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Background for stories concerning energy

From the educational point of view, thexgpear to be three aspects which are relevant with respect to
teaching energy in lower secondary school: Energy as a concept, together with energy conservation, r
newable energy, and energy efficiency. The aim of this historical background is to foris @bsi®ries

that may be used individually or combined, and that enable teachers to address these three aspects.

The historian and philosopher of science Thomas search on ueg solar energy for industrialan

Kuhn pointedout that up to twelve researchers canchinery.

be identified as being involved in the estdblis

ment of the principle of energy conservation Count Rumford and his work on heat

(Kuhn 1959) One of those researchers, James Rumf ordds work on heat
Prescott Joule, can be seen as a central figure to of researches; he worked significantly on the topic
this background. Joule iscegntral figure as heis  for some 25 years. His first research in this respect
the person who established the mechanical equiv resulted from his military context: he examined
lent of heat at least this is the standard notion.  the quality of powder (Thompson 1781). In doing
However, if one takes a closer look, then it gets  so, he sspended the cannon as well as a ballistic
evident that it was not just Joule who is respons pendulum, the amplitude of the oscillation after

ble for establishing his workut also William firing the powder served as an indication of its
Thomson, who later became Lord Kelvin. Yet, quality.
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Fig. 1: Rumfordés ex ppowdernf€honpson h781) he qual ity of gu

Joule himself did not start from scratch and-pa Whilst the initial research in not that important
ticularly referred to the work of Benjamin Thpm  with respect to energy, one detail actually is:
son, Count Rumford, who carried out researches Rumfordobserved that the cannon heated up most
about heat in late 1B early 19" century. Actualy when he did not shoot a bullet but just made the
these researchers were more oriented on practicalgunpowder explode in the barrel. When being in
purposes than those of Joule. The first significant Munich and having the responsibility for theopr
aim towards renewable energies can be seen in théuction of weaponry, Rumford made anothier o
work of the French teacher Augustin Mouchot servation that he turned sain experiment: In the
who, in the 1870ies carried out substanigal r process of canneboring, the metal heated up.
Rumford used a blunt drill in order to increase the
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heat production. In doing so, he was able to heat This substance was said to be weightless and thﬂsrytel_ling§
up the water (and that was a mass of 26.58 Ib) thatonsidered to be one of the imponderables. Oth&achlng £
was initially intended for coelg to the boiling imponderables were the matter of light (in Lavo

point (Thompson 1798). sierdé6s nomenclature | umic),
At the same time, Rumford demonstrated that the one ortwo electric and magnetic fluids. Caloric

heat capacity of the metallic chips that were-pr ~ was taken to be the explanation for the phenomena

duced in the process of drilling was not changed irconnected with heat. In some attributes caloric

their heat capacity. From his experimentsirRu was very similar to the older substance named

ford concluded that heat can be produced from  phlogiston, although there were important diffe

mechanical work in an unlimited amounas the ences between Lavogis System and the one
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production of material substances was notcina  founded by Becher and Stahl. This played also a
cordance with the accepted understanding, he hadole in naming the first instrument that enabled
also to conclude thdeat is not a substance but  measurements of the amount of heat calorimeter
the motion of the smallest particles of matter. (Roberts 1991, see also Beretta 2005), the ice

Doing so brought him in conflict with the most calorimeter
recent accepted doctrine with respect to heat: In For the discussion of Rumfdrd s w0 re-k
1789 the French chemist Antoine Laurent Liavo  spect to energy conservation, the importance of
sier published his famous Traitédaientaire de Lavoisier's work lies not in the fact that his system

R u m#baringeipsriment(fihonegpson 1798).

