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SYLLABUS

ELECTRICAL MEASURENMENT & INSTRUMENTATION
Name of the Course: Diploma m Electrics] Engineermg Course code: Th 3

Semester; 4" Total Period: 73 (§0L + 15T)
Examination: 3 b Theory penods: 4P week
Internal Asmesament- 30 Totoemal: 1 B/ week
Maxmmum marde: 100 End Semester Examinateon: 50
A RATIONALE:

The styects deal with the methods of measuring voltage, coment, power, enerey, frequency,
power factor & line parameters, aod prociple of operation of the mstruments used for soch
messnrements. Also it provides the methods 10 extend the range of low mnge mstraments 10
meastre bsher values. A power measurement inclodes measurement of DC povwer, AC smple
phase power and AC thres phase power, Also accuracy, previzion. fesolution and erroex and
thedr comection are very impariant and have been fully discussad Since the whole svstem iz 2
combination of analog and dizdal pestem m Industry, the topics of both the svstem have been
studied along with the topics of sensors, thesr charscteristics and ther mberfacing with analog
and digstal systen under thiz subqect

OBJECTIVES:

1. To acqume the knowledge of selecting vanous types of mstruments for similar purposs like
measurement of voltage, comrent, power factor, frequency ete.

L To leamn the connechion of dufferent fypes of electrical measuning instroments.
3. Tolearn the adystment of different mstramients
4, To understand the working principle and construction of the electracal instroments.

3. To solve differest nomerical problems amociated with the instrements based oo thes
desapn Formula.

6. To acquire knowledze of the construction, charactenstics and methods of usage of sensors
gnd tranadocers.

COURSE CONTENT
L MEASTRING INSTRUMENTS
1.1 Define Accuracy, précision, Emors, Resolubions Sensitivity and toletance
1.2 Classification of measuning metnaments

13 F:pﬁnﬂ:h&ﬂg,nmﬂnﬂiﬂgmﬂquﬁngmﬂg&m&nﬂiﬂmﬁmﬁmgtﬁenf
mstruments

1.4 Calibwation of instruments,



L ANALOG ANNMETERS AND VOLTMETERS

2.1 Deacribe Conztrction, prncinle of operafion &rof, ranges merits and demeryis
af:

2.1.1 Moving iron Tvpe instruments.
212 Permanent Magnet Moving codl type mstruments.
213 Dyvnamometer type instroments
214 Rectifier type instruments
2.1.5 Induchion type instruments
12 Extend the range of instriements ty usé of shunts and Multipliers
2.3 Solve Nomencal
L WATTMETERS AND MEASUREMENT OF POWER

3.1 Describe Comstruction, principle of worlong of Dynsmotnéter type Waltmester.
{LPF and UFF tvpe)

3.2 The Emors in Dynamometer type waitmeter and methods of thelr comrection.
3.3 Discusz Induction type wafl meters

4. ENERGYMETERS AND MEASUREMENT OF ENERGY
4.1 Infroduoction

42 Smgle Phase Indoction type Energy meters — constrochon, working pnocipée and
thes compensation & adjustments. 4 3 Testing of Energy Meters.
£ MEASUREMENT OF SPEED, FREQUENCY AND POWER FACTOR
3.1 Techometem, types end working principles

32 Ponciple of operation and construction of Mechanical and Electrical resonance
Type frequency meters

33 Principle of cperation and worang of Dynamometer type single phase and three
phase power facior meters.

6 MEASUREMENT OF RESISTANCE, INDUCTANCES CAPACTTANCE
6.1 Claszifiestion of resistance
6.1.1 Measnrament of low resistance by potentiometer method
6.12 Measprement of medmm resistance by whest Stoae bndge method.
6.13 Measmrement of hish resistance by Joss of charge method.

2 Construchon. poaciple of operations of Megger & Earth teder for msulabion

63 Construction and prnciples of Mulhmeter: {Analog and Digstal)
64 Measurement of indoctance by Maxewell's Bridee method.



