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2. Thermistor:

» Thermistor is a resistive transducer whose resistivity depends upon
surrounding temperature. For this reason it can be used as
Temperature sensor.

» The term Thermistor is a combination of “thermal” and “resistor”

» It is made up of semiconductor material. Thermistor devices are
generally made from oxides of certain metals like Manganese,
Cobalt & Nickel etc.

» There are two types of thermistors: Negative Temperature
Coefficient (NTC) and Positive Temperature Coefficient (PTC).
With an NTC thermistor.

o NTC Type:
In this type when temperature increases, resistance decreases.
Similarly, when temperature decreases, resistance increases.
This type of thermistor is used the most.

4
|

Resi=tance

Temperatue —p

o PTC Type:
In this type when temperature increases, the resistance
increases, and when temperature decreases, resistance
decreases.

z —

femperaiure —»

PTC Thernustor

» Working Principle:
o As the temperature of a thermistor increases its resistance
decreases exponentially.
o The mathematical expression for the relationship between
resistance of thermistor and temperature is



1 1
Ry = Rpexp[p (H - E)]

Where,

R4 = resistance of the thermistor at temperature T1

R, = resistance of the thermistor at given temperature T2

B = constant, its value depends upon the material used in the
construction of thermistor, typically its value ranges from
3500 to 4500.

This above equation is known as characteristic equation
of Thermistor

» Thermistor can be made in different shape and sizes. It is available
in the form of the bead, probe, rod and disc etc. The different types
of the thermistor are shown in the figure below.

Glass Coated - The pead form of the thermistor is smallest in

Leads Bead
shape.

Bead

Glass

probe Bead type is enclosed inside the solid glass
rod to form probes.

Lead

s

Disc

The disc shape is made by pressing material under
high pressure with diameter range from 2.5 mm to 25mm

Rod It is shaped as a long vertical rod
0.250-2.0 inches (0.63-5.1 centimetres) long and 0.050-0.110
inch (0.13-0.28 centimetre) in diameter, of oxide-binder mix
and sintered; ends are coated with conducting paste and leads
are wrapped on the coated area.

> Advantages

o They are compact and inexpensive.
o They have good stability and high sensitivity.
o Their response is very fast.



o They are not affected by stray magnetic and electric fields.
Due to all these advantages, thermistors are preferred over
other temperature detecting devices like RTDs and
thermocouples.

3. Resistance Thermometer:

> Resistance thermometers are based on the principle that the
electrical resistance of a metal wire varies with temperature.

» The resistance thermometer is also known as Resistance
Temperature Detector (RTD)

» It uses the resistance of electrical conductor for measuring the
temperature.

» If Ro is the resistance at 0 °C, then the resistance Rrat T °C is:

Rt = Ro(1 +aT)

Where, o = temperature coefficient of resistance of a particular
material.
» The resistance thermometer uses a sensitive element made of
extremely pure metals like platinum, copper or nickel.
» RTD is aPTC type transducer.
. 0° 200° 400° 600° 800°
Nickel ’
V4

4 /
Copper
|, .

SRV P74
::::”:::’/" Platjinum

0° 400° 600° 800° 1000°
Temp ——»

» Construction of Resistive Thermometer



W—
I T

Resistance Connections Leads Sheath Insulalor

Thermometer to Leads

Resistance Thermometer
The resistance thermometer is placed inside the protective

tube for providing the protection against damage.

The resistive element is formed by placing the platinum wire
on the ceramic bobbin.

This resistance element is placed inside the tube which is
made up of stainless steel or copper steel.

The lead wire is used for connecting the resistance element
with the external lead. The lead wire is covered by the
insulated tube which protects it from short circuit.

The ceramic material is used as an insulator for high-
temperature material and for low-temperature fibre or glass is
used.

» Advantages:

O

O
@)
O

It provides highly accurate results.

RTD provides a vast operating range.

Due to its high accuracy

RTD is used in all such applications where precise results are
needed.

