


KLAUS MAUERSBERGER

The “elektron” Collection of Communication
Engineering and Precision Technology

The traditional division of electrical engineering into strong and weak current engineering is
no longer common today, following a pronounced differentiation in the discipline. For histori-
cal purposes, however, the collections need to be traced back to the way they originated so
that they can be categorized. This explains why two collections — housed, significantly, in the
archetypal home of weak current technology, the Barkhausen Building — are presently exhib-
ited according to their original connection to the subjects of weak current technology and
precision engineering. These are the Acoustic-Phonetic Collection and the “elektron” Collec-
tions. The latter most closely reflects the divergent paths taken during the development
of weak-current technology and precision engineering. As a consequence, it was created
from different historical sources and its structure is that of a teaching collection containing
museum objects.”

Creation of the collection during the founding of electric telegraphy
as a branch of electrical engineering

When Werner Siemens expressed a desire to establish electrotechnical chairs at technical
colleges during a lecture before the Electrotechnical Association in Berlin in December 1881,
he was met with a divided response. This was by no means due to a lack of willingness among
electrical engineers to raise the academic status of their subject. Rather, it was the authority
of Siemens, who emphatically asserted his goal to establish electrical engineering as an an-
cillary science for all technical subjects, with an orientation towards the fundamentals. The
ensuing discussion led to some confusion about the image of the subject of electrical engi-
neering. This confusion continues to the present day. For Siemens had simultaneously formu-
lated that the manufacture of electric machines should be a branch of practical mechanics.
Indeed, at the then Polytechnical College in Dresden, there was a subsequent division of
sorts in the teaching of electrical engineering: Put in simple terms, physicists such as Ernst
Hagen, Wilhelm Hallwachs and August Toepler taught the fundamentals in the Electrotech-
nical Laboratory from 1884, and from 1894, in the Electrotechnical Institute of the General
Department. In 1882, a full professorship for kinematics was set up, which included the “ap-
pendage” of construction of electric machines as well as its connection to the Mechanical
Department. Trajan Rittershaus, an avowed mechanical engineering scientist, was appointed
to teach this new subject. He gradually expanded the lectures on electric machines and, in-
creasingly in the 1890s, on electric lighting and power transmission as well as on the design
and construction of dynamo machines. He founded the “Collection for Electromechanical
Engineering”, even though, initially, this term for both professorship and collection was not

93

<« Astatic Tension Dynamometer,
constructed by Heinrich Gérges,
Siemens & Halske (around 1895)
Gorges developed the widespread
electrodynanometer into a current
meter that can be used for stronger
currents but also alternating
current.

*The “elektron” Collection under-
went a phase of organizational
restructuring since 2021.
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Telegraph with Morse key and
indicator instrument, Gurlt Berlin
(around 1875)

Small electrical engineering ...

which we would like to call electrical
telegraphy in the broadest sense, is
(in contrast to large-scale electrical
engineering) the production of
smaller effects at a greater distance,
but in an astonishing and highly
attractive variety....

“Centralblatt fir Eisenbahnen und
Dampfschiffahrt” (Central Journal
for Railways and Steam Ship
Navigation), 13" March, 1884

without controversy in the Ministry and among his physicist colleagues. As is well known, in
1900, Johannes Gorges merged both areas into the autonomous Electrotechnical Institute,
which in 1905 moved — as part the Mechanical Department - into a new building on the
present campus grounds.

An initial scientific focus on “large-scale electrical engineering” (Gisbert Kapp wrote of
“heavy electrical engineering” in Great Britain in 1884) emerged from the discussion about
the profile of electrical engineering, fusing knowledge of physics and mechanical engineer-
ing. Electric lighting, starting with arc lamps, also fell into this field, which was later com-
monly referred to as strong current technology. During the development of a state railway
system and due to military requirements, “small electrical engineering”, which is what weak
current technology was called to begin with, grew in significance. As electric telegraphy and
signaling, it was freed from its role as an “appendage” to strong current technology. It was
also no coincidence that communications as a teaching subject ended up at the (civil) engi-
neering department. In 1875, an associate professorship for theoretical and practical telegra-
phy was established there and taken up by Eduard Zetzsche. He had studied at the Dresden
Polytechnical School (under Johann Andreas Schubert) as well as at the Vienna Polytechnic
Institute. In Vienna, he worked for some time at the Imperial and Royal State Telegraph
Administration and, in Chemnitz, at the State Technical Institutes, before accepting the call
to Dresden.

