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Unit III 

Non-Electrical Quantities (Transducer): Classification of Transducers, Strain gauge, 

Displacement Transducer Linear Variable Differential Transformer (LVDT) and Rotary Variable 

Differential Transformer (RVDT), Temperature Transducer- Resistance Temperature Detector 

(RTD), Thermistor, Thermocouple, Piezo-electric transducer, Optical Transducer- Photo 

emissive, Photo conductive, Photo voltaic, Photo-diode, Photo Transistor. 

Transducer: 
A transducer is a device that is used to convert a physical quantity into its corresponding 
electrical signal. In most of the electrical systems, the input signal will not be an electrical 
signal, but a non-electrical signal. This will have to be converted into its corresponding electrical 
signal if its value is to be measured using electrical methods. 
 
 
 
 
 
 
 
 
 
 
 

Transducer Block Diagram 
 

A transducer will have basically two main components. They are 
1. Sensing Element 

The physical quantity or its rate of change is sensed and responded to by this part of the 
transistor. 

2. Transduction Element 

The output of the sensing element is passed on to the transduction element. This element is 
responsible for converting the non-electrical signal into its proportional electrical signal. 

There may be cases when the transduction element performs the action of both transduction 
and sensing. The best example of such a transducer is a thermocouple. A thermocouple is used 
to generate a voltage corresponding to the heat that is generated at the junction of two 
dissimilar metals. 

Selection of Transducer 

Selection of a transducer is one of the most important factors which help in obtaining accurate 
results. Some of the main parameters are given below. 

 

Sensing Element 

 

Transduction Element 

INPUT – Resistance, Capacitance, 

Inductance, Stress, Strain, Heat 

OUTPUT – Force, Displacement, Pressure, 

Sound, Magnetic Flux, Voltage, Current 

INPUT OUTPUT 
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 Selection depends on the physical quantity to be measured.  

 Depends on the best transducer principle for the given physical input.  

 Depends on the order of accuracy to be obtained.  

The transducers are classified as follows: 
(i) On the basis of transduction form used 
(ii) Primary and secondary transducer 
(iii) Passive and active transducer 
(iv) Analog and digital transducer 
(v) Transducer and inverse transducer 
On the basis of transduction form used: 

The transducer works on the basic principle of converting energy from one form to other. The 
energy transformation principle is resistive, inductive and capacitive. They can be classified as 
piezoelectric, photoelectric, thermoelectric etc. 
Primary and secondary transducer: 
Primary transducer is used to sense the physical quantity and convert the physical quantity into 
displacement. Like applying force on mass it provides the displacement from original position. 
This displacement is sensed by secondary which converts displacement into electrical quantity 
like LVDT (Linear variable differential transformer). 
Passive and active transducer: 
Passive transducer is the transducer which requires external electrical power supply to convert 
physical quantity to electrical signals like LVDT. LVDT requires external electrical power supply 
for measurement of displacement in terms of electrical signals. 
Active transducer is the transducer which does not require any external electrical power supply 
to convert physical quantity to electrical signals like piezoelectric material. When force is 
applied material senses the force and converts this force into electrical quantity. 
Analog and digital transducer: 
Analog transducer converts input physical quantity into an analog output which is a continuous 
function of time signal .Like LVDT, RTD, Thermocouple etc are the Analog transducer. 
Digital transducer converts input physical quantity into a digital signal in terms of pulses  
Transducer and inverse transducer: 
Transducer converts physical quantity like displacement, temperature, Liquid level etc into 
electrical signal as LVDT, Thermocouple is the example of Transducer. 
Inverse Transducer converts electrical signals into physical quantity like piezoelectric material 
converts electrical quantity into sound signal is known as inverse transducer. 
Strain gauge: 
When any metal is stressed or compressed in those cases its dimension changes in form of 
length and diameter also there is change in the resistivity and this property is known as Piezo 
resistive effect. The strain gauge is used for measurement of strain and weight. 
The relation between Resistance and dimensional change is given by: 

𝑅 = 𝜌
𝐿

𝐴
 

Where R resistance of the metal 
             𝜌 Resistivity of the metal 
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            L is the length of the metal 
           A is the area of the metal 
           D is the diameter of the metal 
When the strain is applied on the metal its dimensions are change in terms of Length where the 
change in length is directly proportional to the Resistance and inversely proportional to change 
in diameter. When strain is applied the length increases and diameter decreases. The figure 
3.11 shows the concept used in strain gauge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Change in the dimensions of a strain gauge element when subjected to tensile 
force 
 
RTD (Resistance Temperature Detector):  
RTD is used for measurement of temperature. The concept used is when temperature is applied 
on the conductor its resistance changes.RTD converts the temperature applied into electrical 
resistance. 
The relationship between Resistance and temperature is expressed by: 

