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Abstract

Some experiments from the history of physics became so famous that they not only made it into the
textbook canon but were transformed into lecture demonstration performances and student labora-
tory activities in the nineteenth and twentieth centuries. While, at first glance, some of these
demonstrations as well as the related instruments do resemble their historical ancestors, a closer
examination reveals significant differences both in the instruments themselves and in the practices
and meanings associated with them. In this paper, 1 analyse the relation between the research
instruments and the respective teaching demonstrations. In doing so, I particularly distinguish
between demonstrations that address the process of the actual experimental procedures, and
those that focus on the outcome or results (the product) of the experiment. This distinction will
be illustrated in some exemplary case studies from the late nineteenth century and the early twen-
tieth in which both the historical experiment and the related educational devices are analysed. The
tension between the historical experiment on the one hand, and the different variants of the teach-
ing version on the other, result in the educational as well as epistemological problems that are dis-
cussed in this paper.

Instruments have long played an essential role both in the production of scientific knowl-
edge and in the education of future scientists. While research and teaching are (and his-
torically have been at least since the nineteenth century) very distinct activities, there are
a number of experiments that cross the boundary between the research lab and the lec-
ture hall, and are represented pedagogically in both concept and apparatus. However, in
most cases, it was not the instrument itself, but instead the concept of the instrument that
was materialized in the lecture hall in order to fulfil its purpose in the formation of future
physicists." As Ludwik Fleck notes in his discussion of initiating new members into a
thought collective,

There is an apprenticeship period for ... every field of knowledge, during which a
purely authoritarian suggestion of ideas takes place, irreplaceable by a ‘general

! There are few examples in the history where instruments crossed the boundary in both directions or were
used simultaneously both in teaching and in research. One example in this respect is the cloud chamber. See
Eugenio Bertozzi, ‘Technology-embedding instruments and performative goals: the case of the fully-automatized
cloud chamber by the Officine Galileo in Florence’, Bulletin of the Scientific Instrument Society (2016) 129, pp. 34-42;
and Eugenio Bertozzi, ““Seeing with one’s own eyes” and speaking to the mind: a history of the Wilson Cloud
Chamber in the teaching of physics’, BJHS (2021) 54(2), pp. 177-93.
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rational’ organization of ideas. The optimum system of a science, the ultimate organ-
ization of its principles, is completely incomprehensible to the novice ...

Every didactic introduction is therefore literally a ‘leading into’ ... The initiation
into any thought style, which also includes the introduction to science, is epistemo-
logically analogous to the initiations we know from ethnology and the history of civ-
ilization. Their effect is not merely formal. The Holy Ghost as it were descends upon
the novice, who will now be able to see what has hitherto been invisible to him.?

The process of initiation is supported in a very particular manner through demonstrations
that can be described as materializations of historical experiments. These experiments
can be labelled canonical; this means that the knowledge produced (or retrospectively
connected) with these historical experiments is considered to be constitutive for concepts
that are relevant to that branch of science.” With respect to these canonical experiments, I
shall discuss in the following paper two broad categories of materialization that can be
identified (particularly in the period from 1870 to 1920) when experimental concepts
cross the boundary between research and teaching.

Instruments related to canonical experiments

When looking in the collections of physics instruments in lecture halls or in science
museums, one finds several instruments that are related to some historical experiments.
Apparatus labelled ‘Cavendish’s gravitational balance’ or ‘Millikan’s oil drop apparatus’, as
well as the ‘Franck-Hertz experiment’, are examples that are still found in modern teach-
ing collections, while the ice calorimeter according to Lavoisier and Laplace or Joule’s
experiment on the mechanical equivalent of heat are now only present in museums.
But there is a category of apparatus, such as Coulomb torsion balances, that are both fre-
quently found in museums and still present in today’s teaching collections.” In fact, closer
examination reveals that a substantial number of the historical instruments in museums’
collections were not actually meant to be used in research at all but served instead as

% Ludwik Fleck, Genesis and Development of a Scientific Fact (tr. Fred Bradley and Thaddeus J. Trenn), Chicago: The
University of Chicago Press, 2005, p. 104.

® The label ‘canonical’ for the educational discussion of some historical experiments can be seen in corres-
pondence to Olesko’s use of the term with respect to textbooks. See Kathryn M. Olesko, ‘The foundations of a
canon: Kohlrausch’s Practical physics’, in David Kaiser (ed.), Pedagogy and the Practice of Science, Cambridge, MA:
MIT Press, 2005, pp. 323-56. Canonical experiments have this status for longer periods of time; some of them
are still present in modern lectures. However, the respective representations are changing over time.

* For examples on the modern use of respective teaching devices see e.g. Pierre Lauginie, ‘Weighing the earth,
weighing the worlds: from Cavendish to modern undergraduate demonstrations’, in Peter Heering and Daniel
Osewold (eds.), Constructing Scientific Understanding through Contextual Teaching, Berlin: Frank & Timme, 2007,
pp. 119-48; Christoph Miiller-Hill and Peter Heering, ‘Control and stabilization: making Millikan’s oil drop experi-
ment work’, European Journal of Physics (2011) 32(5), pp. 1285-91; Gerald Rapior, Klaus Sengstock and Valery Baev,
‘New features of the Franck-Hertz experiment’, American Journal of Physics (2006) 74(5), pp. 423-8. Teaching ver-
sions of the ice calorimeter can be found at the Historische Sammlung der Fakultit fiir Physik, University of
Vienna (see https://bibliothek.univie.ac.at/sammlungen/objekt_des_monats/003891.html, last accessed 22
October 2022), and were marketed e.g. by Ferdinand Ernecke (see Ferdinand Ernecke, Physikalische Apparate
Preisliste No. 18, Berlin (1907), pp. 196 f, at www.sil.si.edu/digitalcollections/trade-literature/scientific-
instruments/files/51667, last accessed 22 October 2022) or Max Kohl (see Max Kohl, Physikalische Apparate,
Preisliste Nr. 21, Chemnitz (1907), p. 506, at www.sil.si.edu/digitalcollections/trade-literature/scientific-
instruments/files/51636, last accessed 22 October 2022). Educational examples with respect to Joule’s experiment
will be discussed in detail in this paper. Historical teaching versions of the Coulomb torsion balance are found at
several collections, among them the ones at the Deutsches Museum Miinchen, the Technisches Museum Vienna,
or the Museum of the History of Physics Padova; modern versions can be found e.g. at PASCO, www.pasco.com/
products/lab-apparatus/fundamental-constants/es-9070 (last accessed 22 October 2022), or Leybold, www.ld-
didactic.de/phk/gruppen.asp?PT=VP3.1.2.1&L=2 (last accessed 22 October 2022).
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teaching devices. So what was the relation between the concepts and practices associated
with these pieces of pedagogical and research-experiment-based apparatus? In this paper,
I will consider this general question with specific attention to a number of examples that
date from the late nineteenth century and the early twentieth.” In doing so, I will argue
that some educational set-ups were not suitable for the actual conduct of an experiment.
While they strongly resemble experimental designs, and even though experimental prac-
tices can apparently be performed with them, they are materially unable to produce a rea-
sonable result in terms of the respective theoretical concept. At the same time, there are a
number of devices that were designed independently of the initial experimental set-up
and were meant only as pedagogical demonstrations of the research context and content.
These devices have been stabilized in such a way that these demonstrations cannot be
characterized as experimental. In this paper, I will begin by discussing some general
aspects of research experiments that are relevant for its scope. Subsequently I will use
some examples of canonical experiments in order to show the strategies in transforming
some canonical experiments into teaching demonstrations. In doing so, I will also discuss
the meaning of these demonstrations for the formation of future physicists.