The establishment of the professorship with the approval of the Imperial Telegraph Direc-
torate was aimed at the training of higher telegraphing officials. Specifically, there were
courses on the construction, operation and theory of telegraphy as well as on signaling for
railways and ships. Zetzsche started his work when the new main building of the Dresden
Polytechnic, at what was then Bismarckplatz, near the main railway station, was first occu-
pied. Once the College had largely moved to the campus in the Studvorstadt district, this pres-
tigious building became known as the “Old College”. While its experimental facilities were
generally housed in the laboratory building at the rear on Schnorrstrale, physical and electri-
cal engineering experiments were still carried out in the main building. The collection associ-
ated with the subject, which Zetzsche had been trying to build since 1878, was probably also
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housed there. In his time, a collection was considered an important factor for the scientific
recognition of a discipline. In the list of collections and boards of management, the “Collec-
tion of Telegraphs and Signaling Apparatuses” is mentioned for the first time in 1878. Shortly
before leaving for Berlin and taking up the editorship of the journal of the Electrotechnical
Association in June 1880, Zetzsche reported the “arrival of the apparatuses ordered to com-
plete the collection of telegraph and signaling apparatuses” to Director Gustav Anton Zeuner.

Zetzsche was succeeded by Richard Ulbricht, who represented telecommunications first
as a lecturer and, from 1890, as an honorary professor. After studying civil engineering at
the Dresden Polytechnical College and earning his doctorate at the University of Jena, Ulbricht
first worked in a practical capacity as head of the railway telegraphy system in Dresden, be-
fore returning to the Polytechnic in 1883. At the same time, he served as a government
commissioner for electric railways and was promoted to the board of directors of the
“Betriebs-Telegraphen-Oberinspektion der Sachsischen Staatseisenbahnen”, a higher inspec-
tion authority for the Saxon state railways. In this position, he was in close contact with
railway signaling and the technical supervision of the electric trams. In addition, he held po-
sitions as a juror at the World Exhibition in Chicago in 1893, as chairman of the Saxon Associ-
ation of Engineers and Architects, as a lecturer on electrotechnical railway matters in the
Ministry of Finance, and as chairman of the Association of German Electrical Engineers.
Together with the physicist Hallwachs, Ulbricht was instrumental in promoting the establish-
ment of an autonomous Institute for Weak Current Technology. It was initially housed as the
Institute for Telegraphy and Signaling in a separate corridor of the “Old College”. Until 1905,
Ulbricht worked in the engineering department of the Technical College, which is what the
former Technical School had now been upgraded to. During this time, a wireless telegraph
line was set up from Ubigau to the Institute on an experimental basis — unfortunately with
only moderate success. Satisfactory operation of the line for teaching purposes could obvi-
ously not be achieved, as is apparent from the few publications available. There was still a
wide gulf between theory and practice in the new field of radio telegraphy. On the other
hand, the courses on telegraphy and signaling were very popular in the early days, especially
with guest students from the ranks of telegraphing officials. However, this popularity later
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Integrating sphere photometer
(Ulbricht sphere) with photometer
bench in the new building of the
Electrotechnical Institute

(around 1905)
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The management takes the liberty
to report that in the matter of the
delivery of objects for the Exhibition
of Electricity in Paris, the collection
of telegraphic apparatuses of the
Polytechnical College would proba-
bly be the most eligible. The collec-
tion is of such value and interest
especially from a historical point of
view, that a number of items from
it would certainly be suitable for the
exhibition.

Gustav Zeuner, Director of the
Dresden Polytechnical College, to
the Saxon Ministry of Education
and Cultural Affairs, 4" March, 1881

petered out. When the technical disciplines relocated to the present campus in the Sud-
vorstadt district, the subject moved to the Mechanical Department.