wi t h

Chimie é (Lavoisier 17 8&adpeseenadsthe actepted thémgd actyallya ph as
well as in a variety of research papers Lavoisier Rumf or dés wor k did not <chang
used the term caloric. For Lavoisier, caloric was significantly, on the very contrary: IndHirst

one of the "simple substances belonging to all the quarter of the 1®century, heat was a material

kingdoms of nature, which may be consideasd substance and most researchers identified this

the elements of bodies" (Lavoisier 1790, p. 175). subst ance with Lawoisierds c
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portance for Rumfor dos alsoonrl&4 dniineestigaitiam in wiich hepmalyzeds |
indestructibility of the elements. As caloric was  the ability of various materials to emit radiant

one of Lavoisier's elements (even though impo heat? Whilst this inquiry may beeen as furat

derable, but it was listed in his system as an el  mental research, there are also aspects of applic
ment such as Oxygen or Iron), it was obvious that bility in his investigation: it was relevant with

this substance could neither be destroyed rer cr respect to the improvement of the efficiency of

~

C

ated. Thus the idea of conservation washesta stoves, an issue that ha

lished in the theory ofédat. work for decades.

Fig. 4 . Hiperimentallsetip fdr the ds-
covery of radiant heatHerschel 1800.
Fig. 3ice calorimeter by Lavoisier and Laplace (Lavt Rumford deveIOp_ed_ an instrument t_hat he called
sier 1789), https://upload.wikimedia.org/wikipedia/ thermoscope. This instrument consists of a glass
commons/3/35/lcealorimeter.jpg capillary that is WUshaped. At both ends of the
capillary, hollow spheres are attached. These

Whil st Rumfordds c an nspheredardbiackehedeaxdpnade fromeeanttrsn
can be seen in direct relation to the establishment glass. Due to the &tkening, the glass spheres
of the theory of heat, two other of his research  absorb radiant heat, as the glass is very thin, the
projects appear to be relevant in the context of theabsorbed heat is conducted to the air inside of the
project too: On the one hand, he analyzeddéhe r  sphere. As the capillary is closed, due to the i
diant heat. This became a topic in natural pbHos crease of temperature, the pressure is increased as
phy at the very beginning of the1@entury when
William Herschel (who is besides this work best
known for his discovery of Uranus) came in a
series of mesurements to the conclusion that the
radiation from the sun did not just consist of light,
but also contained radiant heat which had itg-lar
est intensity beyond the red part of the spectrum.

These 6new raysd beaeca
tion for severatesearchers, most namely John
Leslie who published in 1804 a monographldea
ing with this issue. However, Rumford published

! The background of these experiments was the ideatofind Fi g. 5: Rumf o hbrdpson 1804 r n
out which part of the (visible) spectrum might affect lenses in
a telescope in the most significant manner due to heating up 2 See Leslie (1804) arfthompson(1804), for a discussion of
the glass. these investigations see Olson (1970).
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well, consequently, theressure on each sideis  well i on the one hand due to its similarity with storytellingg

related to the absorbed radiant heat. light, on the other as an isotropic radiatien d ~ teaching £
In the middle of the horizontal part of the glass creases with the inverse square of the distance.
capillary, a drop of alcohol is placed. When the Yet, the question of improving the efficiency

pressure in both arms is different, the drop moves was not limited to his work on radiant heat and
towards the side of lower pressure. Capsmtly, stoves. Another research that can be seen in this
the gas at lower pressure is compressed whilst thecontext was his analysis of the insulating prepe
gas at higher pressure expands until pressure equaés of different materials. This analysis wa®als
pressures are reached. Between the two spheres, @rried out whilst Rumford was minister of war in
copper disc is placed, thus the heat emitted from aMunich, and was in a broader sense related to a
source that is placed in a geometricat limith the  military issue. The aim was to develop the basis
two balls can affect only one of the spheres. for determining the most suitable material for the
uniforms of the Bavarian soldiers who ideally
would getonly one type of uniform that wassu
posed to be suitable for winter as well as summer.
Like in the experiment on analyzing radiant heat,
Rumford used metal cans as heat sources. These
cans were covered with different clothing mater
als, hot water was fild in, and Rumford observed
the decrease of the waters temperature. In doing
so, he was able to determine the most efficient
way to insulate the human body.

To summarize, Rumford can in retrospect be
identified as a starting point for various deyelo
mentin the energy sciendehe carried out expe
iments that were related to the formulation of the
principle of energy conservation as well as to a
field that nowadaysi- can be |
ciencybo, particul aré&&y with r
terials.

