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ABSTRACT This paper addresses the development of experiments and experimental practices in the process
of transformation from a unique and innovative research experience towards established knowledge. In this
respect, some strategies of stabilization will be discussed in an exemplary manner, using examples from 18"
century research in the field of electricity. Moreover, some educational implications of this process will also
be discussed.
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RESUMO Este artigo trata do desenvolvimento de experimentos e prdticas experimentais no processo de passagem de
uma experiéncia de pesquisa singular e inovadora para um conhecimento estabelecido. Nesse sentido, algumas estratégias
de estabilizagdo serdo discutidas de maneira exemplar, usando casos da pesquisa setecentista no campo da eletricidade.
Além disso, algumas implicagdes educacionais desse processo também serao discutidas.

Palavras-chave histdria da experimentagio cientifica — prdticas experimentais — educacdo cientifica.

In 1746, the English natural philosopher William \Watson wrote two letters to Martin Folkes, at the time President of
the Royal Society London. In these letters, he described an electrical experiment which he had been able to replicate:

I suspended a Poker in silk Lines; at the Handle of which hung several little Bundles of white thread, the
Extremities of which were about a Foot at right Angles from the Poker. Among these Threads, which were
al attracted by the rubbed Tube, I excited the greatest electrical Fire I was capable, whilst an Assistant
near the End of the Poker held in his Hand a Spoon, in which were the warm Spirits. Thus the Thread
communicated the Electricity to the Poker, and the Spirit was fired at the other End. ... By these Means,
I fired several Times not only the atherial Liquor or Phlogiston of Frobenius and rectified Spirit of Wine,
but even common proof Spirit.!

In a second letter to the Royal Society, Watson gave a modified description of this experiment:

I placed a Man upon a Cake of Wax, who held in one of his Hands a Spoon with the warm Spirits, and in
the other a Poker with the Thread. I rubbed the Tube amongst the Thread, and electrified him as before.
I then ordered a Person not electrified to bring his Finger near the Middle of the Spoon; upon which, the
Flash from the Spoon and Spirit was violent enough to fire the Spirit.?
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This experiment, the electrical ignition of fluids, was amongst the most popular ones in the popular area of 18th
century electricity. Initially, this experiment had been carried out by the physician C. F. Ludolff in January 1744° and it
became fairly quick part of the standard repertoire of those instrument makers and demonstrators who showed elec-
trical experiments (at least according to their publications). Several of these publications demonstrate the prominence
of this experiment by including a plate which shows how the experiment is to be performed, and from these plates,
some modifications get visible.

Figure 1: Electrical ignition of a liquid with a rapier.®

7

To start with one example: Figure 1 shows one
of the classical performances of the experiment: One
person stands insulated and is in contact with the prime
conductor of the electrostatic generator (that may also
be a poker as described by Watson). Another person
presents a spoon with the ignitable liquid, and the first
person approaches the surface of the liquid with a rapier.
When a spark flies from the end of the rapier into the
liquid, the liquid will be ignited. As already mentioned,
this was one of those experiments which were very
popular, and in the process of demonstrating the experi-
ment, several modifications took place. One of the most
notable ones was realized by Johann Heinrich Winkler,
a demonstrator who established himself in Leipzig and
became — at least in part through the popularity of his
public lectures — one of the leading electrical researchers
in the German speaking community. Winkler performed
his experiment publicly. At one of these occasions, in the
presence of Christian Wolff, the leading German authority
in natural philosophy, he was requested whether the
metal was really necessary in order to ignite the liquid.
According to his account, Winkler had to admit that he
was not aware whether this was a requirement, thus
the audience tried the experiment without the rapier,
and again, the liquid burned.*
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However, let us return to the letter William Watson wrote in order to inform the Royal Society about his experi-
ments: what makes his report and noteworthy is not that he described the experiment — even though he is one of the
first in England to describe this experiment. Remarkable appears the introduction of his first letter:

The Society having heard from some of their Correspondents in Germany, that what they call a Vegetable
Quintessence had been fired by Electricity, I take this Opportunity to acquaint you, that on Friday Evening
last I succeeded, after having been disappointed in many Attempts, in setting Spirits of Wine on Fire by
that Power.”

The unusual part in his account is the admittance of a large number of unsuccessful attempts. This is a detail
which is not found in that many descriptions of experiments, the majority reads as the following example from a book
on popular experiment by George Ribright:

To set Spirits of Wine on Fire. If some warm spirits of wine be brought in a cup, within the reach of the per-
son standing on the stool, and he presents his finger perpendicularly down near the spirits, the spirits will
immediately take fire; and, in a like manner, if the cup, provided in the apparatus, be fixed on the prime
conductor (as in plate II, fig. 14) any one in the room, not on the stool, nor in connection with the prime
conductor, by putting his finger to the spirits, as in plate, will set them on fire.?