Ulbricht, who as a “career changer” even advanced into the field of photophysics, con-
structed a device for testing filaments in 1900. The device consisted of two hollow hemi-
spheres connected to each other: The sphere photometer, later also called “Ulbricht’s sphere”,
is a hollow sphere, painted matt white on the inside. A beam of light enters the sphere
through a small opening, which makes it possible to observe a point on the sphere wall that
is not hit by the direct incident light. If a frosted glass pane is inserted into a second opening,
its luminance is proportional to the total luminous flux of the light source. The principle of
the sphere photometer found many uses, in particular in measuring luminous flux and radi-
ant flux on lamps, for production control, quality monitoring and product development. It
was also used for the calibration of luminous flux standard lamps, and, for example, for urine
dry analysis. Since the 1930s, the light-scattering hollow sphere has also conquered a special
field of application in modern colorimetry. An Ulbricht’s sphere used in teaching until 1963
has been preserved at TUD Dresden University of Technology as a historical material witness.
It was designed as an art object by Jirgen Schieferdecker in 1984 and, loosely based on Max
Ernst’s work, rededicated as the “Dresden Celebes”. Another original sphere photometer dat-
ing back to Ulbricht is currently still in use at the “Netz AG” of Deutsche Bahn. In 1910, Ulbricht
received an honorary doctorate from the Technical College for his substantial achievements.
In the same year, he was appointed President of the General Directorate of the Saxon State
Railways, a high office he held until his retirement in 1919.

The early telegraphing devices and the corresponding apparatuses and measuring instru-
ments of experimental physics are, along with Ulbricht’s sphere, among the first material
witnesses of weak current technology, with the physics laboratory and the physics collection
expanding, especially from 1876 onwards under August Toepler. In 1881, Toepler complained
about the lack of space for the expanding collection and laboratory holdings and proposed
finding a more suitable location in what was the main building at the time. Also in 1881, im-
mediately after Zetzsche’s departure, some exhibits were given exclusive publicity: objects
from the collection of telegraphic devices were selected for the International Electricity Exhi-
bition in Paris, at the instigation of the responsible Reich Commissioner, and sent to France.
The following year, through Toepler’s mediation, a dynamo inductor and other discarded
telegraphing devices were given to the Dresden cadet school. The files also show that, in 1895,
the Technical College tried to buy part of the library from Zetzsche’s estate, but most of it
went to the administration of the “Reichspost” (SdchsStA 15062 and 15069).

Only a few sources provide information about what exactly happened to the collection.
The physics collection at Bismarckplatz, including the objects associated with weak current
technology, was decimated by the effects of war. In a preserved inventory book, there is a
memorable entry by Dr. Krutzsch, the curator of the collection, dated 23 March 1945, regard-
ing the almost complete loss of the collection due to the air raids of 13" and 14™ February.
Remains of collections and art objects were laboriously salvaged from the rubble at that time.
Today, the small physics collection still houses some 200 exhibits. After 1945, most of the
on-campus collection of the Institute of Telegraphy and Signaling was transferred from the
building of the Electrotechnical Institute (today’s Gorges Building) to the Institute of Weak
Current Technology in the Barkhausen Building (“elektron” Collection). In 1993, material wit-
nesses of telegraphy and weak current technology, which presumably came from this collec-
tion, were found among the discarded items of the former Vocational Education Section, and
transferred to the Office for Academic Heritage. In this context, it should be noted that wire-
line telegraphy was somewhat neglected after 1910 in view of the rapidly developing modern
weak current technology, and that it is perfectly conceivable that objects from the old inven-
tories were relocated or disposed of.
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Electricity meter developed by Raps
for direct and alternating current,
Siemens & Halske (around 1900)
The electricity meter with interval-
based measurements (ampere
hours) consists of a combination of
a time meter and a current pointer.

Mirror galvanometer with
changeover switch and telescope,
Siemens & Halske (around 1880)
Mirror galvanometers were used
as devices with high sensitivity,
especially in transatlantic tele-
graphy. Instead of using a longer
needle, the weak telegraph signal
was projected on a scale by means
of a beam of light deflected by a
mirror.
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Radio receiver by Blaupunkt
(around 1920)

This early tube receiver (tuned radio
frequency receiver) in small format
consisted of a receiving rectifier
and a subsequent low-frequency
amplifier to drive a loudspeaker.

