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GENERAL INFORMATION ABOUT THERMOCOUPLES 

 
 

WORKING PRINCIPLE  
A thermocouple comprises an electrical circuit formed by two metal conductors of different metals soldered together at the 
ends. When there is a difference in temperature between the two joints, due to the Seebeck effect, a voltage is generated 
and then, if one of the two joints is opened, there is an electromotive force (emf). The polarization and intensity of the 
electromotive force depends solely on the type of metals used and the temperature to which the joints are subjected. The 
joint exposed to the temperature to be measured is called the hot junction or the measuring junction while the joint 
between the thermocouple conductors and the measuring circuit is called the cold junction or the reference junction. To 
measure a temperature with a thermocouple the reference junction must be at a given temperature (normally 0°) so that 
the emf generated depends solely on the temperature of the measuring junction. The type of thermocouple depends on 
the materials comprising the conductors which can be summarized as follows:  
  

Type   Temperature 
limits (°C)   

Symbol   Materials   

Description  

S  Pt10%Rh - Pt  -50 / 1760  

Thermocouples composed of noble metals (Platinum and Rhodium) enable very precise 
measurements to be obtained. Especially resistant at high temperatures, it is generally used 
in oxidizing atmospheres. It is not really recommended in reducing atmospheres or those 
containing metal gases.  

R  Pt13%Rh - Pt  -50 / 1760  
Like the "S" type thermocouple but with different percentages of the two metals.  

B  Pt30%Rh - 
Pt6%Rh  0 / 1820  

Thermocouple composed of noble metals which, due to a greater quantity of Rhodium than 
the "S" and "R" types, is more resistant at high temperatures and to mechanical stress.  

E  Cr - Co  -270 / 1000  

Thermocouple with high thermoelectrical power which combines the positive pole of the "K" 
type thermocouple and the negative pole of the "J" type thermocouple. Particularly indicated 
in oxidizing atmospheres.  

J  Fe - Co  -210 / 1200  

Thermocouple comprising an iron positive pole and a constantan (copper-nickel alloy) 
negative pole. Indicated for measuring medium temperatures in reducing atmospheres and 
with the presence of hydrogen and carbon. The presence of iron jeopardizes its working 
properly in oxidizing atmospheres.  

K  Cr - Al  -270 / 1370  
Thermocouple composed of alloys containing nickel. It is suitable for measuring high 
temperatures in oxidizing atmospheres. Not to be used in reducing atmospheres.  

T  Cu - Co  -270 / 400  
Thermocouple which permits accurate measurements at low temperatures in oxidizing and 
reducing atmospheres.  
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N  Nicrosil - Nisil  -270 / 400 (1)  
0 / 1300 (2)  

Thermocouple for high temperatures similar to type "K" but with less hysteresis.  

W3  W3%Re- 
W25%Re  

0 / 2310  

Thermocouple for extremely high temperatures comprising a Tungsten positive pole 
containing 3% rhenium and a Tungsten negative pole containing 25% rhenium. Particularly 
resistant in reducing atmospheres and in the presence of hydrogen or other inert gases. Not 
to be used in air or oxidizing atmospheres.  

W5  W5%Re - 
W26%Re  

0 / 2310  
Thermocouple very similar to W3 but with a greater percentage of rhenium which increases 
its mechanical resistance. Other characteristics are identical to those of the W3 
thermocouple.  

 
 (1) Thermocouple with 0.32 mm diameter wires   
 (2) Thermocouple with 1.63 mm diameter wires  

 
MEASURING METHODS WITH THERMOCOUPLES  
The methods for carrying out measurements with thermocouples can generally be divided into two types. The first, as 
shown in figure No. 1, is generally used in industrial fields where extreme precision is not necessary  
  
  

 
  
  
In this case the thermocouple is connected directly (fig. 1a) to the measuring device using compensated or extension 
cables (fig. 1b). In this case the compensation of the reference junction is carried out directly by the measuring device 
which, measuring the junction temperature with other types of sensors, electronically modifies the thermocouple signal so 
that it is only dependent on the temperature of the measuring junction and thus the temperature to be measured. The 
second type enables highly accurate measurements to be obtained and for this reason is used almost exclusively in 
laboratory applications.  
  

 
  
  
 In this case the temperature of the reference junction is maintained at a given and constant temperature (normally the 
melting point of ice 0°C) through manual or automat ic procedures in order to compensate the electromotive force 
measured by the measuring device with that corresponding to the measuring junction. 
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CONSTRUCTION OF THERMOCOUPLES  
As in the case of resistance thermometers, there are also basically two construction types of thermocouples: with 
traditional insulation and with mineral insulation. The following table shows the main characteristics of the two construction 
types:  
  

 

 
 
 
 
 
 

 
Response 

speed   
Electrical 
insulation   

Resistance to 
vibrations   

Resistance to 
pressure   

Traditional insulation   Sufficient  Good  Sufficient  Good  

Mineral insulation 
MgO 

Excellent  Good  Excellent  Excellent  

Traditional insulation thermocouples comprise:  
  
1. Measuring junction  
The measuring junction or hot junction is the area in which the two 
conductors of the thermocouple are joined together; since its 
dimensions are small, we can consider the measurement carried out 
with the thermocouples to be punctiform. This junction must be created 
in such a way that there is no mechanical stress on the two conductors 
(especially as regards thermocouples made of noble metals) as, once 
at temperature, this would jeopardize the correct functioning of the 
thermocouple.   
   
2. Thermocouple wires  
The wires of the thermocouple must be of appropriate dimensions for 
the conditions of use; it is possible to insert two or more thermocouples 
into the same probe.   
   
