ravelin and the cask 
lowered therein. As night had come on before this work 
was fi nished, the pit remained open and was guarded by a 
sentry. When next morning the alarm occurred, I commis-
sioned my brother Friedrich – who, as my brothers William 
and Carl were to do subsequently, had followed me to Kiel 
and Friedrichsort – to prepare the fi ring communication, to 
enable the mine to be exploded in case of an attempted 
storming of the ramparts. Th e ships had now really 
approached within range. My three serviceable cannons 
were manned and the oven for heating the balls was fully 
active. I prohibited fi ring, however, before the ships forced 
the entrance. Th e rest of the men I had collected in the for-
tress yard to distribute them and exhort them to bravery, 
when suddenly in front of the fort gate arose a vast sheet of 
fl ame. I felt a violent compression succeeded by a violent 
expansion of the chest; the fi rst sensation was accompanied 
by the clatter of broken windowpanes, and the second by 
the elevation of the tiles of all the roofs to a height of about a 
foot and their subsequent fall with a dreadful din.
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Of course it could only be the 
mine whose explosion had pro-
duced the mischief. I thought 
at once of my poor brother Fritz. 
I ran to the gate to look aft er 
him, but before I reached it he 
met me uninjured. He had pre-
pared the mine, set up the 
battery on the terreplein, con-
nected the one igniting wire 
with the one pole of the battery and fastened the other to 
the branch of a tree to have it ready to hand, and was about 
to announce this when the explosion occurred and the 
atmospheric pressure hurled him down from the rampart 
into the interior of the fort. Th e rather violent wind had 
shaken the second fi ring wire from the tree, causing it just 
to fall on the other pole of the battery, so producing the 
explosion.

With the sentry, who was standing on the breastwork of 
the ravelin when the explosion occurred, it had fared worse. 
I found him on the other side of the pit lying on the ground, 
apparently dead, beside him his gun buried half a barrel 
length in the earth, bayonet forward. Th e powerful draft  
caused by the mine exploding in the open pit had evidently 
caught the man up and hurled him over the crater of the 
mine. Fortunately, however, he had clutched his gun con-
vulsively, and thereby the blow in falling was mitigated. 
Th e man came to his senses again aft er the lapse of an hour; 
he bled indeed from mouth, nose and ears, and then be-
came blue over the whole body, but was otherwise uninjured 
and aft er a few days again fi t for service. Th e Kiel military 
doctor, who had hurried to Friedrichsort on the announce-
ment of the appearance of the Danish squadron, and was 
crossing the drawbridge at the moment of the explosion, 
was more seriously injured. He was thrown with his vehicle 
into the rampart moat and had received a few contusions. 

Report of May 6, 1848, from Lieutenant Colonel 
Meyer to General von Wrangel on the defense of 
Eckernförde harbor:

Finally, I feel I must draw attention to the excellent 
qualities of Lieu tenant Siemens of the Royal Prussian 
Artillery. He displayed remarkable ingenuity in 
 creating much out of little, and his circumspection 
and knowledge of the district and people are such 
that it is highly desirable that he should retain his 
present post for a prolonged period.
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Th e cook too, who was just carrying a bowl of soup up the 
steps of the ground fl oor and was thrown down by the 
explosion, was severely scalded.

Extremely remarkable were the mechanical eff ects which 
the explosion produced over a wide radius. It must be con-
sidered as a shot from an open earth-formed tube with a 
charge of fi ve hundredweight of powder. In the entire fort 
no space of any extent remained closed. Either the atmo s-
pheric pressure had pushed in the doors or walls, or where 
they resisted the ensuing vacuum had burst them asunder. 
Even in the village of Laboe and in Holtenau the window-
panes were broken. Th e diff erential pressure in the interior 
of the fort must have amounted to at least one atmosphere, 
otherwise it could not have produced such an eff ect at so 
great a distance.

When I returned to the place where I had left  my troop, 
I found it deserted, and feared that the people in their fi rst 
 terror had dispersed and crept away. To my delight, how-
ever, I soon saw that they had all betaken themselves to their 
assigned places. Th ey had imagined that a Danish bomb 
had struck and the attack had begun.

Th e Danish ships had, however, determined to proceed 
no further, returned to the outer roads, and soon abandoned 
these also with the exception of the blockade ship. In the 
Co penhagen newspapers it was shortly aft erward reported 
that one of the submarine mines, with which the harbor of 
Kiel was paved, had accidentally exploded and destroyed 
the fort. Indeed the view from the ships must have been 
rather astonishing. Th e red tiles of all the buildings of the 
fort  protruded over the low ramparts, and rendered them 
particularly conspicuous. Immediately aft er the explosion, 
however, all the tiles had fallen down, and no houses were 
any longer visible.

Th at the Danes had acquired considerable respect for 
the mines is proved by the fact that in spite of the noto-
rious weakness of the artillery defense of Kiel harbor during 
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both Schleswig-Holstein wars, 
no Danish ship ventured into 
it. Although these fi rst sub-
marine mines never came into 
action, nonethe less they accord-
ingly played a very important 
part. I may therefore with justice 
 complain that later military writ-
ers have completely ignored this 
fi rst harbor defense with the help 
of submarine mines, carried out 
in view of the whole world and 
at the time much talked about. 
Even German  military writers 
have subsequently ascribed the 
invention to Professor Jacobi in 
St. Petersburg, although his ex-
periments at Kronstadt were 
carried out many years later, and 
he himself never dreamed of dis-
puting my claim to the invention 
and its fi rst employment in war.

When, aft er conclusion of peace, the mines were fi shed 
up and lift ed, the powder in the caoutchouc bags was found 
still dry as dust, despite the two years’ soaking in seawater. 
It is thus not to be doubted that, had occasion off ered, the 
mines would have done their duty.

Soon aft er the explosion in Friedrichsort just described, 
the main body of the Prussian Army under Wrangel entered 
Schleswig-Holstein. A little later I received a direct dispatch 
from headquarters, in which I was commended for the 
 harbor defense by submarine mines and for the occupation 
of the Friedrichsort marine battery. I was therein further 
apprised that a company of one of the recently formed 
 Schleswig-Holstein battalions under Lieutenant Krohn 
would undertake the permanent occupation of the fort, and 

On the History of the Torpedo

Th e evening edition of the National Zeitung of 
July 23 contains an article: “Torpedoes and their 
employment in naval warfare,” which begins with 
the statement “It is indisputable that the credit for the 
fi rst use of mines in naval warfare belongs to the 
 Russians, etc.” As I have repeatedly come across this 
statement and it has even found its way into military 
literature I would request that the following correc-
tion be published: Submarine mines with electrical 
detonation were fi rst used in 1848 on an extensive 
scale and in a successful manner for the defense 
of Kiel harbor and are therefore a German and not 
a Russian invention.
. . . In the spring of 1848 . . . the appear ance of a 
 Danish fl eet in Kiel harbor was generally expected . . . 
My brother-in-law, Professor of Chemistry C. Himly, 
fi rst had the idea of preventing the feared entry of 
the Danish fl eet by means of mines to be laid in the 
navigable water . . .
Seebad Westerland (Sylt), 
July 27, 1877
Dr. Werner Siemens

National Zeitung, July 30, 1877
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was charged to march at a pre-
cisely appointed time with my 
peasant corps to the mouth of 
the Schlei, to cross it at a suitable 
place, and urge the population 
of the province of Angeln to 
seize Danish fugitives, who 
would there show themselves 
aft er an intended battle near 
Schleswig.

Aft er being relieved by the Schleswig-Holstein company, 
I marched at the appointed time to Missunde, crossed the 
Schlei at daybreak, and led my briskly marching troop 
toward Flensburg. At that early hour we already heard the 
roaring of the cannons near Schleswig. Th e population 
comported itself very calmly, and did not seem at all inclined 
to let itself be disturbed from its repose. No Danes were to 
be seen; we heard, however, in the evening from villagers 
that the Danish Army had been defeated and was retreat-
ing by way of Flensburg, pursued by the Prussians. In the 
neighborhood of Flensburg this report was confi rmed; the 
Prussian advance guard had already occupied the town.

As I had no further orders for my free corps, and did 
not feel myself warranted in retaining the men any longer, 
aft er the fort, for whose defense they had been recruited, 
was occupied by the military, I dismissed them to their 
homes, to which they hurried with all speed, and went 
myself to Flensburg to deliver my report. Th at, however, 
proved extremely diffi  cult as the greatest confusion still pre-
vailed in that town. Th e streets were completely barricaded 
with all sorts of vehicles, and no military or civil authority 
was discoverable. At last in the throng I stumbled upon 
Captain von Zastrow, well known to me in Berlin, to whom 
I imparted my diffi  culty. He told me that he had received 
the command of a newly formed Schleswig-Holstein corps, 
and had orders to march with it to Tondern on the follow-

Army Order No. 840
H. Q. Flensburg, June 25, 1848

To W. Siemens, Royal Lieutenant in the 3rd Artillery 
Brigade . . . I wish to express my appreciation of your 
eff orts to put Friedrichsort in a state of defense and 
also of the arrange ments you have made to render 
the entry of enemy ships into Kiel harbor more diffi  -
cult and I hope that you will do what you can with 
the some what inadequate means available . . .
Th e Army Commander Wrangel
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ing day. He was very much in want of offi  cers, however, and 
proposed that I should join him, and undertake the com-
mand of the battery. He would set everything right formally 
with the commander-in-chief and also take in charge my 
report to the same. Th is proposal particularly pleased me, 
as it would have been anything but agreeable to me to have 
been removed just then from the seat of war to peace quar-
ters in Berlin. I therefore wrote my report detailing the 
execution of my orders, and announced that I had dis-
charg ed the volunteer peasantry and in the absence of 
fur ther instructions was about to undertake provisionally 
the command that had been off ered me of a Schleswig-
Holstein battery.

Accordingly, on the following day I rode at the head of 
the battery assigned me over the barren ridges of the “sea-
girt” land toward Tondern. Th e joy, however, was not to last 
long. On arrival the commander handed me a dispatch 
brought from headquarters by estafet performance, accord-
ing to which I was to report myself at once to the com -
mander-in-chief. As a result of this I requi sitioned a vehicle, 
and toward midnight arrived again in Flensburg, and re-
ported myself at once at headquarters. I was shown into a 
large room of the fi rst hotel in Flensburg and there found 
seated at a long table a number of offi  cers of all ranks and of 
every arm of the service. On the sofa at the narrow end of the 
table sat two young princes, while General Wrangel occu-
pied the fi rst place next to the sofa at the end of one of the 
long sides. When I had delivered my report the General rose, 
and with him the whole assemblage, as it was contrary to eti-
quette to be seated while the commander-in-chief stood.

Th e General expressed astonishment at my being there, 
as it was only a few hours since he had made out the order 
for my attendance. When I explained that I had turned back 
immediately at the conclusion of the march, he thought I 
must be very tired and should drink a cup of tea. At his 
express order I had to seat myself at his place and take a cup 
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of tea, while the rest of the company to my great embarrass-
ment remained standing. I gained the im pression that the 
commander-in-chief wished to use the opportunity to show 
that he honored merit without respect of rank, and to give 
at the same time a little exercise in etiquette. In the ensuing 
conversation the General expressed his acknowledgments 
for the protection of Kiel harbor by submarine mines, 
as well as for the occupation of the fort of Friedrichsort. 
 Further, he said it would now be necessary to make the pro-
tection of Kiel harbor as strong as possible, and also to 
secure the harbor of Eckernförde by submarine mines, as 
he had the intention of entering Jutland with his whole 
army. When I replied that the Eckernförde harbor was too 
open and its channel too broad for resting its defense on 
mines, and that a few well-placed batteries could do this 
with greater certainty, a long discussion arose in the com-
pany with regard to the supposed superiority of marine 
artillery to land batteries, in which I took leave to observe 
that a battery of eight 24-pounders well placed and pro-
tected by an earth wall, using red-hot balls, might engage 
the largest man-of-war. In all the history of war, the asser-
tion that a land battery might be razed by a few broadsides 
from a man-of-war had not been proved, and no wooden 
ship could long withstand a fi re of red-hot balls.

Th e fi nal outcome of this audience was that the de  -
fense of the harbors of Kiel and Eckernförde was formally 
entrusted to me. I was nominated com mander of Fried-
richsort and received an open order to the commander of 
the fortress of Rendsburg, in which the latter was directed 
to comply with my requisitions of guns, ammunition, and 
men for Friedrichsort and the batteries to be set up at the 
harbor of Eckernförde. Th is order was duly complied with 
in Rendsburg – it is true, with some reluctance, as the for-
tress itself was very inadequately equipped for defense. 
Friedrichsort was now provided with serviceable cannon, 
and put as far as possible into a state of defense. In Eckern-
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förde I erected a large battery for heavy 12- and short 
24-pounders on the level shore, somewhat eastward of the 
town, and a howitzer battery on the hilly land on the north-
ern shore of the harbor.

Neither Friedrichsort nor Eckernförde came into serious 
action in this campaign, but in the following year the batter-
ies set up by me at Eckernförde acquired renown by their 
victorious struggle with a Danish squadron, in which the 
line-of-battle ship Christian VIII was set on fi re and the 
 frigate Gefi on rendered hors de combat and captured.

Aft er the completion of the fortifi cation of Friedrichs-
ort and the batteries at Eckernförde, my activity began to 
be somewhat monotonous. It was mainly confi ned to the 
watching of the enemy’s blockade ship lying before Fried-
richsort, and the control of the shipping passing the harbor 
entrance. Th e military commander of Kiel had forbidden 
the departure of trading vessels without special permission, 
and had given the Friedrichsort marine battery orders to 
prevent it by force in case of need. Th is led to a small mili-
tary engagement, which brought a little variety into our 
monotonous life.

One evening I crossed the entrance of the harbor in the 
commander’s boat to visit the Laboe battery, which I had 
erected on the opposite shore, when a Dutch bark in full sail 
came toward me, with the manifest intention of leaving the 
harbor without giving the prescribed notifi cation. I called to 
the captain to lie to and report himself, otherwise he would 
be fi red on by the fort. Th e Dutchman and his wife, who 
appeared to compose the whole crew, did not, however, take 
my warning in earnest, on the contrary declaring they were 
not going to trouble themselves about the prohibition. 
While this negotiation was taking place there was a fl ash, 
however, from the fort rampart, and a warning shot fell into 
the water close in front of the ship, as prescribed by the 
 regulations. Nevertheless, the ship continued its course 
under full sail. Now followed from the fort, as well as from 
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the Laboe battery, shot on shot, to which was soon added 
sharp fi re from a military sentry stationed on the shore. But 
the doughty Dutchman was not to be diverted from his 
object, and, suc cessfully clearing the harbor mouth, he dis-
appeared in the darkness of the night that had meanwhile 
come down.

Fishermen who had been sent out found the ship on the 
following morning anchored outside the harbor entrance, 
and the crew busily engaged in making good the harm 
caused in particular by the musketballs. Th e bravery of the 
Dutchman was very simply explained by the fact that he had 
lashed the helm when he actually heard the balls whistling, 
and had prudently retired with his wife below the waterline, 
where both were completely protected. I myself with my 
boat’s crew was entirely at the mercy of the balls, and could 
aft erward boast at any rate that I had once withstood an 

The Christian VIII, 
a Danish ship of the 
line, explodes after 
taking a hit from the 
sea batteries set up 
by Werner von 
 Siemens in 1849 
(illustra tion from 
Leipziger Zeitung, 
vol. 1, 1849).
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artillery fi re without fl inching! For the rest, I must confess 
that the hissing of the balls whizzing past did not excite in 
me precisely pleasurable sensations.

Finally, in the latter part of summer, the Danish block-
ade ship too brought us another interesting interruption of 
the monotonous existence in the fort.

I received from headquarters the communication that 
the free corps under the command of the Bavarian Major 
von der Tann would attempt a night attack on the blockade 
ship, and also the order to support this undertaking with 
all the resources of the fort. Soon aft er, von der Tann, with 
his adjutant, a Count Bernstorff , presented himself to me, 
and took up his quarters in Friedrichsort. Th e free corps 
collected at Holtenau, where also the boat squadron which 
was to undertake the night attack was organized. Th e day 
before, a parade of the free company took place in the fort 
yard, which did not inspire me with much confi dence in the 
success of the venturesome enterprise. Th e men were not, 
perhaps, wanting in courage, but in discipline and calm 
 resolution. Von der Tann and his adjutant endeavored in 
vain to convert the wild confusion into military order.

Th e plan of the surprise proceeded from a man who had 
formerly held some subordinate post in the Danish Navy. 
He was a Hercules, who had got his huge limbs into a 
gold-embroidered admiral’s uniform of his own fancy, and 
incited the men with loud-sounding voice to courageous 
deeds. Th us he asked the fellows standing in rank and fi le 
what they would do when they had got on board and were 
confronted by the Danes. One declared he would stab the 
nearest man, another found it more fi tting to knock him 
down, and so on. Th e “Admiral” listened quietly, then 
stretch ed himself to his full height and asked with fl ashing 
eyes and gestures appertaining thereto: “Do you know what 
I shall do? – I shall take the two nearest Danes and grind 
them to powder against one another!” Th at sort of thing did 
not exactly inspire confi dence in future heroic deeds.
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Th e boat squadron was to pass the fort about half past 
eleven at night in the utmost stillness and without lights, 
and then proceed to the blockade ship for the attack, when a 
signal given from the fort testifi ed that the hostile ship was 
maintaining its wonted quiet. Th e signal was duly given; 
it was, however, about one o’clock before the fi rst boats 
had reached the fort. Th en nearly two hours passed without 
 anything happening, and at last the whole party returned 
without any order and with loud din. Th e “Admiral” had at 
fi rst not been able to fi nd the blockade ship, then he declared 
he had observed that the ship was alarmed, and was pro-
vided with boarding nettings, so that clearly the planned 
attack had been betrayed. With cries of treachery the expe-
dition returned to Holtenau, and soon aft erward disbanded 
itself. On the following morning the ship lay in its accus-
tomed place, and with the strongest telescopes no special 
armature against the threatened attack was to be observed.

As von der Tann confi ded to me, the undertaking had 
collapsed through want of discipline and too free resort to 
stimulating potations, and he himself had lost the desire 
to make a further attempt. I was heartily sorry for the able 
and amiable Bavarian offi  cer in this fi asco. Von der Tann 
remained my guest in the fort for several days, and I have 
in later years oft en remembered that agreeable time with 
pleasure, whenever the fame of the deeds of “General von 
der Tann” reached me. With my offi  cial appointment as 
commander of Friedrichsort, and the charge to provide for 
the defense of the harbor of Eckernförde by the installation 
of batteries, my position had lost the somewhat adventurous 
character that had thus far clung to it. It had, however, also 
lost by that a great part of the charm which it had hitherto 
possessed for me. Particularly aft er I had fulfi lled my tasks, 
and the commencement of the peace negotiations rendered 
further warlike activity very improbable, the longing for the 
resumption of my scientifi c-technical activity in Berlin took 
possession of me with ever growing strength.
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In the meantime, great changes had taken place there. Th e 
military commis sion for the introduction of electric tele-
graphs had been formally dissolved and telegraphy placed 
under the newly created Ministry of Commerce. Assessor 
Nottebohm, who had already occupied an administrative 
post in the telegraph commission, had been appointed as 
head of this department. Th e resolution was taken to follow 

the course adopted by the late commission, and fi rst to 
 construct in all haste a subterranean line from Berlin to 
Frankfurt am Main, where the German National Assembly 
was holding its sittings. In con sequence of this, an inquiry 
was addressed to me whether I was disposed to direct the 
construction of this line according to the proposals made 
by me to the commission. In the event of my acceptance, 
my command from the war offi  ce would be transferred 
to the Ministry of Commerce. Although a position under 
Assessor Nottebohm was not particularly agreeable to me, 
I nevertheless accepted the call, since it set me free from the 
present monotonous military life in the little fort, and gave 
me an opportunity of bringing my proposals into practical 
execution on a large scale.

  117

A contemporary 
dial telegraph and 
Morse telegraph set, 
around 1849.
1: Voltaic pile, 
2–7: various parts of 
a Daniel cell, 
8: galvanic battery, 
9: electromagnet, 
10: electromagnet 
with coils, 
11: armature for 10, 
12: dial telegraph 
with circuit open, 
13: dial telegraph 
with circuit closed, 
14: circuit open again 
after closing, 
15–18: marker, 
19–21: functional 
 diagram of the dial 
telegraph, 
22–23: transmitter of 
the Morse telegraph, 
24: key of the Morse 
telegraph.
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In Berlin, I found Halske already busily engaged on work 
for the line about to be constructed. It had been determined 
to lay the line completely underground, as it was feared that 
wires aboveground would, in that time of great political 
excitement, be destroyed. Th e wires, insulated by a coating 
of gutta-percha, were to be laid without external protection 
in the railway embankment in a trench a foot and a half 
deep. My proposed protection of the communications by 
means of envelopes of iron wires, iron tubes, or clay chan-
nels was not approved on account of the great expense. 
A contract had already been signed with the Berlin india-
rubber factory of Fonrobert & Pruckner for the further 
construction of subterranean wires. Th is was the same fac-
tory to which I had transferred my model for the covering 
of copper wires with gutta-percha, and which had already 
manufactured the experi mental line from Berlin to Gross-
beeren with a press made according to that model. I had to 
confi ne myself to providing for the best possible insulation 
of the wires. Considerable diffi  culties stood in the way, how-
ever, inasmuch as, owing to the sudden great demand for 
gutta-percha, the best sort for insu lation was soon off  the 
market.

To cope with this impediment to the rapid progress 
required of the work, it was resolved to make use of the 
recent English invention of vulcanizing the gutta-percha, 
i.e., mixing it with sulfur, whereby even with inferior kinds 
of gutta-percha the insulation of the conductors as well 
as their power of resisting external injuries was increased. 
Unfortunately the vulcanization turned out aft erward to be 
a mistake, as the sulfur combined with the copper of the 
conductor and the adjacent layers of gutta-percha gradually 
became coppery and capable of conduction. To this cir-
cumstance was it mainly ascribable that the wires, though 
perfectly insulated at the time of their being laid down, 
had already lost a part of their insulation. Particular care 
was taken in testing the wires in the factory. For this pur-
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pose Halske manufactured galvanometers which far excelled 
in sensitiveness all known up to that time. In testings with 
these sensitive galvanometers I observed for the fi rst time in 
the year 1847 the surprising phenomenon that, even in a 
perfectly insulated wire lying in water, on interposing a 
 battery a short current occurred, which was succeeded on 
removal of the battery by an equally strong current in the 
opposite direction. Th is was the fi rst observation of the elec-
trostatic charge by galvanic chains. I was at fi rst inclined to 
see in this a phenomenon of polarization, since at that time 
the galvanometer was not considered capable of indicating 
the passage of static electricity. Th e phenomena on longer, 
well-insulated lines, however, soon made it quite obvious to 
me that it was a case of electrostatic charge and not of 
polarization.

Th e fi rst diffi  culty, the fi nding of defective insulating 
points in a long piece of the conducting wire, I was able to 
overcome in the following manner. Th e dry wire coated with 
gutta-percha was drawn through a vessel fi lled with water 
and insulated in respect to the earth, while the second coil of 
thin covered wire, which surrounded the electromagnet of a 
Neef hammer, was interposed between the insulated copper 
wire and the earth. If now a workman standing in communi-
cation with the earth dipped a fi nger into the water of the 
insulated vessel, he felt electrical shocks at the moment at 
which a defective piece of the wire enveloped by gutta-percha 
was immersed. In this way I succeeded in detecting all the 
small defects of insulation discoverable in no other way, and 
aft er their removal in obtaining conductors with extremely 
good insulation.

With regard to the modifi cation of the Neef hammer just 
described, the following observation may here fi nd a place. 
I had already made this modifi cation in the year 1844 and 
given it the name of voltaic inductor. It even then aff orded 
me the opportunity of observing the therapeutic eff ect of 
the variable currents induced in the second coil of such a 
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voltaic inductor. At that 
time, my brother Friedrich was 
suff ering a good deal of rheu-
mat ic toothache, which had af-
fected his otherwise perfectly 
sound teeth and refused to yield 

to any prescribed remedy. Th e experiments with my new 
voltaic inductor led me to hit upon the idea of trying 
whether the variable currents produced by it could not 
remove the intolerable pain, or at least diminish it, if con-
ducted through the roots of the teeth. Th is was actually the 
case with a particularly painful front tooth. Th e pain was at 
the fi rst moment intense, but then quite suddenly ceased.

With the great force of will which at all times charac-
terized my brother Friedrich, he at once proceeded to send 
alternating currents through all the roots, and thereby 
obtained such relief from pain as he had not experienced 
for weeks. Unfortunately, however, on the second day the 
pains returned. By repeated application of electricity their 
cessation was again eff ected, but the ensuing painless period 
became shorter, and at last the remedial agency altogether 
failed. Th is fi rst attempt within my knowledge to employ 
galvanism for therapeutic purposes inspired me with a cer-
tain distrust of this particular application of the electric 
current. It appeared as if its action were only temporarily, 
not permanently, curative.

Th e ensuing autumn of 1848 was to me an exceedingly 
interesting and exciting one. Th e line to Frankfurt am 
Main, where the German Parliament held its sittings and 
the vicar-general of the empire had his residence, was for 
political reasons to be completed as quickly as possible. 
Th is was, however, rendered diffi  cult on the one hand by 
the  disturbed political condition of aff airs, on the other by 
 altogether unexpected phenomena, which manifested them-
selves in the underground conductors. My friend Halske, to 
whom had been consigned the fi tting of the fi nished parts 

Sled inductor built 
to Emil Du Bois-
 Reymond’s design by 
Johann Georg Halske, 
1846. One of the fi rst 
medical apparatus to 
apply electric current 
for therapeutic pur-
poses. Moving the 
outer spool and a 
soft-iron core made 
it possible to set the 
voltage on a pre-
cisely engraved scale. 
Current was applied 
using the terminals 
at the left, and the 
electrode handles 
were connected to 
the terminals at the 
right.
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of the line with signaling appa-
ratus, was the fi rst to encounter 
these phenomena while I was 
engaged upon the line between 
Eisenach and Frankfurt. It had 
been resolved to carry the latter 
aboveground, as the railway was 
still in course of construction, 
the land having only been ac-
quired in part.

Halske found fi rst of all that 
with shorter lines our self-
interrupting dial telegraphs act -
ed with much greater speed 
than corresponded to the resist-
ance of the line. When communication between Berlin and 
Köthen had been established, a distance of about 20 Ger-
man miles (95 English miles), the sending apparatus ran 
with double velocity while the receiving apparatus stopped 
altogether. Th e better the lines were insulated, the earlier 
this, at the time inexplicable, phe nomenon occurred. Th is 
induced Halske deliberately to impair the insulation of the 
line by the addition of artifi cial watery bypasses.

Th e aboveground construction likewise encountered un-
expected diffi   culties. Where the land for the future railway 
had not yet been purchased, the owners would not permit 
the erection of the posts. Th is opposition was encountered 
especially in the non-Prussian parts, Hesse-Cassel and 
Hesse-Darmstadt, when the antagonism between the gov-
ernment of Prussia and the administration of the empire 
had become considerably more acute aft er the restoration 
of order in Berlin in consequence of the entrance of the 
army returning from Schleswig-Holstein. I only succeeded 
in  carrying out my task by obtaining an open order from 
the vicar-general of the empire, Archduke John. Technical 
diffi  culties also made their appearance. Th e line was con-

. . . Th e diffi  culties and complications in negotiation 
entailed by the pres ent constitution of Germany in 
order to take a large and useful installa tion even 
through some German principalities and the free 
townships are well illustrated by the fact that in con-
nection with the electromagnetic telegraph line from 
Berlin to Cologne and Frankfurt am Main no less 
than 9 public treaties and one private treaty (with the 
Th uringian Railway Company) were necessary, 
namely treaties with Hanover, Brunswick, Schaum-
burg-Lippe, the Electorate of Hesse, the Grand Duchy 
of Hesse, Frankfurt am Main, Anhalt-Dessau and 
Köthen, the Grand Duchy of Sachsen-Weimar, 
 Sachsen-Coburg-Gotha . . .
Königl. Privilegierte Berlinische Zeitung, 
January 10, 1849
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structed of copper wire, as suitable iron wires 
were not then to be had in Germany, and more-
over were still regarded with a certain mistrust. 
Th e unfortunate experiences which we had had 
the foregoing year in the case of the Berlin–Pots-
dam line, which despite the application of all sorts 
of insulating media proved so badly insulated in 
rainy weather that the proper service of the appa-
ratus was constantly disturbed, had led me to 
make use of bell-shaped insulators of porcelain. 
Th ese possessed the great advantage that the 
inner surface of the bell always remained dry even 
in rainy weather, whereby the insulation was 
secured under all circumstances. In fact I suc-
ceeded in this way in producing an almost perfect 
insulation. Unfortunately I did not at the time 
think it necessary to solder the ends of the copper 
wire then in use, close coiling seeming to me suf-
fi cient. Th is aft erward turned out to be an error. 
In calm weather the apparatus acted very well, 
but with a strong wind the resistance of the 
 conductor was so remarkably variable that the 
apparatus refused to work. Only subsequent sol-
dering of all the joints put an end to this trouble.

Th e atmospheric electricity also proved very 
disturbing. In passing from level to high land, 
currents of varying direction oft en traversed the 

commu nications and impeded the working of the appara-
tus. A late-autumn storm caused wide spread destruction, 
which led me to construct lightning conduc tors for the 
 protection of the lines and apparatus. In order to ascertain 
the most effi  cient form of lightning conductors, I set up 
between two parallel wires spikes, balls, and plates at equal 
intervals from one another, and obser ved the sparks, caused 
by the discharge of a large battery of  Leyden jars, which 
passed between these three adjacent lightning conductors. 

PLATE-TYPE LIGHTNING CONDUCTORS 
for the Berlin–Frankfurt am 
Main Telegraph Line, 1849.

Porcelain insulator for the 
 Berlin–Frankfurt am Main 
Telegraph Line, 1849.
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It appeared that very weak discharges took their course 
solely through the spikes, while stronger ones passed mainly 
between the balls, and very strong ones were carried off  in a 
large number of sparks almost entirely through the plates. 
For actual lightning, therefore, roughened metallic plates 
placed nearly opposite one another proved particularly 
eff ective. Th e infl uence of the northern lights also frequently 
made itself perceptible, and at times in a very disturbing 
degree, especially in the underground line running mainly 
from east to west. Th us, during the great aurora in the 
autumn of 1848, communication was interrupted for days 
between Berlin and Köthen on account of violent and rap-
idly changing currents. Th is was the fi rst observation of the 
connection between earth currents, magnetic disturbance, 
and the aurora borealis.

When the underground line had been extended to Er-
furt, Halske’s watery bypasses were no longer suffi  cient. 
But meanwhile I had become convinced that the peculiar 
be havior of the underground wires could only be ascribed 
to the electrostatic charge already observed at the testings 
in the factory – the wire forming the inner, the damp soil the 
outer, coating of a Leyden jar. Conclusive evidence was the 
fact that the quantity of elec-
tricity contained in a perfectly 
insulated conductor, measured 
by the defl ection of a freely 
os cillating magnetic needle, was 
defi nitely related both to the 
electromotive force of the inter-
posed galvanic battery and to the 
length of the wire; further, that 
the electric tension of the charge 
in a closed conductor corre-
sponded to the electric tension 
occurring at every point of the 
circuit according to Ohm’s law. 

Th e construction of a telegraph line between Berlin 
and Hamburg has been in the offi  ng for a considera-
ble time, but so far nothing has come of it because the 
authorities here would not accept the demand of the 
Hamburg business community that the line should 
also be available for private use. Military events in 
the Duchies which have rendered rapid communica-
tion between north and south essential now appear 
to have led to agreement to the eff ect that the line 
will be taken not only to Hamburg but as far as 
Rendsburg . . . Th e local government in Rendsburg 
and the central authority in Frankfurt will thus soon 
be able to communicate with one another via Berlin 
with lightning speed.
National Zeitung, April 11, 1849
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Th is having been perceived, the 
impediments to signaling on 
long under ground lines could 
be, if not removed entirely, yet 
rendered innocuous for practical 
purposes by suitable contriv-
ances. Th ese were the applica-
tion of bypasses in the form 
of metallic resistances without 
self-induction, and auto matic 
translation by which several 

closed pieces of line were united into a single large line.
My theory of the electrostatic charge of closed as well as 

of open circuits, however, found but little acceptance at fi rst 
even in scientifi c circles, since it was opposed to the ideas 
prevailing at the time. Altogether it is not easy at the present 
day, when one can hardly conceive how a civilized man can 
live without railways and telegraphs, to carry oneself back 
in imagination to that time, with a view to understanding 
the diffi  culties which we then encountered in things now 
regarded as a matter of course. Conceptions and aids which 
are today familiar to every schoolboy could at that time 
oft en be obtained only by eff ort and hard work.

I had the satisfaction of seeing the fi rst long telegraph 
line – fi rst not merely in Germany but in Europe – already 
at work in the winter of 1849, so that the election of an 
Emperor, which took place in Frankfurt, was by its help 
known at the same hour in Berlin. Th is favorable result led 
to the deter mination of the Prussian government to con-
struct at once a line from Berlin to Cologne and the Prussian 
frontier at Verviers, and aft er that others to Hamburg and 
Breslau. All these lines were for safety’s sake to be under-
ground, according to the system of the Berlin–Eisenach 
line, although in this unmistakable defects had already 
made themselves manifest. As these defects were mainly 
owing to the facility with which the wires were injured by 

In this way and in spite of the present unfavorable 
conditions, the Prussian administration has already 
completed 245 Prussian miles at a cost of about 
400,000 thalers and in less than 12 months connect-
ing Berlin with Frankfurt (Main), Aix-la-Chapelle, 
Hamburg, and Stettin. Before the end of this year . . . 
the connection between Berlin and Oderberg will be 
completed, thus by arrangement with the Imperial 
Austrian Telegraphs connecting Berlin with Vienna 
and the Adriatic Sea.
From Polytechnisches Journal, 1849, 151–153
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The Paulskirche in 
Frankfurt, where the 
German Parliament 
met in 1848. To make 
sure it would be in-
formed quickly about 
the body’s decisions, 
the Prussian govern-
ment engaged the 
then Lieutenant 
Werner Siemens to 
build a telegraph line 
as fast as possible 
from Berlin to Frank-
furt am Main – 
the fi rst extended 
electric telegraph 
line in Germany.
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workmen, and here and there 
also by rats, mice and moles, 
through being deposited only 
one and a half to two feet below 
the surface in the mostly loose 
sand of the railway embank-
ments, it was determined to bury 
the wires 21/2 to 3 feet deep; 
but even then on account of the 
cost there was to be no external 
protection.

I had declared myself ready 
to under take also the superin-
tendence of the construction of 
the line to Cologne and Ver-
viers, provided I received further 
 military leave of absence and 
provided my friend William 
Meyer, who had always faith-
fully aided me in my work in his 

free time and was therefore thoroughly competent, was 
ordered to assist me. Both conditions were satisfi ed, and 
accordingly in the spring of 1849* we began the con struc-
tion of the line simultaneously at several points. Meyer had 
considerable organizing talent, and was particularly adept 
at manag ing works in which many forces had to cooperate 
harmoniously.

Diffi  culties arose at the rivers Elbe and Rhine, where 
the active navigation caused me to fear injuries to the wires 
by dragging anchors. Th is danger was particularly great in 
crossing the Rhine, as the conducting wires were for almost 
the whole breadth of the river threatened by anchors and 
fi shing tackle. An envelope of iron wire, which was employed 
in the case of the Elbe and in crossing smaller rivers, 
appeared insuffi  cient for the Rhine, as the tackle of the 
 sailors and fi shermen, provided with sharp points, could 

Werner von Siemens 
(R) and his friend 
William Meyer 
(1816–1868) (L) 
in the 1840s.

* Correctly, the fall 
of 1848.
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penetrate through the wire cov-
ering and injure the insulated 
conductors within, and as a 
cable could not be made strong 
enough to resist the dragging 
anchors of large ships. I had, 
therefore, made specially for the 
Rhine a chain of wrought-iron 
tubes, in the cavities of which 
the insulated wires were placed, 
while a strong chain cable, sup-
ported by a series of heavy ships’ 
anchors, was destined to protect 
the tube chain from the drag-
ging anchors of ships passing 
down the river. Th is fi rst large 
subaqueous line with its external 
protection has stood the test 
very well. When many years 
later, aft er the building of the 
fi xed railway bridge, it was taken up again, a number of 
ships’ anchors were found suspended from the protecting 
chain, which the sailors had had to cut in order to free their 
ships. Th e chain had thus done its duty.

An extremely diffi  cult and instructive piece of work was 
the construction of the line from Cologne via Aix-la-
Chapelle to Verviers in Belgium, where the junction with 
the overhead line from Brussels to Verviers, which had 
meanwhile been put in hand, was to be made. Here were 
several tunnels to be passed through, in which the conduct-
ing wires had to be protected by iron tubes attached to the 
tunnel walls. In large portions of the railway embankment 
the trench for bedding the wire had to be made by blasting 
with powder.

During the construction of the line I got to know the 
entrepreneur of the pigeon post between Cologne and 

Werner von Siemens 
as an artillery offi cer, 
around 1843.
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 Brussels, a Mr. Reuter, whose useful and profi table business 
ap peared to be hopelessly destroyed by the laying of the 
electric telegraph. When Mrs. Reuter, who accompanied 
her husband on his journeys, was lamenting over this 
destruction of their business, I gave the couple the advice 
to go to London, and there set up a dispatch-forwarding 
bureau, such as had just been established in Berlin by a Mr.
Wolff , with the cooperation of my cousin the aforemen-
tioned law counselor Siemens. Th e Reuters followed my 
advice with re markable success. Reuter’s telegraph agency 
in London and its founder, the rich Baron Reuter, have 
today a worldwide reputation.

When the junction of the meanwhile completed Bel-
gian telegraph line with the Prussian had been eff ected at 
Verviers, I received an invitation to Brussels, to give a lecture 
before King Leopold on electric telegraphy. I found the whole 
royal family assembled in the Brussels palace, and delivered 
a long lecture accompanied by experiments, which they 
 followed with close attention and quick understanding, as 
was evidenced by the intense discussion which followed.

Th e fi nal decision concerning the turn I should give to 
my future life had now to be made. Th e military authorities 
had only with reluctance granted the extension of my order 
for service with the Ministry of Commerce, and had em-
phatically declared that an extension of the same would not 
be granted. I had the choice either of stepping back into 
active military service, or of going over to government tele g-
raphy, in which my position as managing engineer was 
assured, or lastly of renouncing every position of public 
service, and devoting myself entirely to private scientifi c 
and technical activity.

I decided in favor of the last. To return to military garrison 
service, aft er the exciting and successfully active life which I 
had behind me, I should have found altogether impossible. 
Th e civil service did not at all content me. Th ere was wanting 
in it the feeling of comradeship, which mitigates and renders 
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endurable the oppressive diff erences of rank and power; there 
was wanting in it also the candor, which reconciles one even 
with the bluntness, which is traditional in the army. My brief 
experience of the civil service gave me suffi  cient grounds for 
the formation of this opinion. As long as my superiors un -
derstood nothing of telegraphy, they let me work entirely 
unchecked, and limited their intervention and instructions 
to questions of fi nancial importance. Th at soon changed in 
the degree in which my immediate superior in offi  ce, “Asses-
sor,” aft erward “Baurat” Nottebohm, acquired knowledge of 
the subject during the progress of the work. People were 
assigned to me of whom I could make no use, technical 
arrange ments ordered which I knew to be bad – in short, 
 frictions and diff erences occurred which marred the pleasure 
in my work.

Again, the weakness of the insulated conducting wires, 
lying unprotected in the loose soil of the railway embank-
ments, already began to show itself with increasing 
distinctness. Faults in the insulation made their appearance 
and were discovered and removed only with diffi  culty; 
breakage of the wires without 
loss of insulation occurred, 
which oft en only lasted a few 
hours, and whose position there-
fore was diffi  cult to determine. 
Th e search for and repairing 
of these defects were common-
ly entrusted to inexperienced 
 people, who cut the line in num-
berless places to confi ne the fault 
within limits, and by unskillful 
diggings and joinings paved the 
way for new defects, which were 
then again attributed to me and 
the system. Notwithstanding, 
new under takings of the same 

General Inspectorate of Artillery Berlin, 
June 16, 1849

. . . As regards the resignation of Second Lieutenant 
Siemens of the 3rd Artillery Brigade I notice that 
contrary to standing orders he has addressed his 
request to his company commander instead of to the 
brigadier.

[signed] W. Adalbert 
II. Artillery Inspectorate

Werner to William, June 9, 1849

. . . taken all together the mechanical workshops in 
Berlin do not have as many workmen as we have now 
and, of the former, not a third would be of any use to 
us, as Halske rightly will only employ the very best . . .
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description were entered upon with an almost blind confi -
dence. It may perhaps have been the political circumstances 
of the time which called for the rapid construc tion of a 
telegra phic network to embrace the whole country, even at 
the risk of its not being of long  duration. Th e external pro-
tection of the conductors by iron tubes proposed by me, as 
in crossing the Rhine, or by sheathing with iron wires, for 
the manufacture of which a Cologne firm had at my in-
stigation already made pre parations, was declared to be too 
dear and not readily producible; the provisional character of 
the fi rst attempts was maintained.

On the other hand, the factory for telegraphic apparatus, 
which I had founded along with my friend Halske, and into 
which I had reserved the right of entry, had already under 
his excellent management obtained considerable recogni-
tion by reason of its remarkable achievements. Th e great 
importance of electric telegraphy for practical life was per-
ceived, and the managers of railways in particular began to 
increase the effi  ciency of the lines and the security of their 
working by laying down telegraph wires for intelligence and 
signals. In connection with this an abundance of interesting 
scientifi c and technical problems cropped up, which I felt 
a vocation to solve. My choice therefore could not be a mat-
ter of doubt. In June 1849, I requested my discharge from 
the military service, and soon aft erward also resigned my 
offi  ce as technical manager of the Prussian state telegraphs. 
Th e latter post was off ered at my suggestion to my friend 

William Meyer, who threw up 
his commission at the same time 
as myself. With the then bad 
arrangements for promotion, I 
had in the fourteen years of my 
military service become the 
 senior of rather more than half 
of the second lieu tenants, and 
received therefore, according to 

. . . the results [of experiments with gutta-percha] 
on the new line have been so successful that not only 
for all the telegraph lines so far planned in Prussia 
but also for those of other nations . . . use has been 
made of the notable advance accomplished here and 
experts have been sent to Berlin to obtain precise 
information as to the experience obtained . . .

National Zeitung, October 30, 1849
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custom, my discharge as fi rst lieutenant “with the permis-
sion to wear offi  cer’s uniform with the regulation insignia 
for those placed on the retired list.” I declined the pension 
due to me for my more than twelve years’ service as offi  cer, 
as I felt in good health and would not hand in the required 
invalid certi fi cate.

Attached to the acceptance of my request for discharge 
was a reprimand for a formal error in my petition. Th e 
political reaction had then become so strong that the 
 German sentiments shown by me in the Danish war had 
become a reproach in governing circles. In spite of the fi nal 
small result of my military service I look back with a certain 
satisfaction to my military period. My most agreeable 
youthful recollections are connected with it, it paved my 

Werner von Siemens’ 
discharge from 
the military, 1851.
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way through life, and through 
the success I had achieved gave 
me self-confi  dence for aiming at 
higher goals.

Although my activity and aims 
were not materially changed by 
withdrawal from all offi  cial 
duties, yet my life acquired in 
consequence a more settled 
direction, henceforth dependent 
entirely on my own exertions. It 
lay with me now by good work 
to raise to the utmost the busi-
ness which already bore my 
name, and to obtain recognition 
in the world as a man of sci ence 
and as technician. Although my 

inclinations drew me always to purely scientifi c investiga-
tion, yet I perceived that I must fi rst of all turn my whole 
energies to technical work, as its results alone could procure 
me the means and opportunity for  scientifi c work – and did 
in fact procure them.

Almost without exception my scientifi c and inventive 
activity in this busy period was prescribed for me by tech-
nical requirements. Th us the then very surprising and dis-
turbing phenomena of electrical charges in underground 
conductors required thorough study. Further, it was neces-

sary to establish a system for the 
determination of the  situation 
of faults in the conduction and 
insulation of underground wires 
by measuring currents at the 
ends of the wires. Th e uncer-
tainty of the measurements of 
currents led to the necessity of 

American Electromagnetic Telegraph

Th e undersigned, of New York, United States of 
North America, herewith takes the liberty of respect-
fully informing the honorable merchants, railway 
companies and all those being interested in quick 
communication that he has arrived in Hamburg and 
is ready to enter into contracts for the construction 
and installation of electromagnetic telegraphs accord-
ing to the American method. Th e American system 
is without any doubt the best so far invented, it is 
economic as to costs and safe as to success and can be 
applied by day and night as well as in all weathers. 
Any off ers are re quested c/o Messrs Möring & Co., 
Hamburg, whose names the under signed is so free as 
to mention as a reference.
Hamburg, June 30, 1847
William Robinson
William Robinson’s advertisement concerning 
the introduction of Morse’s system, from Hamburg 
newspapers of June 30, 1847

Morse relief 
writer, 1853.
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replacing them by measurements of resistance, and thereby 
to the setting up of fi xed reproducible standards of resist-
ance and scales of resistance. For this purpose the methods 
and instruments for current and resistance measure ments 
had also to be improved and adapted for technical use – in 
short, a whole series of scientifi c problems had cropped up, 
the solution of which was called for by technical needs.

I devoted myself with special predilection to these 
 problems, so far as my demands for the technical under-
takings of the business permitted, and was therein very 
eff ectively supported by the constructive art and mecha-
nical talent of my partner, Halske. Th is is especially true 
of the numerous im provements of the telegraphic con-
trivances and acces sories which date from that time, and 
which, thanks to their solid and accurate elaboration in our 
workshop under  Halske’s guidance, were rapidly adopted 
in tech nical tele graphy. Th e great infl uence which the 
fi rm of Siemens & Halske has exercised in the development 
of  telegraphy is mainly to be ascribed to the circumstance 
that in their work the executive hand has been that of 
the accurate  mechanician and no longer, as formerly, of the 
clockmaker.

For publication in scientifi c and technical journals there 
was then no time; even patents were taken out only in rare 
cases. Th ere was then no German patent right, and in 
 Prussia patents, given almost arbitrarily for from three to 
fi ve years, were therefore without practical value. For this 
reason the inventions and improvements proceeding from 
us at that time lack in the majority of cases the attestation of 
their origin by publication or patent.

A conspicuous illustration of this occurred a few years 
ago. Th ere turned up somebody in the United States who 
asserted that he was the inventor of underground conduc-
tors, especially of those insulated by gutta-percha, and who 
tried aft er the lapse of more than a quarter of a century to 
obtain a patent for the same, which threatened considerable 
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loss to the large American tele-
graph company. Th e company 
sent a special commission head-
ed by their director, “General” 
Eckert, to Berlin, to search for 
verifi cation by printed publica-
tions that in 1846 I had already 
introduced wires with gutta-
percha insulation. To their writ-
ten inquiry I was obliged to reply 
that nothing was to be found 
in print on the subject, but that 
the offi  cial records of the Staff  
Commission and of the subse-
quent Telegraph Board contained 
proof complete.

Th is, however, did not suffi  ce 
for the lawsuit. Th e Americans 
chose another very practical way 
to procure printed information 
on the subject. Th ey advertised 
in several German papers that 
they would pay a considerable 
sum for a description, printed in 

1847, of the underground telegraph lines laid on the track 
of the Anhalt railway. Th at succeeded. Aft er a few days 
there arrived from diff erent places in Germany newspaper 
clippings with the desired description. Th e commission 
congratulated me as the undoubted inventor of the gutta-
percha conductors and traveled home.

Th e proposed publication of the results, however, never 
materialized, because, it is said, in the meantime a compro-
mise with the reputed inventor had brought greater profi t to 
the company.

In Germany, aft er the construction of the lines to Frank-
furt am Main and Cologne, the system of underground 

Post Offi ce, Berlin, June 28, 1884

Th e Post Offi  ce has the honor to reply to your kind 
letter No. 15487 of 21 of this month as follows:
As Dr. W. Siemens has already been informed in 
a letter of April 11, 1874, from Privy Councilor 
Elsasser, it can be proved from our records that in 
September 1847 copper wires insulated with gutta-
percha were in fact laid for purposes of telegraphy 
on the Berlin–Anhalt railway under the direction of 
the then Artillery Offi  cer Mr. W. Siemens and to the 
instructions of the Commission responsible for elec-
tric telegraphs in Prussia.
It is also confi rmed that our records include a report 
dated September 7, 1847, from the above-mentioned 
Commission to the Prussian Ministry of Finance in 
which, as the result of tests carried out under the 
direction of the then Lieutenant Siemens, the use of 
gutta-percha is strongly recom mended as eff ective 
insulation for telegraph wires laid in the ground . . .

Johann Georg Halske to Werner Siemens, 
March 17, 1852

. . . Th e rats like the lead wire even better than the 
gutta-percha, as actually happened on the Hamburg 
railway – 7 inches all eaten in 8 days. I myself put 
it in . . .
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communications had become the fashion. Not only were 
the government telegraph lines from Berlin to Hamburg, 
Breslau, Königsberg and Dresden constructed underground 
with unprotected wires, buried at a depth of two feet, but 
even the railways preferred to lay such under ground lines, 
although the indications of the speedy destruction of these 
lines increased daily. In particular the destructive action of 
rats and mice became more evident – espe cially on the fi rst 
lines, which were laid in the sandy railway embankments 
one and a half to two feet deep. Th e wires laid over two feet 
deep were indeed at fi rst exposed to no such destruction, 
but subsequently it occurred even to them.

I then believed that a coating of lead would completely 
cope with this evil. To coat the wires with lead I proceeded 
at fi rst in the following manner. Leaden tubes were straight-
ened out, then a hempen band was blown through them by 
means of a bellows, and with its help the conducting wire 
insulated by gutta-percha was drawn into the tube. Th ere-
upon the tube was passed through a drawplate, in order 
to eff ect a fi rm attachment to the insulated layer of the 

Telegraph lines 
up to 1850.
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 conductor. We aft erward suc-
ceeded in pressing the leaden 
tube directly around the insulat ed 
wire, when the lead had exactly 
acquired a certain tem per ature 
and permanently retain ed it. 
Th e diffi  culty of  continually 
 controlling this  temperature I 
overcame by a thermoelectric 
arrangement.

Such conductors, surrounded 
by lead casing, were frequently 
furnished by Halske and myself 
at the beginning of the eighteen-
fi ft ies, among others, for the 
telegraphic system which we set 
up for the police service and the 
fi re brigade of Berlin. Th ese lead 

lines acted quite satisfactorily for many years. Th ey were 
then gradually replaced by cable conductors, yet lead con-
ductors have remained in excellent condition to the present 
day, aft er a lapse of 40 years. Only where the lead has come 
in contact with decaying matter in the soil, whereby the for-
mation of acetate and carbonate of lead is facilitated, is 
it liable to rapid destruction.

Th e police and fire-brigade 
telegraph just mentioned was 
intended to unite fi ft y stations 
in diff erent parts of Berlin with 
the central offi  ce of the police 
department and the central 
offi  ce of the fi re brigade, so that 
the report of fi re might be simul-
taneously commu nicated to all 
stations, while the police reports 
were only to be received and 

An electric fi re alarm 
by Siemens & Halske, 
1851–1852. The Berlin 
fi re alarm network 
made the world’s fi rst 
use of underground 
cables.

. . . It is known that at the time when the fi re brigade 
was formed, a plan was devised for connecting the 
various fi re stations in the Capital by means of elec-
tric telegraphs which would also eliminate the noise 
caused by fi re alarms at night . . .
Th e carrying out of the plan has been entrusted to 
the well-known engineer Siemens, who already has 
a high reputation in connection with earlier work 
of this kind and has submitted two proposals to the 
Government . . .
National Zeitung, June 26, 1851
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comprehended at the central police bureau. Our arrange-
ment solved this interesting problem very satisfactorily and 
worked well and accurately for over twenty years, but then 
was succeeded by the simpler Morse system.

Morse’s writing telegraph fi rst became known in Ger-
many through a Mr. Robinson, who, in the year 1850,* gave 
exhibitions with it in Hamburg. Th e simplicity of Morse’s 
apparatus, the relative facility of acquiring the alphabet, and 
the pride which fi lls everyone who has learned to use it and 
which causes him to become an apostle of the system, have 
in a short time ousted all dial and older  letter-printing appa-
ratus.

Halske and I at once perceived this superiority of the 
Morse telegraph, resting on manual dexterity, and made it 
our task therefore to improve and perfect the system as far 
as possible mechanically.

We gave the apparatus good wheelworks with auto-
matic regulation of the velocity, 
a  reliable magnetic system, sure 
contacts and commutators, im-
proved the relays, and introduced 
a complete system of translation. 
Th is consisted in an arrange ment 
whereby all the currents circu-
lating in a  telegraphic circuit 
were automa tically trans ferred 
to a neighboring circuit provid-
ed with its own battery, so that 
the whole line was divided into 
several separate closed circuits; 
but yet without the assistance of 
the tele graph clerks of the inter-
mediate stations communication 
could be directly held be tween 
the terminal stations.

Such a system of translation 

* Robinson had 
already presented 
Morse’s writing tele-
graph in Hamburg 
in 1847.

The Berlin fi re alarm 
network, 1851.
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I had elabo rated as early as 1847 for my dial and 
printing  telegraphs, and had laid before the Staff  
Com mission an appa ratus constructed by myself 
for this purpose, the so-called go-be tween 
(relay). However, translation fi rst attained its full 
importance through the appli cation to the Morse 
apparatus; it came into use for the fi rst time on 
the Berlin–Vienna line, which was provided in 
Bres lau and Oderberg with translation stations. 
It may here be men tioned that the contrivance 
was sub sequently very considerably im proved by 
Professor Dr. Steinheil, the then Director of the 
Austrian telegraphs, by fi tting an automatic con-
tact to the wheelwork of the writing apparatus.

Th e railway companies remained faithful longest to the 
dial telegraphs with automatic interruption. In this system, 
however, we had ourselves brought a competitor into the 
fi eld, who subsequently got in our way a good deal. Dr. 
Kramer, schoolmaster in Nordhausen, had on his part sub-
mitted to the Telegraph Commission a small Wheatstone 
dial telegraph, which he had had made by a clockmaker. 
Th e Kramer apparatus did not by a long way accomplish as 
much as my self-interrupting dial telegraph, and was there-
fore rejected by the commission.

Th e good-hearted General von O’Etzel and I myself felt 
compassion for the poor man, since he had employed all his 
savings on the construction of the apparatus; and, as there 
were no means at the disposal of the commission for the 
indulgence of such feelings, I consented to buy his apparatus 
for fi ve hundred thalers. Only six months later, Kramer 
 reappeared with a new apparatus, in which he had made use 
of my system, with an added modifi cation for employing a 
clockwork to keep the indicator in motion mechanically. 
Th e patent offi  ce of that time saw no objection in the appro-
priation of automatic interruption to granting him likewise 
a patent. Th ese Kramer dial telegraphs, running automa t-

The fi rst trademark 
of Siemens & Halske, 
from the 1850s.
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ically like our own, worked just as well and reliably as ours 
despite their light clockmaker construction, and therefore 
did us great harm.

On entering the business, my time was entirely claimed 
by constructive work for the factory, and by the laying down 
of numerous railway telegraph lines undertaken by my 
fi rm. Nevertheless, in the winter of 1849 –1850 I found a 
period of leisure, which I employed in putting together for 
publi cation my experiences on telegraphic communication 
and apparatus. In April 1850, I laid my work, with the title 
Mémoire sur la télégraphie électrique, before the Paris Acad-
emy of Sciences. Th is had been rendered possible for me 
through a lucky accident, which enabled me to meet in Paris 
my friend Du Bois-Reymond, who intended to present a 
work of his own to the Academy, and gave me his friendly 
assistance for the remodeling in French of my essay. I still 
remember with great satisfaction the stimulating, and to 
me extremely interesting and instructive, time of this four-
week sojourn in Paris, my stay with friend Du Bois, and 
the exchange of ideas with the most celebrated Paris sa-
vants. Pouillet and Regnault were among the members 
of the committee appointed by the Academy for consider-
ing my work. Th e report on my memoir was read by 
Regnault at a sitting of the Academy, to which Du Bois and I 
had received formal invitations. Leverrier appeared as 
opposer, and defended the electrochemical telegraph of 
Bain, which had likewise been presented to the Academy. 
Th e presiding secrétaire perpétuel, Arago, however, cut 
short Leverrier’s opposition by moving the thanks of the 
Aca demy for the memoir and its reception in the Savants 
étrangers.

Th is public testing of my literary fi rstborn in the tele-
graphic domain by famous members of the fi rst scientifi c 
tribunal in the world produced a deep and very stimulating 
impression upon me. Many reasons can be off ered against 
such an offi  cial trial of scientifi c and technical perfor -
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mances, which supplies a kind of hallmark and may easily 
be very injurious to the free unfolding of science; it is indeed 
only admissible under full control by the publicity of the 
séances, but can then be very useful and stimulating.

Mémoire sur la télé-
graphie électrique, 
1851.

umbr1_feldenkirchen_engl.indd   140umbr1_feldenkirchen_engl.indd   140 13.08.2008   21:22:5713.08.2008   21:22:57



THE FIRST TELEGRAPH LINES  141

Th rough the admission of my 
memoir into the Savants étran-
gers, and another essay published 
the same year in Poggendorff ’s 
Annalen, “Über elektrische Lei-
tungen und Apparate” (On Elec-
tric Lines and Appara tus),* which 
reproduced entire the contents of 
the memoir so far as they had 
 reference to underground elec-
trical lines, my priority in respect 
of various scientifi c and techni-
cal achievements has been placed 
beyond dis pute. Nevertheless, 
unwarranted claims to certain of 
them were subsequently raised in 
divers quarters. Th is leads me to 
make here a few remarks on the 
need for an international literary tribunal, which has in recent 
times come to be felt with increasing acuteness. It must fi rst 
of all be granted that in the course of the last decades it 
has become ever more diffi  cult, nay, almost impossible, com-
pletely to survey the vast mass of material contained in scien-
tifi c and technological publications, in many diff erent 
languages, moreover. It is also natural that those who are 
entirely absorbed in their own special work, but especially 
those who actively cooperate in furthering the development 
of the technical application of 
physical science, fi nd but little 
leisure to make a thorough study 
of the doings of others working 
on the same or on related lines, 
even if masters of the several lan-
guages, and that in general they 
have also little inclination to turn 
their attention to the past. As an 

Emil Du Bois-Reymond 
(1818–1896). Undated.

Mr. Siemens . . . has now returned from his journey 
to England, France and Belgium, which he had been 
invited to visit in connection with the application of 
electric telegraphs with underground wires as fi rst 
proposed by him . . . His system has met with great 
approbation in England, France and Belgium and 
will be introduced there as soon as circumstances 
permit . . .
National Zeitung, May 22, 1850

* Th e title of the essay 
should properly be 
“Über telegraphische 
Leitungen und Appa-
rate” (On Telegraph 
Lines and Apparatus).
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example of this I might point to 
the most highly gift ed and copi-
ously inventive physicist of any 
age, Faraday. He got to know the 
insulation with pressed gutta-
percha only many years aft er its 
invention, when it began to be 
employed in England for subma-
rine cables, the external protec-
tion of the insulated conductor 
being secured by surrounding 
the latter with iron wires. Th e 
surprising phenomena of elec-
trical charges, which Faraday 
observed in these cables, induced 
him to publish an essay on 
the subject. When Du Bois-
Reymond, however, sent him 

with out further comment a copy of my memoir presented 
to the French Academy, Faraday did not lose any time in 
 following up his fi rst work with another, in which he cited 
the relevant sections of my treatise, and made the declaration 
that the  priority both of the obser vation and also of the 
ex planation of the phenomena belonged to me. Other Eng-
lish writers, such as Wheatstone, Jenkin and many others, 
have certainly not troubled to give heed either to this declara-
tion of Faraday’s or to any of my other publications.

In Germany the good custom formerly prevailed of 
always prefacing the description of one’s own scientifi c or 
technical discov eries and inventions by a description of 
the achievements of predecessors in the same department, 
thereby giving the progress about to be described its place 
in the historic evolution – a custom which, unfortunately, 
has never been observed in other countries in a similarly 
conscientious way. Hence it has hitherto been the peculiar 
glory of the Germans to recognize more than other nations 

ALEXANDER VON 
 HUMBOLDT 
(1769–1859). After 
Werner von Siemens 
was elected a foreign 
member of the 
French Academy of 
Sciences, Humboldt 
sent him personal 
congratulations and 
visited him in Schöne-
berger Strasse, where 
Siemens and Halske 
both lived.
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the services of foreigners, and always to connect their own 
achievements with those of their precursors. Th is has been 
facilitated by the knowledge, more diff used in Germany 
than in other countries, of foreign languages; but, even apart 
from that, German science has always regarded it as a point 
of honor to practice literary justice equally toward natives 
and foreigners, and let us hope that this will be so also in 
the future, and that we shall thereby be spared the literary 
piracy which unhappily threatens to become prevalent even 
among ourselves.

As, however, the practice has recently come into vogue 
of leaving each individual to settle and defend his own real 
or supposed claims, this being too laborious for others, 
I intend to follow it in these pages. At the end of each 
period I shall accordingly give a summary of technical 
developments, important in my judgment, where the prior-
ity of discovery, invention, or fi rst application demonstrably 
appertains to me. Th at in so doing I may here and there 
repeat what has been already adduced in another connec-
tion will certainly be unavoidable. Should I now and then 
make mistakes and pay insuffi  cient regard to the claims of 
others, I must hope for the indulgence of the reader.

I shall be able to review with great brevity the period 
 terminating with the publication of my Mémoire sur la télé-
graphie électrique and the corresponding paper in Poggen-
dorff ’s Annalen, as the most important particulars have 
been interwoven in the general narrative, and have thus 
already received detailed consideration.

When, in the year 1842, I applied for my fi rst Prussian  pa -
tent, no process of galvanic gilding or silvering was known 
in Germany.

I had experimented with all the gold and silver salts 
known to me, and besides the hyposulfi tes had also found 
the cyanides suitable. Th e patent, however, was only granted 
me for the former, as in the meantime Elkington’s English 
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patent for the employment of 
the cyanide salts had become 
known. Notwithstanding the 
beautiful gold and silver precipi-
tates obtainable from hyposulfi te 
salts, the cyanide salts have in 
the long run kept the fi eld, their 
solutions being more constant.

Th e problem proposed to my 
brother William – to construct a 
regulator which should so exact-
ly regulate a steam engine con-
nected with a waterwheel that 
the waterwheel should always 
perform its full work, but the 

Letter from Alexander 
von Humboldt to 
Werner von Siemens, 
ca. 1850.

Alexander von Humboldt to Werner Siemens, 
ca. 1850

I have read with very, very great interest your treatise 
“sur la Télégraphie électrique,” which is remarkable 
both for its contents and its clarity, also Pouillet’s 
report, since I belong to those of the old school who 
still take pleasure in the well-deserved fame of their 
countrymen.
May I now, my dear Lieutenant, ask to be allowed to 
visit you in the Schöneberger Strasse next Th ursday 
at 12:00? As I know that you are very busy please do 
not trouble to reply unless another day would suit 
you better.

With the greatest respect,
Yours most obediently,
A. v. Humboldt
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steam engine yield the required 
excess of working power – led 
me to the idea of the so-called 
diff erential regulator. It consisted 
in employing a freely oscillating 
circular pendulum for the pro-
duction of a perfectly uniform 
rotation, thereby causing the 
turning of a screw, while the 
engine to be regulated turned a 
movable nut on the screw in the 
same direction. Th e nut must 
then move right or left  on the 
screw as long as it turns quicker 
or slower than the screw, and can 
thus perfectly regulate the pace 
of the engine, immediately ceas-
ing to move when the velocity of 
the engine is precisely equal to 
that of the circular pendulum. Th e diff erential regulator 
(or “chronometric governor,” as brother William, who elabo-
rated it practically and mainly perfected it, aft erward called 
it in England), constructed on this principle, has certainly 
not been largely introduced into practical engineer ing. It is 
neither as simple nor as cheap as the Watt regulator, which 
in later years has been considerably improved, but the dif-
ferential movement, which we carried out in the most varied 
forms, has proved an exceedingly fertile  element of con-
struction.

My preoccupation with the problem of the exact 
 measurement of the velocity of projectiles, imperfectly 
solved by Leonhardt’s ingenious clock, caused me to per-
ceive that only a method in which no masses had to be 
set in motion and brought to rest could lead to the goal. 
Th us I came to employ the electric spark for the solution 
of the problem. My proposal consisted in causing elec -

Michael Faraday 
(1791–1867), around 
1847. At one of his 
 famous public Friday 
lectures, the great 
English researcher 
presented the 
22-year-old William 
Siemens and his new 
“anastatic” printing 
method – related 
to our photocopy 
process of today – 
to the scientifi cally 
minded English 
 public.
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tric sparks to pass onto a rapidly and uniformly rotating 
 polished-steel cylinder from a fi ne point approximated as 
far as possible to its periphery, and in calculating, from 
the interval between the marks produced by these sparks 
and the known number of revolutions of the cylinder, the 
 velocity of the ball, which at particular stages of its career 
produced the sparks. Th is method of measuring velocity, 
by the help of marks which an electric spark brands 
on  polished steel or sprinkles on sooty steel surfaces, has 
 maintained its ground, and is still today employed especially 
for measuring the velocity of projectiles in large and small 
gun barrels.

Th e suggestion for storing up the unemployed heat of 
one operation for use in the succeeding operation, derived 
from my brother William’s description of the Stirling 
hot-air engine which I received in the year 1845, interested 
me in a very high degree. It appeared to me to open the way 
into a yet unknown vast domain of technical science. It 
occurred at a time when the idea, pervading and govern-
ing the physical science of this age, of the causal connection 
of all natural forces, unconsciously swayed men’s minds, 
until it soon aft er became common scientifi c property 
through Mayer and Helmholtz. Th e principle of the circu-
lation of heat equivalent of work already found clear 
expression in my paper “On the Employment of Heated Air 
as a Motive Power,” whose publication was occasioned by 
Stirling’s engine. I consider the chief value of this essay, 
however, to have been that it incited my brothers William 
and Friedrich to their later pioneer eff orts in the province of 
thermal economy.

In my fi rst dial telegraph of 1846 I consequentially car-
ried out the principle of the automatic interruption of the 
electric current both for the apparatus itself and also for 
the alarm. Th e principle essentially consisted in increasing, 
according to re quirement, the stroke of the well-known Neef 
hammer by the insertion of a movable contact, the so-called 
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slide. My dial and type-printing 
telegraphs, depend ing on this 
principle, were distinguished 
from the then well-known 
Wheatstone telegraphs by being 
automatic machines, running 
isochronally with one another, 
until one apparatus was mechan-
ically stopped by the depression 
of a key on the  particular letter, 
whereupon all the others like-
wise stopped at the same letter, 
and this letter was printed off  by 
the type printer. Th e description 
of these instru ments, as of most 
of my further inventions and 
improvements of telegraphic 
conduc tors and apparatus down 
to the year 1850, is contained in 
my Mémoire sur la télégraphie électrique communicated to 
the Paris Academy. I content myself here with a  concise 
summary of the most important scientifi c and technical 
improvements, the priority of which is secured to me by that 
publication:

Introduction of the automatic breaking of the electric 
current at the end of every movement of the armature 
through a predetermined distance. Or one may put it thus: 
increase of the movement of the Neef hammer by a mecha-
nism answering to the slide of the steam engine. All 
automatic electric alarms without clockwork and many 
other constructions rest on this principle.

Production of the synchronous action of two or more 
electric machines by allowing a fresh impulse to take place 
only when all the automatic contact breakers are again 
closed, i.e., the armature movement of all the apparatus 
inserted in the circuit is completed.

Wilhelm (later, Sir 
William) Siemens, 
around 1847. Wilhelm 
had been in England 
since 1842, and would 
make it his second 
home some years 
 later.
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Manufacture of insulated conductors for subterranean or 
submarine telegraphs by coating wires with gutta-percha.

Construction of machines which press the seamless 
gutta-percha around the wires to be insulated.

Discovery of the phenomena of the charge in insulated 
subterranean or submarine conductors, and establishment 
of the law of the charge for open and closed circuits.

Establishment of the methods, measurements, and for-
mulae for determining the place of faulty conduction and 
insulation in subterranean circuits.

Th e underground wires, both those without external 
protection and those with an armature of lead, had mean-
while continued to come into use even beyond the confi nes 
of Germany; among other states Russia had adopted the 
system and connected St. Petersburg and Moscow by a 
 subterranean wire. In Prussia, however, the deterioration, 
which had occurred in the fi rst lines soon aft er their con-
struction, continued to make uninterrupted progress. Th e 
causes which contributed to this and fi nally led to the com-
plete destruction of the lines have already been mentioned. 
Th e almost morbid endeavor, called forth by political exi-
gencies, to set up as quickly as possible and at the least cost 
a subterranean system of communication embracing the 
whole country, had prevented the provision of the wires 
with an armature and a suffi  ciently deep embedding to 
secure them from injury at the hands of workmen and from 
the attacks of rodents. Th e attempt to replace the wires thus 
rendered useless by others coated with lead proved fruitless, 
as the rodents gnawed to pieces even the protective lead 
covering. Further, there was lacking a properly trained staff  
to keep the extended network of wire in good order, and to 
remedy defects without deranging the whole system. In 
consequence of unskillful searches and tinkering with faults, 
numerous soldered joints came into existence, which were 
insulated in a very primitive fashion by patching with heated 
gutta-percha, and thus gave rise to new faults. It was there-
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fore to be feared that the sub-
terranean lines would, in a short 
time, become quite unservice-
able.

Th is sad state of things moved 
me to write a pamphlet  entitled 
“Kurze Darstellung der an den 
preußischen Tele graphenlinien 
mit unterirdischen Leitungen 
gemachten Erfahrungen” (Short 
Account of the Experience gained 
with Underground Conductors 
on the Prussian Telegraph Lines), 
in which I pointed out the existing risks and made proposals 
for improvements in dealing with the lines. At the same time, 
the pamphlet energetically disclaimed responsibility, which 
on all sides was then sought to be fastened upon me, for the 
 collapse of the system which I had suggested. It was only to be 
expected that the publication of this pamphlet would lead to 
 diff erences with the directorate of the Prussian state tele-
graphs. In fact, for several years com munication of any kind 
what soever with myself and with my fi rm ceased entirely. All 
orders were withdrawn from us, and our special construc-
tions handed over to other manufacturers as models. Th is 
constituted a severe crisis for our young estab lishment, which 
had rapidly risen to be a factory with some hundred work-
men. Luckily, as the railways themselves were not then state 
property, railway telegraphy furnished an in dependent mar-
ket for our manufactures. Th e breach with the government 
telegraph man agement, however, had a good deal to do with 
our turn ing our attention abroad, leading us to seek a market 
there for our products, as well as opportunities for larger un-
dertakings.

As my younger brothers played a very important part in 
the foreign undertakings of my fi rm, which I shall now have 
to report, it will be as well to cast a retrospective glance at 

From Werner von Siemens: “Short Account 
of the Experience gained with Underground 
 Conductors on the Prussian Telegraph Lines,”

1851, in Scientifi c & Technical Papers of 
Werner von Siemens, vol. II. Technical Papers, 
 London, 1895, 75–95

Th e object of this paper has been to show that the 
unfavourable results which have been experienced 
with the fi rst laid underground wires in Prussia are 
not a consequence of the system employed, but are 
mostly due to faults in the laying and in the adminis-
tration aft erwards owing to want to experience and 
unfavourable circumstances.
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the doings of my family and 
especially of my brothers during 
the period of my life just de-
scribed.

Th e life of my brother William 
has been narrated at con siderable 
length, and with the conscien-
tious use of all the sources ac -
cessible to him, by a well-known 
English writer, Dr. William Pole. 
In what follows I need there fore 
only touch upon such events of 
his life as had immediate relation 
to my own. First, I will here 
remark that I stood during the 
whole of his life in active corre-
spondence and lively com pan-
ionship with William, to our 
great mutual gain. We commu-
nicated to each other all the more 

important events of our lives, as well as new plans and aims; 
discussed our diverging views, and almost always, if not in 
our letters, then at our meetings, which usually took place 
twice a year, came to a friendly understanding. Th e circum-
stan ce that I had paid more attention to na tural sciences, 
and William to industrial arts and practical engineering, led 
to each allowing to the other a certain authority in his own 
subjects, whereby our  collaboration was consi derably facili-
tated. Th at we were not  jealous of one another, but rather 
rejoiced when the one could further the recognition of the 
other in his respective country, strengthened and assured 
our good understanding.