This was something completely new,
because it was generally believed
that there was not much one could
do with science in the field of weak
current technology

Heinrich Barkhausen, inaugural
lecture in19m

The Heinrich Barkhausen Era - Emergence and institutionalization
of modern weak current technology

Significant additions to the old inventories of today’s Collection can be primarily attributed
to the Heinrich Barkhausen era. This was probably the most fruitful phase of the scientific
rise of weak current technology in Dresden. After 1900, the demands of industry, transport
and increasingly those of the military (during preparations for war) on modern telecommuni-
cations technology, in particular electrical metrology, telegraphy and telephony, became the
focus of the emerging engineering sciences. In 1907, the invention of the electron tube with
its manifold applications aroused growing interest in the establishment of an engineering-
friendly weak current technology. At the Technical College, the institutional establishment of
this subject went hand in hand with Barkhausen’s work. After studying physics in Munich,
Berlin and Gottingen, he submitted his dissertation in 1906 on problems of generating oscil-
lation, with special consideration of fast electrical oscillations. He was involved in practical
work in the telecommunications technology laboratories of Siemens & Halske, when in 1911,
the Technical College appointed him associate professor of electrical metrology, telegraphy
and telephony as well as of the theory of electrical lines. He was also entrusted with the
foundation of the Institute for Weak Current Technology. The new area of teaching, planned
perceptively by Gorges, encompassed the theoretical foundations of electronics, communica-
tions and information technology, as is the common practice today. It was the first autono-
mous institute in this field in Germany, and the scientific concept of the new discipline has
since then become influential in forming schools in Dresden. To distinguish the new disci-
pline from the energy-oriented strong current technology, Barkhausen always emphasized
the relation to the transmission of signs and signals.

The early years of the Institute were extremely modest as regards personnel and finances.
Nevertheless, it was soon able to expand its premises on the 1*tand 2" floors of the new build-
ing of the Electrotechnical Institute. Barkhausen made a name for himself by displaying im-
pressive experiments in his lectures. The weak current practical course became an institution,
and it is likely that a number of material witnesses preserved in the Collection to this day
emerged from it. Appointed full professor after World War |, Barkhausen purposefully contin-
ued the expansion of the Weak Current Institute. In subsequent years, he undertook system-
atic studies of the mode of action of electron tubes, entering the field of research that would
become formative for his life’s work.

His active career was filled with pioneering publications and the uncovering of theoreti-
cal relationships and phenomena. The four-volume monograph “Lehrbuch der Elektronen-
réhren und ihrer technischen Anwendungen” (Textbook of Electron Tubes and their Technical
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Applications), edited from 1923 onwards, was subsequently regarded as a first standard work
in this innovative field and exerted its influence as far as distant Japan. Unfortunately, the
experimental setup for verification of Barkhausen’s short oscillations with the distinctive
Telefunken transmitter tube RS296 from 1917 has not been preserved.

At that time, Barkhausen and his collaborator in Kiel were already able to generate elec-
tromagnetic waves with a wavelength of 0.5 m, using a tube hooked up to a waveguide, and,
as the first application, established a wireless telephony connection over several hundred
meters. In the Collection today, a replica of this experimental setup from the 1960s testifies
to the rewarding research results of this second phase of development.

It should be added that, alongside the Barkhausen Institute, the Institute and the Collec-
tion for Telegraphy and Railway Signaling continued to exist under Heinrich Méllering. Oper-
ating from 1938 as the Institute for Telecommunications and Technical Acoustics under the
direction of Walter Wolman, it was deeply involved in Nazi armaments research. As a conse-
quence of the aftermath of World War Il it is obvious that hardly any material witnesses have
survived. However, the Collection does contain a volume measuring device. It is a develop-
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Tableau with historical electron
tubes

Left: tube with octal base as of
1935; middle: Wehrmacht tubes
1933—1944; right: Rimlock and
button-stem tubes as of 1938

Lecture theater for telegraphy and
signaling in the new building of the
Electrotechnical Institute (1905)
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For years, the Saxon office machine
industry has been advocating the
establishment of a Chair of Precision
Mechanics at the Technical Institute
in Dresden.

Board of Wanderer-Werke,
Chemnitz, 6" February, 1935

ment of a “noise meter” created by Barkhausen in 1926, which was mass produced by Siemens
& Halske. As is well known, Barkhausen formulated the definition of the loudness unit “phon”
using a logarithmic scale; another psychoacoustic unit, the “bark”, was later named after him.
After the destruction of the Second World War, Barkhausen’s work ended in a new building
named after him. It still houses the “elektron” Collection today.