6§35 hdeasurement of capacitance by Schering Bridge method

T. SENSORS AND TRANSDUCER

1.1 Define Transduces, sensing element or detector element and tramsduction
el=ments

12 Claszofy tranzducer. Give examples of vanoas class of ransducer.
73 Eesistive transducer
731 Limear snd ansular motion potentsometer.
1.32 Thermastor and Besstance thermometers.
733 Wire Resistance Strain Gauges
T4 Inductive Transducer
7.4.1 Principle of linear variable differential Transformer (LVDT)
Td2 Uses of LINDT
75 Capacitive Tranaducar
73.1 General principle of capacriive transducer.
7.3.2 Vamable area capacthve tramsdocer,
7.5.3 Change in distance between plate capacitive fransducer.
T4 Piezo electne Transdocer and Hall Effsct Transducer with their appbications.
8 OSCILLOSCOPE
8.1 Principte of operstion of Cathode Ray Tube.
81 Principle of operstion of Osesllnscops (with help of block diagram)
83 Measurement of DC Voltzse & current.
84 Measurement of AC Voltage, corrent, phase & Fequency Learming Resonroes:

1. Elecwncal & Electromc Measurements and Instrumentytion, R.E Rajpus, 5 Chand

Pubiications

1. Electnic Measnrement and Measuring nctrments. A K Sawhney. Dhenpat B 8 Co.

Poblicstions

3. Electrical and Elsctronses Measuning mnstroments and Measurement, J. B. Gupta, S K.

Feataria & Soms Publications

4. Electnical Measorement and Measunng mstroments E W Golding & H Widdss, Wheeler
Publications

3. Industriad Instrumestation snd Control, § K Semgh TAMH Ltd Poblicstions

6. Electrical and Electronic Meazurement and Insromentation, 5 K Bhattacksnya, Vikas
Publications
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1. Thermistor:

# Thermustor 15 a resistive transducer whose resistiaty depends upon
suroundimg temperature. For this reason il can be used as
Temperature s2nsor.

# The term Thermustor 15 a combination of “thermal™ and “resistor™

¥ It 15 made up of semiconductor matenal Thermistor devices are
generally made from omides of certain metals like Manganese
Cobalt & Nickel etc.

» There are two types of thermustors: Wegative Temperature
Coefficient (NTC) and Positive Temperature Coefhiceent (PTC).
With an NTC thermistor.

o NTC Type:
In this tvpe when temperatuire increases, fesistance
decreases. Simularly, when temperature decreases. rezistance
mncreases. Thie type of thermistor 1s used the most.

!
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o PTC Type:
In this type when temperature mncreases, the resistance
mereases, and when temperature decreases, resistance
dercreases.

ETH et R
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» Working Principle:
o As the temperature of a thermistor increases 13 resisiance
decreases exponentially:
o The mathematical expression for the relabionship between
resistance of thermustor and temperature 15



Rri=Rrexf (-] |
Where,

R 1= resistance of the thermistor at temperature T1 Rrz=
resistance of the thermustor at prven temperature T2 =
constant, sz value depends upon the matenial used in the
construction of thermustor, typically ifs value ranees from
3500 to 4300,

This above equation is known as characteristic equation of
Thermistor

¥ Thermustor can be made in different shape and szes. Tt 13 zvailable
1n the form of the bead, probe, rod and disc etc. The different types
of the thermstor are shown 1n the figure below

L AT Tht
e bead form of the thermistor is smallest in
] ghape.
Fomn
-
Pl e F

Bead type 1= enclosed meide the sold glass
rod to form probes.

" The disc shape 15 made by pressing material under

high pressure with diameter range from 2.5 mm to 23mm

—f 'I_-_ Ir },-_.."

- It 1s shaped as a long vertical rod
0.250-2.0 inches (0.63-5.1 centimetres) long and 0.030-0.110
mnch (0.13-0 28 centimetre) in diameter, of oxide-binder mix and
simntered: ends are coated with conducting paste and leads are
wrapped on the coated area

» Advantages



= They are compact and mexpensive. o They have

good stabihity and high sensitimaty. & Their response

& very fast

They are not affected by stray magnetic and electne

fields

Due to all theze advantages. thermustors are preferred over
other temperature detecting devices hke RTDs and
thermocouples.

w ]

3. Resistance Thermometer:

P Besistance thermometers are based on the prnciple that the
electnical reststance of a metal wire vanes with temperature.

» The resistance thermometer 15 also known 35 Resistance
Temperature Detector (RTD)

# It uses the resistance of electncal conductor for measunng the
temperature.

# If Ry 15 the resistance at 0 °C, then the resistance Rpat T °C s

| Rr=Ry(l+aT)

Where, @ = temperature coefficient of resistance of 2 particular matenal
#* The resiztance thermometer uses a sensmve clement made of
extremely pure metals like platmom, copper or mickel. > RTD s a
PTC type transducer.