> Disadvantages:

O

O

The sensitivity of platinum RTD is very less for the minor
variation in temperature.
RTD possess slower response time.

4. Strain Gauge:

» A strain gauge is a device used to measure strain on an object.

> Resistance of the device varies with respect to applied force. It
converts force, pressure, tension, weight, etc., into a change in
electrical resistance which can then be measured.

» When an external force is applied on an object, due to which there is a
deformation occurs in the shape of the object. This deformation in the
shape is both compressive or tensile is called strain, and it is measured
by the strain gauge.

» Working Principle:



Resistance of any conductor wire is directly dependent on the
length and the cross-sectional area of the conductor, given by:

R=pL/A

Where,
R = Resistance
L = Length
A = Cross-Sectional Area
p= Resistivity of the material
The change in the shape and size of the conductor also alters its length and
the cross-sectional area which eventually changes its resistance.

Force + i Force
-« D —p
| L >l AL >

If AL is the change in length of the wire by the application of force or
stress then strain (&) is given by:

Strain () = %

e Sensitivity of the strain gauge material is given by a parameter
known as Gauge factor (G). The Gauge Factor is the sensitivity
coefficient of strain gauges

e (Gauge factor is defined as the ratio of fractional change in electrical
resistance to the fractional change in length (strain):

AR AR
G—_/R— R
_AL/L_ €

Where,

R=original Resistance of wire
AR= change in Resistance
L=original Length of wire
AL= change in Length

AL
)



» Construction:
The metallic strain gauge consists of a very fine wire or, more commonly,
metallic foil arranged in a grid pattern.
The grid is bonded to a thin backing, called the carrier, which is attached
directly to the test specimen (object). Therefore, the strain experienced by the
test object is transferred directly to the strain gauge and changes the resistance
of the strain gauge.

Backing

‘ »

: }\ .

solder tabs

|

‘4— active grid —J

length
carrier

Figure: Wire type bonded strain gauge

» Measurement by using Bridge circuit:
The change in resistance in strain gauge can be measured in terms of change
in voltage by connecting the strain gauge in a Wheatstone bridge circuit.
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strain gauge T

o In this circuit, R1 and R3 arms are equal to each other, and R2 is the
rheostat arm and its value equal to the strain gauge initial resistance.



o When no force is applied, the gauge is unstrained and the bridge is
balanced. Voltmeter shows zero value at this condition
o When force is applied on the strain gauge resistance of the gauge
changes. As there is a change in resistance of strain gauge, the bridge
gets unbalanced and produces a voltage indication at the voltmeter.
> Application:
o It can be used as Weight, Force, Pressure or Stress sensor.

l. Inductive Transducers

The transducer whose inductance changes with respect to change in input
parameter is known as inductive transducer.

1. LVDT(Linear Variable Differential Transformer):

>

>

The Linear Variable Inductive Transformer converts the linear
displacement into an electrical signal.

It works on the principle of mutual induction, i.e., the flux of the
primary winding is induced to the secondary winding. The output of
the transformer is obtained because of the difference of the
secondary voltages, and hence it is called a differential transformer.

Construction of LVDT:

AC
excitation
Primary
Winding
Arm
—[  Core ]
Displacement

Secondary
e — Windings

ES;

I ESZ

Differential L e
The basic construction of the LVDT is shown above in the figure.
LVDT consist of a primary winding and two secondary windings S;
and S,. The secondary winding is wound on the cylindrical former.
The secondary windings have an equal number of turns, and it is
placed identically on both the side of the primary winding.




The output voltage of the secondary winding S; is ES; and that of
the S, is ES;.

The secondary voltage signal is converted into an electrical signal
by connecting the secondary winding in series opposition as shown
in the figure above.

The output voltage of the transducer is determined by subtracting the
voltage of the secondary windings.

