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2. Temperature Measurements

2.1. Introduction

We are probably well aware that temperature measurement is very important in all spheres of life. In

engineering applications, it is particularly important in process industries, where it is the most commonly

measured process variable. It is therefore appropriate for us to devote this first chapter on measurement of

individual physical variables to the subject of temperature measurement.

This is a root cause of the fundamental difficulties that exist in establishing an absolute standard for

temperature in the form of a relationship between it and other measurable quantities for which a primary

standard unit exists. In the absence of such a relationship, it is necessary to establish fixed, reproducible

reference points for temperature in the form of freezing and triple points of substances where the transition

among solid, liquid, and gaseous states is sharply defined. The International Practical Temperature Scale

(IPTS)* uses this philosophy and defines a number of fixed points for reference temperatures. five

examples are:

the triple point of equilibrium hydrogen -259.34°C

the boiling point of oxygen -182.962°C

the boiling point of water 100.0°C

the freezing point of zinc 419.58°C

the freezing point of silver 961.93°C



2.2.Temperature Scales

• The hotness or coldness of any material depends upon the molecular activity of the
material.

• Kinetic energy is a measure of the activity of the atoms which make up the molecules of
any material.

• As Kinetic energy of the material increases, the Temperature of the material increases.

• Therefore, temperature is a measure of the kinetic energy of the material. It has been
experimentally determined that the lowest possible temperature is -273.15°C.

• Thermodynamic temperature is indicated by the symbol T and has the unit known as the
Kelvin, symbol K.

• The Kelvin temperature scale was chosen so that its zero is at -273.15°C Relation
between °C, °F, K:

T = T(°C) + 273.15

T(°F) = (9/5) T(°C) + 32°



2.3.Thermometer
• One of the old-age thermometer is the mercury-in-glass thermometer.

• Its operation was based on the temperature expansion of fluids.

• A glass bulb filled with mercury is connected to a narrow evacuated
glass capillary tube.

• As the mercury is warmed, it expands and rises up the capillary tube
into a vacuum.

• A mercury-in-glass thermometer is effective in the range -39°C to
~250°C.

• If a thermometer is required

for lower temperatures, the

alcohol-in-glass thermometer

can utilize the same principle

in the range -117°C to 78°C.



Thermometer

• The thermometers include:

1) Filled-System Thermometers.

2) Bimetallic Thermometers.

3) Thermocouples.

4) Resistance Temperature Detectors.

5) Thermistors.

6) Integrated-Circuit Temperature Sensors.

7) Radiation Pyrometers.



Resistance Temperature Detector (RTD)

 A resistance temperature detector (RTD) is a passive device which measures the 

change in the electrical resistance of a metal as a function of the temperature.



Resistance Temperature Detector (RTD)



Resistance Temperature Detector (RTD)

• Every type of metal has a different resistance to the flow of electrical
current.

• For most metals the change in electrical resistance is directly
proportional to its change in temperature and is linear over a range of
temperatures, this constant factor called the temperature coefficient of
electrical resistance is the basis of resistance temperature detectors.

• The RTD can actually be regarded as a high precision wire wound
resistor whose resistance varies with temperature.

• By measuring the resistance of the metal, its temperature can be
determined from tables.

• A typical RTD probe contains a coil of very fine metal wire, allowing
for a large resistance change without a great space requirement.
Usually, platinum RTDs are used as process temperature monitors
because of their accuracy and linearity.



Resistance Temperature Detectors (RTDs)

• Resistance thermometers consist of a sensor element that exhibits a

change in resistance with any change in temperature, a signal

conditioning circuit that converts the resistance change to an output

voltage, and appropriate instrumentation to record and display the

output voltage.

• Resistance temperature detectors are simple resistive elements

formed of such materials as platinum, nickel, or a nickel-copper

alloy.



A Wheatstone bridge is an electrical

circuit used to measure an unknown

electrical resistance by balancing two

legs of a bridge circuit, one leg of which

includes the unknown component. The

primary benefit of the circuit is its

ability to provide extremely accurate

measurements.

Wheatstone bridge



2-Wire RTD

• A temperature transmitter in the form of a Wheatstone bridge is 
generally used to detect the small variations of resistance of the RTD.



3-Wire RTD

• Since the connecting wires are long, resistance of the wires changes
as ambient temperature fluctuates.

• The variations in wire resistance would introduce an error in the
transmitter.

• To eliminate this problem, a three-wire RTD is used.

• The connecting wires (w1, w2, w3) are made the same length and
therefore the same resistance (Rw1, Rw2, Rw3).

• Since Rw1 = Rw2 = Rw3, the result is that the resistances of the
wires cancel and therefore the effect of the connecting wires is

eliminated.



3-Wire RTD



RTD
• Advantages:

• The response time compared to thermocouples is very fast.

• Within its range it is more accurate and has higher sensitivity than a
thermocouple.

• In an installation where long leads are required, the RTD does not
require special extension cable.

• Sensors are interchangeable and do not require individual
calibration.

• Disadvantages:
• More expensive than thermocouples

• RTD is not capable of measuring as wide a temperature range as a
thermocouple.

• A power supply failure can cause erroneous readings.

• All connections must be tight and free of corrosion, which will
create errors.





 The equations governing the response of RTDs and thermistors to a temperature change yields the

second-order relationship:

 The output from a resistance temperature detector (RTD) is a resistance change ∆R/R that can be

conveniently monitored with a Wheatstone bridge, as illustrated schematically in Fig. 8.5. The RTD is

installed in one arm of the bridge, a decade resistance box is placed in an adjacent arm, and a matched pair

of precision resistors are inserted in the remaining arms to complete the bridge.