Distinguishing research and teaching instruments

In the cases I am discussing (but also on a general level), there are some requirements and
limiting conditions that distinguish a research experiment from a teaching demonstration.
First of all, research experiments took place in laboratories, while teaching demonstra-
tions took place in lecture halls. While both spaces were designed to fulfil specific require-
ments, the requirements of these two spaces were not identical. Laboratories may have
been designed as completely vibration-free, thermally stable or dark - all characteristics
that could only be realized in a lecture hall to a limited extent. In turn, demonstrations
had to take place within the constraints of the lecture timetable, which did not necessarily
correspond to the chronological requirements of a research experiment.

Second, at least initially, experimental set-ups frequently possessed some flexibility. In
the process of developing the final version of the experiment, adaptations were made that
aimed at creating more stability and control. To illustrate this kind of development in a
specific example, it is useful to look at the progression of the oil drop apparatus used by
Millikan in determining what he called the ‘elementary electrical charge’. Millikan had
started with water droplets in a high-voltage electrical field, which was modified by his
PhD student Harvey Fletcher, who remembered decades later, ‘1 decided to make a
crude setup in the laboratory and try it before designing an elaborate one.” Fletcher pre-
pared two brass plates to serve as a capacitor, made a small hole in the upper plate and
used an atomizer to spray some watch oil above that, so that small droplets entered the

® Roland Wittje demonstrated that, in the interwar period, Robert Wichard Pohl and his educational system
established new standards in science teaching. See Roland Wittje, ““Simplex Sigillum Veri”: Robert Pohl and dem-
onstration experiments in physics after the Great War’, in Peter Heering and Roland Wittje (eds.), Learning by
Doing: Experiments and Instruments in the History of Science Teaching, Stuttgart: Franz Steiner Verlag, 2011,
pp. 317-48. With respect to the discussion in this paper, it is relevant that historical experiments hardly played
any role in Pohl’s teaching; this is also evident from his textbooks. See e.g. Robert Wichard Pohl, Einfiihrung in die
Elektrizitdtslehre, 1st edn, Berlin: Julius Springer, 1927; Pohl, Einfiihrung in die Mechanik und Akustik, 1st edn, Berlin:
Julius Springer, 1930; Pohl, Einfiihrung in die Physik 1: Mechanik, Akustik und Warmelehre, 7th edn, Berlin: Springer,
1944. The change in teaching physics is not limited to Pohl’s approach; other aspects were also relevant. Turner
states, ‘Between 1880 and 1920 the way science was taught in American High Schools changed dramatically. The
old “lecture/demonstration” method, where information was presented to essentially passive students, was
replaced by the “laboratory” method’. Steven C. Turner, ‘Changing images of the inclined plane: a case study
of a revolution in American science education’, Science & Education (2012) 21(2), pp. 245-70, 245.

® Harvey Fletcher, ‘My work with Millikan on the oil-drop experiment’, Physics Today (1982) 35(6), pp. 43-7, 44.
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space between the capacitor’s plates. He used an arc lamp for illumination and a cath-
etometer (a short-range telescope) to observe the light scattered by the drops. In the
laboratory, batteries were connected to banks that could provide 1,000 V DC; Fletcher
used one of these banks as well as a voltmeter. According to his account, within twenty-
four hours he had set up his ‘crude apparatus’ and could confirm that this set-up works:

I saw beautiful stars in constant agitation. As soon as I turned on the switch [thus
switching on the electrical field] some of them went slowly up and some went faster
down. I was about to scream as I knew then that some were charged negatively and
others positively. By switching the field off and on with the right timing one could
keep a selected droplet in the field of view for a long time ... I spent the rest of the
day playing with these oil droplets and got a fairly reasonable value of e before the
day ended.”

There is, of course, an extensive history prior to Fletcher’s work. But in subsequent years,
Millikan and Fletcher (and other researchers) continued to develop the experiment, and
their publications show that the apparatus, as well as practices with the apparatus, were
evolving. The capacitor was inserted in a vessel, the vessel was inserted in a tank filled
with oil (to increase thermal stability), the light was ‘cooled’ by filtering the infrared radi-
ation, the air pressure in the vessel was controlled and could be manipulated, the humidity
in the air was controlled, and so on and so forth. Importantly for the distinction between
research experiments and teaching demonstrations, it was not only the experimental set-up
that was under development. Crucially, experimental practice was also in flux, being devel-
oped through constant repetition: ‘In the interval between December, 1909, and May, 1910,
Mr. Harvey Fletcher and myself took observations in this way upon hundreds of drops’.?

The important aspect for the discussion in this paper is that initially the experimental
set-up (and also the procedures associated with it) were very flexible and variable. In the
course of the experimental development, an essential objective of the research of
Fletcher, Millikan and their colleagues was to establish more stability and control over
the experimental space - the experimental space in this example being the space between
the capacitor plates in which the oil droplets move. However, this stability is not simply
materialized, but results from an interaction of the experimenters with the apparatus that
aims at controlling the experimental space, and thus results in stability. Thus the experi-
mental set-up does not provide stability in and of itself, but only through interaction with
specific experimenters - in this case Fletcher and Millikan, who had taken the effort to
develop the necessary skills and the tacit knowledge. In this process, the experimenter’s
regress, as discussed by Collins, is relevant: stability is taken to be achieved through the
ability to produce reliable and ‘correct’ results.’

7 Fletcher, op. cit. (6), p. 46.

8 Robert Andrews Millikan, ‘The isolation of an ion, a precision measurement of its charge, and the correction
of Stokes’s Law’, Physical Review Series I (1911) 32(4), pp. 349-97, 360. Other key publications with respect to the
development of the experiment were Harvey Fletcher, ‘A verification of the theory of Brownian movements and a
direct determination of the value of ne for gaseous ionization’, Physical Review (1911) 33(2), pp. 81-110; Robert
Andrews Millikan, ‘On the elementary electrical charge and the Avogadro constant’, Physical Review 2/2 (1913),
pp. 109-43; Millikan, The Electron: Its Isolation and Measurement and the Determination of Some of Its Properties,
London and Chicago: The University of Chicago Press, 1917. For a detailed discussion of the instrumental devel-
opment in the oil drop experiment see Martin Panusch, ‘Millikan’s vessels’, Bulletin of the Scientific Instrument
Society (2012) 113, pp. 32-7.

