
Temperature is measured with various instruments that transform heat – thermal energy 
– into detectable quantities. The most common instruments in industrial contexts are 
thermocouples, resistance thermometers, thermistors and radiation pyrometers.  

 LESSON 4    TEMPERATURE SENSORS 

SPIRIT THERMOMETER
The function of a spirit thermom-
eter is based on the fact that the 
volume of a liquid increases with its 
temperature. The liquid is encased 
in a glass that usually has a bubble 
at one end. To make it easy to take 
readings, the glass is drawn out into 
a narrow tube with a scale along-
side it. This type of thermometer is 
normally used for manual readings. 
Previously mercury was used as a 
liquid but mercury thermometers are 
now banned in Sweden as the metal 
is environmentally hazardous.  

Example of a DIN standardised 
 industrial Pt100 model. 

have different tempera-
tures. He also found that 
the current increased with 
the temperature differ-
ence. 

Today “the Seebeck 
phenomenon” refers to 
the temperature-depend-
ent electric voltage that a 
thermocouple generates 
in an unloaded condition, 
that is, if a voltmeter with 
infinite resistance is con-
nected to the circuit. 

Seebeck presented his 
theories in 1821 and this 
was the starting point 
of the development of 
the thermocouple. As 
electronics advanced 
the thermocouple was 
improved, as were the possibilities of 
using it. Today it is the most widely 
used industrial temperature sensor.  

Research still continues into 
the material properties of thermo-
couple wires, insulation materials 
and protective casings. The latest 
 standa r dised type N is one result 
of such targeted research, as is the 
ongoing activity based on type K to 
develop improved versions with the 
same high signal output as type K.

The thermocouple has several ad-
vantages: it is a simple and durable 
construction with a large measuring 
range. Thermocouples require no 
electricity supply. With the materials 
being used today, thermocouples 
cover the range from under –200 °C 
to over 2300 °C. 

The main disadvantage of the 
thermocouple is that the Seebeck 
voltage that occurs at temperature 
gradients can be generated along 
the entire length of the thermo-
couple. If the thermocouple is not 
homogenous along its entire length 
up to the instrumentation, the signal 
output becomes somewhat uncer-
tain. Despite this, the thermocouple 
will probably continue to be used for 
industrial measurements for many 
years to come.

PLATINUM RESISTANCE 
THERMOMETER 
The resistance thermometer is also 
a child of the technological ad-
vances of the 19th century. The first 
theories were presented in 1891 
by H C Callendar. They are based 
on the fact that the resistance of all 
metals changes according to the 
temperature. Resistance thermom-
eters therefore require an electricity 
supply. The noble metal platinum 
is one of the most stable materials 
known and is therefore particularly 
suitable for measuring temperature.

With the introduction of ITS 90, 
the platinum thermometer took 
over the thermocouple’s place in 
the international temperature scale. 
The platinum thermometer is now 
used to realise the entire range from 
14K to 962 °C (i.e. from fixed point 
2 at –259 °C to the freezing point of 
silver). See Lesson 3.

The platinum sensor has long-
term stability and is characterised 
by high accuracy. Compared with 
the thermocouple, there is prob-
ably more development potential in 
this field. Today the limitations are a 
closer temperature range than that 
of the thermocouple, more sensitive 
construction and a longer response 
time. 

BIMETALLIC THERMOMETER
A bimetal is two metals that are 
joined together and that have differ-
ent thermal expansion coefficients. 
When the bimetal is heated it bends. 
This type is common for simple 
thermometers that measure e.g. air 
temperature and the temperature 
inside a refrigerator. The bimetallic 
thermometer is also used as a ther-
mostat in regulating systems.  

THERMOCOUPLE
At the beginning of the 19th century 
T J Seebeck discovered that an 
electric current will flow in a closed 
circuit composed of two different 
metal alloys if the joints in the circuit 
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Examples of IR radiation pyrometers.

Overview of temperature sensors and measuring ranges. IPRT Pt100 stands for 
industrial platinum resistance thermometers. SPRT Pt100 stands for standard 
 platinum resistance thermometers and is used as a reference in laboratories, 
when it has an expanded temperature range. 

If you would like to discover even 
more about temperature measure-
ment, Pentronic offers courses in 
traceable temper ature measure-
ment in Västervik or at your own 
 premises if required. For more 
 information visit www.pentronic.se

The next step for industrial 
platinum sensors is an expanded 
measuring range. The wire-wound 
versions already have varying accu-
racy up to approx. 600 °C. Thinfilm 
resistors, which can easily be mass 
produced, do not achieve as high 
a temperature with retained stabil-
ity. Manufacturers are now invest-
ing large development resources 
to expand the measuring range 
because there is much to be gained. 
The hope is to achieve a greater 
measuring range at a lower price 
per produced resistor. 

The most common model of 
the platinum sensor is the Pt100, 
which has a resistance of 100 Ω at 
0 degrees. 

RADIATION PYROMETER
At temperatures above 962 °C it is 
the radiation pyrometer that real-
ises ITS 90. The pyrometer’s big 
advantage is that it takes totally 
non-contact readings. However, 
the measuring conditions are highly 
variable according to the tempera-
ture and materials, so the radiation 
pyrometer’s Achilles heel is that it 
must adjust to the prevailing condi-
tions such as the emissivity of the 
 material. One version of the pyrom-

builders to detect temperature dif-
ferences rather than to determine 
a precise temperature. The price of 
good  thermographic cameras has 
fallen sharply in recent years.

FIBER OPTICS
Another advancing form of tech-
nology is the use of optical fibers, 
which enable very fast and accurate 
measurements. One advantage is 
that this light conductor is insensi-
tive to all types of electrical disrup-
tions. However, for the foreseeable 
future both pyrometers and fiberop-
tic measuring devices are expected 
to remain niche instruments to be 
used when nothing else works.

THERMISTOR/SEMICONDUC-
TOR SENSOR
The thermistor has the useful ability 
to deliver a higher output signal 
compared with that of a platinum 
resistance thermometer. As a result, 
the associated electronics do not 
have to be highly sophisticated and 
expensive. The disadvantage is that 
the temperature range is limited, as 
is the linearity. In addition, there is 
no standardisation for thermistors, 
which means that customers must 
depend on the manufacturers’ infor-
mal standards. A thermistor needs 

an electricity supply. There are two 
types of thermistor: Positive Temper-
ature Coefficient (PTC) and Negative 
Temperature Coefficient (NTC). They 
are mainly used in electronic equip-
ment having relatively low require-
ments for accuracy.

OVERVIEW OF TEMPERATURE 
SENSORS 
The figure below shows the most 
common versions of industrial tem-
perature sensors with their possible 
measuring ranges. Rarely can a sin-
gle sensor cover the entire possible 
measuring range. 

Thermocouples and resistance 
thermometers like the Pt100 have 
the advantage of being standardised 
by bodies such as the IEC. This 
means that they are interchangeable 
in terms of their signal with devia-
tions that are indicated in the stand-
ards. So far the other sensor types 
are manufacturer dependent. 

In order for new temperature sen-
sor technology to be adopted, the 
sensor must function across a large 
temperature range and must also be 
stable and inexpensive. The great  
mass of temperature sensors will 
probably consist of thermocouples 
and platinum resistance thermom-
eters for the foreseeable future.

eter is the thermographic camera, 
which measures the temperature 
(via infrared radiation) at such a 
large number of points that an 
image can be built up. The thermo-
graphic camera is often used by 
firefighters, electricians and house 