VAR S L
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# Construction of Resistive Thermometer
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Resistance Thermometer
o The resistance thermometer 15 placed mside the protective

tube for providing the protection agamst daxmape o The
reststive element 15 formed by placmg the platimum ware on
the coramic bobbin. = This resistance clement 15 placed
msude the tube which 15 made up of stamlese steel or copper
steel

o The lead wire 12 used for connecting the resistance element
with the external lead The lead ware 15 covered by the
insulated tube which protects it from short circmt.

o The ceramic matersal i used as an meulator for
hightemperature material and for low-temperature fibre or
glass 15 used.

# Advantages: o It provides ughly accurate results. o
RTD provides a vast operating range. o Due to its high
ACCHracy

o RTD s used mn all such applications where precise results are

needed
# Disadvantages:

& The sensitivity of platimum RTD 15 very less for the minot
vanation in temperature.

& RTD possess slower response time.

4. Strain Gange:

¥ Astram gauge 15 2 device used 10 measure stram on an object.

¥ Resistance of the device vanes with respect to applied force. It
converts force, pressure, tension, weight etc, imto a change in
electncal resistance which can then be measured.

# When an external force is apphied on an object, due to which there
13 2 deformation occurs in the shape of the object. This deformation
i the shape 15 both compressive or tensile 15 called stran, and it 15
measured by the strain gange.

# Working Principle:



Resistance of any conductor wire 15 durectly 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=

Resistrvity of the matenal
The change m the shape and =zize of the conductor also alters 1z length
af] the cross-sectional area which eventually changes its resistance.

Force + Force
- D —
v |
- L N

If AL 53 the change mn length of the wire by the application of force or

stress then stram (£} 15 given by
AL

Strain () ~ T
* Sensitivity of the strain gauge matenal 15 gven by a parameter
known as Gauge factor (G). The Gauge Factor 15 the senstraty
coefficient of strain gauges
* CGamge factor 1z defined as the rano of fractional change m
electrical resistance to the fractional change in length (strain):

AR
— R
£

#

G =

o

Y

Where,
R=onginal Resstance of wire
AR= change in Resistance
L=ongnal Length of wwe
Al= change 1 Length

AL

E=—

L



= Consfruction:

The metallic strain gauge consists of a very fine wire or, more commenly,
metallic foul arranged in a gnd pattern.

The gnd iz bonded 1o a then baclong, called the carmer, which 13 amached
directly to the test specimen (object). Therefore, the strain expenenced by
the test object 15 transferred directly to the strain pauge and changes the
resistance of the strain gauge

Backing

B

N ; “spiger tabs
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# Measurement by using Bridge circuit;
The change m resistance i stram gange can be measured in terms of change
i voltage by connecting the strain gange 1 a Wheatstone bndge ciremt.

R o 24 R,

Pr—— '|‘

o In this crowt, R1 and R3 arms are equal to cach other, and R2 15 the
rheostat arm and 15 value equal to the strain gauge mitial resistance



o When no force 15 applied, the gauge 15 unstrained and the brdge 15
balanced. Volmmeter shows zero value at thiz condition
o When force 1z apphed on the stramn gapee resstance of the gavge
chanzes. As there 15 3 change mn resistance of strain gavge, the bndge
gets unbalanced and produces a voltage indication at the voltmeter,
# Application:
o Itcan be uwsed as Werght, Force, Preszure or Stress sensor

I.  Inductive Transducers

The twansducer whose inductance changes with respect to change m imput
parameter 15 known as inductive transducer.

1. LVDT(Linear Variable Differential Transformer):
» The Lincar Vanable Inductive Transformer converts the lincar
displacement mto an electrical signal
# It works on the principle of mutual mduction 1o the flux of the

prmary winding 15 mduced to the secondary windmg The output
of the transformer iz obtained because of the difference of the

secondary voltages, and hence 1t 15 called a differential transformer

# Construction of LNDT:

AL
exciathon

Frimary
Wmnding

Arm

—i w1

Dizplacement
SoCandary
— — Windings

ES, ES,

Differantial Eyw Egy = Egy
¥ The basie construction of the LVDT s shown above mn the figure,
LVDT consist of a pnmary windmg and two secondary windings §,
and $;. The secondary windmg is wound on the cylindncal former
¥ The sccondary windings have an equal number of tums, and it 15
placed wdentically on both the side of the pnmary winding.



¥ The output voltage of the secondary windmg 8, 15 ES, and that of
the 5,1z ES;.