® The relevance of skills and tacit knowledge have been discussed in detail by Collins: ‘Experimental ability has
the character of a skill that can be acquired and developed with practice. Like a skill, it cannot be fully explicated
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This is obviously different for teaching-demonstration devices: these instruments have
to act in a stable and reproducible manner in order to produce textbook-consistent
results. However, this stability is not the outcome of a stabilization process by the
user. Instead this has already been secured by the manufacturer and is materialized in
the instrument. The stability of the teaching device is therefore - in contrast to the
research instrument - largely decoupled from the user. Consequently, the stability of
the demonstrations is independent of the user, at least as long as the user has some com-
petence in teaching demonstrations. Thus there are distinct requirements for instruments
that are meant to be used in teaching, and as a result, when an experiment and the related
set-up are transformed into a teaching demonstration, these different requirements must
be met through instrumental design.

In a previous paper, I discussed the transformation of experimental instruments into
teaching devices.'® In this respect, I claimed that there are three aspects to this process:
downscaling and simplifying research instruments, stabilizing the experiment, and the
emergence of instruments that become iconic objects in the lecture room." In this
paper, I will examine two further elements in this process. The first relates to the pres-
entation of iconic objects that served as a representation of either an experiment or the
actions associated with an experiment. These objects are an integral part of a retrospect-
ive narration that is told in the lecture theatre and by the textbooks, connecting the
establishment of central concepts (such as energy conservation) to certain canonical
experiments (such as Joule’s experiments of the mechanical equivalent of heat). As I
will show in the course of this paper, this leads in some cases to the use of iconic objects
for teaching purposes. The second aspect relates to the development of educational
devices that served to produce the representation of a result of the same canonical experi-
ment. By contrasting the experiment itself with the subsequent teaching devices that
were marketed at the end of the nineteenth century and in the early twentieth, some
key peculiarities of educational demonstrations will become apparent.

James Prescott Joule and the mechanical equivalent of heat

My first example in this paper is the determination of the mechanical equivalent of heat
by James Prescott Joule - the central outcome of his research is a paper published in
1850."” In this paper, he described the paddle wheel experiment in which he demon-
strated the equivalent convertibility of mechanical force into heat. Inappropriately simpli-
fied, the experiment can be described as a huge water stirrer operated by sinking weights
(Figure 1). Crucial are two measurements - the distance of the weights’ fall and the
increase of the water’s temperature. Obviously, things are not that easy; this is evident
from the fact that Joule spent several years working on his measurements, publishing pre-
liminary results in 1845 and 1848, and prior to working with the paddle wheel, had used
different experimental set-ups to calculate the mechanical equivalent of heat.
Interestingly, referring to the results of Joule’s experiments, John Tyndall stated

or absolutely established’. Harry M. Collins, Changing Order: Replication and Induction in Scientific Practice, London
and Beverly Hills: Sage Publications, 1985, p. 73. In this context, Collins also discusses the experimenter’s regress.

19 peter Heering, ‘Tools for investigation, tools for instruction: potential transformations of instruments in the
transfer from research to teaching’, in Heering and Wittje, op. cit. (5), pp. 15-30.

! Apart from these options, I also discussed examples (particularly for the eighteenth century) where instru-
ments were used in both research and teaching. For one prominent example from the twentieth century see
Bertozzi, op. cit. (1).

12 James Prescott Joule, ‘On the mechanical equivalent of heat’, Philosophical Transactions of the Royal Society of
London (1850) 140, pp. 61-82.
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Figure I. Joule’s paddle wheel. Inside the vessel in the middle is the paddle that stirs the water. J. P Joule, Das
mechanische Widrmedquivalent (tr. V. Spengel), Braunschweig: Vieweg, 1872, with permission of the
Landesbibliothek Oldenburg.

retrospectively, ‘As the experience of the experimenter increased, we find that the coin-
cidence of his results becomes closer’."”

When analysing the experiment, several aspects turned out to be crucial: one relevant
detail was the sensitivity of the thermometers as well as Joule’s capability of reading them
with great accuracy. Another aspect was the room - it had to have a high heat capacity in
order to minimize the change in the room’s temperature during the experiment. In order
to have an effect that can be measured with the necessary accuracy, the temperature
increase had to be high enough - consequently, the weights were as heavy as twenty-six
kilograms in total, and fell a distance of some 1,250 inches (almost thirty-two metres) -
this was possible by dropping the weights twenty times and winding them up in between.
However, this had to be simultaneously done quickly and in a very controlled
manner - Joule did not mention who actually carried out this work, but clearly this
unknown helper was as crucial to the success of the experiment as Joule himself, the
room or the thermometers."*

As noted, these requirements were not met immediately; Joule spent years establishing
the stability and control necessary to produce a result he could claim to be reliable. Thus
the experiment can be described as a process, rather than an event. In this respect, the
aim was not only to produce a particular value in this process, but to produce stability
and exert control with respect to the behaviour of the set-up. Both aspects are reflected
in the resulting data that Joule published in his final paper - actually not the absolute data
in comparison to the value accepted nowadays, but the standard deviation of the forty

'3 John Tyndall, Heat Considered as a Mode of Motion, Being a Course of Twelve Lectures Delivered at the Royal
Institution of Great Britain in .. 1862, by John Tyndall, London: Longman, Green, Longman, Roberts and Green,
1863, p. 72. Tyndall’s observation corresponds to the stabilization process, and thus can be seen in the context
of the experimenter’s regress.

4 On the analysis of Joule’s experimental practice with respect to the paddle wheel experiment see in par-
ticular Heinz Otto Sibum, ‘Reworking the mechanical value of heat: instruments of precision and gestures of
accuracy in early Victorian England’, Studies in the History and Philosophy of Science (1995) 26, pp. 73-106.
Additionally see Sibum, ‘Les gestes de la mesure: Joule, les pratiques de la brasserie et la science’, Annales:
Histoire, sciences sociales (1998) 53(4-5), pp. 745-74; and John Young, ‘Heat, work and subtle fluids: a commentary
on Joule (1850) “On the mechanical equivalent of heat™, Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences (2015) 373(2039), 20140348, doi: 10.1098/rsta.2014.0348.
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measurements: the mean resulting increase of the temperature was 0.56 °F with a stand-
ard deviation of 0.010 °F. Perhaps even more relevant with respect to my argumentation is
the height the weights fell in each of the trials. This value has a standard deviation of 0.3
per cent, which can be seen as an indication of the control that was achieved in the pro-
cess of winding up the weights by an (unmentioned) assistant.

In his publication, Joule explicitly described a number of measures with which he
wanted to increase the reliability of his result. Most prominent are control measurements
which serve as a correction for thermal radiation effects. In preliminary experiments that
are mentioned in the paper, Joule determined the necessary correction for friction effects
and for the speed with which the masses touch down on the ground. Other aspects that
turned out to be necessary through the analysis with the replication method are only
implicitly visible - for example, the temperature of the water has to be in a range that
does not differ too much from the room temperature.