 𝑦1, 𝑦2, …… . 𝑦𝑛- are temperature coefficients of resistivity.

 𝑅0- is the resistance of the sensor at a reference temperature

 To The reference temperature is usually specified as To= 0 °C





2.4.Thermistor

 A thermistor is a device designed to measure temperature, and consists of a semiconductor material

that, with a small change in temperature, greatly changes its resistance. Typically, thermistors have

negative temperature coefficients, meaning their resistance decreases as temperature increases.



Thermistor

• Thermistors are manufactured from beads of semiconductor material.

• Like the RTD, the thermistor is also a temperature-sensitive resistor.

• The typical thermistor has a negative temperature coefficient, this 
means that with an increase in temperature, the resistance of the 
thermistor decreases. 

• The per degree resistance change in a thermistor is much greater than 
with an RTD.

• It is also very non-linear and usually used over a very small 
temperature span. 

• They are quite susceptible to permanent decalibration when exposed 
to high temperatures. 





Thermistor

• Advantages:

• Have high sensitivity.

• No moving parts.

• Long service life. 

• Lightweight, compact.

• Disadvantages:

• Very non-linear.

• Not interchangeable I.e. each sensor needs to be calibrated 
individually.

• Quite fragile.



Comparison of T/C, RTD, and Thermistor



High Temperature Light Bulb Thermometer

• A standard household light bulb has a thin filament made of a high 
melting point metal (probably tungsten: melting point > 3000 ° C). 

• When the 240V main electricity passes through the filament of the bulb 
it heats up and glows so brightly we use it as a lamp. 

• The electrical resistance of the filament varies with temperature, in fact 
its resistance rises as the temperature rises. 

• This fact alone makes the current tends to regulate itself when power is 
applied. 



High Temperature Light Bulb Thermometer



 Thermistors are temperature-sensitive resistors fabricated from semiconducting materials, such as

oxides of nickel, cobalt, or manganese and sulfides of iron, aluminum, or copper. Semiconducting

materials, unlike metals, exhibit a decrease in resistance with an increase in temperature. The resistance-

temperature relationship for a thermistor can be expressed as.

 Where R is the resistance of the thermistor at temperature T. Ro is the resistance of the thermistor at

reference temperature To. 𝛽 is a material constant that ranges from 3000 K to 5000 K. T and To , are

absolute temperatures, K.

The sensitivity S of a thermistor is obtained from Eq. (8.4) as 



Both Wheatstone bridge and potentiometer circuits can be used to determine the resistance changes in

a thermistor resulting from a change in temperature.

Use of a thermistor as the active element in a Wheatstone bridge is shown schematically in Fig. 8.12a.

If the Wheatstone bridge is initially balanced (RTR3 = R2R4) and if resistors R2, R3, and R4 are fixed-

value precision resistors, then the output voltage ∆ Eo produced by a temperature-induced change in

resistance ∆ RT in the thermistor is given by Eq. (8.6) as



For the common case where R2 = R3. and RT = R4, Eq. (8.6) reduces to 

For the special case of an equal-arm bridge (RT = R2 = R3 = R4), Eq.

(8.7) reduces to a simpler form and the change in thermistor resistance

can be expressed in terms of the bridge output voltage ∆Eo as



The thermistor resistance 𝑅𝑇
∗ at any temperature 𝑇 is then given by the 

simple expression 

The value of obtained from Eq. (8.10) is converted to temperature by using tables that list T as a

function of for the specific thermistor being used. This procedure accounts for nonlinearities in both the

bridge and the thermistor.

If the constant-voltage supply to the equal-arm Wheatstone bridge (R2, R3, and R4 are fixed-value

resistors) is replaced with a constant-current supply, the output voltage ∆Eo produced by a temperature-

induced change in resistance ∆RT in the thermistor is given by Eq. (8.11) as.



Also, since the voltage drop ET across the thermistor equals IRT, Eq.

(8.11) can be expressed in terms of the voltage drop ET as.



Potentiometer circuits can also be employed to convert the resistance change ∆RT of the thermistor to a

voltage change ∆Eo. If the thermistor is placed in position R2 of the potentiometer circuit, as shown in Fig.

8.12b, Eq. (8.16) indicates that.



The resistance of the thermistor 𝑅𝑇
∗ is obtained by substituting Eq.

(8.16) into Eq. (8.9). Thus:

where 𝑟 = RT/𝑅1 . Equation (8.15) again shows the presence of

nonlinear terms that may be significant. For the special case of 𝑟 = 1,

Eq. (8.15) reduces to:



A simple circuit for determining thermistor resistance 𝑅𝑇
∗ is shown in Fig. 8.13. This circuit

employs a constant-current power supply directly across the thermistor. Since the output voltage

𝐸0 equals IRT, the voltage change ts. ∆𝐸0/𝐸0 is given by the simple expression:















Question first lecture  

1. What is a Thermometer and how does it work?

2. The Thermommeter include? 

3. Define Resistance Temperature Detector (RTD)? 

4. What is Wheatstone bridge and drawing? 

5. What are the difference between 2-Wire RTD and 3-Wire RTD?

6. What is advantage and disadvantage RTD?

7. Define Thermistor?

8. What is advantage and disadvantage Thermistor?