3. Ceramic insulators  
Ceramic insulators are used to keep the thermocouple wires insulated 
along the entire length of the probe both from each other and the 
external sheath.   
   
4. Protective sheath   
The protective sheath is designed to protect the thermocouple wires. 
Since it is in contact with the process, it is important that it is made of 
the right material and has the right dimensions. The protective sheath 
is normally made of metal however it can be made of ceramic in the 
case of very high temperatures. In certain conditions is it advisable to 
cover the sheath with a further protective casing (thermowell).  
   
5. Connection head  
The connection head contains the terminal board made of insulating 
material (normally ceramic) which permits the electrical connection of 
the thermocouple. Depending on the conditions of use explosion proof 
casing may be used. A 4-20mA converter can be installed instead of 
the terminal board.  
 

  

TRADITIONAL INSULATION  THERMOCOUPLES 
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In traditional insulation thermocouples the limits to the use of the different thermocouples is determined not only by the 
type of sheath but also by the dimensions of the thermocouple wires as indicated in the table below:  
 

WIRE DIAMETER (mm)   

TYPE  CONDITIONS   
3 
 

 
1.5 

 
1.3 

 
0.8 

 
0.5 

 
0.25 

Bare wires  

J  
Sheathed wires  

650 
 

760 

480 
 

590 

480 
 

450 

 
425 

 
480 

 

 
340 

 
370 

 

 
310 

 
370 

 

Bare wires  

K/N  
Sheathed wires  

1.090 
 

1.260 

925 
 

1.090 

925 
 

1.090 

 
870 

 
980 

 

 
760 

 
870 

 

 
700 

 
815 

 

Bare wires  

T  
Sheathed wires  

315 
 

370 

315 
 

370 

260 
 

315 

 
200 

 
260 

 

 
200 

 
200 

 

 
200 

 
200 

 

Bare wires  

E  
Sheathed wires  

760 
 

870 

590 
 

650 

590 
 

650 

 
480 

 
540 

 

 
370 

 
425 

 

 
370 

 
425 

 

Bare wires  

S/R  
Sheathed wires  

   

 
1.540 

 
 
 

 
1.480 

 
 
 

 
1.320 

 
 
 

Bare wires  

B  
Sheathed wires  

    

 
1.700 

 
 

 

 
 

Temperature limits in °C  

 
There are three types of measuring junction for mineral insulation thermocouples; the choice depends on the conditions of 
use of the thermocouple.  

 

 

 

 

 

 
A. Exposed hot junction  

Characterized by very a short response time as it is in direct contact with the environment in which the temperature 
must be measured; however it is not recommended for use in corrosive environments.    

B. Grounded hot junction  
The measuring junction is an integral part of the protective sheath and consequently the response time is quite short. 
This junction conforms to the ASTM-E-235 standard. It is recommended where there is high pressure (up to 
3500Kg/cm2).   

C. Insulated hot junction  
The hot junction is completely insulated from the protective sheath and is, therefore, particularly indicated in cases 
where parasitic emf could affect the measurements. This junction conforms to the ASTM-E-235 standard.  
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MINERAL MgO INSULATION THERMOCOUPLES 
 

This particular construction type enables the production of high 
performance thermocouples with excellent mechanical 
characteristics. The made construction characteristics can be 
summarized as follows:  
the possibility of producing extremely small thermocouples (from 
0.5mm diameter)   
the possibility of bending the sheath with a very sharp bending radius   
the considerable increase in the average life of the thermocouple   
the possibility of producing very long thermocouples   
   
1. Measuring junction   
Special techniques are used to create the joint between the two 
conductors forming the thermocouple inside the mineral oxide 
insulation cable which is then closed. The measuring junction can be 
insulated, grounded or exposed (see table).   
   
2. Thermocouple wires  
Inside the mineral oxide insulation cable there can be two, four or six 
wires; the thermocouple can thus be simple, double or triple.   
   
3. Sheath with mineral insulation  
This comprises a metal sheath containing the conductors which are 
insulated from each other and from the sheath itself by extremely 
pure and highly compressed metal oxides; standard insulation uses 
magnesium oxide, MgO.  
   
4. Connection head  
The connection head contains the terminal board made of insulating 
material (normally ceramic) which permits the electrical connection of 
the thermocouple. Depending on the conditions of use explosion 
proof casing may be used. A 4-20mA converter can be installed 
instead of the terminal board.   
 

  
MAIN CAUSES OF ERRORS IN MEASUREMENTS WITH THERMOCOUPLES  
 
The main causes of errors which can occur while measuring the temperature with thermocouples are the following:  
 - Connection of thermocouple to the measuring device with an unsuitable cable   
 - Inversion of polarity in the connections   
 - Parasitic emf   
 - Incorrect compensation of the reference junction.   
  
 
All the connections between the thermocouples and the measuring devices must be carried out with suitable compensated 
cables. There are compensated cables for each type of thermocouple, the choice of type of insulation and dimensions 
depends solely on the conditions of use (see section on cables).  
  
All compensation and/or extension cables for thermocouples have a colour identifying both the type of thermocouple and 
its polarity. It is, therefore, important to take care not to invert the polarities in any connections  
It is, however, good practice to make as few junctions as possible in connections between thermocouples and measuring 
instruments and to use the special devices with compensated contacts which prevent polarity inversion.  
When using thermocouples with grounded measuring junctions, parasitic emf may be introduced from the thermocouple to 
the measuring device and, since the thermocouple signal is in mV, it may easily be disturbed or altered.   
It is, therefore, advisable to use thermocouples with insulated measuring junctions.   
  
As stated previously measuring with thermocouples requires the compensation of the reference junction; it is important 
that this be carried out correctly by the measuring device.  