𝑅 = 𝑅𝑜(1 + 𝛼1𝑇 + 𝛼2𝑇2 + ⋯ ) 
𝑅𝑜 is resistance at temperature at T=0 and 𝛼1, 𝛼2 are constants. 
The RTD is found in terms of resistive wire wounded on mandrel having two output terminals. 
The metal used is Platinum which provides the better relationship between changes in 
temperature to change in resistance. The value of resistance on 0oC is 100Ω and per degree 
centigrade change it provides the resistance temperature coefficient of 0.00385/ oC.RTD is 
positive temperature coefficient of resistance it means that when the temperature is increased 
its resistance also increases. 
Thermistor: 
 Thermistor is used for measurement of temperature. Thermistor is made up of semiconductor 
material .Thermistor is negative temperature coefficient of resistance it means that when the 
temperature is increased its resistance decreases. The range of temperature for measurement 
is -60oC to 150oC. Thermistor is high sensitive devices in terms of linearity. Thermistor is made 
up of metallic oxide such as Mg, Ni, Cu and Fe. They are in the form of bead, Probe, rod and 
Disc. The figure 3.2 shows the bead type of Thermistor. 

L 

D F F 

L 

F F 

ΔL 

ΔD 
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Figure 3.2:  Bead type Thermistor 
 
Resistance temperature relationship is expressed by: 

𝑅𝑇1 = 𝑅𝑇2𝑒𝑥𝑝 [𝛽 (
1

𝑇1
−

1

𝑇2
)] 

𝑅𝑇1 Resistance of the thermistor at absolute temperature T1 
𝑅𝑇2 Resistance of the thermistor at absolute temperature T2 
𝛽 Constant 
 
Thermocouple: 
Thermocouple is a device used for high temperatures. It is an active transducer which converts 
temperature in to electrical voltage without using external source of power supply. The concept 
used to form thermocouple is when the two dissimilar metals are joint together and one 
junction is kept at higher temperature with respect to other than the current flows from hot 
junction towards the cold junction a potential difference is created. Here one metal is used as 
iron and as a constantan which are joined together and the other end is connected to the 
junction box and the output of junction box is connected to the indicating instrument which the 
potential difference of two lead which are connected through the copper leads. The figure 3.3 
set up for temperature measurement using thermocouple 
 
 
 
 
 
 
 
 
 
 

Figure 3.3: Set up for temperature measurement using thermocouple 
The expression for emf produced is expressed by: 

𝐸 = 𝑎(∆𝜃) + 𝑏(∆𝜃)2 
∆𝜃 Difference in temperature between the hot junction and the reference junction 
 
LVDT: Linear variable differential transformer 
The linear variable differential transformer (LVDT) (also called just a differential transformer, 
linear variable displacement transformer, or linear variable displacement transducer) is a type 

Constantan 

Iron 

Junction box 

Indicating 

instrument 

Copper 

leads 

Leads 

Glass coated bead 
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of electrical transformer used for measuring linear displacement (position). A counterpart to 
this device that is used for measuring rotary displacement is called a rotary variable differential 
transformer (RVDT). 
 The LVDT converts a position or linear displacement from a mechanical reference (zero, 
or null position) into a proportional electrical signal containing phase (for direction) and 
amplitude (for distance) information. The LVDT operation does not require an electrical contact 
between the moving part (probe or core assembly) and the coil assembly, but instead relies on 
electromagnetic coupling. 
LVDT is made up of primary and secondary winding of the transformer and an iron core is 
placed between the primary and secondary. The two secondary winding of the transformer are 
connected in series opposition to get the differential output. The two secondary windings have 
equal number of turns and the sum of two is equal to the number of turn of primary winding.  
Working:  

(i) Null condition: When the core is placed in middle with primary and two secondary 
winding and the AC source of supply is applied on the primary winding of the 
transformer then the flux linkage from primary to two secondary winding in the 
same manner through the concept of transformer action, so the emf induced in two 
secondary winding are equal and hence Es1=Es2 in that case the difference of two 
winding induced voltage is same and the output show null. The figure 3.4 shows the 
LVDT in null position. 

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3.4: LVDT in null position 
 

(ii) Core at right side: When the displacement is applied towards the right side then the 
maximum flux linkage shall takes place through the S2 winding and emf induced will 
be maximum as Es2.It means Es1 is smaller than Es2 and the output voltage is out of 
phase w. r. t applied input voltage. Hence the output is negative. The figure 3.5 
shows the LVDT in right direction displacement. 
 