Aft er the dissolution in 1846 of our commercial partner-
ship for carrying out our inventions, William had entered 
an English machine factory of repute as engineer, with the 

Water meter, 1851.
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object in the fi rst place of securing a maintenance. But 
“the cat can’t give up mousing,” as a German proverb says; 
it was not long before he too was again buried in his 
in ventions. Th e diff erence between us, however, was that I 
confi ned myself to the solution of the numerous problems 
which telegraphy and in general the application of electrical 
theory to practical life brought me; William, on the other 
hand, tried by preference to solve diffi  cult problems of ther-
mo dynamics. In particular, he had set himself the task of 
overcoming the diffi  culties which Stirling had encountered 
at Dundee in elaborating his 
hot-air engine, by introducing 
the heat regenerator for the 
steam engine. Th e experiments 
with these regenerating steam 
engines, regenerating evapora-
tors, and condensers, for years 

The Crystal Palace, 
built for the London 
Great Exhibition of 
1851.

Werner to William, June 9, 1849

You will soon be getting telegraphs which, by English 
standards, will be immensely superior to the present 
ones, in exactly the same manner as mine were in 
theory to their pre decessors. Still, practice is the true 
source of knowledge! . . .
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claimed his time and means, 
without procuring for his con-
structions a general introduction 
into technical practice. On the 
other hand, he succeeded in 
practically solving a problem on 
which I had also long worked in 
Berlin with incomplete success, 
namely the water-meter  ques -
tion. Th e patented Siemens-
Adamson reac tion water meters 
for many years commanded the 
market and brought William 
good profi ts. Th en they were 
superseded by the Berlin con-
struction of the stroke or whirl-
pool meter, which was at once 
adopted by William himself. Th e 
good progress which the manu-

facture of telegraphic and other electrical apparatus made in 
our Berlin factory, and the great recognition which our con-
structions on all sides enjoyed, suggested the opening of 
a business connection between William and the fi rm of 
 Siemens & Halske. He undertook at fi rst to act as an agent 
for obtaining orders in England, and very cleverly contrived 
to turn the attention of English technicians to the achieve-
ments of the Berlin fi rm. Th is was especially further ed 
by the fi rst Great Exhibition, which took place in London 
in the summer of 1851. Siemens & Halske sent specimens 
in abun dance; their exhibits found universal approval and 
procured for the fi rm the highest distinction – the Council 
medal.

My brothers Hans and Ferdinand had remained faith-
ful to their agricultural calling. Aft er giving up the farming 
of the Menzendorf domain they had come to Berlin, 
whither all the brothers with the exception of William had 

The certifi cate award-
ing Siemens & Halske 
the Council Medal 
at the London Great 
Exhibition, 1851.

umbr1_feldenkirchen_engl.indd   152umbr1_feldenkirchen_engl.indd   152 13.08.2008   21:23:0713.08.2008   21:23:07



THE FIRST TELEGRAPH LINES  153

betaken them selves, and the two soon succeeded in obtain-
ing suit able positions on East Prussian estates.

Friedrich had at a very early age gone to sea from Lübeck 
and had for some years made a num ber of long voyages in 
Lübeck sailing ships. Th is had indeed somewhat cooled his 
originally invincible inclination for seafaring, and he wrote 
me one day that he would like to learn something. I bade 
him therefore come to Berlin, to prepare him by private 
instruction for attending a naval school. He devoted himself 
to his studies with great eagerness and success, and soon 
showed great interest in my own aims and experiments. Th e 
new mental life fi nally interested him in such a degree that 
the inclination for a sailor’s life, whose seamy side he had 
got to know well, was incapable of withstanding the new 
impressions. Added to this was the fact that the total change 
in dress, living and climate had brought on rheumatic suf-
ferings, which he only slowly got the better of. Henceforth 
he assisted me in my technical work, and was strenuously 
bent on fi lling the great gaps which the seaman’s life had 
made in his knowledge.

Th e next in order, brother Carl, had, like Friedrich, spent 
the fi rst years aft er the death of our parents with our uncle 
Deichmann in Lübeck, and had then completed his school-
ing in Berlin. Th ere from an early stage he took part in my 
work, and became my faithful and ever reliable assistant in 
my fi rst technical undertakings, in particular helping me in 
laying down the fi rst underground wires.

I have already related that my 
brothers William, Friedrich and 
Carl followed me in 1848 to Kiel 
and Friedrichsort. Th e powerful 
national feeling that had been 
aroused everywhere in Germa-
ny left  them no peace at home. 
To William I entrusted the con-
struction and command of the 

Werner to Carl, October 11, 1851

As you have no doubt already tramped about the 
streets of London quite a lot, perhaps you could just 
turn your mind to the dirt on them. Loebell wants 
some information about the hand brooms used there 
which are said to have the advantage of not scratch-
ing the dirt out of the joints between the paving-
stones . . . Perhaps you could also ask about price and 
eff ectiveness of the me chanical street sweepers . . .
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battery which I had caused to be 
erected in Laboe opposite the 
Friedrichsort fort, while Fried-
rich and Carl entered the service 
of the newly formed Schleswig-
Holstein Army as volunteers, 
and remained in the service till 
the conclusion of the armistice. 
On this occasion we arranged 

that Friedrich should continue his technical education in 
England under William’s guidance. Carl entered a chemical 
factory in Berlin, which, however, he soon left  in order to 
assist me in laying down and repairing the telegraph lines. 
In the year 1851, he was together with Friedrich the rep-
resentative of the Berlin factory at the London Universal 
Exhibition, and carried on with ability the business negotia-
tions which resulted therefrom. A branch in Paris, which we 
next founded under his management, did not indeed bring 
the hoped for fruits, but contributed much to his social and 
business training.

Of the two youngest brothers, Walter had come from 
Lübeck to Berlin at the same time as Carl and attended 
school there. Otto I placed in a grammar school at Halle, as 
my time was too much taken up to allow of my personally 
superintending his education.

Of our two sisters, the elder, Mathilde, married to Profes-
sor Himly in Kiel, was already the happy mother of a troop 
of pretty children. She has always honestly shared with me 
the care of the younger brothers and sister, and sought as far 
as possible to compensate them for the maternal love so 
early withdrawn from them. My youngest sister, Sophie, had 
on the death of our parents been adopted, as already men-
tioned, by our uncle Deichmann in Lübeck. At the beginning 
of the fi ft ies, Deichmann resolved to emigrate with his fam-
ily to North America. Th e reasons which had occasioned 
this resolution were chiefl y political. Aft er the suppression 

Werner to Carl, July 24, 1852

. . . You must not think much about making a lot of 
money just yet, but rather of laying a fi rm founda-
tion for the future . . . We, too, began with a few men 
in a modest living room . . . Once an establishment 
gets going it gains a certain vitality . . . unless it is 
completely deprived of nourishment. For you this is 
assured . . . since our experience and progress are 
yours also.
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of the revolution in Germany and Austria, aft er the sur-
render of Schleswig-Holstein and the deep humiliation of 
Prussia, a feeling of despair rapidly spread throughout Ger-
many.

Th e power of Russia appeared then so gigantic that the 
prophecy of Napoleon at St. Helena that in fi ft y years Europe 
would become either republican or Cossack seemed already 
practically fulfi lled. Although I myself was also deeply de-
pressed by the turn things were taking in the political world, 
I could not subscribe to so pessimistic a view. I therefore 
not only rejected the pressing invitation of my uncle to 
accompany him to America, but also tried to prevent any 
of my brothers and sisters from participating in the emi-
gration. In particular, I refused my consent to the departure 
of my sister Sophie, in which I was strongly supported by 
her legal guardian, Herr Ekengren. Unfor tu nately, how-
ever, we had no power to detain Sophie, as she had been 
formally adopted by my uncle.

In these straits Cupid came to our help. A young lawyer 
in Lübeck, Dr. Crome, had observed with pleasure the 
young girl growing up near him, and was only awaiting the 
dawn of womanhood to present himself as a suitor. Th e dire 
news of the intended emigration prematurely ripened his 
resolution. He begged the hand of the maiden of sixteen, 
and shortly before the departure of the adoptive parents the 
wedding was celebrated. We older members of the family 
have not repented having favored this step. Th e young hus-
band is said indeed, in the early days of the marriage, to 
have been terribly tor mented by jealousy because the young 
wife kept certain drawers of her cabinet carefully locked, 
even eagerly endeavoring on his unlooked for entrance to 
conceal certain articles on which her attention was engaged. 
But then, on his impetuous demand, she tearfully confessed 
to him that it was the new dress of her favorite doll, for 
the completion of which the hasty wedding had left  her no 
time!
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It deserves to be remarked 
that the native characteristics of 
my brothers, as revealed in their 
earliest youth, have been faith-
fully preserved to an advanced 
age, and have given a well-
defi ned direction to their career. 
Th is holds good especially of my 
three brothers William, Fried-
rich, and Carl, with whom a 
common life and aims have most 
united me.

William had even as a child 
an abstracted, perhaps some-
what reserved, nature. He clung 
with great aff ection to his rela-
tives, but would never let them 
see it. From earliest youth he 
was ambitious and a little in-

clined to jealousy. When the tenderness of mother, grand -
mother, brothers and sisters was competed for by his brother 
Fritz, who was the next aft er him, a deep resentment against 
the little rival manifested itself – a feeling which I fancy was 
never wholly extinguished in him, in spite of all the frater-
nal aff ection and help bestowed so abundantly in later years. 
He possessed an extremely clear understanding and a quick 
power of apprehension, could always follow with great ease 
the train of thought of others, as well as grasp and give life 
to the spirit of what he had acquired. Th e good pupil devel-
oped with perfect consistency into the logical, methodical 
thinker, the able engineer and man of business. His great 
success in England he owes chiefl y to his peculiar power 
of appropriating easily and quickly from the storehouse of 
German science what was of practical value for the moment; 
and also to the further gift  of having this scientifi c know-
ledge ever ready, and of always immediately discovering in 

The Crome family. 
Undated. Sophie 
Crome, née Siemens 
(1834–1922), and her 
husband Johann Paul 
Friedrich Crome 
(1821–1883), with 
four of their children.
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the technical questions with which he was confronted the 
fulcrum where the scientifi c lever should be applied for 
their furtherance or solution. No doubt he was assisted 
essentially by the circumstance that he came to England at 
a time when scientifi c culture was only represented there 
sporadically, although then in a remarkable degree, and 
when active cooperation between science and practice was 
as rare as in Germany. So he succeeded not only in accom-
plishing good work himself but also, by taking an active and 
energetic part in the highly developed life of scientifi c and 
technical institutions in England, in deserving well of the 
world of science, and at the same time in rendering a lasting 
service to English industry.

Almost diametrically opposite were the mental qualities 
of his successor in the series of surviving members of the 
family. Friedrich was not a good learner. It has always been 
diffi  cult for him to follow another’s train of thought to the 
end. On the other hand, he was from childhood a remark-

The Siemens brothers 
and sisters, around 
1850: L to R: Hans, 
Walter, Mathilde, 
Friedrich, Werner and 
his friend William 
Meyer.
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ably good observer, and had the 
gift  of stringing his observations 
together well, and of making 
himself intelli gible. Really to 
understand and appropriate the 
thoughts of others, he had to 
discover them or think them out 
for himself aft erward. Th is char-
acteristic of steady, spontaneous, 
uninfl uenced thinking and self-
training gave him a peculiarly 
meditative air and his per-

formances a pronounced originality. Friedrich is the born 
inventor, to whose brooding mind the novel conception fi rst 
presents itself in obscure, nebulous form, and who there-
upon with restless energy and untiring industry tests the 
foundation of the conception, fi lling up at the same time 
any gaps in his knowledge, and fi nally either rejecting his 
idea as false or impracticable, or elaborating it into a ser-
viceable and then almost always original invention. At the 
same time, Fried rich was never a diplomat, and just as little 
a man of business, carefully weighing his words and actions. 
He went and is still going everywhere his straight road, 
biased only by his innate friendly and benevolent disposi-
tion, a road which usually leads him to the desired goal, 
since he always considers it well and follows it to the end 
with the greatest energy.

I should call the next brother, Carl, the most normally 
constituted of us all. He was always to be depended upon, 
faithful and conscientious, a good pupil, an aff ectionate, 
attached brother. His clear eye and generally cultivated 
understanding made him an excellent man of business 
and, with his large technical knowledge and excellent 
tact, an admirable conductor of business undertakings. 
Carl was the true connecting link between us four brothers, 
who indeed diff ered radically from one another, but were 

Machine à Vapeur Régénérée de 
M. William Siemens.

C’est une de ces natures bonnes et douces qu’on est 
heureux de rencontrer ici bas, qui imposent presque 
forcément la sympathie et l’aff ection; auxquelles 
s’applique dans toute sa vérité le vieux proverbe alle-
mand: stilles Wasser ist tief, . . . parce que sous les 
dehors les plus calmes elles cachent une intelligence 
éminemment active et féconde.

From Cosmos, Revue encyc lopé dique 
 hebdomadaire des progrès des sciences, vol. 7, 
Paris, 1855
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bound together for lifelong common work by an all sub-
duing fraternal love.

Not to leave myself out in this family characterization, I 
will only remark that I possessed a fair share of the good 
and bad qualities of my three brothers just described, but 
that these qualities were much repressed in outward mani-
festation through my particular line of activity. To perform 
my duty and do good work has always been my strenuous 
endeavor. To fi nd recognition has been indeed gratifying 
to me, but it has always been repulsive to me to push myself 
in any way, or to be made the subject of an ovation. Perhaps 
my constant endeavor “to be, rather than to seem,” and to 
have my merits fi rst discovered by others, was only a pe-
culiar form of vanity. I shall try as far as possible to avoid it 
in these pages.

Seven Siemens broth-
ers and sister, 1851. 
Standing (L to R): 
Friedrich, Hans; 
 seated (L to R): Otto, 
William, Sophie, 
Werner, Walter.
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THE RUSSIAN UNDERTAKINGS

Th e year 1852 formed a decided turning point in my per-
sonal as well as in my business life.

At the beginning of that year, I made my fi rst journey 
to Russia. Th e business connection of my fi rm with the 
 Russian government had been opened as early as 1849 
through the medium of Captain von Lüders, who was 
 making a circular tour through Europe, having been 
entrusted by his government with the task of ascertaining 
the best system of electric telegraphs. He then proposed 
our system for the line to be 
constructed from St. Petersburg 
to Moscow. Orders were given 
to Siemens & Halske only for 
apparatus – dial telegraphs and 
mea suring instruments – as the 
Russian govern ment took upon 
itself the construction of the 
underground wires. Negotia-
tions having reference to further 
orders now required my pres-
ence in St. Petersburg.

My journey lay by way of 
Königsberg, which I had long 
ardently desired to visit, without 
having been able to make up my 
mind to undertake the journey. 
It was there that Drumann, the 
well-known historian, resided, 
who had married a daughter of 
my uncle Mehlis in Clausthal, 

  161

Wilhelm Drumann 
(1786–1861), Königs-
berg historian and 
father of Mathilde, 
Werner von Siemens’ 
fi rst wife. Undated.
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and was accord ingly my kins-
man by marriage. In the year 
1844, Frau Drumann had, on a 
journey to Clausthal, looked me 
up in Berlin, and spent a few 
days there with her youngest 
daughter, Mathilde. I made 

myself useful to the ladies during the time as cicerone, and 
passed some very agreeable and exhilarating days in their 
company. Th e return journey was also to have been by way 
of Berlin, and I was looking forward to the renewed meet-
ing with my amiable cousin and her handsome and clever 
daughter. Th e pleasure was unfortunately destined to be 
marred by a very sad event.

Frau Drumann arrived ill in Berlin, and died in the hotel 
a few days aft er, of infl ammation of the lungs. I was the only 
relative, the only acquaintance even, of the family in Berlin, 
and had therefore to fulfi ll all the duties of the head of  fami-

ly. My compassion was put to a 
hard test by the intense grief of 
the poor lonely girl. Th e speedy 
arrival of the deceased’s brother, 
councilor Mehlis of Hanover, 
and of his wife indeed made 
 easier for me the diffi  cult and 
altogether unwonted task which 
had fallen to my lot, yet the 
image of the sorrow-laden girl, 
helplessly clinging to me, would 
not leave my mind. Eight years 
had since passed, in which our 
correspondence, lively at fi rst, 
had gradually ceased. My brother 
Ferdinand had meanwhile be-
come engaged to Mathilde’s elder 
sister, and with the assistance of 

Th e well-known inventor of electromagnetic telegraph 
apparatus, Lieutenant Siemens, has been called to 
St. Petersburg to undertake the construction of tele-
graph lines throughout the Russian Empire . . .

National Zeitung, 
December 20, 1851

Mathilde Drumann 
(1786–1861). 
 Undated.
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Professor Drumann had purchased the estate of Piontken 
in East Prussia. But when he was on the point of bringing 
home his bride, she fell ill of a chronic lung disease, to which, 
notwithstanding the excellent nursing of her only sister, she 
succumbed aft er several years of acute suff ering. Th e time 
had now come for me to fulfi ll a long cherished wish, with-
out departing from an early-formed resolution – to marry 
only when my own resources permitted it. Halske had man-
aged well. We had bought extensive premises in Berlin, at 
Markgra fenstrasse 94, at the back of which a fi ne roomy 
workshop had been erected, while the front part, recently 
enlarged, yielded us excellent dwelling accommodation. 
For the wedding, then, there was only lacking the bride, 
and I was able soon aft er my arrival in Königsberg, on my 
mother’s birthday – the January 11, 1852 – to put the long-
deferred question to Mathilde Drumann, whose reply made 
me an accepted and happy lover.

My business aff airs did not allow of a long stay in Königs-
berg, as I was expected on January 20 in Riga, where we had 
to establish telegraphic communication with the port town 
of Bolderaa, which was to be eff ected by means of a steel-
wire cable span ning the broad Düna.

At that time, posting was the only mode of traveling 
in Russia. Th is was very well organized on the main roads, 
that is to say, considering the circumstances. At a distance 
of on average twenty to thirty versts – a verst is a little more 
than a kilometer – substantial houses with stabling were 
erected on the post roads, in which shelter and horses were 
to be had, if they were free, and if the traveler was in posses-
sion of a government order to the postmasters, directing 
them to furnish horses for a prescribed journey on payment 
of the regulation fare. If possessed of such an order – called 
podoroshna – the traveler, supposing he had no private car-
riage, obtained a small four-wheeled peasant’s cart, without 
springs, covering or other luxury, drawn by three usually 
not bad horses, of which the middle one was harnessed in 
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shaft s, and the two outer ones 
were yoked so that they faced 
somewhat to the right and left  
respectively. In a proper troika 
the stronger middle horse has 
to trot, while the side horses 
keep pace with a gallop to right 
or left . Th e traveler has usually 
for seat his traveling trunk or 
a bundle of straw – and then, 
good speed, and away at a gal-
lop, which only ceases at the 
next station, if fl ying report has 
vaunted the traveler’s liberality 
in the matter of tips. Such a post 
journey requires experience. It 
is necessary to sit on the trunk 
quite loosely and bent well for-

ward, so that one’s own spine may form a spring to protect 
the brain from the violent jolts of the wheels on the usually 
indiff erent roads. If this precaution be omitted, violent 
headaches are the infallible result. However, one pretty 
quickly accustoms oneself to this mode of traveling, which 
also has its charms, and soon even learns to sleep quite 
soundly in the rocking position, coping instinctively with 
all the unevenness of the road by judicious countermove-
ments. When two travelers make use of such a telega, they 
usually lash themselves together by a girdle, in order that 
their oscillations may be so regulated as to prevent their 
knocking their heads together. For the rest, I have found 
that telega traveling can be very well borne, if it is not over-
done. Certainly it is said that these journeys have oft en been 
fatal to couriers, who have had to sit day and night for weeks 
together in their telegas.

Th e telega journey was agreeable and interesting enough 
as far as Riga. But there, regular winter weather had set in, 

Ferdinand Siemens. 
Undated. 
Werner’s brother 
owned a manor from 
 September 1, 1850, 
at Piontken, near 
 Angerburg in East 
Prussia. He became 
betrothed to Sophie 
Dru mann in 1850, 
but she died in 1851.
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and the further journey could 
only be made in sledges. Th e 
Russian kibitkas are low and 
rather short sledges, which for 
longer journeys are completely 
closed with matting. Th e inner 
space is separated from the driv-
er’s box by a wall of matting, in 
which two small windows are 
fi xed, which admit light spar-
ingly to the interior. A mat fl ap at each side of the sledge 
renders possible the rather diffi  cult matter of getting in 
and out.

As I traveled for the fi rst time into Russia proper, know-
ing no Russian, I had to look about in Riga for a traveling 
companion. In a newspaper advertisement such a person 
turned up, who possessed a kibitka and spoke German and 
Russian perfectly. As appeared when we were already on the 
road, this was an elderly merchant’s wife from Riga, who 
sought in this way to subsidize her annual business trip to 
St. Petersburg. She had packed the sledge so full of straw 
and bedding that one could only lie down in it, and then 
had the mat covering close over one’s face. It had become 
bitterly cold, and the nearer we got to our goal the stronger 
became the dry, keen northeast wind, which with 18 degrees 
below zero Réaumur mocked at the warmest wrapping. 
Th en I learned in Russian fashion to drink hot tea in great 
quantities, as soon as a station was reached, for only in that 
way could any warmth be obtained.

When on the third morning we had reached the Narva 
station, we fell victims to a little stratagem which was oft en 
and in the most varied forms practiced by the postmasters. 
Th e postmaster declared with the greatest assurance that 
it was of no use to travel further, as at the stations before 
St. Petersburg all the horses had been appropriated for a 
great imperial bear hunt. Apparently touched by the loud 

Werner to William, December 18, 1851

. . . Th e house has been bought for 40,000 thalers. 
Rebuilding and installation work will cost about 
another 10,000 thalers . . . We hope to be able to start 
moving in by Easter. Th ere is no lack of space as less 
than a fi ft h is being used and extensions can be made 
to right and left  by purchase . . . Try to make some 
arrangement for our apparatus to be used in England 
without thinking too much of direct profi t. We now 
need the moral eff ect to impress Nottebohm . . .
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lamentations of my Russian companion, he fi nally off ered 
to give us a pair of particularly powerful horses, which 
would bring us the same evening to St. Petersburg. Th e bar-
gain was struck, and the craft y Russian imagined that he 
had by the fi ction of the bear hunt secured the whole fare to 
St. Petersburg. Our subsequent adventures, however, foiled 
his scheme.

Our driver was a young fellow without fur and warm 
foot rug. Th at he oft en stopped seemed to us intelligible, 
as he evidently needed a warm drink to avoid being frozen. 
At last, however, he failed to return at all. I had to struggle 
out of the kibitka, which, owing to my double furs, which 

The courtyard of the 
Siemens & Halske 
factory at Mark-
grafenstrasse 94 in 
Berlin, around 1880.
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nevertheless did not prevent a 
rather severe numbness, was 
attended with diffi  culty. I then 
found our iswoshtchik in a hut 
hard by, brandy glass in hand, 
which the rather suspicious-
looking Jewish proprietor of the 
hut kept eagerly fi lling. When I 
drove the man back to the  sledge 
with the necessary physical ad-
monitions, I observed unmis-
takable signs of a deeper under-
standing between him and the 
tavernkeeper who accompanied 
us. It came to me by no means as 
a surprise therefore when, soon 
aft er resuming the journey, my 
traveling companion suddenly 
uttered a loud cry, and called to 
me that her traveling trunk had 
just fallen from the sledge. She had immediately noticed the 
loss, as the trunk was fastened beside the driver on the box 
in such a way as to block the one small window. It was very 
diffi  cult in our confi ned position to make the driver stop. At 
last I achieved this by breaking the second small window, 
laid hold of him and threw him down from his seat. Th e 
trunk was luckily found again; the rope, which served to 
fasten it, had undoubtedly been cut.

It soon became pretty clear that the driver was dead 
drunk, as he repeatedly drove us into the roadside ditches. 
At last there remained nothing else for me to do but to 
mount the box, and take the reins from the driver’s hands. 
He very soon aft er fell soundly asleep, and neither scolding 
nor cuffi  ng availed to revive him. I, for my part, soon felt 
my feet becoming numb, and when I tried to change the 
reins found that both my hands had become quite frozen 

Friedrich to William, August 31, 1852

. . . On Saturday Halske gave a magnifi cent ball for 
the workers in the Work Hall of the new house, which 
was thus inaugurated. Werner’s furniture was used 
to decorate the ballroom.

Entry by Werner von Siemens in the complaints 
book of the Post Passenger Room, Laugszargen

Having left  Tilsit at 7:00 a.m. by Special Post we 
stopped halfway as the horses were exhausted and 
refused to go any further. Th e postillion was kindly 
given other horses but the delay was such that the 
station was not reached until 11:00. I shall probably 
miss the 12:00 Post to St. Petersburg and will have 
to take a Special Post. I request that those responsible 
should be repri manded and ask for redress on 
account of such unwarranted treatment.

Laugszargen, January 19, 1852

W. Siemens, owner of a telegraph construction fi rm 
in Berlin, Schöneberger Strasse 19.
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and immovable. It was still possible for me to drive the 
sledge once more into the ditch, and to pull off  my gloves 
with my teeth. With the sudden halt the driver had fallen 
from the box, and lay like a corpse at my feet. I could there-
fore quite easily perform two useful actions, viz. wash his 
head with snow and thereby also thaw my own hands. It was 
a good while before I felt the life return into them. Soon 
aft er, the driver also began to show signs of life, in that he 
made grimaces and presently began to wail and implore 
 forgiveness. So in the darkness of the night we were able 
to continue on our way by walking beside the sledge, and 
fi nally reached Krasnoye-Selo, where we took up our quar-
ters with the postmaster. Our complaint against the post-
keeper in Narva and in respect of the iswoshtchik he settled 
next morning in a very curt fashion. He required from us 
the stipulated fare to St. Petersburg, then gave the iswosht-

The offi ce building of 
Siemens & Halske at 
Markgrafenstrasse 94 
in Berlin, 1896.
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chik a sound thrashing with his own hands until his strength 
was exhausted, and sent him back with this in lieu of any 
payment to his master, while he drove us himself with his 
own horses on to St. Petersburg.

In St. Petersburg I was received in a very friendly man-
ner by the merchant Heyse, an uncle of the poet Paul Heyse. 
I had fi rst made the acquaintance of the Heyse family in 
Magdeburg, where, during my period of service as recruit, 
I had received much maternal sympathy and kindliness 
in the house of the widow of school director Heyse, distin-
guished as pedagogue and as author of a German grammar. 
Th e St. Petersburg Heyse, a son of the school director, had 
in his younger years gone to Russia, and had there raised 
himself to be a partner in one of the most respected com-
mercial houses. Th e exchange with the amiable, and still 
thoroughly German, family was made easy by Heyse’s pro-
curing a lodging for me in a hotel near his own residence on 
Kadetten linie (Cadet line) on the island of Wasili-Ostrov. 

St. Petersburg, with its grand site, its broad streets and 
large squares, and especially with its mighty river, the many-

A Troika of the 
 Russian express mail 
service.
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armed Neva, made a powerful impression on me. Th is was 
strengthened by the strangeness of the life of the people and 
the peculiar mixture of large palaces with small houses, for 
the most part entirely built of wood, in the broad inter-
minable streets. Th e active sleighing, which in winter takes 
up the streets and almost entirely excludes the carriage traf-
fi c, also produces a peculiar eff ect on the foreigner seeing 
St. Petersburg for the fi rst time. Th e inability to understand 
the language, and to decipher a single inscription on street 
corners and shops, gives one also a feeling of forlornness 
and dependence, which it is diffi  cult to shake off . All the 
more cheering on the other hand is the social intercourse 
with one’s compatriots, the extremely developed hospit a-
ble family life in the large foreign colony of St. Petersburg, 
especially the German, to which it is no mean advantage 
that the Baltic provinces of Russia have completely pre -
served their German nationality in the cultivated classes. 
Th e higher government posts were at that time for the most 
part fi lled by Germans from the Baltic provinces. Th is faci-
litated the progress both socially and commercially of a 
German coming to St. Petersburg. It was much in my favor 
that as a result of introductions from Berlin the scientifi c 
circles were thrown open to me. I received a cordial welcome 
from the most celebrated representatives of Russo-German 
science, of whom I will mention only the academicians 

Kupffer, Lenz, Jacobi and von 
Baer.

Unfortunately the agreeable, 
and from the point of view of 
business undertakings advanta-
geous, intercourse was seriously 
interrupted. One day, I felt ex -
tremely unwell. In vain I sought 
recovery in Russian baths and 
similar self-prescribed remedies, 
and fi nally by an emetic which 

Werner to William, August 4, 1853

. . . In St. Petersburg I have obtained a contract for 
the line from St. Peters burg to Kronstadt (for 80,000 
rou bles) and have to complete it by the end of the 
 summer . . . Here we will have to lay the cable in 
dredged trenches to protect it against drift ing ice. It 
will be best to do this . . . before the ice gets very thick 
. . . It would be very diffi  cult to place and transport one 
enormous drum on sledges and I consider it preferable 
to reel up the cable in 3 to 5 pieces and to joint them 
on the ice . . .
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I was able to procure. Aft er the unspeakably painful night 
which ensued, I fortunately received a visit from friend 
Heyse, who perceived the seriousness of my illness and sent 
his doctor to me. I had caught the measles, which were then 
raging in St. Petersburg. Severe infl ammation of the kidneys 
followed, which chained me for some months to a sickbed, 
and from the consequences of which I long had to suff er.

Apart from this personal mishap, the results of my jour-
ney were very favorable for the development of our business 
relations. We obtained the commission to lay an under-
ground line from St. Petersburg to Oranienbaum, with a 
cable junction to Kronstadt.

Th e construction of the Kronstadt line, and the necessity 
of organizing new representation for our fi rm in Russia, 
led me again to St. Petersburg in the summer of 1852. I 
found there in a German merchant of the fi rst guild, 
Mr. Kapherr, a very suitable representative, who has con-
tributed much by his activity and adroitness to the favorable 
results of our Russian undertakings; and I was able to come 

Kronstadt 
(an illustration from 
Das heutige Russland, 
ed. H. v. Lankenau 
and L. v. d. Oelsnitz, 
Leipzig, 1876–1877).
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into a closer relationship with the department of public 
ways and communications, which was responsible for the 
construction and management of telegraph lines.

Sketch by Carl von 
Siemens for laying 
the fi rst undersea 
 cable from Oranien-
baum to Kronstadt, 
1854.
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My marriage to Mathilde Drumann was celebrated on 
October 1, 1852, in Königsberg. Aft er a short stay in Berlin, 
we traveled to the Rhine and then to Paris, where my bro th-
ers William and Carl also happened to be just then. Aft er 
the anxious years devoted to strenuous work, I there en -
joyed in full measure my young married bliss, enhanced by 
the companionship of my brothers. Th e sorrowful years 
spent nursing her beloved sister had much tried my wife. 
All the more delightful was it to me to perceive how her 

Werner von Siemens 
and Mathilde Dru-
mann in the year 
they were betrothed, 
1852.
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newfound happiness from day 
to day restor ed her earlier youth-
ful freshness. Th is also made me 
young again, and obliterated the 
traces of excessive labor and pro-
longed sickness.

Alas, this sunshine in my life 
did not last long. Soon aft er her 
second confi nement, Mathilde 
began to ail. Th e germs of the 
terrible disease of which her sis-
ter had died, and which she had 
probably received during the 
long self-sacrifi cing period of 
nursing, now began to mature. 
A year and a half ’s residence in 
Reichenhall, Meran, and other 
spas appeared to have restored 
her, but it was not for long. Af-
ter a union of thirteen years, in 
which she bore me two sons and 

two daughters, she died aft er long and painful suff ering.
When, in the spring of 1853, the con struction of a rail-

way telegraph from Warsaw to the Prussian frontier was 
entrusted to us, we off ered my brother Carl, who had 
re turned to London at the beginning of that year aft er the 
shipwreck of our Paris plans, the opportunity to undertake 
the direction both of this construction and also of the fur-
ther expected works in Russia. Carl declared himself ready, 

and subsequently executed these 
in part very diffi  cult tasks so sat-
isfactorily that we considered 
our decision to entrust him, de-
spite his youth, with such im-
portant works as a very happy 
one. We owe it mainly to his 

Carl von Siemens, 
around 1855.

Werner to William, May 10, 1853

. . . In addition, the embassy here has received orders 
from Warsaw not to visa Carl’s passport and my 
own. Th e devil knows what sort of in trigue is behind 
it . . . My stomach is also very upset and a diet of 
water-gruel does not give one much energy! . . .
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energy and ability that the  Rus-
sian business now grew so rap-
id ly and to such proportions.

Th e Emperor Nicholas was 
then on the throne, and under 
him the most powerful man in 
the empire was Count Klein-
michel, chief of the Ministry of 
Public Ways and Communica-
tions. I had up till then not 
come into personal contact with 
this man so feared throug h-
out Russia, as negotiations had 
been carried on through the 
above mentioned Colonel von 
Lüders, with whom personally I 
was on friendly terms. When, 
however, the latter was taken ill 
and obliged to take the cure at 
German spas in the spring of 
1853, I was summoned by Count 
Kleinmichel to St. Petersburg for a conference on telegraph 
matters, just when I was expecting to accompany my brother 
Carl to Warsaw. I accordingly applied as usual at the Rus-
sian embassy for a visa for my passport. To my astonishment, 
in spite of repeated reminders, I failed to obtain the visa. 
When I  complained of this to the ambassador himself, he 
told me that by order of the St. Petersburg secret police the 
visa could not be given. As no reason was given for the 
refusal, nothing was left  to me but to write to Count Klein-
michel that I could not comply with his request, the visa for 
my passport having been refused. It then lasted no longer 
than the exchange of couriers between Berlin and St. Peters-
burg before an offi  cial from the Embassy handed me the 
visé passport with many excuses, and the explanation that a 
misunderstanding had occurred.

Pyotr Andreyevich, 
Count Kleinmichel 
(1793–1869), confi -
dant of Czar Nicholas 
I, with responsibility 
for decisions about 
all telegraph projects.
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When, however, a few days later on the journey to War-
saw I had reached the Russian frontier station, I soon found 
that despite the alleged misunderstanding I still belonged to 
the class of suspects. My eff ects were searched, aft er all the 
other travelers had been passed, with a minuteness which far 
exceeded all expectation. Every piece of paper whether writ-
ten on or not was retained, and it was fi nally declared to me 
that, in consideration of the excellent result of the search so 
far, I should be spared an equally thorough personal visita-
tion if I handed over all my letters and gave my word of honor 
that I carried nothing else about me printed or written. On 
my declaring that I should return, as such a treatment did not 
suit me, it was signifi ed to me that I must now go on with my 
luggage to Warsaw and there await a further decision. I was in 
fact a Russian state prisoner!

On arriving in Warsaw, I complained bitterly of the treat-
ment to which I had been subjected to General Aureggio, 
who as director of the Warsaw–Vienna Railway had con-
cluded the contract for the construction of the railway 
telegraphs with my fi rm. Th e General promised to lay my 
case before the then Governor of Poland, Prince Paskewich. 
To his question whether I had done, written, or said any-
thing which could have rendered me politically suspect, I 
could only answer that I had once replied to a Russian state 
counselor, on his repeated off er to procure for me a decora-
tion for my services to Russia, that this would aff ord me less 
satisfaction than an order to construct further telegraph 
lines for Russia. Th e Governor had laughed heartily when 
the General communicated to him the confession of my sin, 
and bade him tell me that he would in my place have 
thought just the same. I at once received all my things back 
and a passport to St. Petersburg. Aft er being a short time 
with my brother Carl, who had meanwhile followed me to 
Warsaw, I accordingly continued my journey.

On arrival in St. Petersburg, aft er a six days’ journey 
in an extremely uncomfortable stagecoach, I immediately 
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repaired to Count Kleinmichel, 
who, as I had already heard in 
Warsaw, had on his own respon-
sibility issued the order to give 
me the passport. Th e count lis-
tened to my report in a quite 
friendly manner, and took a look 
at the testimonials in regard to 
the works hitherto executed by 

Werner von Siemens’ 
own calendar entry, 
St. Petersburg, 
June 24, 1853: 
“10:00. . ./ Count 
Kleinmichel 3 hours. 
Contract for Kron stadt 
and Warsaw lines.”

A police attestation 
of good conduct for 
Werner von Siemens, 
issued by Police Chief 
Hinkeldey for a trip 
to Russia, 1853.
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us which I laid before him. At the treatment which I had 
suff ered he was manifestly very indignant. When, in a very 
favorable testimonial from the president of the Berlin police, 
Hinkeldey, in regard to the police telegraphs laid down by 
us he found the concluding remark that, politically, I was 
altogether free from suspicion, he bade me go with this 
 testimonial to the chief of the secret police, General Dub-
belt. “Tell the General,” were his words, “I command him 
to read the testimonial, and then bring it back to me imme-
diately; I shall show it to the Emperor!”

Th is injunction placed me in rather an awkward predica-
ment. Fortunately a Warsaw business friend had given me 
an introduction to one of the higher offi  cials in the dreaded 
department of the St. Petersburg secret police. I therefore 
went fi rst to this gentleman, and requested to be advised 
how I should proceed, in order to do the count’s bidding 
and yet not give off ense. From him I learned that it was a 

The Nicholas Bridge 
in St. Petersburg, 
around 1850.
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report from Copenhagen, in which I was described as a 
dangerous character, on terms of intimacy with the demo-
cratic professors of Kiel, that had occasioned the refusal of 
the passport. Evidently it was Danish gratitude for the mines 
in Kiel harbor and the construction of the Eckernförde 
 batteries which had certainly rendered the Danes rather 
uncomfortable. Both the chief of the police, who in solemn 
audience received my testimonial and thereupon assured 
me of his special satisfaction and his constant readiness to 
help me in my undertakings, and also Count Kleinmichel 
himself were perfectly satisfi ed by these explanations.

I have related this interesting episode from my life in 
Russia at such length because it gives a good picture of the 
state of things and offi  cial relations in the realm of the Czar 
at that time, and because it has been of great service to our 
business transactions. Count Kleinmichel’s power was then 
so great that, as long as the Emperor Nicholas lived, no one 
ventured to resist it. Th e count had acquired confi dence in 

The Winter Palace 
in St. Petersburg 
 (illustration from 
Das heutige Russland, 
ed. H. v. Lankenau 
and L. v. d. Oelsnitz,  
Leipzig, 1876–1877).
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me, and aft erward bestowed the same in a very marked 
degree on my brother Carl. To his powerful protection alone 
did we owe it that we were enabled successfully to execute 
the great works which he entrusted to us.

Count Kleinmichel did not conceal from me that he 
would have liked to retain me permanently in Russia for 
the execution of his further plans. As I could not accede to 
that, I announced to him, when at the end of July I took my 
leave, the impending arrival of my brother, who had great 
experience in the construction of lines and would be able to 
execute his orders better than I could myself. A few days 
aft er my departure Carl arrived in St. Petersburg. When 
he presented himself to the count, the latter was surprised 
at his youthful appearance, and showed himself in conse-
quence much annoyed. However, he gave him the order 
to propose an arrange ment whereby the wire of the tele-
graph in course of construction between Oranien baum and 
 Kronstadt might be conducted into the turret room of the 
imperial Winter Palace, hitherto the terminal station of 
the optical telegraph to Warsaw, without dis turbing the Em -
peror’s dwelling place.

When brother Carl looked carefully at the proud palace 
with its turreted projection, wherein the optical telegraph 
bureau was situated, he noticed that no gutter ran down in 
one corner of the tower, as was the case in the others. On 
perceiving this he imme diately returned to the count, who, 
annoyed at his supposed fussiness, inquired rather roughly 
what else he wanted. Carl at once communicated his plan of 
placing in the vacant corner of the tower a similar pipe to 
that which existed in the others, and of conveying therein 
the insulated telegraph wires. Th is made a great impression 
on the count. He inveighed against his offi  cers, who could 
suggest nothing better than knocking out grooves in the 
masonry; “and now,” so he expressed himself, “there comes 
a beardless young man, and sees at fi rst glance how easily 
the thing is to be done.” Th us Carl succeeded on his very 
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fi rst appearance in gaining the 
favor of the count, who from 
this moment onward accorded 
him an authority in which he 
placed as implicit a confi dence 
as in my own. In this he was not 
disappointed.

In the autumn of 1853, Carl 
completed the Kronstadt cable 
line to Count Kleinmichel’s 
 perfect satisfaction. Th is was 
the fi rst submarine telegraph 
line in the world which has 
remained permanently service-
able. Th e gutta-percha conduc-
tors employed, protected by iron 
wires, have stood the test admi-
rably. At the same time as the laying down of the line, its 
maintenance, the so-called remount, was also contracted 
for by us for a period of six years. During the whole of this 
time the wire was only once seriously injured by ships’ 
anchors, and aft er the lapse of the six years was handed over 
to the government in a faultless condition. It has remained 
in active use to the present time, and aff ords therefore a 
good proof of the durability of well-constructed submarine 
cables.

In the spring of 1854, the Crimean War broke out. We 
received in consequence the commission to construct as 
quickly as possible an overhead telegraph line along the 
high road from Warsaw to St. Petersburg, or rather to Gat-
shina, which was already connected with St. Petersburg by 
an underground wire. Accordingly, in April 1854 I traveled 
to Warsaw and there organized a working column, which 
began the construction of the line from Warsaw under the 
command of Captain Beelitz, a former comrade of mine 
who had entered the service of our fi rm. I then went to 

Optical telegraph 
stations at the 
 Winter Palace in 
St. Petersburg. 
 Undated drawing.
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St. Petersburg and there, together with Carl, organized a 
second column, which under his command worked toward 
that of Beelitz from Gatshina. Th us the line, about 1,100 
versts* long, was completed in a few months, to the great 
astonishment of the Russians, who were unaccustomed to 
quick and well-organized work. When the two columns met 
halfway at Dünaburg, and the translation station of that 
place correctly performed its functions aft er the surmount-
ing of a few diffi  culties, Carl was able to announce to Count 
Kleinmichel the completion of the line at the promised time. 

The Russian state 
 telegraph network. 
Built by Siemens & 
Halske, 1852–1855.

* verst = about 
two-thirds of a mile
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Th e count was much astonished 
at this intelligence, and would 
not quite believe in its correct-
ness. He at once repaired to the 
station in the telegraph tower 
of the Winter Palace, and him-
self addressed a question to the 
chief of the Warsaw station. His 
doubts were only removed when 
he had received an instantane-
ous reply, and, astonished in 
the highest degree, he announced 
the happy event to the Emperor.

Th e success of the Warsaw–
St. Petersburg line strengthened 
the Russian government in its 
resolve to cover the whole em-
pire with a network of electric 
telegraphs. Th e speedy construc-
tion of a line from Moscow to 
Kiev was entrusted to us. Be-
tween the former town and 
St. Petersburg an underground 
line was already in operation, as 
mentioned before. Th en in quick succession lines were 
ordered from Kiev to Odessa, from St. Petersburg to Reval, 
from Kowno to the Prussian frontier, from St. Petersburg 
to Helsingfors; aft er overcoming infi nite diffi  culties these 
were all completed in the years 1854 and 1855, and were 
of great utility to the Russian Empire in the Crimean War 
raging at the time.

By means of the telegraphs Russia was put in speedy com-
munication with Berlin and the west of Europe; in the interior 
of the empire the movement of troops and material could be 
regulated with their help, and the central government could 
everywhere promptly make and improve its arrangements.

Herr Siemens (originator of under ground telegraphy 
and owner of a telegraph construction fi rm here) 
has for some time been very actively engaged in the 
erection of State telegraphs in Russia. He is shortly 
going to Warsaw and then to St. Petersburg where his 
presence is required in connection with this work. 
Th e telegraph line from St. Petersburg to Moscow was 
completed two years ago. At present, prepara tions are 
being made for a telegraph line from St. Petersburg to 
Warsaw. A line is also to be run from the fi rst-named 
capital to Kronstadt which, because of the many 
islands and waterways, entails very many diffi  culties. 
Th e idea is to make St. Petersburg the central point 
for all telegraph routes in Russia and also to connect 
the various parts of the city by telegraph in the man-
ner of Berlin . . .
National Zeitung, 
September 28, 1853

Werner to Carl, November 3, 1853

. . . When it thaws they (the telegraph poles) all fall 
down again. And things are even much worse in 
 Russia! Th ere it is sometimes im possible to transport 
materials over the bridgeless rivers or streams for 
weeks at a time . . . We have 6 to 8 large rivers to 
cross . . .
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One may form an idea of the 
diffi  culties which beset the con-
struction of these lines when it 
is borne in mind that all the 
materials, with the sole excep-
tion of the wooden telegraph 
poles, which were procurable in 
Russia, had to be obtained from 
Berlin and western Germany, 
that there were then no railways 
in Russia other than those from 
the Prussian frontier to War-
saw and from St. Petersburg to 
 Moscow, and that all the roads 
and means of transport were 
occupied to an unusual degree 
by the war transports. In addi-
tion to this, the marine transport 
of heavy materials from German 
to Russian ports was impeded 
by the blockade of the latter. 
With great diffi  culty two ships 
from Lübeck, laden with iron 
wire for Russian ports, escaped 
capture by English cruisers by 
taking refuge in Memel, whence 
their cargo was forwarded over-
land.

Th e Berlin fi rm had enough 
to do in procuring the materials, preparing the apparatus, 
and organizing the transports, and was therefore only in 
a slight degree able directly to assist my brother Carl, on 
whose shoulders the whole burden of the construction of 
the line rested. Carl’s chief assistants in the execution of 
these works were my former serving-man Hemp, who had 
rendered such eff ective aid in Schleswig-Holstein, and the 

Carl to Werner, November 8, 1854

Today things have changed greatly and in spite of my 
thick hide my head is fairly swimming. Th e follow ing 
jobs have been agreed with the count and are as good 
as certain.
1.  Construction of the line from Kiev to Odessa 

at a price of 219,484 roubles to be fi nished by 
May 1st.

2.  Maintenance of this line for 12 years at 52,404 
roubles (annu ally) with surveillance.

3.  Construction of the line from St. Petersburg to 
Helsingfors for 115,515 roubles, by May 1st; 
however, this is not vital.

4.  Maintenance as above at 53,000 roubles.
5.  Maintenance of the Moscow line at 53,000 

 roubles.
Everything had to be accepted whether possible or 
not; but we will want a lot of good men for it: 
[William] Meyer! Th ings are now getting too much 
for me. I would have to stay permanently in St. Peters-
burg as otherwise Kapherr will get too presumptuous 
and spoil things.

September 5, Berlin

In the morning of the fi rst inst. there were once more 
stored, on the plat form of Potsdam Station in Berlin, 
800 hundredweights of telegraph wire which had 
been sent from Westphalia and ordered by Messrs. 
Siemens & Halske for the Russian telegraph lines.

Wochenblatt für den Kreis Altena, No. 36, 
 September 9, 1854
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Captain Beelitz alluded to above. I myself was indispensable 
in Berlin, where meanwhile the construction of railway lines 
continued uninterruptedly, and was obliged to content 
my self with repeatedly journeying to St. Petersburg to 
superintend organizing work and maintain the connection 
between the centers of our activity.

In the spring of 1855, I repaired to St. Petersburg for a 
somewhat longer stay in company with my friend William 
Meyer – who meanwhile had 
resigned his post in the Prussian 
government telegraph depart-
ment, and had become chief 
engineer and confi dential clerk 
for the fi rm of Siemens & Hals-
ke – in order to introduce in 
our offi  ce there an organization 
answering the rapidly growing 
requirements. We had already 
nearly fi nished our work and 
were thinking seriously of our 
return when I was suddenly 

The fi rst Siemens & 
Halske construc tion 
offi ce in St. Peters-
burg, 1853.

. . . Trois grandes lignes de télégraphie électrique 
relient Saint Pétersbourg 1° avec Mariopoul en 
Pologne sur la frontière prussienne . . .; 2° à Moscou, 
avec embranchements l’un sur Kiew, . . . l’autre sur 
Perekoff  en Crimée et Odessa; 3° avec la Finlande . . . 
le monopole de la construction et de l’installation des 
appareils a été concédé pour une somme d’environ 
dix millions à M. Siemens de Berlin. Cet habile 
ingénieur, que rien ne genait dans l’exécution de ses 
plans, a pu mettre en évidence toutes les ressources de 
son esprit si inventif.

From Cosmos, Revue ency clopédique 
 hebdomadaire des progrès des sciences, vol. 6, 
Paris, 1855
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called up at midnight and taken almost by force to Count 
Kleinmichel’s assistant, General von Guerhardt. Th e latter 
imparted to me that the Emperor had ordered the imme-
diate construction of a telegraph line to the Crimea up to 
the fortress of Sebastopol, and the count wished to have an 
estimate and the date of completion by 7:00 the next morn-
ing. My doubts in regard to the diffi  culty of procuring and 
transporting materials on the only open road from Berlin to 
Perekop and Sebastopol, as well as to the impossibility of 
constructing a line to the seat of war itself, when all the ways 
and means of transport were required by the military, were 
overborne by that all conquering phrase in Russia “Th e 
Emperor wills it!” And in fact the magic formula held good 
in this case also. Th e line was made.

When aft er working the whole night I came to the Gen-
eral punctually at 7:00, I learned that the latter had already 
been summoned to the count two hours before, and had 
not yet returned. Soon aft er 8:00 he came and communi-
cated to me that Count Kleinmichel had told the Emperor, 
who had ordered the report by 6:00, that I would carry out 
the construction from Nikolaiev to Perekop in six weeks, 
that from Perekop to Sebastopol in ten weeks, and at the 
same price as the line from Kiev to Odessa. I declared both 
to be impossible. Th e transport of the wire and apparatus 
alone from Berlin to Nikolaiev on roads destroyed by mili-
tary transport would take at least two months. Th e expenses 
would also as a matter of course be much higher, and at the 
seat of war the work would be almost impossible for civil-
ians and especially for foreigners. All that, however, was of 
no avail and was hardly listened to. Th e Emperor had spo-
ken! In the course of the day I received an offi  cial letter 
communicating that the Emperor desired to express his 
thanks to us for the services hitherto performed for Russia 
in its diffi  cult situation, and for the off er of a rapid construc-
tion of the required line to the seat of war, but that he trusted 
we should, in consideration of the diffi  cult war conditions, 

umbr1_feldenkirchen_engl.indd   186umbr1_feldenkirchen_engl.indd   186 13.08.2008   21:23:4413.08.2008   21:23:44



THE RUSSIAN UNDERTAKINGS  187

construct the new line more cheaply than the previous 
ones.

Th is was an extremely diffi  cult situation for us. Th e sum-
mer was already half gone, and before the end of it there was 
no means of getting material to the spot. Moreover, without 
a heavy river cable it was impossible to cross the broad and 
swampy Dnieper. And yet the imperial order had to be com-
plied with, so far as humanly possible. Th e only possibility of 
eff ecting a telegraphic communication at least to Perekop, 
situated on the isthmus uniting the Crimea with the conti-
nent, consisted in collecting all the materials remaining over 
from the construction of the hitherto completed lines, send-
ing them to Nikolaiev, and carrying the line in a circuit of 
about thirty versts by way of Bereslaw, where a bridge crossed 
the Dnieper and made the passage practicable without a 
river cable. Th e same night in which the communication 
was made to me, we had accordingly corresponded by tele-
graph with all the Russian stations and had summoned to 
the station Captain Beelitz, who luckily was just then in 
Nikolaiev, to settle the possibility of obtaining telegraph 
posts. Beelitz answered that he must fi rst consult the Jewish 
timber merchants, and had sent out  messengers to summon 
them immediately to the station. Th en arose a peculiar tele-
graphic negotiation. Beelitz an-
nounced a Jew would undertake 
the delivery of the poles, but must 
have fi ft een roubles per pole. 
Answer: “Out with him!” Reply: 
“Done!” Another off ered to do 
it for ten roubles. Answer: “Out 
with him too!” Reply: “Done!” A 
set of others asked six roubles; 
with these, negotiations were 
carried on and fi nally an accept-
able off er was obtained, securing 
timely delivery of the poles.

His Royal Highness the Prince of Prussia [later 
Emperor Wilhelm I] left  for St. Petersburg on the 
evening of the seventh to convey to Her Majesty the 
Empress Mother the best wishes of Her Highness’s 
Royal Brothers and Sisters on the occasion of Her 
Highness’s Birthday on the thirteenth of this month. 
Th is journey, which had long been intended following 
the death of His Majesty Emperor Nicholas, has no 
political purpose whatsoever, but fulfi lls a long-
cherished desire of Her Majesty the Empress Mother 
for the consolation of the presence of her Royal 
Brother.
Neue Preussische Zeitung, 
July 10, 1855
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Further, it turned out that 
there was a reserve of materials 
in almost suffi  cient quantity for 
the line as far as Perekop, and 
that there was a prospect of 
obtaining in Odessa thin iron 
wires for a provisional line. Th ere 
seemed therefore a possibility 
of satisfying the imperial will at 
any rate in essential points. With 
the request to lower the price “in 
consideration of the present dis-
tressed state of Russia,” we so far 
com plied that we off ered to exe-
cute the neces sary circuit by way 
of Bereslaw at our own expense. 
In short, the omnipotence of the 
imperial command again pre-
vailed. Th e line to Perekop was 

fi nished in the required time, and the line to Sebastopol was 
at least completed early enough for a message to St. Peters-
burg announcing the  probable fall of the fortress.

Th is construction of a line of about 200 kilometers on 
a road occupied and rendered im passable by marching 
troops and trans ports of war material and into a beleaguer-
ed  fortress was diffi  cult work, which did great credit to my 
brother Carl, who conducted it, and to his assistants. Finan-
cially, it certainly ran away with a considerable part of the 
profi ts obtained through the construction of the other Rus-
sian telegraph lines.

I myself, aft er I had as far as possible made all the prepa-
rations for the construc tion of the line to the seat of war, as 
ordered by the Emperor, and had become convinced that it 
was practicable, desired in July to return to Berlin, where 
my wife was expect ing her second confi nement. To my great 
astonishment, however, I could not get my passport back 

Werner von Siemens 
with his fi rst wife, 
Mathilde, and sons 
Wilhelm and Arnold, 
around 1858.
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from the police, despite repeated applications. When I com-
plained of this to Count Kleinmichel, he declared that I 
could not be allowed to depart before the lines in course 
of construction, and particularly that to Sebastopol, were 
completed. All my remonstrances were in vain. Th e count 
would not withdraw the order, once given, to withhold the 
visa for my passport, and I was thus for an indefi nite time 
“interned” – as it is called – in St. Petersburg.

Th en, luckily for me, the Prince of Prussia came to St. 
Petersburg to negotiate, as it was said, concerning the neu-
trality of Prussia in the Crimean War. I determined to use 
this fortunate circumstance to slip from the semi-imprison-
ment into which I had fallen. At Peterhof, where the prince 
had taken up his residence, I called on his fi rst adjutant 
Count Goltz, explained to him my diffi  cult situation, and 
begged that the prince would when convenient give me an 
audience, so that the Russian offi  cials might see that I 
enjoyed his protection. In his great goodness of heart and 
aff ability the prince acceded to my request, and on the very 
next day I received the offi  cial summons of the Prussian 
embassy to repair to an audience at the Winter Palace. I was 
awaited by the ambassador and conducted through a series 
of anterooms, fi lled with generals and offi   cials of high stand-
ing, to the prince, who was surrounded by several grand 
dukes and highest dignitaries. Th e prince addressed a few 
very friendly words to me, mainly to the eff ect that the posts 
of the telegraph line we had constructed along the whole 
way from the Prussian frontier to St. Petersburg had given 
him the joyful assurance of remaining in constant connec-
tion with home, and that he desired to express to me his 
thanks in person. Th e result of this audience was more bril-
liant than I had expected. On the very same day, a police 
offi  cial came and handed me my passport with excuses for 
the over sight that had been committed. 

Th e Russian government had simultane ously with the 
contracts for the construction of the lines also concluded 
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remount agree ments with us for 
six to twelve years, which re-
quired a large administrative ap-
paratus. We there fore con verted 
our St. Petersburg offi  ce into an 
inde pendent branch establish-
ment under the di rection of my 
brother Carl, whom we at the 
same time took into the head 
fi rm as a partner. We obtained a 
large building on the island of 
Wasili–Ostrow, in which the 
large offi  ces of the maintenance 
administration were established, 
and at the same time a workshop 
was erected for the speedy execu-
tion of all repairs. Carl took up 
his residence there toward the 
end of 1855, aft er his marriage to 

the clever and charming daughter of our previous represent-
ative in St. Petersburg, the above-mentioned Mr. Kapherr. 
Like his father-in-law, Carl now became a Finnish subject, in 
order to be able to become a merchant of the fi rst guild, and, 
as such, to have the right of carrying on any kind of business 
in Russia.

I must mention one other circumstance which was very 
important for our new St. Petersburg business and rendered 
it particularly remunerative. Count Kleinmichel had in the 
beginning entrusted the surveillance of the telegraph lines 
to the contractors of the turnpike roads, in consideration of 
a large payment reckoned by the verst. Th e result, however, 
was that no, or only a very lax, watch was kept. Accidental 
or intentional injuries to the lines were generally discovered 
only aft er a lapse of several days, and the repairs usually 
took place only aft er a long interval and oft en so defectively 
that a reliable telegraph service was never to be reckoned 

Marie Baroness 
von Kap-herr 
(1835–1869), daughter 
of the Siemens & 
 Halske representative 
in St. Peters burg, 
 Hermann Christian 
Baron von Kap-herr 
(1801–1877). Undated.
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upon. At last the count requested us to undertake the sur-
veillance of the lines; he would pay us for the service the 
hundred roubles per verst which he had hitherto given to 
the road contractors. In reality a successful watch could not 
be carried out by us, but only by natives, who would cer-
tainly not have kept a better lookout on our behalf than for 
the government. Nevertheless, we accepted the count’s off er 
on condition that we might carry out the surveillance and 
the necessary repairs entirely in our own fashion.

As this was agreed, we gave up altogether keeping a 
guard, properly so called, and contrived instead a mechani-
cal system of control,* which was relatively cheap and yet 
fully answered the purpose. At intervals of fi ft y versts we 
erected a guard hut, into which the wires were conducted. 
In the hut was placed an alarm and a galvanometer, and 
these were intercalated into the course of the current in such 
a way that by watching the movement of the galvanometer 

The von Kap-herr 
family, around 1860. 
Far right, Carl von 
Siemens with his 
wife, Marie. 
Carl established and 
managed the Russian 
branch of Siemens. 
He was raised to the 
Russian hereditary 
nobility in 1895.

* Th e control galvano-
scope was known in 
Russia as the “Tataren” 
galvanoscope. See 
Werner von Siemens, 
Scientifi c & Technical 
Papers, vol. II, 
108–114.
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needle it was possible to see if an electric current was tra-
versing the wire. If the needle stood still for half an hour, 
the guard had, with the help of a simple mechanism, to tele-
graph the number of his hut by repeatedly connecting to 
earth. Th e telegraph stations between which the connection 
was inter rupted had orders to insert their battery between 
the conductor and the earth, and received accordingly the 
reports of all the guard huts on the hind side of the place of 
interruption, thus learning its situation. To every telegraph 

station was assigned a me chanic 
whose duty it was, immediately 
on the report of an interruption, 
to take post-horses and travel to 
the fault. As the order was given 
to supply our mechanics with 
post-horses at once and before 
all other travelers, the fault was 
nearly always removed in the 
course of a few hours.

An allegory of the 
construction of the 
Russian telegraph 
lines, 1855.

Carl to Werner, late 1858

Even if we were to get no more con struction work 
and were dependent solely on the old surveillance, 
we would still earn about 80,000 roubles a year . . . 
No matter what happens in future here we should in 
general be well satisfi ed with the Russian business, 
since the initial capital investment has already been 
paid back with a considerable surplus and there is 
now a new independent concern with its own capital 
and a guaranteed annual income of 350,000 roubles.
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In consequence of this arrangement the Russian tele-
graph lines acted with great accuracy during the period of 
our manage ment, and interruptions of the service rarely 
occurred for more than a day, in spite of the enormous 
length of the lines, and in spite of the desert steppes through 
which they mostly passed. Th e contract, almost forced upon 
us, for the watching of the telegraph lines soon proved very 
profi table, and amply compensated us for the losses which 
we had suff ered in the construction of many of the lines.

Th rough the management of the remounts entrusted to 
us and the continued further constructions of lines, our 
St. Petersburg business obtained great importance and a 
unique position in the Russian Empire. We received the 
offi  cial title “Contrahenten für den Bau und die Remonte 
der Kaiserlich Russischen Telegraphenlinien” (Contractors 
for the construction and remount of the Imperial Russian 
telegraph lines), and obtained for our superior servants 
the right to wear uniforms with badges of rank. Th e latter 
was absolutely necessary for the thorough performance of 

A telegraph offi ce in 
St. Petersburg, 1878.
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our tasks, for the Russian public 
only respects the wearers of uni-
forms. To obtain this right, I had 
a number of handsome uniforms 
designed in Berlin. Instead of 
the epaulets, which in Russia 
were reserved for offi  cers, golden 
chenille of varying thickness, 
increasing with the rank, was 
attached to the shoulders. Excel-
lent artists then painted various 
groups arrayed in such uni-
forms. Th e pictures, enclosed in 
a handsome portfolio, would 
have made the heart of every 
admirer and connoisseur of uni-
forms beat faster. Armed with 

this portfolio, brother Carl repaired to Count Kleinmichel, 
explained to him our diffi  culty, and begged permission for 
the wearing of a uniform by our offi  cials. Th e sight of the 
fi ne pictures overcame the resistance off ered at fi rst by the 
count; he retained the portfolio to show it to the Emperor, 
who immediately granted permission for the proposed uni-
form.

I consider it my duty to meet in this place the oft en 
expressed opinion that we could only have concluded these 
great and, generally speaking, profi table undertakings in 
Russia with the help of bribes. I can assert that this was never 
the case. Th e explanation may perhaps be that the nego-
tiations were always conducted and concluded directly with 
the supreme government authorities, and that the state of 
political aff airs urgently demanded the speedy con struc tion 
of the needed telegraphic communications. Th is, how ever, 
does not imply that we have never recompensed the lower 
offi  cials in the customary fashion of the country for services 
rendered during the construction of the lines.

Uniformed Siemens 
offi cials of the 
 Russian “remount.”
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Harzburg, June 1890

Th e successful use of copper wires coated with gutta-percha 
as underground conductors suggested their employment 
also in submarine telegraphic communication. Th at sea-
water was not in any way injurious to the gutta-percha had 
been proved in the case of the insulated wires connected 
with the mines in Kiel harbor, which were quite unchanged 
aft er a lapse of two years.

Th e fi rst attempt to connect two seacoasts by means of 
gutta-percha conductors had been made as early as 1850 by 
Mr. Brett, who had obtained a concession for a submarine 
telegraphic communication between Dover and Calais. As 
was only to be expected, the unprotected wire laid by him 
retained its effi  ciency for not much longer than the time of 
the actual laying, if indeed it was ever really serviceable. It 
was replaced in the following year through Messrs. Newall & 
Gordon by a conductor armed with iron wires, which acted 
well for some time. Th is was the commencement of sub-
marine telegraphy, destined speedily to become one of the 
most important media of communication.

With the perseverance characteristic of the English in 
prosecuting their undertakings, aft er this fi rst success the 
laying of a large number of other cables was at once planned 
and attempted, before the problem was ripe for a scientifi c 
and technical solution. Failures accordingly could not but 
occur. Th e laying itself presented no diffi  culty in the shallow 
water of the North Sea. Th e preparation of insulated conduc-
tors was undertaken in England by a gutta-percha company, 
which could not be prevented from employing my coating 

  195
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196  SUBMARINE CABLES

process, since I had not protected my inventions by a patent. 
As this company could always make use of the best-quality 
gutta-percha, owing to its command of the English market, 
it would have been in a position to turn out remarkably 
well-insulated conductors, if the electrical testing and con-
trol of the work manship had been carried out with as much 
care as we had taken. However, at that time scientifi c know-
ledge and methods were as little appreciated in English 
industry as in our own. It was thought enough to make sure 
that a current traversed the wire, and that the instruments 
worked satisfactorily. Even much later, my methods for sys-
tematically testing the conducting wires were characterized 
by English engineers as “scientifi c humbug”! Nevertheless, 
in 1854, during the Crimean War, the fi rm of Newell & Co. 
succeeded in laying an unarmed conducting wire, insulated 
only by a coating of gutta-percha, from Varna to Balaclava 
in the Crimea, and with the good fortune that it remained 
serviceable till the capture of Sebastopol in September 1855, 
i.e., for about a year.

In this long line of about 600 kilometers, diffi  culties in 
the matter of signaling occurred as a result of the electrical 
capacity of the line, which in spite of my publications in 
1850 remained entirely unknown to the English. When the 
needle telegraphs employed in England refused to do duty 
on the line, Newall & Co. ordered signaling apparatus from 
my fi rm, with which operations could very well be carried 
on. It was a singular coincidence that, in the two hostile 
camps of Sebastopol and Balaclava, Berlin apparatus with 
consecutive numbers of manufacture were at work.

Meanwhile, in September 1855, Mr. Brett, commis -
sion ed by the Mediter ranean Extension Telegraph Com -
pa ny, had made an attempt to lay a heavy cable with four 
con ductors between the island of Sardinia and the town of 
Bona in Algeria. He employed for the purpose the same 
contrivances as in the North Sea, but unfortunately his 
brake apparatus did not suffi  ce on reaching deep water, 

umbr1_feldenkirchen_engl.indd   196umbr1_feldenkirchen_engl.indd   196 13.08.2008   21:23:5413.08.2008   21:23:54



SUBMARINE CABLES  197

and in consequence the whole cable rolled to the bottom 
without the possibility of arresting it. When a second 
attempt in 1856 also miscarried, he retired from the under-
taking, which was then taken up by Newall & Co. Th e latter 
contracted with my fi rm for the delivery of the electric 
apparatus, and requested me to undertake the electrical 
testing during and aft er the laying.

Th is fi rst laying of a deep-sea cable was both interesting 
and instructive to me. In Genoa at the beginning of Sep-
tember 1857, with an assistant and the necessary electrical 
apparatus, I went on board a Sardinian corvette, which was 
to accompany the expedition and take us to Bona, where 
the steamship laden with the cable awaited us. It was an 
inter esting group which assembled on board the warship. 
Besides the English contractors and cable manufacturers, 
Mr. Newall and Mr. Liddell, 
there were on board several Ital-
ian savants, telegraph offi  cials, 
and naval offi  cers, among them 
the learned Admiral Lamar-
mora, a very amiable and well-

The fi rst undersea 
 cable being laid 
 between Dover and 
Calais by the steamer 
Goliath on August 28, 
1850. The line was a 
copper wire 1.8 milli-
meters thick, with a 
gutta-percha sheath 
applied by the 
 Siemens process. 
A fi sherman destroyed 
the cable the very next 
night, not realiz ing 
what it was. On 
 September 25, 1851, 
J. Brett laid a new, 
heavily armored cable 
41 kilometers long, 
built by Newall & Co. 
The same company 
also delivered the 
 Kron stadt cable to 
Carl Siemens, and 
 engaged Werner von 
Siemens in 1856 to act 
as scientifi c consultant 
for the Cagliari–Bona 
cable.

Werner to Carl, June 5, 1856

On the seventh Newall and Gordon are coming from 
England and William from Paris. An important 
agreement is envisaged concerning submarine cables, 
and projects in England and the Colonies . . .
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instructed offi  cer, brother of the well-known 
General La marmora; in addition there were 
several French telegraph offi  cials, in particu-
lar the well-known engineer Delamarche, who 
were com missioned by their government to be 
pre sent at the laying of the cable.

During the passage to the island of Sardinia, which 
was favored by gloriously calm weather, the party discussed 
the methods which should be adopted in laying the cable, 
in order to avoid the failure of previous attempts. Messrs. 
Newall and Liddell declared that in laying their wire to the 
Crimea they had found it best to proceed quickly, and let 
the cable run out without check, so that it would sink slowly 
to the bottom without any strain. Th ey had indeed as a 
 precaution provided a powerful brake wheel, to regulate the 
speed of the cable, but that would hardly be necessary if the 
ship was going fast. Th is theory of Mr. Liddell was strongly 
opposed by M. Delamarche, who had been present at the 
unfortunate attempts of Mr. Brett, and had now adopted the 
theory that the cable must perforce assume the form of a 
catenary curve in deep water, and under any circumstances 
break.

I had originally intended to abstain from interfering in 
the mechanical part of the proceedings, but it appeared to 
me so utterly impossible to lay a heavy cable, having a 
weight in water of at least 2 kilograms, at a depth of more 
than 3,000 meters (as was the case between Sardinia and 
Bona), in the manner intended by Messrs. Newall & Liddell, 
that I spoke very earnestly against the proposal. On the 
other hand, I could not share the fears of M. Delamarche, 
and there ensued a warm discussion between Mr. Liddell, 
M. Delamarche, and myself, in which I expounded the 
 theory which was subsequently universally adopted. It con-
sists in holding back the cable by brake apparatus with a 
force which corresponds to the weight of a piece of cable in 
water reaching perpendicularly to the bottom. With a uni-

CROSS-SECTION 
THROUGH THE FIRST 
DEEP-SEA CABLE from 
Cagliari, Sardinia, 
to Bona, Algeria, 1857.
Fig. 245: Deep-sea 
 cable; 
Fig. 246: Coastal 
 cable.
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form motion of the ship the cable then sinks in 
a straight line, the inclination of which depends 
on the ship’s speed and the velocity of sub-
sidence of a horizontal piece of cable in the 
water. If the sinking portion of the cable is not perfectly 
 balanced by the force of the brake, a sliding down of the 
cable occurs at the same time on the inclined plane formed 
by itself; it is therefore possible to regulate by the brake 
the extra amount of cable that is required to lay the cable 
without strain over the unevenness of the bottom.

Th is simple theory met with the universal approval of 
the company. Mr. Newall too came over at last to my view, 
and requested me to assist him in the preparations for lay-
ing the cable in accordance with my theory. It was, however, 
diffi  cult to do this on the spur of the moment. Th e brake 
which, on arrival at Bona, we found on the waiting cable 
ship proved much too weak for balancing the weight of the 
cable at great depths. Moreover, the steam power of the ship 
was too small to overcome the great force with which the 
cable would endeavor to slide down the inclined plane. 
Finally, there was no contrivance for measuring this force, 
and for determining accordingly the amount of the brake 
action required. I fi rst had a simple dynamometer con-
structed by the car penter, which rendered it possible to 
ascertain the extent of the actual strain on the cable while it 
is paid out, by the amount of fl exion of a length of the cable 
stretched over two rollers, between which a third weighted 
roller rides on the cable. Furthermore, I had the brake wheel 
strengthened as far as possible, and furnished with strong 
water boxes. Lastly, I caused the captain of the warship to 
pass a tow rope from his vessel to the bows of the cable ship, 
in order to obtain the requisite force for overcoming the 
backward drag exerted by the cable.

Th us barely provided, we began in the evening* the lay-
ing of the cable from Bona. As long as the water was shallow 
all went well, and my precautions were soon deemed super-

The cable brake 
with dynamometer, 
 designed by Werner 
von Siemens for the 
Cagliari–Bona 
 Mediterranean cable 
in 1857.

* Of September 7, 
1857
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fl uous. Aft er a few hours, when we got into much deeper 
water, it appeared, however, that the attainable brake force 
was not suffi  cient. We paid out too much cable and, when 
morning dawned, had already used more than a third of 
the cable, although a fi ft h of the distance had not been tra-
versed. It was still just possible with the cable end to reach a 
shallow spot near the island of Sardinia, if the cable could 
from now on be paid out without any excess whatever. At 
the request of Mr. Newall I undertook to try this, on con-
dition that the management was entirely left  to me. I now 
loaded the brake with all the weights which were to be found 
on the ship. Even fi lled water tubs from the galley were 
 requisitioned. At last the load suffi  ced, without the brake 
giving way. We now laid according to the statement of the 
measurements, without “slack,” as the English say, i.e., with-
out using more cable than exactly answered to the length of 
the seabed. Th e cable was always pretty near the breaking 
point, as was proved by the fact that several times one of the 
thick sheathing wires snapped, whereby the cable ran con-
siderable risk. But by the adoption of prompt measures a 
fracture of the cable was averted, and when the sun set, and 
the cable end in the ship was almost reached, my dynamo m-
eter luckily indicated shallow water, and we were at the 
goal.

Th e joy was general and intense, and even Mr. Liddell 
congratulated me on the success achieved.

Th is was the fi rst cable which was successfully laid in 
deep water, i.e., at a depth of more than 1,000 fathoms.* Th e 
laying of such heavy cables with many conductors has since 
been abandoned for long cable lines in deep water, because 
the diffi  culty of laying is too great, and because adjacent 
conducting wires interfere with one another by induction. 
Th is cable laying was for me, therefore, all the more instruc-
tive, and certainly also the more exciting and strenuous.

Th e cable must pass out of the ship’s hold, in which it is 
carefully coiled around a cone, over the brake wheel and 

* 1 fathom = usually 
6 feet, but the size of 
the fathom varied 
 historically and was 
at times as little as 
5 feet.
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under the roller of the dynamometer, day and night with-
out any stoppage, which is always dangerous in deep water. 
Every stoppage is a source of great danger, since the progress 
of the ship cannot be checked with suffi  cient celerity. At the 
same time the brake force must be carefully regulated in 
proportion to the depth of water, and to the velocity with 
which the ship is moving, otherwise the cable is either need-
lessly wasted, or it is strained at the bottom. Furthermore, 
the electrical quality of the insulated core must be unceas-
ingly tested, in order that the occurrence of a fault in the 
freshly immersed parts of the cable may be immediately 
detected. In such a case the laying must be at once sus-
pended, and the last laid portion of the cable taken back 
again to repair the defect.

