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Temperature Measurement

There are four basic types of temperature
measuring devices, each of which uses a
different principle:
ØMechanical (liquid-in-glass thermometers,

bimetallic strips, etc.).
ØThermojunctive (thermocouples).
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ØThermojunctive (thermocouples).
ØThermoresistive (RTDs and thermistors).
ØRadiative (infrared and optical pyrometers).
Each of these is defined and discussed in this
learning module, with most of the emphasis placed
on thermojunctive temperature measuring devices

thermocouples



A- Mechanical temperature measuring devices 

Principle of Operation
A change in temperature causes some kind of 
mechanical motion, typically due to the fact that 
most materials expand with a rise in 
temperature
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1- Liquid-in-glass thermometer 

2- Bimetallic strip thermometer

3- Pressure thermometer



B- Thermojuctive Temperature Measuring devices 
(thermocouples)

Principle of Operation
When two dissimilar metals are connected 
together, a small voltage called a thermojunction
voltage is generated at the junction

April 22, 2013 Engineering Measurement6

If neither wire A nor wire B is itself copper, 
connecting to the DVM creates two more 
thermojunctions



How can this problem be resolved?
One simple solution is to add a fourth thermojunction, called a reference junction, by 
inserting an additional length of metal A wire into the circuit as sketched to the right. 
The reference junction consists of metals A and B as indicated on the sketch. 
• modified circuit is analyzed as follows: The two junctions to the DVM are now both 

between metal A and copper. 
These two junctions are placed close together, and at the same temperature, 
so that their thermojunction voltages are identical, and cancel each other out

April 22, 2013 Engineering Measurement7

so that their thermojunction voltages are identical, and cancel each other out



Standard thermocouples
type J thermocouple has the color black, and uses iron and constantan as its 

component metals. (Constantan is an alloy of ≈45% nickel and ≈55% copper.) 
type T thermocouple has the color blue, and uses copper and constantan as its                 

component metals. 
type K thermocouple has the color yellow, and uses chromel and alumel as its 

component metals. (Chromel is an alloy of ≈10% chromium and ≈90% nickel.)
Type K thermocouples are the most popular variety in use today. In fact, many digital 

multimeters (DMMs) can measure temperature by plugging in a type K thermocouple 
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multimeters (DMMs) can measure temperature by plugging in a type K thermocouple 
with standard connections. 
Other thermocouples can be made, even if the pair of metals is not one of the 

standard varieties. For example, in the lab, iron and copper are used to create a non-
standard thermocouple. 
The voltage produced by a thermocouple varies almost, but not exactly, linearly 

with temperature. Therefore, there are no simple equations to relate thermocouple 
voltage to temperature. Rather, voltage is tabulated as a function of temperature for 

the various standard thermocouples. 



Thermopile
A thermopile is defined as several 
thermocouples connected in series 
As T2 is increased, the output voltage 
increases significantly

The advantage of a thermopile (as 
compared to just one sensing junction) 
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compared to just one sensing junction) 
is increased sensitivity

With enough sensing junctions, 
a thermopile can actually 
generate a useful voltage. For 
example, thermopiles are often 
used to control shut-off valves in 
furnaces



C- Thermoresistive temperature measuring devices 
Principle of operation

•A change in temperature causes the electrical resistance of 
a material to change. 
•The resistance change is measured to infer the temperature 
change. 
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There are two types of thermoresistive measuring devices:
Øresistance temperature detectors
Øthermistors,



Resistance temperature detectors 

•The resistance of an RTD increases with 
increasing temperature, just as the 
resistance of a strain gage increases with 
increasing strain. 
•Platinum is the most common metal 
used for RTDs. 
•If the temperature changes are large, or 
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•If the temperature changes are large, or 
if precision is not critical, the RTD 
resistance can be measured directly to 
obtain the temperature. 
If the temperature changes are small, 
and/or high precision is needed, an 
electrical circuit is built to measure a 
change in resistance of the RTD, which is 
then used to calculate a change in 
temperature.
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