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MEASURING INSTRUMENTS IN
ELECTRONICS

36.1 INTRODUCTION

‘You have already read about semiconductors, transistors, voltage-current sources, resistance,
capacitance etc, Now you will study about their test and measurement. You must have seen
a number of eloctrical gadgets like fridge, electric iron, bulb systems heat convector and
electronic gadgets like TV, VCR, Two in one and Computer. You would know also about
various specifications like input voltage required (AC or DC ), frequency, current rating
etc. which vary for gadget to gadget. You should also have observed that a TV / Radio
/VCRmhmﬁcbrhmwihhhnammllmmsuﬁngMStunmt“&thMOleadswcheck
(test) voltage, current, resistance, capacitor etc. at various electrical points of the gadget
undér repair. This instrument is known as multitester or multimeter. These are multirange
and multifunction instruments and mainly available in two categories about which you will
study in this lesson.
You will also study about “another category called visual or display instrument namely
CRO which shows on screen the shape of amptitude of electrical or electronic signal or
pulses / waves as a fimction of time. This instrument finds application in medical electronics
also as you should have noticed it attached with heart patient to monitor the heart beats
ctc. Like multimeter, this instrament (CRO ) is also available in multirange. Other measuring
instruments include watt hour meter, digital thermemeters, frequency meters etc., but this
lesson covers details of multimeter and CRO only.
36.2 OBJECTIVES

After studying this lesson, you should be able to -
o identify various measuring insiruments in electronics;
describe the basic principle and Junctioning of a multimeter;
appreciate the CRO over multimeter and use it as a display unit of waves (signals);
explain  principle of a transducer and list their uses in daily life;
describe the phenomena behind the display devices; and
distinguish between the LED and LCD devices and appreciaie their utility in daily
life..
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363 MULTIMETER AND ITS USES

As you know mmiltimeter is the most versatile and useful test and measuring device for a
common tochnician and electronics student. Here we are concentrating on its principle and
applications. You will recognise a multimeter as shown in fig, 36.1
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Fig. 36.1 : Muitimeter

36.3.1 Working principle of a Volt-Ohm Milliameter (VOM)

The instrument is based on permanent magnet moving coil mwhamm
( PMMC ) or 4" Arsonval movement. The arrangement has boen shown in fig.36.2.

Fig. 38.2 : Volt-Ohm milliameter
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TMeisapmanmhorseshocnmgth,'aﬁulysuSpmdedwﬂmrmﬂwlyinﬂn
mamwﬁcﬁeldB,wpholspﬁngsaMapohﬂaagainﬂaﬁxedm&rmcﬂldscﬂc.Whmy
amnanﬂowsinﬂmpdlmclccﬁmnagneﬁcmrquedeyebpsmdﬁmtatesﬁcwﬂwhich
cqmﬂ:cpoinmrtomuveonaﬁxedcalibmtedscalc.'mrmrquerisgivmas
t= BXAXIXN
where, B = magpetic flux density in air gap
A effective area of the coil
& = current through the coil
‘N = number of tums of wire on the coil
Hmcq'the@vmnaﬁofihcpoiﬂerisdimtbrpmpmﬁmdmﬂwmthmghﬂncbﬂ
as B A, N, arc constants. :
hﬁcmuhimﬂemmgeswimhispmvi&dandﬂmvaﬁousmgesmavaﬂabhmf
muitimeter (VOM). For example the typical voltage range, current range of the mmltimeter
and registance range arc given below,
s ¥oliage range : normally following two voltage ranges are found,
9 - 15 volt
0. - 1000 wolt
Foriretyhighvonageanexmma!jackmarked‘DCSOOOV’formeasprmemupmSOOO
volt is provided.
o Current range: commonly used current range of a multimeter is 0 - 500 mA
For higher current an external jack is provided to measure between + 10 A to - 10A.

