
37. Specific heat measurement 
 

(2 weeks, 20 points) 

 

Issues: heat, temperature, thermocouple, specific heat, heat capacity of a calorimeter, 

phase transitions, extrapolation. 

 

Literature: Szy75, 254÷257, 281÷285; Szy99,398÷401, 433÷438; Dry1, 209÷211 

 

 
The purpose of the experiment is to determine the specific heat of water in its liquid and 

solid states. 

 

1. Idea of measurements 

 

After the specified portion of energy (heat) Q is supplied to the empty calorimeter, one 

can observe a temperature increase of Tcal. Then: 

∆𝑄 = ∆𝑇𝑐𝑎𝑙 ∙ 𝐶     (37.1) 

where C is the calorimeter's heat capacity. If in the calorimeter there is a water with a mass m, 

the temperature increase will be equal to Tw: 

∆𝑄 = ∆𝑇𝑊 ∙ (𝐶 + 𝑚𝑐𝑊)    (37.2) 

where cw is the specific heat of water. In case if in the calorimeter there is the same amount of 

ice: 

∆𝑄 = ∆𝑇𝐿 ∙ (𝐶 + 𝑚𝑐𝐿)    (37.3) 

where TL and cL are the increase in temperature and specific heat of ice, respectively. 

Substituting (37.1) to (37.2) and (37.3) after transformations we get: 
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One can see that by measuring the appropriate temperature jumps, water’s mass and quantity 

of supplied heat it is possible to determine absolute values of specific heat. The specific heats 

ratio can be determined on the basis of measurements of temperature jumps: 
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2. Description of experimental setup 

 

The calorimeter is made of Al alloy, inside there is a thermocouple tip. The other end of 

the thermocouple is placed in a container with ice and water. The calorimeter capacity is about 



90 cm3, the heat capacity is about 390 J/K. The calorimeter is placed in a vacuum flask to 

reduce heat exchange with the environment. 

The calorimeter wall has a heater winding with a resistance of 11.4(2)  The heater is 

powered by a device that allows the system to supply precisely defined portions of energy. 

 

3. Conducting the experiment 

 

a) thermometer preparation 

 

Start the experiment by placing the "cold" end of the thermocouple in a mixture of finely 

crushed ice and water. Chunks of ice cannot be large, because it could have a temperature below 

zero. Ice should fill a significant volume of vacuum flask. From time to time, the content should 

be gently mix to avoid accumulating water at a temperature of 4ºC. 

Unscrew the calorimeter cap screws, and insert the thermocouple tip into ice water. 

Check the voltage indicated by the voltmeter and perform the necessary zero correction. 

The characteristic of the thermocouple is given by the formula: 

𝑇 = (27.7 ± 0.1)
K

mV
∙ 𝑈 − (0.64 ± 0.03)

K

mV2
∙ 𝑈2 + (270.3 ± 0.4)K      (37.7) 

where T is the temperature of the "warm" end of the thermocouple and U is the voltage at the 

thermocouple when the "cold" end is in ice water. The equation from which the voltage at a 

certain temperature can be calculated is given by the formula: 

𝑈 = (0.0213 ± 0.0005)
mV

K
∙ 𝑇 + (2.9 ± 0.1)10−5 mV2

𝐾
∙ 𝑇2 − (7.93 ± 0.06)mV (37.8) 

Note: Equation 37.8 can be obtained from 37.7 in such a way that we calculate U from the 37.7 

quadratic equation. Then we develop the answer into Taylor series to elements of the T2 order. 

Equations 37.7 and 37.8 are therefore not mathematically equivalent. However, they are easy 

to use and consistent within the error bars. 

 

b) calorimeter heat capacity measurement 

 

Dry the inside of the calorimeter, the cover and the thermocouple tip thoroughly. Attach 

the lid and place the calorimeter in a vacuum flask. Begin to record every 10 seconds voltmeter 

readings. Make also a working graph on a paper. After ensuring that the voltage does not change 

or that it changes linearly over time, a portion of heat can be supplied to the system. For this 

purpose, set the power supply in the constant current regime to about 2 A and the power 

interrupter for about 20 s. Note the exact value you set. 

Turn on the power interrupter and record the voltmeter readings every 10 seconds. One 

can observe an increase in voltage and then a decrease. Stop recording results only after making 

sure that voltage changes depend linearly on time. That is why drawing up a working chart is 

so important. After establishing a linear temperature drop, repeat the measurements. 

 

Note: After a sufficiently long time of observation, of course, one will notice that changes in 

voltage and thus temperature as a function of time are not really linear but rather exponential, 

as shown in the drawings cited at the beginning of the literature. Speaking of linear time 

dependence, we mean periods equal to a dozen·10s. 

 

c) measurements with ice 

 



Weigh an empty calorimeter. Pour about 80 cm3 of distilled water into it and weigh it 

again. After closing, place the calorimeter in a vacuum flask. Measure the temperature in the 

calorimeter (you need to convert the voltage to temperature, formula (37.7)). Carefully pour 

some liquid nitrogen into the vacuum flask and observe the temperature drop. After cooling to 

approx. 260 K, wait until the temperature begins to rise by itself. After making sure that the 

temperature increases linearly with time (make a graph!) provide a portion of heat and note the 

voltmeter readings. After establishing a linear temperature increase, repeat the measurements 

 

d) measurements with water 

 

Pass the current through the calorimeter heater and in this way heat the ice until it melts 

completely (observe the temperature!). Stop heating. After making sure that the temperature 

increases linearly with time (make a graph!) deliver a portion of heat and repeat the already 

known actions. 

 

4. Processing of results 

 

The most important part of the experiment is to determine the temperature jumps after 

providing a portion of heat. Use extrapolation of the temperature difference for infinitely fast 

heat exchange. The idea of the method is described in the literature. Extrapolate jumps using 

the graphical method. 

Based on the given heater resistance and known value of current and time, determine 

the amount of heat delivered to the system in each portion. Estimate the error of those values. 

Using equations 37.4 and 37.5 determine the specific heat of water and ice and estimate 

uncertainties. 

Using the equation 37.6 determine the cw/cL ratio. Estimate the uncertainty. Compare all 

results with the literature. 