The process of creating the final version of the experiment required modifications of
both the apparatus and the procedures - thus the flexibility and openness of the initial
experiment enabled the developments that led to the experiment’s final version. In
this respect, Joule’s experiment shows characteristics that are comparable to that formu-
lated for Fletcher and Millikan’s experiment. Both experiments required time to create
the necessary stability and to enable the experimenter to achieve control of the experi-
mental behaviour. In both, experimental behaviour is not limited to the performance of
the apparatus itself, but also includes the experimenters’ actions. These actions had to be
carried out in a particular manner, and also required control and stabilization. All these
qualities were necessary in order to finish the experimental process.

Performative teaching: Max Kohl’s paddle wheel apparatus

These characteristics of Joule’s experiment become relevant in comparison to the various
educational devices that were marketed with respect to the experiment. A remarkable
example is the instrument sold by Max Kohl, one of the most prominent makers of dem-
onstration instruments for physics teaching in the late nineteenth century and the early
twentieth. This is actually a paddle wheel apparatus that looks - at first glance - very
much in accordance with Joule’s apparatus (see Figure 2)."> When seeing the instrument,
but even more when watching a demonstration, the optical resemblance between the
(mental image of the) research experiment and the teaching demonstration (which has
been re-created by Paolo Brenni, and can be seen in one of his online videos) is striking,
and - this is part of my argument - intentional. The instrument-maker (Max Kohl) obvi-
ously aimed at enabling the demonstrator to create a vivid image in the minds of their
audience of how Joule had actually carried out the experiment.'®

> The instrument can be found in e.g. Max Kohl A.G., Physikalische Apparate Preisliste Nr.50 Band Il und III,
Chemnitz (n.d. but published in 1911), p. 628 (item no. 55232A), at www.sil.si.edu/DigitalCollections/trade-
literature/scientific-instruments/files/51634 (last accessed 22 October 2022). On the status of the company
Max Kohl in the production of teaching instruments in the late nineteenth century and the early twentieth
see Paolo Brenni, ‘The evolution of teaching instruments and their use between 1800 and 1930’, Science &
Education (2012) 21(2), pp. 191-226. On the decline of the company due to (among other aspects) changing
demands on teaching instruments see in particular Wittje, op. cit. (5).

1¢ For an education video showing the reconstruction of Joule’s paddle wheel in action see https://youtu.be/
MBrTDKc9YZ0; for Paolo Brenni’s demonstration of the educational version see https://youtu.be/PThq8{JpCLw
(both last accessed 22 October 2022). It should be noted that Paolo Brenni provided a significant number of videos
showing the actual use of instruments kept at the Fondazione Scienza e Technica, Florence. On the process of
making these videos and particularly on the intended use see Paolo Brenni, ‘Filming nineteenth century physics
demonstrations with historical instruments’, in Elizabeth Cavicchi and Peter Heering (eds.), Historical Scientific
Instruments in Contemporary Education, Leiden: Brill 2022, pp. 34-49.
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Figure 2. Left: reconstruction of the paddle wheel used in the analysis with the replication method, with permission
of the Carl von Ossietzky Universitit Oldenburg. Right: teaching version of the paddle wheel apparatus from the
company of Max Kohl, with permission of the Fondazione Scienza e Tecnica, Florence.

However, comparing the two set-ups more closely, significant differences become evi-
dent. The weights are not the same: Joule used about twenty-six kilograms, while the edu-
cational set-up uses only about twelve kilograms. The amount of water in the vessel is
only slightly reduced in the educational version (six litres versus five litres), thus the
increase in temperature will be significantly smaller unless the height of the fall of the
weights is increased considerably. Also, the design of the paddles is different; as a result,
friction is apparently less, which is evident from the higher sinking rate of the weights in
the educational set-up. Two other changes affect the operation of the device: the demon-
strator connects the roller and the axis of the paddle wheel through the operation of a
metal lever, and the thermometer remains in the vessel during the entire operation.

This latter modification appears to be only marginal, but it has some relevant conse-
quences. When the thermometer remains in the vessel, it is in permanent thermal equi-
librium with the water. In Joule’s experiment, the thermometer is outside the water,
meaning that thermal equilibrium has to be restored. Normally, this means that one
has to wait until the instrument reads a constant temperature. However, in Joule’s experi-
ment the thermometers are very sensitive - as Joule claimed, they can be read to 1/200th
of a degree Fahrenheit - and readings are not stable at this level of accuracy. Thus the
operator has to have a profound understanding of the nature of the temperature measure-
ment in order to make an adequate decision about when to read the temperature. In con-
trast, in the educational version the temperature can be read as soon as the operation

https://doi.org/10.1017/50007087423000274 Published online by Cambridge University Press


https://doi.org/10.1017/S0007087423000274

The British Journal for the History of Science 359

comes to an end, or even before. Therefore it appears that measurement with the educa-
tional device is much easier.

Yet there are problems which make it unlikely that the device could ever have pro-
duced data. As pointed out, the heat capacity of the room was one of the crucial details
in Joule’s experiment (the cellar of the family brewery) - this is certainly different to a
lecture hall full of students where the required uniformity of temperature could not be
secured. Moreover, the weights are smaller, so in order to achieve the same mechanical
energy, a larger height is required - this can be realized by winding up the weights and
letting them fall again not just twenty times, but perhaps as many as forty. Joule stated
that one run took him about thirty-five minutes - winding up the weights twice as often
will obviously take even more time. Thus both technical and practical arguments make it
questionable that the teaching device was able to produce data that could be used to cal-
culate the mechanical equivalent of heat within the context of the lecture itself.
Additionally, as Brenni’s reconstruction shows, the demonstration in practice is noisy,
and could not realistically have been carried out alongside a lecture in progress for any
length of time. Consequently, the actual performance of the experiment was virtually
impossible: the device was not there to produce data.

If producing data for demonstration was not the purpose of the device, one may ask,
what could be done with it instead? On the one hand, the apparatus is clearly iconic, mod-
elling a research experiment that is considered fundamental to the development of phys-
ics. Yet it is not meant just to be looked at, but to be operated. In my understanding, this
device was meant to demonstrate not just the apparatus of Joule’s experiment, but also
the procedures surrounding them. Thus demonstrating this apparatus in a lecture enabled
the students to develop an understanding of the instrumental as well as procedural
aspects of Joule’s experiment - winding up the weights, reading the heights of the
weights, reading temperatures. Certainly, one can question whether this approach
could have resulted in an appropriate understanding of the procedures; particularly read-
ing thermometers with the necessary accuracy might have been more challenging than
these aspiring physicists, familiar only with thermometers that can be read to one degree,
imagined.