Output voltage (Eo) = ES:- ES

Working:
The change in output voltage is directly proportional to the
displacement of the core. Any displacement will increase the flux of
one of the secondary winding and on the other hand, reduces the
other which develops a differential voltage at the output. There could
be three possible conditions which are described below:
Condition-I:
o When the soft core moved towards left, the flux linked in S;
IS more as compared to S,.
o The output voltage of the winding S; is more than the S,.
o Since ES1>ES;, Eq is positive. So Eg is in phase with the
primary voltage.

Condition-I1:
o When the soft iron core move towards right the magnitude
of the flux linked S, is more than S;.
o The output voltage of the winding S; is less than the S,.
o Since ES: <ES;, Eq is negative. The output voltage E, is
180° out of phase with the primary winding.
Condition-111:
o When the soft iron core is at the centre of S; and S;, the flux
linked in S; and S; are same.
o The output voltage of the winding S; is equal to S.
o So Eo=ES:-ES;
=0V
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Figure: LVDT Characteristics

The curve between the output voltage and the input displacement is
shown in the figure above.
The curve is linear for small displacement between A & B.

» Uses of LVDT:

o It is used for measuring the displacement having a range from few
mm to cm. The LVDT directly converts the displacement into an
electrical signal.

o The LVDT is used as a device for measuring the force, weight and
pressure. Some of the LVDT used for measuring the load and
pressure.

Capacitive Transducers
The transducer whose capacitance changes with respect to change in input
parameter is known as capacitance transducer.
e The working principle of a capacitive transducer is variable
capacitance. It consists of two parallel metal pates which are
separated by dielectric medium (such as air).




Basic
capacitance

Dielectne

e The capacitance of the variable capacitor can be measured by this

formula.
6061'
C=A
d
€
C=A 2

C = capacitance of the variable capacitor
€o = permittivity of free space
€, = relative permittivity
€ =€gE,
A = overlapping area between the two plates
d = distance between the two plates
By varying the parameters like A, d & €, of the variable capacitor
the capacitance can be changed.
So the capacitive transducer is of three types:
1. Variable Area(A) Capacitive Transducer
2. Variable distance between two plates (d) type capacitive
Transducers
3. Variable dielectric constant (e )type capacitive Transducers

1. Variable Area Capacitive Transducer:
> In this type capacitive transducer the overlapping area (A) between the
two plates changes due to the application of Displacement, Force or
Pressure.
» Since parameter ‘A’ changes, the capacitance ‘C’ also changes, as ‘C’is
directly proportional to ‘A’.



Variable
arca

€ (A-wx)
d

C =

Where, ‘x’ is the displacement of the plate and ‘w’ is the width of the
plate

> It can be used as Displacement, Force or Pressure sensors.

2. Variable distance between two plates type capacitive
Transducers

In this type capacitive transducer the distance (d) / separation between the

two plates changes due to the application of Displacement, Force or
Pressure.

Varahble
"_‘-nl.."p ErETICEn

» Since parameter ‘d’ changes, the capacitance ‘C’ also changes, as
‘C’ is inversely proportional to “d’.

€

Where, ‘x’ is the displacement of the plate

» It can be used as Displacement, Force or Pressure sensors.



Active Transducers

The transducers which do not require any external power supply for the
generation of electrical output (V or 1) is known as Active Transducer.

I. Piezoelectric Transducers
> A piezoelectric transducer is a device which can convert mechanical
energy like Force or Pressure into an electrical energy.
> It uses piezoelectric effect for the generation of electric charge.
> Itis an active transducer.

Construction and Working:

» Piezoelectric materials like Quartz, Rochelle salt etc can be used to
make the transducer.

Force
| : A -
5 el e Output
Electrodes \/A/t Pigzoelectric /7 Voltage Eq
t sTransducer
7 /w O
_fl<—>

t

» The faces of piezoelectric material, usual quartz, is coated with a
thin layer of conducting material such as silver known as Electrode.

» When stress is applied, the ions in the material move towards one of
the conducting surface while moving away from the other. This
results in the generation of charge.