» Similarly for resistance measurement the variable ranges are available in multiples of
hondreds and thousands as shown in figure. 36.1

ThcrcisaswhchinVOMwhichseiecmremﬁmdmodeforac!dcmasurgmmt.The
insn'nmuniscaﬁbmtedfordi&‘amtmngcsandpammeters(v,LR).

36.3.2 Application of Multimeter

Besides measuring voltage, current, and resistance, the circuit of the multimeter can be
upgraded to measure temperature, power, watthour and confinuity of the circuit. For
temperature- measurement 2 multimeter is used in combination with a thermocouple.
Nowa.daysdigimltmﬂﬁnem(DWJ)orwﬁd-mteVOMhawbwmmpopular
because of digital display, compact in size, better accuracy and additional feature of other
MﬁﬁﬁﬁuﬁhTmm.m,Wmsumm.mWoﬂhuﬁgim
electronics, you will find in lesson 38 of this book.

The anslog VOM is cheaper than DMM. Both VOM and DMM should have a good
msiﬁvitydcscalegoodmoughtoreado.zwhorlus.Formlemgeof&Zvolt
- 0.6 volt or 200 mV to 600 mV is required for transistor biasing,

Similarly low current scale should also be there as you know that current in mA and RA
uemmnredfowmmanddmdcchmm Electranic multimeter is also available
now a days. It has a balanced bridge dc amplifier and indicating meter. Field effect
transistor is used in balanced bridge d.c amplitier. Rest of the parts like range switch,
function switches are same. Rectification of diode power is used to convert a/c in d.c. for
a.¢. measurements.

A
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36.3.3 Limitations of Multimeter

hapalognnﬂﬁtmter]oacﬁngeﬁ‘eamaycausemmhimmmm.hfmhif
voltage has to be measured then input impedance in voltmeter mode should be at keast an
order of magnitude higher than impedance of circuit under measurement, it means a metey
with 10 MW resistance is suitable to measure voltage across a 100 k Q  resistor byt
not across a 10 M £ resistor ( because of serious loading effect ). Further loading effects
are noticeable at higher frequencies thus limiting the use of multimeter for low frequencies
only.

Error may also be caused due to parallax in absence -of mirror backed scale. Parallax (in
swmgmpmﬁmdmmmr)mbcmwedvﬁﬁﬂrmdnﬁm.wmm
with increase in bandwidth e.g. if an instrument with band width 10 Hz - 10M Hz has
sensitivity of 1 mV become more sensitive (100 V) if band width decreases to0 5 MHz
only.
DMMiscmvaﬂw:sﬁgivwmmemhmstwdofpdmerdeﬂwﬁm.Emﬂmhshnpedamc
is high. Its accuracy and resolution is also very high (Accuracy >> +.005 % of reading
& resolution >> 1 point in 10°) beside good stability.

INTEXT QUESTIONS 36.1

1. A circuit has an impedance of 10 kW for measurement .of wollage across it
what consideration should be kept in mind for choosing a multimeter ?

2. After switching on the TV, one finds that it is a not receiving power from
mains. How will you pin point a fault using a multimeter?

3. How will you measure the voltage of a live wire on the streat { ﬁbm
transmission pole ) using a multimeter ? '

36.4 CATHODE RAY OSCILLOSCOPE (CRO)

Like multimeter Cathode Ray Oscilloscope CRO can also be used for measurement of
voltage and current. Besides this gives you a visual of the signal under test which helps
in real time analysis. The cathode ray oscilloscope is probably the most versatile tool for

the development of the electronic circuits and systems. Kt has led to the development of
modern electronics. The CRO allows the amplitude of the clectrical signal in the form of
voltage, current, power etc to be displayed on the screen as a famction of time, In an

oscilloscope, electron beam produced by a cathode impinges on a phosphor surfuce screen

to produce a visible spot. .