But the point here is that the demonstration puts students in a situation somewhat
comparable to the (virtual) witness that was common in the latter half of the eighteenth
century, enabling them to prove the trustworthiness of experimental results. As Golinski
points out, ‘printed texts that were deliberately crafted to place the reader in the position
of “virtual witness” to experimental demonstrations’ were characteristic of eighteenth-
century knowledge production and communication.'” Both situations enabled their audi-
ences to generate a mental image of the actual experiment. Just as with reading text, wit-
nessing the teaching demonstration required the audience to undertake an exercise in
mental imagination and accommodation, since the demonstration itself did not
correspond to the original historical experiment, but was subject to a (at least in part
intentional) distortion.

It also, of course, involved a more insidious epistemological form of distortion with
respect to the image of experimentation that it created: the idea that one had only to
place an apparatus in a room (actually in any room) and do some manipulation in
order to produce science. As noted earlier, Joule’s experiment was developed over the

17 Jan Golinski, Science as Public Culture: Chemistry and Enlightenment in Britain, 1760-1820, Cambridge: Cambridge
University Press, 1992, p. 4. Texts were not the only way produced knowledge was communicated; as Golinski also
points out (op. cit., p. 8), ‘The rhetoric of both demonstrations and texts was aimed at diffusing factual knowledge
among as wide an audience as possible by allowing them to witness, or if possible to replicate, experimental
findings’.
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course of some five years, and crucial aspects of this development were the initial open-
ness and flexibility (metaphorically speaking) of his experiment. In contrast, the teaching
device is simple, straightforward and fixed, with no flexibility with respect to the instru-
ment or its operation and little skill needed on the part of the demonstrator. But because
it is operational, providing the audience with an imitation of Joule’s experimental proce-
dures, it becomes not just an iconic experiment but a didactical demonstration of what it
meant to do science. Notably, this was not the only way in which the mechanical equiva-
lent of heat was to be taught. Other teaching devices address other aspects of Joule’s
experiment - in particular the actual value that emerged. In the next section, two of
these demonstrations are discussed in detail.

Product-oriented teaching: Puluj’s and Callendar’s instruments for teaching the
mechanical equivalent of heat

Some decades prior to the paddle wheel teaching demonstration, Johann Puluj proposed a
completely different apparatus related to teaching the mechanical equivalent of heat.'®
Central in his instrument were two conical metal cups, one of which fitted exactly into
the other. The inner cup was filled with mercury and a thermometer was inserted,
while the outer cup was attached to a disc that could be rotated from a hand-operated
wheel. A string connected the inner cup to a scale pan in which a few grams of lead
were placed. When the apparatus was set in motion, the outer cup rotated at a certain
speed, causing friction between the two cups. The frictional force made the inner cup
move slightly, and as a result the scale pan was lifted. The speed of the outer cup was
adjusted so that the scale pan hovered at a certain height (this corresponds to a dynamo-
metrical brake). Consequently, frictional force and gravitational force balanced each
other, and from the number of rotations the mechanical energy could be determined
and set in relation to the increase of temperature - as a result, the value of the mechan-
ical equivalent of heat can be determined (Paolo Brenni has demonstrated this apparatus;
see also Figure 3)."° In his 1876 publication, Puluj points out that he used this device for
demonstrations in his lectures. The result, he reported,

is in best agreement with the number 424,9 found by Joule as the mean of a large
number of very well corresponding values. This result can also be taken as a measure
of the accuracy with which the demonstration [Versuch] can be carried out with the
help of this simple apparatus.”

Obviously, this teaching device is related to Joule’s work only by topic. Both deal with the
mechanical equivalent of heat, but Puluj’s apparatus is not related to Joule’s, it has no his-
torical context, and the only thing one can do is turn the handle and produce temperature
readings in relation to the number of revolutions - and these readings, together with the
mass of the small lead balls, result in the mechanical equivalent of heat. Consequently, the
quality of the instrument was judged by its ability to produce a value that corresponds to
the one found in the textbooks (or the one published by Joule).

Like Puluj, Hugh Longbourne Callendar proposed a set-up that was meant to be used in
teaching the mechanical equivalent of heat by demonstrating the ability to produce the
value that was connected with Joule’s experiments. Central to Callendar’s device was a

'8 Johann Puluj, ‘Ueber einen Schulapparat zur Bestimmung des mechanischen Warmeaequivalentes’, Annalen
der Physik und Chemie (1876) 233, pp. 437-46.

1% This video can be accessed at https://youtu.be/7gz4vquCiel (last accessed 22 October 2022).

2 pulyj, op. cit. (18), p. 446.
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Figure 3. Puluj’s apparatus for demonstrating the value of the mechanical equivalent of heat, with permission of the
Fondazione Scienza e Tecnica, Florence.

‘metal cylinder containing liquid [which] is mounted so as to be capable of rotation about
a horizontal axis. A belt passing over the circumference of the cylinder carries unequal
weights on either side’.*' In the demonstration, the cylinder was rotated at a velocity
that made the weights levitate - consequently, the friction compensated the difference
between the gravitational forces and was thus known. A counter registered the number
of revolutions; as a result, the mechanical energy was determined. A thermometer was
inserted in the cylinder to determine the heat and, in comparing these two values, the
value of the mechanical equivalent of heat was demonstrated.”” As in the case of
Puluj’s apparatus, Callendar’s device also produced a value that corresponded to the estab-
lished value for the mechanical equivalent of heat.

In the case of both devices, there is just one way in which each can be operated. Unlike
the paddle wheel demonstration device, limited skill is needed in order to produce proper
results, and there are hardly any options for modification of the apparatus. If operated
correctly, both instruments produce one particular number: failure to produce that num-
ber demonstrates the operator’s incompetence, as opposed to a problem with the machine

! Hugh Longbourne Callendar, ‘Improvements in apparatus for measuring the mechanical equivalent of heat’,
Patent GB190213377 (A)-1903-06-11, at https://worldwide.espacenet.com/data/espacenetDocument.pdf?
ND=4&flavour=trueFull&locale=en_EP&FT=D&date=19030611&CC=GB&NR=190213377A&KC=A&popup=true (last
accessed 22 October 2022).

?2 Callendar’s device was initially marketed by the Cambridge Instrument Society. See Cambridge Scientific
Instrument Company, Callendar’s Apparatus for Measuring the Mechanical Equivalent of Heat, Cambridge, 1977, at
www.sil.si.edu/DigitalCollections/trade-literature/scientific-instruments/files/51711  (accessed 22  October
2022). The flyer states that the company is the sole maker; however, Max Kohl A.G. had a similar instrument
in the fiftieth Preisliste. Kohl, op. cit. (15), p. 628.
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or the concept.”> At the same time, the measurement does not take much time. Puluj
reported in his paper six series of measurements, each containing between two and
ten measurements, each of which took less than a minute, making his claim that this
device was suitable for demonstrations in his lectures seem reasonable.
Experimentation with one of Callendar’s devices in the collection of the HistoLab at
the Europa-Universitdt Flensburg showed that it was likewise possible to carry out
demonstrations in a similar amount of time (see Figure 4).** This experience corresponds
to the claims made by the Max Kohl A.G. catalogue, which stated explicitly for the electric
motor version, ‘The lecturer can obtain values accurate to approx. %% in the presence of
the audience within 10 minutes’.”> However, neither of these instruments could do any-
thing but produce the textbook value within margins of error, meaning that ‘nature’ could
not act other than to respond by producing the textbook value. As a result, the interaction
of the demonstrator with the device resulted in a predetermined result - there was no
flexibility in either the procedures or the outcome.