# The secondary voltage siznal 1s converted mto an electrical signal
by connecting the secondary winding m senes opposriion as shown
m the figure above

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

[Output voltage (E) = ES, |- ES,
# Working:

The change m output voltage 15 directly proportional to the
displacement of the core. Any displacement will merease the flux
of one of the secondary winding and on the other hand reduces the
other which develops a differential voltage at the cutput There
could be three possible conditions which are descnibed below:
Condition-I:

o When the soft core moved towards left, the flux hnked m
S 13 more a3 compared to 5;.
The output voltage of the winding S is more than the S,
Suice ESy ~ES;, Ey is positive. So Eg 15 in phase with the
prmary voltage.

o

0

Condition-I1:

= When the soft won core move towards neht the magnitude
of the flux hnked S, 15 more than §;

o The output voltage of the winding S, 15 less than the S,

= Smnce ES; <ESy, Ej b5 negative. The output voltage Eq 15
1807 out of phase with the pnmary winding

Condition-111:

o When the soft won core is at the centre of 5; and S5 the
flux hinked m S, and 8, are same

o The output voltage of the winding 5, & equal to 5,

o 50 Er-ES1-ES

=DV
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The curve between the output voltage and the mput displacement is
shown 1n the figure above.
The curve 15 hnear for small displacement between A & B

* Uses of LVDT:

o It 15 used for measuning the displacement having a range
from few mm to em The LVDT directly converts. the
displacement into an electrnical signal

o The LVDT 15 used as a device for measunng the force,
weight and pressure. Some of the LVDT used for

measunng the load and pressure.

II. Capacitive Transducers
The transducer whose capactance changes with respect to change m
input parameter 13 known as capacitance transducer
« The working principle of a capacitive transducer & variable
capacitance. Bt comsists of two parallel metal pates which are
separated bv dielectric medium (such as ar).




formula.

| EpEy

C=A"

| b= |
=

-4

C = capacitance of the vanable capacitor
€ o = permuttivity of free space
£ ¢ = relative permuttivity
E €€y
A = overlapping area between the two plates d
= thatance between the two plates
By varying the parameters like A, d & ¢, of the vanable capactior
the capacitance can be changed.
So the capacitive transducer 15 of three types:
1. Vaniable Area(A) Capacitrve Transducer
2. Vanable distance between two plates {(d) type capacitive
Transcducers
3. Variable dielectric constant (& JHype capacitive Transducers

1. Variable Area Capacitive Transducer:
# In this type capacitive transducer the overlapping area {A) between
the two plates changes due fo the apphicabon of Displacement,
Force or Pressure.
# Since parameter A’ changes, the capacifance "C’ also chanpges, as
‘C'15 darectly proporhonal to “A”



C= elA—wal}
S

Where, 'x 15 the displacement of the pl:;te and “w' i3 the width of the plate
# Tt can be used as Displacement, Force or Pressure sensors.

1. Variable distance between two plates tvpe capacitive
Transducers

In this tvpe capacttive transducer the distance (d) / separation between the

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

l=l='

A
f

e i |
W aruailsbe
AT AT

» Since parameter ‘d’ changes, the capacitance “C” also changes, as
‘'C’ 15 mversely proportional to “d’
C=4--~
Where, “x" 15 the displacement of the plate

# Tt can be used as Displacement, Force or Pressure sensors.




Active Transducers
The transducers which do not requie any external power supply for the
generation of electrrcal output (V or I 13 kmown as Active Transducer

L Pieroeleciric Transducers
# A mperoelectnic transducer 13 3 device which can coovert
mechamical energy like Force or Pressure mto an electncal energy.
¥ Tt uses pezoelectric effect for the generation of electric charge, »
It 15 an active transducer

Construction and Working:
¥ Piczoclecine matenials like Quartz, Rochelle salt etc can be used to
make the transducer.
Force
Sk
' A : -

& ot - Dutput
Electrodes <~ Piszoelectric 7, Voltage E,

EEI\ . r'f'ranﬁdu-;er X.r{{' O

t

¥ The faces of piezoelecine matenal, usual quariz, 15 coated with a
thin layer of conducting matenal such as siver known as
Electrode.

#» When stress 15 apphed, the ons m the matenal move towards one
of the conducting surface while moving away from the other Thas
resuits in the generation of charge.

# This charge 15 used for cabibration of stress. The polanty of the
produced charge depends upon the direction of the applied stress
force.

# If F 13 the applied force and Q) 1z the charpe developed dee to nt
then Q = F.

~Q=dxF
Where, d 15 known as piezoclectne coefficient of the matenial

¥ Due to the charge Q, potential difference ¥V, developed between the
electrodes which can be taken 2 output.