36.4.1 Working Principle of CRO

Before going on to the working of a CRO it is necessary to understand the construction
of CRO (Fig.36.3). Basjcally a CRO- consists 4f a cathode ray tube high voltage power
supply, low voltage power supply, vertical amplifier, horizontal amplifier trigger circuit,
time based generator etc. The cathode ray tube consists of an electron gun which produces
electron beam, vertical plates for accelerating the beam to high velocity, horizontal plates
for deflecting the beam and a phosphor screen where the deflection of electron beam
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circuits of the oscilloscope.

Similar to the comventional X and Y axc, the electron beam can be deflcted in cither of
the two axes, Typimny,x.aﬁsofﬂwosciﬂmqnpeisd@ﬂemdﬂtammmhﬁw
mmmuvmhmmm-mmsﬂpﬂ.mmmkmw
misﬁdmﬁevuﬁalampﬁﬁummwmhmﬁmﬂnpmﬁaloﬂhism
mmtﬂm.'!‘osymhmuﬂwhmmmm system with the vertical
m;mm&mmtﬂggﬂdmﬂismpbyedhisamm

Volts/Div
Pt
—_.f.,“uam?_*‘ Delay line
input sighai I
TOCRT H CRT
v
7 vl beam

To sl circuits  Electron gun

L
[ |

"'ﬁmel Dav
Fig. 3863 : Block diagram of CRO

Hﬂbiti:WtohyWunpbasiSmihcmforCKr’s.ﬂn‘mmatcﬂal
mﬂtkmumﬁceofdnCKfispbosphmmﬁncnxidc.Thesemmialshawpmpmy
&mmmmmmmmmwm They have
,m.mmmmmi.c.hymmmﬁﬁghrmﬁem
of excitation is cut off. The intensity of light emitted from CRT is called Luminescence.
deepaﬂsmmmbuofbmbardingdommssuikmgpermﬂs,mgyofbanbmﬁng
36.4.2 Applications of CRO

Baﬁduaﬂﬁnn&mdﬁcbyaMulﬁmﬂu,aCROgimavisualdisphyoﬂhesigml
M‘&@MWmaﬁmoftwowammndulaﬁmdepﬂxm.
m&:mcm&ﬁmmhmmm
msmﬁwnnm.%ofhﬁnpm&inmofmﬁbmkﬂmitm ;
store & signal and sample 2 high froquency signal.- '
36.4.3 Limitations of CRO
ththemmmuﬁngdwimﬁkcmulﬁmuu,theCRb‘hh&yin
midlmd:iuuwdlqhighinpﬂmlhgeismqnimdmopmuﬁuhmymbe.
MﬁﬁahﬁwmmﬂnwstofCRommbmﬁaﬂyum
mmdmﬁammmmwmmmm
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lnanofeleﬁmns it is not possible to display higher frequency range (such as microwave

and optical waves).It is necessary to have some precautions whﬁehandhngthcﬁmt

panels

(i The phosphorshould not be excrted bycxncsmbmdmmy'ﬂnsfactbr
is controlled with INTENSITY, FOCUS and ASTIGMATISM controis on front

(ii). Longdmatimofexcitaﬁonshwldbeavmded.m“sdmwusmgTMf pIV'
couuolh;compansonmoﬂwrnmerecordmgdewccs,suchaspmmd:
smpsclm't ‘recorder, osclﬂosmpeufarbcucrdeucemthcfollowmgsmse-'
{a) Itmﬂtsmtofastcroperatlml

(b) It displays the eveints that takes place over period of microseconds and
nanoseconds,

INTEXT QUESTIONS 36.2
1. How the flow of electrons can be controlied while traveling friom cathode to screen?

2. How will you measure d.c voltage using an oscilloscope?

3. If Ivolt peak to peak causes a 1 em vertical deflection on an oscilloscope when the
vertical step attenuator on X 1, then what will be the input voliage peak to peak
if the trace is 0.4 cm long with the aitenuator set on X 100 ?