» This charge is used for calibration of stress. The polarity of the
produced charge depends upon the direction of the applied stress/

force.
> If Fis the applied force and Q is the charge developed due to it then
Q « F.
=>0Q=dxF

Where, d is known as piezoelectric coefficient of the material.
> Due to the charge Q, potential difference V, developed between the
electrodes which can be taken as output.

> This transducer is used as Force, Pressure or Stress sensor.

I1. Hall effect Transducers



> A Hall Effect sensor is a transducer that varies its output voltage in
response to a magnetic field.

» This transducer works on the principle of Hall Effect.

> Hall Effect: If a current carrying strip of the conductor is placed in a
transverse magnetic field, then an EMF is developed on the edge of the
conductor. The magnitude of the developed voltage depends on the
density of flux. This property is known as Hall Effect.

B
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Hall element
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Hall effect

BxI
The output voltage of Hall Effect sensor [V = KTX

Where, K= Hall Effect coefficient
B=Magnetic flux density
I= Circuit current
t = Thickness of the conductor strip (Hall Element)
The strip of the conductor is called as Hall element.
Applications of Hall Effect Transducer:
a. Magnetic to Electric Transducer — The Hall effect element is
used for converting the magnetic flux into an electric signal.
b. Measurement of Displacement — The Hall Effect element
measures the displacement of the structural element.




Structural

Ferromagnetic bk
Plate
Displacement Permanent
Magnet Gap ==
Hall Effect
Element

—

Measurement of Displacement Using Hall Efect Transducer

Consider the ferromagnetic structure which has a permanent magnet.
The hall effect transducer placed between the poles of the permanent
magnet. The magnetic field strength across the Hall Effect element
changes by changing the position of the ferromagnetic field. So
output voltage of the transducer changes with respect to input
displacement.

c. Measurement of Current — The Hall Effect transducer is also used
for measuring the current.
The AC or DC is applied across the conductor for developing the
magnetic field. The strength of the magnetic field is directly
proportional to the applied current. The magnetic field develops the
EMF across the strips.
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Chapter-8: OSCILLOSCOPE
CATHODE RAY OSCILLOSCOPE (CRO)

» The cathode ray oscilloscope (CRO) is an electrical instrument which is
used for display, measurement and analysis of waveforms and others and
electrical phenomenon.

> A cathode ray oscilloscope is a very fast X-Y plotter that can display an
input voltage signal versus time.

Working:
» The CRO has the cathode ray tube which acts as a heart of the oscilloscope.




> In an oscilloscope, the CRT produces the electron beam which is
accelerated, decelerated and focus with the help of accelerating and
focusing anode at a high velocity and brings to the focal point on a
fluorescent screen.

» After the collision of the electron on the screen, it produces a visible spot
where the electron beam strikes with it and this spot is seen on another side
of the screen.

» This collision or bombarding of electrons continually done on the screen
which shows the electrical signal, this electron beam like an electrical
pencil of light which produces a light where it collides with the screen.

Major Components of Cathode Ray Oscilloscope

The main blocks of CRO are

Cathode Ray Tube (CRT)
Vertical amplifier

Delay Line

Trigger circuit

Time base generator
Horizontal amplifier
Blanking circuit

Power supply

ST Y WATEII SR WIIN VYAT WRT WIs  WAT TR

VERTICAL
| AMPLIFIER

DELAY
LINE

LUMINOUS
SPOT

ELECTRON
GUN

TO CRT

t B I~ s

HV SUPPLY
VE&“CAL

LV SUPPLY
DEFLECTION
PLATES

ELECTRON
B8EAM

TO ALL CIRCUITS
HORIZONTAL

DEFLECTION
PLATES

£

TRIGGER
CIRCUIT

TIME BASE

GENERATOR

HORIZONTAL
AMPLIFIER

Figure: Block diagram of CRO



1. Cathode Ray Tube (CRT):

Electron

o 1 Aquadag
[ ; Vertical deflection coating
Pre-accelerating lat
; d Focusing ates BN
Pins Heater anoue anode /” \
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! + i \ | Electron beam
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Base Cathode Grid : ——— / Phosphor screen
Accelerating Horizontal deflection
anode plates

