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EXPERIMENT KW4: TEMPERATURE MEASUREMENT AND CALIBRATION 
 
Related course: KIE3010 (Instrumentation) 
 
OBJECTIVES: 
1. To observe how the platinum resistance thermometer (PRT) works and linearity of PRT 
2. To observe the linearity and accuracy of the liquid filled glass, gas (vapour) pressure and 

Bi-metal devices by calibration against the reference sensor 
3. To observe how the NTC thermistor and thermocouples work and their linearity 
4. To compare the linearity between J and K type thermocouples 

 
EQUIPMENT: 
PRT, Bi-metal devices, NTC thermistor, J and K type thermocouple 
 
INSTRUCTIONS: 

1. Record all your results and observations in a log book or on a piece of paper 
2. Refer to the SAFETY WARNING below 

 

SAFETY WARNING!! 

 Clean up any water spill immediately. 

 If water is spilled on the equipment, disconnect the electrical supply and dry the 
equipment. 

 Never touch any electrical parts with wet hands. 

 Boiling water is dangerous and creates steam. Keep away from the hot water. 
Always allow the hot water to cool down to at least 70°C before drain it away. 

 Ice can damage skin. Always use suitable gloves or tools to hold ice. 

 
REFERENCE(S): 
Refer to the main references of KIE3010 
 
TESTS: 
TEST 1: Calibration of PRT 
TEST 2: Calibration of liquid filled glass, gas (vapour) pressure and bi-metal devices 
TEST 3: Calibration of NTC thermistor 
TEST 4: Calibration of J and K type thermocouples 
 
INTRODUCTION: 
 

Resistance temperature detectors (RTDs) are sensors used to measure temperature by 
correlating the resistance of the RTD element with temperature. Most RTD elements consist 
of a length of fine coiled wire wrapped around a ceramic or glass core. The RTD element is 
made from a pure material, typically platinum, nickel or copper. The material has a 
predictable change in resistance as the temperature changes. Platinum is the best metal for 
RTDs because it follows a very linear resistance-temperature relationship. 
 

The significant characteristic of metals used as resistive elements is the linear approximation 
of the resistance versus temperature between 0 and 100 °C. The temperature coefficient of 
resistance is called alpha, α in Ohm/Ohm/°C, where R0 and R100 are the resistance of the 
sensor at 0 °C and 100 °C respsectively, α = (R100 – R0) / (100R). 
 

Calibration is a process of finding a relationship between two unknown quantities when the 
measurable quantities are not given a particular value for the amount considered or found a 
standard for the quantity. When one of quantities is known (standard), which is made or set 
with one device, another measurement is made as similar way as possible with the first 
device using a second device (unit under test). 
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Thermistors are temperature-sensing elements made of semiconductor that has been 
sintered to display large changes in resistance proportional to small changes in temperature. 
This resistance can be measured by passing a small direct current through the thermistor to 
measure the voltage drop produced. Negative temperature coefficient (NTC) thermistors are 
non-linear resistors, where its resistance decreases as the temperature increases. 
 

Thermocouples are sensor used to measure temperature. Thermocouples consist of two 
wire legs made from different metals. The wire legs are welded together at one end, creating 
a junction. This junction is where the temperature is measured. When the junction 
experiences a change in temperature, a voltage is created. There are many types of 
thermocouples, depending on the temperature range and chemical resistance. 
Thermocouples have low cost, high temperature limits and wide temperature ranges. 
 
 

PROCEDURES: 
 

1. Make sure the electrical power supply is OFF. 

2. Close the drain valve at the back of the heater tank. 

3. Unscrew the lid of the heater tank and fill it with approximately 1.5 liters of clean water so 
that it is half-full. 

4. Close the lid of the heater tank. 

5. Add ice to the icebox and put its lid on. 

6. Make sure the heater switch is OFF. 

7. Fit and adjust the black ‘O’ rings to each device that will be used. Adjust the ‘O’ ring so 
that each device is immersed in the heater tank water by between 70 mm and 80 mm as 
shown in Figure 1. If necessary, add more water to the Heater Tank. 
 

 
 

                          Figure 1 
 
TEST 1: Calibration of PRT 
 
Objectives: To observe how the platinum resistance thermometer (PRT) works and PRT 
linearity 
 

1. Connect the reference sensor to its socket and connect the PRT to the millivoltmeter and 
the constant current source as shown in Figure 2. Note that the PRT is connected as a 
four wire device. 