# This transducer 15 used as Force, Pressure or Stress sensor.

1.  Hall effect Transducers



# A Hall Effect sensor 15 a transducer that vanes s output voltage m
response to 2 magnetic field

# This transducer works on the pninciple of Hall Effect

¥ Hall Effect: If a cumrent carmying stnp of the conductor 15 placed m a
transverse magnetic field, then an EMF 15 developed on the edge of
the conductor The magnitude of the developed voltage depends on the
density of flux. This property 15 known as Hall Effect.

The output voltage of Hall Effect mnr[if,, - gﬂ ‘
Where, K= Hall Effect coefficient

B=Magnenc flox density
I= Circutt current t = Thiekness of the conductor
strip {Hall Element)

The strip of the conductor 13 called as Hall element.
Applications of Hall Effect Transducer:
a. Magnetic to Electric Transducer — The Hall effect element =
nsed for convertme the magnetic flux o an electrsc siznal
b. Measurement of Displacement - The Hall Effect eclement
measures the displacement of the structural element.
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Measurement of Displacement Using Hall Efect Transducer

Conaider the feromagnetic structure which has a permanemt
magnet. The hall effect transducer placed between the poles of the

permanent magnet The mapnetic field strength across the Hall
Effect element changes by changmne the posmion of the
ferromagnetic field. So ocutput voltage of the transducer changes
with respect to mput displacement.

¢. Measuremeni of Current — The Hall Effect transducer 15 also
usad for measuring the current.
The AC or DC 15 apphied across the conductor for developing the

magnetic field The stength of the magnetic field 15 directly
propertional to the apphied current. The magnetic field develops the
EMF across the strips.

B PP

Chapter-8: OSCILLOSCOPE

CATHODE RAY OSCILLOSCOPE (CRO)

# The cathode ray oscilloscope (CRO) = an electnical mstroment which =
used for display, measorement and analy=is of waveforms and others and
electnical phenomenon

¥ A cathode ray oscilloscope 15 a very fast X-Y plotter that can display an
rpat voltage signal verzus 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 15
accelerated. decelerated and foru: with the help of accelerabng and
focusing anode at a high velocity and brings to the focal pomt on a
fluorescent screen.

# After the collsion of the electron on the screen, it produces a wisible spot
where the electron beam stnkes with 3t and this spot 15 seen on another
side of the screen.

# This colliston or bombardineg of electrons continmally done on the sereen
whech shows the electnical signal, this electron beam Like an electncal
pencil of light which produces a light where 1t collides wath the screen.

Major Components of Cathode Rav Oscilloscope
The mam blocks of CRO are

* Cathode Ray Tube (CRT)
« Vertical amplifier

E L L S L e T T P T

» Delay Line
* Tngger circuat
» Time hase generator
» Honzontal anplifier
» Blankmg circunt
* Power supply
(LTl YERTIZAL DELAY
O TTRAL | AMPLIFER |oumE |
ELECTRON
GUN
o CRT
t =
Y BUPPLY
WV BLPPLY

,_% .....

T ALL CIRZUTTE

TRIGGER
o
CICAAT

TIME BASE

GENFRATOR

DEFLECTHEN BEORIZCNTAL
PLATES NEFIECTON
PFATER
HORIEDNTAL
AMMIFIER

Figure: Block diagram of CRO

1. Cathode Ray Tube (CRT):
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a very high veloenty,

+  CRT consist of the following parts

» Electron gun

» Deflection plate assembly
» (lass envelope

= Fluorescent screen

» Baze for connections

* This electron beam travels from the electron gun to the screen The
electron gun consists of a filament, cathode, control gnd, acceleranng
anodes and focusing anode.

*  While wravelling to the screen, electron beams passes between a set of
vertical deflecting plates and a set of horzontal deflechion plates.
Voltages apphed 1o these plates can move the beam m vemical and
honizontal plane respectively.

+ The electron beam then stmkes the fluorescent matenial {phosphor)
deposiied on the screen with sufficient energy to canse the screen to
light up in 2 small spot.

2. Vertical Amplifier:

The wmput signal 15 applied to the vertical amplifier The gam of this amphifier

can be controlled by VOLT DIV knob. Output of this amphifier 15 apphed 1o
the delay line.

3. Delay Lime:

The delay Line delavs the amval of the mpet waveform at the vertical
deflection plates unnl the tngger and ume base circunts start the sweep of the
beam.