. Internal structure of CRT | __

ctronics Coach

e CRT Produces a sharply focused beam of electrons and accelerate it to

a very high velocity.

e CRT consist of the following parts:

= Electron gun
Deflection plate assembly
Glass envelope
Fluorescent screen
Base, for connections

e This electron beam travels from the electron gun to the screen. The
electron gun consists of a filament, cathode, control grid, accelerating
anodes and focusing anode.

e While travelling to the screen, electron beams passes between a set of
vertical deflecting plates and a set of horizontal deflection plates.
Voltages applied to these plates can move the beam in vertical and
horizontal plane respectively.

e The electron beam then strikes the fluorescent material (phosphor)
deposited on the screen with sufficient energy to cause the screen to
light up in a small spot.

2. Vertical Amplifier:

The input signal is applied to the vertical amplifier. The gain of this amplifier
can be controlled by VOLT/DIV knob. Output of this amplifier is applied to
the delay line.

3. Delay Line:

The delay Line delays the arrival of the input waveform at the vertical
deflection plates until the trigger and time base circuits start the sweep of the
beam.



4. Trigger Circuit:

A sample of the input waveform is fed to a trigger circuit which produces a
trigger pulse at some selected point on the input waveform. This trigger pulse
IS used to start the time base generator.

5. Time base (Sweep) Generator:

e This produces a saw-tooth waveform that is used as horizontal deflection
voltage of CRT.

e The rate of rise of a positive going part of the sawtooth waveform is
controlled by TIME/DIV knob.

e The sawtooth voltage is fed to the horizontal amplifier if the switch is in
the INTERNAL position. If the switch is in EXT. position, an external
horizontal input can be applied to the horizontal amplifier.

F Figure: Sawtooth Waveform
e |t is responsible for horizontal sweep of CRT spot from left hand side of
the screen to right hand side.
¢ When a sawtooth voltage is applied to horizontal plates and an input signal
is applied to vertical plates, display of vertical input signal is obtained on
the screen as a function of time.

6. Horizontal Amplifier:

This amplifies the saw-tooth voltage. As it includes a phase inverter two
outputs are produced. Positive going sawtooth and negative going sawtooth
are applied to right — hand and left — hand horizontal deflection plates of CRT.

7. Blanking Circuit:

The blanking circuit is necessary to eliminate the retrace that would occur
when the spot on CRT screen moves from right side to left side.

This retrace can cause confusion if it is not eliminate. The blanking voltage is
produced by sweep generator. Hence a high negative voltage is applied to the
control grid during retrace period.



8. Power Supply:

A high voltage (HV supply) section is used to operate CRT and a low voltage
section (LV supply) is used to supply electronic circuit of the oscilloscope.

Measurement of VVoltage, Current, frequency, phase by CRO

Measurement of VVoltage:

The oscilloscope is mainly a voltage measuring device.
The number of divisions on the voltage axis (Y-axis) is measured and it is
multiplied by the value indicated by the Volts/Div knob on the CRO.

Voltage measured= Total no of Y-axis division x Volts/Div

AC Voltage:

It is measured from peak-to-peak amplitude which measures the absolute
difference between the maximum point of signal and its minimum point of
the signal

The sine wave is supplied to the Y input of CRO. By adjusting the Volt/div
knob, obtain a sufficiently large display of signal on the CRO screen.

The vertical length of the waves from the negative maximum to the positive
maximum is read on the graphic scale of the screen.

This reading (in div.) is multiplied by the volt/div knob reading to give
peak to peak voltage Vp-p.

The voltage Vp-p is divide by 2 to give peak ac voltage of the signal.

DC Voltage:

The DC power supply is connected to Y input of CRO taking care that
positive lead of the cable is connected to +ve terminal and negative to the
—ve of the dc power supply.