2. Put the reference sensor and the PRT into the icebox (through the holes in its lid). Wait a 
few minutes for the readings to stabilize. 

‘O’ rings 

Immersion 
depth 
= 70-80 mm Heater tank 
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3. Put both devices into the heater tank (through the holes in its lid). Switch ON the heater 
and note the reference temperature. 

4. At intervals of 10°C (shown by the reference temperature), record the INPUT 1 readings 
of the millivoltmeter to complete Table 1. 

5. Switch OFF the heater when the reference temperature is 85°C. 

 

 
Figure 2 

 
 

Table 1: Calibration of PRT  

Reference 
temperature 

(0C) 

Measured 
voltage 

(mV) 

Calculated 
resistance 
(Rcalc, Ω) 

Standard 
resistance from 

Table A1 (Rstd, Ω) 

Difference 
between Rcalc 

and Rstd (Rdiff, Ω) 

Error = |Rdiff/Rstd| 
x 100 (%) 

35      

45      

55      

65      

75      

85      

 
AQ1. Given that the constant current is 1 mA, use Ohm’s law to calculate the resistance of 

the PRT for each row in Table 1. 

AQ2. From Table 1, plot a graph of the calculated resistance Rcalc (y-axis) vs. reference 
temperature (x-axis). Then, draw the best curve for this graph. 

AQ3. From Table 1, plot a graph of the standard resistance Rstd (y-axis) vs. reference 
temperature in the same graph in AQ2. Then, draw the best straight line for this graph. 

AQ4. From the results, explain why we can use the PRT as an accurate reference sensor. 

AQ5. Identify any possible causes of error between Rcalc and Rstd. 

Platinum Resistance Thermometer (PRT) 

Red wire 

Black wire 

INPUT 1   INPUT 2 INPUT 3   INPUT 4 

Millivoltmeter 

Black wire 

Red wire 

Wheatstone 

bridge 

Constant 

voltage 

source 

Constant 

current 

source 

1 mA 

R1 

PRT 

simulator 

R2 

R3 

R4 

100R 

100R 100R 

100R 

VS 
Reference 

sensor 
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TEST 2: Calibration of liquid filled glass, gas (vapour) pressure and bi-metal devices 
 

Objectives: To observe the linearity and accuracy of the liquid filled glass, gas (vapour) 
pressure and bi-metal devices by calibration against the reference sensor 

 

1. Choose one of the liquid filled glass thermometers (Item 6). Put the reference sensor and 
the thermometer into the icebox (through the holes in its lid). Wait a few minutes for the 
readings to stabilize. 

2. Put both devices into the heater tank (through the holes in its lid). Switch ON the heater 
and observe the reference temperature. 

3. At intervals of 10°C (shown by the reference temperature), record the readings of the 
thermometer to complete Table 2. 

4. Switch OFF the heater when the reference temperature is 85°C. 

5. Repeat the experiment for the other liquid filled glass thermometer (Item 7), the gas 
(vapour) pressure thermometer and the bi-metal thermometer. Allow the heater water to 
cool down (and change it if necessary for cooler water) between tests. 

 

Notes: The gas (vapour) pressure and bi-metal thermometers have a mechanical gauge. 
Hence, gently ‘tap’ them with your fingers before recording their reading. This removes any 
static friction in their mechanism, which would give false readings. 
 

BQ1. From Table 2, plot a graph of the measured temperature Tmeas (y-axis) vs. reference 
temperature Tref (x-axis) for each device separately. 

BQ2. For each graph in BQ1, add a graph of the reference temperature Tref vs. reference 
temperature Tref and draw its best straight curve. This is called the reference curve. 

BQ3. Compare both devices against the reference to identify which one is more accurate. 

BQ4. Identify any possible causes of error between Tref and Tmeas. 

Table 2: Calibration of liquid filled glass thermometers 

Reference 
temperature 

(Tref, 0C) 

Item 6 Item 7 

Measured 
temperature 

(Tmeas, 0C) 

Difference 
between Tref and 

Tmeas (Tdiff, Ω) 

Error = 
|Tdiff/Tref| x 

100 (%) 

Measured 
temperature 

(Tmeas, 0C) 

Difference 
between Tref and 

Tmeas (Tdiff, Ω) 

Error = 
|Tdiff/Tref| x 

100 (%) 

35       

45       

55       

65       

75       

85       

 
 
TEST 3: Calibration of NTC thermistor 
 

Objectives: To observe how the NTC thermistor and thermocouples work and their linearity 
 

1. Connect the reference sensor to its socket and connect the NTC Thermistor (Item 10) to 
the millivoltmeter and the constant current source as shown in Figure 3. 