Expansion of the Collection during the emergence of precision engineering as a discipline

During the industrial rationalization efforts in the Weimar Republic, the new discipline of
precision engineering was established, positioned somewhere between precision mechanics
and electrical engineering, and with origins in manual instrument and clock making. The
photo and cinema industries along with the manufacturers of typewriters and calculating
machines pushed for a scientific approach in constructions of precision mechanics. In 1929, at
the instigation of Karl Kutzbach, the first German teaching assignment in “Design of preci-
sion mechanics constructions” was given to Werner Kniehahn at the Institute of Machine
Elements at the Technical College. While expanding on this course, which was also introduced
as an elective for students of weak current technology, Kniehahn built up a collection for
precision mechanics with the help of his far-reaching connections in industry. However, a
permanent professorship was never installed because Kniehahn threw in the towel in 1936,
due to the chicanery from Nazi circles. He became director of the “Wanderer-Werke” in
Chemnitz but continued to pursue his teaching activities in Dresden. After 1945, precision
engineering became more closely associated with electrical engineering and electronics.
From 1952, under the direction of Siegfried Hildebrand, an autonomous Institute of Electrical
and Mechanical Precision Engineering and the accompanying specialization were established
at the newly founded Faculty of Electrical Engineering. After the Third University Reform in
1968, this specialization found its scientific home under the expanded umbrella of the
Electronics Technology and Precision Engineering Section.

The collection experienced a boom under Hildebrand’s leadership. His contacts in indus-
try alone brought in valuable objects for lectures and exercises. He himself had previously
held managerial positions at Siemens & Halske in Berlin and at the Dresden company Seidel
und Naumann. In this way, he continued the acquisition of state-of-the-art devices that had
begun under Kniehahn. Although inventory lists of the collection no longer exist, the titles of
research and diploma theses as well as dissertations from 1930 onwards reveal a scientific
collaboration with the precision engineering industry that benefited the collection. These
benefits include a Siemens & Halske teleprinter from 1920, CONTINENTAL-Silenta low-noise
typewriters as developed by Kniehahn from 1934, and one of the few surviving Soblik
compressed air typewriters patented in 1912, and other rarities. It is fitting to highlight the
extensive typewriter collection because, having been contributed by TUD, it formed the basis
of what was then the Polytechnical Museum, today’s Dresden Technical Collections (Tech-
nische Sammlungen Dresden).

In 1951, the Rector of the Technical College, Kurt Koloc, had called for the creation of a
technical museum in Dresden. The goal was to familiarize young people with the wide range
of technical developments, to further their general technical knowledge and to inspire them
to study engineering. After the foundation of the Polytechnical Museum in 1966 (renamed
Technical Museum in 1975), significant exhibits were transferred to its inventory. One such
transferin 1974 included parts of the office machine and precision engineering collection that
Hildebrand had systematically built up. This has since been turned into a museum compris-
ing 167 typewriters, 23 type-lever models, 58 calculators and various dictating machines. The
most valuable single item is considered to be an original Mitterhofer typewriter, the second
“Dresden” model (after 1864). This incunabulum of typing technology was rescued from the
collection of the Wanderer-Werke in Chemnitz during the turmoil of war and, along with
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other objects from the Mitterhofer estate, came to the Hildebrand collection in Dresden in
1953. Apparently, another duplicate of the second “Mitterhofer” was assembled in the insti-
tute’s workshop, from existing original parts. This “hybrid model” with recognizably different
time layers was examined in detail in a diploma thesis on restoration in 2006. The dendro-
chronological determination of the base plate revealed clear evidence of original findings.
This typewriter is the centrepiece of a newly installed display collection since 2024.