The formulation of the principle of energy can-
servation

Joule started his research in analyzing dlectr
cal motors’ This was directly related to his work
The themoscope s placed on a ooden amelt 1 DAY 1S BT ovned e e e
On both sides, heat sources (metal cans filled with? : ! ’ . velop .
hot water) can be placed and changed in their di electrical motor, the_potentlal of this new device
tance towards the thermoscope. At the beginning seierr;]eg to begt:)pre;n;)r;o thf gnr? ?f la stezm 3 oul eds
of each experiment, both heat sources are placed 9 ’ . q by
in the same distance. Due to the absorption of been th_e construction of an econc_)m|cal etectr
radiant heat and the resulting different pressure, Irg\?v?r?etlclz Cegglﬂz'rgrgzlf&ntﬁ; cé?éxgl by thte fo
the alcohol drop starts to move. The experimenter 9- , . .
increases the distance between the stronger heat magnetism Wlll_ultlmately be substituted for steam
source and thtnermoscope until the alcohol drop t?nrg)o\[,)vﬁ: Ln:icnh'dr}?éé .rét?ngfr?goumgngﬁf ag? ;e
is in its initial equilibrium position. Comparing the gin . q y
distances of the two sources to the thermoscope tricity, and the_cpsts of working the engine may be
serves as an indicator of their emissioRumford irecdlugeg adcl)n}‘lnltuertnn(JoglzlfBOp.nlg).nIihlsc al
took it for granted that the heat emitted froez d Ust found in Jouleds w E
creases with thewverse square of the distance. oo . iniof :
This relation was already demonstrated by the of this time held this opinion.Joule finally came
Swiss mathematician Johann Heinrich Lambert for
the decrease of light intensity with the distance, a 8 On the early history of electrical motors see in particular
work Rumford was through his own work in the f’?ﬂ!ﬁef (2008). . _—
. .. . “This is not to, be confused with a scientific perpetuuor m
f!eldofphotometryfamlllarwlth L a_mb &rtEeiSi e el it has been done e. g. by B
tion s appeared to be plausible for radiant heat as no principal opection to a perpetuum mobile at this time;
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storytel_ling§ to the conclusion (like other scholars) that the zincto mere errors of experiment” (Joule 1884, p.
teachlng € that reacts in the galvanic elemé&ntmore expe- 156).
sive than the fuel for a steam engine which | su Although Joule realized the difference between
posed to carry out the same work like the electr  his data, he claimed to have proved the existence

cal motor. of a mechanical equivalent of he@herefore, it
During the following years, the subject of seems to be plausible that he came not to believe

Joule's research was the production heat either byin the existence of the equivalent from his exper

voltaic electricity, in batteries an chemical can- mental data but for other reasons. Towards the end

bustion; these investigations were quantitative.  of his research on this topic, Joule himself gave an
After completing this research, Joule turned to a insight into these reasons declarthgt he was
new topic: in 1843, on the occasion of the meeting"satisfied that the great agents of nature are, by the
of the British Association for the Advancement of Creator's fiat, indestructible; and whatever-m

Science, Joule presented a paper® whidiaied chanical force is expended, an exact equivalent of
his later prestige. He described the new subject ofheat is always obtained" (Joule 1884, p. 158). This
his investigations in announcing that "having statement gives an imagination of thedretical
proved that heat is generated by the magneto background Joule had in mind when trying to
electrical machine, and that by means of the i determine the mechanical equivalent of heat. For
ductive power of magnetism we can diminish or  Joule it was not compatible with his view @&-n
increase apleasure the heat due to chemical ture that anything could be destroyed or created.

changes, it became an object of great interest to He had embodied the idea of conservation in a
inquire whether a constant ratio existed between itway thatmade it impossible to accept any gxce
and the rnechanical power gained or lost" (Joule tions of this principle. But there seemed to be
1884, p. 149). Joule performed new experiments several exceptions as, for example, the generation
to demonstrate the exéce of a mechanical of heat by the magnetelectrical machine. Ther
equivalent of heat and to determine its numerical fore, it was necessary for Joule to develop a new
value. From a first series of experiments herdete idea, the idea of edalent transformation of what
mined the coefficient as 838 ftlb/BTU, in a second he called great agents of nature. This idea, the
series published in the same article he gave 770 equivalent convertibility, is the great conceptual
ftib/BTU. step that was necessary to come from the principle