Comparing the two accounts, different rhetoric figures get evident: Watson is claiming that it took him many
attempts before he finally succeeded with the experiment. From this description, an image of the experimenter is cre-
ated where Watson had to overcome many disappointments, and where the final success in the experiment forms a
significant achievement. However, in Ribright’s account, the image of the experimenter is completely different — here
“any one in the room” will set the liquid on fire.

Even though one could discuss the different images of the experimenters that are created by these two accounts,
this is not my concern in this paper. What appears more relevant is the discussion of the experiment itself, and of the
change that took place between Watson's account and Ribright's.

To Ribright, the experiment is no longer problematic, it can be demonstrated at will — actually it is no longer open
with respect to the outcome. This is different with respect to the situation of Watson — he has only heard about the
experiment and he is not aware of the precautions that one may have to take in order to perform the experiment with
the anticipated outcome. Consequently, Watson is forced to vary the procedures, maybe also the materials, in order to
find the appropriate manner of performance of the experiment. This is an approach which is very typical for experimental
situations: an experimenter has a notion what the outcome of the manipulation of the experimental set-up should be,
and she or he is trying to meet the required combination of instrumental arrangement and performative procedures.®
Once this process has succeeded, in many cases the experiment is repeated in order to be stabilized — during this pro-
cess, the experiment loses flexibility and gains reliability. In the end, the experiment is in a status that is demonstrated
by Ribright’s description — everyone can do it. However, at the same time, the meaning of the experiment has been
modified — it is no longer used to produce new knowledge, but it serves to the demonstration of established knowledge
(or entertainment through established knowledge).

Through this stabilisation process, knowledge can be generated that goes beyond the individual experiment. To
give but two examples: In 1747, John Neale published a monograph which aimed at giving advice to — as Neale put it
in the title — Gentlemen, who have Electrical Machines, how to proceed in making their Experiments. In this monograph
Neale identified in his introduction several procedural steps which an experimenter should follow prior to the experi-
mentation in order to have the instrumental set-up in a most appropriate state:

When the machine is to be used, the globe or spheroid should be first wiped clean with dry warm linnen cloth,
its pivots oil’d, and the string duly stretched on the wheel. The rubber, or cushion should be likewise warm’d
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at the fire, but not so much as to bring out any greasiness to the surface of the leather; and if the weather
be damp, or pretty cold, it will be necessary to have a fire in the room not far from the machine.’”

Neale's interest in passing this information to his readers is evident from his publication as he also included an
advertisement in his book that he made and sold all kinds of electrical machines.

But it is not just the instrumentation or the manipulation that needs to be controlled in several experiments but
also the environment:

When the air is dry, particularly when there is a frost, and the wind is north or east, there is scarce any
electric machine but will work very well. If the air be damp, make a large fire in the room where the ma-
chine stands, and let the globe, and every thing about it, be made very dry: it will then work almost as well
as in the best state of the air.!

The author, Hooper, is referring neither to the machine nor to the actions of the experimenter, but to the envi-
ronment that also needs to be controlled in a specific manner. Thus, the required control in the stabilization of the
experimental situation is not just limited to the instrument and the experimenter’s actions but also the environmental
conditions are to be controlled. When looking at the literature on this experiment, however, one cannot fail to notice
that only very few accounts mention any of these control measures that are to be taken in order to make the expe-
riment work. Most accounts are given in a manner that corresponds to the example of Ribright — the experiment is
fail-proof, everyone can do it. One can argue that this is understandable as an account of an experiment normally
addresses researchers who have an expertise in the respective field. In this respect, it is understandable that Hooper
as well as Neale explicitly mention these precautions — their publications address amateurs, gentlemen who want
to carry out experiments.

Yet, there appears to be one detail that deserves some attention: These necessary precautions and measures in
order to stabilize the experimental situation were well known to the practitioners in the historical situation. However, it is
evident that this knowledge is not time-independent. Therefore, researchers in the 21st century clearly have knowledge
different to that of practitioners from the 18th century, and particularly with respect to practices, there has not only
new knowledge (additionally) been produced, but also knowledge modified and even lost. Consequently, what appears
to be a simple and straightforward experiment according to the description turns out to be difficult when the implicit
knowledge that is connected with the experiment does not exist anymore.