Th e continuous mental strain, and the consciousness 
that any error committed may occasion the loss of the whole 
cable, makes the laying of a deep-sea cable a very anxious, 
and, for a length of time, thoroughly exhausting aff air for all 
concerned, and especially for the leader of the undertaking. 
Toward the end of the foregoing work, in which I would not 
allow myself a moment’s rest and refreshment, I could only 
keep myself awake by frequently taking strong black coff ee, 
and required several days to recover my strength.

Th is cable laying took me for the fi rst time into southern 
regions. During the whole time we had splendid weather, 
and I enjoyed to the utmost the charms of the Mediter-
ranean, with its deep blue water, its dazzling white wave 
crests, and its refreshing air, of which we could never inhale 
enough, on the beautiful voyage from Genoa to Cagliari, 
and from there to Bona in Algeria. A surprising sight was 
aff orded by the stout castle of Cagliari, loft ily situated and 
entirely girdled by high-grown aloe bushes in full bloom. 
On the advice of the friendly captain of the corvette we did 
not remain in the harbor on account of the fever, but passed 
the night in the court of the ruined castle. Th is glorious 
night under the starry sky of Italy, high above the sea break-
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ing upon the rocky coast in the moonlight, has never faded 
from my memory.

Th e electrical testings carried out during the laying 
showed that the insulation of all the conductors of the cable 
was imperfect, but on the completion of the line in the 
 following year, in the case of three of them, it satisfi ed 
the conditions of the contract, which required only that 
the loss of current should not exceed a certain percentage. 
Th e fourth conductor contained a more serious fault, and 
the taking over of the cable was therefore refused. How ever, 
it was possible by a suitable electrical manipulation – con-
tinuous treatment with an exclusively positive current – so 
far to lessen the defect that the cable had to be taken over.

Th e theory of cable laying expounded on the above 
oc casion I only made public in the year 1874 through the 
medium of a paper entitled “Beiträge zur Th eorie der 
Legung und Untersuchung submariner Telegraphenleitun-
gen” (Contributions to the Th eory of Laying and Testing 
Submarine Telegraph Cables), submitted to the Berlin 
 Academy of Sciences. I have preserved among my papers 
the copy of a letter in which on my return I explained my 
theory to the aforementioned Mr. Gordon, partner in the 
fi rm of Newall & Co. I shall insert this letter here, as it 
forms the fi rst detailed communication on my theory of 
cable laying.

Berlin, September 26, 1857
Dear Gordon,

Returning yesterday from my journey, I found your letter of 
the seventeenth.

First I will give you some particulars from the report 
made by engineer Viechelmann, who has today returned 
from Bona.

Th ere is no doubt that wire No. 1 is injured, and that the 
injury lies in the neighborhood of the African coast, and 
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consists in the wire being in con ducting connection with the 
water. It is not improbable that the defect exists where the 
shore end is joined to the thinner cable. It has not been pos-
sible to determine the precise place, as it is uncertain how 
much resistance the connection has between the conductor 
and the water. Th e place can, however, lie no farther than 
four German miles from the land, but is probably much 
nearer.

Th rough the amount of the charge and by determina-
tions of the resistance in the metallic circuit according to 
the accompanying sketch (Figure 1) the situation of the fault 
may be more precisely determined, if you will make the 
attempt to take up the wire again from Bona. m and n are 
the two coils of a diff erential galvanometer, and w a rheo-
stat. By its means resistance is inter posed, until the currents 
through the two coils m and n are of equal strength and 
the needle stands at zero. Th en the fault f lies (electrically) 
 midway, and the distance from the coast can be calculated.

With well-insulated wires this can be done 
with perfect exactitude; with badly insulated 
ones, such as the Bona cable, at any rate ap-
 proximately correctly. – Mr. Viechelmann has 
left  the apparatus in the customshouse of 
 Marseilles at your disposal. In the telegraph 
offi  ce there lies a letter from Vie chelmann to 
Newall, in which the authority for its delivery is 
contained.

As regards the theory of cable laying, the 
following is my view.

If A B (Figure 2) represents a fl exible piece 
of cable, which is attached to the sky by a 
weightless wire B C, the cable will fall to the 
ground, without being able to deviate from 
the straight line in the suspended part, as at 
every point it falls with equal velocity. m n, o p 
are of equal length. Every point falls with equal Fig. 2

Fig. 1
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velocity, and the new connecting line n p must again be a 
straight one. Th e active force pulling upon the wire B C 
 during the fall is K = Q º sin α, if Q is the weight of the 
 suspended cable in the water, or the weight of a piece 
of cable B D, hanging vertically downward, since A B º sin 
α = B D.

If the force K is less than is necessary for equilibrium, 
the cable slides back toward A, and the terminal velocity is 
reached, when the friction in the water is equal to the lack-
ing force. If on the contrary K is greater than necessary, the 
cable acquires a velocity toward B, consequently the loss, 
i.e., the diff erence of the lengths A B and A D, is picked up 
again, and the cable places itself in a straight line, thus with-
out loss, on the ground. Th e angle α is accordingly quite 
independent of the amount of the force K. It simply indi-
cates the proportion of the velocity of sinking to the 
progressive motion of the ship. For if the cable end B instead 
of being attached to the weightless wire B C is carried over a 
pulley, and the pulley moves with the ship from B to E, while 
the cable falls the distance m n, and fi nally if the cable is 
kept back with the force K, there is no change at all in the 
conditions of equi librium. If the brake, which detains the 
cable, is so applied that equilibrium is just attained, thus K = 
Q º sin α, the cable has no axial velocity whatever; it falls 
perpendicularly, and there is the loss corresponding to the 
angle. If K is greater, the cable is laid with little or no loss, if 
K is smaller, the loss may be very great. Th e quicker in the 
latter case the motion of the ship, the longer does A B 
become, the greater consequently the friction in the water 
and the smaller the loss. If on the other hand the force K 
becomes greater than is necessary for equilibrium, the loss 
can easily be made up, and the cable then forms a catenary 
curve. If the transitions are rapid, the whole velocity, which 
the cable has acquired aft er applying the brake on distur-
bance of the equilibrium, acts in the direction A B, and 
tends to strain the cable. When one considers the great mass 
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of the suspended cable, it is clear that these axial velocities 
of the cable may easily cause a fracture. Th e only safe guide 
is the proportion of the ship’s velocity to the velocity of the 
cable. – Moreover, the ocean currents must be taken into 
account, especially if they fl ow in various directions. If the 
current is everywhere equable, and extends to the bed of the 
sea, it only produces an additional expenditure of cable. 
With equilibrium of the force K the cable settles down in 
the diagonal of the parallelepiped, instead of in the diagonal 
of the parallelogram, and the cable length bears the same 
proportion to the distance traversed as the diagonal of the 
parallelepiped, whose sides are the ship’s motion, the depth 
of water, and the simultaneous velocity of current, bears to 
the ship’s motion. Very violent action on a tightly laid cable 
may, however, be exerted by variable currents, as the cable 
has then to resist the pressure of the water in the form of the 
catenary curve. Lastly, the rising and falling, as well as the 
lateral, movements of the ship form forces of importance, 
threatening the fracture of the cable, unless the uncoiling 
apparatus is very light, or a compensation can be eff ected 
whereby the cable may be lengthened or shortened behind 
the brake, so that no  acceleration of the mass takes place. 
Th e mechanism [dyna mometer] which I propose for deter-
mining and regulating the tractive force exerted on the cable 
is easily calculated as under Figure 3:

I have asked Löffler to calculate a table 
in accordance with this formula, of which, 
however, I am not yet in possession, as L. is still 
in Cologne. e was, as you state, 25 feet, i.e., 
8.42 meters. Th e weight Q was 160 kilograms, 
according to the statement of Newall’s people, 
who weighed it. You seem in your approxi-
mative formula to have taken pounds in-
stead; your values are therefore only about half 
those I have in my memory. Th e apparatus 
was constructed of wood the evening before Fig. 3
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the laying. Previously, Mr. Liddell seemed not to be in favor 
of it, and I did not wish to obtrude myself aft er having made 
my proposal. In the fi rst night the frame had become warped 
through the wet, and the place where the height was mea-
sured was about 2 feet lower than the other. A trustworthy 
measurement with an apparatus so crudely and hurriedly 
made and calculated is therefore out of the question.

Th at soon aft er the commencement of the laying much 
cable was wasted was clear. I therefore at once proposed a 
stronger loading of the brake, but could not have my way. 
Undoubtedly there were moments when the cable line was 
almost straight, although in the ordinary course there was 
a depression of from 4 to 5 inches, and one such moment 
might have suffi  ced to break the cable. Th e brake was also 
too weak, and I was always in mortal terror lest, with the 
load of at least 5 hundredweight, which subsequently, when 
Newall left  the matter in my hands, was applied, it should 
give way. As the cable would have been irrecoverably lost 
if the brake had given way, it certainly required a prodi-
gious resolution to justify loading it in this manner. It is 
certain that we strained the cable too severely on the follow-
ing day. We certainly laid it without any loss whatever, 
and perhaps already had some catenary curve force in the 
cable. Th is was owing to the circumstance that nobody 
knew how fast the vessel was going. Newall and Liddell 
thought we were not making 5 knots an hour, whereas in 
fact we had made 71/2. As the cable ran off  with the velocity 
of 71/2 knots, I could only conclude that the waste was still 
too great for reaching shallow water; was obliged therefore 
to continue the loading. Th us there were moments when the 
loading reached quite 6 tons, and the fl uctuations were even 
greater.

Th at there was no regular log in the ship was a serious 
misfortune, and might easily have had for its consequence 
the loss of the cable. Th e greatest danger in cable laying 
always consists in the snapping of single wires. Th at under 
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the circumstances we came off  as we did is a real marvel. I 
should not advise attempting a cable laying in deep water 
without having previously subjected the wire in its whole 
length to a maximum strain, never to be exceeded in the 
actual laying.

I have communicated a plan to Newall how this is very 
easily to be done. Th en faulty weldings will be disclosed by 
rupture, and one may feel pretty safe aft erward. Further-
more, a dynamometer of solid iron must be constructed 
with an accurate scale, and in such a way that with the 
 maximum loading there still remains a defl ection of at least 
one foot. It is better to make use of a well-made spring than 
a weight, so that the fl uctuations of the apparatus may be as 
small as possible. It would also be very advisable to carry 
the wire behind the brake over two fi xed and one movable 
pulley, the latter being pulled down by a weight or better 
still by a very strong spiral spring. Th e up-and-down move-
ments of the ship are thereby rendered innocuous.

September 28

As Löffl  er has not yet returned, I can communicate to you 
nothing defi nite in regard to the calculated forces. You are 
quite right that the assumed forces are not justifi ed by the 
depths alone. I believe we may go to half the depth for which 
a cable can support itself with tolerable safety, and to a third 
with great safety. Up to a fi ft h of the depth 5 to 10%, and 
to a third of it 10 to 15% slack may give suffi  cient safety, 
if the weather is favorable. At greater depths the loss must 
be considerably more. Newall’s plan of retarding the sinking 
of the cable by shields is wrong in principle. Th e cable must 
sink as quickly as possible on account of the currents. With 
moderate depths it is more advantageous to take back the 
slack by somewhat greater loading of the brake. If the depth 
is greater than 1/3 to 1/2 of the minimum strength of the 
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cable, the sliding back of the cable must be slackened as far 
as possible by discs attached at right angles to the cable. I 
believe these are best made of sheet iron. A few large ones 
are far more eff ective than many small ones. Th e attachment 
can be eff ected in many ways. One must then proceed as 
quickly as possible, in order to keep the angle acute. – For 
the measurement of velocity I am now having an electrical 
apparatus made which turns a large indicator by the side of 
the brake. Th e brake wheel must indicate in the same way, 
so that at any moment the proportion of the velocity and 
of the exerted force may be known. Th e vessel must be 
well lighted, and the breaking of the wires must especially 
be kept in view. Th at the two wire fractures did not entail 
the loss of the cable was a piece of luck such as seldom 
occurs. – Altogether, I think you have all reason to be satis-
fi ed with the result. I do not consider it diffi  cult to recover 
the cable end. I likewise consider the repairing of the fourth 
injured wire feasible, if it is of importance to you. Th is 
granted, you have bought the experience and a right theory 
of laying cheap enough. If you choose to avail yourself of 
my proposals, you will in future be able to undertake a 
 laying in perfect peace of mind and soon recoup yourself 
for past losses. With your new brake you should, however, 
make the experiment of severing the cable with a maximum 
strain. Mr. Newall told me before the arrival of the Elba 
that he could fracture the cable with his brake, but although 
on the day of laying we had lengthened the lever of the brake 
by a half, and had suspended at least twice as many weights 
as the lever and iron band could reasonably be supposed to 
stand, yet we had not reached such a force by a long way, 
apart from the great forces which were exerted during fl uc-
tuations and in the fi rst mishap.

With my own experiments I have unfortunately not suc-
ceeded much better than in England. I see, however, that 
one can certainly signal better in a metallic than in a semi-
metallic circuit, and that it is impossible with long lines to 
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signal through more than a single wire. Th e future belongs 
therefore to the metallic circuit, and the patent will be re -
munerative. I see further that our present construction of 
the induction telegraph acts remarkably well and accurately, 
and that several submarine translation stations may at plea-
sure be set up with absolute certainty, that thus, e.g., there 
may be direct communi cation between England and India. 
Your apparatus for Malta–Corfu are dispatched today. I am 
quite sure that they will do their work well. According to my 
present experience the inductors might have been smaller 
and therefore cheaper, but it is better to err on the safe side. 
Such fi ne and solid apparatus have never before been turned 
out in our workshops. Th e contacts have given the greatest 
trouble. Platinum burns too quickly with strong primary 
currents; we were therefore obliged to use everywhere an 
alloy of gold and platinum, which with thick pieces has its 
diffi  culties. Perhaps you will get along with half the induc-
tors on the Malta line (one coil). You will thereby eff ect a 
consid erable saving, as the great quantity of silk-covered 
wire is expensive.

I beg you to let me know in good time when and where 
you wish to have the mechanic, and whether you think one 
enough. I think you should have plenty of intelligent assist-
ants at your disposal, for any error may be very dangerous 
even with the best preparation.

I send this letter direct to Birkenhead, where I imagine you 
still to be, and where William intended to visit you; may I ask 
you to let William have a look at it?

Would it not be better to defer your Malta line to the 
winter, when you can more certainly reckon on calm 
weather? – October is said to be a very dangerous month 
there, and the atmosphere does not become quieter before 
December.

With sincere regards, W. Siemens
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Th e experience I acquired in the laying of the 
cable between Cagliari and Bona really con-
vinced me, as expressed in the foregoing letter, 
that submarine cables of the right construction 
and carefully made could be laid in any depth of 
water, and then also promised long and certain 
service. I therefore took especial pains to over-
come the existing diffi  culties. For that purpose it 
was necessary to establish a systematic super-
vision of the manufacture of the cable, in order 

to obtain the certainty that no defect existed in the whole 
cable stored in the ship’s hold. Th is could only be eff ected 
by making the testing instru ments suffi  ciently sensitive for 
measuring the insulating quality of the gutta-percha itself 
employed and indicating the same in fi gures.

When the insulation resistance of the conducting wires 
coated with this gutta-percha had then in a similar manner 
been determined in fi gures, they were faultlessly insulated, 
provided the measured result agreed with the calculated. If 
the resistance of the conductor of the complete cable was 
not greater, and the resistance of the insulator of the same 
not less than that ascertained by calculation, the cable might 
be regarded as faultless.

It was not to be expected that such exact testings could 
be carried out by measuring currents. For determining the 
position of faults, for which I had as early as 1850 found and 
published the necessary formulae, the inexact current mea-
surements were also insuffi  cient. It was necessary therefore 
to have recourse to measurements of resistance, but for that 
there were still wanting good practical methods of measure-
ment, and especially a fi xed standard of resistance. Finally, 
the knowledge of the physical properties of the jar wires, as 
I had termed the underground conductors on account of 
their property of acting as large Leyden jars, was still too 
undeveloped for planning long submarine lines without risk 
of failure.

POLARIZED RELAY, 1859.
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I had been intently occupied 
with the study of these questions 
since 1850. My labors belonged 
to the time when the great inves-
tigator Faraday astonished the 
scientifi c world with his funda-
mental discoveries. In Germa -
ny, however, many of Faraday’s 
views, particularly those of elec-
trical distribution by molecu lar 
induction, obtained but little 
credence, being incompatible 
with prevailing theories. Th is induced me to study, without 
regard to existing theories, the question of electrostatic 
induction, which according to my earlier experience was 
of extreme importance for telegraphy. I fi nally obtained a 
complete confi rmation of the views of Faraday, for the cor-
rectness of which I was fortunate enough to fi nd new proofs. 
Unhappily being oft entimes inter rupted in my labors by my 
strenuous technical activity, I could not conclude my ex -
periments before the spring of 1857, when I summarized 
their results in a paper published in Poggendorff ’s Annalen, 
“Über die elektrostatische Induk tion und die Verzögerung 
des Stromes in Flaschendrähten” (On Electrostatic Induc-
tion and Retardation of the Current in Cores).

It became clear to me from these experiments that only 
by employing short intermittent currents was there any 
prospect of corresponding quickly on longer cable lines. 
In a paper published in 1857,* “Der Induktions-Schreib-
telegraph von Siemens & Halske” (Siemens and Halske’s 
Induction Writer) I described the mechanical expedients 
for accomplishing this task. Th ey consisted essentially of a 
magnetically polarized relay, which was so con structed that 
its armature, when moved by a short impulse of current to 
the contact, remained attached to this, until a short current 
in the opposite direction carried it back to the insulated 

Werner to Carl, July 26, 1857
. . . We shall simply have to establish a small works 
and a branch in London. Only in this way have we 
any prospect of getting the subma rine lines com-
pletely in our hands and fi nding a market for our 
appa ratus. Newall & Co. and William wish to come 
in as partners. Th e fi rm Siemens, Halske & Co. 
 Without William’s direction it would not work and 
Newall’s participation ensures us of his goodwill and 
thus of the submarine lines almost exclu sively made 
by him. I have promised to take part in the laying 
between Bona and Sardinia next month and to set 
up the apparatus . . .

* Th e paper was 
 published in 1856.
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stop. Th e short intermittent currents were generated in the 
secondary coil of an inductor by the telegraphic currents 
being sent through the primary coils of the same. When in 
the same year – 1857 – Messrs. Newall & Co. laid a cable 
line from Cagliari to Malta and Corfu, I furnished the sta-
tions of this line with such induction writing-telegraphs. 
A translation station was erected on the island of Malta, 
which made it possible to correspond by the thin cable 
direct between Cagliari and Corfu with satis factory speed. 
In order to secure the good insulation of this as well as of 
other lines, which were to be laid in the eastern part of 
the Mediterranean, my fi rm undertook the electrical testing 
of the insulated conductors in the cable works of Messrs. 
Newall & Co. at Birkenhead. A talented young man, Mr.
F. Jenkin, who aft erward made a name as an electrician, was 
assigned me as assistant.

Th e cable line through the Red Sea and Indian Ocean 
from Suez to Kurrachee in India (today Karachi, Pakistan), 
the execution of which had been entrusted to the fi rm of 
Newall & Co., brought me a very interesting task. My fi rm 
undertook for the latter the electrical supervision of the 
 laying of this cable, as well as the furnishing and setting up 
of the necessary instruments. Th e most important of the 
cable lines laid up to that time, that from Sardinia to Corfu, 
about 700 nautical miles long, hardly aff orded a standard 

for the construction and working of a line of 
3,500 nautical miles in length, such as the pro-
posed cable line to India. According to previous 
experience, it was possible by intermittent cur-
rents to work lines 700 nautical miles in length 
with safety and suffi  cient power.

Th ere were, accordingly, four or fi ve inter-
mediate stations to be set up between Suez 
and Kurrachee, which had to be provided with 
automatic translation, so as to be able to work 
without troublesome and embarrassing man-

POLARIZED MORSE 
 INKER FOR LONG 
 UNDERSEA LINES, 1859.

umbr1_feldenkirchen_engl.indd   212umbr1_feldenkirchen_engl.indd   212 13.08.2008   21:24:0113.08.2008   21:24:01



SUBMARINE CABLES  213

ual transference of signals. Th e fi tting up of these transla-
tion stations was, however, attended with peculiar diffi  culties 
in the case of long submarine lines, as the charge left  in the 
cable produced disturbances when, as on the Corfu line, 
it was undesirable to telegraph with secondary currents. 
Th ere were practical reasons moreover, against the latter 
mode of operating, which consisted especially in the greater 
complexity of the whole arrangement. I accordingly con-
structed a new system of signaling apparatus, which was 
aft erward designated the “Red Sea system.” In this, not 
intermittent currents produced by induction, but battery 
currents of varying direction 
were employed. Th e eff ect of this 
was that at the end of every word 
an interruption of the second 
demagnetizing battery and a dis-
charge of the cable must occur, 
before the latter was again con-

A map of Arabia and 
the Red Sea, showing 
the cable line.

. . . We learn from a private letter which arrived with 
the last Levant post that this spring the laying of the 
submarine telegraph cables in the Red Sea on the 
route from Suez to Aden, a distance of 1,500 English 
miles, is to be undertaken with the greatest energy . . .
National Zeitung, March 30, 1859
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nected with the relay. For this purpose special simple con-
trivances were made use of, which were described at length 
in the account of the system which I published in 1859 
in the German-Austrian Telegraphic Journal, with the title 
“Apparate für den Betrieb langer Untersee linien” (Appara-
tus for Working Long Submarine Cables). In the fi rst part 
of the line between Suez and Aden, which was laid in the 
spring of 1859, such translation stations were established at 
Cosseir and Suakim. Th ey acted in a very reliable and satis-
factory manner, so that it was possible to correspond with 
the Morse key provided with discharging contact as quickly 
as on land lines, while by excluding translation stations it 
was only possible to make oneself understood very slowly 
on the line of 1,400 nautical miles in length.

During my stay in Aden, however, I succeeded by a pecu-
liar expedient in communicating quickly and certainly by 
the direct line also, and in rendering the intermediate trans-
lation stations superfl uous. Th rough the study of the electric 
properties of underground conductors it had become clear 
to me that all the secondary currents, which confuse the 
 telegraph signals, could best be avoided if defi nite amounts 
of positive and negative electricity in proportion to the 
capacity of the cable were suddenly sent to the delivering 
end of the cable, and likewise at the receiving station only 
defi nite quantities of electricity were allowed to leave the 
cable. At fi rst I thought to be able to attain this by the inter-
calation of a polarizing battery, possessing such a large 

The two cable laying 
ships Impera triz and 
Imperador, festively 
deco rated, after their 
arrival in the Gulf of 
Aden on May 28, 1859. 
The cable, brought on 
land, ran for about 
 an other half mile 
 underground to the 
station in Aden.
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number of elements and so small a surface of electrodes 
that the quantity of electricity necessary for reversing the 
battery just suffi  ced for moving the relay bar. I had brought 
with me such a polarizing battery of 150 platinum elements, 
but found that the resistance of the battery did almost as 
much harm as the polarizing action did good. Th e fortunate 
circumstance, however, came to my assistance that the rem-
nant of the cable of 150 nautical miles or so had been 
submerged from Aden, to be subsequently utilized for 
the further ex tension of the line. Th is was an electric 
 condenser, which could accomplish, without the injurious 
resistance of the polarizing battery, what I had expected 
of the latter. I therefore had the more remote end of the 
cable insulated, when the laying was completed, and used 
the cable as an earth connection. Th e result was brilliant 
beyond expectation. Th e Morse writing could now not only 
be received direct from Suez without any diffi  culty, but 
to my surprise could also be sent there without lessening 
the speed of the signaling.

Th is was the fi rst employment of the condenser in sub-
marine telegraphy, without which it would not have been 
possible to communicate on the long Atlantic 
lines with the speed and certainty now permit-
ted by Th omson’s mirror galvanometers. Instead 
of insulated lengths of cable, paper or mica con-
densers are now made use of, which we did not 
possess at that time.

As regards the laying itself, I had introduced 
a systematic method for the control of the elec-
tric properties of the cable, which excluded all 
uncertainties and misunderstandings. A clock 
was set up at the starting point which automa t-
ically insulated the end of the cable at defi nite 
intervals of time, then connected it with the 
earth, and fi nally with the telegraphic apparatus. 
Th e ship could therefore carry out all the mea-

A 1-OHM STANDARD 
RESISTOR USING 
 MERCURY (1,063 mm 
at 0°C).
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surements without the cooperation of the land station, and 
the same held good of the land station, which continuously 
telegraphed its measuring results to the vessel, so that the 
latter possessed the requisite data for calculating accord-
ing to my formulae the situation of any suddenly occurring 
fault. Th is supervising method turned out to be extremely 
necessary, for the notoriously high temperature of the 
Red Sea soft ened the gutta-percha and thereby produced 
numerous faults. In spite of all the care that had been taken 
for their removal, it appeared on arriving in Aden that a 
defect – fortunately considerable, and therefore easily dis-
coverable – existed in the cable, which rendered communi-
cation with the preceding station, Suakim, impossible. Th e 
determination of the fault from Aden yielded the result that 
the defect was somewhere in the vicinity, i.e., in the Straits 
of Bab-el-Mandeb. Although Mr. Newall and his engineers 
had not much confi dence in my determination of the posi-

Loading cable onto 
the Agamem non 
in Plymouth Harbor, 
England, 1858 
 (illustration from 
Gerald Garratt, 
One Hundred Years 
of Submarine Cables, 
London, 1950).
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tion of the fault, yet the cable was fi shed up and cut close 
behind the place I had indicated, whereupon to the general 
surprise and joy it appeared that the part of the cable con-
nected with Suakim was sound. Th e fault was situated 
almost exactly at the calculated place, and was removed 
aft er inserting a short piece of new cable.

Th rough this successful incident the “scientifi c humbug” 
had come all at once to honor. Success was rendered possi-
ble by my having entirely substituted resistance measure-
ments for current measurements. A fi xed standard of the 
resistance to electrical conductions did not then exist. Jacobi 
had indeed tried to introduce a purely empirical standard 
as a general measure of resistance by sending to scientists 
and mechanicians pieces of copper wire of equal resistance, 
recommending them to take this resistance generally as 
unit. But it soon appeared that the resistances varied, and 
repeated copying magnifi ed the variations by a large per-
centage. My fi rm had up to that time taken the resistance 
of a German mile of copper wire of 1 millimeter diameter 
as unit, and produced graduated scales of resistance on the 
basis of this unit. It appeared, however, that the copper itself 
with the utmost possible purity had essentially diff erent 
specifi c resistance, and changed its resistance in the course 
of time. To adopt the absolute unit of Weber as a funda-
mental standard was rendered impossible by the then state 
of electrical measurement, which at the time made agree-
ment on the various productions of this unit unattainable. 
Under these circumstances I resolved to make pure mercury 
the basis of a reproducible standard of resistance, and pro-
posed to take the resistance of a mercurial prism of 1 square 
millimeter in cross section and 1 meter in length at the 
freezing point of water as the unit of resistance. I shall return 
to this standard of resistance in the description of my papers 
on this subject, and shall only remark here that the scales of 
resistance with the mercury unit, regulated according to the 
weight system, prepared by my fi rm, proved extremely use-
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ful in laying the cable from Suez to Aden, and for the fi rst 
time made reliable determinations of faults possible.

Th e cable laying in the Red Sea was also rich in interest-
ing personal experiences for myself. Th e very day aft er 
embarking at Trieste at the beginning of April, I was for-
tunate enough to witness a splendid zodiacal light in the 
evening sky. Scientists contended then, and still contend, 
concerning the cause of this phenomenon. I believe those 
to be correct who see in the zodiacal light a proof that the 
air, charged with aqueous vapor and rising in the equatorial 
zone with increased velocity, forms a high ring above this 
zone, which is further enhanced by the eff ect of centrifugal 
force. Th e appearance answered to the descriptions one sees 
in manuals of physics, and lasted about an hour before it 
became quite extinct.

Aft er an agreeable, calm passage we arrived in splendid 
weather at Corfu, where we stopped several hours, and had 

Loading a cable onto 
the Agamem non. 
 Undated drawing.
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time to make acquaintance with the interesting town and 
its splendid surroundings. At that time the Ionian islands 
belonged to England. When aft er a number of years I again 
visited Corfu, it had meanwhile passed into the hands of 
the Greeks, and the town appeared to me considerably 
decayed and poverty-stricken compared with its former 
appear ance. In the fi nest weather we sailed through the Adri-
atic and Mediterranean, so rich in historical associations, 
disembarked at Alexandria and traveled by the recently 
opened railway to Cairo, where we stopped a few days to give 
the ship Agamemnon, laden with the cable, and which had 
made the journey around the Cape of Good Hope, the neces-
sary time to arrive in Suez.

I used this opportunity for an inspection of the town, which 
interested me and my engineers in the highest degree by 
its rich historical monuments and as the point of junction of 

The Pyramid of 
Cheops and the 
Sphinx at Giza. 
 Undated.
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the civilizations of Europe and 
Asia. When on April 14, we 
visit ed the pyramid of Cheops, 
we had the good fortune to 
observe on its apex an interest ing 
physical phenomenon, of which 
I subsequently gave an account 
in Poggendorff ’s Annalen under 
the title “Beschreibung unge-
wöhnlich starker elektrischer 
Erscheinungen auf der Cheops-
Pyramide bei Kairo wäh rend 
des Wehens des Chamsin” (De-
scription of Unusually Strong 
Elec trical Phenomena on the 
Cheops Pyramid near Cairo 
 during the Blowing of the 
 Chamsin).

During our donkey ride from 
Cairo to the pyramid there arose 
an unusually cold desert wind, 
which was accompanied by a 
peculiar ruddy color of the hori-
zon. During our ascent or rather 

our transport by the Arabs, who always encamp by the Giza 
pyramids, and do not allow the offi  ce to be taken from them 
of carrying or rather throwing the visitors up the steps, each 
a yard high, the wind assumed a tempestlike force, so that 
it was to a certain extent diffi  cult to keep oneself upright on 
the fl attened apex of the pyramid. Th e raised desert dust 
had now become so thick that it appeared like a white mist, 
and altogether obscured the view of the ground. It gradually 
rose higher and higher, and aft er some time enveloped even 
the summit on which I was standing with my ten engineers. 
Th en a remarkable hissing noise was heard, which could not 
have been caused by the wind itself. One of the Arabs called 

Emil Du Bois-Reymond’s letter of recommen-
dation for Werner von Siemens to the physician 
and zoologist Theodor Bilharz in Cairo
Berlin, March 16, 1859

Dear colleague,
You will certainly be pleased to become acquainted 
with the bearer of this, our famous mechanician and 
telegraph constructor, Mr. Werner Siemens, who is 
ready to go with his staff  to the Red Sea in order to 
lay the cable to Aden.
I recommend him to you not only as a German 
 countryman and scientist, that would scarcely be 
necessary, but particularly as a friend of mine, who 
took an active part in the develop ment of my work 
by the establish ment of his great workshops for elec-
tromagnetic apparatus; and on the other hand, I ask 
you as a physician who is experienced in tropical 
 climates to look aft er him on my behalf, on our be-
half, and for Germany’s sake. He is used to carrying 
his projects through with out any consideration of his 
health, and I am afraid he might contract some 
malignant intermittent fever, heatstroke or dysentery. 
Deliver him a serious and impressive lecture on this 
pleasant trilogy and provide him with some reason-
able instructions and, if possible, some remedies, 
though I am afraid he might be inclined to use them 
to excess . . .
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my attention to the fact that by raising his outstretched 
 fi nger above his head a sharp singing sound arose, which 
ceased as soon as he lowered his hand. I found this con-
fi rmed when I myself raised a fi nger above my head; at the 
same time I noticed a prickling sensation in my fi nger. Th at 
this had to do with an electrical phenomenon appeared 
from the circumstance that a slight electrical shock was felt 
when one tried to drink out of a wine bottle. By wrapping a 
piece of damp paper around it, I transformed such a fi lled 
bottle, having a metallically coated neck, into a Leyden jar, 
which was strongly charged when one held it high above 
one’s head. It was then possible to obtain loud cracking 
sparks of about 1 centimeter range. Th is established in an 
unequivocal manner the electrical properties of the desert 
wind which had already been observed before by travelers.

In the further course of our experiments I had occasion to 
prove that electricity can also be serviceable as an eff ective 
defensive weapon. Th e Arabs had at once observed with 
manifest distrust the fl ashes darting from our wine bottles. 
Th ey then held a brief council, and at a signal every one of 
my companions was laid hold of, to be forcibly transported 
down again, by the three men who had brought each of 

A depiction of the 
 argument on the Great 
Pyramid, in 1859.
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them there. I was standing just on the highest point of the 
pyramid, a large stone cube in the center of the fl attened 
 summit, when the sheik of the tribe approached, and com-
municated to me through our interpreter that the tribe had 
resolved we should immediately leave the pyramid. On 
being asked the reason, he replied that we obviously prac-
ticed  magic, and that might injure the source of their 
livelihood, the pyramid.

When I refused to comply with his request, he made a 
dash at my left  hand, while I held the right with the well-
coated bottle – in a conjuring attitude – high above my 
head. I had waited for this moment and now lowered the 
neck of the bottle slowly toward his nose. When I touched 
it I myself felt a strong concussion, to judge from which the 
sheik must have received a violent shock. He fell speechless 
to the ground, and several seconds elapsed, making me 
somewhat anxious, before with a sudden cry he raised him-
self, and sprang howling down the steps of the pyramid with 
gigantic leaps. When the Arabs perceived this, and heard 
the sheik’s continuous cry of “magic,” they one and all aban-
doned their prey and plunged aft er him. In a few minutes 
the battle was over, and we were absolute masters of the 
 pyramid. Even Napoleon had not such an easy “victory at 
the foot of the pyramids” as I had at their summit!

As the blowing of the Chamsin soon ceased, and the sun 
again brightly illuminated the imperiled pyramid, the Arabs 
recovered from their terror, and clambered up again so as 
not to lose the expected baksheesh. Even at our peaceful 
leave-taking, however, they evidently still regarded us with 
suspicion on account of our magical powers.

Nor were there wanting some small adventures by sea 
during this cable laying. Th e weather was thoroughly calm 
and fi ne, as is always the case in the Red Sea, where a rain-
fall is a great rarity; only the enervating heat was incon-
venient. My traveling thermometer indicated by day nearly 
always 100 degrees and by night 102 degrees Fahrenheit, a 
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tempe rature which with our northern strength is indeed 
borne tolerably long without diffi  culty, but which in the 
long run becomes extremely troublesome. By day, one lives 
in a perpetual confl ict with the sun, from whose rays head 
and back must be carefully protected. By night, the hoped 
for cool ing is entirely wanting. Th e splendor of the starry 
southern heavens with the truly Egyptian darkness of the 
nights is indeed imposing, but it does not make up for the 
desired refreshing breeze.

One night, as I was in my test room supervising the insu-
lation of the cable between Cosseir and Suakim, I suddenly 
heard loud shouting and violent commotion on board. 
Th e man at the ship’s prow, entrusted with the continuous 
sound ings, had fallen overboard. As the whole deck was 
well lighted with gas, many of the people busy there could 
see the man calling lustily for help in the water and throw 
him life preservers, kept ready everywhere on board. Th e 
vessel was stopped and boats put out, which disappeared 
for an uncomfortably long time in the darkness of the night. 
At last they returned triumphant. Th e man had kept him-
self afl oat by swimming, and had been lucky enough not to 
be seized by any of the numerous sharks which disport 
themselves in the Red Sea, and which are said to have an 
especial appetite for white people, while they rarely molest 
the black. He was trembling violently when brought on 
board, and had his knife still open in his hand. Questioned 
as to what had befallen him, he related that he had been 
 surrounded by a number of sharks, but luckily had been 
able to draw his knife, and defend himself till the boats 
arrived. We all felt a cold shiver at the vivid description 
of his perils and combats. Just then the boatswain stepped 
into the ring which had been formed around the man, 
and announced to the captain that some of the life preserv-
ers, which had been thrown to the unfortunate man had 
been recovered, and that curiously several of them showed 
signs of having been pierced with a knife. Th e man in his ter-
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ror had mistaken the white rings 
for sharks’ bellies – the shark, as 
is well known, turning on his 
back when preparing to snap.

Th e shark plays an important 
part in the sailor’s life in the 
 torrid zone, as he spoils the mar-
iner’s refreshing bath. Th e sailor 
therefore passionately hates him 

and tortures the animal with glee, if he succeeds in getting 
hold of one. I was witness when two powerful sharks, at 
least twelve feet long, were caught on a small fl esh-baited 
anchor and brought on board. It was rather dangerous to 
approach them. Th ey had immense strength and so tough a 
life that even aft er having been disemboweled they still 
lashed about with their tails.

When we lay at anchor in the harbor of Suakim, it was 
strictly forbidden to bathe, as very many sharks were dis-
porting themselves in the neighborhood. One evening aft er 
sunset, which is there quickly succeeded by perfect dark-
ness, we were sitting at dinner on deck, as usual, when 
suddenly “shark” was called by several voices, and at the 
same time the cry of a man for help was heard. Th e boats 
were lowered, and in the light streaming from the ship 
something could be clearly discerned moving in the water, 
which was taken for a shark. Several ran for their revolvers, 
which lay always ready, as it was a common sport to shoot at 
empty soda-water bottles thrown into the water during the 
progress of the vessel. Luckily, before the commencement of 
the cannonade it became apparent that the supposed shark 
was a sailor who, contrary to the prohibition, was taking 
a bath, and had been alarmed by his comrades’ cry of 
“shark!”

Arriving at Suakim, we soon received a visit from the 
highest offi  cials, the Turkish pasha and the governor of 
the place. Th ey were both extremely dignifi ed fi gures, 

London, June 1. Th e Red Sea telegraph cable has prob-
ably already been laid between Suez and Perim . . . 
Laying was commenced at Suez . . . From there it was 
laid to Suakim – 460 miles further. Th e next section 
is from Suakim to Perim (540 miles) and from this 
point we may soon expect telegrams from India and 
China . . .

National Zeitung, June 4, 1859
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who moved with oriental gravity, and carefully avoided all 
appearance of being astonished at anything. A carpet was 
spread for them, and chibouk and coff ee served. Th ey 
smoked and drank with dignity, without regarding us who 
were standing around them. My friend William Meyer, who 
accompanied the expedition, said “Look, Werner, what a 
splendid fellow that is with the fi ne white beard; he might 
be exhibited in Berlin for money!” To our astonishment 
the individual in question turned slowly toward us and 
said, in the purest Berlin dialect: “Oh, you speak German?” 
On our replying that we were Germans, but were surprised 
that he could speak German, he answered: “But I am from 
Berlin. Call upon me!” Th en he turned away in a dignifi ed 
manner, and took no further notice of us. Meyer called 
upon him next day, and made the acquaintance of a man 
who was thoroughly sociable when not in Turkish company. 
He had left  Berlin as journeyman tailor and set out from 
Berlin on his travels 50 years ago, was making for India 
when he was wrecked in the Red Sea off  Suakim, stayed 
there, became a Mohammedan and fi nally chief of the town. 
At the same time he had become a rich man. He showed my 
friend all his possessions, and was unwilling only, in spite 
of all requests, to show him his harem, at last earnestly for-
bidding him to speak about his wives.

When we had fi nished our business in Aden, I wished 
to return to Europe with Meyer as quickly as possible by 
the next steamer of the Peninsular and Oriental Compa-
ny, the Alma. Messrs. Newall and Gordon contemplated 
doing the same. When the steamer arrived, however, it 
was quite full, and they refused to take us. Only through an 
order of the Governor of Aden, procured by Mr. Newall, 
were we able to carry out our purpose, and then only as 
deck passengers, no cabins being vacant. We had no objec-
tion to this, as during our several months’ stay in the Red 
Sea we had always slept in our clothes on deck, since the 
heat below was insuff erable.
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On board we found arrangements of a really luxurious 
character, and an elegant social life almost to be styled epi-
curean, which contrasted strongly with our recent existence. 
Ladies and gentlemen changed their elegant toilets several 
times a day, and two bands took it in turns to lessen the 
tedium of the voyage with music. In our ragged garments 
we appeared very much out of place in this fi ne circle, and 
indeed the glances of the ladies that fell upon us betrayed 
astonishment at such an unseemly addition to the ship’s 
company. Never theless, we were presented by the fi rst lieu-
tenant to the highest in rank of the company, the English 
Ambassador to China, who had just happily succeeded in 
bringing on the Anglo-French war with China. He gra-
ciously gave us an audience, and exchanged a few words 
with each of us in our mother tongue, being rather proud of 
his own extensive linguistic acquirements and delighting 
to display them. At the approach of night each sought his 
camping place on deck, but our rest was long disturbed by 
the ladies, who could not make up their minds to return to 
the stifl ing cabins.

We had slept only a few hours 
when we were rudely awak -
ened from our dreams. A violent 
shock caused the ship to trem-
ble, two others followed still 
more violent, and when we had 
sprung up in alarm we felt the 
ship heeling over. I had luckily 
not taken off  my boots, only laid 
aside hat and spectacles. When 
I looked around for these, I per-
ceived my hat already on the way 
to the sinking ship’s side, and 
involuntarily followed it in the 
same direction. Wild,  terrifi ed, 
ear-piercing shrieks resounded 

Th is fi ne vessel, belonging to the Peninsular and 
 Oriental Steamship Company, while on her passage 
up to Suez, went on shore at about 3:00 a.m. on 
June 12, on a reef that extends nearly half a mile 
from a small rock called Moosedgerah, and about 
two miles and a half from Little Harnish. Th e Alma 
was a ship of 2,200 tons burden, her length 320 feet, 
and her horse-power 450. Moosedgerah is situated 
in latitude 14.48 north, longitude 41.54 east. Th e 
particulars of the wreck of the Alma have been too 
recently given to need recapitulation here. Our 
en graving is from a sketch by Mr. T. E. Branthwayt, 
taken on June 15, on board the Nemesis which, it 
will be remembered, rendered great assis tance to the 
passengers and crew of the Alma. 

From the newspaper Once a Week, London, 
 September 3, 1859
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on all sides, then a general clatter, as everything on deck 
was taking its course to the deep. Everybody instinctively 
made for the higher part of the ship; most were able to 
reach it. I came off  worse, having lost time in my search for 
hat and spectacles. Already the water streamed over the 
ship’s side, and warned me to think of my own safety. Th e 
deck had in a few seconds assumed so oblique a position 
that it was no longer possible to clamber up it. But necessity 
gives giant strength. Piling up chairs and tables, I managed 

The Alma is ship-
wrecked on a coral 
reef south of the 
Harnish Islands 
 (illustration from 
Once a Week, 
 London, September 3, 
1859).
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to reach a rope, visible in the bright moonlight, which hung 
down from the elevated part of the ship, and to climb up 
with its assistance.

Above, I found almost the whole ship’s company al ready 
assembled, and awaiting with admirable composure the 
development of the drama. Th en women’s faint cries for 
help broke the stillness of the night, and someone called out 
that there were still many ladies in the already half-fl ooded 
cabins. Everybody was ready to assist in rescuing them, but 
this was very diffi  cult to accomplish, as the smooth deck, 
lying already at an angle of more than 30 degrees, no longer 
off ered a foothold. My rope now did good service. A sea-
man, familiar with the ship’s structure, let himself down to 
the entrance to the cabins, and fastened a lady to it, whom 
we then pulled up. Th at proceeded too slowly, however, 
for a large number still waited to be rescued. Accordingly, 
with the help of further ropes a living chain was soon 
formed, by which the poor trembling ladies, for the most 
part surprised in their beds by the water streaming through 
the open cabin windows, were lift ed up from hand to hand. 
If an impediment occurred anywhere, the word “stop!” was 
given, and then everybody had to sustain his burden until 
the furthering process could be continued. During one of 
these pauses in the moonlight, I beheld in the dripping lady 
anxiously clinging to me the proud young Creole whom 
we had admired at a modest distance a few hours before, 
surrounded by a crowd of adorers which her beauty had 
attracted.

Th e rapid sinking of the ship, aft er striking upon a con-
cealed coral rock, was explained by the circumstance already 
mentioned – that the cabin windows had all been open, and 
the water therefore found unimpeded access into the hold. 
Th e vessel soon lay entirely on her side, and the great ques-
tion, on which now the life or death of every living being on 
it depended, was whether it would assume a position of rest, 
or capsize and hurl us one and all into the deep.
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I erected for myself a little observatory, with the help 
of which I could note the further inclination of the ship by 
the position of a particularly brilliant star, and proclaimed 
from minute to minute the result of my observations. Th ese 
communications were awaited with great anxiety. Th e cry 
“standstill!” was greeted with short joyful murmurs, that of 
“sunk further!” answered by various doleful exclamations. 
At last no further sinking was observable, and the paralyz-
ing fear of death gave place to energetic eff orts for eff ecting 
our safety.

By the light of the moon and the glittering starry sky we 
could distinctly perceive that we had run upon a large rock, 
rising at one point tolerably high above the water, and now 
only a few hundred yards from us. Th e lifeboats fastened on 
the leeward side could be lowered without much diffi  culty, 
and then in conformity with traditional English seafaring 
practice the women and children were fi rst taken ashore. 
Th at was in truth extremely unpractical, as on the land the 
poor creatures were in a desperately helpless condition, but 
the principle had to be rigorously observed.

When at daybreak the turn of William Meyer and myself 
came, we found the ladies almost without exception in an 
extremely lamentable plight, as they were very sparingly 
clad, and for the most part shoeless. Th e rock, perhaps never 
before trodden by human foot, was everywhere covered by 
jagged coral, which drew blood from the unprotected feet. 
Here help was most needed. I belonged to the lucky ones 
who possessed boots, and had also saved my pocket knife. 
I accordingly returned with the next boat to the wreck, 
and fi shed out a thick mat of linoleum and another of fi ner 
material, with which I then opened a sandal workshop on 
shore. My friend, who had not been so fortunate as to have 
saved his boots, was the fi rst to receive a pair of sandals, 
and then in gratitude undertook to fi t the ladies crouch-
ing motionless on the ground with similar articles. He still 
remembered with delight years later the grateful glances 
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from beautiful eyes which this Samaritan service procured 
him.

But what next? On Whitsunday morning, about 500 
 persons were sitting on a bare coral rock a couple of acres or 
so in extent, and about eight leagues out of the usual ships’ 
course. We had, in the fi ne calm night, in which probably 
helmsman and lookout had fallen quietly to sleep, run on 
the notorious coral bank lying to the south of the Har-
nish Islands, which is given a wide berth by all shipping. 
We could the less depend on a chance rescue, as the total 
ab sence of drinking water rendered long waiting for help 
impossible. Th e vessel indeed had not sunk entirely, and 
we could save provisions of all kinds in suffi  cient quantity, 
but the water tank had become fi lled with seawater, and 
the distilling apparatus, which was used for producing the 
necessary freshwater, could not be lift ed out of its place. Th e 
water still found in the cabins formed therefore our sole 
supply, on whose sparing use depended the length of time 
we should be able to continue the struggle for existence.

But yet another serious danger threatened us. Th e crews 
of the fi ne large steamers of the Peninsular and Oriental 
Company, which then worked the service between Suez and 
India, consisted almost wholly of natives, as Europeans are 
not able to stand the climate in the Red Sea for any length of 
time. Among the 150 persons or thereabouts who formed 
the Alma’s crew, there were thus, with the exception of the 
ship’s offi  cers, only three or four Europeans. Th e captain was 
ill, and is said to have died from the eff ects of the excite-
ment soon aft er the shipwreck. Th e offi  cers had by their bad 
manage ment of the vessel lost the men’s respect, and could 
no longer maintain discipline among them. Th e latter be -
gan therefore to mutiny, refused obe dience, broke open the 
travelers’ trunks, and behaved rudely to the ladies. In these 
straits a sort of government came spontaneously into exis-
tence. Th e most active of the younger men, including a 
number of English offi  cers on their way home from India, 
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took possession of the old muskets with bayonets, which 
were rather for ornament than for real use in the vessel, and 
proclaimed martial law. A recalcitrant drunken sailor was 
knocked down, and on the summit of the rocky eminence a 
gallows was erected as a sign of our authority. Th ither, too, 
all the recovered provisions were taken, and a guard tent 
was set up, before which a sentinel patrolled. Th is had a 
calming eff ect and reduced the crew to submission.

It was above all things necessary to obtain protection 
from the sun, which at this time of year shone vertically 
down on the island at midday. Accordingly, a certain num-
ber began busily to occupy themselves in erecting tents with 
the help of sails and yards. Further, a kitchen was contrived, 
and the provisions, especially the water and the stock of 
beer and wine, were stored safely. In these operations Mr.
Gisborne, the leading engineer of the cable laying, was espe-
cially prominent, and exercised a sort of dictatorship on the 
island. Mr. Newall had at break of day immediately gone 
with one of the three boats which were at our disposal to 
Mokka, the nearest place on the Arabian coast, to seek assis-
tance. He did not fi nd any there, however – perhaps because 
the recent bombardment of Djedda by the English had 
caused a very unfavorable feeling toward Europeans – and 
therefore proceeded further toward the Straits of Bab-el-
Mandeb in the hope of falling in with a vessel. Th is voyage 
in a frail open boat was a bold enterprise, but our only hope 
depended on it. And in reality it succeeded, thanks to a 
splendid telescope which I had had made for my journey by 
Steinheil in Munich.

For when the English man-of-war which had left  Aden a 
few days aft er us to visit the intermediate stations and take 
off  our engineers had passed the Straits of Bab-el-Mandeb 
in the early morning, our engineer Dr. Esselbach was stand-
ing on deck, searching with my telescope the vast unbroken 
expanse. He descried a white point, which he took to be the 
sail of a European boat, as the natives use only brown sails. 
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He called it to the attention of the ship’s offi  cers, and lastly 
of the captain himself, who with my telescope convinced 
himself of the correctness of the observation, and at once 
directed his course to the white point. To the great surprise 
of everybody, this soon developed into the boat of the pas-
senger steamer well known to the seamen, and already in 
the far distance Mr. Newall was recognized by his striking 
long white beard.

Meanwhile the life on the coral rock had rolled on as 
might have been expected. From 9:00 in the morning till 
4:00 in the aft ernoon we were obliged to lie quietly under 
the roofs of our tents, to enable us the better to resist the 
glare of the sun and not to excite too great a craving for 
drink. Th en the cooking began, and we dined as well as we 
could, each of us getting on the fi rst days a small bottle of 
pale ale, as the water was reserved for the women and chil-
dren. Wine, which was also to be had, no one could stand; 
it heated the blood to such a degree that those who tried 
to drink it got ill. Th e fi rst two days all went passably well, 
but then great lassitude and despondency began to set in. 
Faithful old servants refused to perform small services, even 
though gold pieces were off ered them. Even the sheep and 
dogs, which had been brought to land, lost all vitality. Th ey 
pushed with irresistible force under the tent covers, and 
chose rather to be killed than subjected to the pitiless rays of 
the sun. Th e pigs alone excelled the human beings in endur-
ance; they explored the island without ceasing, until they 
dropped dead in their struggle for existence.

On the third day, a small number of us who still pos-
sessed suffi  cient force and self-control to perform work 
when the sun was low succeeded in breaking through the 
outer wall of the ship and obtaining access to the ice room. 
Certainly there was no longer any ice to be found there, 
but a moderate quantity still of cold water. Th is was like-
wise reserved for the numerous women and children, but 
everyone who had assisted in the work received as reward 
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a glass of cold fresh water. Many years aft er, I have oft en 
gratefully remembered that refreshing draft  when torment -
ed and parched with thirst. When the fourth day passed 
without prospect of release, dull despair took possession of 
even the stoutest-hearted. A steamship, whose smoke we 
de scried in the far distance, had gone its way without dis-
covering us. On the following morning the cry was again 
raised, “steamer in sight!” but the cry this time only awak-
ened feeble hope. Still the smoke came nearer, and the 
already slumbering vital spirits awoke anew. Th e ship now 
approached, now moved off  again; hopes began to rise that 
it was seeking us. Th en at last it seemed to perceive our sig-
nals, and steered its course straight for the island. No more 
doubting! Rescue was at hand, and its certainty made the 
almost dead alive again. We recognized our companion 
ship in the cable laying and Newall, our savior, on board.

Th e scenes that were now enacted are never to be for-
gotten. On the ship all was astir for eff ecting the landing. 
Nobody appeared to notice the many-hundred-voiced jubi-
lation that greeted the ship’s crew. Th e anchor rattled down, 
and the boats shot into the water. Th ey brought casks full 
of water, and fl at wooden vessels, which were then placed 
on land and fi lled by stout sailors’ hands. Mr. Newall had 
informed them that we were in want of water, and their fi rst 
thought was to quench our thirst. Everyone made a rush 
for the large wooden vessels and tried with hollow hand to 
scoop up the water. But that was a slow aff air, and others 
kept pressing forward. Accordingly, the head was simply 
lowered and the delicious fl uid swallowed in greedy draft s. 
Th e beasts too had scented the water and pressed forward 
with irresistible energy, although they had been lying under 
the tent covers for days as though dead. A huge ram pushed 
everybody aside, and plunged its own head into the vessel 
between that of a fair blonde and a negro, without the latter 
being at all disturbed. Pictures assuredly never to be for-
gotten by those who gazed upon them.
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As the number of about fi ve hundred passengers and 
crew was too large to be transported by the small man-of-
war, the captain determined to leave the crew on the island 
under a guard of sailors from the warship, to be kept under 
strict discipline on account of their mutinous behavior, 
but to take all the passengers on board and convey them 
to Aden. So again we arrived in Aden, packed in fearfully 
close quarters on the deck of the little ship, to fi nd that 
the telegraphic news of our arrival in Suez had been 
 anxiously awaited. By order of the governor of Aden the 
next homeward-bound passenger steamer had to take up 
almost the entire number of the shipwrecked, in spite of 
its being already overcrowded. But we gladly bore the 
in conveniences of this passage, and of the further one from 
Alexandria to Marseilles, and thanked God that we had not 
met with a tragic end on the lone coral rocks of the Harnish 
Islands.

Neither in Cairo nor in Alexandria had we leisure to 
improve our very defective outward appearances. Almost 
everyone had lost their entire baggage in the shipwreck, 
and most of us were without funds. Not until Paris, whither 
we traveled without stopping, was an opportunity aff orded 
for a fresh outfi t. We were all obliged to travel by way of 
Marseilles, as Trieste harbor was blockaded by the French, 
and the journey through Italy was impossible on account of 
the war in Lombardy. I had received the news of the decla-
ration of war by France and of the death of Alexander von 
Humboldt during the cable laying in the Red Sea. Th e sub-
sequent great political events had also been communicated 
to us through the cable, so that we had remained well 
informed of the events of the world.

For the rest, Meyer and I narrowly escaped being left  be -
hind in Malta. Th e captain of the French passenger steamer 
emphatically declared that he could take no passengers to 
Marseilles without passports, and that if we had lost our 
own in the shipwreck we must provide ourselves with 
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 passports in Malta. When the captain presented us to the 
respec tive consuls as shipwrecked persons handed over to 
him in Alexandria, all the rest received consular passports 
without any diffi  culty; the Prussian consul alone, a com-
mercial man who had settled there and been entrusted with 
this offi  ce, declared that he possessed no authorization, as 
we could produce no regular evidence of identity. Only aft er 
some stormy scenes did he give in, and we were able to 
reach the ship just before its departure.

In the following year, the Indian line was extended from 
Aden to Kurrachee, William Meyer superintending the elec-
trical arrangements. Unfortunately the line did not long 
remain in a serviceable condition. Defects of insulation, 
which impeded correspondence, already began to show 
them  selves in the Red Sea cable in the course of the exten-
sion of the line to India. Our electricians indeed attempted 
repairs, whereby all the more serious faults were removed, 
but new ones constantly made their appearance, and in the 
following year rendered the whole line unserviceable, since 
the cable in the Red Sea was held fast at the bottom by coral 

The founders of the 
 Atlantic Tele graph 
Company, which 
 commissioned the 
 laying of the fi rst 
transatlantic cable 
in 1857–1858. After 
a painting by Daniel 
Huntington, New York, 
1856.
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formations and could not therefore be raised and repaired. 
Th is unfortunate failure was mainly due to the circumstance 
that the contractors had laid the cable not in deep water in 
the middle of the sea, but in shallow water in the proximity 
of the intermediate stations near the Nubian coast, where 
the formation of coral proceeds very rapidly at the seabed. 
People had not yet come to see that with submarine cables 
not cheapness but excellence is in the fi rst place to be aimed 
at. It was apt to be forgotten that a single defect, if it cannot 
be repaired, spoils the whole cable, and that from any defect 
of insulation, however small, a greater one is sure to arise in 
course of time. Almost all the submarine cables laid in early 
days by the English – those in the Channel, in the Medi-
terranean and Red Sea, and also the fi rst Atlantic cable, 
which was laid in the summer of 1858 by the engineer 
Whitehouse aft er an unsuccessful attempt in the preceding 
year – came to grief, because in the construction and fi t-
tings, as well as in the testings and laying, correct principles 
had not been followed. It was the perception of this fact that 
led the English government in the year 1859 to entrust the 
control of the preparation and the testing of cables which it 
contemplated laying to our London fi rm. In these testings 
for the fi rst time a consistent rational system was adopted, 
which aff orded assurance that the completed cable was fault-
less, if the conductivity of the copper conductor and the 
resistance of the insulating covering corresponded exactly 
to the specifi c resistances of the materials employed. Th e 
result was that the insulation of these new cables was more 
than ten times as great as had been the case in previous sub-
marine cables.

In July 1860, my brother William and I communicated 
to the British Association, in a paper read by William en-
titled “Outline of the Principles and Practice Involved in 
Testing the Electrical Conditions of Submarine Cables,” the 
substance of the report delivered to the English government 
on the performance of these testings and the methods and 
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formulae employed, and in this way we made our experi-
ences public property.

Since then, no cables with defective insulation have been 
laid, and their durability has proved satisfactory wherever 
mis chief has not been wrought by local causes or external 
violence. In cables laid in shallow water – both in the Medi-
terranean and also in the Black Sea – such a destructive 
agency presented itself in the shape of a small beetle belong-
ing to a group particularly dangerous to wooden ships 
(Xylophaga). In the cables without iron sheathing laid by 
the fi rm of Newall & Co. in 1858 and 1859 in the eastern 
part of the Mediterranean, a large part of the hemp cover-
ing the conductor insulated by gutta-percha was eaten away 
before the end of the year. Moreover, the little animals had 
frequently attacked the gutta-percha itself, and there were 
numerous places where they had bored right through to the 
copper, and thereby entirely destroyed the insulation. Even 
an iron sheathing does not completely prevent destruction 
by wood worm of a cable laid in shallow water, as the places 

The Siemens Brothers 
telegraph factory on 
the Thames at Wool-
wich, near London, 
around 1866.
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at which an outer wire has been fractured aff ord it access, 
and as the young brood can make their way through the 
interstices of the protecting wires and then grow to a dan-
gerous size within the protective covering. To obviate this 
danger, brother William had constructed a special cable for 
shallow water, in which strands of the best hemp twisted 
around the conductors and insulated by gutta-percha or 
caoutchouc gave the cable the necessary support, while a 
layer of strips of copper sheathing placed over one another 
in the manner of scales was destined to protect the core 
of the cable from woodworm. Our London fi rm, which 
meanwhile had set up a good-sized mechanical workshop 
and a cable factory of its own at Charlton near Woolwich, 
received an order for such a cable from the French govern-
ment for a line between Cartagena and Oran. Th e then 
director-general of the French telegraphs, M. de Vougie, had 

A view of the interior 
of the Siemens 
 Brothers cable fac-
tory in Woolwich, 
around 1867.
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already expended much money in attempts to lay a cable 
from the French to the Algerian coast, without having ob -
tained a satisfactory telegraphic com munication. He now 
wished to eff ect this in the cheapest way by a very light cable 
via Spain, and entrusted us with the preparation and laying 
of a copper-sheathed cable between Cartagena and Oran. 
Th e French government had arranged for the chartering of 
the steamer as well as for its manning and offi  cering by 
members of the Imperial Navy. Th e director-general, who 
was well known to me, as we had both served on the jury of 
the Paris Exhibition of 1855, intended to be present at the 
laying. William and I desired jointly to supervise the pro-
ceedings, and we accordingly met in Madrid in December 
1863. I traveled from Moscow, where I had been staying, via 
St. Petersburg, Berlin, and Paris in fi ve days, almost without 
break of journey.

My brother had meanwhile – in 1859 – married the sister 
of the aforementioned Mr. Gordon, a clever and charming 
lady. He brought his wife with him to Madrid, as she insisted 
on sharing the toils and the possible dangers of the enter-
prise. In Madrid it was unpleasantly cold and windy, so that 
I could not perceive that the climate had much improved 
since my leaving Moscow. We soon continued our journey 
to Aranjuez, Valencia, and Ali-
cante, without even there fi nding 
a more congenial temperature. 
Th e winter was unusually cold 
for Spain, and it was a curious 
sight to see, all the way from Ali-
cante to Cartagena, date palms 
and orange trees abun dantly 
laden with golden fruit covered 
with snow. Even in Cartagena, 
where we had to wait some days 
for the cable ship, it was so bit-
terly cold in the houses bereft  of 

Five Siemens 
 brothers, around 
1860. Rear (L to R): 
Walter, Carl, Werner 
and Otto; front: 
 William and his wife 
Anne, née Gordon 
(1821–1901).
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fi replaces or stoves, that my sister-in-law oft en declared 
aft erward that my stoves, brought from Russia had prevent -
ed her from freezing in Spain. It was not until Oran that 
we thawed out again. Th e necessary preparations were soon 
made, and we rejoiced in the hope that the whole laying 
would be over in a few days. But “there’s many a slip between 
the cup and the lip” – aft er four weeks’ toil and exposure to 
grave dangers, we had lost the cable, and had to congratulate 
ourselves that we had not also sustained loss of health or 
life.

Judged from the objective standpoint of advancing years, 
this cable laying was an egregious piece of folly, since cable, 
ship, and mode of laying were utterly inadequate. As an 
excuse for our undertaking it, nevertheless, only the follow-
ing reasons can be off ered. We desired under any circum-
stances to lay a cable of our own, because we saw that our 
inventions and experiences were being turned to account by 
English contractors without any regard for us, and even 
without our undoubted services in the development of sub-
marine telegraphy being so much as mentioned; and fur-
ther, and perhaps mainly, because the cable-construction 
and paying-out arrangements devised by brother William 
were so well conceived and interesting that we had not the 
heart to leave them unused.

Th e cable would have been excellent in every respect if it 
had remained in the condition in which it left  the factory. 

Unfortunately, however, we were 
soon convinced that its proper 
breaking strain had been much 
impaired, although the hempen 
strands were supposed to be pre-
vented from “dry rot” by being 
impregnated with a solution of 
tannin. In spite of its light weight 
it was hardly strong enough any 
longer to be laid with safety in 

The London Industrial Exhibition

. . . Th e electric log can be understood even by a 
 layman provided that he knows what a log is, as 
every one should who has ever made a sea voyage 
and instead of gazing up at the stars has taken a look 
at what goes on on the quarterdeck . . . Th e Siemens 
log . . . always towed behind the ship marks by means 
of a connecting wire the number of rotations of 
the screw on a pointer indicator in the cabin . . .
National Zeitung, August 23, 1862
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the considerable depths between the Algerian and Spanish 
coasts. Almost still worse was the fact that my brother had 
invented for the laying a new mechanism, which was now to 
be tried for the fi rst time. It consisted in the cable being 
coiled around a large drum with stationary axis, which was 
to be turned for the winding and unwinding of the cable by 
a specially constructed small steam engine. Th is contriv-
ance, though carried out in a very ingenious manner by my 
brother, yet appeared to me very dubious, for the uniform 
rotation of so heavy a drum, especially in a rough sea, was 
connected with diffi  culties whose extent could not be fore-
seen, and the portion of cable unrolled by the revolving 
drum could only be properly estimated when the ship’s 
velocity, the ocean depth, and the currents were at all times 
exactly known. But as the weather was calm and fair, and I 
had moreover constructed an electrically worked velocity 
meter, which I desired to test, and which, as I hoped, would 
always accurately indicate the ship’s speed, we resolved to 
make the attempt in spite of the decreased strength of the 
cable. Unfortunately, my fears proved to be justifi ed. Aft er 
the heavy shore cable had been laid, and the laying of the 
light copper cable, connected with it, had proceeded for 
perhaps an hour without disturbance, so that my hope of 
success noticeably rose, the cable suddenly broke and sank 
in the rather deep water, without any apparent reason. It 
was impossible to pick up again the cable already laid, as it 
was held fast at the seabed by huge boulders. In consequence 
we did not have suffi  cient cable left  to undertake a laying 
to Cartagena, and determined therefore to take the shorter 
course to Almería and in the fi rst place to run across, with 
the object of searching for a suitable landing place.

Th e trip to Almería, with glorious weather and a mirror-
like sea, was enchanting. Th e town is masked by a hilly neck 
of land, which stretches far into the sea. For our purpose 
this fi ne situation was certainly rather unfavorable, for it 
compelled us to make so wide a circuit around the promon-
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tory that the smaller linear distance from 
Oran was thereby almost neutralized. We 
landed, however, in order to take in stores, and 
enjoyed the hospitality of the inhab i tants, who 
would not be denied giving us a festive re-
ception and improvising an entertainment in 
the theater in our honor. What most surprised 
us at this entertainment was the classical beauty 
of the women, whose features were undoubt-
edly of Moorish type. One young girl struck us 
in particular. By the unanimous vote of our 
ship’s company, composed of all nationalities 
from western Europe, she was pronounced the 
ideal of female beauty.

We did not dream on that enjoyable evening 
that the next day would bring us dangers the 
surmounting of which still appears to me little 
short of miraculous.

Rightly to understand what followed it must 
be borne in mind that our ship had not been 
built for cable laying, but had only been pro-
cured in the English market ad hoc by the 
French government. It was an English coasting 
vessel whose former function had been to tow 
colliers to London. Th ese ships are not built for 
the open sea; they have a fl at bottom, no keel, 
and no high prow for breaking the waves. Th e 
hold of this unfavorably constructed ship was 

for the most part occupied by a huge wooden drum, with 
fi xed iron axis, on which the whole cable was wound; the 
load was therefore very unfavorably distributed for the open 
sea. But the weather was uninterruptedly fi ne, and the sea 
calm. Th is changed somewhat when, aft er leaving Almería 
we rounded the promontory and saw the open sea before 
us. A moderate breeze was blowing from the southwest, and 
masses of black clouds hung behind the neck of land along 

Electric log.
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the coast. Th en it struck us that the nearest of these dark 
lowering clouds was continued to sea level by a long armlike 
prolongation, and that the sea beneath was in wild commo-
tion, so that it appeared in the unbroken sunshine as a 
 dazzling and jagged ice fi eld. Our vessel passed, according 
to our reck oning, about two leagues off  this high foaming 
fi eld, which was perhaps half a league broad while the 
length could not be estimated. It was surprising that this 
prolon gation, coalescing bluntly with the cloud above and 
then tapering quickly, did not quite come in contact with 
the heaving surface of the water, but remained separated 
from it by a clearly discernible interval. Th ere was also no 
special elevation of the foaming surface beneath to be per-
ceived, but the whole surface appeared to be raised uni-
formly as high as a house above the level of the sea. Th e end 
of the prolongation at the same time executed an undoubted 
circular movement above the white part of the sea, so that it 
returned about every ten or twenty minutes to the same 
point. Unfortunately, we could not long continue the obser-
vation of this interesting spectacle, a so-called waterspout, 
as it rather quickly drew off  along the coast in an easterly 
direction, and we were also diverted from it by another 
remarkable phenom enon. For the ship began of a sudden to 
rock with such violence that we could only with diffi  culty 
maintain an upright position. Th ey were short high waves, 
so-called dead sea, over which we were being borne. Clearly 
we were following in the wake of the waterspout. Th e vio-
lent rockings of the ship made the captain, who was well 
acquainted with its construction, very anxious indeed; how-
ever, he kept his course in the direction of the troughs of the 
waves, in the hope of soon coming again into calmer water. 
Th en dull short blows, which made the ship tremble at every 
oscillation, struck my ears. Th e thought fl ashed through 
me like lightning that the drum had got loose and would 
soon knock the ship to pieces. I rushed into the cabin to 
my brother, who was already contending with seasickness. 
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No one else knew precisely the construction of the drum 
and the mode of its attachment; he alone therefore could 
perhaps still save us. I found him already on his feet – deadly 
pale, but composed. He too had immediately understood 
the cause of the threatening blows, and that had suffi  ced to 
dispel every trace of seasickness. In the hold he in fact saw 
that the axis of the drum had worked loose from its upper 
frame, and that the blocks of especially hard wood, which 
had been carefully prepared and fi tted for the protection of 
the drum and the frame, were wanting. Th e ship’s French 
carpenters at fi rst pretended not to know what had become 
of them, but when the blows increased in strength, and my 
brother called out that we should all be lost if the wood was 
not immediately found, their memory returned and the 
blocks were produced. Th e fellows had admired the solid 
unfamiliar wood and had regarded the pieces as super-
fl uous.

With the violent rocking, we could not, however, suc-
ceed in placing the blocks in their proper places. Meanwhile, 
the blows had increased to such a degree that everybody 
was seized with fear lest the vessel should no longer resist 
them. Th en my brother called to us through the open hatch-
way, “Th e oscillation is too great, steer against the wind!” 
Th e captain at once gave the necessary order, and the ship 
turned to meet the waves. A moment aft er, to my astonish-
ment, I beheld the prow plunged under water, and the waves 
already washing over the forepart of the deck. I perceived at 
once the cause of the phenomenon. Th e ship with its full 
velocity had turned too suddenly against the wind, and 
when a wave had once washed over and depressed the prow, 
it retained the inclined position and was driven down the 
incline by its own velocity. At this critical moment I in -
voluntarily assumed command, and called loudly into the 
engine room hard by, “Stop!” as the captain was wont to do. 
Luckily the engine men instantly obeyed. But the ship’s 
ve locity could only be slowly reduced. We all stood on the 
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raised poop, and saw the foredeck becoming continually 
shorter and the sea approaching nearer and nearer to the 
place where we stood. Th en the sea broke over the aft erdeck, 
and a mighty whirlpool was formed, the water pouring 
through the open hatch into the ship’s hold. Our end seemed 
at hand. Th en the swirl became weaker, and aft er some fur-
ther anxious moments the prow once more appeared above 
the water, and we breathed fresh hope, for the violent rock-
ing and the ominous blows had now ceased.

My brother, who in the hold had not been able to observe 
the approach of danger, was completely surprised by the 
seawater suddenly deluging himself and the drum. All the 
greater was his delight when the rush of seawater ceased, 
and it soon aft er became possible for him to adjust the 
wooden supports, and thereby prevent the dangerous blows 
of the axis of the drum. Th e captain now cautiously resumed 
the course to Oran. Th e vessel indeed still continued to rock 
disagreeably, but we got accustomed to it, and rejoiced that 
the drum did not stir again. Th e great excitement had dis-
pelled all seasickness, and when it became dark everyone 
sought his berth, and soon all was tranquil.

I had not been long asleep when loud orders and cries of 
alarm on deck suddenly awoke me. Immediately aft erward 
the ship laid itself on its side in a manner I have never since 
experienced, and can even now scarcely consider possible. 
People were thrown from their beds and rolled on the 
steeply inclined fl oor of the large cabin into the cabins 
opposite. Th ey were followed by everything movable on the 
ship, and at the same time all the lights were extinguished, 
as the hanging lamps were hurled against the cabin deck 
and shattered. Aft er a brief, anxious pause there then fol-
lowed a recoil, and a few repetitions of nearly the same 
intensity. Immediately aft er the fi rst shocks I succeeded in 
gaining the deck. In the half-light I descried the captain, 
who in answer to my call only pointed to the stern, exclaim-
ing, “Voilà la terre!” Indeed, a high rocky wall, feebly shining 
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in the darkness, seemed to be standing behind the ship. On 
seeing it, the captain had suddenly brought the ship around, 
and thereby caused the violent oscillations. He thought we 
must have drift ed, and were close on the rocks of Cap des 
Lions. Suddenly a voice called in the darkness, “La terre 
avance!” and the high uncanny gleaming wall now actually 
rose close behind the ship, and advanced with a strange 
roaring voice. Th en came a moment so awful and overpow-
ering that it baffl  es description. Tremendous fl oods, which 
seemed to burst in on all sides, poured over the ship with a 
force which I could only withstand by convulsively grasping 
the iron rail of the upper deck. I felt how the whole ship 
was tossed hither and thither with tremendous force by 
 violent short blows of the waves. Whether we were above 
or under water was hardly to be distinguished. It seemed 
to be foam, which we breathed with diffi  culty. How long 
this state of things lasted no one aft erward was able to say. 
Th ose who had remained in the cabin also had to contend 
with the violent shocks, which threw them hither and 
thither, and were terrifi ed to death by the roaring noise of 
the mass of water cascading down on the deck. Th e esti-
mates of time varied between two and fi ve minutes. Th en 
all was over as suddenly as it had begun, and the gleaming 
wall now stood before the ship, and moved slowly away 
from it.

