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Students often perceive science as a collection of laws and facts, all "scientifically proven" to be part 
of a permanent body of certain knowledge. Perhaps the most powerful way to remove this miscon-
ception in a TOK context, and hence introduce the idea of a paradigm and the work of Thomas 
Kuhn, is to allows them to see what students from an earlier generation might have learnt in their 
science lessons. The extract below is from Encyclopedia Britannica, I believe an 1856 edition: 

HEAT 
11ze ten11 Heat, i,z co111111011 language, is applied 
botlz to the se11satio11 excited in us by the approxi-
mation of a wann body, and to the cause of that 
sensation. To obviate this ambiguity, chemists 
and other cultivators of physical science have 
employed the word caloric to designate the cause 
of heat; but as there are few disquisitions in 
which tlzis distinction is material to perspiatihJ, 
i1l this article we slrall use either tenn to signifiJ 
tlze cause of tlze sensation. 
One of tlze first inquiries that suggests itself is, 
wlzat is caloric? Two opinions on this subject 
ltmJe divided philosophers. 17te most generally 
receired opi1lio11 is, tltat heat, or caloric, is a 
material agent of a peculiar nature, highly attenu-
ated, and, from its affinihJ or attraction for all 
other matter, universally distributed amo11gst the 
particles of bodies, in quantities proportional to 
their mutual attractio11s, or, as it has been tenned, 
tlte capacities of different substances for heat; 
whilst its tendency to diffuse itself amo11gst con-
tigz101tS bodies luzs been explained on the supposi-
tion of its own particles being repellent of each 
other. 11ze other opinion, which has been main-
tained by Bacon, Boyle, and several other 
philosoplzers, considers heat as a mere quality of 
matter, and ascribes it to a vibratory movement 
among the intimate particles of bodies; an idea 
which was adopted by Rumford, to explain his 
curious experiments on the exdtation and com-
munication of heat by friction. This opinion, 
however, seems vague and unsatisfactory. If we 
say that heat is motion amongst the particles of 
matter, still we have no explanation of the man-
ner in which this motion is produced; for we can-
not conceive any movement without an impulse, 
nor an impulse without a material agent Heat 
pervades all sorts of matter: it remains in some 
drcumstances dormant, or, as it is termed, latent, 
and may be again elicited from bodies 11y various 
means. Did it consist in vibrations or motions of 