The Volt/div knob is set and the dc power supply is switched ON. A
sufficiently large display of signal (vertical line) on the CRO screen is
obtained by setting Volt/div knob.

The vertical length of the waves is read on the graphic scale of the screen.
This reading (in div.) is multiplied by the volt/div knob reading to get the
DC voltage.

Measurement of Current :

Electrical current cannot be measured directly by an oscilloscope.
However, it could be measured indirectly within scope by attaching probes
or resistors.



Resistor measures the voltage across the points and then substituting the
value of voltage measured and resistance in Ohm’s law formula and
calculates the value of electrical current.

Measured Voltage

Current = -
Resistance

Measurement of frequency (Direct Method):

The sine wave is given to the Y input of CRO whose frequency is to be
measured.
By adjusting the time/div knob, obtain a sufficiently large display of signal
on the CRO screen.
Measure the width of one full wave in no of divisions.
Multiply this measured division with reading of time /div knob. This gives
the time period of applied signal.
Time Period= Total no of X-axis division x Time/Div
Reciprocal of time period will be the frequency of the applied signal.

1

F =
requency Time period

Measurement of Phase & frequency by Lissajous figure method

A Lissajous figure is displayed pattern on the screen when sinusoidal
signals are applied to both horizontal & vertical deflection plates of CRO.
This Lissajous figure pattern can be used for the measurement of Phase
difference and frequency of applied signals.

Measurement of Phase:

When two equal voltages of equal frequency but with a different phase shift

(¢) are applied to a CRO we obtain different patterns of Lissajous figure in
the below figure.

£ "% Figure: Lissajous figure for 0° phase shift




e When two sinusoidal voltages of equal frequency which are in phase with
each other are applied to the horizontal and vertical deflection plates, the
pattern appearing on the screen is a straight line.
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e Thus when two equal voltages of equal frequency but with 90° phase
difference are applied to a CRO, the trace on the screen is a circle

o Similarly for different phase differences different type of pattern appears.
Some of them are given below.



e The ellipse pattern of Lissajous figure provides a simple means of
measuring phase difference between two voltages.
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Referring to figure, the sine of the phase angle between the voltages is given by:

Sind = i Xy

ing = v, X,
Y X1
= ¢ =sin"!(=) =sin"! —
Y, X7

Measurement of Frequency Lissajous Patterns

e Lissajous patterns may be used for accurate measurement of frequency.

e The signal, whose frequency is to be measured, is applied to the Y plates.
An accurately calibrated standard variable frequency source is used to
supply voltage to the X plates.

e Suppose sine waves are applied to X and Y plates as shown in the figure
below. Let the frequency of wave applied to Y plates is twice that of the
voltage applied to X plates. This means that the CRT spot travels two
complete cycles in the vertical direction against one in the horizontal
direction.
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¢ In the above case Frequency of Y signal is 2 times (twice) of the X signal
so two loop of pattern appear on the CRO screen.

o Similarly number of loop increases if Y signal frequency increases, which
is indicated below.

Tangent Horizontal tangenc ies

- — 2 S

\(— Tangent

\J

2:1

Vertical
tangencies

fig 6.2 Lissajous patterns allowing different frequencies ratios

The ratio of frequency can be calculated by drawing tangent at top/bottom
and left/right sides.



The ratio of the two frequencies can be given by:
fx Number of times tangent touches top or bottom

fy "~ Number of times tangent touches either left or right side

fx ~Number of horizontal tangencies
= Ix

fy ~ Number of vertical tangencies

Where, f,, = frequency of signal applied to X
fy = frequency of signal applied to Y
e The ratio of frequencies when open-ended Lissajous patterns are
obtained can also be found by treating the open ends as half tangencies
as shown in the below

fy  number of horizontal tangencies

/

.3 f. number of vertical tangencies
_2+1/2 _5
1 2 ]
Full
tangency

- Half
tangency
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