This can be interpreted in two ways. On the one hand, the lecturer established the ver-
acity of the scientific knowledge that he is teaching - there are no doubts; there is no
uncertainty. He is possessed of clear pedagogical authority, relevant with respect to
the initiation of the students into the thought collective to which the lecturer belongs.
Demonstrations which (however contrived) enable students to witness with their own
eyes how, and according to which rules, nature works can be even more powerfully con-
vincing than lecturers and textbooks.” Yet there is another level of significance here: the
demonstration also shows the lecturer’s (and by extension the collective’s) authority over
nature. Demonstrations and experiments (which cannot necessarily be distinguished by
the students) are designed in such a manner that nature has to respond - and the
response is already predicted by science (or the lecturer). This encapsulates the classical
understanding of knowledge production through experiments (or demonstrations in
teaching). See, for example, Brockhaus’s Conversations-Lexikon from 1847, under the
entry ‘Versuch oder Experiment”:

any observation in the natural sciences that is made under conditions that one has
intentionally arranged to exclude certain influences, to add others and thereby to
quasi-enforce nature to answer about the essential and non-essentials of a
phenomenon.”’

 There are, of course, other proposals for how to demonstrate the mechanical equivalent of heat in a lecture.
See e.g. Ernst Grimsehl, ‘Demonstrationsapparat zur Bestimmung des mechanischen Wirmedquivalentes’,
Zeitschrift fiir den physikalischen und chemischen Unterricht (1903) 16, pp. 290-2; W. Hespe, ‘Ein Apparat zur
Bestimmung des mechanischen Wirmedquivalents durch Reibung’, Zeitschrift fiir den physikalischen und chemischen
Unterricht (1904) 17, pp. 334-9.

2 For a detailed discussion of the demonstration see Ruben Holldnder, Historische Lehrversuche zum
mechanischen Wirmeéquivalent: Historische, materielle und performative Aspekte’, unpublished MA thesis,
Europa-Universitét Flensburg, 2020.

% Kohl, op. cit. (15), p. 629. Remarkably, this is exactly what the Cambridge Scientific Instrument Company
stated in their manual.

%6 Shapiro emphasized that textbooks have great authority in science education; the same is certainly true
with respect to teaching demonstrations, see Adam R. Shapiro, ‘Between training and popularization: regulating
science textbooks in secondary education’, ISIS (2012) 103, pp. 99-110.

" Conversations-Lexikon Allgemeine deutsche Real-Encyklopddie fiir die gebildeten Stéinde, 9th edn, 15 vols., Leipzig:
F.U. Brockhaus 1847, vol. 14 (Sueven-Viterbo), p. 700: ‘heift in der Naturwissenschaft jede Beobachtung, welche
unter Bedingungen angestellt wird, die man selbst erst absichtlich angeordnet hat, um gewissen Einwirkungen
auszuschliefen, andere zuzufiigen und dadurch die Natur iiber das Wesentliche und Unwesentliche einer
Erscheinung zu Antworten gleichsam zu zwingen’. I am indebted to Linnéa Bergstrésser, who informed me
about this quote. Similarly, Chwolson pointed out in his textbook that ‘through observation, one eavesdrops,
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Figure 4. Callendar’s apparatus for demonstrating the value of the mechanical equivalent of heat. Photograph
Ruben Hollinder, Europa-Universitat Flensburg.

Through these teaching demonstrations, nature was exhibited and perceived as a passive
actor in the lecture hall that had, and could if necessary be forced, to answer. At the same
time, the lecturer, representing the thought collective of physicists, was the one who
could make nature reveal the truth. At this time (we are at the beginning of the twentieth
century) lecture halls were still single-sex spaces, populated by male lecturers, demon-
strators and students. In this respect, Friedrich Kohlrausch'’s recollection of his experience
of the late nineteenth-century lecture experience is remarkable. As he pointed out in the
introduction to the eleventh edition of his Lehrbuch der praktischen Physik,

it is justified to look back to the time when the book was written [1870]; but it is
more interesting to focus, instead of on the book, on the conditions existing at
that time, all the more so because the number of colleagues who know that situation
from their own experience has become small. For them, too ... an abstraction will be
necessary if they want to visualize again the narrow patriarchal condition which
existed half a century ago in the operation of the physical institutes.”®

through experiment one interrogates nature’. 0.D. Chwolson, Lehrbuch der Physik (tr. H. Pflaum), vol. 1,
Braunschweig: Vieweg, 1902, 3.

%8 Friedrich Kohlrausch, ‘Vorwort zur 11. Auflage’ (1910), in Kohlrausch, Lehrbuch der praktischen Physik, 14th
edn, Leipzig and Berlin: B.G. Teubner 1923, pp. iii-v, iii. On the development and educational background as well
as on the canonical status of Kohlrausch’s book see Olesko, op. cit. (3)
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Even though Kohlrausch certainly did not have any gender issues in mind when he used
the term ‘engen patriachalischen Zustand’ in his introduction, it is helpful to understand
it also in this respect. This is even more the case when Carolyn Merchant’s interpretation
is added to the picture: ‘Merchant rightly called attention to the adamant gendering of
nature as female in both ancient and modern science traditions.”” To put it bluntly,
what we have in the late nineteenth century and the early twentieth (and this is not
necessarily limited to this period) physics lecture hall is a male expert (the lecturer, pos-
sibly supported by a male demonstrator) and male novices who are to become members of
a collective that is (almost) entirely male. The only actor in the room that is perceived as
female (following Merchant’s interpretation) is nature, but nature is not free to act, but is
forced in the demonstration to reveal the truths that the lecturer claims to know.*

This understanding shows that the lecture hall was a gendered place, and that teaching
demonstrations played a significant role in establishing the credibility of the (male) sci-
entist who apparently controls nature and demonstrates the ability to make nature reveal
the truth. While this is true with respect to all demonstrations made during a lecture, the
focus of this paper is on representations of canonical experiments. So what was their sig-
nificance in this context?

These representations treat certain concepts as fundamental, even if the research
experiments initially were not directly connected to these concepts. Thus in some
cases the teaching version of the canonical experiment was used to demonstrate some-
thing different to the result of the initial experiment. In these cases, we have another
transformation: alongside changes in the set-up used, there is also a conceptual trans-
formation in what is identified as the result. This becomes evident when looking at
some of the examples mentioned in the introduction: Joule’s work became related to
the principle of energy conservation, Cavendish’s experiments were read in terms of
establishing the gravitational constant, Coulomb’s work was related to Maxwell’s equa-
tions which are fundamental to electrodynamics.”’ However, some historical experiments
were taught in their original research context: Millikan’s oil drop experiment was con-
nected to the establishment of an atomic structure in electricity, and the ice calorimeter
was crucial for the concept of heat. For either category, the overall message of all the
teaching representations of historical experiments was clear: fundamental scientific con-
cepts are based on empirical evidence and can thus be regarded as true.