4. Trigger Circuit:



A sample of the mput waveform s fed to 2 tngger corcust which produces a
trigger pulse at some selected pomt on the mput waveform This trigger
pulse 15 uzed to start the tume base generator

. Time base (Sweep) Generator:

* This produces a saw-tooth waveform that 1= used as borizontal deflection
voltage of CRT

* The rate of nsz of a positrve gong part of the sawtooth wavelform is
controlled by TIME DIV knob.

» The sawtocth voltaze 15 fed to the honzontal amphfier if the swatch 15 m

the INTERNAL position. If the switch 15 1n EXT. position, an external
honzontal mput can be apphed to the honzontal amphifier.

/. L

v ’ Figure: Sawtooth Waveform

» It 1z responsible for honizontal sweep of CRT spot from left hand sade of
the screen to nght hand side

* When a sawtooth voltage 12 applied to honzontal plates and an mput
signal i 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 veltape As ot imcludes a phase wverter two
outputs are produced. Positive gomg sawtooth and negative going sawtooth
are applied to right — hand and left - hand honzontal deflection plates of
CRT

7. Blanking Circuit:

The blanking circust 15 necessary to eliminate the retrace that would ocem
when the spot on CRT screen moves from right sade to left side.

Ths retrace can cause confusion if it 15 not eliminate. The blanking voltage 1=
produced by sweep generator. Hence a high neganve voltage s applied to the
comtrol grid durng retrace period.

8 Power Supph;

LM




A hugh voltage (HV supply) section 15 used to operate CRT and a low voltage
section (LY supply) 1s used to supply electronic crcut of the osclloscope.

Measurement of Voltage:

The ascilloscope 15 manly a2 voltage measunng device.
The mumber of dranons on the voltage mous (Y -ax:z) 13 measured and i 1s

multiplied by the value mdicated by the Volts Div knob on the CRO.
Voltage measured= Total no of Y-axis division = Volts Div AC Voltage:

Tt 15 measwed from peak-to-peak amplituds which measures the absolute
difference berween the maximum point of stgnal and its mmmum pom
of the signal

The sme wave 15 supplied to the Y mput of CRO. By adjusting the
Volvdiy knob, obtam a sufficiently large display of signal on the CRO
SCTEen.

The vertical length of the waves from the negatnve maxmum to the
positrve maximim 15 read on the graphic scale of the screen

This reading (10 div) 13 multiplied by the volt'div knob readmg to give
peak to peak voltaze Vp-p.

The voltage Vp-p 15 divade by 2 to give peak ac voltage of the signal

DC Voltags:

The DC power supply iz connected to Y input of CRO takang care that
positrve lead of the cable 1z copnected to +ve termunal and segatrve to the
-ve of the dc power supply.

The Volvdiv knob 15 set and the de power supply 15 switched ON. A
sufficiently large dizplay of sipnal (verical hine} on the CRO screen is
obtained by zetting Volt'div kaoh.

The vertical length of the waves 15 read on the graphic scale of the screen
Thus reading {0 div ) is multiplied by the velt'div knob reading to get the
DC voltage.

Aleas f o t:

Electrical cumrent camnot be measured dwrectly by an oscilloscope.
However, it could be measured indirectly within scope by attaching
probes of resistors.



Resistor measures the voltaze across the pownts and then substitutmg the
valoe of voltape measured and resistance im Obm's law formula and
calculates the value of electncal current

Measured Veltage

Current = - —
Hesisinmoe

Measurement of frequency (Direct Method):

The sine wave 15 given to the Y mput of CRO whose frequency 15 1o

be meacured.

By adjusting the time/div knob, obtain a sufficiently large display of

signal on the CRO screen.

Measure the width of one full wave i no of divisions.

Multrply thes measured division with reading of time /div knob. This

grves the time pertod of applied z1pnal

Time Period= Total no of X-axis division = Time/Div

Reciprocal of ume peniod wall be the frequency of the applied signal
1

Froquncy Ttme period

Measurement of Phase & frequency by Lissajous figure method

A Lissajous figure 15 displayed pattern on the screen when simusoudal
stgnals are appliad 1o both honzontal & verucal deflection plates of CRO.
This Lissajous fipure pattem can be used for the measurement of Phase
difference and frequency of applied signals.

Measurement of Phase:

When two equal voltages of equal frequency bot with a different phase
ghift (¢) are applied to a CRO we obtaimn different patterns of Liszajons
figure 1 the below figure.
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Figure: Lissajous figure for 0° phase shifi
When two simuzosdal voltages of equal frequency which are m phase with
each other are apphied to the honzontal and vertical deflechon plates, the
pattern appeanng on the screen 15 a straght line.