When, aft er a short time, the whole ship’s company col-
lected with revived spirits on deck and talked over all the 
terrors and wonders, the French offi  cers were of the opinion 
that the most incredible wonder of all had been that our 
lady had not once screamed. Th e thoroughly English com-
posure of my sister-in-law, growing with the rising danger, 
appeared altogether incomprehensible to the lively French-
men. As we heard aft erward, the waterspout which we had 
observed at Almería had moved eastward down the Spanish 
coast, had then passed over to the African side, and we 
had obviously crossed its path. Th at with our craft , so little 
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 seaworthy, and so injudiciously loaded, we had fortu nately 
withstood the dangerous experiment is perfectly incompre-
hensible to me. When the waterspout had passed over us 
the sea still remained for some time in wild commotion, 
and, so far as we could observe, was covered with foaming 
crests. Th en we beheld a natural phenomenon of a splendor 
and grandeur such as the most daring fancy could hardly 
paint. As far as the eye could reach the whole sea glowed 
with a dark red light. It looked as if it were composed of 
molten red-hot metal, and the foam crests of the procession 
of waves in particular radiated so bright a light that all 
objects could be distinctly seen, and even the smallest 
 writing could be read. It was a beautiful eerie sight, which 
stands even today, although more than a quarter of a cen-
tury has passed, with perfect distinctness before my eyes! 
We were at a point of the sea which was densely peopled 
by phosphorescent animalcula. A tumbler which I fi lled 
with seawater shone brightly in the dark when the water 
was violently shaken. Th e wild swirling motion produced 
by the waterspout had excited the whole mass of phos-
phorescent animalcula, visible even to the naked eye, and 
to their universal simultaneous phosphorescence we owed 
the marvelous sight of the glowing sea.

In Oran, where a few hours later we landed without our 
journey being further disturbed, we had to consider what 
was next to be done. According to an accurate estimate, we 
still had cable enough to reach Cartagena, if it were paid out 
with the least slack that was necessary for laying it without 
strain on the not quite level seabed. My brother had become 
bolder through the luckily surmounted dangers and wanted 
once more to attempt the laying, and with the present con-
trivances, without more ado. I opposed this, however, since 
I had lost all confi dence in the drum, and the ship freighted 
with it. Finally we determined to coil the cable over, and 
carry out the laying in the usual way with cone and dyna-
mometer.
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When the troublesome and tedious coiling of the cable 
was fi nished and the fatal drum laid aside, we proceeded to 
our second attempt. Th e weather was again splendid, and 
the laying went forward without any diffi  culty. Th e depth of 
the sea, however, proved to be greater than was given in the 
French charts, and we were obliged to load the dyna mo m-
eter to a hazardous degree in order not to pay out too 
much cable. I controlled the expenditure of cable by my 
electric log, which hitherto had always done good ser-
vice. Th us things went without disturbance until the high 
coast near Cartagena was already clearly in sight. Suddenly 
my log refused to act – as it subsequently transpired, because 
its screw had become entangled in seaweed. As my last 
reckoning had shown that we had cable to spare, and should 
arrive in Cartagena with a surplus, I went to my brother and 
requested him to unload the dynamometer somewhat, in 
order to be secured against the fracture of the cable. He was 
greatly delighted, and was about to show me fi rst how beauti-
fully and equably the cable was running out with the present 
loading, when all at once we saw the cable quite gently come 
asunder. Th e brake wheel stood instantly still, the torn-off  
end disappeared into the deep, and there with, for our then 
circumstances, a considerable sum of money, as we had 
undertaken the laying at our own risk. But what for the 
moment aggravated us still more than the money loss was 
the technical fi asco. Th e labor of months, all the toils and 
dangers which not we alone, but our companions also, had 
undergone on account of this cable, were in a moment irre-
coverably lost on account of a few rotten strands of hemp. 
In addition there was the unpleasant feeling at being the 
object of commiseration of the whole ship’s company. It was 
a severe punishment for our temerity.

When, a few hours aft er the breaking of the cable, we 
landed in Cartagena, we had been over a month without 
news from Europe. In Almería we had also not heard much 
on our fl ying visit, except that war had broken out with 
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Denmark on account of the 
Duchies of Schleswig and Hol-
stein. In the hotel at Cartagena 
we found French and English 
newspapers, and all the great 
political news of the last month 
from the fatherland poured in 
upon us. An altogether remark-
able revolution had taken place 
in the newspaper articles on 
Germany since the declaration 
of war and the defeat of Den-
mark, which enjoyed the favor 
of England. We had hitherto 
been accustomed to read in 
 English and French newspapers 
much well-meant praise of 
 German science, German mu -
sic, and German song, as 
well as compassionate utterances 
on the good-natured, dreamy 
and unpractical Germans. Now 
there were furious articles on 
the  conquest-seeking, the war-
loving, nay, the bloodthirsty 
Germans! I must confess that all 
this gave me no annoyance, but 
considerable pleasure. My self-
respect as a German rose higher 
with each of these expressions. Th e Germans had for so long 
been only passive material for the world’s history. Now one 
might read for the fi rst time in black and white, in the Times, 
that they had of their own accord entered into its course, 
and thereby excited the wrath of those who hitherto had 
alone considered themselves entitled to the honor. In my 
dealings with Englishmen and Frenchmen during the cable 

. . . In the land where the Goddess of Invention was 
born, where practical application follows closely on 
the heels of scientifi c discoveries, one of the most mag-
nifi cent telegraph cable works in the world has been 
set up by a German. Th e Siemens works at Woolwich 
not only supplies subma rine and land cables and tele-
graphic apparatus of all kinds; the establish ment is at 
the same time a scientifi c laboratory, a place of con-
tinuous experiments and clever inventions. Cables 
from this factory loaded onto Th ames steamers and 
shipped to all parts of the world connect St. Peters-
burg with Kronstadt* and France with Corsica and 
Algeria; they run for the Pasha of Egypt over the bed 
of the Nile; they are working in India as well as in 
Brazil and La Plata, at the Cape, in Turkey and in 
Spain. Th eir total length is 6,000 nautical miles, a 
good part of the girdle which Puck promised to put 
around the Earth. And this piece of the girdle has 
been woven in the short space of time since the estab-
lishment of the factory, namely in 1859;** a proof of 
the high reputation which the name of Siemens enjoys 
all over the world . . .
Th at the name of the founder of the works commands 
the highest respect in scientifi c circles in England is 
common knowledge. If educated Englishmen are 
beginning to renounce the old belief that the German 
is an essentially unpractical philosopher, the credit is 
largely due to men like Siemens.

Illustrierte Zeitung, 
December 8, 1866

* Th e cable was made for Siemens by Newall & Co.
** A workshop was set up in 1858, but the factory 
was not established until 1863.
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laying, I had oft en had painful occasion to be convinced in 
what slight esteem the Germans were held as a nation by 
other peoples. I had long political debates, which always 
came to this: that the Germans had neither the right nor the 
ability to form an independent and united state of their 
own. “Well, what then do the Germans want exactly?” asked 
the highly respected director-general of the French tele-
graphs and former companion in exile of the Emperor 
Napoleon, M. de Vougie, aft er a long conversation on the 
reviving national aspirations in Germany at the close of 
the Franco-Austrian war. “A united German Empire,” was 
my answer. “And do you think,” he replied, “that France 
would suff er a state united and superior in number to itself 
as next-door neighbor?” “No,” was my answer, “we are con-
vinced that we shall have to defend our unity against 
France.” “What an idea,” he said, “that a united Germany 
would fi ght us. Bavaria, Wurtemberg, all South Germany 
will fi ght with us against Prussia.” “Not this time,” I 
answered. “Th e fi rst French cannon shot will make Ger-
many one; we have no fear therefore of a French attack, 
but await it cheerfully.” M. de Vougie shook his head; yet 
the idea seemed to dawn upon him that the Pandora’s box 
of the nationality question, which his ruler had opened in 
the war with Austria on behalf of Italy, might fi nally be 
turned against France. Th ree years later, when the question 
of the annexation of Lauenburg by Prussia was occupying 
people’s minds, I paid a visit to the director-general in Paris. 
Remembering our political conversations, he called out to 
me on entering the room: “Eh bien, Monsieur, vous voulez 
manger le Lauenbourg?” “Oui, Monsieur,” I returned in 
answer, “et j’espère que l’appétit viendra en mangeant!” It 
has truly grown, this appetite, and been also appeased, 
and M. de Vougie will have thought of my prophecy when 
with his Emperor he had to retire before German troops 
entering France in  triumph. Th e fi rst French cannon shot 
had in fact made all Germany one.
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Th e Cartagena–Oran cable 
was an un lucky one for us. When 
the lost cable had been replaced 
by a new and somewhat stronger 
one, my brother repaired again 
in the same year to Oran. All the 
arrangements were excellently 
made, the experience gained in 
former expeditions being fully 
utilized. Th e cable was new and 
strong, the employees experi-
enced, the weather favorable – 
in short, a failure was this time 
not to be thought of. At the 
expected time I received indeed 
the hoped for dispatch from 
Carta gena, announcing that the 
cable had been successfully laid 
and messages already ex changed 
between Oran and Paris. Unhappily this dispatch was fol-
lowed only a few hours later by another, stating that the 
cable for unknown reasons had snapped near the Spanish 
coast. Closer inquiry showed that the fracture had occurred 
at a point where the Spanish coast slopes down abruptly to 
an unusual depth of water. Th e crossing of such submerged 
ravines, as of extremely uneven seabeds in general, is always 
very dangerous. If the cable is laid in such a way that it rests 
on two rocks which are so far elevated above the seabed that 
it remains suspended on them without touching ground, it 
assumes the form of a catenary curve, whose tension may 
become so great that it snaps. Such a catenary curve the 
cable must at all events have formed at the foot of the abrupt 
declivity just mentioned, for the fracture occurred only a 
few hours aft er the cable fi rmly settled itself there.

Th e picking up of the cable was attempted, without suc-
cess, however, as the ground was rocky, the sea deep, and 

Johann Georg Halske. 
Painting from 1865.
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the cable not strong enough for such a depth. In short, we 
had also lost the second cable for good and all, and had no 
satisfaction other than the feeling of relief at being relieved 
of the obligation of making another attempt by virtue of the 
fact that offi  cial dispatches were actually exchanged between 
Oran and Paris.

Th e great losses which these cable layings brought us 
caused a small crisis in our business relations. My partner, 
Halske, did not relish such undertakings attended with 
risks and serious losses, and feared also that the venture-
some spirit of my brother William might entangle us in 
enterprises suited to the large scale of English commercial 
life, but to which our resources were unequal. He therefore 
proposed that we give up our English house. William Meyer, 
as business manager of the fi rm, ranged himself on Halske’s 
side. Although I could not but admit the weightiness of the 
reasons adduced, I still could not bring myself to leave my 
brother William in the lurch at so critical a juncture. We 
accordingly agreed that the London business should be 
entirely dissociated from the Berlin house, it being taken 
over by me (at my private risk) and William. Th is was car-
ried out, and the London business now became the fi rm of 
Siemens Brothers. Brother Carl in St. Petersburg likewise 
entered as partner. Agreements were drawn up between the 
three now independent fi rms in Berlin, St. Petersburg, and 
London to govern their mutual relations.

I may as well remark here that the copper-armed cable 
laid by the London fi rm in the Black Sea in 1869, of similar 
construction to the Cartagena–Oran cable, likewise did not 
prove durable. It was laid by my brother William with com-
plete success as part of the Indo-European line, which I shall 
speak of later on, parallel to the shore between Kerch and 
Poti, but the very next year was destroyed simultaneously at 
many points by an earthquake. On attempting to take it up 
again it appeared that this was not possible, as it was cov-
ered for the most part with rubble and earth. Th is, and the 
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fact that the interruption of the telegraph service took place 
just at the moment when a severe shock was felt at the coast 
station, Sukhum-Kalé, proved that the breaking of the cable 
had actually been caused by the earthquake. Th is is more-
over quite intelligible, since soil and rubble are carried down 
to the sea by numerous watercourses, and thus deposited 
on to the shelving shore. From time to time these masses 
must slip further, whereby a cable embedded in them will of 
necessity be torn. Th e movement alluded to could not but 
be initiated by an earthquake simultaneously at all places 
where the equilibrium had been rendered unstable by recent 
deposits.

Th rough these and similar occurrences we have learned 
the lesson that submarine cables should never be laid on the 
slope of steep declivities, and especially not where soil and 
rubble are carried to a deep or inland sea by rivers discharg-
ing into them.

We may regard the period of the cable layings described 
in the foregoing as our proper apprenticeship for such under-

A map of the western 
Mediterranean, 
showing the tele-
graph lines laid with 
Werner von Siemens’ 
assistance.
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takings. Instead of the anticipated profi t, they brought us 
many anxieties, personal dangers, and serious losses, but 
they paved the way for the successes which subsequently 
fell to the lot of our London fi rm in its important and well-
executed cable undertakings. I shall hereaft er return to this 
second period of our cable layings, but only briefl y review 
it, as I personally had less share in the labors connected with 
them.
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SCIENTIFIC AND 
TECHNICAL WORK IN THE 
1850s AND 1860s 

I now turn to continue the short summary of my scientifi c 
and technical labors already brought down to the year 
1850.

In the years 1850 to 1856, I was busily engaged with 
Hals ke in improving telegraphic apparatus, electrical appli-
ances, and measuring instruments for scientifi c and tech-
nical  purposes. It was still a tolerably unplowed fi eld which 
we worked over, and our activity was accordingly extremely 
fertile. Our constructions, which were rapidly made known, 
especially through the Universal Exhibitions in London 
and Paris, have almost everywhere formed the basis of later 
contrivances. As already remarked, only a few of these inno-
vations were patented, and the majority of them were either 
never, or only in later years, described in journals. Th is 
facilitated their general introduction and brought us many 
orders, but at the same time we lost in many ways the uni-
versal acknowledgment of their origination. I 
shall here instance only a few of the directions 
which our constructive activity took.

Besides the practical development of the 
Morse telegraph for hand use, we were occupied 
in this period with the elaboration of that appa-
ratus into an express writer for our automatic 
telegraph system, which was originally destined 
for the great Russian lines, and fi rst came into 
operation on the Warsaw – St. Petersburg line 
in 1854. In this system the messages were pre-

  255

A Morse express writing transmitter, 
1854.
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pared by the so-called three-
key puncher, whose object was 
to impress the Morse signs on a 
paper ribbon. By depressing the 
fi rst key, a single round hole was 
cut out in the ribbon; by depress-
ing the second key, a double hole. 
Th e necessary pushing forward 
of the ribbon took place auto-
matically, while the greater inter-
val required for the separation 
of the words was produced by 
the de pression of the third key. 
When in this manner a message 
had been punched onto the 

paper slip, the latter was drawn along in the so-called  
express-writing transmitter by help of wheelwork be-
tween a roller coated with platinum and a contact spring 
or brush. By this means, at the receiving station the single 
holes produced a dot, the double holes a dash. As it turned 
out that ordinary magnets with iron armature did not work 
quickly enough, we em ployed for the relays as well as for 
the inkers light cores, capable of turning in the stationary 
coils of the magnets, which were formed of bundles of wires 
or of thin split iron tubes, whereby the desired velocity could 
be attained with certainty.

Bain had as early as 1850 employed a perforated slip of 
paper for his electrochemical telegraph, but he had no suit-
able mechanism for rapid punching of the slips. Wheatstone 
made good use of my three-key puncher in 1858 for his 

electromagnetic express writer, 
without, however, naming the 
source whence he derived it.

Th e signaling service of the 
railways, with which our fi rm 
had from the fi rst been particu-

Telegraph sets for the Russian lines.

The FIRST MORSE 
RELIEF WRITER in 
“Camel” form, 
with a weighted 
drive, automatic 
triggering and 
translation 
 device, 1854.

Three-key 
puncher, 1854.

Werner to Carl, October 27, 1853

Our new Morse express writer is becoming pro-
gressively better and I hope that it will come into 
general use . . . I hope that we will get up to 300 
 letters a minute . . .
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larly occupied, brought further problems. On all 
the German railway lines, ringing apparatus had 
to be set up which on the departure of a train 
from a station should give audible bell signals for 
the whole distance. Th e mechanician Leonhardt 
had already provided such gong apparatus for 
the Th uringian line, but this acted imperfectly, 
as it was diffi  cult to maintain the large galvanic 
 batteries, which were required at the stations 
for setting the apparatus to work, in good condi-
tion. It was an obvious idea to employ magnetic 
in ductors instead of batteries, but the magneto-
induction machines, known up to that time, of Saxton and 
Stöhrer were not suited for the purpose. We now constructed 
a new kind of inductor, which worked admirably, and aft er-
ward entirely superseded all other constructions. Th e essen-
tial feature of our inductor was the employment of an iron 
 cylinder acting as a rotating armature and which was pro-
vided with deep opposite grooves, forming a channel for 
the recep tion of the coil of copper wire. From the form of 
its iron cross section this armature became known as the 
 double-T armature; in England it is known as the Siemens 
armature. Th e steel magnets, hollowed out at the end, which 
surrounded the rotating cylinder could be set up along its 
length and apart from one another, and accordingly exert 
a more powerful magnetizing eff ect and less impair each 
other’s action. Inductors of this kind are today 
exclusively employed wherever it is desired to 
procure powerful currents by permanent mag-
netism.

My cylindrical armatures with transverse coil 
possessed the great advan tage over the older con-
structions that they had powerful action but less 
mass, and in particular quick rotation and little 
inertia. I also employed them, therefore, for the 
construction of a very simple and surely acting 

Railroad alarm system, 
1847. An electromagnet 
released the catch on 
the weight-driven 
striker mechanism, and 
two bells were struck 
in succes sion. Two fl y 
vanes regulated the 
clockwork so that the 
bells would ring in the 
right rhythm.

Magneto with a 
 double-T armature 
for the dial telegraph, 
1856.
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magneto-electric dial telegraph, in which the cylin-
drical inductor was quickly turned by a handle with wheel 
translation, while each semirevolution sent an alternating 
positive and negative current through the line, each caus-
ing the pointer of the receiving apparatus to advance by one 
letter on the dial plate. It was enough to place the handle 
successively on the letters to be telegraphed to make them 
visible in like order at the receiving station. Th e electromag-
net of the receiving apparatus consisted of an iron cylinder 
with polar extensions revolving on its axis, which oscillated 
between the poles of two powerful horseshoe steel magnets. 
Th erefore, according as a positive or negative  current tra-
versed the fi xed coils of the electromagnet, one or the other 
magnet attracted the rotating armature, and thereby kept in 
motion the hands of the receiving apparatus. Th is quickly 
and surely acting magneto-electric dial apparatus was in 
great demand especially for the railway service, and is even 
now frequently used.

Th e arrangement of polarized magnets just described – 
i.e., those in which the oscillating armature or magnet has 
two resting places, according to whether a positive or nega-
ti ve current has last traversed the electromagnetic coils – has 
obtained more considerable and general importance through 
being used for relays. On the employment of polarized 

relays depends the possibility of 
telegraphing the Morse alpha-
bet with short induced currents, 
the one direction of the current 
initiating a dash on the paper 
strip, while the other fi nishes it. 
Accordingly, the length of the 
dash produced does not depend 
on the duration of the current, 
but on the  duration of the inter-
val between two short successive 
currents of alternate direction.

On the Berlin–Anhalt railway not only has the tele-
graph equipment been completed along the whole 
extent of the permanent way, but now on the main 
Berlin–Köthen line all stations and signal boxes have 
been provided with ringing appara tus to signal the 
arrival and depar ture of trains. Th e introduction of 
simple mechanical devices has enabled not only con-
siderable savings to be made in the maintenance of 
batteries, but also the telegraph and signaling appara-
tus to be eff ectively protected against the injurious 
eff ects of atmospheric electricity.

National Zeitung, May 9, 1854
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On this principle depend several of our tele-
graphic constructions, of which only the induc-
tion writing telegraph need be mentioned here. 
In this, the short currents of alternate direction 
required for its working were produced by a 
well-closed electromagnet, around which was 
wound a primary coil of short thick wire and a 
secondary of long thin wire. In the primary coil 
the currents required for telegraphing the Morse 
alphabet were produced in the usual way. In the 
secondary coils connected with line and earth 
there then occurred, at the beginning and close 
of the currents circulating in the primary con-
ductor, powerful induced currents of alternate 
direction, which produced the required Morse 
signs in the telegraphic apparatus at the receiving station. 
For the magnetic inductors, magnetically closed electro-
magnets with massive iron cores were employed, to make 
the tension of the closing and opening currents equal 
as far as possible.

With such inductive writing telegraphs it was pos-
sible by means of a single Daniell battery to telegraph with 
certainty over great distances on overhead lines. For under-
ground and submarine lines, the induced electric currents 
also proved highly advantageous, for they made it possible 
to signal to greater distances and with greater speed. As 
already mentioned, the Sardinia–Malta–Corfu line was fi t-
ted in 1857 with our induction writing telegraphs. For the 
working of the fi rst Atlantic cable, laid in the following year 
by the managing electrician, Mr. Whitehouse, induced cur-
rents were also made use of, until the destruction of the 
insulation, which unfortunately occurred soon aft er the lay-
ing, prevented their further employment. Subsequently, on 
long submarine lines recourse was again had generally to 
Th omson’s mirror galvanometer with battery currents.

For land lines also there was this drawback to the use of 

Dial telegraph for the 
railroad safety agency, 
with magneto and 
double-T armature, 
1856.
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short induced currents: that they had to be very 
powerful to be able to produce the necessary 
mechanical movements at the end of the line. 
But since the maintenance of very large batte-
ries, such as the working of long lines with uni-
form current or intermittent battery current re-
quires, was troublesome and costly, Halske and 
I tried me  chanically to transform battery cur-
rents of low tension into uniform currents of 
higher  tension. We exhibited, at the Universal 
Exhibitions of London and Paris, several mecha-
nical arrangements constructed by us for this 
purpose, but they had the drawback at fi rst that 
the currents of high tension obtained were not 
of uniform intensity. It was only through the 
construction of my so-called plate machine that 
the problem of the production of uniform cur-
rents of nearly constant tension by voltaic induc-

tion was actually solved.
Th is “teller” (plate) machine consists essentially of a large 

number of electromagnets, which are grouped in a circle, 
and the so-called teller, a conical-shaped iron plate whose 
apex lies in the center of the circle of magnets, which is set 
rotating above their poles. Th e magnets are furnished with 
double coils, of which one-half of the inner ones are always 
inserted in the circuit of a battery composed of a few large 
elements, and which by a suitable contact arrangement – 
the contact being always a fourth of a revolution in advance 
of the rolling “plate” – cause the rotation of the plate, while 
all the outer ones are united together into a closed conduct-
ing circuit. By rolling over the magnetic poles, the iron cone 
produces in the secondary coils of the magnets inserted 
in the battery circuit an induced current in one direction, 
but on the other hand in those of the magnets outside the 
battery circuit an induced current in the opposite direction. 
Th e two induction currents would neutralize one another, 

Magneto with a double-T 
 armature, 1856.

Magneto-electric recording 
 telegraph, 1856.
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and no current could arise at all in the second-
ary circuit, unless at two oppositely situated 
points of this circuit there was a continuous 
contact by which the opposed currents of both 
halves were taken up and united into a continu-
ous current. Th is contact is eff ected by means of 
brushes, which are moved around by the pro-
longed axis of the iron cone.

Th e “plate” machine was constructed by me 
in 1854 and shown at several Universal Exhibi-
tions, fi rst at the one held in Paris in the year 
1855. One of them, together with other appa-
ratus of our construction, is preserved in the 
museum of the Berlin Post Offi  ce, which prob-
ably possesses the most complete collection of 
old telegraphic apparatus anywhere to be found. 
Th e “plate” machine is interesting, because it re-
presents the fi rst solution of the problem of how 
to generate by induction continuous currents in 
one direction, and follows precisely the same 
course as that taken by Professor Pacinotti ten 
years later in constructing his famous magneto-
inductor; the principle of current ramifi ca tion, 
which is carried out in the ring of Pacinotti, 
being already contained in it. My machine is 
thus the precursor of the modern dynamo machine with 
continuous current and at the same time of the transformer. 
Had the self-motion of the plate not been made a point of, 
and had it been eff ected by mechanical revolution of the 
axis together with the brushes, an eff ective dynamo-electric 
machine would even then have been obtained, and the 
period of the employment of the Siemens armature, by 
which the aim was fi nally reached, would have been skipped. 
Th is may serve as an instance of the diffi  culty which is oft en 
experienced in fi rst apprehending the most obvious truths. 
Indeed I can only think with a certain sense of shame of the 

DOUBLE AUTOMATIC GENERATOR 
(a further refi nement of the “plate” 
machine).

“Plate” machine to generate DC 
high voltages by voltaic induction, 
1853.

umbr1_feldenkirchen_engl.indd   261umbr1_feldenkirchen_engl.indd   261 13.08.2008   21:24:3113.08.2008   21:24:31



262  SCIENTIFIC AND  TECHNICAL WORK IN THE 1850S AND 1860S

circum stance that, aft er estab-
lishing the principle of the dy-
namo machine, I did not at once 
hit upon the parallel connection 
of the two halves of the coils with 
opposed induction, employed in 
the “plate” machine, but was only 
led to it several years later by 
Pacinotti’s ex ample.

In the year 1854, telegraph 
engineers were greatly excited 
by a statement which appeared 
in the Leipzig Polytechnic Cen-
tralblatt. Th e statement was to 
the eff ect that the Austrian 
 telegraph offi  cial Dr. Gintl had 
 succeeded in telegraphing be-
tween Prague and Vienna by 
means of the Morse apparatus 
simultaneously in opposite di-
rections through the same con-
ducting wire. Th is was said to 
have been accomplished by pro-
viding the relays with two coils, 
through one of which the main 
current passed, while at the same 

time an equally strong local current passed through in the 
opposite direction. Th is second circuit had to be closed by a 
separate contact at the same moment as the main current. 
Dr. Gintl soon found, however, that this path did not lead to 
the desired end, because it was impossible to let two con-
tacts actually occur at the same moment, and because the 
interruption of the main current taking place at the end of 
each signal could not but disturb the current coming from 
the other side. Gintl therefore abandoned this method and 
tried to solve the problem by making use of Bain’s electro-

Werner to William, May 29, 1856, 
on the idea of the double-T armature

. . . An iron bar, with continuous slots in it in which 
the wire is wound as on a galvanometer head, is 
rotated between the poles of a horseshoe magnet or a 
stack of such small magnets. In the position shown in 
the sketch all magnets are closed by the iron as arma-
ture. When the latter makes a half revolution the 
direction of the magnetism in the armature is 
reversed so that a current is induced. On the second 
half revolution a current follows in the opposite direc-
tion. We have made the rotating core 11/3 thick and 
10˝ long, but will probably get too much current. 
Rotation is produced simply by means of a pinion 
which engages with a wheel 14 times larger. Th is 
wheel is rotated directly by the handle of the Wheat-
stone dial. Each half rotation gives one letter of the 
pointer. Th e advantages of this magneto-electric 
apparatus are: 
1. a larger number of smaller mag nets can be used 
instead of 2 or 4 larger ones. As the force of the 
 mag nets is proportional to the square root of their 
weights, the advantage is obvious. 2. For other than 
tele graphic purposes (light, detonation, galvano-
chemistry, etc.) we can make the apparatus as large 
as we like without a disproportionate increase in the 
weight of steel. 3. Th e inertia of the moving masses 
is insignifi cant by comparison with older designs. 
It is therefore easily turned either by hand or by a 
weight using keys . . .
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chemical telegraph. His experiments then yielded a better 
result, and betrayed him into the belief that two currents 
could traverse the same conductor in opposite direc-
tions without mutual interference. In an article, “Über die 
Beförderung gleichzeitiger Depeschen durch einen tele -
graphischen Leiter” (On Forwarding Simultaneous Mes-
sages through a Telegraph Conductor), which I contributed 
to Poggendorff ’s Annalen, I demonstrated the inadmissi-
bility of this view, and expounded the theory of electro-
chemical duplex telegraphy, but also showed that this 
method was not capable of practical application. At the 
same time, I described a method of duplex tele graphy with 
electromagnetic apparatus, which com pletely accomplished 
the desired result. Th e same method was also inde pendently 
discovered by the subsequent chief engineer of our fi rm, 
Herr C. Frischen in Hanover. It is known at the present day 
by the name “Duplex signaling method of Frischen and 
Siemens” and is still frequently employed. At the close of 
the above-mentioned article, I dealt with the theory of 
 signaling in the same direction along the same wire with 
two sets of apparatus and with that of simultaneous trans-
mission in the same and in opposite directions, describing 
also the current ramifi cations whereby these problems can 
be solved.

In the year 1857, I published in Poggendorff ’s Annalen 
a longer article, “On Electrostatic Induction and Retarda-
tion of the Current in Cores,” which gives the fi nal result of 
several years’ experiments on the physical properties of 
underground conductors. In this article I took up again and 
further developed the theory of the electrostatic charge of 
underground conductors, broached by me as early as 1850. 
Th is theory obtained at fi rst but little credit in scientifi c 
 circles; even Wilhelm Weber trying to explain the distur-
bances occurring in the Prussian underground conductors 
by self-induction. Likewise, Faraday’s ingenious theory ac-
cording to which the electrostatic distribution is not eff ected 
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by direct electric action at a 
 distance, but by a distribution 
pro ceeding from molecule to 
molecule of the dielectric, was 
unable to obtain acceptance 
with most physicists of the old 
school. Th e actual infl uence of 
the  matter existing be tween two 
conductors on the extent of the 
electric charge was explained by 
a more or less profound pene-
tration of the electricity into the 
insulator and the diminution 
thereby brought about in the 
distance between the eff ective 
quantities of electricity in the 
two conductors. I determined, 
therefore, to carry out an experi-
mental investigation in order to 

establish the actual state of things without connecting it 
with any of the existing theories. My investigation, which 
was made considerably more diffi  cult by the then very 
imperfect development of the means and methods of in -
vestigation, led to a complete confi rmation of Faraday’s 
molecular distri bution theory. Th e result arrived at was that 
the laws of the motion of heat and electricity in conductors 
also applied to electrostatic induction, and that conse-
quently the form of Ohm’s law for electric current is like-
wise applicable to it. In this way, with the help of Faraday’s 
theory, I obtained Poisson’s formulae for the density of elec-
tricity at the surface of bodies, and was able to furnish an 
experimental proof that in all cases the theory of Faraday 
suffi  ces for the explanation of the phenomena. I then car-
ried this theory further in several directions and solved 
problems with the help of it, as, e.g., the calculation of 
the capacity of a battery formed of any number of Leyden 

Carl Frischen 
(1830–1890). 
 Undated.
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jars of diff erent capacity placed 
one behind another, a problem 
which up to that time had not 
been solved. Unfortunately, I did 
not fi nd the necessary leisure 
before the spring of 1857 to 
 prepare my work for the press. 
Meanwhile, eminent English 
physicists, like Sir William 
Thomson and Maxwell, had 
anticipated sundry of my scien-
tifi c results; in particular the 
formulae, given by Th omson, for 
the capacity of jar wires and the 
retardation of the current were 
the same as those which I had 
arrived at in a quite diff erent and 
more elementary way. Maxwell 
has in his masterly works elaborated Faraday’s theory in 
strict mathematical fashion, and proved that it is every-
where in complete harmony with the theory of potentials. 
We are therefore completely warranted in regarding electric 
distribution with Faraday as an action propagated from 
molecule to molecule, but not combined with direct action 
at a distance, for only one of these processes can actually 
take place.

At the close of the above-mentioned paper, I described 
the apparatus known by the name of the Siemens ozone 
tube, and explained the theory of its action. I suc ceeded 
with its help in converting oxygen into ozone by electroly-
sis. Th ere is still a great future in store for this apparatus, as 
it enables us to subject gases to electrolysis. By it they are 
put into the so-called active state, rendering them capable 
of forming directly with other gases chemical compounds 
which could otherwise only be obtained in a very round-
about way.

Sir William Thomson 
(Lord Kelvin; 
1824 – 1907). Undated.
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I have already mentioned that even in the middle of 
this century one of the greatest obstacles in the way of 
the development of the physical sciences, and especially 
of physical technology, was the want of fi xed standards. 
In  scientifi c writings pretty gener ally, meter and gram 
were used as measures of length and weight, but, notwith-
standing, technology suff ered from an insupportable loose -
ness and inaccuracy. Meter and gram at any rate always 
formed fi xed points of comparison, to which all estimates of 
 measure could be referred. Such a fi xed point was entirely 
wanting, however, for electric standards. Wilhelm Weber 
indeed had already, in conjunction with Gauss, theoreti-
cally developed the admirable system of absolute magnetic 
and electric units, and had also perfected to an extraordi-
nary degree the methods of exact measurement and the 
requisite instruments, but standard tallies, representing the 
absolute units and accessible to everybody, were wanting. 
It was in consequence usual for every physicist to set up 
his own standard of resistance, which was attended by the 
serious inconvenience that the results of his labors were not 
then comparable with those of others.

Jacobi in St. Petersburg then made the proposal to take 
as the general unit of resistance an arbitrarily chosen copper 
wire, which he deposited with a Leipzig mechanician. Th is 
attempt, however, fell through, because the resistance of the 
wire changed in course of time and the copies supplied 
showed values varying as much as ten percent from one 
another. Th e resistance of a German mile of copper wire of 
1 millimeter diameter at fi rst employed as a unit by Halske 
and myself, and pretty generally adopted in Germany and 
other countries for practical telegraphy, also proved to be 
only a makeshift . I soon became convinced that it is quite 
impracticable to set up an empirical standard in the manner 
of Jacobi, as the electrical resistance is not such a fi xed and 
controllable property of bodies as (say) the dimension and 
mass of solid bodies. Th ere was also no prospect of induc-
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ing the whole world to accept a 
standard of resistance deposited 
in any particular place.

On these grounds the choice 
remained between the absolute 
unit of resistance of Weber and 
an empirical unit everywhere 
reproducible with the greatest 
exactitude. Alas, the adoption of 
the absolute unit was not then to 
be thought of, its reproduction 
being too diffi  cult, so that Wil-
helm Weber himself declared to 
me that errors amount ing to a 
considerable percentage were 
un avoidable. I therefore decided 
to take, as the basis of a repro-
ducible standard of resist ance, 
the only metal fl uid at ordinary 
temperatures, mercury, whose resistance cannot be aff ected 
by molecular variations and is infl uenced less by changes 
of temperature than that of the solid metals available for 
the gauging of resistances. In the year 1860, my labors had 
progressed so far that I was able to come before the public 
with the proposal to adopt as a unit the resistance of a col-
umn of mercury of 1 meter in length and 1 square millimeter 
in cross section at 0 ºC, and to publish my method of pro-
ducing this mercury unit. Th e paper, which appeared in 
Poggendorff ’s Annalen, was entitled: “Vorschlag zu einem 
reproduzierbaren Widerstandsmaße” (Proposal for a Repro-
ducible Unit of Electrical Resistance).

Although Mr. Mathiessen in London violently opposed 
the adoption of my unit and recommended instead as 
empirical unit a wire of gold and silver alloy with about 
the same resistance as Weber’s unit, my proposal was soon 
generally adopted, and the Vienna International Telegraph 

James Clerk Maxwell 
(1831 – 1879). Undated.
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Conference of the year 1868 made the mercury unit 
the legal unit of telegraphy. Nevertheless, the Eng-
lish physicists continued their eff orts to introduce 
as international standard the centimeter-gram-
second system of resistance proposed by Sir William 
Th omson and adopted by the British Association – 
the so-called cgs unit – a resistance ten times as 
great as that of Weber’s absolute unit. Th e British 
Association appointed a special committee, to 
which Sir William Th omson and also my brother 
William belonged, which carried on a lively agi-
tation for the general adoption of the British 
Association unit, although there had as yet been no 
really exact representation of the same. Reliance 
was placed, however, on the expected progress in 
electrical methods of measurement, and it was 
justly urged that the adoption of a theoretically 
fi xed standard of resistance, based on a fundamen-
tal dynamic standard, would considerably facilitate 
calculations with electrical forces. Although on the 
other hand it could be contended that the great 
majority of calculations with electrical resistances 
belonged to the geometrical and not to the dynami-
cal domain, and that the reproducible unit with a 
geometrical foundation proposed by me might just 
as well be called an absolute one as the unit of 
Weber resting on a dynamical basis, or the modifi -
cation of the same which was proposed as unit on 
the English side, yet the cgs unit of resistance has 
been subsequently adopted in principle as the inter-
national standard. I shall return to this once again 
in the sequel. Th e duty, entrusted to my brother 
William and myself by the English government, of 
controlling the manufacture of cables subsidized by 
it, caused us to make very exhaustive experiments 
with regard to the properties of submarine lines, Ozone tube, 1857.
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and especially to elaborate a rational method for the testing 
of their electrical condition. Th e Malta–Alexandria cable 
was the very fi rst which was subjected to systematic testing 
and control during its entire preparation, and which in con-
sequence proved perfectly faultless aft er being laid, and has 
remained so. Such a rational testing was rendered possible 
by the exact standard of resistance described above, by our 
arrangement of resistance coils, which allowed the combi-
nation of any desired resistances in mercury units in the 
same manner as weights are used in scales, and furthermore 
by essential improvements which the methods of investi-
gation and the measuring instruments underwent at our 
hands. For investigating the infl uence which the high pres-
sure prevailing at great depths exerts on the cable, steel 
tanks that could be closed were constructed, and the insu-
lation of the cables measured while they were subjected 
therein to a strong pressure. Th e fact already observed by us 
during the laying of the Red Sea cable was hereby con-
fi rmed, that the insulating capacity of the gutta-percha is 
increased by the pressure of the water, whereby the possibil-
ity was established of laying submarine lines even at the 
greatest depths. We further drew up tables for calculating 
the extent of the diminution which the insulating capacity 
of gutta-percha, india rubber and other insulating materials 
undergoes through increasing temperature, as well as for 
the diff usive capacity – specifi c induction – of these insula-
tors. Our experiments showed that in these respects india 
rubber and its compounds are far superior to gutta-percha, 
a circumstance which caused us to institute extensive exper-
iments to obtain a good insulation of conductors by coating 
with india rubber, but which did not quite lead to the sought 
for practical results.

A paper communicated by us to the British Association 
in the year 1860, entitled “Outline of the Principles and 
Practice Involved in Dealing with the Electrical Conditions 
of Submarine Electric Telegraphs,” summarized the main 
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results of our inquiries, and forms the foundation of the 
 system of testing cables and detecting their faults which was 
aft erward generally adopted. But although this paper was 
published in English, and my communication to the Paris 
Academy of 1850, in which my methods of detecting faults 
were likewise in principle contained, was in French, yet later 
writers and inventors have only in a few cases taken note of 
them, and have with slight variations published as new dis-
coveries the methods given therein. I merely call attention 
to the point here in order that the history of the develop-
ment of electrical technology may not be permanently falsi-
fi ed. A recent book compiled with much industry,  bearing 
the title “Traité de télégraphie sousmarine,” by E. Wün-
schendorff , gives occasion for this remark. At the very 
beginning of this work the original inventor of the electric 
telegraph, the German Dr. Soemmerring, is designated as 
“Professeur russe,” who is said to have laid conducting wires 
underwater near St. Petersburg and in 1845 near Paris, and 
to have thereby become the inventor of submarine tele g-
raphy. While, for a historical work, this is certainly a sur-
prising confusion of the German Dr. Soemmerring with the 
German Professor Jacobi living much later at St. Petersburg, 
it is to be remarked that this and other projects of sub-
marine communication before the year 1847 are only to 
be regarded as freaks of fancy, which could not possibly lead 
to practicable underground communication. It was my con-
ductors with a seamless gutta-percha coating that fi rst 
solved the problem of the construction of underground and 
submarine lines; and the wires laid by me for the mines in 
Kiel harbor, and the iron-armored cable wire across the 
Rhine at Cologne in the spring of 1850, that formed the fi rst 
actual basis of submarine telegraphy. Th e German name of 
the Frenchman Wünschendorff  may perhaps have contrib-
uted to the ignoring of German achievements running 
through the whole work!
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PUBLIC ACTIVITIES

To the section of my activity just described belong two more 
events which were of great importance to me.

In the year 1859,* I was elected a member of the Council 
of the Berlin Merchants’ Company, which forms at the same 
time the Chamber of Commerce of the March of Branden-
burg. Th e election takes place by a poll of all the trading and 
commercial fi rms, and is accordingly regarded as a special 
distinction. Th rough this I gained the advantage of coming 
into closer personal contact with the heads of the Berlin 
industrial world. When, in the year 1860, the University of 
Berlin celebrated its jubilee, I received the degree of Doc-
tor honoris causa in the philosophical faculty. Th e granting 
of this honorary title in my chosen home, Berlin, gave me 
especial pleasure, because I saw in it an acknow ledgement 
of my scientifi c labors and was brought by it into a sort of 
academic relation with my scientifi c friends.

I come now to speak somewhat in detail of 
my political activity, to which I devoted myself 
with much ardor in the following years.

From my earliest youth, I had keenly felt the 
want of union and the impotence of the German 
nation. Th is feeling had been awakened in me 
and the brothers nearest to me in age through 
our being brought up in the petty and middle 
states of Germany, where a patriotism arising 
from a sense of political unity found no fruitful 
soil, as was the case in Prussia, thanks to its glo-
rious history. Moreover, in our family national 
and liberal views had always prevailed, and my 
father in particular was devoted to them. In spite 
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* Werner von Siemens 
was elected to the 
Board of Elders of 
the Berlin Merchants’ 
Association as early 
as 1855.

Werner von Siemens’ 
diploma con ferring 
the degree of Doctor 
honoris causa from 
the Philosophical 
Faculty of the Uni-
versity of Berlin, 
October 16, 1860.
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of the melancholy political condition into which Prussia 
and all Germany had again sunk aft er the glorious War of 
Liberation, yet the hope remained that the state of Frederick 
the Great, who by his deeds had awakened self-confi dence 
in the Germans, must prove our future savior. It was this 
hope which had caused my father to advise me to enter the 
Prussian service, and this trust in a future strengthening of 
Germany through Prussia had always been strong in myself 
also. Th us it was that I was carried away with such irresisti-
ble force by the national movement of 1848 and in spite of 
opposing private interests drawn to Kiel, to fi ght with Prus-
sia for Germany’s unity and greatness.

When this movement of youthful enthusiasm, altogether 
overshooting the mark, had col-
lapsed through the unfavorable 
circumstances of the time, when 
Germany had again relapsed into 
impotent disunion and Prussia 
had been deeply hu miliated, a 
profound dejection crept over all 
German patriots. Our hope in-
deed was still fi xed on Prussia, 
yet no one any longer believed 
that Prussia as a state would 
secure the union of Germany, 
and our hope rested entirely on 
the ultimate victory of liberal 
sentiments in the German and 
particularly the Prussian people. 
Th is revulsion of feeling explains 
the events of the period of con-
fl ict, which would be scarcely 
intelligible without it.

Up to the year 1860, I was 
so fully occupied with scientifi c 
and technical labors that I kept 

Diploma for the Degree of Doctor Honoris 
Causa

By resolution of the distinguished faculty of philo-
sophers and being constitutionally so authorized, 
FRIDRICH ADOLPH TRENDELENBURG, Doctor 
and Professor of Th eology and Philosophy, Secretary 
of the Royal Prussian Academy of Sciences, Knight of 
the Order of the Red Eagle, Second Class with Oak-
leaves, nonresident Member of the Royal Bavarian 
Academy of Literature and Sciences, Professor in 
Ordinary, at present Dean of the Philosophical 
 Faculty, has awarded to WERNER SIEMENS of 
Hanover, a man of great experience and famous 
throughout Europe, who, when our century learned 
to send messages with the power and also with the 
speed of lightning, improved, advanced and perfected 
telegraph appa ratus and has also extended the 
knowledge of electricity, statics and dynamics, a man 
who has deserved well especially of our City because 
of his telegraph manufacturing establishment, the 
insignia and honor of a Doctor of Philosophy and 
Master of the Free Arts honoris  causa on October 16, 
1860, on the occasion of the Jubilee to celebrate the 
50 anniversary of the  University, this being confi rmed 
in this offi  cial  document by witness and seal of the 
Philosophical Faculty.
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entirely aloof from politics. Only when, under the Regency 
of the Prince of Prussia, the political stagnation and the 
 pessimism which till then had prevailed almost exclusively 
had diminished, and freer political views had again ven-
tured to come forth, did I join the National Association 
formed under the lead of Bennigsen, and patronized by 
Duke Ernest of Saxe-Coburg and Gotha. I was present at 
the meeting which constituted it at Coburg, and continued 
to take part in its aims as faithful ally. Th rough this and 
my lively activity at the elections for the Prussian Diet I 
became more intimately acquainted with the leading poli-
ticians of the liberal party. I attended the meetings of the 
new liberal party then in process of formation, and assisted 
at the deliberations concerning its program and name. Th e 
majority was inclined to vote for the name “Democratic 
Party,” while Schulze-Delitzsch wished to call it the “Ger-
man Party.” I proposed the name “Progressive Party,” as it 
seemed to me more proper to designate the direction of 
activity rather than the principles by the party name. It was 
resolved to combine my proposal with that of Schulze-
 Delitzsch and to call the new party the “German Progressive 
Party.”

I had repeatedly declined the invitation to allow myself 
to be elected deputy, but in the year 1864* I considered 
it my duty to accept my election, which had taken place 
 without my intervention, as deputy for the district of 
 Solingen-Remscheid.** At that time, the reorganization of 
the army proposed by the government formed the great 
issue determining party lines. Th e essence of this matter lay 
in the virtual doubling of the Prussian Army in accordance 
with the government plan, and the corresponding increase 
of the military budget. Th e mood of the country declared 
that this increase of the military burdens could not be borne 
without leading to a thorough impoverishment of the peo-
ple. In fact the prosperity of Prussia lagged considerably 
behind that of the other German states, as the burden of the 

* Werner von Siemens 
actually accepted  
the election in 1862.

** Not Solingen-
 Remscheid, but 
 Lennep-Solingen.
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German defenses even aft er the 
War of Liberation had rested 
chiefl y on her shoulders. If this 
burden was to be still further 
increased in so great a degree, 
without the enforcing of a cor-
responding participation of the 
rest of the German states, it was 
thought that the prosperity of 
the country could not but be 
retarded more and more, and 
the burden would fi nally become 
insupportable. It was known 
indeed that even as Prince of 
Prussia and as Prince Regent, 
King William had been con-
vinced of the necessity of again 
raising the state of Frederick 
the Great to the stature consist-

ent with its historical position at the head of Germany. No 
one questioned the sincerity of the personally popular and 
highly esteemed monarch, whose eff orts were directed to 
that end, but there was much doubt with regard to the prac-
ticability of his plan. Faith in the historical mission of the 
Prussian state to eff ect the unifi cation of Germany, and in 
Prussia’s star, had sunk too low. Even the most eager en -
thusiasts for Germany’s unity and future greatness, nay, 
even preeminently Prussian patriots, deemed it therefore 
incompatible with their duty to load Prussia with this new, 
and as it seemed, exorbitant military burden. Th e represent-
atives of the people, in large part certainly with heavy heart, 
rejected the reorganization plan of the government, and 
aft er repeated dissolutions the people confi rmed this vote at 
the new elections.

It was especially hard for me personally to vote against 
the proposition of the government, as in my innermost 

Werner von Siemens, 
around 1864.
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heart I still maintained my old faith in the vocation of Prus-
sia, and it might also look like ingrat itude if I opposed the 
desire of a monarch who had once personally shown his 
goodwill to me. Moreover, from the attitude of the ministers 
von Bismarck and von Roon in the chambers and from their 
demeanor and utterances in the bitter war of words that 
oft en took place, I had gained the conviction that serious 
action was before us, for which an increased army would be 
required. But my political friends quieted me by saying that 
an active movement on the part of Prussia for creating a 
united Germany under the guidance of Prussia would nec-
essarily lead to a war with Austria, and against this there 
stood as insuperable obstacle the testamentary admonition 
of Frederick William III to his son: “Hold fast by Austria!”

Th is inward confl ict led me, in an anonymous pamphlet 
published by Julius Springer with the title “Zur Militärfrage” 
(On the Military Question), to discuss the question whether 
the doubling of the army in the event of war might not be 
obtained in another way than that proposed by the govern-
ment, without the country being burdened with the serious 
expenditure which the government plan rendered neces-
sary.

Meanwhile the reorganization itself was carried through 
by the Minister of War, von Roon, without any regard to 
parliamentary contests, and was fortunately already com-
pleted when, in the spring of 1866, the diff erences in regard 
to Schleswig-Holstein led to a breach with Austria. Th at 
this breach would actually occur and entail war few believed, 
despite the warlike preparations and threats. All the greater 
was the universal astonishment when, early in the morning 
of June 14, the news spread that war had been declared 
against Austria and the German Confederation, and that 
the declaration of war was already  posted up on the adver-
tising pillars. In fact, aft er a hasty walk from Charlottenburg 
to Berlin, I found the nearest of these pillars surrounded by 
a dense crowd. I was struck by the calm, earnest demeanor 
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with which the oft en changing crowd received the mighty 
event. No critical remark of any sort was heard when the 
serious and dignifi ed announcement was repeatedly read 
at the request of the bystanders. Everyone, workman and 
pri vileged citizen alike, felt the immense gravity of the 
fact “It is war!,” but nobody appeared to be depres sed by it; 
 every where it was received with self-conscious calm.

It was brought strongly home to me what a power lies in 
the glorious past of a people. In perilous times it enhances 
self-confi dence, allows no pusil lanimity to spring up, and 
awakens in everybody the resolve to contribute his part to 
overcoming the danger, as his fathers had done before him. 
As in front of this advertising pillar at the Potsdam Gate, so 
did it look in all Berlin, nay, in the whole country, at any 
rate in the old territories of Prussia. All political disputes 
were forgotten, or at least postponed. Every man had but 

The Prussian Landtag. 
Left fore ground, 
Otto von Bismarck; 
fi fth row center, 
Werner von Siemens.
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one thought: to do his duty. Th at this feeling dominated all 
classes of the people was clearly manifested in a meeting 
which was called on the very day of the declaration of war 
by some private persons, with the object of forming a so ciety 
for the care of the wounded. When a politician began the 
proceedings with complaints against the government which 
had brought on the war, a brief remark of mine suffi  ced for 
reply that war was now a fact, and the only question before 
us was how to pave the way for victory, and assuage as far as 
possible the suff erings of the wounded. Th is was received 
with such unanimous applause that all further discussion 
was cut short, and the formation of the aid society for the 
army in the fi eld, which aft erward worked with great suc-
cess, was unanimously resolved.

When, aft er a few weeks, the war was ended with the 
fi nal defeat of Austria and its allied German states, the world 

The Prussian House 
of Delegates on 
 Dönhoffplatz. Here 
Werner von Siemens 
represented the 
 district of Lennep-
Solingen from 1862 
to 1866. At that time 
he belonged to the 
(left-liberal) German 
Progressive Party.
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looked quite diff erent. Th e insignifi  cant, deeply humbled 
Prussia now stood in fact as proud conqueror without a 
rival at the head of Germany. With a wise understanding 
of the national mind, which regarded the unavoidable civil 
war only as a means to the attainment of the yearned for 
German unity, King William and his chief minister had 
imposed only extremely mild conditions of peace on the 
conquered states, where they were not entirely incorporated 
in the Prussian state for its necessary security. Th e King and 
Captain, now entering as victor into his residence, gave the 
world probably a unique example of magnanimous justice, 
by requesting from the Diet an indemnity for the trans-
gression of its constitutional rights necessitated by state 
diffi  culties, and thus restored the country’s internal peace. 
It certainly required many more struggles in the Chamber 
of Deputies before the wisdom and magnanimity of this 
kingly act received full recognition and approbation. As a 
result of the struggles continued with the government for 
several years, and the repeated dissolutions, a sort of fi ght-
ing organization had been formed in the Diet, which gave 
its leaders a decisive infl uence on the divisions. Waldeck, 
in particular, the leader of the extreme democrats, had ob-
tained great power. His friends rejected all compromise, 
and held it to be requisite for attaining their ends, as well 
as befi tting the dignity of the House, to grant the desired 
indemnity only on very far-reaching conditions. Th is in the 
then political situation was an extremely dangerous pro-
ceeding, which seriously threatened the internal peace, and 
might again imperil all the achievements of the glorious 
victories of the Prussian Army. I had, soon aft er the conclu-
sion of peace and before the convocation of the Diet, stayed 
for some time in Paris, and had an opportunity to become 
acquainted with the feeling of the masses, as well as of the 
leading circles. It was there considered as altogether beyond 
question that France could not suff er the powerful position 
acquired by Prussia at the head of North Germany and as 
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leader of all Germany without very considerable compensa-
tion, and must break it down, if necessary, by force. From a 
thoroughly reliable source I learned that the reason why 
France had hitherto put a good face on a bad business was 
merely because the Mexican war had disorganized the army 
and in particular exhausted the stores, but that warlike 
preparations were proceeding at a great pace, and in the 
meantime a prolongation of the internal confl ict in Prussia 
was being reckoned upon.

On my return to Berlin, I found the Chamber of Depu-
ties already assembled and the indemnity question being 
hotly debated within the parties. Unfortunately, a large 
number of the parliamentary leaders not belonging to the 
Waldeck party, in the fi xed expectation that this group 
would carry the day, at any rate in the Progressive Party, 
had announced their secession from the latter and declared 
for the formation of a new party, the “National Liberal.” I 
myself had on principle never delivered long speeches in 
the House, as I regarded my political activity as only tran-
sient, and had resolved not to serve again in Parliament. On 
the other hand, I had always taken an active share in the 
party meetings and knew the leanings of most of the depu-
ties perhaps better than the parliamentary leaders. It was 
my conviction that the great majority of the Progressive 
Party were disposed for peace with the throne, and that it 
only required a powerful impulse to give expression to this 
peaceful sentiment. In fact, my vivid description of the 
many-sided dangers which were connected with the refusal 
of the indemnity fell on fruitful ground in the party meet-
ing, and aft er Lasker, who at my request had put off  his 
declaration of retirement till aft er the sitting of the party, 
had confi rmed my arguments in an eloquent speech, the 
Progressive Party by a considerable majority declared for 
the unconditional granting of the indemnity, although Wal-
deck himself pronounced most decidedly for unfl inching 
insistence on the question of right and the refusal of the 
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indemnity. When, thereupon, the granting of the indemnity 
was also resolved by the House itself and thereby internal 
peace was restored in the country, I retired from the politi-
cal scene and henceforth devoted the leisure time which the 
management of my fi rm left  me to my scienti fi c pursuits.

In the three years of my parliamentary activity, I took an 
active part in the sittings of the committee and party meet-
ings on the only three bills which obtained legal force by 
arrangement with the government and the Upper House. I 
was special reporter of the “Metals and Metal Goods” divi-
sion of the Franco-German commercial treaty, and believe 
that I materially contributed to its fi nal adoption by a minute 
report which I drew up on this most hotly disputed part of 
the treaty. Unfortunately, this report brought me into con-
fl ict with my constituents. Th e latter sent a special deputation 
to the Chamber to protest against the article which forbade 
the marking of manufactures with the names of fi rms and 
trademarks of the manufacturers of another country. Th e 
Solingen and Remscheid manufacturers declared that it was 
a customary practice to label the better class of goods, prin-

Signing of the  Franco-
German commercial 
treaty in 1865. 
Standing, at the center 
of the picture, Werner 
von Siemens.
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cipally ordered by English manufacturers and dealers, with 
an English trademark, and that their business would be seri-
ously injured if this were disallowed; the consequence of 
such a prohibition would be that they would not only lose 
the English but also the German market for their superior 
goods, as even in Germany English goods were preferred.

In spite of long discussions, we could not arrive at an un-
derstanding. Th e deputation admitted that German industry 
was acting suicidally in repre senting its good wares as for-
eign and only its inferior wares as its own manufacture; it 
threw the blame, however, on the purchasing public which 
demanded it. We accordingly parted in disagreement, and I 
believe I should not have been reelected if I had stood again. 
For the rest, the prohibition has worked well, although 
unfortunately it has not been carried out in all its strictness. 
Since then, in that old and famous seat of industry, as in 

Five Siemens brothers, 
1866. 
Standing (L to R): 
 Friedrich, Ferdinand, 
Otto and Wilhelm’s 
wife, Anne; 
seated (L to R): 
 Friedrich’s wife, 
Elise (1843–1919), 
née Witthauer, 
Werner and William.
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general throughout Germany, a manufacturing pride has 
grown up which only permits the supply of articles of good 
quality, and it has also come to be seen in many ways that 
a more eff ective protection is aff orded by the good name 
of the manufacturers of a country than by high protective 
duties.

An eff ective system of protection, securing the consump-
tion of the produce of native industry, can in fact only be 
consistently carried out if the country, as, e.g., the United 
States of North America, includes all climates, and itself 
produces all the raw materials which its industry needs. 
Such a country can exclude all imports, but thereby at the 
same time diminishes its own exports. It must be regarded 
as a fortunate circumstance for Europe that America by its 
prohibitively protective system has checked the rapid, and 
for us dangerous, development of its industrial resources, 
and restricted its own exporting power. Europe, divided by 
high tariff  barriers, thereby gains time to perceive the dan-
ger of its situation, which will make competition with a 
free-trading America in the world’s market impossible if it 
does not in good time present a united front by a thorough 
mercantile organization. Th e contest of the old with the new 
world in all departments of life will in all likelihood be the 
great overwhelming question of the coming century, and if 
Europe wishes to maintain its dominant position in the 
world or at least its footing of equality with America, it will 
have to prepare itself betimes for this struggle. Th is can only 
be attained by the utmost possible removal of all inter-
European fi scal barriers, which limit the market, enhance 
the expenses of production, and diminish the power of com-
peting in the world emporium. Further, the feeling of the 
solidarity of Europe as against all other parts of the world 
must be developed, whereby the internal European ques-
tions of political power and economic interest should be 
turned toward higher ends.
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LINE AND THE CAUCASUS

During the period of my political activity, I earnestly con-
tinued my eff orts to develop the large business I had called 
into existence. A change had meanwhile occurred in the 
management of the Prussian government telegraphs, which 
had again brought me and my fi rm into closer connection 
with it. In place of Privy Councilor Nottebohm – who could 
never forgive me for having in my previously mentioned 
pamphlet traced the entire fail-
ure of the Prussian  system of 
underground com munications 
to its real cause, the defective 
organization of the tech ni cal 
administra tion – an extremely 
intelligent offi  cer of engineers , 
Colonel von Chauvin, had been 
named director of the Prussian 
state  telegraphs. Th e latter re-
newed the relations with my 
fi rm, which had been broken off  
altogether for many years, and 
made use of its great experience 
in the telegraphic depart ment 
to improve the work ing ar -
rangements of the government 
telegraph system, which had re-
mained almost stationary. As 
at the same time in Russia my 
old friend and patron, Colonel 
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Privy Councilor 
 Friedrich Wilhelm 
Nottebohm
(1808–1875), 
around 1852.
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von Lüders, was again aft er a long illness managing director 
of the govern ment telegraphs, I conceived the bold plan of 
calling into existence a special telegraph line between Eng-
land and India  by way of Prus sia, Russia, and Persia – the 
Indo-European line.

Th e way had already been paved for this plan by the 
attempts of England to construct a line through the 
Me di terranean, Asia Minor, and Persia, in the execution of 
which my brother William had taken an active part. Th e 
English government had in 1862 laid a cable from Bushehr 
in Persia to Kurrachee in India, in the laying of which our 
electrician Dr. Esselbach had unfortunately met his death. 
Th e land line through Asia Minor and Persia joining the 
cable had also been constructed under English direction by 
the Turkish and Persian governments, and thus an overland 
telegraph line to India had actually been called into exist-
ence. But the impossibility of really solving the problem in 
this way soon appeared. Th e line was usually interrupted, 
and even if it was actually in perfect order, the messages 
oft en took weeks in transmission, and at last reached their 
destination in an altogether unintel ligible, mutilated state. 
Th eoretically there also existed a second overland connec-
tion by means of the Prussian and Russian government 
lines, yet for the transmission of government and commer-
cial messages in the English language this proved almost as 

The route of the 
Indo-European 
telegraph line.
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unserviceable as the special line 
through Turkey.

From these experiences it was 
certain that the great need for 
a quick and reliable telegraphic 
communication between Eng-
land and India could only be 
satisfi ed by a line through Prus-
sia, Russia, and Persia planned 
as a connected whole, and un-
der an undivided management. 
Aft er I had thoroughly weighed 
the practicability of such a line 
with my brothers William and 
Carl, aft er, moreover, William 
had through his friend, Colonel 
 Bateman-Champain, the con-
structor of the land line through 
Asia Minor, secured the bene-
volent support of the English government and Colonel von 
Chauvin had given the like assurance on behalf of the 
 Prussian government, our three fi rms in Berlin, London, 
and St. Petersburg took the execution of the plan in hand.

Th e greatest diffi  culty lay in inducing the Russian gov-
ernment to give permission to a foreign company to con-
struct and work its own telegraph line through Russia. Th is 
succeeded only aft er lengthy negotiations, in which our 
 previous achievements both as engineers and as reliable 
contractors stood us in good stead. Th e concession fi nally 
granted gave us the right of laying and working a double 
line from the Prussian frontier by way of Kiev, Odessa, 
Kerch, thence partly underwater to Sukhum-Kalé on the 
Caucasian coast, and further via Tifl is (today Tbilisi) to 
the Persian frontier. Prussia herself undertook to construct 
a double line from the Polish frontier via Berlin to Emden, 
and to allow this line to be worked by the company we pro-

St Petersburg, November 6, 
Indo-European telegraph.

An ukase dated of October 22 awards to Siemens of 
London and Siemens and Halske of St. Petersburg 
and Berlin the concession within the territory of the 
Russian Empire for the construction and utilization 
of an Indo-European telegraph line. Th e contractors 
undertake to hand over the telegraph line ready for 
service two years aft er receipt of the concessions from 
the Russian, Prussian, and Persian governments 
unless prevented by circumstances beyond their con-
trol. Th e concession is for 25 years from the day on 
which it comes into eff ect. Imported mate rials neces-
sary for construction will not be subject to customs 
duties. Th e telegraph line can be run along railways 
and roads without payment being required for the 
land utilized. In a word, this line will be considered 
as a government installation and will enjoy  all the 
rights and privi leges granted to the public service.

National Zeitung, 
November 6, 1865
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posed to form. Persia, whither 
we sent to conclude an agree-
ment our brother Walter and a 
young relative, Georg Siemens, 
then assessor, now fi rst director 
of the Deutsche Bank in Berlin, 
gave us, like Russia, a conces-
sion for con structing a line of 
our own from the Russian fron-
tier to Teheran. Th e completion 
of the line, already partially con-
structed from Teheran to India, 
was undertaken by the English 
government.

We obtained permission to 
transfer the concessions granted 
us to a company domi ciled in 
England, on condition that the 

construction and maintenance of the whole line should be 
entrusted to our fi rms, and the further proviso that a fi ft h of 
the company’s shares should always remain in our hands. 
We thereupon formed an Anglo-German company, with its 
offi  ces in London, and cannot but regard it as a signifi cant 
indica tion of the standing our fi rm had already attained that 
the considerable capital required was subscribed in London 
and Berlin at our direct invitation, without the intervention 
of a banker. I may here mention that the Indo-European 
line still exists as originally constructed and, in spite of 
 dangerous competition caused by a new submarine line 
laid down by English companies through the Mediterranean 
and the Red Sea, regularly pays a considerable dividend to 
its shareholders.

Th e construction of the line was assigned to our fi rms in 
the following manner. Th e Berlin, in conjunction with the 
St. Petersburg, business undertook the management of the 
construction of the land lines, while the London concern 

Walter Siemens 
(1833–1868) was an 
engineer in Warsaw, 
Vienna, Paris and 
 fi nally Tifl is, where 
he served as North 
German consul 
from 1866 onward. 
 Undated.
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was entrusted with the laying of 
the submarine line in the Black 
Sea and the delivery of the mate-
rials for the construction of the 
lines. To the Berlin fi rm, more-
over, was left  the design and 
con struction of the necessary 
telegraphic apparatus. In spite of 
great and unexpected obstacles, the line was completed by 
the end of 1869, although unfortunately the already men-
tioned destruction of the cable along the Caucasian coast 
resulting from an earthquake, and the inevitably slow re -
placement of the same by a land line, rendered a regular 
telegraph service impossible before the following year.

According to the working program drawn up by us, the 
messages from London to Calcutta were to be forwarded 
without any manipulation at the intermediate stations, i.e., 
by purely mechanical means, in order to preclude loss of 
time and mutilation by telegraphists in forwarding. For 
this purpose I constructed for the Indo-European line a 
special system of apparatus which com pletely solved this 
problem. It naturally excited great astonishment in England 
when, at the fi rst offi  cial experiments, London and Calcutta 
conversed with one another along a line of nearly 10,000 
kilometers as quickly and surely as between two neigh-
boring English telegraph stations.

An unexpected diffi  culty was caused by the circumstance 
that the two wires, especially in dry weather, interfered with 
one another. Th is showed itself fi rst in Persia, where the 
chief engineer of the Berlin fi rm, Herr Frischen, was occu-
pied in arranging the telegraph service. With the very dry 
weather prevailing there, the two wires were entirely insu-
lated from one another and from the earth, and nevertheless 
correct Morse writ ing was received on both receiving in-
 struments of the distant station when a message was sent on 
one of the two lines. As the receiving apparatus of the sec-

. . .  Th e rate for a telegram of twenty words on the 
Indo-European telegraph line has for the present been 
fi xed at £ 3.10 s . . .  At the present frequency it may 
safely be assumed that 800 to 1,000 telegrams will be 
dispatched to India daily.

Über Land und Meer, 
Allgemeine Illustrierte Zeitung, 1869
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ond line at the sending station 
showed reversed writing, the 
cause of the disturbances could 
only be in the electrostatic 
charge of the side line, for the 
currents dynamically induced in 
it should have given reversed 
writing at both ends of the 
 second line. Th is was proved by 
a series of experiments which 
Herr Frischen made in Teheran 
on my wired instruction. Aft er 
the cause of the disturbance was 
ascertained, it could be rendered 
innocuous by suitable precau-
tions.

I take this opportunity to 
point out that this double cause 
of the induced currents arising 
in neighboring wires occasions 
in the working of telephones 
many disturbances hitherto not 
altogether intelligible, and still 
needs thorough investigation. I 
have subsequently had an oppor-
tunity, when my fi rm laid a 
seven -cored land cable, to insti-
tute an instructive experiment 
with reference to this pheno me-

non. With the permission of the imperial telegraph admin-
istration, one of the seven conductors of the cable from 
Darmstadt to Strassburg, insulated by gutta-percha, was 
coated with tinfoil, while the other six conductors were 
uncoated. It appeared from the experiments carried out 
aft er the laying that the tinfoil entirely obviated the electro-
static charge between the coated and the other wires, while 

Johann Georg von Siemens (1839–1901), 1866. 
He was the son of Justizrat Johann Georg Siemens, 
the co-founder of Siemens & Halske. Werner von 
 Siemens engaged this young civil servant as a legal 
advisor for his company. When the Indo-European 
Telegraph Company was founded in 1866 he assisted 
William Siemens in London, and in 1868 headed the 
diffi cult negotiations in Teheran over the Persian con-
cession for the telegraph line. Werner von Siemens 
would have liked to win Johann  Georg over as a 
shareholder, but Johann Georg preferred to join the 
management of Deutsche Bank, founded in 1870.
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the electrodynamic induction between them remained quite 
unchanged. Unfortunately, the experiment could not be 
made with perfectly insulated tinfoil, as such an insulation 
was not to be attained.

Prospectus of the 
Indo-European Tele-
graph Company.
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Even before the completion of 
the Indo-European line, our 
St. Petersburg fi rm had been 
entrusted by the Russian gov-
ernment with the construction 
and the remount of several 
 telegraph lines in the Russian 
Caucasus, and had for this 
 purpose established a branch in 
Tifl is, the management of which 
was entrusted to my brother 
Walter. When, aft er the comple-
tion of the government works, 
no suffi  cient occupation could 
be found for the latter, he pro-
posed to us the purchase of a 
rich copper mine in the Cauca-

sus at Kedabeg, near Elisabethpol. As mining did not fi t 
into the framework of business activity of our fi rms, brother 
Carl and I privately gave him the not very considerable 
 capital required for the purchase and the working of the 
mine.

Th e copper mine of Kedabeg is very old; it is even 
asserted that it is one of the oldest mines from which copper 
was actually extracted in prehistoric times. Th is is rendered 
probable by its position in the neighborhood of the large 
Goktcha Lake and of Mount Ararat rising on its western 
shore, a region which has indeed oft en been regarded as 
the cradle of the human race. A legend even runs that the 
 beautiful valley of the Shamkhor river, which belongs to 
the forest district of the mine, was the site of the biblical 
Paradise. At any rate, the numberless old workings which 
crown the summit of the metalliferous mountain testify to 
the antiquity of the working of the mine, as does also the 
occurrence of native copper, and fi nally the circumstance 
that extensive prehistoric burial grounds exist in the vicin-

Werner to Carl, April 12, 1870

We achieved a fi ne success today but only aft er a 
great deal of anxiety and excitement. When London 
called Teheran, there was interference on Berlin–
London and it was horrible at Kerch.
In spite of all exhortations the inter mediate stations 
then switched in out of curiosity and upset every-
thing. While I was engaged in chasing off  the 
unwanted stations all of a sudden there was good 
contact on the lines to Kerch.
I called Kerch on the second line with translation in 
all stations.
As it worked all right I called Tifl is, then Teheran and 
then made contact with London with this second 
line! In this way London has been in continuous 
communication with Teheran, i.e., with translation 
at all 9 stations! ... Now you can shout aloud and 
beat the 10 – 12 hours of the Red Sea with our 
1 minute to Teheran and 28 minutes to Calcutta . . .

umbr2_feldenkirchen_engl.indd   290umbr2_feldenkirchen_engl.indd   290 13.08.2008   21:26:4013.08.2008   21:26:40



INDO-EUROPEAN  TELEGRAPH LINE AND THE CAUCASUS  291

ity of Kedabeg, in the investigation of which Rudolph 
Virchow has shown such great interest.

Th e mine has a beautiful, really paradisical environment, 
with a temperate climate. It lies about 800 meters above the 
great Caucasian steppes, which 
extend from the foot of the spur 
of the Lesser Caucasus – termed 
the Goktcha chain – to the 
 Caspian Sea. Th e working of it, 
when the primitive pit sinking, 
subservient to operations on the 

The declaration by 
brothers Werner von 
Siemens, William 
 Siemens and Carl 
von Siemens on how 
many Indo-European 
Telegraph Company 
shares they had sub-
scribed for, August 
29–31, 1871.

Werner to William, March 9, 1864
Th e most careful investigation convinces me that 
the undertaking really rests on very solid ground. 
Ore is certainly there in abundance in seemingly 
inexhaustible quantities. Th e transport of ore is 
 practicable and should be given top priority …
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exposed ore, could no longer be continued, 
came into the hands of the Greeks, whose slant-
ingly sunk staircaselike shaft s, by which they 
carried ore and water up on their backs, were 
still in use at the time of my brother Walter’s 
taking possession. Operations in accordance 
with modern principles were commenced by us 
with very sanguine expectations – as is usually 
the case with such undertakings – under the 
direction of a young Prussian miner and metal-
lurgist, Dr. Bernoulli. It soon became apparent, 
however, that considerable diffi  culties would 
have to be overcome and large sums of money 
spent before the working could be remunerative. 
Th is is intelligible when one considers that the 
mine is situated about 600 kilo meters distant 
from the Black Sea and at that time was con-
nected with it neither by railways nor regular 
roads, that all the material required for the mine 
and the projected copper smeltery, even to the 
fi reproof bricks, of which there were then none 
in the Caucasus, had to be brought from Europe, 
and that for the life of a European colony in this 
waste, in which earth caves served for human 
habitations, all the conditions of civilization had 
fi rst to be created.

No wonder that the amount of money which 
the mine swallowed up was great beyond all 
expectation, so that the question soon became 
urgent for us brothers whether we should con-
tinue or give up the undertaking. To decide 
the matter, I resolved in the autumn of 1865 to 

 journey myself to the Caucasus, and learn the state of aff airs 
by actual observation. I count this Caucasian journey among 
the most agreeable memories of my life. I had always felt an 
inner yearning toward the primeval seats of human culture, 

Punched-tape transmitter with 
magnetic inductor for the Indian 
line, 1867.

PUNCHED-TAPE TRANSMITTER 
 (battery-operated) for the Indian 
line, 1867.

Polarized relay belonging to the 
Indo-European system, 1867.
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and Bodenstedt’s glowing descriptions of the luxuriant 
 Caucasian countryside had directed this yearning toward 
the Caucasus and long ago had excited in me the wish to 
know it. Th ere was the further reason for the journey that I 
was mentally and bodily fatigued by the death of my beloved 
wife aft er much suff ering, and seriously needed a change.