Looking at the data Jteipublished gives some of conservation of heat (as caloric) in Lavoisier's
insight into Joule's theoretical background. The sense to the principlef energy conservation.
equivalents he calculated with the data in lais p The paper Joule presented in 1843 was not paid
per were (in ftlb/BTU): 896; 1001; 1040; 910; much attention to in the scientific world. In the
1026; 587 742 (mean of five experiments); 860  following years Joule presented several papers in
(mean of two experiments); 770. The twad which he described various different experiments
data derive from experiments "conducted ie-pr  he made to determine the value loé imechanical
cisely the same manner" (Joule 1884, p. 153). It equivalent of heat with higher precision. Two of
seems to be daring to take these data as a proof fahese papers are noteworthy for completely diffe
the existence of any equivalent, in other words, ent reasons. One was published in the Phildsoph
Joule had to believe in the existence of a meehan cal Transactions of 1850, it was entitled "On the
cal gquivalent of heat in order to formulate this Mechanical Equivalent of Heat". In this paper
result from his data. The data could also beinte  Joule described in full detail his experiments with
preted as an indication that the amount of heat  the famous paddieheel. This paper did not only
produced from the same mechanical work may include the data Joule got from his experiments
differ significantly, depending on some unknown and the calculation of the mechanical equivalent,
or at least unclear pameter. However, Joule but also a detailed description of the experimental
came to the formulation that there is a mechanicalsetup. Additionally, Joule described his exper
eqguivalent of heat, and that the deviation of the  ments on the friction of mercury and of cast iron.
data are caused by the reading limitations in his In a way, the publication of this paper in thegsre
experiments: "l admit that there is a considerable tigious Philosophical Transactions can be seen as
difference between some of tresults, but not, | a strong indicator of t he
think, greater than may be referred with propriety work by the Bitish scientific community.

The other important paper Joule presented at
the annual Meeting of the British Society. As his
biographer D. Cardwell pointed out: "Joule-b

obviously he thinks that an inexhaustible source of power is |ieved his paper would have passed without notice
practicable"(Breger 1982, p.194).
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had not a young man at the backla# hall risen not a trained scient i strytelngd

and asked penetrating questions that createda s ci enced wit hout a sc teaohimg [

lively interest in the paper" (Cardwell 1989, p. Whilst this was the standard during thd'Bd in

83). This young man was William Thomson, later the early 19 century, in the middle of the century

Lord Kelvin. He was one of the first really iofl the situation had changed. Science beeanore

ential scientists, and he was the first interegted  and more professionalized in Britain, and part of

Joule's results. Although he did not agree with  this professionalization was the resulting lanit

Joule's ideas at first, he became convinced and ndion of science to professional practitioners. There

only supported Joule's theory, but also started a were of course exceptions, most notably Michael

successful collaboration with him. Faraday, however, when Joule started publishing
Thomsonwas kepti c abomut J onuHeenéchaniekeguesalent of heat, his social

mental claims as he was trained in part in France status was certainly an issue. On the other hand,

where he became familiar with the work of Victor William Thomson was well trained, a youngpr

Regnault and Sadi Carnot. The latter had demo  fessor at the University of Glasgow and, despite

strated that the work of a steam engine is dépen his age, already we#istablished in the scientific

ing on the temperature differen¢kys the work community.Thus, it was not just the individual

was not equivalent to a specific amountofheat, Thomson who supported Joul ed

but depending on the temperature differences.  the scientists with his status. Consequently, the

Only when the concept of energy and energy di  support by Thomson contributed to the ackhow

sipation (and in this respect entropy) hadbeen edgment of Joul eds wor k.

devel oped, bot h Joul ed s Batiti$ noCaaquestiort obsociaf statustthatrisg s

were ro longer in contradiction. In some sense, inter esting in Joulebds work: H

this contradiction together with the growing-a equally remarkable. To give but a brief description

ceptance of the energy concept triggered the d  on the experiment: Figure 7 is a perspective view

velopment of the energy concept. Only during the of the setup Joule gave in his paper.