To summarize the discussion so far: with respect to the example of teaching the mech-
anical equivalent of heat, there are two different types of teaching device that addressed
different aspects of Joule’s experiment. The paddle wheel demonstration device focused
on the experimental procedure, while Puluj’s and Callendar’s devices prioritized the

%% Londa Schiebinger, ‘The philosopher’s beard: women and gender in science’, in Roy Porter (ed.), The Cambridge
History of Science: Eighteenth-Century Science, Cambridge: Cambridge University Press 2003, pp. 184-210, 193.
Schiebinger refers to Carolyn Merchant, The Death of Nature, San Francisco: Harper & Row, 1983.

% In this respect, this can be seen as another example of Watts’s observation: ‘Exploring the history of science
in these ways has demonstrated how it has often been underpinned by both deeply embedded gendered associa-
tions in its very language and practice and assumptions that the control sought by rational knowledge over nat-
ural forces can be equated with “masculine” dominating “feminine™. Ruth Watts, ‘Whose knowledge? Gender,
education, science and history’, History of Education (2007) 36(3), pp. 283-302, 286.

3! Cavendish did not intend to determine the gravitational constant but aimed at measuring the density of the
Earth. See Beryl E. Clotfelter, ‘The Cavendish experiment as Cavendish knew it’, American Journal of Physics (1987)
55, pp. 210-13. Coulomb established only the force-distance relation experimentally (and added the product of
the charges due to conceptual reasons), but did not publish an equation. See Charles Augustin Coulomb, ‘Premier
mémoir sur l'électricité et le magnétisme’, Mémoires de I’Academie royale des sciences pour l'année 1785, 1788,
pp. 569-77; Coulomb, ‘Sur I'électricité et le magnétisme, deuxiéme memoir’, Mémoires de I’Academie royale des
sciences pour 'année 1785, 1788, pp. 578-611.
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experimental results.’” Yet, despite the differences, there were also similarities. Most not-
ably, all instruments were stabilized in a manner that made them fairly easy to operate
while minimizing flexibility. This makes sense, since teaching instruments were meant
to be used in lectures where the time available for demonstration was limited. Both
sets of devices could be used relatively quickly, the paddle wheel to showcase the per-
formarnce of experimental practice, while the other devices produced the experimental
values that were also found in the textbooks.

Expanding the case study

These aspects discussed so far are not unique with respect to Joule’s experiment. For
example, in the late eighteenth century, the French military engineer Charles August
Coulomb carried out electrical experiments and established the torsion balance as a
device for demonstrating the force distance relation for electrical charges. The torsion
balance became a central object in the study of electricity, and, unsurprisingly, soon
the instrument also entered the lecture hall. However, it also soon proved problematic.
Paul Louis Simon in Berlin complained in a letter published in the Annalen der Physik
that he intended to ‘dispense with Coulomb’s compound torsion apparatus, which is all
too unsteady for use in lectures’.’> Some twenty years later, Georg Simon Ohm noted
in his treatise on electrical conductivity that he had his own device made on site for
his experiments, as the two existing torsion balances were not at all usable for accurate
experiments.*

The criticisms formulated here can be interpreted in various ways. On the one hand,
the torsion balances may have been devices for research that were less stabilized and con-
sequently demanded higher skill from the users because of the lack of stabilization.
Simon’s criticism in particular can be read in this direction. On the other hand, Ohm at
least seems to have come across torsion balances in the collection that were not very suit-
able for his research purposes. Of course, these instruments may also initially have been
designed for research, but may have been of low quality. This would not necessarily mean
that they were not suitable for teaching: a poor research instrument could still be used to
demonstrate the actions that were to be performed in order to produce the experimental
result. But the instrument Ohm had in the teaching collection may also have been
designed specifically for teaching purposes. This would imply that there was little possi-
bility of adapting instruments stabilized for lecture purposes to a research question.
Again, then, while a highly stable instrument can imitate experimental actions (similar
to Max Kohl’s paddle wheel apparatus) in order to illustrate the use of the apparatus
in question, it cannot actually produce data. How this performance is perceived by the
students would then depend on the context given in the lecture. They can see it as a
teaching demonstration of how a historical experiment was carried out in principle,

%2 1t should be noted that the Max Kohl A.G. provided all the instruments discussed in the context of teaching
the mechanical equivalent of heat, plus some more. see Kohl, op. cit. (15), pp. 627-9. Several versions of Puluj’s
apparatus can be found (Kohl, op. cit. (15), p. 627, items 52050, 52051, and 55226) as well as Callendar’s device
(with an electric motor: Kohl, op. cit. (15), p. 629, item 55230.).

%% paul Louis Simon, ‘Auszug aus einem Schreiben ... an den Professor Gilbert in Halle’, Annalen der Physik
(1807) 27, pp. 325-7, 327.

** Georg Simon Ohm, ‘Bestimmung des Gesetzes, nach welchem Metalle die Kontakt-Elektrizitit leiten, nebst
einem Entwurfe zu einer Theorie des Voltaschen Apparates und des Schweiggerschen Multiplikators’, Journal fiir
Chemie und Physik (1826) 44, pp. 137-66. According to Ohm, these balances were transferred from Stralburg to
Cologne; most likely they were part of the collection of Jacob Ludwig Schiirer and were transferred to
Cologne by Christian Kramp in 1799. See Gunter Quarg, ‘Das physikalische Kabinett und der Physik-Unterricht
in K3ln’, Jahrbuch des Kélnischen Geschichtsvereins (1994) 65(1), pp. 113-36.
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Figure 5. Set-up of demonstration apparatus for the physics lecture on electrostatics at the Norges Tekniske
Hoyskole (Norwegian Institute of Technology), 1915. Statsarkivet i Trondheim, A-2831 —Norges Tekniske
Hagskole (NTH) Fysisk institutt/fysikkseksjonen, Ua: | Negativer fra oppsett til demonstrasjonseksperimentene er
en fotodokumentasjon av demonstrasjonseksperimenter i fysikkforelesningen fra 1914/15.

but they can also perceive it as a demonstration of how experimental measurements are
actually carried out.