Accordingly, at the beginning of October 1865 I jour-
neyed by way of Pesth to Basiash, where I embarked on one 
of the fi ne Danube steamers for Tchernawoda, in order to 
go from there via Kustendji to Constantinople. 
On the ship it was very interesting for me to 
meet the famous Omer Pasha, then commander 
in chief of the Turkish Army. As he exhibited a 
desire for conversation, we soon got acquainted; 
my Havana cigars were to his liking and his chi-
bouk, which he ordered his slave repeatedly to 
fi ll for me, to mine. Omer Pasha had at one time 
been a sergeant in the Austrian Army, had then 
gone over to the Turks, had adopted their faith 
and rapidly risen during the war with Russia. 
Th e conquest of Montenegro, which had up to 

Laying the Indian line 
in the Caucasus. 
 After a drawing by 
Burgfeldt. Undated.

The foot of a nearly 
century-old iron pole 
from the Indian line, 
Iran, 1966.

umbr2_feldenkirchen_engl.indd   293umbr2_feldenkirchen_engl.indd   293 13.08.2008   21:26:4213.08.2008   21:26:42



294  INDO-EUROPEAN  TELEGRAPH LINE AND THE CAUCASUS

that time been considered impossible, fi nally carried him to 
the head of the Turkish Army. He was just returning from a 
prolonged visit to Vienna and Paris. My attempts to get him 
to relate his warlike exploits he unfortunately always evaded. 
Th e recollections of the victories which he had achieved 
over the ladies of the ballet and the opera in Vienna and 
Paris seemed to him to be more agreeable than those of his 
warlike deeds. Only with regard to the expected future war 
of the East against the West of Europe did he express him-
self, and that in a very sanguine manner. A powerful troop 
of Turkish horse would, so he thought, overwhelm the West 
as in former times, and ride down all resistance. For a Turk-
ish generalissimo this opinion appeared to me as somewhat 
childish. He seemed to feel very dependent on public opin-
ion in Turkey, as was made clear when a minor traveling 
mis hap befell us. Th e engine of our vessel had suff ered dam-
age in passing the Iron Gate, and we were forced to spend 
the night in Orsova, that it might be repaired. In conse-
quence we arrived somewhat late at Kustendji, and learned 

A telegraph station 
on the Indo-Euro pean 
telegraph line 
in Kashan, Persia, 
around 1880.
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to our dismay that the steamer, which went from there to 
Constantinople only twice a week, had not awaited the 
arrival of our boat. Th e prospect of remaining several days 
in that dreary place was extremely disagreeable to all of us, 
especially to the seraskier. A deputation of the passengers 
headed by me therefore went to him, and begged him to 
induce the steamship company to send us by small steamer 
there at hand, in the wake of the one that had already 
departed. He declined this, however, for not very intelligi-
ble reasons. But aft erward he told me privately he could 
not do it on account of his position, for if the steamship 
company had not complied with his request, all the pashas 
in the whole empire of Turkey would have said “Haha! 
Omer Pasha has given an order, but has not been obeyed, 
haha!” – to which banter he dared not expose himself.

Th e Bosphorus, the Sea of Marmora, the Fresh Waters, 
the incomparably beautiful site of Constantinople – all these 
have been so well described and are so familiar to the reader 
that I had better be silent about them. In spite of the splen-

The overland route 
from Thorn to Tehe-
ran, nearly 5,000 
kilometers long, was 
built by Siemens & 
Halske and Siemens 
Brothers between 
1867 and 1869. It was 
over this line that 
direct  telegraph traf-
fi c between London  
and Calcutta was 
opened on April 13, 
1870.
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dor and grandeur of its situation, which betrays at fi rst 
glance that nature intended it as the seat of a world empire, 
looked at from the sea, Constan tinople with Pera opposite 
makes no cheerful or elevating impression. Nobody would 
say “I have seen Constantinople and now can die!” Probably 
the dark cypresses  with which the Turk adorns his burying 
places, rising everywhere in large groups between the 
houses, give an air of gloom to the aspect of the city in spite 
of its glorious environment. It may also be the mental eff ect 
of the melancholy history of the place, or the presentiment 

that the struggle for Constanti-
nople will one day set Europe in 
fl ames – in short, the sight of 
Constantinople excites our ad-
miration indeed, but it does not 
delight us like that of Naples 

An overall view of 
 Tifl is, around 1850.

Werner to William, October 29, 1865

Th e situation of Constantinople is heavenly, 
St. Sophia is divine, the city itself and its contents 
are shocking – voilà tout!
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or many another fi nely situated city. Th e prominent archi-
tectural structures also, such as the building of the ancient 
seraglio at the Golden Horn and even St. Sophia, have noth-
ing stimulating or cheering about them, although they are 
imposing by reason of their size. Th e dome of the ancient 
church of St. Sophia indeed rises mightily above the sea of 
houses, but at a distance one perceives only the dome with 
its unornamental pillars, looking ungainly.

Th e external appearance of St. Sophia has been sacrifi ced 
to the beauty of the interior, which is indeed grand and 
 sublime beyond all conception. Never has an architectural 
structure or any work of art, nay, hardly one of the grandest 
of nature’s beauties, made so overpowering an impression 
upon me as the dome of St. Sophia seen from within. One 
altogether forgets in looking at it the heavy weight of the 
roof, which spans the wide square below, and receives an 

A map of the Cauca-
sus showing the route 
of the Indian line and 
the location of Keda-
beg. The undersea 
cable along the Black 
Sea coast to Sukhum-
Kalé was destroyed 
in an earthquake and 
replaced by a land 
line along the coast 
in 1871.
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impression as if the dome, fl oating weightless over the large 
open space, were a gently curved lace veil, which only 
touches the rounding with the fi ne points of the edging. 
Th is illusion is produced by the dome resting on a number 
of short and narrow pillars, between which the dazzling 
light enters, causing the base of the pillars to appear like 
lace. I could only with diffi  culty free myself from the magic 
which this fl oating roof exerted on me, and must confess 
that thereaft er the high vaulted dome of St. Peter’s, with its 
heavy superstructure and massive symmetry, made no par-
ticular impression on me. In St. Peter’s, one wonders that it 
is so much greater than it seems, while St. Sophia on the 
contrary appears greater than it is in reality, and thus the 
beholder is carried away in admiration of this sublime and 
by no means oppressive grandeur.

I was pleased during my stay in Constantinople to meet 
several of the offi  cers who had already been sent there by 
Frederick William III to reorganize the Turkish Army, and 
to fi nd among them some with whom I was acquainted in 
my military period. Th ese offi  cers had without exception 
remained Christians and true Germans, while the noncom-
missioned offi  cers who had gone with them to Constantino-
ple had in part become Mohammedans, and in consequence 
had already risen to higher grades in the army. One such 
renegade I met in Trebizond, whither I proceeded in the 
steamer going to Poti, aft er tarrying a few days in Constan-
tinople. I there visited the Prussian consul, Herr von Her-
ford, who was well known to me in Berlin. He considered it 
proper that I should pay a visit to the pasha of the place, 
who was entrusted with the special commission of con-
structing a high road to Persia. To my question whether the 
pasha was inclined to receive us, the answer came that he 
was at the moment occupied in his harem inspecting female 
slaves who were off ered for sale; he would, however, aft er 
the lapse of an hour, receive us in his riding ground. When 
the consul presented me to him there, the slender fair-haired 
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man, who was still in the prime of life, seemed somewhat 
familiar to me. Th e pasha must have had the same feeling; 
he scrutinized my face for some time and then asked if 
 formerly I had been a Prussian offi  cer garrisoned in Mag-
deburg. When I answered in the affi  rmative, he asked if I 
remembered about twenty years ago having had an order 
to inspect the lightning conductor of a powder magazine 
placed in the fortifi cations; he had been the pioneer sergeant 
who conducted me there. I had only a dim recollection of 
this, but could not help wondering at the pasha’s excellent 
memory for faces. When the consul thereupon made men-
tion of the great engineering task which the pasha had in 
hand, the latter proposed our taking a ride with him along 
the new road on some Arab horses he had just purchased, a 
proposal to which I assented with pleasure. It was a splen-
did ride at a rapid pace that we had on the noble animals, 
fi rst on the seashore, then on the really beautifully made 
road in a charming valley with luxuriant vegetation. When 
about an hour had passed, the valley narrowed, and the road 
appeared to make a sharp bend. Th en the pasha moderated 
the pace of his steed, and remarked that the evening was 
already far advanced and he must return, as he still had 
some business to attend to. Perhaps the purchase of the 
slaves was not yet completed, as the consul whispered to 
me. I was seized, however, with a great curiosity to see how 
the country would open out beyond the bend of the valley, 
and called to the pasha that I should like to take just one 
glance around the corner, as the beautiful landscape exceed-
ingly took my fancy. But when at full gallop I reached this 
corner, I found to my great astonishment that the road came 
to a sudden end. Of course I immediately turned back and 
in a few minutes caught up my companions. Th e pasha evi-
dently regarded me with some suspicion, but I was so full of 
the beautiful view which I had enjoyed around the turning 
that he was soon at his ease again, and took leave of me 
in very friendly fashion, as an old acquaintance. Aft erward, 
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however, the consul asked me if I had also seen where the 
road ended – the pasha had pocketed the continuation!

Trebizond is magnifi cently situated at the foot of the 
Armenian tableland, with a rather abrupt and broken des-
cent along the entire coast. Th e beauty of its situation is very 
considerably enhanced by the exceeding luxuriance of the 
trees and shrubs, which characterizes the whole region. 
 Perhaps I should have been still more enraptured with the 
town, had not Bodenstedt’s enthusiastic descriptions raised 
my expectations to somewhat too high a pitch. My journey 
from Trebizond on the following day, favored by the fi nest 
weather, lay along the steep, beautifully shaped shore. We 
steamed past Kerasoun, the celebrated cherry city, from 
whose heights Xenophon’s Ten Th ousand had beheld the 
heaving sea and cried “Th alatta!” At Batoum our vessel 
reached its destination; then we were ferried across in a 
small coasting steamer to harborless Poti.

Batoum has indeed only a small harbor, but it is thor-
oughly safe, easily accessible even in bad weather, and has 
a very fi ne situation, with wooded mountainous country 
in the rear; whereas Poti lies at the mouth of the Rion, the 
Phasis of the ancients, in a wide marshy plain, and possesses 
no harbor at all, but only a roadstead, which must be avoided 
by vessels in windy weather on account of the shallow water. 
Th rice has the Russian government made the costly attempt 
to construct a breakwater, to aff ord some protection to ves-
sels, but all these attempts have been fruitless. Th e wicked 
world asserts that the fi rst mole made of wood was eaten by 
the bore worm, the second of cement by the seawater, and 
the third built of granite by the generals! Although the last 
assertion must be regarded as a bad joke, for in reality the 
immense cost of the stone dike arrested further progress, 
yet these repeated failures illustrate the necessity felt by 
 Russia to obtain possession of the only available harbor on 
the coast, Batoum, because thereon depended the further 
development of the whole Caucasian territory. Th e acquisi-
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tion of Batoum alone would have been a suffi  cient equivalent 
for the cost of the last Turkish war. I was met at Poti by my 
brother Walter, in whose company I now continued the 
journey to Tifl is, which both then and also three years later, 
when I made a second journey to Kedabeg, was attended 
with serious inconveniences. One had to go fi rst in a river 
steamer up the Rion as far as Orpiri, a place which was 
exclusively inhabited by a Russian sect consisting of beard-
less men, who had been brought thither from all parts of 
the Russian empire. Apart from the interesting omnium-
gatherum of the most varied nationalities and tongues on 
board the vessel, the only noticeable thing which presented 
itself on the voyage up the Rion was the sight of a really 
impenetrable, swampy, primeval forest on both banks of the 
river.

From Orpiri we drove to Kutais, the ancient Kolchis, 
which is situated on the slope of a mountain range connect-
ing the Greater with the Lesser Cau casus, on the border of 
the Rion Valley, in surroundings pleasing and beautiful.

High above Kutais towers a famous monastery named 
Gelati, which is considered to be one of the oldest in 
 Christendom, and is said to be built on a site regarded as 
sacred since the gray dawn of time. I visited it on my second 
journey, and found myself richly rewarded for the toil of a 
fatiguing ride, which brought me to the monastery situated 
some thousand feet above the level of the sea. Th e monas-
tery, now for the most part fallen into ruin, commands a 
splendid prospect, and is especially celebrated through a 
small temple resting on four granite columns, each of which 
belongs to a peculiar architectural style. Th is temple is said 
to date from an extremely remote period, as generally the 
age of many architectural remains in the Caucasus is not 
to be reckoned as in Europe by centuries, but by thousands 
of years. Although a certain allowance must be made for 
exaggeration, yet all one sees and hears indicates that the 
Caucasus is one of the primeval seats of human civilization.
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Kutais now has a railway station, and Tifl is is easily 
reached in a single day from Poti or Batoum. At that time, 
one thought oneself lucky to have at least a new road over 
the Suram mountains, by which the former very trouble-
some journey was considerably facilitated. As compensa -
tion, the Suram Pass was extremely picturesque, and af-
forded the most enchanting views. Here the undergrowth of 
the forest and the more open parts thereof consist entirely 
of rhododendrons and of the arborescent yellow-fl owering 
azaleas of the Cau casus, both plants which present a most 
charming spectacle, in the fl owering season, and fi ll the air 
with overpowering perfume. If in addition one imagines 
bluff  walls of rock, oft en rising almost perpendicularly to a 
height of many hundreds of feet, and frequently covered 
from top to bottom with rank old ivy, an idea may be formed 
of the charms of this region. On the other hand, the Geor-
gian tableland, upon which one enters aft er crossing the 
Suram moun tains – the high road to Tifl is following closely 
the course of the Kur – has no particular beauty; it is stony, 
oft en rent by chasms, and poor in vegetation. Nevertheless, 
one is reconciled to the barren environment by the ever-
recur ring view of the snowy peaks of the Great Caucasus, 
which even from the sea aff ord a glorious spectacle.

Tifl is, traversed by the river Kur in its deeply cut course, 
leans to the north against a precipitous mountain wall, 
which is doubtless the main cause of the insupportable heat 
felt in the town during summer. Hence every inhabitant of 
Tifl is who can at all aff ord it possesses for the hot season a 
second dwelling, placed some thousand feet higher, which 
he only leaves to attend to business aff airs in the town. 
 Properly speaking, Tifl is is composed of two entirely dis-
tinct towns, the upper European, and the lower Asiatic, 
divided from each other by well-defi ned boundaries. Th e 
European Tifl is delights to style itself proudly “Th e Paris of 
Asia,” or at least claims this title of honor immediately aft er 
Calcutta. It has indeed a thoroughly European appearance, 
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being mainly inhabited by Russians and Western Europe-
ans. In this part are situated the imperial residence, the 
theater, and all the government buildings. Th e adjoining 
town, on the other hand, is in appearance and population 
purely Asiatic. Th e reason why Tifl is in very early times 
became a seat of civilization is doubtless to be found in the 
famous hot springs, which possess an even higher impor-
tance for Orientals than for Occidentals.

From Tifl is, our course lay along a tolerably good high-
way to Axtapha, where the road to Baku via Elisabethpol 
branches off  from that to the Goktcha Lake and to Persia, 
and the vast steppes extending to the Caspian Sea begin. On 
account of the high temperature, we chose to continue our 
journey in the early morning, and ordered the horses for 
3:00 a.m. Th e postmaster energetically opposed this, how-
ever, as a band of robbers was rendering the country unsafe. 
Even to the present day, the Russian government has not 
entirely suc ceeded in suppressing brigandage in the Cauca-

View of Tifl is. 
 Undated.
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sus. Th e Tartars of the steppes 
and of the neighboring moun-
tain regions, in spite of severe 
punishments, cannot be weaned 
from it. Just now, in the summer 
of 1890, when on the point of 
making a third journey to Keda-
beg with my wife and youngest 
daughter, I get the news that a 
band of robbers is carrying on 
its nefarious practices in the 
neigh borhood of our mining 
works and has given occasion 
for extreme measures against 
them.

Th e predatory inclination of 
the Cau casian tribes, ever mani-
festing itself afresh, has its root 
in the habits and sentiments of 
the population of a country in 

which the bearing of arms still forms a man’s pride. Plun-
dering is there considered more as a prohibited sport than a 
crime. As knights in the Middle Ages deemed it compatible 
with their dignity to snatch his wares from the peddler on 
the high road, and to fl eece the people of the towns, so the 
Caucasian Tartar yearns to roam on his steed as a free man 
through forests and over steppes, and to take by violence 
whatever comes in his way. It oft en occurred at Kedabeg, 
where the Tartars belong to the best and most reliable work-
men, that pitmen, who had labored industriously for years 
and almost without interruption – the Moslem sect of the 
Shiites to which they belong having only one feast day in 
the year and no Sunday – suddenly disappeared when they 
had saved enough money to buy a horse and weapons. 
Sometimes they returned aft er a length of time. It was 
known that in the interval they had been practicing brig-

Werner von Siemens 
and his second wife, 
Antonie (1840–1900), 
née Siemens, and 
daughter Hertha 
(1870–1939), around 
1887.
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andage, yet this did not prevent them from becoming ex-
cellent workmen again, if they had been unlucky in their 
predatory occupation, or had lost the taste for it.

Th e warnings of the postmaster at Axtapha were not 
strong enough to detain us, but we continued our journey 
in the cool starry night with fl eet horses, and trusted to our 
good revolvers, which for precaution’s sake we held cocked 
in our hands. My brother Walter, however, whom the nov-
elty of the situation did not keep awake like myself, was 
not able to resist fatigue very long, and soon slept the sleep 
of the just. Suddenly there rang from the box of our low 
springless open wagon, on which my brother’s servant 
was seated beside the driver, a loud cry of “Robbers!” At the 
same time, I saw in the gloom a white fi gure galloping 
straight toward us. My brother awoke in consequence of 
the shout, and without any refl ection discharged his revolver 
at the fi gure, now close in front of our horses and himself 
shouting loudly, fortunately without hitting him. As it soon 
appeared, it was no robber but an Armenian who imagined 
himself pursued by robbers, and had dashed toward us in 
search of protection. Th e Armenians generally pass in the 
Caucasus for very shrewd and smart men of business who 
possess little courage, and perhaps for this reason like to 
equip themselves in as martial a fashion as possible on their 
journeyings. As it seemed, the gang of robbers which had 
terrifi ed our Armenian existed only in his imagination. His 
lack of caution, however, might easily have cost him dear, 
and the fault would have been entirely his own, as according 
to the custom of the country it is an understood rule that 
one must never approach chance travelers on a journey at a 
rapid pace.

Shortly aft er this exciting incident, we were delighted by 
a remarkable natural phenomenon. A brilliant luminous 
apparition suddenly arose right before us on the horizon of 
the boundless steppe. It gleamed with a magnifi cent many-
colored light, but was distinguishable from a meteor by its 
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remaining immovable at the same point of the heavens. 
We racked our brains as to the cause of the phenomenon, 
which we could only compare to a parachute rocket with 
colored fi re. It soon, however, became weaker, and aft er a 
short time shrank to the dimensions of a bright star. It was 
the rising Venus, which appeared so remarkably magnifi ed 
and colored through the mist of the steppes and the dark-
ness in which the earth is still veiled in those southern 
regions even shortly before sunrise.

We passed the night in the Swabian colony of Annenfeld, 
which lies or rather lay at the foot of a steep declivity leading 
to the Kedabeg mine, near the Kur. It was a very fertile but 
not very salubrious region, and the colonists aft erward 
 abandoned the place and built for themselves a new village 
about fi ve hundred feet higher up the slope of the mountain. 
Th ere exists in the Caucasus a certain number of such Swa-
bian colonies, I believe six or seven, Tifl is also being one of 
them. Th ey owe their origin to some rigid Lutherans from 
Swabia, who left  their fatherland in divers groups in the 
fi rst decade of our century, and were desirous of migrating 
through Austria and Russia to the promised land, where, 
according to the belief of their leaders, earthly and heavenly 
joys awaited them. Th e Russian government of the time, 
however, set great store by the immigration of good German 
husbandmen into the Caucasus; it therefore stopped the col-
umns, and induced them to send a delegation under escort 
to Jerusalem, to make previous inquiry whether land really 
suitable for them was to be had there. When, aft er a rather 
long interval, the delegation returned, it could only advise 
that the march to the promised land be discontinued, and as 
the Russian government granted the people large and fi ne 
tracts of land gratuitously, the Swabians settled there, and 
always remained the true Swabians they were at the time of 
the emigration. It comes upon a traveler as a great surprise to 
fi nd in these Swabian settlements pure and unadulterated 
old Swabian customs and language. One fancies oneself sud-
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denly transplanted into a village in the Black Forest, such is 
the appearance of the houses, the streets, and inhabitants of 
these colonies. It is true I found it diffi  cult to understand 
their dialect, as I had not then studied it, as is now in some 
measure the case aft er twenty years’ marriage to a Swabian 
lady. But I learned from a genuine Swabian that he too only 
understood it with diffi  culty, as it was the dialect spoken at 
the beginning of the century, and not the present one, much 
changed through the infl uence of time. With the language 
the people have also retained all their customs and usages, 
just as they were at the time of the emigration. Th ey are, as 
it were, fossilized, and bitterly fi ght against all changes.

It looks, however, as if this immutability of national cus-
tom and language were a general characteristic of the Cau-
casus, which presents a real mosaic of nations. Besides the 
larger, sharply separated tribes, there are a number of quite 
small ones, inhabiting secluded and almost inaccessible 
mountain valleys, who have faithfully preserved both lan-
guage and customs, which from time immemorial have 
been altogether diff erent from those of all the neighboring 
peoples. Further, there exist in the Caucasus numerous Rus-
sian colonies, composed of sects which have been transport-
ed there from all parts of Russia in an endeavor to preserve 
the uniformity of the state religion, and these are united in 
separate settlements. Aft er more than half a century, these 
too have still retained quite unchanged their language, 
creed, and customs. Th e most widespread of these sects are 
those of the Dukhobortsi and Molokani, which like those of 
the Swabians take their stand on defi nite and peculiar inter-
pretation of biblical passages. Th ey are excellent workmen, 
and orderly people, when not carried away by fanaticism.

Th e Molokani are almost without exception artisans, es-
pecially cabinetmakers, the Dukhobortsi on the other hand 
good husbandmen and drivers. Th e proximity of a colony of 
Dukhobortsi has always been of ines timable value to Keda-
beg. Once only in the year do the people refuse to work, viz. 
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when their queen proceeds from one colony to another and 
celebrates religious festivals with them. Th ese seem to lay 
great stress on earthly bliss, perhaps only to give the faith-
ful a faint idea of the anticipated and infi nitely greater joys 
hereaft er.

From Annenfeld, a steep and not very well made road 
leads up to Kedabeg. At a height of about 1,000 meters a 
 fertile undulating plain is reached, broken by small moun-
tain ranges, formerly covered by fi ne forests of oaks, limes, 
beeches, and other leaf-bearing trees. Since the cessation of 
the Persian rule, the traces of which are especially recogniz-
able in the numerous ruins of works of irrigation, the woods 
here, as in most of the elevated plains of the country, have 
been entirely extirpated; the reason being that, in the hot 
season when the grass dries up, and likewise in the winter 
when the steppes are covered with snow, the shepherds 
drive their herds up the mountains to let them browse on 
the young shoots. For this purpose they simply fell the trees, 

The Kedabeg copper 
mine in the Caucasus, 
around 1865.
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and let the cattle eat the buds and twigs. In this manner a 
single herd oft en annihilates square versts of luxuriant for-
est. Th e managers of our foundry have accordingly always 
experienced the greatest diffi  culty in preventing these dev-
astating herds from destroying our woods, on which, in the 
absence of coal or other combustible material, the preser-
vation of smelting is wholly dependent.

Th e smelting works stands by a small mountain brook, 
which below Kedabeg forces its way abruptly through the 
ridge separating Kedabeg from the exceedingly beautiful 
Shamkhor Valley. In the valley through which it rushes lie 
the ruins of a small Armenian fortress, while at about the 
level of Kedabeg the Shamkhor Valley conceals an old 
Armenian monastery, which was then still inhabited by a 
few monks. At present the appearance of Kedabeg, as seen 
by anyone ascending from the valley, aft er crossing the last 
mountain slope and passing an old cemetery on the way, 
is most surprising. What presents itself to view is the thor-

Smelting furnaces in 
Kedabeg. Undated.
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oughly European spectacle of a small picturesquely situated 
manufacturing town with huge furnaces and large build-
ings, among them a Christian chapel, a school, and an inn 
fi tted up in European fashion. Th ere is also a railway carried 
over a loft y viaduct, connecting the branch smelting estab-
lishment of Kalakent, some thirty kilometers off , with 
Keda beg and the neighboring metalliferous mountain. Th is 
remarkable spectacle of a modern civilized center in the 
midst of the wilderness has made Kedabeg a regular place 
of pilgrimage for the inhabitants of the country as far as 
the interior of Persia. When I visited it for the fi rst time, the 
appearance of Kedabeg was certainly a very diff erent one. 
Except for the wooden dwelling house of the managers, 
which struck the eye through its position on a commanding 
height, only a few smelting furnaces and administrative 
buildings were visible. Th e workmen’s dwellings were only 
distinguishable by wreaths of smoke on the mountain 
slopes, for they all consisted of earth-covered pits.

In eastern Caucasia such pits serve almost exclusively 
for dwellings. Th ey are, properly speaking, wooden houses, 
which are built in a pit and covered over with a layer of earth 
a yard in thickness, so that the whole looks like a molehill. 
In the middle of the roof a chimney peeps out, which aff ords 
an exit for the smoke from the one room, and apart from 
the entrance is at the same time the only admitter of light. 
For the rest, such caves are sometimes quite elegantly  made. 
In a visit which, in company with my brother and the smelt-
ing director, I paid to a neighboring “prince” – so the larger 
landed proprietors of the district are called – we were intro-
duced into a reasonably spacious saloonlike room, the fl oor 
of which was covered with handsome carpets, while the in-
terior partitions were formed of Persian carpets suspended 
aft er the manner of tapestries. Opposite the divan was the 
fi replace, above it the aperture in the roof. Behind the car-
pets there was a stir of life, and every now and then we heard 
the voices of women and children. Th e prince received us 
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with great ceremony and made us sit on the divan, while 
he himself settled in front of it. Aft er a short conversation 
through the medium of an interpreter, carried on with all 
the forms of oriental politeness, we were desirous of depart-
ing, but our intention met with very serious resistance. Soon 
aft er our entry, we had heard the bleating of a sheep, and at 
once surmised that it was being slaughtered in our honor. 
In fact the prince signifi ed to us, with a very grave counte-
nance, that he hoped we should not so off end him as to 
depart from his abode without having partaken of his hos-
pitality. We were therefore obliged to wait patiently till the 
shishlik was ready, which was prepared before our very eyes. 
Th is preparation took place in the usual very primitive fash-
ion. Th e fl esh of the freshly slaughtered sheep was cut into 
cubes about the size of a walnut, which were then arranged 
on an iron ramrod and interlarded with discs of fat from the 
fatty tail of the animal. Meanwhile, a wood fi re was made 

Ore smelting furnace 
No. 3 in Kedabeg, 
around 1880.
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between two stones, and when only the glowing embers 
remained from it, the prepared ramrods were laid across the 
stones and frequently turned. A few minutes aft er, the meal 
was ready, and each guest accor ding to his fancy took cubes 
from the garnished ramrod presented to him. Such a shish-
lik, if the sheep is not too old and especially is quite recently 
killed, is very tender and savory; it always forms the basis of 
Tartar and Georgian meals, or what we should call the pièce 
de résistance.

Th e large underground stables in the Caucasus are con-
structed in precisely the same way as the underground 
abodes of princes. I had already made their acquaintance 
at one of the post stations during the journey, where I was 
reminded by the neighing and trampling of horses that I 
was walking over a stable. Th e coolness of the underground 
habitations in summer and their warmth in winter is ex-
tolled, and it has cost the directors of the smelting works in 
Kedabeg much trouble to accustom the Asiatic workmen to 

Log cabins and sod 
huts in Kedabeg, 
 typical of the housing 
in 1864, when Werner 
and Carl Siemens 
bought the copper 
mine. Ten years later, 
most workers were 
living in houses of 
stone. Kedabeg had 
become a Euro pean 
model town, and the 
copper mine was one 
of the most modern 
of its era.
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stone houses. When at last, with the help of the women, this 
succeeded, the diffi  cult workman question was therewith 
solved. For as the people there have only very few wants, 
there is no reason for their doing much work. When they 
have earned suffi  cient money to secure their maintenance 
for a few weeks, they cease to work and take their ease. To 
cope with this, there was only one recourse, viz. to accus-
tom the people to needs the satisfaction of which could only 
be attained by continuous labor. Th e lever was aff orded by 
the natural inclination of the female sex for a pleasant fam-
ily life and their easily awakened vanity and love of dress. 
When a few simple workmen’s houses had been built, and 
we had succeeded in quartering therein a few couples, the 
women soon found pleasure in the greater convenience and 
comfort of the dwellings. Th e men also found it an advan-
tage not to have incessantly to take measures for securing 
their roofs from the rain. Further care was taken that the 
women should be able to procure all sorts of small appli-

A view of the town 
of Kedabeg, end of 
the 19th century.
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ances, which made their life in the house more comfortable, 
and themselves more attractive to their husbands. Th ey had 
soon acquired a taste for carpets and mirrors, and improved 
their toilet; in short, they experienced wants for the satisfac-
tion of which the men were now compelled to provide, and 
in so doing they were very well pleased with the change. 
Th is excited the envy of the women still dwelling in their 
caves, and before long there was a general rush for the work-
men’s dwellings, which of course necessitated the building 
of houses for all the permanent workmen.

I can only urgently advise proceeding on the same lines 
in our present colonial eff orts. Th e man without wants is 
hostile to all improvements of civilized life. Only when 
wants are awakened in him, and he is accustomed to work 
for their satisfaction, does he form a promising object for 
social and religious civilizing eff orts. To begin with the 
 latter will always yield only illusory results.

When, three years later, I again visited Kedabeg, I found 
a quite consid erable place of European aspect already arisen 
out of the troglodyte settlement. Th e bulk of the workmen 
were still nomadic, certainly, but this has remained the case 
even to the present day. Th ese are people who principally 
come from Persia aft er the end of the harvest, work indus-
triously in the mine or in the smelting house, but pass on 
when they have earned the necessary money, or when they 
are wanted at home. Now, however, there is a regular labor-
ing class, which ensures the continuation of the necessary 
work at all times. Th e offi  cials of the mine were Germans 
almost without exception, among them a sprinkling from 
the Baltic provinces of Russia. Th e business language has 
therefore always been German. It is comical to hear Tartars, 
Persians, and Russians murder the somewhat corrupted 
German names of implements and operations and even the 
terms of abuse common among the miners of the Harz.

Th e mountain, rich in sulfurated copper ore, is situated 
in the neigh borhood of Kedabeg, and is connected with it 
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by a so-called haulage line. Moreover, as has already been 
mentioned, a narrow-gauge line has been constructed by 
us, running far into the forests in the river valley of the 
wild Kala kent stream and yielding wood and charcoal to 
the beautifully situated branch smeltery at Kalakent, and 
from there to the wood wharves on the Shamkhor. For 
many years this mountain railway ensured a supply of com-
bustible material, but carefully, as the cleared spaces were 
replanted in accordance with the principles of forest man-
agement, yet at last want of wood threatened to bring the 
smelting works to a standstill. However, necessity itself is 
usually the best helper in emergencies; which also held good 
in this case. We have recently succeeded, I believe for the 
fi rst time in the world, in replacing coal for smelting by the 
raw material of petroleum, naphtha, and by masut, the 
residuum in the distillation of petroleum. Th ese combusti-
bles are brought from Baku by the Tifl is line, which has 
been in existence for some years, to the Shamkhor station at 
the foot of the mountain. With their help the roasted ore is 
smelted in large round furnaces, 20 feet in diameter, and 
worked up into copper. An electric refi ning establishment at 
Kalakent transforms the raw copper thus obtained into 
chemically pure copper, whereby the silver contained in it 
is obtained as a secondary product. As, however, it is diffi  -
cult in winter and during the rainy season to bring masut 
and naphtha up the mountain from the railway station to 
 Kedabeg along the impassable roads, a conduit has been 
con structed of Mannesmann’s* weldless steel tubes, through 
which the masut is pumped about 1,000 meters up the slope 
from the plain. I hope personally to see this contrivance 
in action this very autumn. Fur thermore, the necessary 
arrangements have now been completed for trans forming 
the poorer ores, hitherto not paying for their working up 
into refi ned copper, according to a new process of my own, 
by a purely electrical method without the employment of 
combustible materials. For this purpose, large turbines of 

* Werner von Siemens 
took part in the 
 foundation of the 
“Mannes mann-
Röhrenwerke”
(Mannesmann pipe mill).
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over thousand horsepower have to be set up in the neigh-
boring Shamkhor Valley for working the dynamos, which 
generate the necessary electric current. Th is current has 
to be conveyed over the ridge, about 800 meters high, 
 dividing Kedabeg from Shamkhor, in order  to extract and 
precipitate the copper from the powdered ore by electric 
current, at the very foot of the metalliferous mountain. 
When this arrangement, already elaborated in detail theo-
retically and practically, is ready, there will exist in the 
distant Caucasus a smeltery preeminent in the scientifi c 
industrial arts, and able to cope suc cessfully with the dis-
advantages of its site.

It may easily be imagined that the results obtained by us 
in Kedabeg would bring us off ers of metalliferous property 
from all sides. Although my brother Carl was as little in -
clined for further undertakings as I myself, Kedabeg hav-
ing already given us cares enough, yet we could not always 
reject the invitation of people of infl uence to take a look at 
the proff ered seams. When, aft er the death of my brother 
Walter, who died very suddenly aft er a severe fall from his 
horse, I traveled for the second time to Kedabeg in the 
autumn of 1868, I was in this way induced to make two 
tours in the Great Caucasus. One of these in particular, from 
Suk hum-Kalé to Cibelda, was of uncommon interest to me.

Th e Elbrus, 18,000 feet* high, the loft iest mountain in 
Europe if the crest of the high Caucasus range be taken as 
the natural limit of this part of the globe, is visible in its 
full height from a few points only, being surrounded by a 
circle of loft y mountains. Th e interval which separates it 
from this circle is accessible at only a few places, and is again 
cut up into diff erent parts by several radial ridges, which 
render all human intercourse impossible. Among these, 
Cibelda is a natural impregnable fortress, which can be 
defended by a handful of men against whole armies. Long 
aft er the rest of the Caucasus had fallen into Russian hands, 
and the Circassians who would not bend beneath the Rus-

* Today’s elevation: 
western peak 
5,642 meters 
(18,510 ft .), 
eastern peak 
5,621 meters 
(18,442 ft .).
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sian yoke had emigrated to 
 Turkey, Cibelda remained still 
unconquered in the possession 
of its scanty population, form-
ing a tribe by themselves. Th e 
 Russians had conquered all ap-
parently impregnable fortresses 
of the western Caucasus by the 
construction of roads, which af-
forded them convenient access 
into the parts to be sub jugat-
ed. Cibelda, however, withstood 
also the attack by the military 
road, but hunger and the tempt-
ing proposals of the Russian 
government fi nally induced them to voluntarily evacuate 
their fortress, whereupon they likewise resolved to emigrate 
to Asia Minor.

About a year had elapsed since this emigration, when 
General Heymann, governor of Sukhum-Kalé, invited my 
brother Otto, who had stepped into Walter’s place in the 
business and also been appointed German consul in his 
stead, to make an examination of some deposits of copper 
and silver ore in Cibelda. When, in September 1868, I came 
to Sukhum-Kalé with brother Otto and my expert, the 
recently engaged director Dannenberg, whose introduc-
tion to his new offi  ce was the main purpose of my journey, 
the general renewed his request, and promised to make our 
journey to Cibelda as easy and safe as possible. I could not 
resist the temptation in this way to visit the very center of 
the high Caucasus, which, as was said, had never before 
been trodden by the foot of a native of Western Europe. For 
the purpose of taking us to the metallic deposits a small 
military expedition was therefore equipped, under the com-
mand of a young Russian captain who had superintended 
the exodus of the population from Cibelda.

Otto Siemens 
(1836–1871) earned 
his doctorate in 
chemistry in 1861. 
 After his brother 
Walter died, he 
 became the North 
German consul 
in  Tifl is. Undated.
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Sukhum-Kalé, i.e., the “Sukhum fortress,” lies very pic-
turesquely on a small rocky bay at the foot of the loft y ring of 
mountains girding Elbrus. Its surroundings are entrancingly 
beautiful, above all its vegetation, whose luxuriance defi es 
all description. In the place itself my admiration was excited 
by a long avenue  of weeping willows, the height of which vied 
with that of our loft iest forest trees, their massy branches 
hanging down from the domelike tops to the ground. Unfor-
tunately, in the year 1877 this splendid avenue fell a sacri-
fi ce to the Russo-Turkish war. Th e way taken by our well-
mounted expedition led immediately behind the town, up 
the valley of a small mountain stream studded throughout 
with magnifi cent trees. It struck me that the mighty oaks and 
chestnuts, especially in sunny places, frequently had a per-
fectly brown envelope which shut out all sight of green leaves. 
Th is was because of the wild hops, which covered them to the 
very summits, and gave them this hue through their large 
ripe umbels. As I knew the great value of the hop, I proposed 
to General Heymann on our return that these hops should 
be gathered by his soldiers, and sent as samples for exami-
nation to Germany. Th e general did so, but the trial, as I may 
as well state at once, unfortunately proved unfavorable. It 
was not then known to me that wild hops possess no bitter 
principle; this is only obtained from the fruit of the female 
plants when all the male plants are carefully kept apart, which 
of course is never the case with wild hops.

Our bridle path took us upward the whole day through 
equally beautiful scenery, untouched by human culture. At 
the same time we were oft en refreshed by enchanting dis-
tant views of the loft y snow-covered mountain chain, rising 
gradually before us, and the glittering mirror of the sea, 
lying at our feet. Toward evening we reached one of the 
small fortifi ed Russian encampments whose continual ad-
vance on the newly made military roads was the means 
whereby the Russian forces fi nally broke the resistance of 
the brave Circassians.
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Next morning, we continued our ride at sunrise, and 
now approached the loft y chain. We had frequently occa-
sion to admire the bold construction of the roads by the 
Russians; obstacles were overcome which at fi rst glance 
appeared altogether insurmountable. We reached without 
much diffi  culty the border of the district already designated 
by the name of Cibelda, which forms the foreland of the 
high stronghold of that name. To this there was only a sin-
gle entrance along a deep cleft  in the mountains, at the 
bottom of which a wild mountain river took its raging 
course. Th e cleft  was bordered on the side whence we came 
by a rocky wall, certainly more than a thousand feet high, 
almost perpendicular and probably over a verst in length. 
About halfway up a horizontal shelf had been formed which 
was just broad enough to serve at need as a bridle path. Th is 
path was the only approach to Cibelda; we were therefore 
obliged to pass along it. Th e offi  cer rode forward aft er advis-
ing us not to look into the chasm, but always at the head of 
the horse, and to let it go quite by itself. In profound silence 
we successfully reached about the middle of the defi le; at 
the edge of the path some vegetation had settled, whereby 
the view of the yawning gulf was diverted. Th en I suddenly 
observed that the forepart of the horse of my front man, 
the offi  cer, was quite low down, and at the same time saw 
the latter swing himself gently from the saddle to the side 
of the rocky wall. Th e horse too did not lose its steadiness, 
but raised itself again, and continued its way by the side of 
the offi  cer. Of my own accord I considered it advisable to do 
just as my front man, and also glided from my horse to the 
side of the rocky wall. When I had successfully passed 
the dangerous spot where the offi  cer’s horse, misled by the 
 vegetation, had made the false step, I looked with anxiety 
aft er my brother, who followed me, but perceived to my 
relief that not only he, but the whole column of riders, had 
already followed our example. In this manner we all reached 
the end of the narrow pass in safety, and soon recovered 
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from our toils and alarms by the enjoyment of a good meal, 
partaken in an enchantingly beautiful moss-covered grotto, 
open toward the deep and tolerably broad river valley.

From this point, the path ceased altogether, and it was 
utterly incom prehensible to me how our guide could fi nd 
his way in the splendid primeval forest through which we 
now had to wend. Th e formation of the ground on the next 
stage of the journey was very peculiar. Th ere were imposing 
undulating elevations perhaps seven hundred feet high with 
a bend from east to west, which we had repeatedly to cross. 
Th eir southern slopes were adorned with splendid trees, 
mostly oak, chestnut, and walnut, whose summits formed 
so perfect a roof that the plague of lianas and other creep-
ing plants was precluded. Th e trees were of enormous 
dimensions. It is probable that human hand had never infl u-
enced the natural course of their growth; and, accord ingly, 
old withered giants stood beside the verdant and fl ourish-
ing, while trees of a younger generation overshadowed the 
mighty trunks lying on the ground, doubtless felled by 
storms. It oft en cost a good deal of trouble to evade such a 
dead tree barring the way, for summit and root formed at 
their ends an eff ective abatis. Many of these prostrate trees 
were so thick that a mounted rider was only just able to see 
beyond them. Now and again they were luckily arched in 
such a position that we could pass under them.

An altogether diff erent picture was presented to us when 
we had crossed the summit of such a ridge, and had to come 
down again on its northern slope. Here the sun had not had 
the power to dry the ground. Th e whole slope was marshy 
in spite of its steepness, so that the horses’ hooves stuck fast 
in the tenacious soil, and we were frequently obliged to dis-
mount and assist our horses. Numberless creeping plants 
also thrived here, forcing us to make wide circuits; and the 
places sought out by us which were free from creepers on 
account of too much moisture bore a vegetation of reedlike 
plants of such a height that they overtopped horse and rider. 
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Once, the ground became so steep that the horses could not 
proceed. I could then not help admiring the cleverness of 
our Russians. Th ey sought out a particularly steep and slip-
pery spot, and cautiously let down the horses one by one 
with ropes attached to their tails, while we ourselves slid 
down without any such check.

At the next ascent, I made the discovery that the tail of 
the Caucasian mountain horse plays a further important 
part in diffi  cult mountain tours. We were obliged to climb 
up the particularly steep height on foot, to spare the already 
much fatigued animals, which had necessarily to bring us to 
our goal before sunset, and I soon found myself at the end 
of my strength. In my distress it occurred to me to grasp the 
tail of the horse clambering quite cheerfully beside me up 
the stony path. Th at seemed to be a procedure well known 
to it; it redoubled its eff orts, and I attained without diffi  culty 
the crest of the hill, where the offi  cer received me with 
the applauding exclamation “Caucasian fashion!” When I 
looked back at the rest of my party, I found them also, to my 
surprise, clinging to the tails of their steeds. At last, as the 
sun was going down, we reached a narrow rocky gate, which 
forms the entrance into the natural fortress proper of 
Cibelda. When we had passed it, there spread before us a 
spectacle of such grandeur and beauty that it almost over-
whelmed me at fi rst. Before us in the clear evening glow 
lay the mighty Elbrus, covered far down with snow. Right 
and left  beside it a number of further snow mountains were 
visible, which especially on the right developed into a long 
chain. Far below us, still partly illuminated by the sun, lay a 
rocky river valley, which bordered the foot of Elbrus, whose 
steep treeless slope precipitated toward it in a broad expanse 
without any visible break. It reminded me somewhat of the 
view one obtains from Grindelwald over the sun-illumined 
Alpine chain; only the mighty Elbrus was enthroned in the 
center of the picture, as if two Jungfraus were piled one on 
another.
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Aft er we had refreshed ourselves with this astonishing 
and incomparably beautiful view, we traversed the rather 
extensive plain which spread out before us and contained 
the aul or village of the tribe of the Cibeldians, who had 
emigrated the year before. It was not easy to advance on the 
plain, densely overgrown with burdock of more than a man’s 
height, and to fi nd the way to the aul. A way through the 
shrubs broken by bears stood us in good stead. Th at it had 
been so made could be inferred from the kernels of the fruit 
of the cherry laurels lying about, which form a favorite food 
for the bears of the region. Th e wooden houses of the large 
aul still stood entire, just as their inhabitants had left  them a 
year ago; only here and there some destruction had been 
caused by the bears in their search for food.

When we had quartered ourselves, we had fi rst to try to 
recover a human aspect, for in breaking through the dense 
vegetation of burs, which had made the former gardens of 
the aul almost impenetrable, every inch of our clothing as of 
our beards had become fringed with a layer of burs, so that 
we ourselves looked more like brown bears than human 
beings. Th e removal of the burs was an extremely trouble-
some and in part painful operation.

Aft er a refreshing night’s rest in the abandoned dwell-
ings, our miner investigated the old copper pit, which he 
declared not to be worth working; but even had it been so 
in the highest degree, its situation would have made any 
mining operation impossible. My brother Otto and I had 
meanwhile fully enjoyed the overpowering grandeur and 
sublime beauty of the environment. By the morning light 
one perceived still better than in the evening the wild rug-
gedness of the exposed surface of Elbrus, with its ice fi elds 
and glaciers, to which the lines of the watercourses, rushing 
down the slopes and glittering in the sunshine, lent a quite 
peculiar charm. Th e plateau on which we stood descends 
abruptly to the river valley, which separates it from Elbrus; 
on the other sides it is surrounded by high mountains 
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which, in contrast with Elbrus, presented the most luxuri-
ant green of Caucasian vegetation. A walk around the edge 
of the plain looking toward the river aff orded always new 
views, entirely diff erent from all that went before, and of a 
sublimity and beauty baffl  ing all description.

Th e return journey to Sukhum-Kalé we made by the 
same way as the journey to Cibelda, but in consequence of 
the previous experience, with less diffi  culty. Unfortunately, I 
had now to pay my tribute to the dangerous climate of this 
incomparably beautiful country. On reaching the Russian 
fort, where we again passed the night, I felt ill. Th e young 
military doctor who accom panied us at once perceived that 
I had caught the dangerous fever of that region, and applied 
without delay the usual remedy. Before the fever had fully 
developed, I received a powerful dose of quinine, which 
caused severe singing in the ears and other unpleasant sen-
sations, but brought down the fever to a mild form, so that I 
was able to complete the journey. Th e fever in the district of 
Sukhum-Kalé is a tertian ague; on the third day I therefore 
had to take a second, somewhat weaker dose, with the direc-
tion to take aft er a further three days a third, still weaker 
one. Th e fever was thus cut short; however, I oft en suff ered 
subsequently from intolerable pains in the side, as the doc-
tor had prognosticated.

In former years, I had repeatedly suff ered from intermit-
tent fever, which obliged me to take small doses of quinine 
for several months, thereby seriously impairing my health. 
In the Caucasus, where climatic fevers occur oft en and in 
the most varied forms, the treatment described is always 
applied with the best results. Certainly there are also fevers 
in this district so malignant that they end in death on a fi rst 
attack. Th e fever-producing regions are indeed as a rule 
marshy and covered with luxuriant vegetation, but highly 
situated dry grassland also oft en passes for unhealthy. I have 
in my journeys made the observation that such regions 
mostly bear the traces of an old, highly developed civiliza-
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tion, as is indeed also the case in the vicinity of Rome and 
in the Dobrudja, which in old times was styled the granary 
of Rome. When the soil is stirred up, fever breaks out in 
those regions with special severity. Th e fever germs must 
have been gradually formed in the fertile well-manured soil, 
which was subsequently left  unworked for centuries, and 
excluded from the air by a covering of grass. Malaria accord-
ingly represents nature’s penalty for interrupted cultivation 
of the soil. Th is, in conjunction with the Caucasian treat-
ment of fever, led me even then to the opinion that climatic 
fever depends on microscopic organisms which live in the 
blood, and whose term of life would coincide with the inter-
val between the attacks of the fever. By the strong dose of 
quinine shortly before the attack the young emerging brood 
of these organisms is poisoned. Th e remarkable fact also 
that people who have long lived in a fever region are for the 
most part secure from fever, but lose this immunity when 
they have passed several years in regions free from it, could, 

A residential building 
in the Caucasus, 
around 1890.
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I thought, be explained by the assumption that in regions 
where the fever germs are continually being introduced into 
the body, living beings are formed therein which feed on 
these germs, and therefore perish when the source of nutri-
ment is dried up for a long time. Th is, of course, was only an 
unproved hypothesis, which justly was regarded as such by 
my medically trained friends such as Du Bois-Reymond to 
whom I communicated it at the time. I have nevertheless 
been gratifi ed to see the bacteriological researches of emi-
nent scientists taking of late the direction indicated by me a 
quarter of a century ago.

Our second tour in the Great Caucasus had likewise refer-
ence to the investigation of a metalliferous property, situated 
in a very inaccessible region, belonging to a princely family 
of Georgia. We traveled from Tifl is to Tsarskie-Kolodzy, 
where our Tifl is branch had petroleum works which were 
given up aft er the completion of the railway from Tifl is 
to Baku. From there our way lay to the wine country 
 Kakhetia, celebrated for the fi ery Kakhetian wine. Th is dis-
trict lies in the valley of the Alasan, and is separated from 
the Kur Valley by a ridge stretching far into the steppes. 
From the summit of this ridge we had magnifi cent views 
of the Caucasus, which from there presents itself as an un -
broken chain of white peaks reaching from the Black to the 
Caspian Sea.

Kakhetia passes for the primeval land of the vine cultiva-
tion, and in the chief place of the country ancient thanks-
giving festivals take place which recall the Roman Saturnalia. 
High and low from all Georgia then fl ock together to the 
festive place and off er the god Bacchus copious libations of 
Kakhetian wine, when universal brotherliness is said to be 
the order of the day. It is also vaunted of Kakhetian wine 
that it exceedingly gladdens the heart of its per sistent drink-
ers, and those who know the country profess to recognize 
the inhabitants of Tifl is everywhere by their hilarity.
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We accomplished the pleasant and interesting ride 
through Kakhetia under the guidance of two sons of the 
princely family which had invited us to make an inspection 
of the deposits. At the foot of the loft y chain the old prince 
and other sons joined us. Th e ancestral seat of the family, in 
which we passed the night, was remarkable. It consisted of a 
large wooden house at the foot of the mountains, but yet 
situated in the plain, which was built on posts some thirteen 
feet high. A convenient ladder, which was lowered, off ered 
the only possibility of getting into the house. It was a regular 
prehistoric pile dwelling, the style having survived to our 
own day in the preservative Caucasian air. In the interior of 
the house we found a large hall, occupying the whole breadth 
of the building, in which, along the only wall provided with 
many windows, a table, over two yards in width, stretched 
from end to end. Th is table formed the sole furniture visible 
in the room, and had to fulfi ll the most varied purposes. For 
dinner a carpet of about half the width of the table was laid 
along its edge, on which the viands and fl at cakes were 
placed. Th e large thin fl at cakes served not only for food, but 
also for table covers and napkins, as well as for cleaning the 
table utensils. For us strangers chairs were brought in. When 
we had seated ourselves upon them, the old prince and his 
sons aft er him sprang upon the table, and crouched opposite 
us beside their bread-cloths. Only we guests were provided 
with knives and forks; the princes ate in true Oriental fash-
ion, with their fi ngers. Th e meal itself was extremely savory, 
especially the shishlik fi llets, which would have created a 
sensation in the fi nest Berlin restaurant. During the meal, 
Kakhetian wine circulated freely in buff alo horns; it was 
only rather embarrassing that custom required the draining 
of the horn in honor of every person whose health was pro-
posed. We Europeans, unaccustomed to such copious drink-
ing, could not long stand that. A second function of the large 
table in the hall we got to know at nighttime; all the beds, 
both for us and for the princes, were prepared upon it.
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Early in the morning of the following day, we set out and 
ascended the slope of the great Caucasian chain. Our horses 
carried us quickly and inde fatigably up the rocky way. When 
it was beginning to get dark, we were almost at our destina-
tion and bivouacked on a splendid ridge at the junction of 
two mountain streams. Under the protective roof of gigan-
tic trees we encamped at a spot which aff orded a wide view 
over Kakhetia, extended at our feet, and the mountain dis-
trict lying beyond. With surprising skill the prince’s satellites 
erected a hut of twigs over our camping place, leaving the 
view over the plain free, and made it so comfortable that it 
would not have been possible to have rested more agreeably. 
Th en the meal was rapidly prepared, which we consumed 
in a recumbent position. Aft er that the princes and their 
attendants reclined in front of us, and began a national 
drinking bout with a kind of mulled wine of generous 
Kakheian growth. In the course of this, each of the 
 prin ces drank to my own and my brother’s health with 
some doubtless very fl attering words, expecting that there-
upon we should also empty our horns. Th e princes spoke 
only Georgian, an interpreter translating what they said 
into Russian for us. No one of those present understood 
our German answers, a circumstance of which my frolic-
some brother Otto took a somewhat dan gerous advantage 
by delivering the replies, which I left  to him, in extremely 
polite fashion indeed as regards voice, tone, and gesture, 
but with a verbal parody of the whole scene, which as -
suredly would have been cut short by dagger stabs if 
his words had been understood, and if we had not taken 
pains to give a good color to them by grave and respectful 
countenances.

When, on the following morning, we had happily slept 
off  our little debauch in the refreshing mountain air without 
any unpleasant aft ereff ects, we inspected the lode. Th is was 
certainly a rich one, but not yet opened up, and owing to the 
troublesome access it off ered insuperable obstacles to profi t-
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able working. Aft er we had arrived at this conclusion, the 
return journey was commenced immediately.

At sunset, we again arrived at the pile-built palace and 
spent another night under its hospitable roof. Th e next 
morning, we took leave of our princes, and rode back 
through the valley of Kakhetia, with the intention of 
traveling across the steppe direct to Kedabeg. As robbers 
were infesting the neighborhood, the chief of the district 
gave us a body guard composed of men who themselves 
were not free from suspicion of the robbers’ trade. Placed 
under their friendly protection, we traveled with perfect 
safety according to the custom of the country.

Th e crossing of the broad and rapidly fl owing Kur, whose 
left  bank we reached at noon, was attended with some diffi  -
culty. We found a single small boat there, which could only 
carry a few persons, but discovered no oars, which more-
over with the rapid current would not have been of much 
use. Th e mode of crossing employed by our guides was very 
interesting, and I commend it to the Postmaster General 
for his description of the postal service in primitive times. 
Th e two best horses were driven into the water until their 
feet no longer touched the bottom. Th en two Tartars in the 
boat laid hold of their tails and had themselves together 
with the boat and a few passengers carried over the stream 
by the swimming horses. When, aft er depositing the pas-
sengers, the boat had been brought back in the same 
manner, they carried over a second batch with other horses, 
and thus it went on, till only the Tartars remained. Finally 
these took their horses into the water and let themselves be 
carried over clinging to their tails.

My brother and I had remained to the last with our 
somewhat dubious escort on the left  bank of the river. Our 
protectors squatted suspiciously together, and kept throw-
ing glances at us, which we did not altogether like. Cigars, 
which we off ered them, they proudly refused – because, 
as we found out aft erward, being bigoted Shiites they were 
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not allowed to take anything from the hands of unbeliev-
ing dogs. It appeared therefore advisable to show to the 
fellows that we were suffi  ciently armed for defense. We set 
up a board that had fl oated downstream as mark, and shot 
at it with our revolvers, in the use of which we were well 
practiced. Every shot hit the board at long range without 
much aiming. Th at interested our companions very much, 
who themselves tried with their long beautifully polished 
fl intlock guns to hit our mark, but did not always succeed. 
Th en came their sheik and gave me to understand by signs 
that I should show him my revolver, and lay it on the 
ground, as he dared not take anything from my own hand. 
Th is was a critical moment, but on Otto’s advice I deter-
mined to comply with his request and put down the revolver. 
Th e sheik took it up, looked at it on all sides, and showed it 
with a shake of his head to his companions. Aft er that he 
gave it back to me with gestures of thanks, and hencefor-
ward our friendship was sealed. Distrust of the fulfi llment 
of the sacred law of hospitality may become very dangerous 
with these people, and on the other hand it is extremely rare 
that the confi dence of the guest is betrayed. It has certainly 
occurred that a guest has been hospitably entertained and 
safely escorted to the boundary of the district, and then shot 
down on alien ground, but that is not considered to be 
proper. Aft er crossing the Kur, we reached Kedabeg without 
further adventures.

In all our tours in the mountains we had had occasion to 
admire the cleverness and endurance of the small Cauca-
sian mountain horses. Inde fatigably and without tripping, 
they clamber with their riders up and down the steepest 
mountain paths; without them the broken and oft en fi s-
sured mountainous country could hardly be traversed. It is 
regarded in the Caucasus as safer to make diffi  cult moun-
tain journeys on horseback than on foot. Th at there are also 
exceptions to this rule I experienced personally on my sec-
ond visit to Kedabeg. Th e autumn weather, always bright 
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and beautiful even up to December, changed with unex-
pected suddenness to rainy weather with a slight fall of 
snow. We were just then proceeding to visit the Shamkhor 
Valley, and made use of the somewhat troublesome bridle 
path which runs by the side of the wild Kalakent brook as 
far as Shamkhor. When, however, it began to snow more 
heavily, we found it advisable to turn back before the path 
had been quite snowed over. It was astonishing with what 
accuracy our horses were able to fi nd the mountain path, 
already considerably covered with snow, which was close 
beside the deeply cut riverbed, and always selected the par-
ticular parts where there was a sure footing. I was riding 
immediately behind my brother Otto when I noticed that 
just at a dangerous spot hard by the edge of the bank, here 
descending perpendicularly several yards, a stone became 
loose under the weight of his horse. A moment aft erward, 
my horse trod upon the same stone, which thereby was 
entirely loosened and caused me to go tumbling down. 
I only remember having heard the cry of the succeeding 
riders, and then I was standing upright in the riverbed, my 
horse beside me. According to the statement of my com-
panions, the horse fell over with me onto its side and 
then came to its feet. It was at any rate a remarkably lucky 
escape.

Of the homeward journeys, for which on both occasions 
I chose the route via Constantinople, the fi rst in particular 
was rich in singular experiences. Th e fi ne weather lasted till 
the middle of December; only aft er we had left  Kedabeg did 
it change, and on the Rion we encountered a fearful storm. 
With great diffi  culty we reached Poti, but there we learned 
that the steamship which was to convey us further had not 
put in, as an embarkation in such weather was impossible. 
We, namely the whole company that had arrived in the river 
steamer, were thus forced to take refuge for a full week in 
the only so-called hotel of the place, a most dreary abode. 
Th is, I may say, was the most unpleasant week of my whole 
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life. A violent storm raged the whole night, not only outside 
but also in my room. I repeatedly got up to examine the 
windows and doors, but found them all closed. Th e next 
morning, however, I saw my room full of snowfl akes, and 
discovered that they had penetrated through rift s in the 
fl oor. On account of the marshy ground, the houses in Poti 
are built on piles, which explains the marvel of a snowfall 
in a closed room. Th e stormy weather lasted several days 
without letting up, and what rendered my stay particularly 
disagreeable was that I had a severe infl ammation of the con-
nective tissue of one of my eyes. In the absence of medical 
aid, this painful infl ammation in the midst of the cramped 
inn parlor fi lled with people of all classes and nationalities, 
with bad provisions and a total absence of any kind of 
attendance, made my life there simply intolerable.

At last the eagerly longed-for steamer came in sight, and 
in spite of the heavy sea succeeded in taking aboard myself 
and three other traveling com panions. Th e passage was very 
stormy as far as the entrance to the Bosporus, and put our 
seaworthiness to a severe test. All four of us stood it, how-
ever, to the great astonishment of the captain. Among the 
party was a Russian general, consul in Messina and, as I 
 discovered later, father of a very charming daughter, now 
the wife of my friend Professor Dohrn in Naples; fur-
ther, a young Russian diplomat, who subsequently fi lled 
important posts, and fi nally an extremely original Austrian 
foundry proprietor, who never allowed his pipe to go out, 
except when eating or sleeping. As the captain also was a 
well-instructed, clever man, the unusually long voyage nev-
ertheless passed quickly and agreeably for us, in spite of 
wind and waves.

In Trebizond, where we anchored for a few hours, I 
again met with one of my many small mishaps. I had taken 
a walk on the plateau above the town, to enjoy once again 
the splendid prospect, and was returning by the fi ne new 
road, which on the side descending abruptly to the sea was 
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entirely unsecured by railings, when I met a large drove of 
donkeys laden with sacks of corn. I inconsiderately stepped 
to the unrailed side toward the sea, to let the drove pass. 
Th at was all right at fi rst, but gradually the drove became 
denser, and fi nally occupied the whole width of the road. 
No pushing and no beating availed; the beasts could not, 
if they had tried, make room for me. Th e attempt to jump 
onto one of the donkeys failed, I was compelled to make 
way for them, and fell down the steep stonework into mud 
and among bushes, whereby luckily the force of the consid-
erable fall was somewhat lessened. Aft er I had found that I 
had got off  without serious injuries, I worked myself labori-
ously out of the thorns and nettles, and only aft er long and 
many vain endeavors was able to scramble up again to the 
road. Fortunately, I found a small pond at the top in which I 
could wash myself and my clothes. Th e still powerful sun 
eff ected the drying reasonably quickly, and thus I could 
manage to go through the town without exciting attention 
and reach the steamer, which fortunately had awaited my 
return.

On the continuation of the voyage the strong wind grew 
into a storm, so that the captain began to fear for his old 
ship, and sought refuge in the harbor of Sinope. Twice on 
the following days he attempted to continue the voyage, 
but was each time driven back into the safe port. Th us I 
had the opportunity of experiencing by personal obser-
vation the correctness of the designation “inhospitable” 
which the ancient Greeks had given the Black Sea.

In the harbor of Pera I found an Austrian Lloyd steamer 
just ready to start for Trieste, where we landed on New Year’s 
Eve safely and without let and hindrance. On the way, in 
Syra and Corfu, we had been suspected of being plague-
stricken and compelled to hoist the notorious yellow fl ag, 
because the cholera was raging in Egypt. With these two 
Caucasian journeys I regard my traveling period proper as 
closed, for the European journeys of today in comfortable 
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railway carriages or post chaises are only to be called plea-
sure trips. Th e third journey to Kedabeg, for which I am 
now preparing to take my fi nal leave of the Caucasus, will 
hardly be anything else.

Harzburg, June 1891

Still full of the fresh impressions and pleasant reminiscences 
of my third Caucasian journey, which I made, as proposed, 
last autumn with my wife and daughter, I shall resume 
my narrative by giving an account of it. Th is tour, under-
taken as a pleasure trip with all imaginable comfort, will 
thus stand out in strong relief to my fi rst two journeys to 
Kedabeg.

We traveled in the middle of September from Berlin to 
Odessa. Th ere, of course, I did not omit to visit the station 
of the Indo-European line, and held a telegraphic conver-
sation with the manager of the company in London, Mr.
Andrews. Such a direct telegraphic intercommunication 
aft er a long journey has always something uncommonly 
interesting, I might almost say elevating, about it. Th e vic-
tory of the human mind over inert matter is thereby 
immediately brought home to us.

From Odessa we proceeded to the Crimea, my acquain-
tance with which had hitherto been confi ned to the ports 
of call of the steamers running between Odessa and Poti. 
We decided to leave the vessel at Sebastopol, and travel by 
road to Yalta. Th e drive was favored by splendid weather, and 
permitted us to admire at leisure the magnifi cent coastal 
scenery, which stretches from the steep slopes of the south-
ern tableland of the Crimea to the sea. Much reminded us 
here of the Riviera, indeed there were many points of the 
Crimean coast whose superiority we were obliged to allow. 
Th e situation of the country palaces Livadia and Alupka, 
belonging to the imperial family, as well as that of many an -
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other residence of Russian notables, is beautiful in the ex-
treme. Th ere was wanting, however, the fresh pulsating life 
of the Riviera, which so considerably heightens the charms 
of its scenery and climate. Th e climate of the southern Cri-
mean coast is pleasant and free from fever, and the means 
of communication, becoming continually more rapid and 
convenient, will doubtless therefore soon bring it a great 
accession of tourists. On the other hand, it is impossible to 
speak as favorably of the climate of the incomparably more 
beautiful and grander eastern side of the high Caucasus, for 
there almost everywhere malignant intermittent fevers pre-
vail, and the prospect of medical science overcoming this 
great plague of humanity appears as yet to be very slight.

It was an interesting coincidence that the glad tidings of 
the conquest of one of the greatest scourges of mankind, 
consumption, by the discoveries of Koch reached me in 
this third journey to the Caucasus, in the very regions 
where, so many years before, the theory of the excitation of 
climatic fever by micro scopic life in the blood had obtruded 
itself upon me. Th e cure was said to be eff ected by intro-
ducing into the patient’s system a poison produced by the 
phthisis-producing bacteria themselves, in the shape of 
their vital products. Th e reported results left  no doubt as to 
the correctness of the fact, and we Germans heard with 
pride our countryman lauded on all sides as a benefactor of 
humanity. But the assumption of Koch, that the vital pro d-
ucts of the disease-causing bacilli constitute the power-
ful deadly poison, even then excited my doubts. One could 
well imagine that this self-induced poisoning might check 
the development of the bacilli in the parts of the body 
 occupied by them – thus aff ording an explanation of the 
remarkable phenomenon that not every in fectious disease 
leads to the death of the person assailed by it – but it 
appeared inconceivable to me that an infi nitesimal quantity 
of such poisonous vital products of a limited number of 
bacilli should produce in another body the powerful eff ects 
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observed. A vital process alone could accomplish this, in 
which not the substance of the germs introduced, but the 
vital conditions prevailing, and the time required for their 
increase, are the chief factors in the case. Th e question as to 
the origin of these germs, which develop a life hostile to the 
bacilli whence they arise, appears to me only to admit of 
a plausible answer if one supposes the living beings pro-
ducing the disease to be themselves subject to infec tious 
diseases, whereby they on their part are checked in their 
vitality and fi nally killed. It would of course follow that life, 
animal as well as vegetable, is not restricted to the objects 
revealed by our microscopes, but that there are living beings 
related as regards size to the microbes and bacteria as these 
are to us. No scientifi c objection can be raised to this hy -
pothesis, for the dimensions of molecules are in any case 
immeasurably less than living structures of even so low an 
order. Th e mysterious process of self-healing, the succeed-
ing immunity, the otherwise inexplicable eff ect of the intro-
duction of vital products of the disease -causing bacilli into 
the circulation of a body aff ected by the same disease , would 
on this assumption be the obvious consequences of the 
infection of the disease generators themselves, and the task 
of the future would be to produce such an infection, and 
bring it to the speediest issue, since these secondary disease 
generators  themselves might also be subject to rapidly 
developing infectious diseases through microbes of a still 
lower order. If, however, not the vital products but the sec-
ondary disease carriers of the bacilli are the curative means, 
the bacilli must fi rst become really diseased before their 
substance can act remedially. Perhaps herein lies the reason 
for the unsatisfactory action of Koch’s tuberculin, and the 
present suggestion may be of service in the further investi-
gation of this subject, which is of such vast importance to all 
mankind.

In Tifl is, we met my brother Carl, who accompanied us 
on our further journey to Kedabeg and Baku and back to 
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St. Peters burg. Dr. Hammacher, 
member of the Im perial Diet, 
who had formed one of our par-
ty from the fi rst, also remained 
our faithful traveling companion 
as far as St. Petersburg. Tifl is ap-
peared to me not to be much 
altered externally in the 23 years 
which had expired since my last 
visit, but it had lost its former 
aristocratic air, and can no lon-
ger boast today of being the 
Paris of Asia. Th e town was 
 formerly not only a grand-ducal 
resi dence, but also the seat of the 
native Geor gian nobility, which 
especially in winter took the lead 
in the social gatherings of Tifl is. 

All that is now changed. No grand duke resides any longer 
in Tifl is, and even the Georgian aristocracy has almost en-
tirely disappeared. A quarter of a century ago the town was 
still Georgian, and the best houses as well as the administra-
tion of the town were in Georgian hands. But even then the 
Armenian nationality had begun to spread, and gradually 
the land and landed property passed into Armenian hands. 
In earlier, warlike times, the brave and vigorous Georgians 
maintained their possessions and their social position 
against the craft y and pushing Armenians. Th at ceased, how-
ever, when under Russian rule permanent peace and an 
orderly state of aff airs were established. From that time, the 
Armenian element came to the front, and the Georgian was 
compelled to make way for it. Now well-nigh the whole 
prop  erty of the town is in Armenian hands. Th e proud 
 fi gures of the Georgians in their dazzling accoutrements 
have disappeared from the streets of Tifl is; the Armenian 
dwells in their palaces and is master of the situation.

Carl von Siemens in 
Moscow, around 1895.
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Th e intermixture of nationalities in the Caucasus off ers 
excellent material for studying the infl uence of the inter-
course of specifi cally diff erent races of men in warlike as 
in peaceful times. It is surprising that in the Caucasus the 
Jewish element has not proved capable of coping with 
the Armenian. It is true Jews are to be found there in con-
siderable numbers, but they are all drivers, and have the 
reputation of being rough fellows, always on the lookout 
for an opportunity of displaying their superior physical 
strength. Trading they have altogether renounced. Th e Rus-
sians, mostly clever and shrewd men of business, cannot, 
however, as they themselves admit, hold their own against 
Armenians and Greeks. Th e reputation for greatest long-
headedness in all business relations in the Caucasus, as in 
the whole East, is enjoyed by the Greek, yet the Armenians, 
when they are banded together, carry off  the palm from the 
Greek, who always traffi  cs on his own account.

When, aft er a few days, we continued our journey by 
railway, we found at the foot of the Kedabeg tableland a new 
railway station, Dalliar, from which the road to Kedabeg 
runs by way of the new Swabian colony Annenfeld. Here 
we found in course of construction the already mentioned 
conduit through which the naphtha brought by rail from 
Baku to Dalliar was to be pumped about 1,000 meters up 
to Kedabeg. Th e operations, both as regards the laying of 
the tubes and the arrangements of the pumping station, 
were proceeding well, but we had to abandon the hope of 
seeing the completed work in action before the beginning of 
winter.

To the great delight of the ladies, our drive from Dalliar 
to Kedabeg formed a genuine Oriental spectacle. Th e beys 
of the neighborhood had heard of the arrival of the owners 
of the wonderful mine, and did not omit to greet us festively 
with their dependants, and escort us to Kedabeg. Th is party 
was continually renewed and increased on the road, which 
was nearly 40 kilometers long. Th ey swarmed around our 
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carriage on their fl eet Caucasian mountain horses, mostly 
at a wild gallop, up hill and down dale, and aff orded, in 
their Caucasian costume and accoutrements, an extremely 
attractive spectacle. In chasing past, the men performed the 
most daring, breakneck feats of horsemanship, at the same 
time fi ring off  their guns, so that our approach produced 
the impression rather of a warlike encounter than of a peace-
ful reception. Near Kedabeg the entire population of the 
place, together with the miners and smelters, joined the 
procession. In the house of our head manager, Mr. Bolton, 
we were received by the ladies of his household, and lodged 
most comfortably. During our stay we derived some bene-
fi t from the visit, which had taken place a few weeks before, 
of the young Crown Prince of Italy, who, attended by the 
Russian grandees of the Caucasus, had visited our mine 
and smeltery. For the reception and entertainment of these 
guests unusual arrangements had of course been made, 
which had especially included provision for a comfortable 
descent into the mine and the procuring of an improvised 
saloon carriage for our railway. We repeatedly made use of 
the latter in our visits to the Kalakent outwork and the 
Shamkhor on the picturesque line, oft en carried over peril-
ous abysses. Despite the oft en rather annoying fumes from 
the works, we fully enjoyed the charms of the beautiful sur-
roundings of Kedabeg in glorious autumn weather. Among 
the special delights must be reckoned a bear hunt which we 
attended in the so-called paradise. Th is name is borne by 
a small tableland, bordered by the rivers Shamkhor and 
Kalakent, which is splendidly situated and adorned with 
many wild fruit trees. Th e great abundance of fruit in the 
autumn attracts the bears of the neighborhood, and the offi  -
cials of our mine had oft en instituted successful bear hunts 
in this season.

We passed the night in the Kalakent branch smelting 
house, and at sunrise repaired for the chase to the neighbor-
ing mountains, which during the night had been surrounded 
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by our forest keeper with a chain of beaters. It was a won-
derfully fi ne morning, and the noiseless march on the lonely 
hunting paths in constant expectation of the bears was not 
without delight. Aft er a rather long time, passed in great 
expectation, we heard in the far distance the call of the beat-
ers resounding from the summit of the slope, the base of 
which we held. Nothing else was heard in the general 
 stillness except the falling of the autumn leaves, a sound 
with which hitherto I had only made acquaintance in nov-
els. I was posted on a narrow mountain path between my 
brother Carl and Dr. Hammacher. My weapon was a rifl e 
with two barrels, one charged with ball, the other with small 
shot. Similarly defective was the equipment of my compan-
ions in the chase.

