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Temperature 
Measurement

There are many ways to measure temperature, using various
principles. Four of the most common are:

Mechanical (liquid-in-glass thermometers, bimetallic strips,
etc.).

Thermojunctive (thermocouples).

Thermoresistive (RTDs and thermistors).

Radiative (infrared and optical pyrometers).



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.

Mechanical thermometers can be constructed that use liquids,
solids, or even gases as the temperature sensitive material.

The mechanical motion is read on a physical scale to infer the
temperature.



Liquid in Glass 
Thermometer 

The most common and well-known thermometer is the liquid-
in-glass thermometer.

As the temperature rises, the liquid expands, moving up the
tube. The scale is calibrated to read temperature directly.

Usually, mercury or some kind of alcohol is used for the liquid.



Different 
Liquids with 
Temperature 
Range



Bimetallic 
Thermometer



Bimetallic 
Thermometer

The bimetallic thermometer consists of a bimetallic strip. A
bimetallic strip is made of two thin strips of metals which have
different coefficients of expansion.

The two metal strips are joined together by brazing, welding or
riveting so that the relative motion between them is arrested.

The bimetallic strip is in the form of a cantilever beam.

An increase in temperature will result in the deflection of the
free end of the strip as shown in diagram. This deflection is
linear and can be related to temperature changes.



Bimetallic 
Thermometer

 The radius of the curvature of the bimetallic strip which was
initially flat is determined using the following relationship.

Where,
r= radius of the curvature at the temperature T.
t = total thickness of the bimetallic strip = (t1+t2)
m = t1/t2 = ratio of thickness of low to high expansion

materials,
α1= coefficient of expansion of lower expansion metal.
α2 = coefficient of expansion of higher expansion metal.
T0 = Initial temperature.
T = temperature to be measured.



Bimetallic 
Thermometer

Common Sensor Types



Bimetallic 
Thermometer



Metals Used 
In Bimetallic 
Strips

High Expansion 

Brass

Nickel-iron alloy with chromium & manganese

Low Expansion 

Invar (alloy of nickel & iron)



Pressure 
Thermometer

A pressure thermometer operates by the expansion of a gas
instead of a liquid or solid. (There are also pressure
thermometers that use a liquid instead of a gas.)

Suppose the gas inside the bulb and tube can be considered an
ideal gas. The ideal gas law is PV = mRT,

where P is the pressure, V is the volume, and m is the mass of
the gas. R is the gas constant for the specific gas (not the
universal gas constant), and T is the absolute temperature of the
gas.

Specific gas constant R is a constant. The bulb and tube are of
constant volume, so V is a constant. Also, the mass m of gas in
the sealed bulb and tube must be constant (conservation of
mass). Hence, the ideal gas equation reduces to

P= Constant × T



Pressure 
Thermometer



Pressure 
Thermometer

A pressure thermometer therefore measures temperature
indirectly by measuring pressure.

The gage is a pressure gage, but is typically calibrated in units
of temperature instead.

A common application of this type of thermometer is
measurement of outside temperature from the inside of a
building. The bulb is placed outside, with the tube running
through the wall into the inside. The gage is on the inside. As T
increases outside, the bulb temperature causes a corresponding
increase in pressure, which is read as a temperature increase on
the gage.



Pressure 
Thermometer



Radiative 
Temperature 
Measuring Devices 
(Radiative 
Pyrometry)

Principle of operation

Radiative properties of an object change with temperature.

So, radiative properties are measured to infer the temperature of the
object.

The fundamental equation for radiation from a body is the Stefan-
Boltzmann equation

E = εσT4

Where E is the emissive power radiated per unit area (units of W/m2).

 ε is the emissivity, lies between 0 and 1, and is dimensionless. Its value
depends greatly on the type of surface.

 σ is the Stefan-Boltzmann constant

σ = 5.67×10-8 W/m2K4

 T is the absolute temperature of the surface of the object (units of K).