However, other teaching examples of the torsion balance exist. One example can be
found in the historical collection of the Department of Physics of the Norges Tekniske
Hogskole, now NTNU, in Trondheim. Here, a torsion balance, again sold by Max Kohl,
was used in lecture demonstrations between 1910 and the early 1920s (Figure 5).*
Close examination reveals that this instrument shares key characteristics with the dem-
onstration of the mechanical equivalent of heat provided by Max Kohl. The torsion
micrometer was made out of a single piece of brass with the scale only indicated, and
did not allow for any quantitative measurements. Consequently, the device can be used
for demonstrations of the procedures but not for the production of data.’® Even in the
late twentieth century, we find teaching devices that are labelled torsion balance, but

I am indebted to Roland Wittje, who made me aware of this instrument and its use in teaching as well as
enabled me to examine the still-existing device. For a more thorough discussion of this instrument see Heering,
op. cit. (10).

3¢ Teaching representations like these two are not limited to canonical experiments; another example is a
bimetallic spiral thermometer: ‘The object in the Playfair Collection has the basic appearance of a spiral bimet-
allic thermometer though it could not function as one as the metal spiral is constructed from a single metal,
brass ... it may have been intended for showing to a large class.” R.G.W. Anderson, The Playfair Collection and
the Teaching of Chemistry at the University of Edinburgh 1713-1858, Edinburgh: The Royal Scottish Museum, 1978,
p. 85. 1 am indebted to Louis Volkmer, who pointed me towards this example.
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apart from the measuring principle have little in common with Coulomb’s instrument.
These set-ups have a bifilar suspension, significantly larger conducting spheres replace
the pith balls in Coulomb’s instrument, and they use a light beam reflected from a mirror
that is attached to the upper end of the holder which carries the movable ball. The
spheres are charged with either a rubbed plastic rod or a high-voltage power supply.
Then respective measurements are carried out that demonstrate the force being propor-
tional to the product of the charges and inversely proportional to the square of the dis-
tance between the centre of the spheres.’’

What remains slightly unclear in comparison with Joule’s and Coulomb’s research
experiments is the question of the development of the instrument and the procedures
over time. At first glance, Coulomb used the torsion balance to make the electrical experi-
ments, and came up with the inverse square law immediately after demonstrating the law
of torsion for metal wires in 1784. Thus it seems that the stabilization process that could
be identified both in Joule’s experiments and in the collaboration between Fletcher and
Millikan did not take place. However, Coulomb did carry out a research programme
focused on the mathematical description of lightning rods and their behaviour - and in
the course of this study (which took from 1785 until 1791) it is possible to see the devel-
opment of both the instrument and the procedures for its use.”® This case would be
another example for both the stabilization process carried out by the experimenter
and the modification of the transformation process that was necessary for crossing the
boundary between research and teaching.

Conclusion

Teaching demonstrations that are related to canonical experiments have various shared
characteristics. Some examples include downscaling and simplifying research instru-
ments, or stabilization of the demonstration devices that reduced the skills required of
the demonstrator, while some devices served as significant iconic objects in the lecture
room, Particularly for the period analysed in this paper (1870-1920), one aspect is com-
mon to the teaching devices deployed there - they have become stabilized in that the
results which they produce are entirely predictable. This stability is based on and in
their material design, which makes it extremely difficult, if not impossible, for them to
behave in a way other than that expected by the lecturer.

However, teaching devices in the nineteenth century and the early twentieth, particu-
larly those used to demonstrate canonical experiments, also shared other key character-
istics. In some cases, it was the procedures of the canonical experiment that were
pedagogically significant: in these examples, it was not the outcome of the experiment
that mattered, especially where the instrument was actually unable to produce straight-
forward data. Such data could be produced by alternative, complementary, experimental
set-ups - although these would also need to be stabilized, in that the operator should be
fairly easily able to produce data that correspond to the result of the historical textbook

37 A description of the torsion balance (Schiirholz design) can be found at www.ld-didactic.de/documents/en-US/
GA/GA/5/516/51601defs.pdf (last accessed 7 February 2023); a slightly different design can be found at www.
conatex.com/catalog/physik_lehrmittel/fundamentale_konstanten/gravitation_coulomb_sches_gesetz_lichtgesch
windigkeit/product-torsionsdrehwaage_zum_nachweis_des_coulomb_schen_gesetzes/sku-1041409 (last accessed 7
February 2023). The intended use of the first instrument for ‘{cJonfirming Coulomb’s Law - Measuring with the torsion
balance, Schiirholz design’ can be found at www.ld-didactic.de/documents/en-US/EXP/P/P3/P3121_e.pdf (last
accessed 7 February 2023).

% On Coulomb’s research programme see Peter Heering, ‘Styles of experimentation and the attempts to estab-
lish the lightning rod in pre-Revolutionary Paris’, in Peter Heering, Oliver Hochadel and David Rhees (eds.),
Playing with Fire: Histories of the Lightning Rod, Philadelphia: American Philosophical Society, 2009, pp. 121-43.
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experiment, be that a value or a relation. It was, however, crucial to reduce the need for
skill on the part of the operator: pragmatically, no lecturer or demonstrator would have
the time or resources necessary to acquire all the tacit knowledge required for the suc-
cessful manipulation of historical research apparatus. Instead, the device had to materi-
alize the working principle at stake in such in a manner that the demonstrator would
easily be able to produce the expected outcome.>

In this respect, one can ask, what was the purpose of teaching demonstrations, particu-
larly those demonstrations related to canonical experiments? Two elements are particu-
larly important here. On the one hand, the inclusion of these experiments in the
curriculum helped to create a narrative in terms of disciplinary tradition: physicists-to-be
are brought into direct connection with the historical heroes of the past. This would also
explain why these teaching demonstrations were placed in the context of a creation of
scientific identity or persona. As Daston and Sibum observed, ‘identities and the names
that designate them are recycled from generation to generation, so that ancestors are
endlessly reincarnated and the social structure of the clan appears static’.*® The cases dis-
cussed here demonstrate that this applies not just to individuals, but also to experiments.
These experiments from the history of physics became (in the lecture, and thus in the
formation of future physicists) decontextualized and timeless; their outcome was commu-
nicated as true in an absolute sense. On the other hand, the lecturer’s performance also
demonstrated his ability to make nature perform according to scientific laws, when their
apparatus produced the expected values (product-oriented), or when their practice
enacted the procedures whereby nature’s secrets were unveiled by historical actors
(process-oriented). Both types of demonstration enacted the control and dominance of
the lecturer over nature - either way, nature could not behave otherwise than as the lec-
turer, reflecting the established textbook knowledge, had specified. Canonical experi-
ments are particularly significant here as the respective knowledge and its production
became an integral part of the identity of the discipline.
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%% This stabilization of the demonstrator’s behaviour is not to be confused with the experimenter’s regress; in
educational demonstrations, no new knowledge is produced but established knowledge is demonstrated and
transferred.

0 Lorraine Daston and H. Otto Sibum, ‘Introduction: scientific personae and their histories’, Science in Context
(2006) 16, pp. 1-8, 1. My discussion of the historical construction of scientific personae is also triggered by recent
studies in science education. See e.g. Lucy Aavramidou, ‘Science identity as a landscape of becoming: rethinking
recognition and emotions through an intersectionality lens’, Cultural Studies of Science Education (2020) 15,
pp. 323-45.
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