
31. Thermocouple characteristics 
 

(2 weeks, 20 points) 

 

Issues: voltage, temperature, thermoelectric effect, thermocouple, thermocouple characteristics. 

 

Literature: Szc1, vol. 3, 233 ÷ 238; Szy75, 386 ÷ 391, 621; Szy99 435 ÷ 456, 537 

 

 
The aim of the experiment is to determine the characteristics of the constant-copper 

thermocouple based on three characteristic points of the temperature scale: nitrogen boiling 

(TN), ice melting (TL) and boiling water at normal pressure (TW). Scaled thermocouple readings 

are then compared to thermometer readings. 

The experimental kit includes a thermocouple placed in long glass tubes with sunken 

ends. These tubes can be placed in a tall glass vessel in which we will bring water to a boil or 

in a vessel with liquid nitrogen. Glass tubes are therefore long so that the heat transport caused 

by the tube walls does not introduce a large temperature systematic error. 

 

1. Thermocouple scaling 

 

We place both thermocouple joints in ice water. The ice must be finely chopped. We 

read the voltmeter readings in the smallest range. After a sufficiently long time, when we are 

sure that the thermocouple joints have reached ice water temperature (0C), i.e. that the 

indicated voltmeter does not change as a function of time, we reset the voltmeter with a special 

knob. Then we place one of the splices in liquid nitrogen (the other remains in ice water), note 

the voltmeter readings as a function of time and after a sufficiently long time determine the 

voltage UN corresponding to the temperature TN. 

We transfer the bond to a vessel with water (distilled!). We bring the water to a boil and, 

as before, we read the voltage as a function of time. We determine the voltage UW corresponding 

to the boiling point of distilled water. 

 

2. Determination of thermocouple characteristics 

 

Based on the received UN and UW voltages, we determine the second degree equation 

on the basis of which we will be able to convert the voltage measured by the thermocouple into 

temperature. Since the reference point is the melting point of ice, TL, the equation will be: 

𝑇 = 𝐴𝑈2 + 𝐵𝑈 + 𝑇𝐿            (31.1) 

where A and B are constant coefficients characterizing the thermocouple. In order to find the 

values of the A and B coefficients we solve the system of equations: 

𝑇𝑁 = 𝐴𝑈𝑁
2 + 𝐵𝑈𝑁 + 𝑇𝐿           (31.2) 

𝑇𝑊 = 𝐴𝑈𝑊
2 + 𝐵𝑈𝑊 + 𝑇𝐿           (31.3) 

in which A and B are unknowns. We determine uncertainties of coefficients A and B. 

 

3. Comparison of thermometer and scaled thermocouple readings 

 

We place both thermocouple joints in ice water. After a sufficiently long time, when we 

are sure that the thermocouple joints have reached ice water temperature (0C), i.e. that the 

indicated voltmeter does not change as a function of time, we reset the voltmeter. Then we put 



one of the joints in the water, which we can heat. We also place a laboratory thermometer in 

this water. we heat the vessel with water. We read the voltmeter and thermometer readings. We 

convert the voltage into temperature using (31.1). We present the calculated temperature and 

the thermometer indications on the graph. 