VAR ;/-.
X2l iEIE =

I
* Thus when two equal voltages of equal frequency but with 50° phase
difference are applied to a CRO, the trace on the screen 5 a circle

» Simularly for different phase differences different type of pattern appears.
Some of them are given below.
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The ellipse pattern of Lissajous figure provides a simple means of
measunng phase difference between two voltages.
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Refermng to figure, the sine of the phase angle between the voltages 15 given
by
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Measurement of Frequency Lissajous Patterns

* Lizsajous patterns may be used for accurate measurement of frequency

* The siznal, whose frequency 15 to be measured, 15 apphed to the Y plates.
An accurately cabibrated standard vanable frequency source 15 used to
supply voltage to the X plates.

» Suppose sme waves are apphed to X and Y plates as shown mn the figure
below. Let the frequency of wave applied to Y plates 15 tvace that of the
voltage applied to X plates. This means that the CRT spot travels two
complete cyeles m the vertical dwection agamst one i the horzoatal
direction.



Voltage applied to
¥ plates (frequency = 2

(f = Aouanbayy) saeyd x
oy parpdde adegoy

* In the above case Frequency of Y signal 1s 2 times {twice) of the X signal so two
loop of pattemn appear on the CRO screen.

» Simularly pumber of loop mecreases if Y signal frequency increases, which s
indicated below

Tangent Horizomia: sangens les

Tangent

gl 35 l :  f
Yerical
langenwiey

B2 i v s e g (Ui ond B g idtn g ke

The rauo of frequency can be calculated by drawing tangent at top bottom
and leftright sides

The ratio of the two frequencies can be prven by:



I Number of times tangent rouches tap or battom

K = Number of times tangent tauches either left or right side

e Numéier of Lorizontal tangencies
= —5
f Numhber of vertlcal rangencies

Where, [ » = frequency of signal applied to X
[y =frequency of signal applied to ¥
* The rauo of frequencies when open-snded Lissajous patterns are obtaned can
also be found by treating the open ends as half tangeneies as shown m the below
fy  number of horizontal tangencies
- fr " number of vertical langencies
_2+1j2 3

———mm—
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CHAPTER-1

Lo uestions

Explan deflecting, controlling and damping torque in indicating type
instriment

. Explam two type of controlling arrangement i Indicanng type Instrument.

. State the vanous methods for obtaning damping torgue.

. Explam the dampmg arangement m Indicating type Instrument Short

Questions

Differentiate between the spring control and gravity control

Why 15 damping required for an electromechanical measunng mstrument

Define Reproducibility.

What 13 Deflecting torque?

What do vou understand by calibration of a measunng mstrument?

Define precision of measuring mstruments.

Define senstivity.

Define Accoracy.

Define Resolution.

10. Define wlerance of measurmng instruments.

11. What 13 controlling torque?

12. What s the importance of controllmg torgue m electro-mechamical tvpe

mstrument?
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CHAPTER-2
Long Questions

Explam the operating pnnciple of PAMC type instruments.

With a neat diagram explam in detal the construction of PAMMC mnstrument.
Discuss the errors m PMMC type mstrument.

What are the shunts and multipher” Denve the expression for both. with
reference to meters used i electnical ciromits.

Sketch and explam the working of moving-coil mnstrument

8. With necessary diagram explan the working prnciple of Induction type
Instrument.

Explam the working of Dhvnamometer type Instruments with proper
dragram

Explam the werkmg principle of Rectifier type Instrument.
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9. State with example how can you extend the range of voltmeters and
ammeters”

10. A mulhammeter of range 0-50 mA 5 réquue 10 measure 3 load current of
A The millammeter has an intemal resistance of 0.35 ohm Caleulate the
value of shunt resistance necessary for 1t

11. An ammeter having a range of 0-20A, having an mtemal resistance of 0.08
chm 15 to be used to measure up 1o 2 range of 0-200 A Calcolate the value

of shunt resistance required. Show the connection diagram
12 You have an ammeter of mternal resistance 100 ohm. which can measure a

maxiwm current of 30A How can you extend the range to measure a
maamm corrent of 100A. Show the carowt with ammeter

13 How will you use a PMMC mstrument wiuch gives full scale deflection at
S0mV potential difference and 10mA current 251 Ammeter 0-10 A range
u  Voltmeter 0-250 V range

Short Questions

What are the main advantages and disadvantapes of PNIMC mstruments?
Why an ammeter should have a low resiztance value.