Gradually, the clamor of the beaters came nearer, but of 
bears nothing was to be seen or heard. Suddenly the forest 
keeper called our attention by signs to a slight rustle in front 
of us, and immediately delivered a shot in the direction 

Werner and Carl von 
Siemens hunting bear 
in the Caucasus, 1890. 
Werner is sitting on 
the ground in the 
 middle; Carl is to the 
right of him.
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indicated. Th e bear slunk away to the left  without being hit. 
A shot delivered by Dr. Hammacher took just as little eff ect. 
Th en, on the other side of me, came the crack of a shot from 
my brother, and immediately aft er, a second. I thought my 
chance of getting a shot was gone when all at once, close 
beside me, a large brown female bear, accompanied by a 
cub, crossed the clearing. I delivered my ball charge at the 
bear, whereupon the cub fell on its knees with terror, which 
made me believe I had hit the latter. Th e mother and her 
young, however, ran quietly down the mountain. Everyone 
of us of course thought he had shot his bear, and the district 
was eagerly searched for the wounded. Traces of blood 
were indeed discovered, but neither then nor aft erward was 
 anything to be seen of our wounded bears. In the further 
beating up, too, no bear was slain; only one more in fact 

came to view and that close to 
the beaters. Th ese and the bear 
seemed to have been equally 
 terrifi ed and fl ed in opposite 
directions, the beaters calling 
out as if in their death agony.

One of the fi nest tours in the 
outlying district around Keda-
beg embraces the valley of the 
Kalakent brook above Kalakent 
itself, to the summit of the 
mountain enclosing the large 
Goktcha Lake. From the summit 
of the pass, the immense lake 
is seen in the foreground, while 
the chains of the Armenian 
highlands form the background 
of the splendid panorama. My 
traveling companions, who had 
not shrunk from the severe ride 
necessary to reach this com-

Th e works has been in existence since 1863 . . . 
In 1876 1,800,000 puds [1 pud = 16.381 kg = about 
36 lbs.] of ore were mined, of which the richest con-
tained up to 7 percent of pure copper . . . More than 
1 million puds of ore are smelted annually and aft er 
various processes fi nally yield 40,000 to 50,000 puds 
of beautiful refi ned copper. For this, however, 
more than 500,000 puds of charcoal and more than 
2,000 cubic fathoms of wood are required. An area of 
12,800 desjaetins [1 desjaetin = 1.0925 hectares = 
about 2 1/2 acres] provides the fuel . . . Since these 
works were established each machine and each piece 
of apparatus has had to make the long journey from 
England via Gibraltar and Constantinople to Poti. 
Formerly every piece had to be transported on carts 
through the ancient Kolchis to Tifl is and from there 
over the trackless mountains to its destination. Even 
now the cargoes of steel rails to build the railway 
already mentioned are brought to the mouth of 
the Phasis, to continue the journey by rail to Tifl is, 
then to be hauled slowly on wagons to the Kedabeg 
works.
Tifl is, February 1880
Illustrierte Zeitung, March 27, 1880
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manding eminence, had the good fortune to enjoy a per -
fectly clear prospect, the snowcaps of the great and little 
Ararat standing out with perfect distinctness.

Aft er brother Carl and I had taken our full delight in 
the great progress which our remote possession had made 
in the last years, and our companions had exhausted the 
charms of the surrounding forest-clad hills in extensive 
rides, we continued our journey to Baku, to pay a visit to 
the ancient sacred perpetual fi res, and to make acquain-
tance with the sources of the modern fi re-bringer – donor, 
at any rate, of far greater blessings – petroleum. We had 
quite special reasons for so doing, since it was owing to 
naphtha, the mother of petroleum, that we found Kedabeg 
in brisk and hopeful activity.

Th e route lay by way of Elisabethpol, the government 
town of Kedabeg, in the neighborhood of which is situated 
Helenendorf, the largest of the Swabian settlements. When 
the worthy Swabians heard of our presence in Kedabeg, they 
sent their mayor with an invitation to visit Helenendorf as 
well. We of course accepted it, and on our arrival in Elisa-
bethpol were received by a deputation of the peasants, and 
were quickly driven to the village a few miles off . Th ere the 
whole community took pains to show attention to their 
German countrymen and especially to their Swabian coun-
trywoman. We had to inspect the church, the school, and 
the waterworks, and took genuine delight in the old thor-
oughly German orderliness, which has defi ed all opposing 
infl uences of the country and climate. Helenendorf is the 
most fl ourishing and prosperous of all the Swabian settle-
ments in the Caucasus, and owes this in part, no doubt, to 
the healthy climate and the favorable situation in a fi ne, 
mountainous, and well-watered region. To its inhabitants 
the merit is due of having introduced German conveyances 
into the Caucasus. Recently the colony has taken to the cul-
tivation of the vine, and turns out excellent products of the 
native grapes by the application of modern methods.
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Th e railway journey through the monotonous steppe of 
Elisabethpol to Baku does not off er much that is noticeable. 
Th e vegetation is very scanty, with the exception of places 
which lie by watercourses or have artifi cial irrigation, of 
which certainly for the most part only a few traces have 
remained. It is not the land which has value in such regions, 
but the water which can be conveyed to it. Progressive cul-
ture will in this respect still be able to do much, but even 
if the rivers were deprived of all their water to fertilize 
the fi elds, this would benefi t only a small part of the great 
steppes of Russia. Th e necessary amount of rain is lacking. 
Whether this has absolutely diminished within historic 
times, which might be concluded from many phenomena, 
or whether only its distribution has become diff erent, can-
not as yet be decided.

Th e astonishingly large number of wooden prospect 
towers, thirty to fi ft y feet high, in the wholly fl at region 
which aff orded but the smallest prospect, is explained by 
the circumstance that the inhabitants in the worst fever sea-
son pass the nights in these towers to escape the fever.

A peculiar spectacle was aff orded toward the end of the 
journey by a whole town of similar wooden towers, stand-
ing much higher still, apparently close to one another, which 
crowned the summit of a near mountain range. More exact 
observation through a telescope revealed that they were 
high boring towers, such as are wont to be erected for deep 
borings. Th is was the district of the famous naphtha wells. 
Th ence the oil is conveyed for refi ning through numerous 
conduits to the neighboring “black town” of Baku, or rather 
to its newer part, which contains the numerous petroleum 
distilleries. It is remarkable that borings in the closest 
 proximity, sometimes more than a thousand feet deep, oft en 
yield altogether diff erent results. Frequently, on reaching 
the petroleum stratum, a fountain arises, from which the 
naphtha spurts up to a height exceeding a hundred feet. A 
hollow is then quickly made in the neighboring soil, to col-
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lect the gushing naphtha. Th e yield of the well, however, 
soon diminishes. Aft er a few weeks it is no longer inclined 
to “strike,” as they say in Baku, and the naphtha must now 
be pumped up from the bottom of the boring. Th e boring 
towers are accordingly left  standing, in order to be used 
subsequently as pumping towers. It is hard to explain how it 
happens that at a very slight distance from a boring, where 
the elasticity of the gases which at fi rst pressed up the petro-
leum is already quite absorbed, a new and strong fountain 
can arise, as it must be assumed that all the wells spring 
from a single stratum of naphtha. Altogether the origin of 
petroleum is still veiled in darkness, and therefore one can-
not say whether it will maintain a permanent place in the 
fi eld of human civilization. How large an infl uence the naph-
tha wells of Baku already exercise on the life and industry of 
Russia is obvious from the long rows of reservoir wagons 
for the transport of petroleum and masut, which are met 
with on all the Russian railway lines. As the forests of Rus-
sia have almost everywhere been largely cleared, and coal is 
only found in quantities on the Don, masut and raw petro-
leum have quickly attained great importance as cheap and 

Oil derricks in the 
Caucasus. Undated.
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easily transportable fuel. A large number of the Russian loco-
motives and river steamers are even now heated by petro-
leum, and for many branches of Russian industry this has 
proved a great help in need, as was the case in the working 
of our Kedabeg copper mine.

Th e old town of Baku is beautifully situated on the 
abruptly rising shore of the Caspian Sea. Apart from the 
district of the naphtha wells with the very modernized ever-
lasting fi res, the “black town,” and a number of interesting 
architectural remains of the time when it was the residence 
of the Persian Khans, the town off ers few attractions for the 
stranger. But in favorable weather he may procure himself 
the pleasure of setting the Caspian Sea on fi re, if he makes 
an excursion in an iron steamer to a place not far from the 
coast, where fl ammable gases rise from the seabed. In calm 
weather these may be ignited and then form a sea of fl ame 
around the ship, oft en lasting a considerable time.

We made the return journey by land via Moscow and 
St. Petersburg. In crossing the great Caucasus we traversed 
grandly beautiful wild mountain valleys in the depression 
at the foot of the Kasbek. But if one wishes thoroughly to 
enjoy their beauty, it is better to travel in the reverse direc-
tion, for the wild Terek Valley, which forms the northern 
slope of the mountains, is so quickly traversed in descend-
ing, that one has hardly time to enjoy the pleasures of the 
surrounding country; a further drawback being the abrupt 
bends in the otherwise marvelous road, which are disagree-
able when passed over at full speed. From Vladi-Kavkas, the 
commencement of the Russian railway network, we traveled 
to Moscow in three days without break of journey. Unfortu-
nately, owing to the cloudy weather of the fi rst day, the fi ne 
views of the Great Caucasus, especially the towering Elbrus, 
escaped us. Th e numerous cairns on both sides of the road 
were highly interesting. Th ey prove that for long periods of 
time a relatively high civilization prevailed on the northern 
slopes of the Caucasus, and it is here perhaps that we must 
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look for the center of origin and rallying point of the tribes 
which have at diff erent times deluged Europe.

I resist the temptation to describe Moscow, and will only 
refer to the feeling experienced there of being thoroughly 
in Russia, i.e., on the borderland of European and Asiatic 
culture. One has this sensation more keenly if, like ourselves 
on this occasion, one comes from Asia and therefore brings 
a vivid feeling for Asiatic life and doings. Th is is hardly to 
be put into defi nite words. “In Asia,” said one of my fair 
travel ing companions, “dirt and rags are not repulsive, here 
they certainly are.” Th is is in fact quite characteristic of the 
transition from Asiatic to European civilization. Th e Asiatic 
in spite of dirt and rags always exhibits a certain degree of 
manly dignity, which the European in rags invariably lacks.

Th e Russian proper, i.e., the native of Great Russia, forms 
a true transition between Asiatics and Europeans, and is 
therefore the proper and successful carrier of European civi-
lization eastward. Th e converse way, of which the Pan-Slavist 
Russians now oft en dream, the renewal of the “rotten West” 
by the native energy of Asia, has certainly no great likeli-
hood of being ever realized. Indeed it cannot be denied 
that there lies a danger for the development of European-
American civilization in the fact that Europe has become 
the voluntary teacher of Asia in procuring and utilizing the 
instruments of power, which the former owes to its tech-
nical progress. With the great capacity of the Asiatics for 
imitation and for utilizing their acquirements, and with 
the ever advancing art of depriving distance of its dividing 
power by improving the means of communication, undoubt-
edly our little Europe might be exposed to a new invasion 
from Asia subversive of culture, but the fi rst annihilating 
blow would then light on the intervening countries, espe-
cially Russia, as history has indeed already repeatedly 
shown. For the rest, this danger can only arise when the 
 scientifi c and technical progress of Europe comes to a 
 standstill, so that it loses the great start in its technical devel-

umbr2_feldenkirchen_engl.indd   345umbr2_feldenkirchen_engl.indd   345 13.08.2008   21:27:0713.08.2008   21:27:07



346  INDO-EUROPEAN  TELEGRAPH LINE AND THE CAUCASUS

opment, which most surely protects its civilization from 
every inroad of barbarian nations. Only internal suicidal 
confl icts could lead to that, for in mental power and inven-
tive faculties the peoples of Europe are far superior to the 
Asiatics and will doubtless remain so in the future.

In Moscow it was already intensely cold, in St. Peters-
burg sledging had actually begun and the Neva was covered 
with drift ing ice, so that aft er a short stay we continued our 
journey and could still enjoy for a while the milder climate 
of home.
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As in the past two years, I have come here to Harzburg 
at the end of June, in order to devote a few weeks to record-
ing these reminiscences, and do not intend to leave before 
I have come to the end of them. I have repeatedly tried 
in Charlottenburg to continue my task, but there, where 
everything is pressing forward, I have not succeeded in 
 persistently looking backward. For it is habit which puts 
the strongest shackles on us. I have never been able entirely 
to put aside the thoughts and plans which were just then 
occupying my mind, and this has frequently spoiled my 
enjoyment of the present, to which I could never wholly 
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devote myself except in passing moments. But on the other 
hand such a mental life, partly spent in dreamy specula-
tions, partly in strenuous aspira tions, also aff ords great 
enjoyment. It sometimes even perhaps brings us the purest 
and sublimest joys of which man is capable. When a law 
of nature, hitherto hovering darkly before the mind, all at 
once clearly emerges from the enveloping mist, when the 
key is found to a mechanical combination long sought in 
vain, when the missing link of a chain of thought is happily 
inserted, this aff ords the discoverer the elevating feeling of a 
mental victory achieved, which alone richly compensates 
him for all the pains of the struggle and exalts him for the 
moment to a higher stage of existence. Certainly the ecstasy 
does not generally last long. Self-criticism usually soon dis-
covers a dark spot in the discovery which renders its truth 
dubious or at least narrowly restricts it. It exposes a fallacy 
in which one has been entangled, or, as is unfortunately 
almost the rule, it leads to the perception that only an old 
friend has been met with in a new dress. Only when strict 
examination has left  a sound kernel does the regular hard 
labor begin of elaborating and completing the invention, 
and then the struggle for its introduction into scientifi c or 
technical life, in which most men are ultimately ruined. 
Discovering and inventing therefore brings hours of su -
preme delight, but also hours of the greatest disappointment, 
and of hard fruitless work. Th e public commonly notices 
only the few cases in which successful inventors have hit, 
almost accidentally, upon a useful idea, and by making the 
most of it, have attained without much labor to fame and 
affl  uence, or the class of acquisitive invention hunters who 
make it their life’s work to seek for technical applications of 
well-known things and to secure the benefi t of them by 
 patents. But these are not the inventors who open new paths 
for the development of mankind which will presumably 
conduct it to more perfect and happier conditions of life, 
but those who – either in the quiet of scholarly seclusion, or 
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in the bustle of technical activity – devote their whole being 
and thought to this development for its own sake. Whether, 
by correct judgment and use of the opportunities of prac-
tical life, inventions lead to the accumulation of wealth or 
not frequently depends on chance. Unfortunately, however, 
the instances of success possess great attraction and have 
called forth a host of inventors who plunge into discovery 
and invention without the necessary knowledge and with-
out self-criticism, and thus are mostly ruined. I have ever 
regarded it as a duty to turn such deluded inventors from 
the dangerous path which they had entered upon, and this 
has always cost me much time and trouble. Unhappily, 
my eff orts have rarely been attended with success, and 
only complete failure and the bitterest self-infl icted distress 
 occasionally brings these inventors to a perception of their 
errors.

Th ere are two inventive ideas in particular which have 
misled and frequently also ruined innumerable people, 
 otherwise fairly gift ed and even remarkably clever in their 
own sphere of activity. Th ese are the inventions of so-called 
perpetual motion, i.e., of a self-acting work-performing 
ma chine, and that of the fl ying machine and the manageable 
balloon. One might have thought that the knowledge of 
the law of the conservation of energy had already so far 
penetrated the popular mind that creating working power 
out of nothing would have come to be considered as con-
trary to nature as the production of matter, but it seems that 
generations must always pass away before a new fundamen-
tal truth is universally regarded as such. If a man is once 
possessed by the unhappy delusion that he has found the 
way to construct working machines by mechanical combi-
nations alone, he has become the victim of a generally 
incurable mental ailment which defi es all teaching, and 
even the most painful experience. Almost the same holds 
good of the endeavors to construct fl ying machines and 
manageable air balloons. Th e problem itself for every mind 
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possessing a slight mechanical training is indeed a very 
 simple one. It is indubitable that we can construct fl ying 
machines according to the pattern of fl ying animals, if only 
the fundamental condition be fulfi lled which consists in 
this, that we have machines as light and powerful as the 
motor muscles of fl ying animals and which do not require a 
much larger supply of combustible material. When such a 
machine is invented, every skilled mechanician can make 
a fl ying machine. Th e inventors, however, always begin at 
the wrong end, and invent fl ying mechanisms without 
 having the power for moving them. It is still worse with 
manageable airships. Th e problem of their construction has 
been solved long ago in principle, for every air balloon may, 
in perfectly calm weather, be slowly propelled in any direc-
tion by a suitable mechanism applied in the car. Progress, 
however, can only be slow, because in the fi rst place power 
machines of suffi  cient lightness are still wanting to drive 
the voluminous balloon at greater speed through the air 
or against the wind, and secondly because the material of 
the balloon would not stand a strong counterpressure of the 
atmosphere, even if we possessed such machines. Th e ob -
long form, which the inventors give the balloon in order 
that it may better cleave the air, increases its weight with 
equal volume and is therefore worthless. Th e like holds 
good of the application of inclined planes which are in-
tended to facilitate the raising of the weight.

Besides these two problems there are a number of others 
on which inventors squander time and money by failing to 
perceive that the means for carrying them out are not yet at 
the disposal of applied science.

Aft er these digressions, I resume the thread of my narrative 
with my retirement from political activity.

Th e war of 1866 had removed the obstacles which op-
posed the longed-for unity of Germany, and had at the same 
time restored internal peace in Prussia. A new support was 
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thereby given to the idea of nationhood, and the hitherto 
vague, as it were, tentative, eff orts of German patriots now 
obtained a fi rm foundation and defi nite direction. It is true, 
the Main boundary still divided Germany into a northern 
and a southern half, but no one doubted that its removal 
was only a question of time, if it was not rigidly fi xed 
by external force. Th at France would make that attempt 
appeared certain, but there was a growing confi dence that 
Germany would successfully stand this trial also. As a con-
sequence of this great revolution of popular sentiment, 
there resulted the general endeavor to consolidate quickly 
what had been attained, to strengthen the feel-
ing of solidarity of North and South despite the 
Main boundary and to prepare for the coming 
struggle.

Th is buoyant feeling was evidenced by 
increased activity in all depart ments of life, 
nor did it fail to react on our  business aff airs. 
 Magneto-electric mine exploders, electric 
range finders, electric apparatus for steering 
unmanned boats furnished with explosives 
against hostile ships, as well as nu merous im -
provements of military telegraphy, were the 
off spring of this stirring time.

I will here only give a detailed account of a 
nonmilitary invention of this time, as it has 
become the foundation of a new and important 
branch of industry, and has exerted and still 
continues to exert a stimulating and transform-
ing infl uence in all departments of the industrial 
arts; I refer to the invention  of the dynamo-
electric machine.

As early as the autumn of 1866, when I was 
intent on perfecting electric exploding appara-
tus with the help of my cylindrical inductor, the 
question occupied my mind whether it would 

The structure (with cross section) 
of the dynamo machine.

The machine with which Werner 
von Siemens demonstrated the 
 dynamo-electric principle in 1866 – 
a discovery that ushered in a new 
age of electri cal engineering. The 
device was presented at the Uni-
versal Exposition in Paris in 1867, 
where Werner von Siemens 
 received the Order of the French 
Legion of Honor.
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not be possible by suitable employment of the so-called 
extra current to intensify considerably the induction cur-
rent. It became clear to me that an electromagnetic machine, 
whose working power is very much enfeebled by the in-
duced currents arising in its coils, because these induced 
currents considerably diminish the energy of the galvanic 
battery, might conversely strengthen the power of the latter 
if it were forcibly turned in the opposite direction by an 
external force. Th is could not fail to be the case, because the 
direction of the induced currents was at the same time 
reversed by the reversed movement. In fact, experiments 
confi rmed this theory, and it appeared that there always 
remains suffi  cient magnetism in the fi xed electro magnets of 
a  suitably contrived electromagnetic machine to produce 
the most surprising eff ects by gradually strengthening the 
current generated by the reversed rotation.

Th is was the discovery and fi rst application of the 
dynamo-electric principle underlying all dynamo-electric 
machines. Th e fi rst problem, which was thereby practically 
solved, was the construction of an eff ective electric explod-
ing apparatus without steel magnets, and such exploding 
apparatus is still in general use at the present day. Th e Berlin 
physicists, among them Magnus, Dove, Riess, Du Bois-
Reymond, were extremely surprised when I laid before 
them in December 1866 such an exploding inductor, and 
showed that a small electromagnetic machine without bat-
tery and permanent magnets, which could be turned in one 
direction without eff ort and with any velocity, off ered an 
almost insuperable resistance when turned in the opposite 
direc tion, and at the same time produced an electric current 
of such strength that its wire coils became quickly heated. 
Professor Magnus immediately off ered to lay a description 
of my invention before the Berlin Academy of Sciences, 
but, on account of the Christmas holi  days, this could only 
be done in the following year, on January 17, 1867.

Th e priority of my application of the dynamo-electric 
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principle was aft erward im -
pug ned in various quarters, 
when its enormous importance 
came to be seen during its 
 further de  velopment. At fi rst, 
Professor Wheatstone was al-
most universally recognized in 
England as simultaneous inven-
tor, because at a sitting of the 
Royal Society on February 14, 
1867, at which my brother Wil-
liam produced my apparatus, he 
immediately exhibited a similar 
apparatus, which was only dis-
tinguishable from mine by the 
wire coils of the fi xed electro-
magnet being diff erently dis -
posed in their  relation to 
those of the rotating cylindrical 
 magnet. Next, Mr. Varley came 
forward with the assertion that 
already in the early part of the autumn of 1866 he had 
given orders to a mechanician for just such an apparatus, 
and also subsequently handed in a “provisional specifi ca-
tion” of the same. My fi rst complete theoretical estab lishment 
of the principle in the printed transactions of the Berlin 
Academy, and its previous practical elucidation, have, how-
ever, fi nally been taken to be decisive in my favor. Th e name 
given by me to the apparatus, “dynamo-electric  machine,” 
has also become general, although frequently corrupted in 
practice into “the dynamo.”

Already in my communication to the Berlin Academy, 
I had pointed out that the industrial arts were now in pos-
session of appliances capable of producing electric currents 
of any desired tension and strength by the expenditure of 
energy, and that this would prove of great importance for 

Werner to William, October 2, 1867

. . .  An old acquaintance, now Engineer General and 
Chief of the Measurement Offi  ce, asked me whether 
it would not be possible to make an electric distance 
meter, as all other proposals had failed. At fi rst it 
seemed to me paradoxical, but aft er further thought 
I have designed an extremely simple and practical 
distance meter which will leave all other known 
instruments far behind . . .

To test the suitability of electric light for military 
 purposes, at the monument on the Kreuzberg on 
Wednesday evening a number of experiments were 
carried out with new appliances specially made for 
the purpose in the telegraph construction works of 
Siemens and Halske; the tests were conducted by 
Colonel and Director Chauvin . . . It was possible to 
illuminate the distant Tempelhof in such a way that 
the windows in the houses could be counted. Th is 
interesting spectacle, favored by the delightful sum-
mer night, attracted a large number of onlookers.

Die Post, July 15, 1868
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many of its branches. In fact, large machines of the kind 
were immediately constructed by my fi rm, one of which was 
exhibited at the Paris Universal Exhibition of 1867, while a 
second was employed in the summer of the same year by 
the military authorities for electric lighting experiments in 
Berlin. Th ese experiments indeed proved quite satisfactory, 
with the drawback, however, that the wire coils of the arma-
tures rapidly became so hot that the electric light produced 
could only be allowed without interruption for a short time. 
Th e machine exhibited in Paris was never actually put to 
the test, as there were no appliances for the transmission of 
power in the space allotted to my fi rm, and the jury, to 
which I myself belonged, did not subject the exhibits of 
their members, which were hors concours, to any trial. All 
the greater was the sensation caused by an imitation of my 
machine exhibited by an English mechanician which pro-
duced from time to time a small electric light. It was consid-

The Prussian Pavilion 
at the Paris Universal 
Exposition, 1867.
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ered a suffi  cient recognition that the Order of 
the Legion of Honor was awarded to me at the 
close of the exhibition.

When, at a later time, the dynamo machine, 
aft er considerable improve ment, especially by 
the introduction of Pacinotti’s ring and Hefner’s 
coiling system, had received the most extensive 
application in practice and both mathemati-
cians and engineers had developed its theory, it 
seemed almost self-evident and hardly to be 
called an invention that one should arrive at the 
dynamo-electric machine by merely reversing 
the rotation of an electro mag netic machine. 
Against this it may be said that the most ob -
vious inventions of primary importance are 
commonly made very late, and in the most 
roundabout way. For the rest, it would not have 
been easy to have arrived by accident at the 
 discovery of the dynamo-electric principle, be-
cause elec tromagnetic machines only “excite,” 
i.e., continuously and spontaneously strengthen, 
their electromagnetism on reversing the rota-
tion, when their dimensions and the disposition 
of the coils are perfectly correct.

To this period also belongs my invention of the alco-
hol meter, which very successfully solved an extremely 
diffi  cult problem and accordingly excited much attention at 
the time. Th e problem consisted in constructing an appara-
tus to register continuously and automatically the quantity 
of absolute alcohol contained in the spirit fl owing through 
it. My apparatus solved this problem so completely that it 
indicated the quantity of alcohol, reduced to the customary 
normal temperature, as accurately as could be determined 
by the most exact scientifi c measurements. Th e Russian 
government has employed this apparatus for almost a quar-
ter of a century in levying the high tax which is imposed on 

French medal with the head of 
 Em peror Napoleon III and an alle-
gory of telegraphy, 1867.
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the production of spirit, and many other European states 
have also subsequently adopted it for the same purpose. 
Apart from a few important practical improvements due 
to my cousin Louis Siemens, the apparatus is still supplied 
in the original form as a regular article of manufacture by 
a factory specially erected for the purpose in Charlotten-
burg. No imitation has hitherto been successful anywhere, 
although the apparatus is unprotected by a patent.

Th e dimensions which the fi rm of Siemens & Halske 
gradually attained naturally required a corresponding orga-
nization of the management and the help of able technical 
and administrative assistants. Th e friend of my youth, 
 William Meyer, who fi lled the post of chief engineer and 
confi dential clerk from the year 1855 had, by his con-
siderable organizing talent, not only rendered valuable 
service to the Berlin fi rm, but also to its branches in Lon-
don, St. Petersburg, and Vienna. Unfortunately he fell ill of 
a serious disorder aft er eleven years in the business, and 
died aft er prolonged sickness, deeply lamented by me as 
a personal friend and faithful partner.

Not long aft erward, in the year 1868,* my old friend and 
partner Halske retired from the fi rm. Th e favorable devel-
opment of the business – this will hardly appear credible 
to many at fi rst sight – was the determining reason for his 
taking this step. Th e explanation lies in Halske’s singularly 
constituted nature. He took great pleasure in the faultless 
productions of his clever hand, as well as in everything that 
he could entirely oversee and control. Our common activity 
was thoroughly satisfactory for both parties. Halske always 
gladly adopted my constructive plans and designs, which 
with remarkable mechanical tact he at once most distinctly 
apprehended, and to which he oft en fi rst gave their full 
value by his practical skill. At the same time, Halske was a 
clear-headed, cautious man of business, and I have him 
alone to thank for the good business results of the fi rst years. 
Circumstances altered, however, when the business in -

* On December 31, 
1867
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creas ed and could no longer be man aged by the two of us 
alone. Halske regarded it as a desecration of his cherished 
establishment that strangers should have rank and rule in 
it. Even the installation of a bookkeeper gave him pain. He 
could never get over the fact that the well-organized con-
cern should exist and work without him. Finally, when the 
designs and undertakings of the fi rm became so large that 
he could no longer oversee them, he no longer felt satisfi ed, 
and resolved to retire in order to devote his whole activity 
to the administration of the city of Berlin, which aff orded 
him personal satisfaction. Halske remained a dear and 
 faithful friend to me till his death, which occurred last year, 
and always, even to the last, retained a lively interest in the 
establishment of which he was joint founder. Today, his only 
son takes an active part in the management of the present 
business as confi dential clerk.

As Meyer’s successor we appointed the former director 
of the Hanoverian telegraph system, Herr Carl Frischen, 
who aft er the annexation of 
Hanover passed into the service 
of the North German Confeder-
ation, and had for several years 
fi lled the offi  ce formerly held 
by Meyer as chief telegraph  en-
gineer of the government tele-
graphs. Th e business gained in 
Herr Frischen an eminent tech-
nical worker who had already 
distinguished himself by many 
original in ventions. Further, it 
was now of great advan tage to 
the fi rm that excellent depart-
mental managers and construc-
tors had been found among its 
junior assistants, who had re -
ceived their training in the fi rm. 

Friedrich von Hefner-
Alteneck (1845–1904). 
Undated. The head 
 designer at Siemens & 
Halske from 1870 
 onward. He developed 
the drum armature 
and the “Dosen-
schreiber,” a type of 
keyboarding machine 
for telegraphs, created 
the Hefner candle and 
designed the differen-
tial arc lamp.
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I shall only mention Herr von Hefner-Alteneck, whose 
achievements as head of our construction offi  ce  have earned 
for him a worldwide rep utation.

Supported by such able coadjutors, I was able more and 
more to confi ne myself to the general management of the 
business, and with full confi dence to leave the details to our 
assistants. In this way, I obtained greater leisure to occupy 
myself with scientifi c and such social problems as I had par-
ticularly at heart.

My domestic life underwent a complete transformation 
as a result of my second marriage, which took place on July 
13, 1869, to Antonie Siemens. She was a distant relative, the 
only child of the meritorious Professor Carl Siemens of 
Hohenheim, near Stuttgart, who was well known in agricul-
tural technology. I have oft en jokingly said in aft er-dinner 
speeches and the like that this marriage with a Swabian lady 
should be looked upon as a political act, as the Main line 
was bound to be bridged, and this could best be done by 
as many allian ces of aff ection as possible being concluded 
between North and South, which must then of themselves 
soon be followed by political ones. Whether my patriotism 
was not considerably infl uenced by the amiable qualities 
of the fair Swabian herself, who has again brought warm 
sunshine into my somewhat gloomy and laborious life, I 
shall not here more closely inquire.

On June 30,* 1870, just as the news arrived by telegraph 
in Charlottenburg that the Emperor Napoleon had 
crossed the German frontier at Saarbrück and the fate-

ful war between Germany and 
France had actually begun, my 
wife presented me with a little 
daughter, to be followed two 
years later by a son. I gave our 
daughter the name Hertha, in 
pursuance of a vow to give her 
this name if the German war-

Werner to Carl, July 18, 1870

Our works has lost many men [68]; still, there is no 
lack of workers and still less of work. Chauvin, who 
returned yesterday, has comman deered practically 
everything that was nearly fi nished. You will there-
fore get no apparatus. It would in any case not be 
possible to ship it now …

* Th e correct date is 
July 30, 1870.
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ship so called, which the French 
fl eet was pursuing in all waters, 
escaped capture. My four elder 
children were in Helgoland at 
the time of the declaration of 
war, and had to fl ee as speedily 
as possible with the whole troop 
of visitors in order not to be 
 prevented from returning by the 
blockade. Th e telegram from my 
eldest son, then sixteen, from 
Cuxhaven may pass as a sample 
of the deep emotion and cour-
age that had taken possession 
of all Germany – “I must join 
too,” words that happily could 
not be translated into action, 
as no one is accepted in the 
Prussian Army before reaching 
seventeen years of age.

Th e war with France, like that of 1866, was speedily car-
ried to a victorious issue for Germany, aft er a struggle of 
tremendous proportions. Th e joyful consciousness that, 
for the fi rst time in the course of their history, Germans 
from all parts fought and conquered side by side under the 
same fl ag made the heavy sacrifi ces with which the glorious 
victories had to be purchased appear more endurable, and 
lightened the profound mourning and misery which the 
war entailed. It was a glorious 
and elevating time, which has 
left  impressions never to be 
eff aced on all who lived through 
it; and coming generations will 
assuredly never allow the feeling 
of devout gratitude which the 
nation owes to the great leaders 

Werner von Siemens 
and his second wife, 
Antonie, 1869.

Werner to Carl, July 25, 1870

We are overloaded with orders: distance meters, 
lighting apparatus, telegraphs, etc. Unfortunately, 
some of our best men have been taken. You must 
therefore have patience with us. Military matters 
must necessarily have priority. Th en only war mate-
rial can be transported. Now all railways are reserved 
for nine days for transport of the army …
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who put an end to its ignominious discords, and which 
made it united and powerful, to die out.

Although I had entirely renounced political activity aft er 
the year 1866, I still continued to take the greatest interest 
in public aff airs. One question to which I had long before 
paid particular attention was that of patent right. It had long 
become clear to me that one of the greatest obstacles to the 
free and independent development of German industry lay 
in the lack of protection for inventions. It is true that in 
Prussia, as also in the other large states of Germany, patents 
were granted for inventions, but the grant entirely depended 
on the good pleasure of the authorities and lasted at the 
most only for three years. Even for this short time they 
aff orded only a very unsatisfactory protection against imita-
tion, for it rarely paid to take out patents in all the states 
belonging to the Zollverein, since every state applied its 
own test of originality, and indeed, strictly speaking, it was 
impossible, as many of the smaller states did not grant 
 patents at all. Th e consequence was that inventors, as a 
 matter of course, sought in the fi rst instance to turn their 
inventions to account in foreign countries, especially Eng-
land, France, and the United States. Altogether, therefore, 
the youthful German industry was thrown upon the imi-
tation of foreign productions and, by only dealing in 
imitations, thereby indirectly strengthened still further the 
preference of the German public for foreign manufactures.

As to the worthlessness of the old Prussian patents, there 
could not be two opinions. Indeed, they were as a rule only 
applied for in order to obtain a certifi cate that an invention 
had actually been made. Furthermore, the then dominant, 
thorough going Free Trade Party regarded the patent ing of 
inventions as a relic of the old monopoly rights, and incom-
patible with the principles of free trade. In this sense, in the 
summer of 1863 a circular letter was sent by the Prussian 
Minister of Commerce to all the chambers of commerce of 

360  DYNAMO-ELECTRIC MACHINE, THE 1870s, EVENING OF LIFE

umbr2_feldenkirchen_engl.indd   360umbr2_feldenkirchen_engl.indd   360 13.08.2008   21:27:1413.08.2008   21:27:14



the state in which the useless-
ness, nay, even injuriousness, of 
the patent system was set forth 
and fi nally the question pro-
pounded whether the time had 
not come to abolish it entirely. 
Th is led me to draw up a memo-
randum to the Berlin Chamber 
of Commerce, the council of 
Berlin merchants, which adopted 
the diametrically opposite point 
of view, to set forth the neces sity 
and utility of a patent law for the 
promotion of the industry of the 
country, and to sketch the out-
lines of a rational patent law.

My detailed statement was 
approved by the Council, al-
though the latter consisted of 
very pronounced free-traders. It 
was unanimously adopted as the opinion of the Chamber of 
Commerce, and at the same time communicated to the 
other chambers of commerce of the state. Of the latter, those 
which had not yet sent in a reply assenting to the abolition 
of patents expressed their sympathy with the Berlin deci-
sion, and as a consequence the proposal for abolition was 
abandoned.

Th is favorable result aft erward encouraged me to initiate 
a serious agitation for the introduction of an imperial patent 
law, on the basis proposed by me. I sent a circular to a con-
siderable number of men who I supposed would have a 
special interest in the matter, and asked them to form a “Pat-
ent Protection Union,” with the object of procuring a rational 
German patent law. Th e call was generally respond ed to, 
and, a short time aft er, the Union was called into existence 
under my presidency. I remember with pleasure the stimu-

Werner von Siemens 
and his wife Antonie, 
with their children 
Hertha and Carl Fried-
rich (1872–1941), 
around 1878.
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lating debates of this Union, to 
which eminent legal authorities 
such as Professor Klostermann, 
Mayor André, and Dr. Rosenthal 
belonged. Th e fi nal result of the 
discussions was the draft  of a 
patent law which essentially rest-
ed on the foundation laid by me 
in my statement of 1863. Th is 
consisted of a preliminary in-
quiry in regard to the novelty of 
the invention and sub sequent 
public exhibition of the specifi -
cation, thereby aff ording an 
opportunity for objections to the 
grant; further, the grant of the 

patent for the term of fi ft een years, with yearly increasing 
impost and complete publication of the patent granted; 
fi nally, establishment of a patent tribunal, which on appli-
cation could always declare the nullity of the patent if the 
originality of the invention was aft erward successfully dis-
puted.

Th ese principles gradually gained ap proval with the 
 public also, and even the Free Trade Party, of the most rigid 
principles, was quieted by the economic basis of the pro-
posal, which consisted in the protection appearing as a 
reward for the immediate and complete publication of the 
invention, whereby the new ideas underlying the patented 
invention became themselves industrial common property, 
and might even bear fruit in other fi elds. It took a long 
time, however, before the imperial government resolved 
to take legislative action in the matter. I fancy that a me m -
oran dum which as president of the Patent Protection 
Union I addressed to the Imperial Chancellor had a con-
siderable infl uence on the decision for the promulgation of 
an im perial patent law. In this memorandum I laid stress on 

Arnold von Siemens 
(1853–1918), Werner 
Siemens’ fi rst son, 
1871.
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the inferior condition and the 
slight estimation of German 
industry, its productions being 
everywhere styled “cheap and 
shoddy”; and at the same time, I 
pointed out that a new fi rm 
bond for the young German 
empire would be created if 
 thousands of manufacturers and 
engineers from all parts of the 
country could fi nd in the institu-
tions of the empire the long-desired protection for their 
intellectual property.

In the year 1876, a meeting of manufacturers as well as 
of administrative offi  cials and judges was called together 
from all Germany, which made the draft  of the Patent Pro-
tection Union the defi nite basis of their deliberations. Th e 
bill resulting from these deliberations was adopted by the 
Reichstag with a few modifi cations, and has very materially 
contributed to strengthen German industry and procure 
respect for its productions both at home and abroad. In 
almost all its branches our industry has since been well on 
the way to losing the stigma of “cheap and shoddy” which 
Professor Reuleaux rightly gave to its productions at the 
Philadelphia Exhibition in 1876.

I will now take up my account of the development of the 
bu sinesses established by us from the point where I de -
scribed the changes which our London house had to go 
through aft er the unhappy cable undertakings between 
Spain and Algeria in the year 1864. Th e fi rm of “Siemens 
Brothers,” from that time separated from the Berlin busi-
ness, had quickly and regularly developed under my brother 
William’s direction, both as a manufacturing and as a con-
tracting concern. As William had also, at the same time, 
great success in the engineering business carried on by him 

… As there was already such a shortage of surgical 
instruments in Berlin that there were no prospects 
of being able to procure them in ade quate numbers, 
Messrs. Siemens and Halske immediately off ered to 
see whether their works could make the most impor-
tant and most urgently required of these instruments, 
whereupon Professor Virchow drew up the necessary 
specifi cation and instructions to simplify and accel-
erate the work as far as possible …

National Zeitung, 
September 6, 1870
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The title page of 
Werner von Siemens’ 
memorandum to the 
Board of Elders of 
the Berlin Merchants’ 
Association, includ-
ing a proposal for a 
Patent Act, 1869.

Philadelphia, June 2, 1876

… As the quintessence of everything the verdict is: German industry is 
based on the principle “cheap and shoddy.” Unfortunately, we cannot 
deny that the ruthless pursuit of this principle is a sad feature of our 
industry, at least as far as the cheapness is concerned – and the shoddi-
ness or bad workmanship is the unavoidable consequence. However 
much able, courageous industrialists who reject this principle have set 
themselves to combat it, however strictly many a person with a warm 
heart for our industry has condemned it, it still has the upper hand, 
as is only too evident in our Exhibition …

Franz Reuleaux 
Briefe aus Philadelphia, 1877
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privately, and his time and energies were thereby very much 
taken up, it was desirable at the end of the sixties that 
my brother Carl should undertake the special management 
of the London telegraph business. Carl consented, as, since 
the expiration of the Russian maintenance contracts, he no 

Document appoint-
ing Werner von 
Siemens a member of 
the Prussian Patent 
Offi ce, 1877.
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longer found any considerable 
sphere of activity in Russia.

Halske’s resolution to retire 
from the Berlin fi rm was taken 
about the same time, and we 
three brothers decided, accord-
ingly, upon an entire reform of 
the business connection of our 
diff erent fi rms. A joint business 
was formed which embraced 
them all. Each fi rm retained its 
independence as regards admin-
istration and fi nancial methods, 

but its profi t-and-loss account was carried over to the joint 
business, of which we three brothers were the sole pro-
prietors and partners. Th e St. Petersburg concern was placed 
under an able manager, while Carl went to England to under-
take the special management of the London fi rm. How 
splendidly the London house, now named “Siemens Broth-
ers & Co.,” prospered in the period immediately following 
has been described  at length in the book on my brother 
William by Dr. Pole, mentioned earlier. I therefore confi ne 
myself here to some remarks on the personal co operation 
between my brother Carl and myself.

When, in the year 1869, Carl transferred his residence to 
London, the factory at Charlton was already in full pro-
duction as a mechanical workshop for the construction of 
electric apparatus of every kind; a cable-sheathing shop 
was also combined with it, in which important cables had 
already been manufactured. Th e principle employed by me 
in the testings of the English government cables, that the 
permanence of a cable could only be assured if it were tested 
at all stages of its manufacture with scientifi c thoroughness 
and accuracy, had borne good fruit, and the system of cable 
testings, then elaborated, has as a consequence answered 
admirably well.

In his comprehensive report to the Ministry of 
 Commerce on the German Exhibition in Sydney, 
Professor Reuleaux says: Germany has never put up 
such a good show at an international exhibition as 
this time; by far the greater part of the German 
exhibits is above average, a smaller proportion stands 
very high and only a few inferior products of German 
industry are to be seen. Th e former prejudices are 
beginning to disappear. Th e expert eye will certainly 
still detect here and there relics of the old bad habits, 
but the public at large gets an excellent general 
impression.
Über Land und Meer, 
Allgemeine Illustrierte Zeitung, 1880
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Th e remarkable success of the Malta–Alexandria line, 
which we tested according to this system for the English 
government, had considerably raised our technical repu-
tation in England, and, perhaps for this reason, the only fac-
tory in England which then turned out wires coated with 
seamless gutta-percha according to my method threw diffi  -
culties in the way of supplying the purifi ed gutta-percha 
which we ordered from it. We accordingly resolved to estab-
lish our own gutta-percha factory, and accomplished this 
with complete success. In this manner, we were enabled our-
selves to undertake great cable layings, and thereby to 
break down the monopoly of the great cable ring which 
had meanwhile been formed and whose purpose was to 
mono polize the whole fi eld of submarine telegraphy. In 
reality, my  brothers succeeded in calling a company into 
existence which entrusted to us the production and the 
 laying of an independent direct cable between Ireland and 
the United States. Th e requisite capital was subscribed 
on the Continent, as the English market was closed to us 
by the over whelming competition.

Brother William showed his great constructive ingenuity 
by designing a large steamship expressly destined for the 
laying of cables, which was christened by us Faraday. 
Brother Carl undertook the command of it for laying the 
cable. I considered Carl specially fi tted for this task, as he 
was cool and deliberate, besides 
being a good observer and reso-
lute in action. I myself was not to 
be deterred from sailing in the 
Faraday, laden with the deep-sea 
cable, to the starting point of the 
laying, Ballinskellig Bay, on the 
west coast of Ireland, and there 
undertaking the direction of the 
operations of the land station 
during the laying.

Our countryman Dr. William Siemens, whose im -
prove ments in iron production and whose work for 
the achievement of hitherto unattained temperatures 
are well known, has received from the Society of Arts 
on this account their highest distinction, the rarely 
awarded Albert Medal. It may also be remarked that 
the steamship Faraday built for Siemens Brothers, 
with the new American cable made by them, will 
leave the Th ames before the end of this week to com-
mence the laying of the cable . . .

National Zeitung, May 15, 1874
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It was tolerably favorable weather, and everything went 
well. Th e diffi  cult abrupt descent of the Irish coast into deep 
water was successfully overcome, and, according to the elec-
trical testings, the state of the cable was faultless. Th en, sud-
denly, there occurred a small defect in the insulation, so 
small that only extremely sensitive instruments such as we 
were employing could have detected it. According to pre-
vious cable-laying practice, this defect would have been 
allowed to pass, as it was without any infl uence on the sig-
naling. But we wished to lay down a perfectly faultless cable, 
and determined therefore to take the cable up again to the 
point of the fault, which must be immediately behind the 
ship. Th is indeed went off  well in spite of the great depth 
of 18,000 feet,* as was continuously telegraphed to us from 
the ship. Suddenly, however, the scale of our galvanometer 
fl ew out of the fi eld of sight – the cable was broken! Broken 
at a depth from which to fi sh up the end again appeared 
quite impos sible.

The cable-laying 
steamer Faraday, 
 designed by William 
Siemens, went into 
service in 1874.

* About 5,630 meters.
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It was a hard blow, which threatened our personal repu-
tation as well as our business credit. Th e intelligence spread 
through all England in the same hour, and was received 
with very diff erent feelings. Nobody believed in the possi-
bility of recovering a detached piece of cable from so great a 
depth, and even brother William advised by telegraph to 
abandon the paid-out cable, and to recommence the laying. 
I was convinced, however, that Carl would not return with-
out having made the attempt to pick up the cable, and 
calmly watched the continual fl uctuations of the scale of the 
galvanometer to detect any signs pointing to the movement 
of the cable end by the search anchor. Such indications 
indeed frequently occurred, without having further conse-
quences, and two anxious days passed without any news 
from the ship. All at once, a violent mirror vibration! Th e 

A view across the 
deck from the bridge 
of the Faraday. 
 Undated.
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end of the copper wire must be in metallic contact. Th en, 
for several hours, feeble regular twitching of the refl ected 
image of the scale, from which I inferred a jerky lift ing of 
the cable end by the grapnel. However, long hours of silence 
caused hope to sink again. Th en, once more, strong mirror 
vibration produced by a current from the ship, which was 
greeted with repeated hurrahs by the workers at the station. 
Th e incredible had been realized. From a depth exceeding 
the height of Mont Blanc, the cable had been found by a 
 single operation, and what is more, had been brought up to 
the surface unbroken. Many favorable circumstances must 
have combined to make this possible. Good sandy seabed, 
fi ne weather, suitable appliances for seeking and lift ing the 
cable, and a good manageable ship with a skillful captain 
happily concurred, and made possible the apparently impos-
sible with the help of much luck and self-confi dence. Brother 
Carl, however, confessed to me aft erward that during the 
uninterrupted lowering of the grapnel, which took seven 
hours to reach the seabed, giving him for the fi rst time a 
clear idea of the known depth, he had lost all hope of suc-
cess and was himself astounded when it came.

Aft er successful removal of the fault and reestablishment 
of connection with the land, the laying was continued 
for some days without disturbance. Th en the ship reported 
rough weather, and, soon aft er, a small fault again occurred 
in the cable, which was left , however, till reaching shallow 
water off  Newfoundland, in order to seek and remove it 
when the weather was more favorable. Th e recovery proved 
to be very diffi  cult, however, as the seabed was rocky and 
the weather persistently bad. Much cable was thereby lost, 
and the Faraday was obliged to return to England without 
fi nishing her task, to ship fresh cable and coals. Yet even the 
following expedition led only to the more accurate localiza-
tion, but not to the removal, of the fault, and a third attempt 
was necessary in order to render the cable communication 
perfectly faultless.
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Th is fi rst transatlantic cable laying of ours was not only 
exceedingly instructive for us, but in point of fact led for the 
fi rst time to the completely clear apprehension and mastery 
of cable laying in deep water. We had shown that even in 
unfavorable weather and at a bad time of year cables can be 
laid and repaired, and that, too, in very deep seas and with a 
single but well-constructed and suffi  ciently large ship. Th e 
loss of cable which we had had in the repairs was attributed 
by brother Carl to the unsuitability of the construction of 
the cable, which was identical with that adopted for the fi rst 
successful transatlantic cable. To diminish the specifi c grav-
ity of the cable, steel wires had been used for the covering 
and protection of the conductor, surrounded with hemp 
or jute. On a strong pull, these twisted the cable and pro-
duced kinks in the cable on the bottom of the ocean, which 
very much impeded or altogether prevented the recovery. 
In accordance with Carl’s suggestion, we aft erward used 
only a closed steel-wire sheathing and thereby removed all 
the diffi  culties which so considerably hampered our fi rst 
deep-sea laying.*

On the further technical improvements in the method 
of laying cables in deep water to which the preceding enter-
prise led us, I cannot here enlarge. I will only mention that 
my theory, propounded on laying the Cagliari–Bona cable 
in 1857, has held its ground very well. As already men-
tioned, I have further developed and mathematically treated 
this theory in an essay laid before the Berlin Academy of 
Sciences and the Society of Telegraph Engineers and Elec-
tricians in London, and believe that it may now be regarded 
as fairly settled. Th e laying of this, our fi rst transatlantic 
cable, brought us brothers many exciting incidents, one of 
which occurred at a very unfavorable moment and pro-
foundly agitated me.

In the year 1874,* the Royal Academy of Sciences in Ber-
lin had elected me one of its ordinary members, an honor 
which hitherto had fallen only to the lot of professed savants. 

* Th at is, the fi rst 
 laying of cables pro-
duced by Siemens.

* Th e election had 
taken place on October 
20, 1873, and was 
 confi rmed in 1874.
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On the day fi xed for the purpose I was about to give my 
 prescribed inaugural address at a special meeting of the 
Academy when, on leaving the house, I received a tele-
graphic message from London to the eff ect that, according 
to a cablegram, the Faraday had been crushed by icebergs 
and had gone down with all hands. It required no slight 
self-control on my part, oppressed as I was by this terrible 
intelligence, still to deliver my address, which did not admit 
of postponement. Only a few intimate friends had perceived 

my violent emotion. Certainly 
I had hopes from the fi rst mo-
ment that it was only a “love 
token” of our opponents to cause 
this dread intelligence to be 
 concocted in America, whence 
it was telegraphed. And indeed 
so it soon turned out to be. How 
the story originated could never 
be discovered, and aft er the lapse 

In conclusion, I am glad to be able to say that my 
tests proved the cable to be in perfect condition as to 
insulation, and showed its electrostatic capa city and 
copper resistance to be so small as to give it a power 
of transmitting messages, which, for a transatlantic 
cable of so great length, is a very remarkable as well 
as valuable achievement.

William Th omson
Th e University Glasgow
September 23, 1875

Werner von Siemens’ 
appointment as a 
member of the Royal 
Prussian Academy of 
Sciences in Berlin, 
1873.
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of several anxious days the Faraday was reported safe and 
sound from Halifax. It had been detained at sea for a con-
siderable time by a thick fog.

At a stroke, the successful completion of the American 
cable raised the London fi rm to a far higher level of Eng lish 
business life than it had occupied hitherto. Th e testing of 
the electric properties of the cable by the highest authority 
in this department, Sir William Th omson, had proved that 
it was entirely faultless and possessed a very high signal-
ing capacity. It was of great importance that the cable ring, 
which had been formed under Sir John Pender’s auspices, 
was now broken. It is true the attempt was made to restore 
it by subsequently admitting to the ring the cable laid by 
us. Th is, however, was to our advantage, for there was soon 
formed another, and this time a French, company, which 
gave orders to our fi rm to lay an independent cable. Aft er a 
short time, this also was purchased by the Globe, as the 
cable ring was called, but this led to American capital being 

Werner von Siemens 
(second from left) 
at the Royal Prussian 
Academy of Sciences 
in Berlin, 1888.
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attracted to cable telegraphy. In the year 1881, my brother 
William received a cablegram in which the well-known 
 railway king Mr. Gould ordered a double cable to America, 
which was to be constructed entirely like the last laid by 
us – the French so-called Pouyer-Quertier cable. It is a 
sign of the credit which our fi rm also enjoyed on the other 
side of the ocean that Mr. Gould declined to receive a repre-
sentative to conclude the contract, “as he had perfect confi -
dence in us,” and confi rmed this by the remittance of a large 
installment. Th is was the more noteworthy, as Mr. Gould is 
well known in America as a very cautious and keen man 
of business, and it was a matter of some millions. At any 
rate, however, he had correctly speculated, for his unlimited 
confi dence constrained my brothers to propose the most 
favorable conditions possible and to execute the work in 
the very best fashion. Aft er some competitive contests, the 
Gould cables were also united with the Globe, but it was 
America that again broke through the monopoly. In the year 
1884, the well-known Americans Mackay and Bennett gave 

Relief map of the 
North Atlantic with 
the cables laid by the 
Faraday. The moun-
tain chain down the 
Mid-Atlantic Ridge, 
visible in the center, 
always posed prob-
lems for laying trans-
atlantic cables.
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orders to Siemens Brothers for two cables between the Eng-
lish coast and New York, which were faultlessly manufac-
tured and laid within a year, and have up till now maintained 
their independence of the cable ring.

Th ese six transatlantic cables have all been laid by the 
Faraday, which proved a most satisfactory ship for cable 
laying, and as such has served as a model for the competing 
fi rms. Th e double screw with axles inclined to one anot her, 
which was fi rst employed in it, gave to the great ship of 
5,000 tons a degree  of mobility hitherto unattained, which 
made it possible to carry out cable-laying and repairing 
work in every season and even in unfavorable weather.

Brother Carl had already returned to St. Petersburg 
in the year 1880, aft er the London fi rm had at his insti-
gation been transformed into a 
private limited liability com-
pany. In the year 1883, brother 
William was, alas, torn from us 
and his untiring activity by a 
quite unexpected and sudden 
death. Herr Löffl  er, an offi  cial of 
many years’ standing, was in-
stalled as managing director of 
the London fi rm, and has been 
recently succeeded by a younger 
member of the family, Mr. Alex-
ander Siemens.

My appointment as ordinary 
mem ber of the Berlin Academy 
of Sciences was not only very 
honorable in itself for the fa-
vored individual, who did not 
belong to the class of profes-
sional savants, but it also had a 
profound infl uence on my later 

Inaugural address to Werner von Siemens 
on being elected to the Academy of Sciences 
in Berlin, delivered by Emil Du Bois-Reymond; 
July 2, 1874

… Your telegraph wires girdle the globe. Your cable 
ships traverse the ocean. In the tents of nomads 
 carrying bows and arrows, whose pastures your mes-
sages cross, your name is spoken with superstitious 
awe. But it is not so much the successes of this nature 
by which you attained such standing and honor that 
have opened for you the doors of the Academy. 
Rather is it the fact that from this eminent position, 
as a prince of engineering, holding the strings of 
innumerable combinations in your hand, with a 
 hundred plans turning over in your mind, you have 
remained in your inmost being the German savant, 
in the most noble sense of the word, to which you 
were born, not even educated; that whenever the 
 burden of business has allowed, you have returned 
with joy to the phenomenon, with devotion to the 
experiment, with an open mind to theory, in fact 
with genuine enthusiasm to pure science: this, not 
to speak of your sagacity, your inge nuity and your 
 powers of observa tion, mark you in our eyes as an 
Academician.
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life. As my friend Du Bois-
 Reymond, who as presiding sec-
retary of the Academy acknow l-
edged my inaugural address, 
rightly pointed out, by natural 
endowment and inclination I 
belonged in a far higher degree 
to science than to practice. Sci-
entifi c research was my fi rst, my 
early love, and it has retained my 
aff ection to the advanced age 
which I now – I can hardly say – 
enjoy. At the same time, I have 
certainly always felt the impulse 
to make scientifi c attainments 
useful for prac tical life. I ex-
pressed that in my inaugural 
address, when I enlarged on the 

theme that science does not exist for its own sake, merely to 
satisfy the thirst for knowledge of the limited number of its 
votaries, but that its offi  ce is to increase the treasures of 
knowledge and power of the human race, and thereby to 
raise mankind to a higher level of civilization. It was note-
worthy that friend Du Bois in his reply to my address at 
the end bade me welcome “into the circle of the Academy, 
which pursues science only for its own sake.” In very truth, 
scientifi c investigation must not be a means to an end. Th e 
German savant has always been justly distinguished by this, 
that he pursues science on its own account, for the satis-
faction of his thirst for knowledge, and in this sense I have 
always been able to consider myself more of a savant than 
an engineer, since the prospective profi t has either not at 
all, or only in special cases, guided me in the choice of my 
scien tifi c work. Th e entrance into the narrow circle of dis-
tinguished men of science could not therefore but ele-
vate me in a high degree and spur me to scientifi c activity. 

William Siemens, 
around 1880. 
 Werner’s brother’s 
scientifi c methods 
made a contribution 
to the devel opment 
of English industry, 
for which he was 
knighted in 1883.
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More over, the statutes of the 
Academy exerted a benefi cial 
constraint upon me. Every 
 member must in rotation give 
a lecture which is then printed 
in its trans actions. As it was very 
disagreeable to evade this obli-
gation, it compelled me to com -
plete and publish researches 
which under other circum -
stances I should perhaps have 
postponed in favor of others 
seemingly more interesting, or 
have left  altogether unfi nished. 
While, therefore, before my 
reception into the Academy I 
seldom got as far as the publication of a piece of scientifi c 
work, and usually contented myself with the enlargement 
of my own knowl edge – not without subsequent vexation, 
if my results were discovered and then made public by 
 others – I was now obliged every year to fi nish and publish 
one or two contributions. To this state of things is also to 
be ascribed the circumstance that in my academic lectures 
I dealt less with matters of my special department, electrical 
industrial arts, than with subjects of general scientifi c inter-
est. Th ey were partly detached thoughts and refl ections, 
 jotted down in the course of my life, which were now 
brought together and scientifi cally worked up, partly novel 
phenomena which aroused my particular interest and called 
for special inves tigation. I shall once more return to these 
purely scientifi c publications at the close of these reminis-
cences. Although since my reception into the Aca demy I 
had been far more occupied than heretofore with purely sci-
entifi c problems, unrelated to my business calling, I did not 
omit to continue to devote the necessary time to the latter 
also. Th e superior management of the Berlin fi rm, and the 

Alexander Siemens 
(1847–1928) worked 
in Persia and on the 
Black Sea building 
the Indo-European 
telegraph line in 
1868–1869. From 
1871 onward he 
was an engineer in 
 London. Undated.
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technical work  connected with it, usually claimed my whole 
working time during the day. Th e diffi  culty of my task was 
much augmented by the multifarious character and the far-
reaching dimensions which the fi rm’s operations had grad-
ually as sumed; and although able coadjutors relieved me of 
a considerable portion of the burden, yet there still remained 
for me much arduous and unceasing work.

It had become clear to me very early that a satisfactory 
development of the continually growing fi rm must depend 
on securing the hearty, spontaneous cooperation of all the 
workers for the furtherance of its interests. To attain this it 
seemed to me essential that all who belonged to the fi rm 
should share in the profi ts according to their performances. 
As my brothers acceded to my view, this principle came to 
be adopted in all our establishments. Arrangements to that 
end were settled at the celebration of the twenty-fi ft h anni-
versary of the original Berlin fi rm in the autumn of 1872. 
We then determined that a considerable portion of the 
yearly profi ts should regularly be set aside for allowing a 
percentage to offi  cials proportionate to their salaries, and 
bonuses to workmen, and as a reserve fund for necessitous 
cases. Moreover, we presented the collective body of work-
ers with a capital stock of 60,000 thalers (£ 9,000) for an 
old-age and invalid fund, the fi rm agreeing to pay every 
year to the account of the managers of the fund, chosen 
directly by those interested, fi ve thalers (15 shillings) for 
each workman and ten thalers (30 shillings) for each offi  cial 
who had served in the business uninterruptedly for a twelve-
month.

Th ese arrangements have worked remarkably well dur-
ing the nearly twenty years of their existence. Offi  cials and 
workmen regard themselves as a permanent part of the fi rm 
and identify its interests with their own. It is seldom that 
offi  cials give up their position, since they see their future 
assured in the service of the fi rm. Th e workmen also remain 
permanently attached to the fi rm, as the amount of the pen-
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sion rises with the uninterrupted period of service. Aft er 
thirty years continuous service, the full old-age pension 
commences with two-thirds of the wages; and that this is of 
practical importance is proved by the respectable number 
of old-age pensioners who are still strong and hearty, and 
apart from their pension continue to receive their full wages. 
But almost more than the prospect of a pension it is the 

The document 
 founding the Pension, 
Widows’ and Orphans’ 
Fund, 1872.
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endowment fund for widows 
and orphans connected with the 
pension fund that binds the 
workmen to the fi rm. It has been 
proved to be the case that this 
endowment is still more urgent 
than the invalid pension, as the 
uncertainty of the future of 
those depen dent on him com-
monly weighs more heavily on 
the workman than his own. Th e 
aging workman nearly always 
loves his work, and does not wil-
lingly lay it down without actual 

and serious need of rest. Accordingly, the superannuation 
fund of the fi rm, in spite of a liberal use of the pensions by 
the workmen themselves, has only consumed the smaller 
part of the income from the interest of the funded capital 
and the contributions of the fi rm toward pensions; the larger 
part could be applied for the support of widows and orphans 
as well as for increasing the capital stock of the fund, which 
is destined to secure the workman’s claim for pensions in 
the event of the possible liquidation of the business.

Th e criticism has been made of this arrangement that it 
binds the workman too much to a particular workshop, 
since by his leaving it he loses the advantages gained. Th is 
is quite true, although the hardship is considerably mi ti-
gated by the circumstance that, with dismissal for want of 
work, every dismissed workman receives a paper giving him 
a preferential claim to readmission over other workmen. 
 Certainly, the workman’s freedom to strike is considerably 
restricted by the conditions regarding pensions, for, by the 
rules, on his leaving voluntarily, his old-age claims lapse. It 
is, however, in the interest of both parties that a permanent 
working staff  should be formed, for only thereby is the fi rm 
enabled to maintain the workmen even in unfavorable times 

Certifi cate of the reception of Werner von 
 Siemens into the Prus sian  Academy of Sciences, 
December 22, 1873

At the behest of the Most Illustrious and Most Power-
ful WILHELM, King of the Prussians, Most Gracious 
Protector of the Prussian Academy of Sciences, we 
declare the distinguished WERNER SIEMENS, who 
be deservedly adorned with his titles of honor, to be a 
Member of our Royal Academy and invest him in the 
usual manner with the distinction, privileges and 
benefi ts proper to the status of the Academicians. In 
witness whereof we have had this document prepared 
in accordance with the duly recorded decision of the 
Academy and certifi ed by our offi  cial seal and the 
usual signature.
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and to pay them wages aff ording adequate subsistence. 
Every large factory ought to form such a pension fund, to 
which the workmen contribute nothing but which they 
themselves manage, of course, under the control of the fi rm. 
Th e strike mania, which seriously injures industry and espe-
cially the workmen themselves, is best coped with in this 
manner.

It is certainly somewhat hard that the provisions of the 
Workmen’s Old-Age Insurance Law of Germany have no 
regard to the already existing or prospective private pension 
funds, and thus oblige the particular factories to pay double 
for pensioning their workmen. However, the peaceful rela-
tions between employers and employees, which are secured 
by the private pension fund, as well as a permanent staff  of 
workmen, are so important that 
such an excess of expenditure is 
amply justifi ed.

Th e esprit de corps produced 
by the arrangements described, 
which binds together all the fel-
low workers of the fi rm of Sie-
mens & Halske and gives them 
an interest in its welfare, explains 
in great part the commercial 
success which we achieved.

Th is leads me to the question 
whether it is altogether in the 
general interest that large com-
mercial houses should be estab-
lished which perma nently re -
main in the possession of the 
family of the founder. It might be 
said that such large fi rms are 
hindrances to the rise of many 
smaller undertakings and there-
fore act injuriously. Th at is cer-

Foundation document of the Pension Fund, 1872

On Saturday, October 12 of this year, we celebrate the 
25th anniver sary of the establishment of our fi rm.
To mark this occasion we have decided on the follow-
ing:
1.  On Saturday, the 12th inst., our works will be 

closed.
2.  For this day each workman will receive 3 thalers, 

this being about double the average wage.
3.  We have further decided, as a permanent memo-

rial to this day, to found on this day an institu tion 
the purpose of which is as far as possible to relieve 
the concern of those of our workers, including the 
staff , who have linked their personal destiny per-
manently with that of our fi rm or will do so, for 
their old age and for the sup port of their families 
in the event of their death. We accordingly estab-
lish hereby a “pensions', widows' and orphans' 
fund” for our works in Berlin, London, and 
St. Petersburg and make an initial donation to it 
of 50,000 thalers of capital stock, to which our old 
friend and colleague J. G. Halske, the co-founder 
of our fi rm, contributes a further 10,000 thalers. 
Th e interest at 5% will accrue to the fund from the 
date of its foundation. →
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tainly pertinent in many cases. 
Wherever it is possible to main-
tain an export trade by the 
 productions of handicraft smen, 
large competing factories have a 
prejudicial eff ect. Wherever, on 
the contrary, the development of 
new branches of industry or the 
opening of the markets of the 
world for those already in exis-
tence are concerned, large cen-
tralized business undertakings 
with abundant capital are in -
dispensable. At the present day, 
such capital can certainly be 
brought together most easily in 
the form of joint stock compa-
nies, but these can nearly always 

be only purely gain-seeking companies which, by their own 
regulations, are only allowed to have in view the attainment 
of the largest possible amount of profi t. Th ey are therefore 
only adapted for reaping advantage from already existing 
well-tried methods of working and organization. Th e open-
ing of new paths is on the contrary nearly always trouble-
some and attended with great risk, and requires also a larger 
store of special knowledge and experience than is to be 
found in joint stock companies, for the most part short-lived 
and oft en changing their management. Such an aggrega tion 
of capital, knowledge, and experience can only be formed 
and maintained in long-established commercial houses, 
remaining by inheritance in the same family. Just as the great 
commercial houses of the Middle Ages were not only money-
making institutions, but considered themselves called upon 
and bound to serve their fellow citizens and the state by 
seeking out new commodities and new highways of com-
merce – the obligation being transmitted as a family tradi-

4.  Also, from October 1st we will pay into the fund 
5 thalers annually for each worker who has served 
in the business uninterruptedly for a twelvemonth.

5.  Th e drawing up of the Constitu tion of the fund 
and its subse quent administration will be carried 
out in cooperation with a committee elected annu-
ally by the employees.

6.  It will be laid down in the Consti tution that, in 
the event of a future dissolution of the fi rm, the 
capital of the fund will be used on behalf of the 
workers, widows or orphans entitled to support, 
to obtain for them through a public insurance 
institution benefi ts similar to those which contin-
uance of the fund would provide.

Th e combined fi rms of Siemens & Halske in Berlin 
and Siemens Brothers in London
Th e Principals:
Dr. W. Siemens
C. Wilhelm Siemens
Carl Siemens
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tion through many genera tions – so at the present day, in 
this awakened scientifi c age, the large tech nical business 
houses are called upon to put forth their whole strength, that 
the national industry may take the lead in the great contest 
of the civilized world, or at least the place assigned to it by 
the nature and situation of the country itself. Our political 
institutions still rest almost everywhere on the feudal sys-
tem, according to which the landed proprietor was almost 
exclusively regarded and honored as the supporter and 
maintainer of the power of the state. Our time can no lon-
ger recognize the validity of this privilege. Th e social forces 
maintaining the state today and henceforth will not consist 
of possessions, whatever they may be, but of the spirit which 
animates and fertilizes them. Although it is conceded that 
inherited possession of the soil binds the owner by tradition 
and education more fi rmly to the state, and is therefore a 
better preserver thereof than the possession of land easily 
transferable and of capital altogether movable, yet it no 
longer suffi  ces to protect the state from impoverishment and 
decay. Th is protection can only be secured today by the con-
scious cooperation of all the spiritual forces of the nation, 
the maintenance and further development of which is one of 
the most important problems of the modern state.

Although the fact that I owe my position in life to my own 
eff orts has always aff orded me a certain satisfaction, I have 
always gratefully acknowledged that my path was smoothed 
by my admission into the Prussian Army and therewith into 
the State of Frederick the Great. I regard the cabinet order 
of Frederick William III, which accorded me an entry into 
the Prussian Army, as the opening of the only path then 
possible in which my energies could be developed. I have 
oft en, in my later life, had opportunity to perceive how 
true had been the utterance of my father that, in spite of all 
discontent with the Prussian policy of the Holy Alliance, 
Prussia was yet the only fi rm point in Germany and the only 

DYNAMO-ELECTRIC MACHINE, THE 1870s, EVENING OF LIFE  383

umbr2_feldenkirchen_engl.indd   383umbr2_feldenkirchen_engl.indd   383 13.08.2008   21:27:3313.08.2008   21:27:33



anchorage for the hearts of German patriots. I have there-
fore always bestowed my, I may well say, inborn aff ection to 
the German fatherland fi rst and foremost on Prussia, and 
have always been faithfully and gratefully devoted to it and 
its fi ve kings under whose rule I lived. It was not only the 
knowledge to be acquired at the Prussian military schools 
and the mental culture there attained which facilitated 
my later progress in life, it was also the position of military 
offi  cer, held in such esteem in Prussia, which was of the 
greatest assistance to me.

As I have already mentioned in another place, Prussia, 
down to the middle of the present century, was essentially 
a military and bureaucratic state. Only to the nobility and 
landed gentry appertained certain honorary privileges. An 
industrial class proper was entirely wanting, in spite of all 
the eff ort which enlightened offi  cials, such as Beuth, made 
in order to form one from the insuffi  ciently developed arti-
san class. Moreover, as the trade of the country was very 
limited, there was also wanting a prosperous cultured mid-
dle class as counterpoise to the army, the offi  cials, and the 
landed nobility. Under these circumstances it was of great 
value in Prussia to belong as offi  cer to the court retinue and 
to have the entrée to all social circles.

It is customary at the Prussian Court for this privilege, 
possessed by every, even the civil, offi  cer, to be continually 
exercised. Th us, as early as the winter of 1838, when a young 
offi  cer in the Artillery and Engineering School, I was com-
manded to attend great entertainments at the royal palace, 
and since that time, accordingly for more than half a cen-
tury, I have frequently been permitted to be present at these 
great court gatherings, which faithfully refl ect Berlin society 
and clearly illustrate the immense revolution which Prussia, 
and all Germany with it, has undergone during that time. 
At these assemblies I have frequently had the opportunity 
of becoming personally acquainted with the members of 
the Royal Family.
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As previously mentioned, I had already had occasion at 
an earlier period of my life to be grateful to the Prince of 
Prussia for his kindness in liberating me at St. Petersburg 
from a painful position. I have ever retained this feeling of 
gratitude, but alas in consequence of my political views was 
constrained to incur the anger of the monarch by voting 
according to my convictions in the Prussian Diet  against the 
reorganization of the army. When the declaration of war 
against Austria had actually taken place, and the brilliant 
victories of the reorganized Prussian Army had clearly 
proved the wisdom of the strength ening of the army by this 
reorganization, I took pains to help remove the injurious 
consequences of the parliamentary resistance to the reor-
ganization, and successfully struggled for the grant of the 
indemnity so magnanimously asked for by the victorious 
ruler, but hardly thought I could ever hope to regain the 
former favor of the sover eign. I was therefore all the more 
agreeably surprised when, at the close of the Paris Universal 
Exhibition of 1867, at the same time as the French croix 
d’honneur, the Prussian Order of the Crown was conferred 
upon me.

A few years later, the Emperor gave a still more pro-
nounced expression to this renewal of favor with a kindli-
ness which could hardly be surpassed. For a number of 
years I had been a member of the Council of the Berlin 
Merchants’ Company, and according to the prevailing prac-
tice had been proposed by the president of the Company for 
nomination as Councilor of Commerce, without my know-
ing anything about it. Th e Emperor had already approved 
of the nomination, and the president of police was kind 
enough to call upon me and personally to bring me the 
gratifying intelligence of this impressive mark of favor. Th e 
title of Councilor of Commerce, however, was not quite to 
my taste, for I considered and felt myself more a savant 
and engineer than a merchant. Th e president of police, who 
soon perceived my uneasiness, tried to combat my objec-
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tion and asked what he should say to the Emperor, who had 
desired to do me a favor. Whereupon the remark slipped off  
my tongue that fi rst lieutenant, honorary doctor of phi-
losophy, and commercial councilor did not agree, that such 
a mixture would produce a stomachache! Th e police presi-
dent fi nally promised to convey my petition to the Emperor 
that my appointment as Councilor of Commerce should not 
be published, and we agreed to meet at a particular spot at 
the court ball to be given the same evening. He came up to 
me there with a cheerful countenance and reported that he 
had communicated to the Emperor my scruples regarding 
the stomachache; that the Emperor had laughed heartily 
at it, and remarked he himself felt something of the same 
sort, and that I should therefore ask for some other favor 
when he addressed me. Th is unfortunately I could not do. 
A title more in accordance with my position did not exist 
in Prussia for nonoffi  cials, and I could not possibly follow 
the advice of the president to request a higher order, since, 
as I said to him, one gratefully accepts such when off ered, 
but does not solicit it. Th is refusal gave off ense to the presi-
dent, and as the Emperor passed soon aft er without address-
ing me, I imagined I had again incurred his displeasure. I 
was all the more delighted, nay, almost abashed, when the 
president of police communicated to me he had told the 
Emperor that I knew of nothing to ask from him, and that 
he had thereupon replied, “Well, then, present him to my 
wife.”