Separation of the Collection after the Second World War and during the GDR years

The rebuilding of the Weak Current Institute after the reopening of the Technical College in
1946 was accompanied by a clear differentiation of the discipline, which naturally had an
impact on today’s collection. High-frequency technology/electron tubes, electrical and archi-
tectural acoustics, and general and theoretical electrical engineering were added to the tradi-
tional weak current engineering of the Barkhausen School. The numerous do-it-yourself de-
vices and experimental setups made at the institutes are remarkable. For various reasons,
including a lack of foreign currency, it was common practice in GDR science to develop experi-
mental setups or components of them on one’s own initiative and to manufacture them in
workshops. In this way, efficient faculty workshops formed in the 1950s and 60s, which, in
collaboration with the scientists, came up with innovative designs for teaching and research.
Admittedly, a cost-benefit calculation would show the economic limits of such an extensive
academic life. At any rate, the Collection benefited from it. Among the outstanding objects
from this period are the didactic model of the Bessel functions (around 1953), the Pistonfon
(1958), a mechanical sine generator (1960), a mechanical filter (1967), a spherical and direc-
tional radiator (1985). Also, the laboratory setups of the structure-borne noise transmitter
KSS1 (1962), of Kundt’s tube (around 1965), of an elastometer (1966) and of artificial head
model microphones MKKo4 (1980), as well as laboratory samples of thermal print heads
(1968 t0 1983).
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Teleprinter, Siemens & Halske
(around 1920)

The teletypewriter combines the
advantages of a typewriter and a
telegraph, enabling the immediate
transmission of written messages
via telegraph.

For the scientists mentioned

(H. Barkhausen, H. Schonfeld and

K. Lunze), demonstration experi-
ments were an integral part of their
lectures. This tradition of experimen-
tal lectures in electrical engineering
has also proven to be very effective
didactically ...

Wolfgang Schwarz, Contemporary
Witness Colloquium on Electrical
Engineering and Information
Technology at TUD in the GDR,
14" March, 2000
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Bessel functions model,

TUD workshop (around 1953)

The model illustrates the spatial
representation of the entirety of
the Bessel functions (Bessel moun-
tains) and serves to illustrate the
theory of frequency modulation. It
was made for lecture purposes in
the workshop of the former Insti-
tute of High Frequency Technology
and Electron Tubes.

Apparatus for measuring Young'’s
modulus, R. Dietzel, laboratory
setup TUD workshop (1966)
Serves to measure the frequency-
dependent Young’s modulus and
its dissipation factor of small test
specimens from viscoelastic
materials (e.g. rubber, plastics).

Electronic keyboard, TUD workshop
(around 1960)

Developed as alphanumeric input
for an electronic calculating
machine. It shows that the new
technology was literally “put on
top“ of the old one.
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All'in all, the historical exhibits document the developmental path of the institutes and The “elektron” Collection of
Communication Engineering

chairs involved, as well as the scientific formation of weak current and precision engineering and Precision Technology

in Dresden. The exhibits represent the following specialist fields:

m  Telecommunications technology — from the magnet telegraph to long-distance image
transmission;

= General electrical engineering - from the current dynamometer to the digital voltmeter;

m Lighting technology — from the carbon filament lamp to the halogen lamp;

= High-frequency technology — from the electron tube and its applications to space
research;

» Electrical and structural acoustics — from noise meters to transducers;

= Control engineering — from controllers to electronic and pneumatic logic devices;

= Telecontrol engineering — from anemometers to artificial horizons;

m  Precision instrument manufacture — from typewriters to thermal printers.

Due to the way the subject has developed, there are overlaps with the neighboring Acous-
tic-Phonetic Collection, whose specific areas of interest are speech recognition and speech
synthesis. A radio and a number of television receivers are special features. They represent an
important field of application of electron tubes, but their inventory goes far beyond the re-
quirements of teaching, research and scientific cooperation (e.g. with the Dresden company
Radio H. Mende & Co.).

Outlook

When the University was restructured after German reunification, the components of the
Collection were combined to form one single inventory and have since been operating un-
der the name “elektron”. Today, it comprises more than 3,000 objects. After a labor-intensive
basic inventorization of all objects, some of these were scientifically documented and photo-
graphed by Wolfram Drefke and Rolf Dietzel. In the 1990s, the electron tubes were ordered
and systematically presented on tableaus. The highly illustrative teaching models and didac-
tic experimental setups of theoretical electrical engineering, some of which are still in use,
have been well preserved but have not yet been made accessible. They will gradually become
museum objects. As part of the renovation of the Barkhausen Building, “display depots” are
gradually being created for the various sub-sections of the collection. Some exhibits can still
be publicly demonstrated, so the Collection is very popular during such events as taster
courses, the “Childrens University” or the “Long Night of Science”.
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