Exercise 215

M easur ement of specific heat for a liquid by means of
calorimeter with electric heater and deter mination of
efficiency of the heater

By: H. Kasica, G. Derfel

1. Theory

1. Temperature and internal energy in terms of kinetic-moleaular theory of matter. [1]

2. Spedfic hea and molar hed, their units. [1]

3. Method d measurement. Principle of hea balance. [2]

4. Work and paver of eledric aurrent. Heat emisson in the dedrica circuit. Joule-
Lenz law. [3]

5. Definition o efficiency. [1]

2. Devices

1. Calorimeter with eledric heaer
2. Magnetic stirrer

3. DC power supdy

4. Thermometer

5. Clock or stopwatch

3. Method

Conwersion d eledric aurrent work into thermal energy is used. A known massof
liquid contained in a cdorimeter is heaed by an eectric heater. Joule-Lenz hed is
emitted duing flow of the dectric current in the heder. It is given by the formula

Q=Ult, (1)
where U - voltage goplied to the heaer, | - intensity of the aurrent flowing in the heaer,
t - time of the aurrent flow. Emitted hed is absorbed by the liquid in the cdorimeter, by
the cdorimeter and by the stirring bar. The increase of temperature of the whole system
depends on the specific heat of the liquid, which alows to cdculate its value. However
one shoud take into acourt that the hea absorbed by the liquid and the calorimeter is
smaller than the heat emitted by the heaer due to uravoidable losses. This means that
ore has two unknavn quantities: the spedfic hea and the efficiency coefficient of
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the heaer. This coefficient is defined as the ratio of the hea absorbed by the system to
the total hed yielded by the heater:

Q
=, 2
Qo ()

In order to determine bath unknavn quantities, the experiment is carried ou in
two stages. At the first stage, the cdorimeter contains water, i.e. the liquid of known
spedfic heat. Therefore the efficiency coefficient n is the only unknavn and can be
determined. At the second stage, the cdorimeter contains oil. The efficiency coefficient
cdculated ealier can be used for calculation d the specific heat of the oil which is the
only unknown value & the second stage.

At the first stage, the heat absorbed by the water, cdorimeter and the stirring bar
isgiven by the formula

Q=cymy (T2-Ty) + M (T2-Ty) + C(T2-Ty), ©)

where c,, - specific hea of water, ¢, - specific heat of acid-resistant steel of which the
cdorimeter is made, m,, , my - masses of water and calorimeter, C - hed absorbed by the
stirring bar, Ty, T, - initid and final temperatures. Using egs. (1) - (3) ore can
determine the efficiency coefficient of the heater:

n= (Cwmm +C, M, +C)(T2 _Tl)

Ul t ' )

At the seoond stage of the exercise, one heats the oil from temperature T;' to T,
Applying the heat balance principle

nuUIt = (com +ccmg +C) (T2'-Ty) 2|
one ca determine the specific hea of the ail c,:

o Mit=(cm +C)(T,"-T,)
’ m(-T)

(6)
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4. Cour se of experiment

The eperimental setup is shown schematically in figure 1. The heder is put into
the cdorimeter. Water is heded at first. Magnetic stirrer ensures the uniform
temperature in the whole volume. After switching on the heater, one shoud wait c. 5
minutes before the main experiment. Then the temperature shoud be determined and
taken asinitial. After heaing for c. 15minutes the heaer shoud be switched off and the
final temperature shoud be real. (Please natice that the temperature increases gill for
some time due to thermal inertia; its maximum value is important.) The same procedure
obeysfor the oil. Sincethe specific heat of water is known, the results of the first stage

of the experiment yield the dficiency coefficient from eqg. (5). The cdculated value of
n can be used in formula (7) which allows to determine the specific heat of the oil by
use of data obtained at the secondstage of the experiment.

S
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W calorimeter
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Fig. 1. Experimental setup
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Experimental procedure

. Weigh the massmy of empty cdorimeter (itsinner vessd).

. Fill the cdorimeter vessel with dstill ed water to c. 34 of its volume and weigh it.
Calculate massof water m,,.

. Put the stirrer bar into the cdorimeter vessel.

. Put the cdorimeter vessel into the cdorimeter, pu the heaer and thermometer.
Turn left the voltage regulation knols. After permisson from the teacher switch on
the dc supdy. The voltage shoud ensure the power of the heaer equal to 67 W.
Attention! Do not exceed 10 W!

. Switch onthe heaer and wait c. 5 minutes.

. Rea the water temperature and the values of voltage and current intensity.

. Hea the water by c. 15minutes.

. Rea the final temperature of water and the detail ed time of heating.

. Pour out the water from the cdorimeter, dry it and fill with the oil to c. 34 o its
volume.

. Reped the measurements with the ail .

Estimate the asolute uncertainties of massAm, temperature AT andtime At.
Adop the uncertainties of voltage AU and current intensity Al as the unit at the last
digit onthe display.

Wash the cdorimeter, thermometer and the heder.

Preparation of thereport

The report shoud contain:
. Short description d the principle of measurement.
. Tables with results of measurements.
. Calculations of efficiency coefficient and d the specific hea of oil. Use the
thermal cgpadtance of the stirrer bar C= (1,0+ 0,1) JK.
. Estimation d absolute uncertainties of efficiency coefficient and d the spedfic
hea of all .
Absolute uncertainty of efficiency coefficient n is cdculated by means of the
formula:
An =Anm + Ant + Ay (7)
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where
T,-T,
An,, -(T) o tl)[(cw+ck )Am+AC], 8
n
An- = AT, 9
e (9)
U Al At
A = +—+—[. 10
N nmu Tk (10

Absolute uncertainty of the spedfic hea of ail is
Ac, = Acquit + Act +Acc +AChk + ACmo. (11

The correspondng formulae ae asfollows:
1

Ac,, =———— (UItAn+1tnAU +nUtAl +nqUIAL), 12
-~ mo(Tz'—Tl')( n+1tnAU +nUtAl +nUIAt) (12
e, =— 21N 47, (13)
m,\l, _Tl
Ac, :iAC , (149
m,
Ck
Ac,, =—Am, (15
m,
CO
Ac,,=—Am. (16)
m,
5. Final results written in the form
r] = r]Cd i Ar]l
CO = COCd t ACO!

wherenea i Coca are cdculated from egs. (4) and (6).
6. Comparison d the obtained value of c, with data given in tables of physical
guantiti es. Discusgon d the phenomenawhich can cause experimental errors.




H. Kasica, G. Derfel Cwiczenie 215

7. References

[1] I. W. Sawieliew, Wyktady z fizyki, t. 1, PWN, Warszawa, 2002

[2] J. Karniewicz, T. Sokotowski, Podstawy fizyki laboratoryjngj, skrypt PL., 1.6dz,
1996.

[3] I. W. Sawieliew, Wyktady z fizyki, t. 2, PWN, Warszawa, 2002