In consequence of mistaken identity this presentation 
did not then take place, and I also aft erward omitted to be 
presented to the Empress in the usual way, as it was repug-
nant to me to force myself into the presence of royalty, as is 
so oft en done. Th at this did not pass unnoticed I aft erward 
learned from the Empress herself. During the Vienna Ex-
hibition of 1873, the latter requested the German jurors to 
be presented to her, I being one of them. Aft er the presenta-
tion was over, she sent for me specially and said: “I have a 
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bone to pick with you, Herr Siemens, you try to give us the 
slip, but in future you will not fi nd that so easy.” Indeed the 
august lady oft en aft erward gave me proofs of her esteem 
and graciousness in visiting our factories or inviting me to 
give lectures on electrical subjects.

One of these lectures, which I had to give in the Imperial 
Palace, had special signifi cance. On the day before the de-
livery of the lecture, the Grand Duke of Baden had sent 
me a program, precise both in extent and subject, which 
the Emperor himself had dictated to him. Th e theme ran 
“Wesen und Ursache der Elektrizität und ihre Anwendung 
im praktischen Leben” (Nature and Cause of Electricity and 
its Application in Practical Life). It was not easy to satisfy 
the theoretical part of the program, as our knowledge of 
the nature of electricity is still very slight, but even the draw-
ing up of such a program shows how profound was the 
interest taken by the Emperor in the physical sciences, the 
great importance of which for the  further development of 
human civilization he fully perceived.

Th e Crown Prince and his family have also invariably 
displayed the liveliest interest in the gradual development 
and the scientifi c achievements of our establishment, and 
have frequently honored our factories with their presence. 
To this gracious and kindly recognition of my eff orts I, in 
fact, owe my place in the list of recipients of honors which 
the Emperor Frederick announced on ascending the throne. 
Without the usual preliminary inquiry I was includ ed in the 
list, and to my great astonishment fi rst heard through the 
newspapers of my admission into the ranks of the nobility.

Although my time was very much taken up with my scien-
tifi c work and my business, I never lost my interest in 
 questions of public life. I was an active member of several 
scientifi c and technical societies, took part both com-
mercially and privately in the great exhibitions, and was 
 frequently appointed by the government to special com-
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missions for scientifi c and tech-
nical questions. Of this multi-
farious activity I shall here cite 
only a few instances which ap-
pear to me worthy of mention.

When the imperial patent 
law came into being, substan-
tially in accordance with my 
proposals, an invitation was is-
sued to me to assist the newly 
constituted Patent Offi  ce at least 
for a number of years. I willingly 
complied, in order to be en-
abled to ensure that the practical 
application should be in harmo-
ny with the adopted principles 
of the patent law. In this manner 
I obtained the rank of an offi  cial 
of the Empire, and as such was 
proposed by Prince Bismarck for 

the title of “Privy Councilor.” I gratefully accepted the same, 
as the bearing of a title in Prussia is very general and my 
colleagues, the members of the Academy of Sciences, for the 
most part bore it.

I was an active member and for a number of years deputy 
chairman of the Association for the Promotion of Industry, 
which was called into existence by Beuth, the father of Prus-
sian industry, and rendered great service to the industrial 
development of Germany under the long presidency of State 
Minister Delbrück.

I had a large share in the establishment of the Electro-
technical Society through the media tion of the Secretary of 
State, Dr. von Stephan. I was the fi rst active president of 
the Society and made many of my technical labors public 
for the fi rst time through lectures in this Society. Similar 

Together with Dr. Siemens, the Postmaster 
 General Stephan has initiated the foundation of 
an Electrotechnical Society with the object of 
developing and furthering the application of elec-
tricity.

Über Land und Meer, Allgemeine Illustrierte 
 Zeitung, 1879

We Wilhelm, by the Grace of God Emperor of Ger-
many, King of Prussia etc. etc. etc. make known and 
decree  that we, in the name of the German Empire, 
have been graciously pleased to appoint the Member  
of the Royal Academy of Sciences, Dr. Siemens, as 
nonper  manent member of the Patent Offi  ce for the 
statutory period of fi ve years.

We have confi rmed this document  of appointment by 
the affi  xa tion of the Imperial Seal.

Given at Bad Ems, July 1, 1877
Wilhelm v. Bismarck
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societies were founded in several 
places aft er the pattern of the 
Berlin Electrotechnical Society; 
at the same time the meritorious 
and older Society of Telegraph 
Engineers in London, called 
into existence by my brother 
William, expanded their name 
and program by adopting elec-
trical engineering as the aim of 
the Society. Th e formation of the 
Berlin Society is to be regarded 
as the commencement of elec-
trotechnical science as a special 
branch of civil engineering, the 
term Elektrotechnik* itself oc-
curring for the fi rst time in the 
designation of the Society. By 
the adoption of the resolution subsequently brought forward 
by me, “to request governments to establish pro fessorships 
of electrical engineering at all polytechnical academies, in 
order that young engineers may have the opportunity of get-
ting to know the assistance which elec trical engineering 
might aff ord them in their special work,” the Society has 
rendered good service as regards the rapid development of 
electrical engineering in all its branches, as the resolution 
was almost everywhere complied with. Also by its endeavors 
to obtain an international system of electric standards, the 
Society has done great service. 
Th e initiative was taken by the 
Congress, which was connected 
with the Industrial  Electric Ex-
hibition in Paris of 1881 – a re-
quest being sent to the French 
government to bring about dip-
lomatically the gathering of an 

Heinrich von Stephan 
(1831–1897) founded 
the Electrotechnical 
Asso ciation with 
Werner Siemens in 
1879.

* Word coined by 
Werner von Siemens. 
See letter to Stephan 
of February 5, 1879, 
on the following page.

. . . chairs of electrical engineering should be founded, 
in order to make at least our technical youth better 
acquainted  with the science of electricity and its tech-
nical application . . .

Scientifi c & Technical Papers of Werner von 
 Siemens, vol. II. Technical Papers, London, 1895, 
483
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inter national  conference of delegates whose task should be 
the estab lishment of a scientifi c system of standards for elec-
trical engineering.

Such a conference, to which Helmholtz, Wiedemann, 
Clausius, Kirchhoff and myself were nominated by the 
German Empire, met in Paris in the  following year, and 

decided in principle for the ab-
solute standard system of Wil-
helm Weber, with the modifi -
cation that the cgs standard, 
for which England had already 
pronounced, was adopted as the 
standard of resistance. Owing 
to the little accuracy, however, 
with which hitherto the absolute 
resistance unit of Weber could 
be reproduced in practice, it was 
resolved to take as a practical 
basis the mercury unit, which I 
had proposed, and to invite the 
scientists of every country to 
settle expe rimentally the rela-
tion of the modifi ed cgs unit to 
the then widely adopted Sie-
mens unit. As the mean of all 
the determinations in conse-
quence arrived at, there resulted 
for this relation the value 1.06; 
and accordingly a column of 
mercury of 1 square millimeter 
in cross section and 106 centi-
meters long at 0  ºC named 
“Ohm” was established at the 
fi nal conference in the year 
1884 as the international legal 
unit of resistance. In like man-

Werner von Siemens to the Postmaster 
General v. Stephan

Berlin, February 5, 1879
Your Excellency,
I beg to submit for your favorable consideration 
the enclosed “Draft  Statute for a German Electro-
technical Society.”
I have been forced to the conclusion that a telegraph 
association would not fi nd suffi  cient material and 
active participants here to give it a status comparable 
with that of the existing English institutions. I there-
fore beg to suggest that your Excellency assume the 
patronage of a German association embracing the 
whole fi eld of electrical engineering. Such an associa-
tion has become essential and could be of the greatest 
benefi t. In addition to telegraphy, the development of 
which has already been directed into more settled 
paths and which represents the aristo cratic, conser-
vative element of electrical engineering, we see 
everywhere a wild rush, a restless striving, to gain for 
electricity an important place in the old branches of 
industry and to base new ones on it. Especially since 
 dynamo-electric machines have made possible the 
generation of cheap and powerful electric currents by 
mechanical power, the future fi eld for electricity is 
practically unlimited. I need only mention electric 
light, power trans mission by electricity and electrical 
copper refi neries on a large scale, which have already 
paved the way. In all probability the whole of the 
metallurgical industry will be completely revolution-
ized. I would also mention the new railway safety 
system which will transform the whole railway ser-
vice. Th e van guards of advancing electricity are to be 
met almost everywhere. Th e military already        →
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ner, the names of merito rious 
physicists were selected for the 
remaining units of the system; it 
is, however, to be regretted that 
the name of Wil helm Weber, 
the creator of this absolute stan-
dard system, was passed over, 
although this honor ought to 
have been specially paid him, 
when his own system was adopt-
 ed. For myself it was a small 
triumph that a reproduction of 
my mercury unit, which Lord 
Rayleigh made according to 
a method somewhat diff  erent 
from my own, should yet agree 
to a ten-thousandth part with 
the standard tallies delivered by 
our fi rm.

It was certainly somewhat hard for me that my resis-
tance unit, arrived at with so much trouble and labor, which 
had generally speaking made possible the fi rst comparable 
electric measurements, was then employed for more than 
a decade throughout the world and adopted as legal inter-
national standard of resistance for telegraphy by the 
International Telegraph Congress, should now have sud-
denly to be set aside with my own cooperation. But the great 
advantage of a theoretically established system of standards, 
consistently carried out and universally adopted, neces-
sitated this sacrifi ce off ered up to science and the public 
interest.

My literary activity was in general limited to the presenta-
tion of my scientifi c and technical labors and the description 
of the mechanical contrivances which I had constructed. I 
was, however, oft en obliged to repel attacks which were lev-

uses it for making war in 6 or 7 diff erent forms. All 
these activities have so far lacked a properly consti-
tuted focal point.
I am convinced that all other civilized countries will 
soon follow Germany’s lead in the establishment of 
electrotechnical societies, but it will always be of 
great value to have been fi rst in the fi eld! In no coun-
try is there more fruitful soil for the development of 
electrical engineering than in Germany for in no 
other country is knowledge of the natural sciences so 
widespread. If Your Excellency were to assume the 
leadership and help the new society over its teething 
troubles with the energy and power for which you are 
well known, it would soon attain a position of respect 
and be of great value to the fatherland. I thought that 
a letter would cause Your Excellency less inconven-
ience than a visit, but should Your Excellency desire 
to discuss the matter I would of course be glad to do 
so at any time.

Your Excellency’s most obedient servant
Dr. Werner Siemens
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eled directly or indirectly at my fi rm or at myself personally. 
Th is was the more necessary as my fi rm never advertised, 
and only let good workmanship proclaim its merits. Un-
founded attacks on its achievements could therefore not 
pass unchallenged, and frequently had to take the form of 
an appeal to the law of libel, as the newspapers usually had 
more sympathy for their regular profi table advertisers.

Of such corrections I will only here instance one sent in 
April 1877 to the Elberfelder Zeitung, since it is of a more 
general interest. Th e anonymous writer who gave rise to this 
communication had praised the dynamo-electric machines 
of M. Gramme in Paris, whom he styled the meritorious 
inventor of the dynamo-electric machine and electric light-
ing, and for whose recognition he claimed the German 
love of justice in high-sounding phrases, without even mak-
ing mention at all of the German share in these inventions. 
In my reply  I emphasized the undoubted merit of Gramme 
in the development of the dynamo-electric machine, which 
consisted in the combination of the ring of Pacinotti with 
my dynamo-electric principle; however, I could not omit 
to reverse the appeal to German love of justice in favor of 
 foreign services by pointing to the fact that the German 
is always inclined rather to recognize foreign and exotic 
than home growths. Th is was, I added, a great obstacle to 
the development of German industry, since the latter was 
oft en compelled by the preference for foreign manufac-
tures to send its better products to the markets of the world 
under a foreign fl ag, whence it came to pass that German 
manufactures were everywhere wrongfully characterized as 
inferior cheap wares.

I have had occasion before to refer to this, and in partic-
ular have characterized as unpatriotic and despicable the 
suicidal practice of bringing the better German manufac-
tures to market as English, French, or even American. It is 
diffi  cult to decide whether the blame rests mainly with the 
German public or the German manufacturers; in any case, 
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it is the outcome of a reciprocal action between the pre ju-
dice of the former and the short sightedness of the latter, 
who have only their momentary advantage in view. Since 
the establishment of the new German Empire and the 
national advance connected with it there has undoubtedly 
been an improvement in this respect, but the eradication of 
the evil is still far from complete. Our manufacturers still 
lack too much the pride to supply only good articles, and 
our public the perception that such commodities even at a 
higher price are the cheapest. Only from the reciprocal 
action of both is the national pride in the products of one’s 
own industry developed, and it is this which aff ords the best 
protection for the latter. How strongly the feeling of the 
superiority of native to all foreign products is developed in 
England was vividly brought home to me when I was once 
watching, with brother William, the unloading of a vessel 
which for the fi rst time brought ice to London from a 
 Norwegian port. Th e ice was deposited in handsome cubi-
cal blocks on the wharf, and was regarded with obvious 
interest by the purchasers. My brother began a conversation 
with one of them by praising the fi ne appearance of the 
blocks. “Oh yes,” was the reply of the person addressed, a 
herculean butcher. “It looks very well, but it has not the 
 quality of English ice.” Even English ice must necessarily 
be colder than foreign ice. Th is prepossession of every Eng-
lishman in favor of native products, which always infl uences 
his choice, strengthens the pride of the English artisan and 
manufacturer in the excellence of their work and thereby 
oft en causes the preconceived opinion to become truth.

Of my other popular publications I will here cite only 
my lectures “Die Elektrizität im Dienste des Lebens” (Elec-
tricity in the Service of Life) of the year 1879 and “Das 
naturwissenschaft liche Zeitalter” (Age of Natural Science) 
of the year 1886.

In the former lecture I expounded on the state of electri-
cal engineering and added some refl ections on the further 
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progress, confi dently to be expected, which would result 
from the fact that electricity could now with the help of the 
dynamo-electric machine also perform heavy work, whereas 
hitherto it had only been useful through the rapidity of its 
action in mediating, directing, and controlling intelligence 
and signals, leaving the execution of the heavy work itself 
to other natural forces.

Th e lecture “Th e Age of Natural Science,” which I gave 
in Berlin at the opening meeting* of the Society of Natu-
ralists and Physicians in the autumn of 1886, dealt with 
the change in conditions through the rapidly growing com-
mand of man over the forces of nature. I set forth that 
engineering, resting on the basis of physical science, was 

The deed of gift by 
which Werner Siemens 
donated the land in 
Berlin for the Physico-
technical Imperial 
Insti tute, 1885.

* A reference to the 
annual meeting in 
1886 of the society, 
which was founded 
in 1822.
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relieving man more and more 
of previous severe  bodily labor 
which nature had imposed on 
him for the maintenance of 
his life, that the wants of life 
and means of enjoyment would 
be satisfi ed by everdiminishing 
bodily exertion, and thus be-
come cheaper and accordingly 
more accessible to all; further, 
that through the distribution of 
power and the inevitable fall 
in the rate of interest the supe-
riority of large factories to in-
dividual labor would more and 
more be neutralized, and consequently the practical ends 
of Social Democracy would be attained without a violent 
overthrow of the existing order solely by the undisturbed 
progress of the Age of Science. I also tried in my lecture to 
show that the study of the physical sciences in its further  
progress and general diff usion would not brutalize men and 
divert them from ideal aspirations, but on the contrary 
would lead them to humble admiration of the incompre-
hensible wisdom pervading the whole creation, and must 
therefore ennoble and improve them. Th e occasion appeared 
to me opportune for publicly asserting my convictions, 
since the unshakable belief in the benefi cial consequences 
of the undisturbed development of the Age of Natural 
Scien ce is alone competent to repel with success all the 
fanatical attacks  which threaten human civilization on all 
sides.

It is not suffi  cient, however, to leave scientifi c engineering 
to its own undisturbed development; it is, rather, necessary 
to assist its progress as far as possible. For this, certainly, 
much has already been done in Germany through the 

Deed of gift of the Physico-technical 
 Imperial Institute

I, the undersigned, hereby declare that I present to 
the German Imperial Government the premises indi-
cated by a b c d in the attached ground plan and 
bounded by the Marchstrasse, the planned streets 
4 and 5 and the line b c parallel to the Marchstrasse 
with an area of 19,800 square meters for the erection 
of an Imperial Institute for experimental scientifi c 
research on the condition that the government bear 
the costs of the building and equipment and of the 
endowment of the proposed Physico-technical Impe-
rial Institute.

Berlin, November 12, 1885
Dr. W. Siemens
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highly developed system of scientifi c technical instruction, 
for which the best conceivable arrangements have been 
made at the numerous universities and polytechnic schools. 
Th ere was a total absence, however, of any organization for 
the furtherance of scientifi c investigation, i.e., for the ex -
tension of the area of our physical knowledge, on which 
technical progress is also dependent. In Prussia, years ago, 
the necessity had been perceived for an institute which 
should have for its object the scientifi c support of engineer-
ing and especially of applied mechanics; and a commission, 
to which I was summoned, had elaborated a plan for such 
an institute, which was to be added to the new polytechnic 
school in course of erection in Charlottenburg. Th is was, 
however, no solution of the problem of furthering scientifi c 
investigation itself.

Th e need for an institute not subserving instruction but 
scientifi c research exclusively had appeared very strikingly 
at the conferences on the establishment of international 

The building that 
housed the Physico-
technical Imperial 
Insti tute, founded in 
1887.
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electric standards in Paris. Th ere 
was found no suitable place in all 
Germany for carrying out the 
diffi  cult work of ex actly produc-
ing the absolute resistance unit 
of Weber. Th e  labo ratories of the 
universities are, in conformity 
with their function, arranged 
for the purpose of instruction 
and indeed as a rule entirely 
claimed for that object. German 
scientists have, nevertheless, in 
the leisure hours which their 
teaching vocation left  them, 
used these for carrying on their 
researches, and have accom-
plished much, but for extensive, 
thorough research neither the rooms and their fi ttings nor 
the leisure time of the scientists were suffi  cient. My proposal 
to add to the planned institute for the scientifi c support of 
engineering a second, which should be exclusively at the 
service of scientifi c research, met indeed with much sympa-
thy, but the execution of the plan was regarded as impossible 
under the existing circumstances. Suitable premises, suffi  -
ciently large and not liable to vibration from vehicular 
traffi  c, were lacking, and it also appeared diffi  cult to obtain 
the consent of the Prussian Diet to the considerable expend-
iture required for the erection and subsequent maintenance 
of such an institution.

I had already bequeathed in my will a considerable sum 
of money to be applied to the furtherance of scientifi c 
research, but precious time would perhaps have been lost 
before my pos sibly still remote death; and in particular the 
favorable opportunity would then have passed for calling 
into being a large undertaking, answering to the needs of 
the time, by the combination of the planned institute des-
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tined for scientifi c research with the scientifi c-technical one 
already agreed to in principle. I therefore resolved not to 
wait till my death, but to make the imperial government the 
off er to place at its disposal a large piece of ground perfectly 
suited to the purpose or the equivalent capital for an impe-
rial institute devoted to scientifi c research, if the Empire 
would undertake the cost of building and the future main-
tenance of the institute. My proposal was accepted by the 
imperial government, confi rmed by Parliament, and on this 
foundation the Physico-technical Imperial Institute at Char-
lottenburg has grown up, which now forms a German home 
for scientifi c research under the guidance of the fi rst physi-
cist of our time, Privy Councilor von Helmholtz.
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Charlottenburg, June 1892

I hoped last year to bring these recollections to a close in 
Harzburg, but was prevented by my wife’s illness and many 
other troubles. In the autumn, I myself had a severe attack 
of infl uenza, which compelled me to winter in the south. 
Accompanied by my wife and youngest daughter, I resorted 
to Corfu in December. It is true that there is not much 
 provision in the place for sick persons, and the climate in 
January and February is about the same as that of a rainy 
North German summer, but the glorious situation and the 
beautiful surroundings of the town aff ord great pleasure 
even at that season of the year. Corfu still lives on the bene-
fi ts which the English protectorate formerly brought the 
island. Th e fi ne roads made by the English, although already 
in part thoroughly out of repair, still continue to aff ord fair 
communication between the most important parts of the 
island. Th e English waterworks also, which have made the 
city of Corfu a healthy place, are luckily still kept up. Till a 
short time ago the Corfi ote lived in ancient Phaeacian ease 
on the profi ts which the numerous old olive trees of the 
island brought him; he never took the trouble properly to 
gather the fruit, but waited till it fell to the ground of itself, 
and then collected what was in good condition. Recently, 
however, petroleum has sent down the price of oil, and anx-
iety for daily bread is beginning to be felt even in Phaeacia. 
Greater attention is therefore now paid to the cultivation 
of the vine, which indeed costs much more labor, but is also 
far more remunerative than the cultivation of the olive. One 
sees with regret in many parts of the island the old pic-
turesque olive trees cut down to make room for the more 
profi table vine cultivation. Almost the only foreigners who 
permanently reside in Corfu are French traders, who buy 
up all the wine. Th e large amount of red coloring matter 
which the wine of Corfu contains doubtless makes it very 
suitable for the manufacture of “genuine” claret. In former 
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times, no wine could be exported from the island, as the 
Corfi otes preferred to drink their wine themselves. Th us the 
most ancient habits change in an age that does not suff er 
the unchangeable!

At the end of February, when the fruit trees began to 
bloom, we left  Corfu and went to Naples, where we hoped 
to fi nd better weather and more amusement. But the Apen-
nines were still thickly covered with snow, even dear Vesu-
vius wore a light snowy mantle, and in Naples it rained still 
more persistently and severely than in Corfu. As a com-
pensation we there enjoyed the pleasant intercourse with 
friend Dohrn and his amiable family. A month later we went 
to Amalfi , but not before Sorrento did the ardently desired 
blue Italian sky at last smile upon us. Th ere I fi rst began to 
feel my strength returning when, taking a walk with my 
wife, we were attracted by the prospect of a fi ne view and 
reached the highest point of the neighborhood, the monas-
tery of Deserto. My hope of being able to pay another visit 
to Vesuvius, and perhaps of taking another look into the 
sources of its changing activity, unfortunately remained 
unfulfi lled, on account of the unfavorable weather. How-
ever, it gave me much pleasure to see it again. One clings 
to persons and things which have earned our gratitude, 
and during an ascent in the year 1878 Vesuvius had given 
me such unmistakable indications of the cause of its activ-
ity, by its regularly recurring explosion-like eruptions, that 
the sphere of my ideas concerning the formation of the 
earth’s crust and the underlying forces was considerably 
enlarged.

At the beginning of May, we returned home, but unfor-
tunately I had still to sustain two violent attacks of fever. 
Now, luckily having got the better of these too, I hope that 
the sick period of my old age has passed and that a calm and 
cheery evening of life will be granted me in the midst of my 
beloved ones.
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I have already in the foregoing pages frequently spoken of 
my brothers and sisters, but considering the great infl uence 
which they had on my career, I feel constrained to append a 
condensed and connected summary of their lives.

I will fi rst mention my brother William, snatched, alas, 
so early from us. How, in a foreign land, upon which he 
set foot without any acquaintances and introductions and 
with very limited means, he worked himself up to a position 
of great distinction has been admirably recorded by the 
pen of so competent a writer as Dr. Pole. Many foreigners, 
 Germans among the rest, have made their fortunes in Eng-
land, but that has usually depended on certain lucky hits, 
among which a single invention of great material impor-
tance is commonly to be reckoned. William achieved more; 
he forced the public opinion of England to honor him in 
his lifetime, and in a still more 
striking manner aft er his death, 
as one of the leading spirits to 
whom the country owes the 
great development of its indus-
trial arts by the diff usion and 
application of scientifi c know-
ledge. By participating indefa t-
igably in the work of the nu-
merous associations which made 
good in England the previous 
want of sound pre liminary 
 technical education, William 
contributed much to bringing 
English engineering up to the 
level of advanced physical sci-
ence, and it redounds to Eng-
land’s honor to have impartially 
acknowledged this service on 
the part of a foreigner. William’s 
exertions were considerably as-

In Memoriam William Siemens

. . . Th e death of Sir William Siemens at the com-
paratively early age of 61 deprives the world of the 
services of a singularly powerful and fertile mind . . . 
His name recurs upon every page of the history of 
iron manufacture since he came among us . . . 
Sir William Siemens was essentially an inventor. In 
whatever direction he turned, his thoughts seemed to 
perceive new methods of working out old problems, 
or to discover new problems which it immediately 
became his province to solve . . . But the inventor 
proper is one who, like Sir William Siemens, is con-
tinually throwing out original ideas in spheres where 
others fi nd it suffi  ciently diffi  cult to master what has 
already been done. His patents were numerous and 
various . . . Whenever machinery was required for 
the carrying out of his aims he seemed to invent  new 
arrangements with the same facility. . . . His experi-
ments remain  extremely curious, and form another 
illustration of the extra ordinary originality and 
resource of the intelligence now prematurely 
quenched in death . . .

Times, London, November 21, 1883
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sisted by the uninterrupted and close connection with his 
brothers, and by his marriage with the amiable Miss Gor-
don of an honorable Scottish family, which made it easier 
for him to obtain a fi rm footing in English society. William 
died on November 19, 1883, in his sixtieth year, of a slowly 
developing and scarcely noticed disease of the heart. His 
sudden death overtook him at the height of his activity. 
Already all the honors which a savant and engineer can 
obtain in England had been heaped upon William. He was 
repeatedly president of the foremost scientifi c and techni-
cal societies, among others fi rst president of the Society of 
 Telegraph Engineers and Electricians, founded by himself. 
Th e highest recognitions and prizes accorded by these 
 socie ties were awarded him. Th e universities of Oxford 
and Cambridge gave him an honorary doctorate; and he 
received the honor of knighthood at the hands of the 
Queen. His death was felt throughout England as a national 
calamity, and was as such lamented in all the news papers. 
Th e funeral service took place with befi tting solemnity in 
Westminster Abbey. A year aft er his death, a window was 
dedicated to his memory in the Abbey, presented by the 
 scientifi c and technical associations of England, the lead-
ing English men of science and the industrial arts taking 
part in the proceedings. His wife retired to her beautiful 
country house, which the forethought of her husband had 
bequeathed her, at Sherwood, near Tunbridge Wells, there 
to mourn her lost happiness. We brothers, and I in parti c-
ular – for William was to me more than a brother – felt his 
unexpected death as a severe blow, which the lapse of now 
nearly ten years can soft en but not expel from memory.

Of my brothers Hans and Ferdinand, who became agri-
culturists, Hans aft erward devoted himself to agricultural 
engineering, and set up a spirit distillery in Mecklen burg. 
Th at certainly did not bring much grist to his mill, but 
gave him the opportunity of falling in love and getting en-
gaged. Aft er his marriage, he acquired with my assistance a 
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bottle manufactory near Dres-
den, which he managed till his 
death in the year 1867. Ferdi-
nand still lives on his estate of 
Pio nt ken in East Prussia. He 
was again betrothed in 1856 
and then married; one of his 
two daughters is the wife of my 
son Wilhelm, and some years 
ago presented me with my fi rst 
grandson.

My brother Friedrich had 
in the fi ft ies actively participated 
in William’s eff orts to improve 
his regenerative steam engine 
and evaporating apparatus. In 
the year 1856, he hit on the 
hap py idea of employing the 
regene rative system, hitherto 
but little successful, for metallur-
gical purposes, and in particular for reverberatory furnaces. 
A number of patents, which he took out in diff erent coun-
tries, partly alone, partly in conjunction with William, for 
a perfected form of regenerative gas furnaces, formed the 
basis of a furnace-building business established by William 
and himself. To work this in Germany and Austria, he trans-
ferred his residence to Berlin, shortly aft er his marriage in 
1864. In 1867, aft er the death of our brother Hans, he took 
over the glassworks near Dresden, and by his technical gift s 
and energy soon raised the same into a model factory for 
glass manufacture. Th rough the introduction of the regen-
erative system, and aft erward of the heating by radiation, he 
gave the impulse to an epoch-making improvement in me t -
allurgy and especially in the glass industry. Recently he has 
made over the Dresden  glassworks and the works appertain-
ing thereto in Bohemia to a joint-stock company, since they 

Wilhelm von Siemens 
(1855–1919) and his 
wife, Elly (1860–1919), 
the daughter of 
 Ferdinand Siemens, 
1882.
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no longer aff orded him material 
enough for his inventive activity. 
He is now busily engaged in per-
fecting his regenerative heating 
process and steel manufacture. 
In a widely diff erent department 
also, that of gas lighting, he has 
introduced great improvements, 
bringing into use in gas burners 

the regenerative principle of heating, and in this manner 
has considerably increased the illuminating power of the 
gas. He has thereby not a little retarded the victory of the 
electric light over gas, which, however, has not produced 
any friction in our fraternal harmony. Aft er William’s death, 
he undertook the latter’s furnace business in England, and 
has continued it with the best success. An amiable wife and 
a delightful troop of children will, we may hope, give him 
still many years of happiness and stimulate him to further 
untiring endeavors.

Carl had found in Russia a sphere of action extremely 
congenial to his faculties, and very considerably contrib-
uted, by the successful execution of our large undertakings, 
to the fi rm establishment and fi nancially sound devel-
opment of our business. But when, in the year 1867, our 
Russian maintenance contracts expired, and the Russian 
government took all further telegraphic aff airs into its own 
hands, the St. Petersburg fi rm seemed condemned to lose 
its position of importance. As about the same time Carl’s 
wife began to ail, and a change of climate appeared urgently 
necessary for her, Carl transferred his abode to Tifl is, and 
undertook the management of the branch founded there, 
as well as of our Kedabeg mine, which had already grown 
to considerable proportions. Unhappily, however, the con-
dition of his wife grew continually worse, a prolonged 
residence in Vienna and Berlin equally failing to restore her 
health. She died in Berlin in the year 1869, leaving Carl with 

A. D. 1816, N˚ 2861 Furnaces

. . . “Improved Arrangement of Furnaces, which 
Improvements are applicable in all Cases where 
Great Heat is required.”

From English Patent No. 2861, granted to Friedrich 
Siemens for the invention of the smelting furnace 
using  Robert Stirling’s regenerative principle. Sealed 
January 27, 1857, and dated December 2, 1856.
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one son and two daughters. I now proposed to Carl to stay 
in Berlin for good, and to take part in the management of 
the Berlin fi rm. We were even planning, as we were both 
widowers, building a house for joint occupation, when 
 William came forward with the wish that Carl should settle 
in London. Carl accepted this proposal and till the year 
1880 managed the business of Siemens Brothers & Co. in 
conjunction with William. He showed himself in London, 
just as in St. Petersburg, a farseeing man of business, an 
able organizer and manager of large undertakings. Th e fac-
tory at Charlton near Woolwich was considerably extended 
at his suggestion, the cable works especially much enlarged, 
and a gutta-percha factory set up. But aft er several years’ 
residence in England, Carl’s health, formerly always very 
good, began to show signs of decline; he could not bear for 
long the damp English climate. Moreover, an irresistible 
longing manifested itself in his children for their native 
country, Russia. For these reasons, in 1880 Carl returned 
with them to St. Petersburg and once more undertook the 
management of the business there, which he soon raised 
again into a fl ourishing con dition. His two daughters have 
married in Russia; his son assists him in the manage ment of 
the business, so far as a disease of the eyes, with which he is 
unfortunately affl  icted, allows. Carl’s own health has been 
quite restored since leaving England. He himself, as well as 
the fi rm under  his management, which is now chiefl y occu-
pied with arrange ments for electric lighting and transmis-
sion of power, hold a highly esteemed position in Russia.

Th e youngest brothers, Walter and Otto, both died in Tif-
lis, and rest in the same grave. Walter died, as I have already 
stated, in consequence of a fall from his horse. He was a fi ne, 
stately man with pleasing ways, which quickly made him 
popular in the Caucasus; to us brothers he always showed 
the greatest attachment. Otto succumbed some years later 
to his feeble health, of which he had not always been suffi  -
ciently mindful. He was a highly gift ed man of sterling 
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worth, but did not always pos-
sess the requisite self-control 
and strength of character, and 
has therefore oft en been a cause 
of anxiety to us older brothers. 
When he had con tracted a se -
rious lung disease in London, 
where he was to be prepared 
under William’s guidance for a 
technical career, we sent him for 
a voyage around the world in a 
sailing ship, in the hope that this 
would eff ect a cure. He arrived 
in apparently good health in 
Australia; could not, however, 
resist the temptation to join an 
expedition which was about to 
cross the continent to seek for 

traces of the lost traveler Leichhardt. But the fatigue was 
too much for him, and he nearly perished in the desert inte-
rior from the eff ects of a hemorrhage. When, aft er a series of 
further adventures, he returned to England, we sent him 
to the Caucasus, which had oft en proved benefi cial to con-
sumptives. In truth, a rather long stay in Kedabeg seemed 
to have perfectly restored him. At Walter’s sudden death he 
entered upon the latter’s functions. In the house of Prince 
Mirsky, governor of the Caucasus, he made the acquain-
tance and became enamored of the widow of General Prince 
Mirsky – a brother of the governor – who had fallen in the 
Crimean War. Unhappily, his death aft er a few years sev-
ered the union of the happy pair.

Our sister Mathilde, the wife of Professor Himly, died 
at Kiel in the summer of 1878, mourned by us as an aff ec-
tionate and faithful sister. Sister Sophie unhappily lost her 
husband many years ago, who at the time fi lled the offi  ce of 
advocate to the Supreme Court at Leipzig.

The four Siemens 
brothers still surviv-
ing in 1889: L to R, 
Friedrich, Werner, 
Ferdinand, Carl.
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With regard to my own life in the last few years, it only 
remains for me to mention that since the beginning of 1890 
I have left  the business management of the fi rm of Siemens 
& Halske at Berlin, Charlottenburg, St. Petersburg, and 
Vienna to the former active partners, my brother Carl and 
my sons Arnold and Wilhelm, and am now only a silent 
partner in the fi rm. It is a great joy to me to be able to testify 
that my sons have shown themselves fully equal to their 
grave and responsible position, nay, that my retirement has 
manifestly given to the fi rm a fresh impulse. Th is is the more 
deserving of recognition as my old assistants in the tech-
nical management, Messrs. Frischen, von Hefner, and Lent, 
are also no longer in the fi rm, the fi rst named being un-
happily taken from his labors by death. It is with commercial 
houses as with states: they need from time to time regene r-
ation in their administration in order to remain young. Th e 

Werner von Siemens 
with his wife Antonie 
and children, around 
1876; L to R: Arnold, 
Käthe (1861–1949), 
Wilhelm, Werner 
with Hertha, Anna 
(1858–1939) and 
 Antonie with Carl 
Friedrich.
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London business and my private undertakings were not af-
fected by my retirement from the fi rm of Siemens & Halske, 
and thus continue to give me suffi  cient technical occupa-
tion.

My children by the fi rst union are all happily married. 
My fi rstborn, Arnold, married the daughter of my friend 
von Helmholtz, and has already, as well as his brother, pro-
vided for a continuation of the lineage by two grandsons.

When at its close I survey my life, and search for the 
determining causes and impelling forces which carried me 
over all hindrances and dangers to a position which brought 
me outward recognition and inward satisfaction, and super-
abundantly provided me with the material blessings of 
life, there I indeed am bound to admit that many fortunate 
circumstances have cooperated and that altogether I owe 
a large debt to fortune. It was a lucky coincidence that my 
early years were passed in a time of rapid progress of natu-
ral sciences, and that I devoted myself especially to elec -
trical engineering, when it was still quite undeveloped and 
 therefore formed a very fertile ground for inventions and 
improve ments. On the other hand, however, I have also fre-
quently had to contend with very unusual misfortune. Th is 
continual struggle with altogether unexpected diffi  culties 
and unlucky accidents, which as a rule in the beginning 
hampered my undertakings, but which I mostly by good 
hap succeeded in overcoming, William Meyer, the dear 
friend of my youth and faithful companion, very forcibly 
described in students’ slang as: “Sau beim Pech” (bad luck 
coupled with astonishing fl ukes). I must admit the correct-
ness of this view, but still do not believe that it was only 
blind fate, when the wavelike line of happiness and unhap-
piness on which our life moves carried me so fre quently to 
the desired goals. Success and failure, victory and defeat, 
oft en depend in human life entirely on the timely and right 
use of the opportunities off ered. Th e quality of quickly 
 making up one’s mind in critical moments, and of doing 
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the right thing without long re-
fl ection, has remained tolerably 
faithful to me during my whole 
existence, in spite of the some-
what dreamy meditative life in 
which I frequently, I might al-
most say usually, was plunged. 
In innu merable cases this qual-
ity has preserved me from harm 
and rightly guided me in diffi  -
cult situations. Undoubtedly a 
certain stimulus was always nec-
essary to give me full control of 
my mental qualities. I needed it, 
not only to be snatched from my 
own meditative life, but also 
as a protection against my own 
 weak nesses. Among these I es-
pecially reckon an excessive be-
nignity, which made it un com-
monly hard for me to refuse a request, not to fulfi ll a known 
wish, nay, in general to say or do anything to anybody that 
would be unpleasant or painful to him. To my good for-
tune, this quality, very inconvenient especially for a busi-
nessman and master over many people, was neutralized by 
another, that of being easily provoked and excited to anger. 
Th is anger, which was always easily aroused when my good 
intentions were misunderstood or abused, was ever a relief 
and outlet for my feelings, and I have oft en declared that 
anybody with whom I had unpleasant dealings could never 
do me a greater service than by giving me cause to be angry. 
For the rest, this irascibility was usually only a form of 
 mental excitement, which never got beyond my control. 
Although in younger years I was oft en nicknamed by my 
friends “curly head,” wherewith they would hint at a certain 
connection between my curly hair and “curly” mind, yet my 

Werner von Siemens, 
1892.
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easily roused anger has never led me to actions which I had 
aft erward to regret. For a manager of great undertakings 
I was also in other respects but inadequately suited. I 
lacked the good memory, the orderly sense, and consistent, 
unbending strictness. If, notwithstanding, I have founded 
large business concerns and managed them with unusual 
success, this is a proof that industry coupled with energy 
oft en overcomes our weaknesses or renders them less harm-
ful. At the same time, I can say on my own behalf that it was 
not desire of gain which impelled me to devote my working 
power and my mind in so great a degree to technical under-
takings. In the fi rst place, it was generally the interest for 
technical science which led me to my task. A business friend 
quizzed me once with the assertion that I always let myself 
be guided in my undertakings by the public benefi t they 
would bring, but that ultimately I always found my account 
thereby. I admit this remark to be correct within certain 
limits, for such undertakings as further the public welfare 
command a general interest, and thereby present greater 
prospects of being successfully carried through. However, 
I will not undervalue the powerful infl uence which suc-
cess, and the consciousness arising from it of doing some-
thing useful, and at the same time of giving their bread 
to thousands of industrious workers, exerts on mankind. 
Th is gratifying consciousness has a stimulating eff ect on 
our mental qualities and is doubtless the foundation of the 
 otherwise somewhat paradoxical German proverb: “To 
whom God giveth an offi  ce, He also giveth understanding 
therefor.”

A main reason of the rapid growth of our factories is, in 
my opinion, that the products of our manufacture were in 
large part results of our own inventions. Th ough these were 
in most cases not protected by patents, yet they always 
gave us a start on our competitors, which usually lasted until 
we gained a fresh start by new improvements. Th is could 
certainly only have lasting eff ect in consequence of the rep-
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utation for great solidity and excellence which our products 
enjoyed throughout the world.

Besides this public recognition of my technical achieve-
ments, marks of honor have been so abundantly conferred 
upon me personally both by the rulers of the larger states of 
Europe and by universities, academies, scientifi c and tech-
nical institutes and societies, that hardly anything remains 
for me to desire.

I began the writing of my recollections with the biblical 
aphorism “Th e days of our life are threescore years and ten, 
or even by reason of strength fourscore years,” and I think 
I have shown that also the close of the sentence, “yet is 
their pride but labor and sorrow,” has held good in my case. 
For my life was beautiful, because it essentially consisted 
of successful labor and useful work, and if I fi nally give 
expression to the regret that it is approaching its end, I am 
only urged thereto by the pain that I must be parted from 
my dear ones, and that it is not permitted me to continue 
to labor for the full development of the Age of Natural 
 Science.
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APPENDIX – 
SCIENTIFIC PUBLICATIONS

In these memoirs I have repeatedly had occasion to make a 
few explanatory remarks about the technical publications 
that were described in the second volume of the collection 
of my Wissenschaft liche und Technische Arbeiten (Scien-
tifi c & Technical Papers, English edition, London, 1892 and 
1895), published by Julius Springer in 1889 and 1891. I have 
also discussed most of my earliest research work, because 
it aff ected the further course of my life in so many ways, 
and because it is probably rather unknown to the younger 
generation of physicists. But my later research work has 
diverged in many regards from the accustomed paths of 
prevailing physical theory, and therefore has not won gen-
eral recognition; hence I feel that at this point I should also 
add a few critical remarks about that work and explain the 
implications of its results.

In several research projects that I conducted between 
1860 and 1866 and published in Poggendorff ’s Annalen, I 
investigated the ability of metals to con duct electricity, and 
developed the fi rst and so far only method of establishing 
an empirical, reproducible measurement of resistance. I 
demonstrated that my method made it possible to deter-
mine the resistance of an approximately prisma tic space 
fi lled with pure mercury, with an accuracy to within one 
ten-thousandth of its value. Th us I solved the problem of 
establishing an absolute unit of resistance – i.e., one based 
on a defi nition – with a precision consistent with the cap a-
bility of our measuring instruments. Th is discovery made it 
possible  to take exact and mutually comparable electrical 
measurements for the fi rst time.

  413
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During the course of these investigations, I found con-
fi rmation of the principle, already stated by others, that the 
resistance of solid metal alloys is always greater than the 
total of the individual resistances of their constituent met-
als; but I demonstrated that this is not the case for liquid 
metal mixtures; instead, these retain unchanged the resis-
tance of the individual metals in the liquid state. I showed 
that this behavior of metals can be used to determine the 
specifi c resistance of refractory metals in the liquid state. 
I also discovered that melting increases considerably the 
resistance of metals, while the latent heat of the liquid con-
tributes more to the development of resistance than the free 
heat of the solid or liquid conductor. I found that the increase 
in resistance caused by melting does not occur discontinu-
ously, but rather that resistance rises continuously within a 
given temperature interval, and that the resistance curve of 
the molten metal likewise follows at a constant rate. From 
this I concluded that the physical processes of melting and 
solidifi cation consist largely in the absorption and release of 
latent heat, both of which take place within a specifi c tem-
perature interval during the melting process.

In a later work on how carbon’s ability to conduct elec-
tricity changes as a function of temperature, I confi rmed 
Matthiessen’s contention that the ability of coal to conduct 
electricity increases with temperature, and demonstrated 
that Beetz and Auerbach’s objections to this position were 
in error. To explain this curious behavior of carbon, I 
 proposed the hypothesis that the various states of carbon – 
charcoal, graphite, diamond – are allotropic states of 
“latent-heat-free” carbon, which does not occur in nature, and 
diff er from one another mainly in the quantity of latent heat 
absorbed. 

Th is hypothesis was confi rmed and developed further 
by a study of selenium’s ability – discovered by Willoughby 
[ed: corrected spelling] Smith – to conduct electricity better 
when exposed to light than in the dark. I found that in addi-
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tion to the fact that small increases in temperature cause 
selenium to transform from an amorphous, nonconductive 
state to a so-called crystalline, electrically conductive state, 
there is also a third modifi cation of selenium, which is in-
duced when one heats amorphous selenium for an extended 
time to a temperature close to its melting point, or in other 
words, to approximately 200 ºC. Th ese two modifi ed forms 
of electrically conductive selenium diff er signifi cantly in 
that the former conducts electrolytically – that is, it conducts 
better at higher temperatures, as electrolytic liquid conduc-
tors do; while the latter modifi cation, with extended heating, 
conducts metallically, or in other words, it conducts less well 
at higher temperatures, as metals do. Th is behavior of amor-
phous selenium rapidly cooled from the molten state – i.e., 
that when heated above 80 ºC it loses much of the latent 
heat of melting that it had retained during quick cooling, 
and becomes electrically conductive, yet when heated for an 
extended time close to its melting point it surrenders addi-
tional latent heat and then becomes much more conductive, 
namely metallically conductive – seemed to me a confi rma-
tion of a hypothesis that I had already developed in earlier 
investigations: fi rst, that the electric resistivity of a substance 
is an equivalent of the quantity of heat stored within it in 
both the free and the bound state; and further, that latent 
heat has a greater resistance-enhancing eff ect than free heat, 
and that substances having no allotropically bound heat 
conduct metallically, namely in such a way that resistance 
increases uniformly with temperature from an absolute zero 
point, while the resistance-enhancing eff ect of allotropically 
latent heat decreases as temperature increases.

According to this theory, all simple substances that are 
not an allotropic modifi cation of their original metallic state 
through the absorption of latent heat must conduct metal-
lically, and it is probable that the so-called active state of 
substances is none other than this latent-heat-free state, the 
state I call metallic, which can exist in metalloids and non-
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metals only in chemical compounds, without imme diately 
transforming into an allotropic modi fi cation while binding 
heat. Th us, according to this hypothesis, one must conceive 
that the molecules of all nonmetallic solids may assume diff er-
ent states of quiescence, whose nature corresponds with cer-
tain values of work consumed in their constitution. Only 
metallically constituted substances can combine chemically. 
Th us latent heat represents an obstacle to chemical com-
bination, and if combination occurs nevertheless, heat 
must be released in the process. Conversely, a chemically 
released substance must be metallically constituted, or in 
other words, will be in the active state at the moment when 
it becomes free. Left  to itself, it will absorb latent heat, 
 consuming heat, if it is a metalloid or nonmetal, thus par-
tially or entirely eliminating its ability to conduct elec tricity. 
 Elevated temperature causes the molecular arrangement 
corresponding to the absorption of heat to become less sta-
ble, and therefore increases ability to conduct electricity and, 
at the same time, chemical affi  nity. Since heat is bound when 
metals are alloyed, in such alloys resistivity does not increase 
proportionately to absolute temperature, as in the case of 
simple, pure metals, but instead the alloy’s latent heat of 
combination constitutes an inter fering aspect that increases 
resistance and thus eliminates the proportionality of resis-
tance to absolute temperature. 

I was also able to put to technical use the metallically 
conductive Modifi cation II of crystalline selenium that I 
had discovered, in building a selenium photometer.

In an earlier work I demonstrated that a dielectric heats 
up through repeated charging and discharging, and thus 
found experimental confi rmation for Faraday’s molecular 
induction.

In 1875, I had an opportunity to apply a modifi ed form 
of the method of measuring the speed of propagation of 
electricity in suspended wires, which I had already proposed 
back in 1845. Th e experiments, using an iron double con-
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ductor 12.68 kilometers long, yielded a speed of propagation 
of 32,600 geographical miles – a result that shows a satis-
factory correspondence with the results of Kirchhoff ’s cal-
culations, when one allows for the delay caused by the jar 
discharge of the lines and by self-induction. Before these 
experiments, conducted with great attentiveness by Dr. 
Frölich, I was inclined to believe that the actual speed of 
electricity along conductors was immeasurably great, since 
an experiment I had performed with a water-fi lled rubber 
tube more than one-hundred feet long showed no percep-
tible diff erence in the position of the spark marks. Th us the 
speed of propagation of electricity could not depend signi f-
icantly on the specifi c resistance of the conductor along 
which the electricity traveled, and I therefore thought it 
prob able that the widely varying values found by Wheat-
stone, Fizeau and Gounelle, and others were only the ex-
pression of the delay caused by the surface charge of the 
employed con ductors. Th e experiments described above 
eliminated these reservations, but I have unfortunately had 
no time or opportunity to pursue the investigations since.

I was led into a fi eld of research that had been quite 
 foreign to me by an observation of the activity of Vesuvius 
in May 1878. I noticed that in the brightly glowing opening 
at the tip of the ash cone that had formed in the interior of 
the great, dark crater, explosive ejections occurred with 
great regularity at intervals of several seconds. Closer obser-
vation showed that each explosion was followed by an intake 
of air that was so powerful that oft en the opening actually 
sucked back slag or rocks that it had ejected and that had 
fallen nearby. Combustible gases had to be forming con-
tinuously from the Earth’s interior; they then mixed in the 
upper passage of the crater with atmospheric air drawn in 
by the rarefaction of air caused by the previous explosion, 
and thereupon exploded, thus producing a new region of 
rarefi ed air. Th is observation led me to a consideration of 
the process by which the Earth was formed, and of its cur-
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rent state, from the viewpoint of physical mechanics. Th e 
results deviated considerably from prevailing opinion.

In geology, hitherto two viewpoints have stood bluntly 
and directly opposed to one another, that of the professio n-
 al geologists and that of the mathematicians. Th e former 
adhere to the old opinion, which can already be called his-
torical, that the Earth had once been a fi ery liquid, while 
air and water formed the atmosphere, which was likewise 
incandescent; as the process of cooling advanced and a solid 
crust formed on the Earth, this atmosphere precipitated the 
oceans, which then with the assistance of frequent partial 
uplift ing and subsidence of the Earth’s crust laid down the 
massive layers of sediment that now cover almost all of the 
Earth’s surface. Th is uplift ing and subsidence was supposed 
to be caused by internal volcanic forces, which are still 
 visible in volcanoes today. English physicists, including 
Sir William Th omson (now Lord Kelvin), advanced weighty 
arguments in opposition to this basis for the theory of the 
Earth’s formation. Lord Kelvin declared it necessary that the 
entire body of the Earth must be more solid than glass-hard 
steel, since calculations showed that otherwise its surface 
would participate in the tidal movements caused by the 
attraction of the Moon and the Sun, and therefore the sea 
then could not have its own distinct tides. J[oseph] Th om-
son supported this calculation with a physical observation, 
to the eff ect that the melting temperature of substances 
that expand upon solidifi cation is reduced by pressure, 
while that of substances that contract upon solidifi cation 
is increased by pressure. But since silicates, as he believes, 
contract 20% upon solidifi cation, the pressure that increases 
with depth would not permit the mass of rock to melt, 
despite the elevated temperature, and would instead make it 
even more solid.

It is remarkable that these starkly opposing viewpoints 
regarding the nature of the interior of the Earth have per-
sisted for many years, alongside one another, without any 
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confl ict, even though they concern the foundation of all 
practical geology. As already noted, most geologists have 
held fi rmly to the idea of a crust fl oating on a liquid or 
 gaseous core of the Earth, and the mathe maticians adhere 
to Lord Kelvin’s theory of a rigid core, without concerning 
themselves much with the diffi  culties of explaining the facts 
of the formation of the surface!

I have now attempted to resolve this contradiction by 
demonstrating that there are factual reservations against the 
physical foundations of Th omson’s calculation. Th ese diffi  -
culties lie in that Bischoff ’s information that silicates become  
about 20% heavier upon making the transition from the 
 liquid to the solid state is incorrect – as is already evident 
from the well-known fact that solid silicates always fl oat on 
molten ones, once they have almost reached the tempe ra-
ture of the latter. I furthermore pointed out that Lord Kel-
vin’s calculation does not take account of the time needed 
by the thickly viscous mass of the Earth to assume the shape 
prescribed to it at any given moment by the deforming ten-
dencies of the attraction of the Sun and the Moon. Since 
these changes of form involve shift s in mass that are dis-
tributed continuously from molecule to mole cule over the 
entire surface of the Earth, and that therefore need a con-
siderable time in order to take place, a general tidal wave 
cannot arise and advance uniformly with the rotation of 
the earth, and such a wave can become evident at all only to 
a very small degree. Th us far these arguments against the 
mathematical necessity of a solid core of the Earth have still 
not been refuted, and therefore when considering the for-
mation of the Earth’s surface, one is entitled to assume that 
the interior of the Earth is viscous or gaseous. 

With regard to the formation of the Earth’s surface, 
another matter of interest even to the non-geologist is local 
uplift s; the formation of the stratifi ed diluvium that deeply 
covers almost the entirety of the Earth’s surface; and earth-
quakes and volcanoes. I have attempted to give these facts 
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an explanation based on a foundation of physical me  chan-
ics; it satisfi es my own need for causality, but in many 
regards contradicts conventional geological views, and 
therefore has remained rather unrecognized. In these con-
ventional views, I must fi rst consider untenable even the 
assumption that underlies all the others – that there was a 
period in the formation of the Earth when the Earth was 
a fi ery liquid surrounded by an atmosphere containing the 
permanent gases and all water, in the form of incandescent 
vapors. It will become clear what arguments led me to that 
position when we take a step farther back into a period 
when the mass of the Earth coalesced. At that time, the ele-
ments in that mass must have been mixed uniformly, and 
thus, by mutual attraction in the gaseous state, consolidated 
into a magma. But the more volatile substances could have 
separated out only at the solidifi cation boundary, where the 
gaseous state was making the transition to the liquid and 
solid states. Depending on how this zone of solidifi cation 
advanced, only then could the more volatile substances 
 separate out in the gaseous state. But this separation from 
the fi ery, liquid interior could have taken place only very 
slowly, because a lower specifi c gravity was the only force 
that might drive aggregations of lower-specifi c-gravity mass-
 es toward the periphery. It cannot be determined how great 
a diff erence in density in the interior of the Earth there may 
be, since we still have too little knowledge of the behavior of 
substances at such high temperatures and pressures as pre-
vail in the Earth’s interior. However, it seems clear that the 
separation of our atmosphere and oceans from the mass of 
the Earth was the product of many geological periods, and 
has not yet been completed, as is shown by the geysers and 
hot springs still active today. It will be necessary to assume a 
“Geyser Period” as a specifi c geological period following the 
formation of the solid crust of the Earth, and during which 
volcanoes and geysers ejected the lower-specifi c-gravity 
masses, meaning water and air, at countless points on the 
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solidifi ed surface of the Earth, and through the changing 
fl ows of the resulting ocean, laid down the stratifi ed sedi-
ments on that surface. Nor is the assumption that mountains 
were uplift ed by the forces of internal pressure compatible 
with the assumption of a fi ery-liquid or gaseous interior of 
the Earth, on which the solid crust fl oats. Only tangential 
forces can have lift ed up the mountains, and still lift  up 
 portions of the Earth’s surface today. Th ese tangential forces 
are provided by the progressive cooling of the Earth’s inte-
rior, since the vault formed by the solid crust of the Earth 
must be compressed inward by gravitation when the van-
ished liquid interior no longer supports it adequately. Th e 
phenomenon of volcanic eruptions does not force us to 
assume an internal pressure that is greater, equivalent to 
the weight of the solid crust. If one refl ects that the more 
recently solidifi ed strata of solid rock must develop cracks 
as they cool, cracking which we experience as earthquakes 
on the Earth’s surface, then it is clear that such cracks will 
also include the adjacent cooled crust, which was already 
broken up extensively in earlier geological periods, and thus 
can establish direct connections between the Earth’s liquid 
center and the Earth’s surface. Th e still liquid mass of the 
Earth must then penetrate into these cracks, and because 
it is hot and therefore lighter than the overlying rock, it 
must spring forth and form a mountain that is as high as 
the diff erence in specifi c gravity dictates. Since the reduc-
tion of the pressure acting on the hot liquid rising in the 
cracks causes the gases and vapors contained in the magma 
to escape, the content of gas bubbles must reduce the spe-
cifi c gravity of the column of liquid rock even further, and 
substantially, and this explains the height to which the  liquid 
interior of the Earth is lift ed in volcanoes, with no need to 
invoke an enigmatic force of pressure in the Earth’s interior 
to overcome hydraulic equilibrium. 

It is noteworthy that for more than a decade now the 
professional geologists have left  unacknowledged and un -
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refuted this view, which modifi es the foundations of their 
conventional theory in such signifi cant points.

In an essay, “Über das Leuchten der Flamme” (On the 
Luminosity of Flame), I described a series of experiments 
that I conducted – some of them jointly with my brother 
Friedrich in Dresden, at his large glass furnace equipped 
with a regenerative heater – on the question of the incan-
descence of gaseous substances. It developed in these ex-
periments that when permanent gases are quite dust-free, 
they do not incandesce even under extreme heat. Yet since 
they also have a great capacity for heat radiation, one must 
probably assume that if the heat were raised further they 
ultimately would indeed begin to incandesce, because light 
radiation and heat radiation diff er only in that the former 
has a higher frequency, and radiation capacity generally 
appears to decline with frequency. In any case, the light 
radiation capacity of dust-free, pure gases is so extraordi-
narily low that the incandescence of a fl ame must specifi cally 
be diff erent from the incandescence of the gases heated by 
the combustion process. Apart from the incandescence of 
the solid particles of matter emitted by combustion or sus-
pended as contaminants in the gas, the incandescence of a 
fl ame can only be an electric process which is linked with 
the chemical rearrangement of the molecules in the burnt 
gases. Th e light of a fl ame would accordingly be just as much 
electric light as the light in an ozone tube or Geissler tube.

Th e interesting controversy in which my late brother 
William became embroi led with astronomers through his 
work “On the Conservation of Solar Energy” led me as well 
to look at the Sun, and prompted me to write “Über die 
Zulässigkeit der Annahme eines elektrischen Sonnenpoten-
tials und dessen Bedeutung zur Erklärung terrestrischer 
Phänomene“ (On the Admissibility of the Assumption of an 
Electrical Solar Potential and its Importance for the Ex-
pla nation of Terrestrial Phenomena). As the ways known to 
us for evoking electrical phenomena are always founded on 
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a separation between positive and negative electricity, we 
must assume that this is also the case for the Sun, and 
 therefore a solar electric potential can arise only if one type 
of electricity is conveyed away from the Sun. My brother’s 
theory that the rotation of the Sun fl ings off  solar matter 
and distributes it through space therefore makes it admis-
sible to assume that the Sun has a potential. I attempted to 
answer the astronomers’ objection that space cannot con-
tain the slightest quantity of matter, because that would 
lengthen the time taken by the planets to orbit, by observ-
ing that that the mass driven off  by the Sun must itself 
orbit the sun at a planetary speed, and that therefore it could 
not inhibit the planet’s travel. I also adhered to my brother’s 
view that sunlight derives from solar mass that combusts 
while rising, although I could not accept his opinion that 
the cause of solar radiation is the combustible atmosphere 
that lies on the liquid or solid surface of the Sun and is fl ung 
off  in the burnt state, then dissociated by sunlight in space 
and attracted in this state again by the Sun – although I did 
agree that the entire gaseous solar mass could participate in 
combustion, and I hold that the mass fl ung off  is only of 
secondary importance for the thermal economy of the Sun, 
but is of crucial importance for the question of the Sun’s 
electrical charge. 

Ritter’s splendid and still insuffi  ciently appreciated works 
eliminate all reservations about the gaseous state of the Sun, 
given which there can be no separate solar atmosphere at 
all. We must therefore assume that the entire solar mass is 
involved in a continuous process of combustion, but that 
this process can really come into being only in the outer-
most stratum of the solar body, where the solar gas has 
already cooled so much through expansion that chemical 
combinations can occur. Th ese combinations then take 
place over the entire surface of the Sun, forming fl ames and 
causing greater heating, while a fl inging off  as my brother 
conceived can occur only to a very limited degree in the 
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equatorial zone. Th e general rising of the uppermost solar 
matter as a consequence of its combustion and heating 
above the adiabatic temperature consistent with expansion 
must be followed by a general descent of the burnt mass 
cooled by radiation, either in countless descending streams 
that give the surface of the Sun its scaly appearance, or else, 
at middle solar latitudes, also in the form of colossal des-
cending vortices, which are darker than the rest of the Sun’s 
surface, since compression causes the descending, burnt 
gases to return almost to the temperature they had at the 
time when they began their ascent, but at the same time 
they consequently re-dissociate and cool accordingly. For 
this reason, and because of the absence of fl ames, these 
descending vortices appear as dark sunspots. Of course this 
combustion theory is still contradicted by the fact that the 
existence of oxygen in the Sun has so far been demonstrated 
spectroscopically only at the bottom of the sunspot fun-
nels – yet a very strong probability argues that the Sun is 
essentially composed like the Earth, and that therefore it 
cannot be lacking oxygen. 

I have attempted to buttress this solar theory, which 
 permits the development and maintenance of a solar elec-
tric potential, by demonstrating that this potential would 
explain many previously unexplained terrestrial pheno m-
ena. Given the Sun’s colossal dimensions in comparison 
with the Earth, through electrical distribution the solar 
potential would induce a terrestrial potential of almost half 
the size, if one assumes that the electricity released on the 
Earth’s surface, having the same nature as solar electricity, 
is absorbed by radiation and compensation with the elec-
tricity of the oppositely charged matter that is emitted from 
the Sun in the direction of the solar equator, according to 
my brother Wilhelm’s theory. Th e fact that this high elec-
tric voltage is not noticed on the Earth’s surface is a con-
sequence of the size of the radius of the Earth. Th e rotation 
of the Earth also carries along the electricity bound on the 
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Earth’s surface by solar electricity, and thus exercises the 
eff ect of an electric current surrounding the Earth, making 
the Earth magnetic. Like the Earth’s magnetism, Earth cur-
rents and the northern and southern lights can also be 
explained by the electric potential of the Sun, and likewise 
the eff ect of solar processes such as the development of 
 sunspots and solar fl ares upon terrestrial processes can be 
explained if we conceive these processes as being associated 
with changes in solar potential. Atmospheric electricity and 
the electricity of thunderstorms can likewise be explained 
by the Sun’s electric potential. 

Under the title “Beiträge zur Th eorie des Elektromagne-
tismus” (Con tribution to the Th eory of Electro-Magnetism), 
I sent the Berlin Academy two articles in 1881 and 1884 in 
which the theory of magnetism was expanded signi fi cantly, 
and hitherto obscure points in that theory were clarifi ed. 
I arrived at those insights through experiments with self-
contained, tubular electro magnets that yielded the expected 
result that iron exercises no shielding eff ect against remote 
magnetic eff ects, or at least no such eff ect worth noting, 
and that the magnetic maximum of iron is independent of 
the direction of magnetism. Th e consequence is that the 
magnetism induced in iron by a magnetizing force is re -
duced by simultaneous magnetization in another direction. 
Th e maximum magnetization that occurs in ring magnets 
even under weak magnetizing eff ects shows that the am-
plifying magnetizing eff ect exerted by magnetized iron 
molecules upon their neighbors signifi cantly predominates 
over direct magnetization. Th is leads me to a modifi ca-
tion – which as I later discovered, Stefan had already 
assumed – of Weber’s electro magnetic theory, to the eff ect 
that the assumed elementary solenoids must be double 
 solenoids which as such move freely in space and are fi rst 
aligned by a magnetizing force acting upon them and then 
rotated apart by it, like a pair of scissors. If one assumes 
that all of space is fi lled with such double solenoids, which 

umbr2_feldenkirchen_engl.indd   425umbr2_feldenkirchen_engl.indd   425 13.08.2008   21:27:4813.08.2008   21:27:48



426  APPENDIX –  SCIENTIFIC PUBLICATIONS

one might conceive as vortices of ether in accordance with 
the theory of Fr. Secchi and Edlund, and that iron and the 
remaining magnetic substances diff er from nonmagnetic 
substances in that the preexisting ether vortices per unit 
volume are present in larger numbers in the former than in 
the latter or in empty space, then one can also view mag-
netic “action at a distance,” according to Faraday’s process, 
as an eff ect that progresses from molecule to molecule or 
from space element to space element, and one is then justi-
fi ed in applying the laws for the molecular transmission of 
heat, electricity and electrostatic distribution to magnetism 
as well.

Th is theory in turn entails the assumption that magne-
tism, like electric current and electric distribution, can exist 
only in closed circuits, in which the magnetic moment is 
inversely proportional to the resistance of the circuit. Th is 
observation therefore leads to the introduction of the con-
cepts of the “magnetic distribution resistance” and “magnetic 
conductivity” of space and of magnetic substances. Accord-
ingly, an electric current fl owing around an iron bar can 
generate only as much magnetism in that bar as can be 
either transmitted or bound from one pole to the other 
through the space surrounding the bar. My experiments 
have confi rmed this view, and have shown that the mag -
netic conductivity of soft  iron is approximately 500 times as 
great as that of nonmagnetic matter and of empty space. 

Accordingly, to determine the most useful dimensions 
in designing elec tromagnetic machines, Ohm’s law can be 
applied – a development that will be of benefi t to the elec-
trical engineer in many cases. So far as I am aware, I am the 
fi rst to use the concept of magnetic conductivity, and this 
concept has now been used and refi ned in numerous tech-
nical papers – albeit without reference to my own prior use.

Th e attempt, described in my paper on solar potential, to 
associate certain meteorological phenomena with disrup-
tions in the indiff erent equilibrium of the atmosphere had 
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convinced me that meteorology had not yet given the requi-
site attention to the requirements of mechanical equilibrium 
and the principle of the conservation of force. In its eff ort 
to derive all phenomena of movement in the atmosphere 
out of its extensive observational material, more recent 
meteorology has too much lost sight of the causes of these 
movements. In general, the discipline has been content to 
be able to attribute air move ments to the observed maxi-
mums and minimums in atmospheric pressure and the 
migration of these extreme values, and in explaining the 
causes of these maximums and minimums has been con-
tent to invoke local infl uences of temperature and the 
rotation of the Earth. In my essay “Über die Erhaltung der 
Kraft  im Luft meer der Erde” (On the Conservation of 
Energy in the Earth’s Atmosphere), I initially stated and 
defended the principle that all air movement is attributable 
exclusively to the uneven heating of the air by solar radia-
tion, and that the rotation of the Earth cannot generate new 
air movement, but only alter the direction of the movement 
generated by the work of the Sun. A direct consequence of 
this principle is that the total of the living force stored up in 
the rotation of the sea of air around the Earth’s axis must be 
unchanged, and equal to the total that would exist if no 
meridional air movement were generated by the work of the 
Sun, and the air had the same velocity of rotation every-
where as the part of the Earth’s surface upon which the 
air rests. Now, as a consequence of the accelerating equa-
torial driving force of the overheated air fl owing toward 
the Equator in the trade winds, in the higher regions of the 
atmosphere there is a return fl ow toward the poles, only a 
small part of which can achieve polar latitudes, however, 
because the narrowing of the upper stream bed and the 
simultaneous widening of the lower stream bed – as a con-
sequence of the reduction in the length of latitudes as one 
approaches the poles – must continuously cause a partial 
transition of the polarly directed upper  stream into the 
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equatorially directed lower stream. Here it is the inertia of 
the polarly directed upper air stream that conveys the air 
in the lower stream back to the Equator. Th is circular fl ow, 
continued over countless millennia, intimately mixes the 
air of the upper latitudes with that of the lower latitudes, 
and the entire sea of air must therefore rotate at the mean 
eastward velocity of the Earth’s surface. Th is explains the 
westerly direction of the trade winds and the mean easterly 
direction of the air streams in the middle and polar 
 latitudes. Th e maximums and minimums are essentially 
phenomena accompanying the change in the temperature 
and in the speed of movement of the upper, equa torial 
air stream, and are always founded on disruptions in the 
indiff erent equilibrium of the overlying air strata. If an air 
stream erupting in the highest regions of the sea of air has a 
higher or lower temperature than would be compatible with 
its elevation in the adiabatic temperature curve, this dis-
rupts the indiff erent equilibrium of the entire air column, 
and a compensation must take place through an upward 
or down ward movement of the air, depending on whether 
the erupting higher air fl ows are too warm or too cold, 
and therefore too light or too heavy, for the indiff erent equi-
librium. Th is upward or downward air movement must 
continue until the indiff erent equilibrium of the air column 
is restored, and then has the consequence that the atmo s-
pheric pressure on the Earth’s surface becomes as great as it 
would be if the temperature of the entire air column had 
changed by the same amount by which the equatorial air 
stream that caused the disruption deviated from the adia-
batic temperature compatible with its location and elevation. 
Since the heat consumed in the working expansion of a 
quantity of air is independent from the initial temperature 
of the air, the air rising at various points in the hot zone 
must retain the temperature diff erential that it possessed 
before it rose. It follows that relatively warm and cold air 
streams will fl ow polewards at diff erent velocities in the 
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higher and highest air strata, and will thus disturb the 
 indiff erent equilibrium of the atmosphere along their entire 
path. Slow-fl owing, overly cold streams will transmit their 
excess pressure to the underlying lower air strata by com-
pressing those strata, without causing major disruptions, 
and thus will result in rising barometric pressure combined 
with a calm atmosphere. By contrast, relatively light, hot air 
streams that therefore accelerate sharply as they rise will 
cause wavelike movements in the surface of the air strata 
which they do not compress suffi  ciently and over which 
they travel, and will carry that surface along with them, 
and will thus cause upward air movement and declining 
 barometric pressure, which will continue until a state of 
indiff erent equilibrium has been reestablished in the entire 
air column. Accord ing to this view, temperature fl uctua-
tions of 10 to 20 degrees C in the uppermost air strata will 
suffi  ce to induce the fl uctuations in barometric pressure  
observed on the Earth’s surface – in other words, the maxi-
mums and minimums of atmospheric pressure.

Th is theory has met with much applause, but the ad-
herents of prevailing opinion have approved it only in some 
points, or ignored it entirely. I have had repeated occasion to 
defend it and develop it further; the essays in question are 
entitled “Zur Frage der Luft strömung” (On the Question of 
Currents of Air), 1887, “Über das allgemeine Wind system 
der Erde” (On the General System of Winds on the Earth), 
1890 and “Zur Frage der Ursachen der atmosphärischen 
Ströme” (On the Question of Causes of Atmo spheric Cur-
rents), 1891. I am convinced that my theory will gradually 
fi nd general acceptance, because it is founded on a factual 
basis. However, it is in the nature of our educational system 
that new fundamental views that contradict pre vious teach -
ing come to prevail only slowly. Th ey must fi rst be included 
in the textbooks, and that can only happen when the new 
theory has been worked out in all directions, and the ruins 
of the previous dominant opinion have been removed.
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* 7/31/1787
† 1/16/1840

oo 6/11/1812
ELEONORE DEICHMANN

* 1/11/1792
† 7/8/1839

MATHILDE

* 4/17/1814
† 8/25/1878

oo 10/3/1838
CARL HIMLY

* 11/26/1811
† 1/26/1885

ARNOLD

* 11/13/1853
† 4/29/1918

oo 11/10/1884
ELLEN 

VON HELMHOLTZ

* 4/24/1864
† 11/27/1941

WILHELM

*  7/30/1855
† 10/14/1919

oo 6/21/1882
ELLY Née SIEMENS

* 3/2/1860
† 7/26/1919

ANNA

* 12/19/1858
† 7/27/1939

oo 5/23/1887
RICHARD ZANDERS

* 8/25/1860
† 3/28/1906

KÄTHE

* 9/23/1861
† 6/16/1949

oo 10/27/1884
KARL AUGUST
 PIETSCHKER

* 6/5/1846
† 6/14/1906

HERTHA

* 7/30/1870
†   1/5/1939

oo 10/2/1899
CARL HARRIES

* 8/5/1866
† 11/3/1923

CARL FRIEDRICH

* 9/5/1872
† 7/9/1941

oo À  6/14/1898
o|o Nov. 1922

TUTTY BÖTZOW

*   2/2/1878
† 3/22/1935

oo Á 11/19/1929
MARGARETE HECK

*  12/11/1890
† 11/17/1977

HANS

*   12/3/1818
† 3/28/1867

oo 6/29/1855
ALMA MÜLLER

* 2/20/1831 
† 11/11/1914

FERDINAND

* 7/24/1820
†   9/8/1893

oo 9/1/1856
EULALIA 

HERTZOG

* 3/21/1835 
† 4/11/1916

SOPHIE HENRIETTE

* 9/22/1821
† 10/13/1821

WERNER

* 8/24/1815
†  10/7/1815

LUDWIG

* Oct. 1812
† Died Jan. 1871

ERNST WERNER

* 12/13/1816
†  12/6/1892

oo À  10/1/1852
MATHILDE 
DRUMANN

* 7/8/1824 
† 7/1/1865

oo Á 7/13/1869
ANTONIE 

Née SIEMENS

*  9/16/1840
† 12/22/1900

WERNER VON SIEMENS’ PARENTS, SIBLINGS AND CHILDREN
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WILHELM

*  4/4/1823
† 11/19/1883

oo 7/23/1859
ANNE GORDON

*  9/4/1821
† 4/12/1901

FRIEDRICH

* 12/8/1826
†  5/24/1904

oo 1/24/1864
ELISE WITTHAUER

* 3/9/1843
†  7/22/1919

FRANZ

* 2/5/1831
† 4/24/1840

WALTER

* 1/12/1833
† 6/11/1868

SOPHIE AUGUSTA

* 12/29/1834
†   12/6/1922

oo 6/15/1852
FRIEDRICH CROME

* 11/28/1821
† 12/16/1883

OTTO

*    11/7/1836
† 10/10/1871

oo 6/17/1870
ANNETTE 

VON KREHMER

CARL

* 3/3/1829
† 3/21/1906

oo 11/24/1855
MARIE FREIIN 

VON KAP-HERR

* 8/3/1835
† 2/1/1869
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BIOGRAPHICAL INFORMATION ABOUT 
WERNER VON SIEMENS

1816 Werner Siemens born on December 13, on the 
 Lenthe estate near Hanover.

1823 Family moves to Menzendorf. Instruction by private 
tutors.

1832–1834 Pupil at St. Catherine’s School, Lübeck.