collaboration Thomson became convinced that aa are wooden pulleys; | foot in diameter and 2
Joul ebds r estaddimportant in the c inchesehick, with \@oden rollers, bb, bb, 2 inches
following he supported Joule in the scientific in diameter, and steel axles, cc, cc, one quarter of
community. an inch in diameter. The pulleys were built-pe

Fig 7: Joul eds plauwkd872 wheel apparatus
This aspect is relevant for the acceptance of fectly true and equal to one another. The axles
Joul ebs work in the Br weresspgporteddy beasstfrictfon wheels ddddnu ni t vy :
Ignoring his findings may in part be explained by dddd, the axles of which wor#ién holes drilled
the fact that Joule wasbaewery owner in Ma- into brass plates attached to a strong wooden table,
chester. Even though this turned out to be crucial which Joule affixed to the wall of his laboratory.
for Joul ebs experi ment dteweights @ @ waessaspehdedhby string from | | be
discussed later) it also caused a difficulty: Even the rollers bb, bb; and fine twine attached to the
though conceptual difficulties played a role, it was pulleys aa connected them with @entral roller f,
al so Joul ed s anmngfal.tHawas t h ahich,wanseanmef a pin, could easily be attached
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storytellmg'c to, or removed from, the axis of the frictionpta Joul eds data, an increas:
teachlng € paratus. This apparatus is represented in figure 8 of approximately 0.5°C can be measured.

(left) vertically and in figure 8 (right) horizontally.

It consisted of a brass paddiheel furnished of 8

sets of 4 revolving arms each and 4 sets oé4 st

tionary vanes each. The brass axis worked freely

and was divided at d into two parts to avoid any

conduction of heat in that direction. The paddle

wheel firmly fitted into a copper vesl with two

holes in the lid, one for the insertion of the axis,

and one for the insertion of a thermometer. During

the experiment a large wooden screen was a

tached to the table to avoid all effects of heat-rad

ation from the experimenter.

Figure9 Joul e 6 s heriaodtaduteJoule h
1872

Analyzing thisexperiment reveals some details
that are noteworthy and which show that Joule
was in an extraordinary situation: Joule was able
to employ some of the most skilled craftsmen who
were at hand in an industrial town such anMa
chester. The instrument makedohn Benjamin
Danceri was extremely versed and particularly
able to create extremely sensitive thermometers.
Their sensitivity was extraordinary: "The two
" thermometers he (Joule) had acquired in 1844
' were, he claimed the first accurateiglibrated
thermomet er s in Britain &
234) The thermometer which was used tordete
mine the temperature of the water had a length of
87 cm and had a range from freezing point to
about 85°F (see Ashworth 1930). Joule wrote that
"constant practice had erdatl me to read off with
the naked eye to 1/20 of a division it followed that
1/200 of a degree Fahr, was an apprecialohe te
perature" (Joule 1884, p. 303). At such a degree of
sensitivity, water is far from being at a constant
temperature. Consequently, thicedure of d-
termining this temperature is far from being easy.
Instead of waiting until the mercury column of the
thermometer comes to rest and then read the te
perature, Joule had to find other means tordete
o _ mine when the thermometer and the waterewer

At the begining of the experiment, the vessel  thermal equilibrium. As Sibum demonstrated,
is filled with water, and it needs about 6 | of water me a s ur i n g temperatures w:
to fill this vessel. When everything is in thermal  cylture, thus Joule had the respective competence
equilibrium, the temperature Of the water as We|| to Carry out the measurement from h|S profe‘s_sio
as the one of the room is measured, and thre the g background.

mometer is removefilom the vessel. Then the There are other aspects which indicate thit t
weights of a total of 26 kg are wound up for about g y peri ment was embedded |
a meter and then go down, driving a padaieeel  joule used a copper vessel without any insulation,
that is stirring the water. This procedure is répea ayen though the room should not affect the-the

ed twenty times, and it takes some 35 minutes to ma| condition of the water in any way. This may
realize these 20 runs. In tead, according to
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