Infrared 
Pyrometer



Infrared 
Pyrometer

Infrared thermometers work based on black body radiation, According to
which any material with a temperature above absolute zero has molecules
moving within it.

The higher the temperature, the faster the molecules move. The
molecules emit infrared radiation as they move, and emit more radiation,
including visible light, as they get hotter. This is why a heated metal
emits a red or white glow. Infrared thermometers detect and measure this
radiation.

Infrared light can be focused, reflected or absorbed like visible light.

Infrared thermometers employ a lens to focus infrared light from an
object onto a detector known as a thermopile. The function of the
thermopile is to absorb infrared radiation and convert it to heat.

The thermopile gets hotter as it absorbs more and more infrared energy.

The excess heat is converted into electricity, which is transmitted to a
detector which determines the temperature of the object.



Optical 
Pyrometer



Optical 
Pyrometer

In an optical pyrometer, a brightness comparison is made to
measure the temperature.

As a measure of the reference temperature, a color change with
the growth in temperature is taken.

The device compares the brightness produced by the radiation
of the object whose temperature is to be measured, with that of
a reference temperature.

The reference temperature is produced by a lamp whose
brightness can be adjusted till its intensity becomes equal to the
brightness of the source object.



Optical 
Pyrometer

For an object, its light intensity always depends on the
temperature of the object. This change in current can be
observed in three different ways.

1. The filament is dark. That is, cooler than the temperature
source.

2. Filament is bright. That is, hotter than the temperature
source.

3. Filament disappears. Thus, there is equal brightness
between the filament and temperature source. At this time,
the current that flows in the reference lamp is measured
using a multimeter, as its value is a measure of the
temperature of the radiated light in the temperature source,
when calibrated.



Measurement 
of Humidity

Relative humidity measuring instruments:
Sling psychrometer
Wall Mounted psychrometer
Hair hygrometer
Hair Hygrograph etc.



Sling 
Psychrometer



Sling 
Psychrometer
(Construction)

It consists of a wooden frame with a handle attached to it. The
handle is used for rotating.

Two thermometers are mounted in the wooden frame. They are
mounted such that they do not break when wooden frame is
rotated.

One of the thermometers is directly exposed to atmosphere
while the other has a muslin cloth wrapped around the bulb.

The muslin cloth has one end (lower) dipped in water
container. The water from container makes the muslin cloth wet
by capillary action.

The former records dry-bulb temperature while the latter one
records wet-bulb temperature.



Sling 
Psychrometer
(Working)

The muslin cloth, wrapped around the bulb of the thermometer,
is made wet using distilled water.

Then the wooden frame is rotated at a uniform speed of around
200 rpm for a span of 1-2 minute, so that a steady reading is
obtained.

This rotation provides the air-current causing water to
evaporate.

Due to this, the temperature of the thermometer with wet-
muslin cloth is depressed.



Hair 
Hygrometer



Hair 
Hygrometer

Human(horse) hair is used as the humidity sensor. The hair is arranged in
parallel beam and they are separated from one another to expose them to
the surrounding air/atmosphere.

Number of hairs are placed in parallel to increase mechanical strength.

This hair arrangement is placed under small tension by the use of a
tension spring to ensure proper functioning.

The hair arrangement is connected to an arm and a link arrangement and
the link is attached to a pointer pivoted at one end. .

When the humidity of air is to be measured, this air is made to surround
the hair arrangement and the hair arrangement absorbs the humidity from
the surrounding air and expands or contracts in the linear direction.

This expansion or contraction of the hair arrangement moves the arm &
link and thus the pointer to a suitable position on the calibrated scale and
thus indicating the humidity present in the air/atmosphere.

These hygrometers are used in the temperature range of 00C to 750C.

These hygrometers are used in the RH (Relative Humidity) range of 30
to 95%.



Hair 
Hygrometer



Hair 
Hygrometer



And Many 
More

Wall 
Mounted 
Psychrometer

Hair 
Hygrograph
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