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Tronsformolion of eleclric in coloric energy (Joute,s low)

Lilerolure: Berg monn-schoefer, Il, 1958, poro. 2g
Pohl, Mechonik, 1955, poro. 136

Principle: A colorimetric method is used lo delermine the quontity of heol Q generoted by o steody electric currentIt is found thot Q - const. I'lt.

One of lhe chorocteristics of electric current is the heot
generoted by it in current-corrying conductors, Simple
exomples of this ore known from doily experience: ihe
incondescent lomp, the immersion heoter, the electric iron,
ond others. ln 1841, Joule investigoted the dependence of
the quontiiy of heot Q generoted by o sieody electric cur-
rent on the current 1, the resisionce À ofthe conductor in
which the heot is generoied, ond the time of observoticn r.
His resuli wos Q : 1: Âr. This relotion, knorvn os Joule's
Iow, con be verifled experimentolly in ihe following woy.

The opporoius used for this purpose is o woter colorimeter
with good heoi insulotion inio which iwo resistonce coils
octing os immersion heoters ore inserted. These ore so
ottoched to on insuloting lid (see Fig. 1 on the reverse),
thot they con be used singly, in series, or in porollel. Thus
the resisionces 1 .R5 (resistonce of one .oil o 1 ohm),

1

2 Ji.r, or . li.r.on be used for the experimenl.
,t-

Toble 1 shows o worked exomple. A rhecstot wos used to
obtoin equol currents (f :2.5 A) ond these were moin-
lo,ined for equol lenglhs of time (l - 286 s). The increoses
of lemperolure obtoined in this monner while the woter
wos continuously slirred ore shown in oC os ,J ?.

Toble 1

Circuit

ln o second series of experiments the relotion belween the
rise in lemperoture ond the currenf f is investigoled.
Toble 2 shows o worked exomple:

Toble 2

Circu it Resistonce I in A r in s ..:l? in oC
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Agoin, the time for which observotion wos continued wos
determined by o preliminory experimenl so thot the rise
in temperoture wos iust 11 T : 9.0o C,for I - 3 A. lT
wos reduced to a 

f " 
if f wos reduced to ,/. of its originol

volue, ond Io, f "if f wos reduced to ,/.. The rise in tem_
peroture ond, therefore, the quontity of heot Q generaied
in the resistor R during the time I is proportionol io the
squqre ofthe current I, Q - 1,.

ln o third series of meosurements we finolly investigote
the relotion between lhe increose of temperoture ond the
durotion of the experiment. The results ore shown in Fig.2
(on. lhe reverse). lt will be seen thot for equol current,
ond resislonces, lhe increose of temperoture zl ? ond,
therefore, the generoted quontity of heot Q is proportionol
to the durolion I of the experiment: Q * t.

By combinolion of the results of oll three series of meos-
urements we obloin the relotion Q: const. frÂr. Since
R : l'lI this experimentol result con olso be written in
ihe form Q : consi. 12 Rt : consl. VIt: const. VrtlR.
The constont focior occurring in this derivolion of Jouie's
low depends on the units in which lhe quontiiy of heot,
the electric quontities, ond the time ore meqsuied. lf the
resistonce is in ohms, the currenl in omperes, the time in
seconds, ond the heot in colories, the constont hos the
volue 0.2390 coliJ. Detoils on the subject will be found in
Physics Leoflet DC 537.321 ; b.

The volues shown in Tobles 1 ond 2 con be supplemented
by meosuring the volloges opplied lo the two heoting coils.
ln this monner the resistonces of the coils con olso be
found, ln the worked exomples given here lhey were
0.94 ohms for eoch seporote coil, or 1.88 ohms if they were
connected in series, and 0.47 ohms if they were connected
in porollel.
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The durotion I of the experimeni wos so chosen thot o
rise in temperoture of / T:40C wos obtoined if Â: 2_Rs.
Then the rise in temperoture for lt : 1 Âs wos just holf

os greot ond thot for It - ] O, *o, just o quorter of
thot obtoined if i? : 2 -R_ç. Thus the rise in temperoture
ond, therefore, the quontity of heot Q generoted in equol
periods r by equol currents I is proportionol to the reiist_
once Jl of the conductor under considerolion: Q - Â.
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Apporolus required for the experimenl:
(in order of ossembly)

Cot. No.

1 Joule's colorimeler 38420
1 Dewor vessel with bose 386 48

1 Thermometer . 382 35 or 382 36

1 Rheoslot, 11 Q,8 A . 537 26

1 Demonslrolion multironge meter 531 86

As source of currenl e. g.

1 Demonstrolion tronsformer, consisling of
1 U-core with yoke 56211
1 Clomping device 56212
1 Coil with 500 lurns 56214
1 Coil with 46 turns 56218

or
1 or 2 Nickel-codmium occumulotors 52270 171 173

1 Cut-out swilch . 504 45

1 Stopclock wilh clockwork . 313 05

Connecting leods 501 92-95

Assembly:

Fig. 1 Joule's cqlorimeter wilh two resislonce coils, stirrer ond hole for
inserling lhe lhermomeler

Useful hinls:
1. The use of Joule's colorimeter is described in Directions

for Use 38420.
2. The heoting coils and the mercury bulb of the thermo-

meler must be complelely immersed in woter.
3. The heot insulotion of the opporolus is relotively good,

but excessive differences between the colorimeler tem-
perolure ond the ombient lemperoture should be ovoid-
ed. The lineor increose of the iemperoture might other-
wise be disiorted by heot exchonge with the surround-
ings, especiolly if the experiment is corried on over
some length of time. The besî course is to select lhe
initiol ond finol temperotures so thot the qmbienl lem-
peroture is midwoy between them.

4. The greotest occurocy is obtoined in cose of meosure-
ments with D. C. from o well-chorged occumulotor. ln
cose of lhe obove-mentioned A. C. source (demonstro-
tion lronsformer) os well the limits of error ore smoll
ond ore moinly determined by the instruments used, in
porticulor the lemperoture reoding.

5. Rectified A. C. (for exomple, demonstrotion tronsformer
with reclifier in series) moy not be used, seeing thotlhe
wove form error couses o consideroble deviotion of the
indicotion of the moving coil insirument. lt would rqther
be possible to determine the wove form error of o
rectifier from the experiment, ond lhe theorem of lhe
conservotion of energy.
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Temperolure Ics o funclion of
lhê durolion , of the experimenlql constqnl currenl f : 2.5 A
throuh ô coil of resislqnce
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