36.5 TRANSDUCERS

You should have secn many ganges and measuring systems for a number of physical
qumnmhkcprmmvdmemnmspced,hyumnym In general transducer
is a device which converts the physical quantities in term of some measurable value
These may be mechanical, electrical, electronic ones. If the device is such that it converts
non electrical signal (quantity) into electrical one or electronic one, it is called fransducer.
This is discussed in the following section.

36.5.1 Basic Principle of Transducers

Asmmnomduﬂmumdummﬂwnvmﬁmnm-clecmmmmelwmwmﬂ
For example a thermocouple generates thermo e.m.f. . and is used in measurement of
temperature. A condenser mike converts sound energy into electrical one. In a transducer,
the output is calibrated and used to measure unknown values. Smmofthctmnsdmm'

discussed below, . -

36.5.2 Classification of Transducers

We can classify the transducers in various ways as given below,
() Based on physical quantity to be measured e.g. pressure transducer, velocity
transduoertanpa'amrcm:dqutc '

(i) Based on electrical parameter or -clectronic parameter eg. resistive,
capacitive, inductive, piczoelectric, photovoltaic, hall effect pick up etc. :

v
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(i) Active transtducers: These are self gencraung transducers, for example dmrmocwple

- photovoltaic cell. Such transducers do not require any external power.

H

(iv) Passive transducers for example resistance, capacitor, inductive, photoconductive.
Such transducers require external power. :

For a good transdncer certain requirements are desirable such as it.

(i) should be compact;

(i) the change (conversion) should be large for better accuracy;

(Gii) should be reliable and free from damage due to temperature, pressure, jerk ctc.
36.5.3 Working Principle & Examples of a few Transducers
Working principle and examiples of a few transducers are given in the following table.

Name of
Transducer

Principle of Operation

Typical Application

{®) Passlve Transducers
Pirani Gauge
(Resistive)

Thermistor

(Resistive)

Micro-phone
(Capacitor)

Differential Transformer
{Inductor)

(b) Seif generating ( no
Thermocouple
Thermopile .

Photovoltaic celi _

Here resistance of heating
eleinent changes by change
1L pressure.

Resistance of some metal oxides
(with -ve temp. coefficient of
resistence -NTR ) vary with
temperature.

Variation of capacitance between

a fixed plate & a movable diap-
haragm

Differential voltage of two secon-|

dary windings of a transformer
is varied due to change in
position of magnetic core
through externally applied force
(pressure, force etc.)

external power required )

e.m.f, is gencrated across the
junction of two dissimilar metals
or semiconductors when junction
is heated.

Voltage is generated in a
semiconductor junction device
(p-n) when radiation falls on the
cell

gAS pressure, vacuum
(atmosphere to10-? Torr)

Temperature

Speeds, music, noise

Force, Pressure,
Displacement, position

temperature, heat flow,
radiation

Light meter
(intensity) mode
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It is difficult to consider all the types of transducers but 2 Drow: sprcUU gVl 4UOvE 1S
sufficient to describe a transducer,

36.5.3 Application of Transducer

- The applications of the transducers are mimerous and can’t be counted. Fven sensors fall

n the category because transducer is nothing but a good sensar. Some illustrative applications

of the transducers are given below: .

- in industry for test and measurement of dimensions and other physical quantities

»  in medical ficld-like CRO in heart treatment, biood flow measurement, breathing
rate; etc,

. mmmfvdﬁclmumwdm,ﬁdkvdmmw&.;

. in houschold uscs-like temperature measurement;

¢ in electronics fot measurement of various voltages and currents. These are also used
in clectronic. control and measurement systems.

INTEXT QUESTIONS 36. 3

1. What type of transducer can be used to measure (briefly- menﬁon principle) the
Jollowing:

(a) light intensity (b} pressure (c) speed

2. Under which category following transducers fall ( active or passive} and why?
(a) Thermocouple (8} Capacitor micraphone

3. What is the difference between a transducer and a meter ? Give example ?

36.6 DISPLAY DEVICES

In section 36.3 digital multimeters have been mentioned in which the values of voltage,
current or fesistance arc displayed in the numeric form. This is donc with the heip of
display device. Further in music system you might have seen dancing lights or in many
electronic and electrical gadgets pilot lights are used. This is another form of display units.
The display devices basically can be classified as LED (Light Emitting Diode) fig. 36.4
.andLCD(LmqderystalD:splay)anSﬁS Thmmsohdsmedevmeswhwhcmsum
very small power. The older version of displays included discharge tube models which
used high operating voltage..