What are the advantages of Shunt and Multiphers?

What are the advantages of Rectifier type Instrument”

What 13 Rectifier type Instrument?

State the purpose of using multtphers 1n measunng mstruments.

Why voltmeter 15 connected in parallel and ammeter 15 connected in senes?
How can the range of ammeter be extendad?

. How can the range of voltmeter be extended?

0. Indicating type mstrument converts Electncal energy to which energy form?
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CHAPTER-3

0 tions

1. Draw the possible methods of connecting the pressure coil of a wattmeter

and compare the emrors. Explam the meaming of “compensating winding' m

a wattmeter and show how they help to reduce the emmor,

Explam the workng of Dynamometer type Wattmeter with necessary

diagram

1. Explam the worang of Inducthion type Wattmeter with necessary diagsram

4. What arc the emors i Dynamometer type Wattmeter and specify the
methods of their corrections?

F=d



5. State different types of emrors in Dvaamometer type Wattmeter

Short Questions

- What 1z Wattmeter?

. What 15 UPF Dynamometer tvpe Wattmeter”

. What are the errors m dynamometer type Wattmeter?
. Show the connection dhagram of 1-phaze wattmeter.
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CHAPTER-4
Long Questions

1. Discuss with block diagram. the principle of operation of 1-phase energy
meter

Short Questions

1. What 15 creeping emmor in energy meter?

2. What 15 Eneroy meter? What do you mean by 1 Unit in domestic energy
meters?

3. What 15 the major cause of creeping érror i an energy meter?

With necessary block diagram explam the prmciple of operation of
electnical resonance type frequency meter.

Explam the workmg of Mechamcal resonance type frequency meter.

Explam the workmg principle of Tachometer

With neat sketch explan the workmg of a power factor meter. Short
Questions

What 15 the use of tachometer?
What 13 power factor meter?
What iz frequency meter?
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CHAPTER-6
Long Questions
L. Discuss about an AC bridge used for measuremient of capacitance. 2
Explain the measurement of resistance by Lozs of Charze method.

3. Explam the workmng principle of Megger



4. Explamn the working prnciple of digital multimeter.

5. Explam the measurement of medmm resistance by Wheatstone bndge
method

6. Explain the measurement of capacitance by Schenng bridge method.

7. Derrve the expression for measurement of unknown mductance by Maxwell
bridge method.

short Questions

What 15 the function of Multumeter”

Classify Resistance.

Classify low, medium and high resistance.

State two applications of Megger

State the advantage of digital multimeter over analog type
State the balanced equanon used 1n AC Bridges.

For measurement of which parameter Schenng bndze 13 used”

do 4 b
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CHAPTER_7

Lo uestions

Dierrie an expression for gavee factor m terms of Potsson’s ration,

What 15 the use of LVDT? Discuss its basic principle of operation,

Explam how LVDT can be used for measurement of displacement.

Define Transducer. Discuss the classification of transduocer

Explam linear and angular motion potentiometer workmg prnciple

What 15 thermistor™ What are the different types of thermisior avalable

accordmg to shape and size?

7. Explam the workmg pnnciple of wire Stram gauge with proper diagram.

8. Define Capacitive Transducer and sts working prnciple. Enlist the types of
capacitive fype transducers.

9. Explam the working Principle of Vaniable area type Capacitive Transducer

10 Explam the working Principle of Vanable distance between the plates type
Capacitive Transduces.

11 Explam the working principle of prezoelecinc transducer.

12 Explaim the workime pnnciple of Hall-effect transducer
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Short Questions

1. What are active and passive transducers? Give examples.
2. What 15 prezoclectnic effect?



What iz gauge factor?

What 15 the application of LVDT?

What 1s Ressstive transducer? Give two examples.
What 1z capacitive transducer? Give twio examples.
What 1= Inductive transducer? Give example.

What are the apphication of Stram gauge transducer?
What 15 NTC type temperature sensor”
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CHAPTER-8

Long Questions

I, With a block diagram_explun the workme of CRO.

2. Explam the workang of CRT.

1. How the frequency and phase measured 1n CRO,

4. Describe the measnarement of frequency, phase angle and time delay using
oscilloscope with swtable diagrams and mathematical expressions. Short

Questions

1. What 15 the feaction of time base penerator m CRO?
2, What 15 Lissajous figure? Winte two application of Lissajous figure