t/ze particles of other matter, it should pervade 
elastic bodies with tlze greatest celeritt;; which we 
know not to be t/ze fact It will, for instance, per-
vade a rod of lead, or of the softest copper, far 
more readily than a11 equal length of glass or of 
marble. If we mingle together equal quantities of 
water at different temperatz1res, the resulting tem-
perature will be an exact mean between the 
extremes. But if /1ear-co11sisted in suclt vibrations, 
there ought to hm)e been a loss of heat, as i11 all 
other co11111mnicated motions. If we mix together 
equal quantities of different substances at differ-
ent te111peratz1res, the resultant temperature is not 
a mean: one body has lost more heat than the 
other has appeared to gain, or a part of the heat of 
the one has become latent in the other, and that in 
a co11sta11t ratio to the power of each substance of 
absorbing !teat, as tried b-rJ comparing each with a 
third body in the same manner. It is ven; diffimlt 
to conceive this species of interchange, if heat 
merely consisted in vibmtions amongst the parti-
cles of matter. Still more diffiCZllt is it to conceive 
how a permanent temperature could subsist 
among a great system of bodies, as the planets, if 
heat were not/zing more titan a vibration of the 
particles of bodies; for the original impulse ought 
to diminish with each communication. 
It is possible, however, to modify this theory, 11y 
supposing that heat is produced not merely 11y the 
motions of the particles of the heated substance, 
but by the vibrations or undulations of a very 
subtile matter existing in all bodies. This will 
approximate the vibratory theory to that which 
has been generally considered as its antagonist, 
will accord well with some recently aiscovered 
facts, and will assimilate with the vibratory 
hypothesis of heat to the undulations now so gen-
erally received as explanatory of the phenomena 
of light, to which heat has so intimate a relation. 
Caloric, like light, has been proved to be capable 
of radiation,. of reflection, and refraction, whilst 
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later investigations have distinctly proved that 
refracted heat is susceptible of polarisation. But 
it is transmitted, reflected, refracted, and 
polarised by different substances in a different 
manner and degree from light; and hence some 
liave inf erred that light and heat are not the same 
agent, but are produced btj different kinds of mat-
ter. Other philosophers have regarded them as 
modifications of tlte same matter, depending on 
tlze greater celeritlJ or velocitlJ of tlze 1111dulatio11s 
tlzat produce tlzem. S11clz speculations, however, 
are not yet susceptible of any direct proof; and, in 
tlze present state of our knowledge, it is safer to 
consider light and Jzeat as produced by different 
but iJ1ti111ately connected agents. 
Tizese views lead us to tlze conclusion tlzat tlze 
phe110111ena of caloric are owing to tlze 111ove-
111e11ts of a subtile 111atter, wziversally diffused 
throughout other bodies, tlze particles of wlziclz 
are strongly repellent of eac/z otlzer, and have mz 
aff i11ihJ for those of all ot/zer bodies, differing in 
force according to eaclz kind of matter. We may 
furtlzer conceive, t/zat /zeat or caloric is the cause 
why the particles of the most solid bodies are not 
in absolute contact. If we di111inislz tlze tempera-
ture of a bar of iron, for instance, it shrinks in all 
its dimensions, i.e. its particles approxi111ate; and 
tlze more we reduce tlze temperature, the nearer 
tlzey approach. Eaclz particle of matter would 
seem to be surrounded witlz an atmosplzere of 
lzeat, wlzic/z remains latent, or quiescent, until dis-
h1rbed by tlze approach of bodies of a different 
te111perah1re, wizen tire vibrations or undulations 
of tlze subtile matter of /teat are induced, btj tlte 
tendency of tlzis matter to produce an equilibrium 
of temperature; and then we become sensible of 
the existence of heat 
The subtilty of the matter of heat is such, that we 
cannot ascertain its accumulation in any body by 
the nicest balance; its fluidity may be considered 
as proved by the ease with which it insinuates 
itself amongst the particles of matter; its affinity 
for other matter is shown by its being universally 
contained in all bodies, in proportions differing in 
each kind of substance; its repulsion amongst its 
own particles is proved by its tendency to exist in 
a state of equilibrium in contiguous bodies.(p.260) 
At this stage in their education, almost all stu-
dents will be absorbed into the paradigm that 
all matter is made up of particles and that heat 

~imply the amount of energy that a body pos-

.. sesses by virtue of the movement of these parti-
cles. Some may have heard vaguely of the 
"Caloric Theozy", but will probably regard it as 
a mere curiosity of scientific antiquity. It will 
come as something of a shock for them to 
encounter this strange view of heat as a "sub-
tile, highly attenuated fluid", being presented 
as a theory preferred to the kinetic theory. ( An 
entry on Heat from an earlier edition, giving 
only the caloric theory, might be even more 
interesting.) 
There will usually be some discussion centred 
around "How could they believe something 
lil~e that! "At this point it may be worthwhile 
introducing a few other defunct theories - The 
Phlogist<?n Theory, Archimedes' concept of 
matter returning to rest, the spontaneous cre-
ation of life(i.e. horse hairs turning into worms, 
meat turning into flies), etc. This might be a 
good opportunity to entice a science specialist 
into the TOK classroom. The examples could 
even be extended to topics such as Relativity 
and Quantum Mechanics, where the present 
day paradigm of the physicist differs from that 
of the "man in the street". I also reinforce the 
idea of paradigm changes by pointing out that 
when I was at school, plate tectonics was not 
taught in Physical Geography, even though it 
now seems so obvious and explains so much. 
From a TOK perspective, perhaps a more _·rele-
vant discussion could be centred around the 
sequence of questions: 
• Is the Caloric Theory of Heat true? 
• Was this theory true in 1856? 
• If the truth has changed, when did it change 
and why? 
• Is our Kinetic Theory of Heat true? 
• Will it always remain so? 
• Is there any such thing as ultimate truth and if 
so can we ever know that we have attained it? 
I personally then lead the discussion towards 
whether regarding, for example, lightning as an 
electrostatic discharge, rather than the anger of 
the gods is merely a cultural preference and 
then on to a preparatory disrussion for one of 
my favourite essay titles: 
"Atoms exist." Is this statement more close-
ly related to the statement "This piece of 
paper exists ... or to the statement "God 
exists"? Explain. 
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