Despite the recently developed awareness in historical studies of the importance of skills and tacit knowledge,
there appears to be at least one area where this relevance is still underestimated: In science education, we still
find accounts on experiments that resemble very much the Ribright’s description — the experiment is so easy that
everyone in the room can do it. Moreover, there are several historical experiments that are commonly used for edu-
cational purposed, and the description of these experiments follows also the line of argumentation — experiments are
easy to be carried out, there is no other possible result, and the outcome is straightforward. Thus, the discussion of
historical experiments in textbooks is not only to be criticized as the account of the experiments is inappropriate with
respect to historical details,'? but also with respect to the understanding of experimentation. In this respect, despite
the fact that aspects from the nature of science have received significant attention in science education during the
last decades, the nature of scientific experimentation appears to be still widely ignored with respect to educational
approaches. Experimental practice is still described as being more or less simple: in most cases, the experimenter is
not part of the experiment, but a virtual person seemingly carries out the manipulations of the apparatus. Moreover,
the image created in the educational context can be characterized as follows: the experimental procedures appear
to be straightforward and unproblematic, a successful experiment is neither the result of a stabilisation process nor
the outcome of a social discourse. Through this textual representation of scientific experimentation, an image is
created where only an incompetent experimenter may produce erroneous results.™
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This misleading image of scientific experimentation shall be illustrated with another example: Coulomb'’s work on
the force-distance relation in electrostatics. This relation (or in most cases actually Coulomb’s Law) is mentioned together
with Coulomb’s experiment in a large number of modern textbooks. In 1785, Charles Augustin Coulomb, a French military
engineer started to carry out electrical experiment with the torsion balance he had developed. The first publication with this
instrument was an experimental demonstration of the inverse square force distance relation in electrostatic repulsion.'

Instead of referring to modern textbooks, let me use the characterization of a historian to illustrate the classical
image of the experiment:

Clearly this was a discovery of the first importance, but it needed confirming by measurements of the utmost
precision. It was the Frenchman Charles Coulomb, a physicist and engineer, who managed to achieve the
necessary accuracy in 1785 with his ‘torsion balance’. ... Ingenious and elegantly simple, like all the best
experiments, the balance was very sensitive and allowed Coulomb to prove that not only electrical charges
but also magnets attracted each other with a force that did vary precisely according to the square of the
distance between them.*

Particularly the characterization of the experiment as being “ingenious and elegantly simple” produces an image
that is misleading.'® When looking at the historical situation, it gets evident that the experiment was probably not sim-
ple:" In the German speaking areas, several scholars rejected Coulomb’s work and advocated a different law in order
to describe the force distance relation in case of electrostatic repulsion.” Even though there were conceptual aspects
involved, there was also skepticism against the reliability of the torsion balance. One protagonist of this discussion,
Paul Louis Simon, develops a different instrument for obvious reasons:

While lecturing on electricity a year ago, I already began to think about how to conduct experiments on
electrical repulsion in such a way that Coulomb’s compound torsion apparatus, which fluctuates too heavily
for use in lectures, would not be necessary.*®

The lack of stability of the torsion balance experiment gets also evident from the contribution of Peter Nikolaus
Caspar Egen, a mathematician who was supporting Coulomb’s work and brought the discussion on the force-distance
relation almost to an end. Nevertheless, even in Egen’s work the difficulties several researchers experienced in working
with the torsion balance get evident:

But it is quite natural that Coulomb made more precise observations with his torsion balance than other
physicists. Coulomb had excellent observational skills, which, as with all other intellectual gifts, come from
heaven. The torsion balance was Coloumb’s child, and, indeed, his most cherished child... He knew how
to adjust it so as to avoid the most miniscule outside disturbances ...?°

In Egen’s statement, the necessity of stabilization of an experiment gets obvious again — evidently, in the German
speaking community this process had not been completed. Consequently, the image of the experiment Egen is creating
in his account differs significantly from those of later textbooks or historians’ accounts. According to Egen’s description,
it requires particular abilities in order to manage the performance of the instrument, and it is necessary to control all
the external influences in order to come to a reliable result. Yet, when looking at modern textbook accounts of this ex-
periment, the precautions, the necessity of skills and the required control have vanished. Moreover, there exist modern
educational set-ups which are labelled to enable lab practices that easily show the force-distance relation. Evidently,
these educational set-ups are realized in a manner that the experimenter needs limited skills, part of the precautions
are already materialized in the instrument.”

Both cases demonstrate that experimenting is a process that is more complex than most textual accounts seem to
indicate. Particularly the process of stabilizing experimental procedures, and thus controlling the experimental outcomes,
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deserve more attention than they have received so far. This is the case for historical accounts of scientific experimen-
tation. However, it is also relevant for purposes where historical materials are used in science education. Particularly
in this respect it appears to be relevant to enable students to come to a better understanding of the modifications an
experiment experiences when being transformed from the process of producing new knowledge to the demonstration
of this acquired knowledge.
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