1834 Entry as cadet into the 3rd Prussian Artillery 
 Regi ment, Magdeburg.

1835–1838 Offi  cers’ training in Berlin at the United Engineering 
and Artillery School.

1838 Promotion to Second Lieutenant in the Artillery. 

1838–1840 Offi  cer in Magde burg.

1839 Death of his mother, Eleonore Siemens née 
 Deichmann.

1840 Death of his father, Christian Ferdinand Siemens.

1840–1842 Offi  cer at Wittenberg on the river Elbe.

1842 Confi ned in the citadel of Magdeburg.
 Transfer to Spandau as Fireworks Offi  cer, later to the 

Engineering School.
 Berlin becomes the permanent residence of Werner 

Siemens.
 Member of the Polytechnic Society in Berlin.
 Award of a Prussian patent for his method of galvano-

plastic gilding and silvering.

1843 Werner’s brother Wilhelm (William) goes to England 
to market this patent.

1844 Travels abroad (London, Brussels, Paris).

1845 First scientifi c publication.
 Member of the Physics Society.

434  BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS
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BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS  435

1846 Important improvement of Wheatstone’s dial 
 tele graph.

1847 Invention of the gutta-percha press for seamless 
coating of wires and trial service of the insulated 
wires on the Potsdam–Berlin route.

 On October 1, founding of the “Telegraphen-
Bau anstalt von Siemens & Halske” with Johann 
Georg Halske and Johann Georg Siemens in Berlin. 

 Commences manufacture (dial telegraphs, ringing 
devices, electromedical induc tors) in the back 
 pre mises of Schöneberger Strasse 19 on October 1 
with three workmen.

1848 Th e defense of Kiel harbor against the Danes is 
 ent rusted to Lieutenant Werner Siemens by the 
 Prussian General Staff .

 Werner Siemens constructs a telegraph line for the 
Prussian State from Berlin to Frankfurt am Main to 
establish a connection with the German National 
Assembly  being held in the Frankfurt Paulskirche.

1849 Th e number of workers at Siemens & Halske is now 
25. Werner Siemens resigns  from the army.

1850 Siemens & Halske opens an agency in London under 
the direction of William Siemens.

1851 Siemens & Halske begins a manufacture of water me-
ter constructed by Werner and William Siemens.

 Th e fi rst electric fi re alarm by dial telegraphs, sup-
plied for the Berlin police.

 At the fi rst International Industrial Exhibition in 
London Siemens & Halske receives the Council 
Medal.

1852 Siemens & Halske moves its factory to Markgrafen-
strasse 94.

 Werner’s fi rst journey to St. Petersburg.
 On October 1, marriage to Mathilde Drumann in 

Königsberg.
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436  BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS

1853 Werner’s brother Carl moves to St. Petersburg to 
head the offi  ce there. 

 Arnold, Werner’s fi rst son, born.

1853–1855 Long telegraph lines constructed by Siemens & 
 Halske in Russia; fi rm also secures  contract for 
 main tenance.

1855 Establishment of the St. Petersburg branch under the 
direction of Carl Siemens.

 Wilhelm, Werner’s second son, born.

1856 Werner Siemens invents the double-T armature.

1856–1857 Technical collaboration in the laying of the British 
cable from Cagliari to Bona.

1858 Th e London agency of Siemens & Halske becomes an 
independent branch under  the direction of Werner’s 
brother William.

1859 Werner establishes a unit based on electrical resist-
ance and creates a standard of mercury  (Siemens 
unit). Scientist in charge of the British cable laying 
enterprise across the Red Sea. Stay in Egypt.

1860 Doctor of Philosophy honoris causa of Berlin Uni-
versity. First experiments with the express typewriter.

1862–1866 Member of the Prussian Chamber of Deputies for 
Lennep-Solingen.

1863 Memorandum on a German patent law.
 Building of a cable works at Woolwich, near London.

1864 Purchase of the Kedabeg copper mine in the 
 Caucasus by Carl and Werner Siemens.

 Cable laying, Cartagena–Oran.

1865 Aft er the withdrawal of Johann Georg Halske from 
the British business the British fi rm is reconstituted 
under the name “Siemens Brothers.”

 First journey to the Caucasus.
 Death of Werner’s wife Mathilde Siemens, 

née Drumann.
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BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS  437

1866 Werner Siemens discovers and demonstrates the 
 dynamo-electric principle.

1867 His treatise “Über die Umwandlung von Arbeitskraft  
in elektrischen Strom ohne Anwendung permanenter 
Magnete” (Of the Conversion of Mechanical Energy 
into Electric Current without Permanent Magnets) is 
read before the Royal Academy of Sciences in Berlin 
by Professor Magnus.

 Dynamo-electric machine shown at the Paris Inter-
national Exhibition.

 First use of the dynamo-electric machine as a mine 
exploder. Johann Georg Halske retires from the fi rm 
of Siemens & Halske.

1867–1870 Founding of Indo-European Telegraph Company in 
London and construction of the line by Siemens & 
Halske and Siemens Bros.

1868 Use of the dynamo-electric machine for searchlight 
illumination. Second journey to the Caucasus.

1869 On July 13, marriage to Antonie Siemens of Hohen-
heim, near Stuttgart.

1870 Karl Frischen, engineer with Siemens & Halske, 
 develops the railway block system.

 Werner’s daughter Hertha born.
 Carl Siemens goes to London and becomes director 

of Siemens Brothers.

1872 Founding of the fi rm “Gebrüder Siemens & Co.” for 
the manufacture of alcohol  meters in Lichtenberg, 
near Berlin.

 Invention of the drum armature by Friedrich v. 
Hefner-Alteneck, chief designer  of Siemens & Halske.

 Carl Friedrich Siemens, Werner’s youngest son, born.
 On the 25th anniversary of Siemens & Halske a 

 pension fund is created for the employees.

1873 Werner Siemens becomes an ordinary member of the 
Prussian Academy of Sciences.
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438  BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS

1874 Th e fi rst direct transatlantic cable (built by Siemens 
Brothers) is laid from Ireland to the United States, 
under the direction of Carl Siemens and using the 
cable ship Faraday designed by his brother William.

1876 Siemens & Halske erects a cable factory in Berlin, 
at fi rst with the primary purpose  to supply under-
ground cable for the Telegraph Cable Network of the 
German Reich. 

1877 Th e fi rst telephones of Alexander Graham Bell reach 
Berlin. Werner Siemens improves Bell’s telephone 
and invents the electrodynamic system of sound 
transmission.

 Siemens & Halske installs the fi rst electric power 
trans mission system in the small arms factory at 
Spandau.

 In recognition of his services in connection with the 
German patent law Werner is made a member of the 
Imperial Patent Offi  ce.

1878 Development of the diff erential arc lamp by Friedrich 
von Hefner-Alteneck to Werner’s instructions.

1879 A small railway with electric drive is exhibited and 
operated by Siemens & Halske at the Berlin Trade 
Exhibition.

 Founding of a branch in Vienna under the direction 
of Arnold Siemens.

 With Postmaster General Heinrich von Stephan, 
 Wer ner Siemens founds the Electrotechnical Society 
in Berlin.

1880 Werner Siemens submits to the city of Berlin a 
 complete design for the building of an elevated 
 railway in the Friedrichstrasse.

 Th e fi rst electric lift  is exhibited by Siemens & Halske 
at the Mannheim exhibition.

 Carl Siemens returns to Russia. Building of a cable 
and an apparatus works in St. Petersburg.

umbr2_feldenkirchen_engl.indd   438umbr2_feldenkirchen_engl.indd   438 13.08.2008   21:27:5013.08.2008   21:27:50



BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS  439

1881 Werner Siemens advocates the establishment of chairs 
of electrical technology at the technical  colleges.

 At the International Electrical Exhibition in Paris 
Werner Siemens meets Th omas A. Edison. Siemens 
& Halske builds and operates an electric tramway in 
 Lichterfelde, near Berlin.

1882 Werner Siemens takes part in an international con-
ference in Paris which establishes  a practical system 
of units.

 Siemens builds the fi rst electric mine railway in 
 Zaukeroda, Saxony.

 Siemens & Halske commences manufacture of its 
own fi lament lamps. 

 Werner’s son Wilhelm Siemens marries his cousin 
Elly Siemens.

1883 Werner’s brother William is knighted by Queen 
 Victoria. He dies in the same year.

 Agreement between Siemens & Halske and the 
 German Edison Co. which leads to the establishment 
of AEG four years later.

 Th e Charlottenburg factory on the Salzufer com-
mences manufacture.

1884 Werner’s son Arnold Siemens marries Ellen von 
Helmholtz, a daughter of Hermann von Helmholtz.

1886 Werner Siemens proposes the possibility of produc-
ing nitrogen compounds industrially with the aid of 
electricity.

 Doctor of Medicine honoris causa of the University 
of Heidelberg.

1887 Th e Physico-technical Imperial Institute proposed by 
Werner Siemens (1883) and founded with his help 
commences its activities.

1888 Werner Siemens, with his brothers Carl and Friedrich, 
takes part in the develop ment and introduction of 
the Mannesmann process for the manu facture of 
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440  BIOGRAPHICAL INFORMATION ABOUT WERNER VON SIEMENS

seamless tubes. Werner receives the honor of Prussian 
nobility from the Emperor Friedrich III.

1889 Werner von Siemens begins to write his Recollections 
in the Ettershaus in Harzburg.

1890 He hands over the management of the fi rm to his 
brother Carl and his sons Arnold and Wilhelm. 
Last journey to the Caucasus.

1891 On the occasion of the International Electrotechnical 
Exhibition in Frankfurt am Main, the Congress of 
Electrical Engineers elects Werner von Siemens to be 
its president.

1892 Death of Werner von Siemens on December 6 in 
Charlottenburg.
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NOTES

Page 29: Parents. Christian Ferdinand 
Siemens (1787–1840) studied the science 
of public fi nance at the University of 
 Göttingen and, aft er returning home to 
become a farmer like his father, married 
Eleonore (1792–1839), the daughter of 
the neighboring landowner Deichmann. 
Werner’s father leased land in Lenthe 
near Hanover in 1813, on an estate that 
had belonged to the local von Lenthe fam-
ily for 600 years. Here Werner von Siemens 
was born on December 13, 1816. Th e ad -
verse conditions of the post-Napoleonic 
era caused Christian Ferdinand Siemens to 
fall into arrears with the rent despite his 
best eff orts, and in 1823 he gave up the 
leasehold. He paid off  his debt the follow-
ing year.

Page 38: The grand-ducal domain of 
Menzendorf, near Schönberg in Meck-
lenburg. In 1823, Christian Ferdinand 
Siemens took over the farming of the 
 Menzendorf domain near Lübeck. Here, 
he slowly improved the economic status of 
the family, but debts again accumulated 
due to bad harvests and misfortune. In 
addition, his health failed and he died in 
1840. His sons Ferdinand and Hans car-
ried on with the help of their neighbor, 
the capable farmer Ekengren. In 1843, the 
tenancy was disposed of with a modest 
profi t for the family.

Page 44: Th e St. Catherine’s School 
in Lübeck was founded in 1531, during the 
Reformation, as a grammar school. At the 
end of the 18th century the curriculum 
began also to take account of practical call-
ings. In the three top grades the classical 
languages continued to be taught; in the 
four lower grades, the so-called middle-
class grades, the teaching was more on the 
level of the manual worker and trades-
man. At Easter 1832, Werner von Siemens 
entered the Upper Th ird. Although classi-
cal languages were not his strong point, 
he was second in his grade when he 
moved up. He left  school at 17 in 1834, 
with a diploma that would allow him to 
enter only a limited range of university 
studies.

Page 49: Louis Siemens (1819–1892). 
Cousin of Werner; their fathers were 
brothers. He was a landowner in Saxony 
and aft er the sale of his estate lived in 
 Dresden, later in Charlottenburg, near 
Berlin. He invented some agricultural 
appliances and was also concerned with 
the development of the alcohol meter, for 
the manufacture of which he and Werner 
founded the fi rm of “Gebr. Siemens & Co.” 
in 1872.

Page 52: Artillery and Engineering 
School. Th e United Engineering and Ar-
tillery School in Berlin was founded im-
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mediately aft er the War of Liberation on 
July 13, 1816. Its purpose was the higher 
scientifi c education of artillery and engi-
neer offi  cers based on experience gained 
in the fi ght against Napoleon. Lectures 
were given, in addition to actual military 
subjects, in mathematics, physics, chemis-
try, geography, drawing and French. Th e 
lectures were supplemented by practical 
exercises and visits to works, labora tories, 
magazines, etc. Th e complete course lasted 
three years. Aft er 1831, junior offi  cers as 
well as ensigns attended. Th e instructors 
consisted of offi  cers and civilians. Th e 
school had a library  of 4,500 volumes and 
from 1831 onward a valuable chemico -
physical instrumentarium.

Page 53: Martin Ohm (1792–1872). 
Author of several fundamental textbooks 
on mathematics; brother of the physicist 
Georg Simon Ohm, aft er whom the unit of 
measurement for electrical resistance is 
named.

Page 53: William Meyer (1816–1868), 
regimental comrade of Werner von Sie-
mens. From 1855 to his death, he was chief 
engineer and authorized offi  cer with Sie-
mens & Halske. His services were of great 
value to the fi rm in the practical and 
organizational execution of telegraph con-
struction contracts.

Page 55: Carl Himly (1811–1885). Chem-
ist, university lecturer in Göttingen and 
later Professor of Chemistry at Kiel Uni-

versity. In 1838, he married Werner’s sis-
ter Mathilde, born 1814. He assisted his 
brother-in-law in 1848 in the installation 
of an electrically detonated minefi eld at 
the entrance to Kiel harbor.

Page 58: A. (Adolf) Siemens (1811–1887), 
distant cousin of Werner, brother of 
 Werner’s father-in-law by his second 
 marriage. Adolf was an artillery offi  cer, 
fi rst in the Hanoverian Army and aft er 
1867 in the Prussian Army, and acted as 
Chairman of the Artillery Testing Com-
mission in Berlin. Aft er his retirement as 
major general in 1872, he worked for a 
time in the laboratory of Siemens &  Halske. 
He was responsible for a number of inven-
tions relating to artillery.

Page 58: Friction tubes. Small metal 
tubes containing an ex plosive and deto-
nated by pulling out a roughened wire. For 
fi ring cannon.

Page 63: A Daniell cell. Th e Daniell 
cell, used by Werner von Siemens in 1840, 
was invented in 1836 by the british chem-
ist and physicist Johann Frederic Daniell 
(1790–1845). Aft er the frog-leg experi-
ment of Galvani in 1780, the voltaic pile 
was constructed as the fi rst galvanic cell. 
When current was taken from it, however, 
its voltage gradually fell because of the 
production of hydrogen at the electrode 
(polarization). In the Daniell cell, this 
polarization was avoided and it thus main-
tained its voltage even when supplying 
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current. It consists of two liquids separated 
by a porous pot. A zinc cylinder is im-
mersed in diluted sulfuric acid and a 
copper cylinder in copper sulfate solution. 
Th e projecting metal strips constitute the 
positive and negative poles of the cell. Th e 
Daniell cell was later also built by Siemens 
& Halske, until it was superseded by the 
Leclanché cell of zinc and carbon with 
manganese dioxide, now also made as dry 
cells.

Page 69: Rudolf Christian Böttger 
(1806–1881). Chemist, professor, lecturer 
at the Physics Society, Frankfurt am Main.

Page 70: Anastatic printing. Chemo-
graphic method of reproducing printed 
pages and complete books without reset-
ting, now generally superseded by photo-
graphic processes.

Page 72: Carl Gustav Jacob Jacobi 
(1804–1851). Professor of Mathematics 
in Königs  berg and Berlin. Famous for 
his theory of elliptical functions and his 
research in the fi elds of diff erential equa-
tions and variation calculation.

Page 73: Heinrich Gustav Magnus 
(1802–1870). Teacher at the School of 
Ar tillery and Engineering, Professor of 
Physics in Berlin. On January 17, Magnus 
presented the dynamo-electric principle to 
the Prussian Academy of Sciences and thus 
secured the patent rights for Werner von 
Siemens, since as a non-academic, Werner 

had no access to the Academy. Professor 
Magnus was the fi rst to describe the fl ow of 
air or liquid around spinning bodies, which 
is known aft er him as the “Magnus eff ect.” 
Th e Flettner rotor for ships’ engines is 
based on this eff ect, which also explains the 
deviation in the path of spinning bullets.

Page 73: Heinrich Wilhelm Dove (1803–
1879). Professor of Physics at Berlin Uni -
versity. He established meteorology as a 
science and propounded the law of the 
rotation of the winds named aft er him. 
Dove was a member of the Prussian Acad-
emy of Sciences.

Page 73: Emil Du Bois-Reymond (1818– 
1896). Professor of Physiology in Berlin. 
Measurement technique is indebted to 
him for a great many suggestions. From 
1867, he was permanent secretary of the 
Prussian Academy of Sciences. He was a 
personal friend of Werner von Siemens 
from the early days of the Physics Socie-
ty – 1845. As secretary of the Academy in 
1873, he proposed Werner von Siemens as 
an ordinary member and delivered the 
inaugural address on his introduction.

Page 73: Ernst Wilhelm Ritter von Brücke 
(1819–1892). Physician, physiologist, as-
sistant at the Museum for Comparative 
Anatomy, later Professor of Physics in 
Königsberg and Vienna.

Page 73: Hermann von Helmholtz 
(1821–1894). Physicist, phy sician, and 
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physiologist. He started his career as a 
 military doctor in Potsdam. In 1871, he 
was appointed to the chair of physics at 
Berlin University. His fundamental phy s-
ical and physiological studies in optics and 
acoustics stamp him as the most important 
German scientist of the second half of the 
19th century. He put the law of conser-
vation of energy into scientifi c form. He 
also introduced the ophthalmoscope into 
medicine. Th e recognition of the quantum 
structure of electricity is attri butable to 
him. In 1888, he became the fi rst president 
of the Physico-technical Imperial Institute, 
the founding of which was largely due to 
his friend, Werner von Siemens. Werner’s 
eldest son, Arnold,  married Helmholtz’s 
daughter Ellen in 1884.

Page 73: Rudolf Clausius (1822–1888). 
University lecturer in Berlin, then pro-
fessor in Zurich, Würzburg and Bonn. He 
added the concept of entropy to that of the 
conservation of energy set out by Robert 
Mayer and Hermann von Helmholtz in the 
fi rst fundamental law. Th e second funda-
mental law of thermodynamics, discovered 
by him, states that in a closed system all 
processes must be such that entropy never 
decreases. He also established the kinetic 
theory of gases, which explains the appear-
ance of heat from the motion of mole  -
cules.

Page 73: Gustav Wiedemann (1826–
1899). Physicist and chemist, professor at 
Basle, Brunswick, Karlsruhe, and Leipzig.

Page 73: Karl Ludwig (1816–1895). Phy s-
iologist and physicist, Professor of Com-
parative Anatomy at Marburg, professor in 
Zurich, Vienna and Leipzig.

Page 73: Wilhelm von Beetz (1822–
1886). Physicist, professor at the Artillery 
School, at the cadet corps in Berlin and at 
the Technical University in Munich.

Page 73: Karl Hermann Knoblauch 
(1820–1895). Physicist, uni versity lecturer 
in Berlin, later in Bonn; professor in Mar-
burg and Halle.

Page 74: Peter Christian Wilhelm Beuth 
(1781–1853). Founder of the Berlin Indus-
trial Institute, forerunner of the Techni-
cal University in Charlottenburg. Prussian 
ministerial counselor, from 1827 an impor-
tant fi gure in Berlin. Prepared the way for 
the training of engineers in Germany. Prus-
sian legislation for the furtherance of in-
dustry in the 1830s was largely due to him.

Page 76: Air engines. A device based on 
the principle that air expands when heated 
and contracts when cooled. A power cylin-
der receives alternately cold and hot air 
from two pump cylinders, whereby the 
power piston is moved backward and for-
ward. For heating and cooling of the air, 
the pistons of the pump cylinders force the 
air alternately into compartments heated 
by a fl ame and cooled by water at the ends 
of their cylinders.
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Page 78: Optic telegraphy was the idea 
of the French clergyman Claude Chappe, 
1791. Chappe’s optical telegraph was of 
great use to Napoleon in his campaigns. 
Aft er the conclusion of peace, it was nearly 
twenty years before the Prussian General 
Staff  had an optical telegraph line con-
struct ed from Berlin to Koblenz in 1832/ 
1833.

Page 78: In 1823, Hofrat Conrad Heinrich 
Soltmann and the apothecary Gustav 
Struve founded a curative water-drinking 
establishment at Belle-Alliance-Platz in 
Berlin. In 1835, Struve handed over its 
direction to Soltmann and devoted himself 
to his business in Dresden. Soltmann, who 
was very interested in technical matters, 
registered a Prussian patent for the dial 
 telegraph of his friend Charles Wheat-
stone, and set it up in his drinking garden. 
It was probably here that Werner von Sie-
mens got to know it through his colleague 
Hermann Soltmann, the son of Soltmann 
senior. Th e impulse to improve it and make 
it of practical use, however, did not come 
to Werner until some years later, in 1846.

Page 78: Sir Charles Wheatstone (1802–
1875), owned a musical-instrument fac-
 tory in London and concerned himself 
with questions of acoustics and associated 
fi elds arising from his business. In 1837, 
in conjunction with Sir William Cooke, 
he obtained the fi rst English patent for a 
needle telegraph. In 1839, he became Pro-
fessor of Experimental Physics at King’s 

College in London. Later, he constructed a 
dial telegraph (see note p. 79) and a 
number of other electrical appliances such 
as bells, buzzers, clocks, etc. In 1867, 
shortly aft er Werner von Siemens’ an-
nouncement of his dynamo machine with 
series winding, he published a very sim-
ilar idea, a dynamo machine with shunt 
winding. His name is perpetuated in the 
circuit devised by him, the Wheatstone 
bridge, which is still widely used in mea-
surement and control technique.

Page 79: Th e dial telegraph of Werner 
von Siemens. Electric telegraphy was fi rst 
accomplished by Samuel Th omas von 
Soemmerring in 1809 using an electrolytic 
principle. Carl Friedrich Gauss and Wil-
helm Weber, in 1833, fi rst applied electro-
magnetism to telegraphy. Th eir apparatus 
was, however, very delicate and could only 
be operated by experts. Th e dial telegraph 
of Werner von Siemens made by Johann 
Georg Halske was the fi rst practicable and 
reliable instrument which could be oper-
ated even by the then untrained teleg-
raphists. Whereas the Wheatstone dial 
telegraph was actuated by a weight- 
operated and electromagnetically remote-
controlled escapement, whereby a pointer 
was moved over a letter and number dial, 
the pointer of the Siemens transmitter and 
receiver instrument was rotated forward 
stepwise (step-by-step motor) via a ratchet 
wheel by the electromagnetic Wagner 
hammer with self-interruption (publica-
tion by Christian Ernst Neef), shown 
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on the left  of the drawing. Consequently, 
transmitter and receiver must necessarily 
keep in step because both could only make 
a new step forward when their two electro-
magnetic hammers, connected in series, 
had reclosed the circuit. Compared with 
the Wheatstone dial telegraph this was 
a decisive advantage, because with this, 
if the characters were transmitted too 
quickly, the armature and the catch of the 
escapement could not follow the electrical 
impulses exactly, owing to the slow rise of 
the current and their inertia; they would 
then fall out of step and the letters would 
be wrongly indicated. Technically, the 
 Siemens apparatus was so constructed 
that the movement necessary to advan ce 
by one letter was achieved by the hitherto 
unknown method of the drag contact, and 
in the transmitters and receivers the spring 
tension was so set by means of a fi ne drive 
with scale that their electromagnetic 
 hammers were mechanically matched. By 
pressing a key, the pointer of the trans-
mitter was mechanically stopped, causing 
the pointer of the receiver to remain at the 
same character. Th e magnet shown on the 
right in the sketch was used as a bell call 
for the telegraphist, who then switched the 
apparatus over to the working position. 
From the “Patentgesuch auf eine neue Art 
elektrischer Telegraphen und eine damit 
verbundene Vorrichtung zum Druck der 
Depeschen” (Application for a Patent for a 
New Kind of Electric Telegraph and Com-
bined Arrangement for Printing Messages), 
May 1, 1847: “What I consider as new and 

essential, and desire on that account to 
patent, is: 1. Th e automatic reversal of the 
current, eff ected by means of a movable 
piece of metal. 2. Th e method described of 
assuring the motion of the tread wheel by 
pushing a solid or spring stop between its 
vertical teeth. 3. Obviating the possibility of 
the sticking of the armature of an electro- 
magnet by the insertion of a shunt at the 
moment of arrest. 4. Th e combination of 
steel and electro-magnets, as described, by 
which the weakening of the magnetism of 
the steel is obviated and the motion of the 
former assured with any strength of cur-
rent. 5. Th e construction of electro-magnets 
with insulated iron wires.”

Page 79: Johann Georg Halske (1814–
1890). Son of a Hamburg merchant, he 
came to Berlin in his early years and 
became a mechanician. He got to know 
Werner von Siemens in the Physical So-
ciety. He made the fi rst model of the dial 
telegraph improved by Werner von Sie-
mens. In 1847, together with the barrister 
Johann Georg Siemens, they founded the 
“Telegraphen-Bauanstalt von Siemens & 
Halske.” In 1864, Halske withdrew from 
the English Siemens fi rm, which was 
directed by William Siemens. Th e exten-
sion of the commitments of the Siemens 
brothers and the transition of his Berlin 
fi rm from hand work to machine manu-
facture were foreign to his nature. In 1867, 
he gave up the direction of the Berlin fi rm, 
but for the rest of his life remained a close 
friend of Werner von Siemens.
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Page 80: Johannes Ronge (1813–1887). 
Parson, originator of the German Catho-
lic movement, Founder of the Religious 
Reform Society.

Page 80: “Under the Tents.” Beer gar-
dens in the Berlin Tiergarten on the Spree.

Page 83: Christian Friedrich Schönbein 
(1799–1868). Chemist, Professor at the 
University of Basle.

Page 87: Franz August von Etzel (1784–
1850). Major-general; from 1832 to 1848 
director of the optical telegraph. From 
1837, he endeavored to introduce the 
 electric telegraph and supported Werner 
von Siemens.

Page 88: Gutta-percha. Coagulated latex 
of the Malayan tree Isonandra gutta.

Page 90: Johann Georg Siemens (1805–
1879). Barrister-at-law in the Upper Tri-
bunal in Berlin. Joint founder and up to 
1854 silent partner of the “Telegraphen-
Bauanstalt von Siemens & Halske,” for 
which he had put up the initial capital of 
6,842 thalers. He assisted Bernhard Wolff  
in the founding of the fi rst German tele-
graph bureau in 1849. He retired from the 
fi rm in 1855.

Page 90: 6,000 thalers. Th e balance sheet 
of December 31, 1849, covers the fi rst two 
and a quarter years of Siemens & Halske; 
it was drawn up by Johann Georg Halske, 

who personally kept the accounts. It is an 
account typical of a craft sman, a mixture 
of balance sheet, giving a statement of 
assets and liabilities, and a profi t-and-loss 
account. Th e invested capital of 6,842 
 thalers and 20 silver groschen (1 thaler 
consisted of 30 silver groschen, each of 
12 pfennigs) was two-thirds of the 10,000 
thalers originally promised by the barrister 
Johann Georg Siemens. Werner von Sie-
mens received the same sum  initially from 
the profi ts of the fi rm in consideration of 
the inventions and patents contributed by 
him, namely the dial telegraph and gutta-
percha press. Th e profi ts were divided 
among the three founders in the propor-
tions two-fi ft hs, two-fi ft hs and one-fi ft h. 
Accordingly, Werner von Siemens and 
Halske each drew 1,640 tha lers as their 
share of the profi ts for these years while 
Johann Georg Siemens drew only 400 tha-
lers of his share of the profi ts up to January 
1, 1850, leaving the remaining 420 thalers 
in the business. He withdrew from the fi rm 
on January 1, 1855. His share of the assets 
was assessed at that time at 60,000 thalers, 
which was paid to him in six annual install-
ments of 10,000 thalers.

Page 91: Use of telegraph lines by the 
 public. Th e telegraph was at fi rst a purely 
military installation. Not until October 
1849 was its use by the public in Prussia 
and Germany permitted.

Page 95: Felix Prince Lichnowsky 
(1814–1848). Offi  cer and politician. Was 
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originally in Prussian and later in Spanish 
military service; in 1840, he returned to 
Germany. He was a notable political  
speaker of the conservative wing and 
fell in 1848 as a victim of the Frankfurt 
up rising.

Page 117: Friedrich Wilhelm Nottebohm 
(1808–1875). As an assistant of Peter 
Beuth in the Industrial Institute, he was 
concerned with the Rhenish Westphalian 
industrial district. Aft er a study tour 
abroad, he became, in 1842, Assessor of 
the Royal Technical Deputation for In -
dustry; in 1849, as Counselor, technical 
member of the Prussian Telegraph Con-
struction Commission. From 1850 to 1856, 
he was head of the telegraph organization 
and introduced the Morse telegraph in 
Prussia. He played an important part 
in founding the German-Austrian Tele-
graph Society, which existed from 1850 
to 1872.

Page 119: Electrostatic charge. Be-
cause of their capacitance, buried insulated 
electric wires act like Leyden jars, of which 
the inner coating is represented by the 
conductor wire and the outer coating by 
the damp soil.

Page 120: Voltaic inductor. According 
to the books of Siemens & Halske, medical 
slide induction apparatus was supplied at a 
price of 12 thalers each in the early years of 
the fi rm as follows:

1848 March 4 to Dr. Rosenberger, Kösen
 June 7 Prof. Ludwig, Marburg
1849 August 24 Prof. Volkmann, Halle
1850 February 7 Gasscot, London
 March 1 Prof. Bischoff , Giessen
 April 22 Messrs. Fonrobert &  
  Pruckner, Berlin
 July 17 Prof. Schellbach, Berlin
   Friedrich-Wilhelm 

Grammar School, 
 Berlin.

Th e demand continued in the following 
years. In the decade from 1855 to 1865, 
450 appliances were sold.

Page 122: Plate-type lightning con-
ductors. As protection against the de-
structive eff ects of overvoltages, which can 
appear on telegraph lines due to atmo-
spheric electricity, two plates are placed 
facing one another a short distance apart 
in a small box. One plate is connected to 
the line and the other to earth. When too 
high a voltage occurs, fl ashover takes place 
between the plates so that the electricity is 
discharged to earth. Aft er this fl ashover, 
the air gap between the plates again acts as 
insulation.

Page 130: Cologne firm. Felten & Guil-
leaume.

Page 136: Fire-brigade telegraph. Th e 
fi re alarm of 1852 for the Berlin police 
was installed at 50 police stations. It was 
actuated when the handle seen on the right 
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was pulled. Th is released a weight drive, 
which set a cam disc in rotation. Each 
 station had a special disc with a cam 
arrangement diff erent from those of all the 
other stations, which, through contacts, 
transmitted a corresponding current pulse 
train to the central station. Th is automatic 
signal eliminated possible errors as to the 
identity of the station calling.

Page 137: Samuel F. B. Morse (1791–
1872), american painter and engineer. In 
1837, he invented a telegraph apparatus 
which wrote telegrams by the electromag-
netic movement of a stylus on paper strips 
that were drawn past it. Th e Morse tele-
graph is a landmark in the development of 
electrical communications.

Page 138: Go-between relay. Th is relay 
is connected between two line sections. 
As the current is attenuated with increas-
ing length of line, the go-between relay 
switches a new battery onto the following 
line in synchronism with the Morse signs. 
By multiple application of this method, at 
that time called “translation,” it was possi-
ble to telegraph over very long lines.

Page 138: Karl August Steinheil 
(1801–1870). Professor of Mathematics 
and Phy sics in Munich. In 1836, he 
 constructed an elec tromagnetic writing 
tele graph; in 1838, electric clocks and a 
 telegraph line between the Academy in 
Munich and the obser vatory in Bogen-
hausen, for the fi rst time using the earth 

as return. He was head of the department 
of telegraphy in the Austrian Ministry 
of Commerce. In 1834, he founded 
an optical-astronomical establishment in 
Munich. 

Page 139: Claude Servais Mathias Pouil-
let (1790–1868). Physicist, director of 
the Conservatoire des Arts et Métiers in 
Paris.

Page 139: Henri Victor Regnault (1810–
1878). Physicist and chemist. Director of 
the Royal Porcelain Works in Sèvres.

Page 139: Urbain Jean Joseph Leverrier. 
(1811–1877). Chemist, astronomer, direc-
tor of the observatory in Paris.

Page 139: Alexander Bain (1810–1877), 
a Scotsman. He was a mechanician, built 
telegraphs and gained great merit in the 
construction of electric clocks.

Page 142: Michael Faraday (1791–1867). 
English scientist, discoverer of electromag-
netic induction. From humble beginnings, 
he rose to become one of the most di s-
tinguished savants of his time. Th rough 
Humphry Davy, whose assistant he was, 
he became associated with the Royal In -
stitution. Discoveries in chemistry and 
physics and, above all, the law of magnetic 
induction were named aft er him, 1831, and 
the demonstration of the rotation of the 
plane of polarization in the magnetic 
fi eld (the Faraday eff ect) made him world 
famous.
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Page 142: Alexander von Humboldt 
(1769–1859), came of a noble family from 
the Brandenburg March, who were domi-
ciled in Tegel near Berlin. Aft er studying 
in Frankfurt an der Oder, Göttingen and 
at the Freiberg (Saxony) Mining Academy, 
Humboldt fi rst became Chief Mining 
Offi  cer in Franconia. From 1797, he devot -
ed himself entirely to his studies, especially 
of geography, botany and physics. With 
Carl Friedrich Gauss he organized mag-
netic observing stations and corresponded 
with Friedrich von Schiller and Johann 
Wolfgang von Goethe. Travel took him to 
France, Italy (thermal mea sure ment on Mt. 
Vesuvius), England, Spain, Denmark, and 
especially to South and Central America, 
which he opened up to European scientists 
in his works. He lived for a considerable 
time in Paris in con nection with a political 
mission. In 1811, he was joint founder of 
the Berlin University, the creation of his 
brother Wilhelm. He was a friend of Fried-
rich Wilhelm IV. Th at Berlin became the 
focal point of the young German natural 
science is largely due to him. In an epoch 
when scientifi c research was splitting up 
into specialist fi elds, he, the grand old man, 
was the last universal savant who as thinker 
and teacher still comprehended the scien-
tifi c knowledge of his time as a whole.

Page 145: Measurement of the velo c-
ity. Th e method of meas urement with the 
aid of marks which an electric spark burns 
on polished steel is the basis of modern 
spark chronographs.

Page 152: Water-meter question. Th e 
water-supply networks, which were fi rst 
constructed in England about the middle 
of the 19th century, necessitated the selling 
of water and, consequently, the metering 
of the quantity supplied. For this, water 
meters had to be inserted in the pipes. In 
the type invented by William Siemens, 
a small turbine in the inlet pipe moved 
a pointer over a calibrated dial through 
reduction gearing. Siemens & Halske took 
up the manufacture of these water meters 
in 1851 and for reasons of tradition re-
tained this nonelectrical part of their 
manufacturing range up to 1962.

Page 155: J. K. Ekengren, farmer on an 
estate near Menzendorf. On the death of 
Werner von Siemens’ parents, he became 
the guardian of the children not yet of age.

Page 158: Carl von Siemens (1829–1906). 
Werner’s brother and closest collaborator. 
He built up the associated Russian fi rm 
and directed it with great success. Th e con-
tract for and construction of the telegraph 
lines, which Siemens & Halske laid in Rus-
sia in 1853, the planning and execution of 
the Indo-European telegraph line from 
1867 to 1870 and the transatlantic cables 
which were laid by the Siemens brothers 
with their cable ship Faraday in the 1870s 
and 1880s were largely due to him. In the 
1870s, Carl put new life into the English 
business. Aft er Werner’s death, he became 
head of Siemens & Halske. When the fi rm 
was made a joint stock company in 1897, 
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he was appointed chairman of the board 
of directors. He had become a Finnish-
Russian citizen, and in 1895 he was raised 
to the hereditary Russian nobility. His 
grand son died young and childless, so this 
noble branch of the family came to an end.

Page 161: Alexander Count Lüders 
(1790–1874). General director of the Rus-
sian state telegraphs from 1866.

Page 161: Wilhelm Drumann (1786–
1861), a German researcher in history 
and classical culture. From 1821 Professor 
of History in Königsberg, where he taught 
until 1856. His most important work was 
the six-volume History of Rome (First edi-
tion 1834–1844).

Page 162: Mathilde Siemens née Dru-
mann (1824–1865), daughter of Wilhelm 
Drumann, Professor of Ancient History at 
Königsberg University, and his wife Sophie 
née Mehlis. Sophie was a cousin of Werner 
von Siemens. Mathilde became Werner’s 
wife on October 1, 1852. Th ey had four 
children: Arnold (1853), Wilhelm (1855), 
Anna (1858), Käthe (1861).

Page 163: Markgrafenstrasse 94 in 
Berlin. Th e premises were bought by Sie-
mens & Halske in 1852 for 40,000 thalers. 
Aft er some reconstruction, the works was 
moved there. From 1853, Werner von 
 Siemens, the barrister Johann Georg Sie-
mens and Johann Georg Halske occu-
pied the front building. In 1870 and 1878, 

the premises in Markgrafenstrasse 92 and 
93 were purchased to meet the growing 
needs of the fi rm. In 1905, the factory 
was moved to the new Wernerwerk on the 
Nonnendamm in Spandau (Siemensstadt) 
and the Markgrafenstrasse premises were 
sold.

Page 169: Kadettenlinie (Cadet line). 
Th e streets running parallel on William 
Island (Wassili–Ostrow) in St. Petersburg 
were called “lines.”

Page 170: Adolf Th eodor von Kupffer 
(1799–1865). Physicist, Professor of Phys-
ics and Chemistry in Kasan.

Page 170: Heinrich Friedrich Emil Lenz 
(1804–1865), a Balt, Professor of Physics 
in St. Petersburg. He is the author of the 
well-known rule that the current produced 
in a conductor by a moving magnet ac -
cording to Faraday’s law of induction must 
be in such a direction that the movement 
of the magnet requires energy.

Page 170: Moritz Hermann von Jacobi 
(1801–1874). Architect and Professor of 
Physics in St. Petersburg. Of German 
descent. His special interest in galvanic 
electricity led him, in 1838, to the con-
struction of the fi rst “electromotor,” which, 
when driven by 64 cells, propelled a ship 
with fourteen persons on board upstream 
on the Neva. He discovered galvanoplas-
tics and a process for its practical applica-
tion.
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Page 170: Karl Ernst von Baer (1792–
1876). Scientist, Professor of Zoology in 
Königsberg and St. Petersburg.

Page 171: Hermann Freiherr von Kap-
herr (1801–1877). German banker and 
merchant in St. Petersburg. He was origi-
nally, until succeeded by Carl von Siemens, 
representative of Siemens & Halske in 
 Russia. Carl married his daughter Marie 
in 1855. Relations between Werner and 
Kap-herr were sometimes strained, but 
Carl acted as mediator.

Page 180: Th e Winter Palace in St. 
Petersburg. A massive building about 
450 feet long, which was rebuilt in 1838 
to 1839 on the initiative of Pjotr Count 
Kleinmichel aft er a fi re the previous year. 
Th e terminal station of the optical tele-
graph to Warsaw was in this building. Th e 
central station of the Russian state tele-
graphs was installed by Carl von Siemens 
in the Emperor’s tower room in 1854.

Page 198: Cross-section through the 
first deep-sea cable from Cagliari to 
Bona. Instead of a single copper wire as 
con ductor, four thin copper wires were 
stranded to avoid breakage with a stronger 
pull. Th e iron armoring consisted of eigh-
teen wires. Th e cable withstood a pull up to 
8,130 kg; the weight was 1,360 kg per km.

Page 199: Th e dynamometer. It consists 
of two fi xed pulleys arranged at a certain 
distance at the same height. Th e cable runs 

over them into the water. Th e principle of 
the dynamometer is that between the two 
pulleys there is a third to which a weight is 
attached, hanging freely on the cable. 
From the sag and the weight, the pull on 
the cable and, accordingly, the suspended 
length can be determined.

Page 205: Ludwig Löffler (1831–1906). 
From 1853, he was assistant to Carl  von 
Siemens in St. Petersburg. In 1858, he 
transferred to Siemens & Halske in Eng-
land, where he worked in close collabo-
ration with William Siemens, whom he 
succeeded in 1883 as head of the English 
Siemens fi rm following the death of the 
latter. He tried to run the English fi rm 
according to his own ideas and oft en con-
trary to those of the Berlin fi rm and the 
Siemens family. In 1888, he was replaced 
as head of the English fi rm by Alexander 
Siemens.

Page 210: Polarized relay of 1859. 
Whereas earlier electromagnetic relays 
always attracted their armature when 
 current was fl owing, irrespective of its 
direction, the position of the armature 
of the polarized relay depends on the di-
rection of the current. With this relay it 
was therefore possible to transmit alter-
nating current (positive and negative DC 
pulses). It was thus possible to insert 
“amplifi er  stations” in the long-distance 
line, the contacts of the relay being con-
nected to new sources of energy. Th e 
advantage of polarized over nonpolarized 
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relays is that resetting springs are unneces-
sary; further, the additional magnetic 
polarization fi eld of the relay makes the 
relay more sensitive to the telegraph 
 pul ses so that it can be used over longer 
distances. Transmission with alternating 
current is also much less subject to dis-
turbance.

Page 212: Th e polarized Morse inker 
for long undersea lines (1859) repre-
sented a development of the relief writer; 
it made a trace of black dots and dashes 
on the paper tapes automatically set in 
motion by clockwork. Th e symbols were 
recorded when a disc, which received ink 
from an inking roller, was pressed onto 
the paper for shorter or longer times. Th e 
receiver could both write out a telegram 
and also, by means of a translation device, 
repeat it amplifi ed when a message had to 
be transmitted through several stations. Its 
polarized relay transmitted the currents 
as alternating currents (direct currents in 
both directions, so-called double currents), 
which was essential with lines of high 
capacitance, e.g., submarine cables. Th e 
apparatus was therefore used with success 
for long submarine lines such as the Red 
Sea line.

Page 214: Polarizing battery consisted 
of a cell which, by means of a rotary switch, 
individually charged up a number of pla t-
inum elements one aft er the other (by 
polarization), like accu mulator cells. Th ese 
were connected in series, so that it was 

possible to draw from them a higher volt-
age than that of the charging cell.

Page 215: Th e unused length of cable with 
its capacitance was connected to the tele-
graph line as a condenser in series with 
the writer. A condenser has an impedance 
which decreases as the frequency is in-
creased. Th us, by inserting the unused 
cable, the disturbing direct current was 
blocked and the slowly running compo-
nent of low frequencies was dampened. 
Th e component consisting of the higher 
frequencies of the sending pulse was able 
to reach the receiver as a more steep-
fronted wave and to transmit more sharply 
defi ned pulses at a higher speed to the 
writer, which then recorded easily recog-
nizable traces.

Page 215: A 1 Ohm standard resistor 
using mercury. Developed by Werner 
von Siemens, it was accepted as the inter-
national unit in Paris in 1882. Th e coiled 
glass tube has a cross section of 1 mm2 
and a length of 1.063 m and is fi lled 
with cleaned mercury. Th is container is 
immersed in melting ice so as to be at the 
specifi ed temperature of 0 °C. Th e mercury 
column then has a resistance of 1 ohm.

Page 217: Absolute unit of Weber. 
From the defi nition that two charges or 
two magnetic poles which at a distance of 
1 cm apart exert a force on one another of 
1 dyne (unit of force of the cgs system, cor-
responding approximately to a weight of 

umbr2_feldenkirchen_engl.indd   453umbr2_feldenkirchen_engl.indd   453 13.08.2008   21:27:5113.08.2008   21:27:51



454  NOTES

1 milligram) should be the unit charges or 
unit poles, Carl Friedrich Gauss and Wil-
helm Weber derived a so-called absolute 
electrostatic and an electromagnetic sys-
tem of units. In these systems the resulting 
units for resistance were unsuitable for 
practical use. Th e units of the electro-
magnetic system were therefore increased 
by certain powers of ten at a conference 
held in Paris in 1884. Th e result was the 
now generally used “system of practical 
units” with the units volt, ampere, watt, 
ohm, etc. Th e resistance unit fi rst estab-
lished by Werner von Siemens by means 
of a mercury column was within 6 per-
cent of the later internationally accepted 
value of 1 ohm.

Page 238: Woolwich. A town and later a 
borough of London, on the south bank of 
the Th ames. It is home to large military 
workyards and a military academy.

Page 248: Electric log. Th e log consists 
of a propellerlike spinner, which rotates 
according to the velocity at which it is 
drawn through the water by the motion of 
the ship. At each revolution an electrical 
contact is made. Th e number of contacts 
is counted electrically and is a measure of 
the speed of the ship. Developed by Sie-
mens & Halske about 1859 to 1860.

Page 256: Three-key puncher. Th e three 
keys punched a round hole for a dot, 
two holes for a dash and no hole for the 
spacing between words. Due to the use of 

preperforated ribbons, it was possible to 
telegraph more quickly than by hand over 
the long and costly Russian lines.

Page 256: Morse express writing trans-
mitter (1853). When the paper ribbons 
had been prepared by the three-key punch-
 er, they were drawn through the express 
writing transmitter between a metal roller 
and a metal brush pressing lightly on it; in 
this way contacts were made which caused 
current pulses on the telegraph line.

Page 256: First Morse relief writer 
with a weighted drive, self-release and 
translation device. One of the oldest Morse 
instruments made by Siemens & Halske. It 
had a rotating magnet core and a peculiar 
so-called camel shape. It was developed in 
the 1850s as a receiver in conjunction with 
the three-key puncher and the express 
writing transmitter for the automatic tele-
graph system of the Russian telegraph 
lines. Th is oldest Morse writer made by 
Siemens & Halske still had a weight drive 
instead of the later spring drive for ad -
vancing the paper strips. It im pressed the 
Morse signs into the paper with a steel sty-
lus (relief writer). Attempts to write with 
an inked stylus were at fi rst unsuc cessful.

Page 258: Magneto-electric dial tele-
graph. Th is telegraph needed no galvanic 
batteries. Th e current was generated by 
turning a crank inductor, of which the 
double-T armature used in it for the fi rst 
time was suffi  ciently powerful to actuate a 
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fairly large polarized relay in the receiver. 
Th e relay was coupled to a ratchet which, 
on each movement of the magnet caused 
by the relay moving to right or left , caused 
the pointer to be advanced by one step. 
By means of gearing, the armature of the 
inductor was rotated so quickly that, when 
the handle at the transmitting end was 
turned through the space of one letter, the 
double-T armature made half a revolution, 
whereby a positive or negative half-wave 
of current was fed into the line, causing 
the pointer at the receiver also to be 
advanced by one letter through the action 
of the polarized relay. Th e instrument was 
designed by Werner von Siemens in 1856 
and supplied for the fi rst time to the Bava r-
ian railways.

Page 259: Closing and opening cur-
rents. When an inductor is used with 
intermittent direct current, two secondary 
currents appear, the closing current when 
the primary circuit is closed and the open-
ing current when it is opened.

Page 259: Inductive writing tele-
graphs. Using modern terminology, the 
principle of the induction telegraph may 
be described somewhat as follows: When 
the primary circuit of the transformer is 
closed, a high-voltage, positive current 
pulse is induced in the secondary circuit; 
at the receiver end this pulse energizes the 
polarized relay, which switches on the 
local battery, thus actuating the stylus of 
the Morse apparatus; when the primary 

current is interrupted by the key, a nega-
tive current pulse fl ows from the secondary 
coil along the line and the polarized relay 
drops out, causing the stylus of the receiv-
ing apparatus to be lift ed from the paper. 
Because of the turn ratio of the trans-
former, the voltage on the actual telegraph 
line is increased, and the range thus 
extended. Th e internal resistance of the 
battery is better matched to the line by 
means of the transformer.

Page 261: Double automatic genera-
tor. Like the plate machine, the double 
current generator is used to increase the 
voltage of galvanic cells by transformer 
action for telegraphing over long lines. By 
means of a commutator the two pairs of 
electromagnets are energized alternately 
by cells and attract their armatures alter-
nately, thus driving a fl ywheel through a 
crankshaft . Like the spark induction coil, 
each of the electromagnets has a second 
winding with a larger number of turns in 
which, when the machine is working, a 
voltage 60 to 90 times higher than that of 
the cell is induced due to the magnetic fl ux 
change. Th is voltage is rectifi ed by the 
commutator and even under unfavorable 
conditions it is possible to telegraph with it 
over a distance of up to a thousand kilo-
meters.

Page 263: Duplex signaling method. By 
means of a diff erential connection of each 
pair of magnets of the receivers, the station 
responds only to incoming and not to out-
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going signals. Th e receiver does not there-
fore respond to signals transmitted from its 
own station and can simultaneously receive 
telegrams from another station.

Page 263: Wilhelm Weber (1804–1891). 
Professor of Physics at Göttingen Uni-
versity. He was one of the famous “Göt -
tingen Seven,” the professors who were 
dismissed because of their participation 
in a protest when, in 1837, the King of 
Hanover annulled the State constitution. 
In 1833, in collaboration with his friend 
Carl Fried rich Gauss, he built the fi rst 
 electromagnetic telegraph. He devised 
units for electrical and magnetic quan-
tities, which he derived from the me-
chanical eff ects of electricity and mag-
netism. Based on the cgs system of units 
suggested by Gauss he developed the 
basic units of our modern electrical di-
mensions, for which later, aft er some 
modifi cations, the designations volt, am-
pere, ohm, etc. were established. He also 
invented an AC ammeter, which worked 
on the dynamometer principle and made 
measurements which were, for his time, 
very accurate.

Page 265: Sir William Thomson, Lord 
Kelvin (1824–1907). British physicist and 
engineer, Professor of Physics in Glasgow. 
Achieved success with telegraph and mea-
suring instruments. His work was con-
cerned mainly with the theories of heat 
and electricity. He was knighted in 1866 
and became Lord Kelvin in 1892. In 1855, 

he correlated the infl uences of resistance, 
leakage, capacitance and inductance of a 
cable with the voltage and current in the 
telegraph equation. Th e electrical phenom-
ena on a line are completely and defi nitively 
described by it.

Page 267: James Clerk Maxwell (1831–
1879). First occupant of the newly 
established chair of physics in Cambridge 
in 1871. He expressed the interrelation-
ships between magnetism and electricity 
discovered by Hans Christian Ørsted and 
Michael Faraday in mathematical for-
mulae (Maxwell’s equations) based on the 
concept of an electromagnetic fi eld of force 
existing in space and avoiding the former 
theory of force acting at a distance. From 
these equations it was possible, among 
other things, to predict, in addition to the 
familiar conduction of electricity through 
a conductor, the propagation of electrical 
energy through nonconducting space as a 
wave similar to light. Heinrich Hertz, in 
fact, demonstrated the existence of these 
electric waves experimentally in 1886.

Page 265: Siemens ozone tube. One glass 
tube is inserted into another. Th e outer and 
inner surfaces of the glass tube combi-
nation are coated with metal and the 
coatings are connected to the wire ends 
of the secondary of a powerful induction 
coil; when voltage is applied, the space 
between the glass tubes begins to glow, 
and at the same time the air in it is 
 ozonized. By blowing air into the pipe 
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 connection, the air can easily be changed 
so that large quantities of ozonized air can 
be obtained.

Page 266: Carl Friedrich Gauss (1777–
1855). Professor of Mathematics and 
director of the Göttingen observatory. In 
his time he was called the “prince of 
 mathematicians.” At the age of 17, he 
proved the fundamental principle of alge-
bra that an equation of the nth degree can 
only have n solutions; propounded the 
method of least squares for balancing devi-
ations in a set of observations; and devised 
the error distribution curve, which is of 
fundamental importance in statistics. He 
carried out measurements of the earth, 
devised a method for calculating the orbits 
of planets and invented the Gauss double 
objective, which is still used in optics. Th e 
Gauss number plane for representing a 
complex number is named aft er him and 
forms the basis of the graphical calculation 
of AC phenomena with the aid of vec-
tor diagrams. In addition to important 
mathematical work, he studied terrestrial 
magnetism and, in 1833, in collaboration 
with Wilhelm Weber, built the fi rst electro-
magnetic telegraph between the obser va-
tory and the physical institute in Göttingen. 
He sponsored the cgs (centimeter-gram-
second) system of units for magnetic 
quantities, which was then extended by 
Wilhelm Weber for electrical units. Th e 
unit of magnetic induction is called a 
gauss.

Page 270: Samuel Th omas von Soemmer-
ring (1755–1830). Professor of Anatomy 
at Munich. He made important studies of 
the brain and nervous system. In 1809, he 
constructed an electric telegraph in which 
the signal was given by galvanic dissocia-
tion of water. As the apparatus required 
one wire for each letter, i.e. 24 wires, it was 
impracticable.

Page 278: Benedikt Waldeck (1802–
1870). In 1848, he received four mandates 
to the Prussian National Assembly; from 
1861 to 1869 he was a member of the 
 Prussian Chamber of Deputies. Waldeck 
was regarded as leader of the “German 
Progressive Party” founded in 1861, from 
which the “National Liberal Party” split off  
in 1866. Th e latter supported Bismarck’s 
policy, whereas the Progressive Party op-
posed the so-called Confl ict Ministry.

Page 283: Franz Alphonse Desiderius von 
Chauvin (1812–1898), knighted in 1864. 
Engineer offi  cer and lieutenant-general; 
from 1856 to 1872 Director of the Prus-
sian Telegraph Directorate; from 1867 
Director-General of the Telegraph of the 
North-German Confederation and from 
1871 of the German Reich. In this capacity 
he gained great merit in the construction 
of the Indo-European line. It was at his 
suggestion that the Siemens unit was 
accepted as an international unit of mea-
surement at the Second International Tele -
graph Congress in Vienna, 1868.
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Page 284: The Indo-European line, 
1867 to 1870. Th e Indo-European tele-
graph line was designed and built by the 
three brothers Werner, William, and Carl 
von Siemens, with their Berlin, London, 
and St. Petersburg fi rms in close collabo-
ration. Th e fi nancing and subsequent 
operation of this large undertaking was in 
the hands of a company established for the 
purpose, the capital of 9 million marks 
being mainly subscribed in Germany. Th e 
line worked up to 1931 with good fi nancial 
results.

Page 286: Johann Georg von Siemens 
(1839–1901), son of the barrister-at-law 
Siemens, joint founder of Siemens & Hals-
 ke. As a young assessor he was sent by 
Werner to London in 1868 and later to 
Persia to help with the preliminary fi n an-
cial, legal and political work for the Indo-
European line. In this he showed the 
skill and energy of the born entrepreneur. 
In 1870, he became First Director of the 
Deutsche Bank, which is indebted to him 
for its prestige and success. Th e Berlin ele-
vated and underground railways and the 
planning of the Baghdad railway were 
largely due to him. In 1899, he was enno-
bled. At his death, the Deutsche Bank was 
the largest institution of its kind in Ger-
many and one of the leading banks in the 
world.

Page 290: Kedabeg. In 1864, Werner and 
Carl von Siemens bought the Kedabeg 
copper mine in the Caucasus on the recom-

mendation of their brother Walter, who 
was directing the Tifl is branch of the 
St. Petersburg fi rm of Siemens & Halske. 
As the management of the mining opera-
tions and the yield of copper did not come 
up to expectations, Werner von Siemens 
visited the Caucasus in 1865 and Carl 
moved there in 1867 to supervise the man-
agement. In 1868, their partner Walter 
Siemens died suddenly and Carl also had 
to leave the Caucasus on account of his 
wife’s health, so that in the same year 
Werner, being personally concerned about 
the undertaking, paid a second visit. Aft er 
many trials and tribulations between 1876 
and 1879, Kedabeg showed a considerable 
profi t. Bad times followed, and not until 
1886 was the development again favorable. 
Th e mine was expropriated in the First 
World War.

Page 292: Punched-tape transmitter. 
Developed from the magneto-electric dial 
telegraph of 1856, the telegraph was de-
signed to transmit telegrams mechanically 
from punched paper strips. It was used for 
the fi rst time on the Indo-European line. 
A crank inductor generates alternating 
current. Th e gearing is such that the arma-
ture of the inductor rotates once when the 
cylinder for the punched strip advances by 
one pin. Accordingly, a current is trans-
mitted depending on the holes in the strip, 
e.g., from the positive and the following 
negative half-wave, whereby the polarized 
relay in the receiver is defl ected to one side 
or the other causing the signal to com-
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mence and then to cease immediately. In 
this case a dot is registered. If, on the other 
hand, the holes in the strip are farther 
apart, it is the negative half-wave of the 
next rotation of the armature which resets 
the relay and ends the signal; a dash is 
therefore registered in the receiver.

Page 317: J. Dannenberg, mining and 
metallurgical engineer. Joined Siemens & 
Halske in 1868 to work in Kedabeg and 
became technical director there in 1869.

Page 331: Anton Dohrn (1840–1909). 
German scientist who, in 1874, estab-
lished a research station for submarine 
zoology in the Bay of Naples. Among his 
numerous friends and patrons there were 
Werner von Siemens and William Siemens, 
who helped him by word and deed to get 
a suitable research ship built by Th orney-
croft  in  England. 

Page 334: Robert Koch’s tuberculin. 
Th ese ideas of Werner von Siemens, writ-
ten down in 1890, are now confi rmed by 
the general biological concepts of micro-
biology and the modern theory of infec-
tious diseases.

Page 336: Friedrich Hammacher (1824–
1904). From 1864 onward, member of the 
Prussian Chamber of Deputies and later, 
as a National Liberal, member of the Ger-
man Reichstag. His particular interest was 
in trade and industry.

Page 338: George William Bolton (1831–
1900). In 1854, assistant to Carl von Sie-
mens in St. Petersburg on the construction 
of the Russian telegraph lines. In 1876, he 
became director of the copper mine which 
Carl and Werner had acquired at Kedabeg 
in the Caucasus in 1864.

Page 347: Harzburg. In 1881, Werner 
von Siemens purchased this property at 
the foot of the Ettersberg in Harzburg from 
a Magdeburg merchant, in order to spend 
the summer months there with his family. 
Werner von Siemens’ daughter, Hertha 
Harries, inherited the property and pre-
sented it to the fi rm as a convalescent 
home for Siemens offi  cials. Th e house and 
garden were handed over for this purpose 
in 1910.

Page 351: Mine exploders. Th e fi rst prac-
tical application of the dynamo-electric 
principle was achieved in 1867 in this 
machine for generating short powerful 
detonating currents. Th e machine was fi rst 
short-circuited by a contact on a cam disc 
so that its fi eld magnets could be power-
fully excited. Aft er further rotation, the 
short circuit was removed and the detonat-
ing circuit was connected instead.

Page 351: Range finders. Two instru-
ments at a measured distance apart are 
connected by a double line. Th e one on 
the left  consists of a movable graduated 
straightedge, with which a bearing is taken 
on the object through a telescope, and of 
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a second remo te-controlled straightedge 
which is always turned in the same direc-
tion as the telescope from the right-hand 
part of the apparatus on the other end of 
the line with which a bearing is taken  on 
the object from the right-hand observation 
point. As the distance between the pivots 
is known, the distance of the remote object 
can be easily determined from the angular 
positions of the two straightedges or can 
be read from a table.

Page 351: Invention of the dynamo-
electric machine. Previously, the only 
known generators had permanent magnets 
of steel or electromagnets excited by bat-
tery current, as well as combinations of 
the two principles. In 1866, Werner von 
Siemens showed that excitation by auxil-
iary magnets or battery current could be 
omitted completely if the fi eld winding is 
connected to the armature. Th e remanent 
magnetism always present even in wrought 
iron is suffi  cient for self-excitation of the 
machine if the winding resistances and 
the magnetic circuit are correctly dimen-
sioned. Th us Werner von Siemens made 
practical use of the principle of self-
excitation in machines for the fi rst time; 
this was later to be of the greatest impor-
tance for the excitation of electrical 
oscillations by means of amplifi er tubes. 
Th e illustration shows a machine of 1866 
with double-T armature, which Werner 
von Siemens had invented ten years earlier. 
Th e double-T armature with fi eld magnets 
of wrought iron, which is magnetically 

better than steel, had such a good magnetic 
circuit that only 60 percent of the power 
generated was required to excite the 
machine. Compared with other designs, 
these conditions were very good, since 
Hopkinson’s theories of the magnetic cir-
cuit of 1886 were not yet known and it 
was not yet possible to draw up a power 
balance of a machine. It was due to these 
conditions that the machine was able to 
work as a generator at all and that Werner 
von Siemens succeeded in demonstrating 
the electrodynamics principle experimen-
tally, a matter which at that time appeared 
by no means self-evident. Up to 1876, the 
number of dynamo machines supplied 
annually by Siemens & Halske was less 
than ten, but in 1878 it increased fairly 
rapidly with the invention of the diff eren-
tial arc lamp. By 1882, a total of 1,700 
dynamo machines had been supplied. 
With the invention of the carbon fi lament 
lamp in 1882, fewer dynamo machines 
were built for individual installations. 
From 1885 onward, large central stations 
were built from which consumers were 
supplied by a network of lines.

Page 354: Light. Th e fi rst arc lamps had 
to be adjusted by hand when the carbons 
had burned down so far that the arc 
ex tinguished. Th e problem was to prevent 
the carbons from getting too far apart or 
approaching too close to one another. For 
this Werner von Siemens suggested a dif-
ferential principle which Friedrich von 
Hefner-Alteneck put into practical form. 
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An electromagnet with a few turns of thick 
wire is connected in the main current cir-
cuit, and a second one with many turns of 
fi ne wire as a shunt across the arc. Th e two 
electromagnets act on a diff erential mech-
anism such that the main current tends 
to draw the carbons apart and the shunt 
current to bring them together. When the 
carbons are a certain distance apart, a state 
of equilibrium occurs. Th is automatic ad-
justment fi rst made the extensive use of 
the arc lamp practicable.

Page 355: Dynamo machine. Th e double-
T armature of the fi rst dynamo machines 
was very eff ective because of its good mag-
netic circuit, but had the disadvantage 
that the current appeared only in two half-
waves and severe sparking occurred at the 
commutator. Th e Pacinotti ring was devel-
oped by Zénobe Th éophile Gramme so 
that a more continuous current could be 
taken from points in quadrature with the 
fi eld magnets. But electricity was gener-
ated only in the outer wire parts of the 
Gramme ring. In 1872, Friedrich von 
Hefner-Alteneck, chief engineer of Sie-
mens & Halske, constructed for the fi rst 
time an armature in which coils of wire 
were so disposed over a drumlike iron core 
that currents were induced in both the 
outward and return wires. With a commu-
tator divided into a number of segments, 
this armature was a kind of multiple 
 double-T armature, although the windings 
were not embedded in slots in the iron 
core until later.

Page 355: Invention of the alcohol 
meter. Th e quantity of spirit was mea-
sured by emptying a measuring drum 
divided into three compartments, the ro-
tations of which are counted by a fi rst 
register. Th e quantity of absolute alcohol 
contained in the spirit is measured by 
means of a fl oat. Th is turns a second regis-
ter forward every time a compartment of 
the measuring drum is emptied by an 
amount depending on the depth of im-
mersion of the fl oat, which depends on 
the alcohol content (Patent granted in 
1865).

Page 357: Karl Frischen (1830–1890), 
before he became chief engineer with 
 Siemens & Halske, was an offi  cial of the 
Hanoverian state telegraphs. He was re-
sponsible for the electric railway block 
system, which was introduced on the 
 Prussian state railways in 1870. Th e devel-
opment of a number of instruments in 
connection with this new branch of rail-
way engineering is also attributable to 
Frischen. To help prevent collisions be-
tween trains – a fairly common accident 
in the early days of the railroads – 
Frischen conceived the electric track 
blocking system. Each line was divided 
into segments by signals. When a train 
was on the track, the signal at the begin-
ning of the track  segment was locked 
electrically, and could be reset to “clear” by 
the trackmaster only aft er it had been 
unlocked electrically from the other end of 
the segment.
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Page 358: Friedrich von Hefner-
Alten eck (1845–1904), inventor and 
designer. In 1867, he joined Siemens & 
Halske as a mechanician and rose rapidly 
to become chief designer. In 1872, he 
 created the drum armature and in 1878, 
the diff erential arc lamp. Th e defi nition of 
the standard candle, which was for a long 
time the accepted unit of luminous inten-
sity, also originated from him.

Page 358: Karl von Siemens (1809–
1885), a distant cousin of Werner. He was 
a farmer and distillery expert near Bruns-
wick, and went as Professor of Technology 
to the agricultural college at Hohenheim, 
near Stuttgart. Agriculture is indebted to 
him for a number of useful technical appli-
ances. He was ennobled for his services. 
His daughter Antonie became Werner’s 
second wife in 1869.

Page 358: Charlottenburg. In 1861, 
Werner von Siemens bought the property 
at Berliner Strasse 36 from the widow of its 
previous owner, one Johannes. He remod-
eled the house, and in 1875 added a ball -
room and a building for offi  ces. Electric 
lighting was installed in the ballroom in 
1879. Th is house was his constant residen-
ce from 1882 onward; until then, it was a 
kind of summer house. In 1887 electric 
lighting was installed throughout the house. 
Aft er Werner’s death, his widow Antonie 
retained ownership. Siemens & Halske took 
over the house in 1926. It was completely 
destroyed in the Second World War.

Page 358: Werner’s daughter Hertha Sie-
mens (1870–1939) married the chemist 
Carl Dietrich Harries, Professor at the 
 universities of Berlin and Kiel and at the 
Charlottenburg Technical University. As 
the sister of Carl Friedrich she took a great 
personal interest in the social activities of 
the House of Siemens.

Page 363: Franz Reuleaux (1829–1905), 
important mechanical engineer. He estab-
lished the scientifi c basis for the theories 
of mechanical motion (kinematics) and 
paved the way for the close collaboration 
of science and technology. In 1868, he 
became director of the Berlin Industrial 
Academy. In addition to his teaching activ-
ities, he did much to sponsor German 
industry by his publications. As German 
Government Commissioner he visited and 
reported on the 1876 International Ex-
hibition in Philadelphia. His courageous 
critical epithet for the German export 
products, “cheap and shoddy,” shook up 
German industry. He was later professor at 
the Charlottenburg Technical University 
and a friend of Werner von Siemens, who 
shared Reuleaux’s ideas and demands as 
regards the objectives and the future of 
German industry.

Page 363: Siemens Brothers. In 1863, 
the English fi rm of Siemens & Halske, 
which had been in existence since 1858, 
set up a factory for the manufacture of 
submarine cables at Woolwich, near Lon-
don. In 1865, aft er the withdrawal of 
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Johann Georg Halske, the concern was 
named “Siemens Brothers.” In the course 
of time, manufacture was greatly extended 
and improved. Th e transatlantic cables, 
which were laid from 1874 onward by the 
fi rm’s own cable ship Faraday, were made 
in the Woolwich works. Equipment for the 
Indo-European telegraph line was also 
made there. At the end of the 1870s, the 
manufacture of telephones was taken up 
and Woolwich was soon one of the leading 
telephone factories in England. Th e heavy-
current work, which was also carried on 
from there, was separated in 1903 in 
accordance with the German development 
as Siemens Brothers Dynamo Works Ltd. 
and a special works was set up for it in 
Staff ord. In the First World War the works 
were confi scated by the British Govern-
ment as German property.

Page 367: Th e Siemens brothers’ cable ship 
Faraday was built in 1873 in Mitchell’s 
shipyard in Newcastle for Siemens Broth-
ers, London, as a twin-screw ship specially 
for cable laying, to the designs of William 
Froude and William Siemens based on the 
experience and the theory of Werner von 
Siemens. Th e Faraday was of 5,000 gross 
register tons. It was launched in 1874, and 
in the same year the fi rst direct transatlan-
tic cable was laid with it. Provision was 
made so that the cable drums in the hold 
would be fi rmly supported even in heavy 
seas. Th e ship had rudders fore and aft  
to increase maneuverability, also braking 
equipment for the cable drums, two dyna-

mometers for measuring the cable tension, 
workshops for repairs and the attachment 
of cable ends, as well as a cabin for elec-
trical tests on the cable. Th e ship was in 
service up to 1922, and up to 1914 laid 
60,000 km of cable, including no fewer 
than eight transatlantic cables.

Page 375: Th e apparatus works in St. 
Petersburg. In 1880, a new works was 
built by Siemens & Halske under the di-
rection of Carl von Siemens on a site on 
the Smolenka Quay, on a navigable arm of 
the Neva, to combine the manufacture of 
heavy- and light-current apparatus with 
the exception of cables. Being the fi rst and 
only one of its kind in Russia, this elec-
trotechnical factory soon achieved great 
importance. As the result of close contacts 
with the parent fi rm in Berlin, production 
kept pace with the development of elec-
trical engineering in Germany.

Page 375: Alexander Siemens (1847–
1928), distant relative of Werner von 
Siemens; became director of Siemens 
Brothers, London, in 1888.

Page 388: Heinrich von Stephan (1831–
1897), son of a Pomeranian artisan. Th anks 
to his intelligence, diligence and a talent 
for leadership, he rose rapidly and step 
by step from an ordi nary post-offi  ce clerk 
until, in 1875, he became Postmaster 
 General of the German Post Offi  ce. Th e 
credit for the Universal Postal Union of 
1874 was due to him. His colleagues in 

umbr2_feldenkirchen_engl.indd   463umbr2_feldenkirchen_engl.indd   463 13.08.2008   21:27:5313.08.2008   21:27:53



464  NOTES

North America called him the “Bismarck 
of the Post.” Th e subterranean deposition 
of the German telegraph system in the 
1870s was direc ted by him. In collabo-
ration with Werner von Siemens he intro-
duced the invention of Graham Bell, the 
telephone, to Germany. Th e two men 
were responsible for the founding of the 
Electrotechnical Society in 1879–1880. 
In 1885, he was elevated to the Prussian 
nobility.

Page 390: Gustav Kirchhoff (1824–
1887). Physicist and professor at the 
uni versities of Breslau, Heidelberg and 
Berlin. In conjunction with Robert Wil-
helm Bunsen, he laid the foundations of 
spectroscopic analysis and propounded 
the law relating to currents fl owing in net-
works and at the junction points. Th e basic 
principles of the theory of heat radiation 
are also attributable to him.

Page 391: Lord Rayleigh (1842–1919). 
Professor of Physics at Cambridge. Made 
contributions to nearly all fi elds of physics 
and received the Nobel Prize in 1905. 
Wrote an important work, Th eory  of sound, 
on acoustics.

Page 401: Sir William (Wilhelm) Siemens 
(1823–1883), Werner’s brother and col-
laborator. Founder of the associated fi rm 
in England and its director for many years. 
Took an active part creatively and by his 
writings in many technical and scientifi c 
fi elds, especially in heat engineering. With 

his brother Friedrich he applied the re-
generative principle especially to smelting 
furnaces (Siemens-Martin steel process, 
1864). He took an important part in the 
submarine cable projects. He was recog-
nized in England as one of the most 
outstanding technicians and was knighted 
in 1883.

Page 403: Wilhelm Siemens (1855–
1919), Werner’s second son. Aft er the 
death of his father, he became to an ever-
increasing degree the dominant personality 
in the House of Siemens.

Page 403: Th e fi rst grandson of Werner 
von Siemens was Werner  Ferdinand von 
Siemens (1885–1937), son of Wilhelm. He 
studied electrical engineering and later 
music, to which he prima rily devoted 
 himself.

Page 403: Friedrich Siemens (1826–
1904), brother of Werner and aft er him 
probably the greatest inventive genius in 
the family. Based on earlier English ex-
periments, he constructed the regenera-
 tive furnace, and in conjunction with the 
French engineers Émile and Pierre Martin 
developed the so-called Siemens-Martin 
process for steel production. Friedrich ap-
plied the principle of rege nerative heating 
to glass melting and other special furnaces 
with brilliant success.

Page 403: Regenerative system. Th e 
regenerative process of Friedrich Siemens 
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for the production of steel was fi rst intro-
duced in France in 1864 by the Frenchmen 
Pierre and Émile Martin; it works on the 
heat storage principle. In a conventional 
furnace, air and the combustible gas are 
introduced cold into the combustion zone 
and the hot waste gases are discharged into 
the open. In the regenerative process, the 
heat of the waste gases is used for preheat-
ing the air and the combustible gases. Th is 
is eff ected by passing the combustible gases 
through two or four chambers with large 
thermal storage capacity, preheated by the 
waste gases. In this way, higher tempera-
tures are attained with a simultaneous 
saving in heat.

Page 407: Siemens & Halske at Berlin. 
In 1876, Siemens & Halske also began to 
manufacture cables, which had previously 
been made in their English cableworks, in 
the Markgrafenstrasse in Berlin. In 1883–
1884, cable manufacture was transferred 
to the Charlottenburg works on the Salz-
ufer. In 1899, a separate works was built 
for cable manufacture on the banks of 
the Spree near the Nonnendamm; in 
1912, cable manufacture was transferred 
to Berlin-Gartenfeld.
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