2. Put the reference sensor and the NTC Thermistor into the icebox (through the holes in its 
lid). Wait a few minutes for the readings to stabilize. 

3. Put both devices into the heater tank (through the holes in its lid). Switch ON the heater 
and observe the reference temperature. 
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4. At intervals of 10°C (shown by the reference temperature), record the INPUT 1 readings 
of the millivoltmeter. 

5. Switch OFF the heater when the reference temperature is 85°C. 
 
 

 
Figure 3 

 
Table 3: Calibration of NTC thermistor  

Reference 
temperature 

(0C) 

Measured 
voltage 

(mV) 

Calculated 
resistance 
(Rcalc, Ω) 

Standard 
resistance from 

Table A2 (Rstd, Ω) 

Difference 
between Rcalc 

and Rstd (Rdiff, Ω) 

Error = 
|Rdiff/Rstd| x 

100 (%) 

35      

45      

55      

65      

75      

85      

 

CQ1. Given that the constant current is 1 mA, use Ohm’s law to calculate the resistance of 
the thermistor for each row in Table 3.  

CQ2. From Table 3, plot a graph of the calculated resistance Rcalc (y-axis) vs. reference 
temperature (x-axis). Then, draw the best curve for this graph. 

CQ3. From Table 3, plot a graph of the standard resistance Rstd (y-axis) vs. reference 
temperature in the same graph in CQ2. Then, draw the best straight line for this graph. 

CQ4. Identify any possible causes of error between Rcalc and Rstd. 
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TEST 4: Calibration of J and K type thermocouples 
 
Objectives: To compare the linearity between J and K type thermocouples 
 

1. Connect the reference sensor to its socket and connect J or K type thermocouple (Item 8 
or 9) to the amplifier and millivoltmeter as shown in Figure 4. The amplifier amplifies the 
voltage from the thermocouple by 20, which makes it suitable for the millivoltmeter. 
Hence, the actual voltage from the thermocouple is 1/20 of the millivoltmeter reading. 

2. Put the reference sensor and the thermocouple into the icebox (through the holes in its 
lid). Wait a few minutes for the readings to stabilize. 

3. Put both devices into the heater tank (through the holes in its lid). Switch ON the heater 
and observe the reference temperature. 

4. At 10°C interval (shown by the reference temperature), record the INPUT 1 readings of 
the millivoltmeter. 

5. Switch OFF the heater when the reference temperature is 85°C. 

6. Repeat the procedure for the other thermocouple. 
 
DQ1. From Table 4, plot a graph of the measured voltage Vmeas vs. reference temperature 

for each thermocouple separately. Then, draw the best fit curve for each graph. 

DQ2. The graph should be reasonably linear but the errors between the measurement and 
standard may be large and consistent (an offset). Identify the causes of any errors.  

DQ3. Why thermocouple connections are important? Why thermocouple cannot be 
connected directly to an ordinary measuring device? 

 
Table 4: Calibration of J and K type thermocouples 

Reference 
tempe-

rature (0C) 

J type thermocouple K type thermocouple 
Measured 

voltage 
divided by 20 

(Vmeas, µV) 

Standard 
voltage from 

Table A3 
(Vstd, µV) 

Difference 
between 
Vmeas and 

Vstd (Vdiff, Ω) 

Error = 
Vdiff/Vstd 

x 100 (%) 

Measured 
voltage 

divided by 20 
(Vmeas, µV) 

Standard 
voltage 

from Table 
A4 (Vstd, µV) 

Difference 
between 
Vmeas and 

Vstd (Vdiff, Ω) 

Error = 
Vdiff/Vstd x 
100 (%) 

35         

45         

55         

65         

75         

85         

 

Millivoltmeter

INPUT 1

INPUT 2

INPUT 3

INPUT 4

Reference 
sensor

Thermocouple

Junction

Thermocouple 

J and K type Resistor

G=20

IN OUT

J type=White
K type=White

J type=Black
K type=Green

 
Figure 4 

END OF EXPERIMENT 
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APPENDICES 
 

Table A1: NTC Thermistor standards 

 
Table A2: PT100 (PRT) - resistance temperature detector standards 
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Table A3: J Type Thermocouple Standards 

 
 

Table A4: K Type Thermocouple Standards 

 