 
 
 

Eo= Es1- Es2 

 

 

Primary winding Connecting arm 

Es2 
Es1 Secondary winding 

Iron Core 
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Figure 3.5: LVDT in right direction displacement 
(iii) Core at left side: When the displacement is applied towards the left side then the 

maximum flux linkage shall takes place through the S1 winding and emf induced will 
be maximum as Es1.It means Es2 is smaller than Es1 and the output voltage is in 
phase w. r. t applied input voltage. Hence the output is positive. The figure 3.6 
shows the LVDT in left direction displacement. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.6: LVDT in left direction displacement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7 show the displacement versus Output voltage graph for movement in 
left and right direction 

Eo= Es1- Es2 

 

 

Es1 

Primary winding 

Es2 Secondary winding 

Iron Core 
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Es2 

Primary winding 
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Eo= Es1- Es2 
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Rotary Variable Differential Transformer (RVDT):  
RVDT is used for rotary displacement or angular displacement. At null of position of the core 
the output of secondary winding is equal to each other. When both the secondary winding is 
equal output is equal to zero. When the core rotate in clock wise direction the output is 
increasing and remains in phase and when in anti clock wise direction the output is increasing 
but out of phase. The figure 3 8 shows the diagram of rotary transducer.  
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.8 Diagram of rotary transducer 

Piezo-electric transducer: 
Piezoelectric transducer is used for measurement of force applied to it. It is an active 
transducer which does not require any type of external power supply for the measurement of 
physical quantity. When the force is applied on transducer it deforms and charge separation 
takes place which generate potential difference across the electrodes. This effect is called as 
piezoelectric effect. There are different types of piezoelectric materials which can be classified 
in two forms one is natural and other is synthetic. The example of natural materials is Quartz 
and Rochelle salt and synthetic material is lithium sulphate. When the force is applied its 
thickness decreases hence separation of charges takes place which are collected on electrodes. 
The figure 3.9 shows the piezoelectric effect when force is applied. 
,  
 
 
 
 
 
 
 

 
 

Figure 3.9 Piezoelectric effect 
Photo conductive cell: 
Photoconductive cell is used for detecting the light intensity. It is a passive transducer which 
requires external source of supply for its operation. It is also known as LDR means light  
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Dependent resistor. The material used for making the cell is Cadmium sulphide which is 
sensitive towards light when the light fall on the cell its resistance decreases and when light is 
not applied then it resistance increases. The figure 3.10 shows the setup of photoconductive 
cell for detection of light. 
 
 
 
 
 
 
 
 
 
 

Figure 3.10 Setup of photoconductive cell for detection of light 
When no light is applied on the photo cell its resistance is very high in that case indicating 
instrument shows a very small deflection in terms of current. When light is applied on the 
photo cell its resistance is very low in that case indicating instrument shows a large deflection in 
terms of current. 
Photo voltaic cell: 
Photo voltaic cell is used for converting light signal into electrical signal by using Gold doped 
germanium cells which are sensible towards the applied light. When the light signals are 
applied on the cells the electrons absorb and travels towards the p region with higher velocity 
and absorb y the load connected with the cells and electric current flows through the device. 
The gold is very sensitive towards light signal which is absorbed and provide this energy to 
germanium semiconductor to conduct current. 
Photo-diode: 
The photo diode works in reverse biased condition and only a small leakage current flows 
through the device if the junction is not exposed to light. When the photodiode junction is 
exposed to light then light in term of heat energy is applied on junction who is already reversed 
biased then due to avalanche break down the depletion reduces and rise of current is obtained. 
The current depends upon the applied intensity of light. As the intensity of light increases then 
the reverse leakage current also increases. Figure 3.11 shows the application of photodiode. 
 
 
 
 
 
 
 
 
 

Photo cell 
Indicating 

instrument 120 VDC 

Light 
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Figure 3.11 Application of photodiode 
 
When no light is applied on the photodiode then it acts as open circuited it means the current 
applied flows through the base of the transistor it conduct and acts as a closed switch at that 
time output is zero. When the light applied on the junction the current flows through the 
photodiode and the current does not flow through the base of the transistor and it does not 
conduct and output is obtained. 
Photo Transistor: 
The sensitivity of photo diode can be increased by a factor of 100 by addition of a junction 
which makes it a NPN photo transistor. Illumination of the central region causes the release of 
electron hole pairs. This lowers the barrier potential across both junctions, causing an increase 
in the flow of electrons .For the small area when the light incident it provides much larger 
output current than that is available from a photo diode and therefore photo transistor is much 
more sensitive than a photo diode. The figure 3.12 shows the symbolic representation of photo 
transistor. 
 
 
 
 
 
 

 
Figure 3.12 Symbolic representation of photo transistor 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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