—” BOREHEREA

Fig. 36.4 : Light Emitting Diode

98



Measuring Instruments in Electronics

36.6.1 LED - Working Principle

A valtage of about 1.6 V produce a forward current of about 20 mA. LED’s are available
in scveral colours - red, green, yellow and white. The colour depends upon the material
used in LED chip : for example Gallium Arsenide Phosphonide (Ga As 'P) is used in
producing red LEDs.

(a) Scope and Application of LEDs

LEDs hav a vast varicty of applications. You might have seen big digital clocks at
Railway stations, mmoonlrolledd:splaysatAxrpoﬂcanymgsomemugeor
information. LED= are used for this purpose for alphanumeric displays which may be in
the form of alphabets and /or numerical mumbers. There are graphic display, which can
give pictorial display aiso, huﬁnsemmnrecanplm

The following figure 36.6 (a) represent construction of a common anode 7 - segment
display and figure 36.6 (b) represent the actual display. The resistors each of 150 W has
been used to limit the current to the safe level of 20 mA. On closing switchés ab & c in
fig (b) the display is 7 (i.c. segments a, b,and ¢ kit on. Both common anode & common

Cathade inpits —
a. {’@._

b,

]

I

Sv

—Common
anode

[ {={a |2 ]o [o{s

:;}—HI!J

d
’ ’®—'__' : {b)

” (a)

¥ig. 38.6 : (a) construction of a common anode 7-segment display, (b) Actual display

cathode of segments LEDs are available and one can get both dot matrix, 7 - segment
types of display. LEDs are also avmlablelnvanety of packages c.g.. single digit &
multidigits wnits.

3662 LCD

ThﬁasicdiﬁermebetmeEDandLCDisﬂm!fomnergiv&soﬂ'liglu, but the later
controls the light. LCD reflects part of surrounding light, while other parts of the display
absorbs fight and this is how contrast is created to read or see the display. Generally LCD
show sitvery backgrownd reflocting light while activated symbols and numbers are absorbing
light: (fig.36.7). SmceLCDzadlaﬁ:nohght,ﬂxeymtobeusedmthnedmmly

(a) Cmm and Working

F:gaﬁ'o'shﬂwsthemagmﬁeddetaﬂsofaLCD Thcdlsplayconsmtsoftwoglassplales
with a special liquid crystal or nematic fluid filling the space between them.

mmm«twp&nmﬂwmmmmmw
mdsynﬂ:oktppﬁr The glass back plate is also metallised. Thus a polariser forms the
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top and bottom of the sandwich. _ .Efsctroéic Devices 4
Contacts are made to the back plate Polarider " Condisctive pat
and_ to each segment of the display. Matalized N onglass
The ségment on LCD are driven by oned |
low frequiency a.c signals (30 Hz square p 2 XE

wave input). \ Contact

(b) How does the system work

In the present example segment ‘e’ Liquid crystal [ Rear metalized ba(:k piate

reccives a 30 Hz signal that is 1807 oyt *"omote fluid) -

of phase with back plate signal. Due to Sackplate [ [T [

this segment ‘¢’ is activated and appear Segment _[—LJ_L.
dark on silvery back ground. Segment Segment ¢

*d’ which receives 30 Hz signal inphase 30-Z input signals

with that of back plate does not get
activated & remain invisible. Direct

current are not used to try LCD test, it will damage them.
(¢) Scope and Application of LCD . o

LCD consume very small power (extremely low) and find application widely in calculators,
digital watches, multimeters. They can be read in sunlight and arca of high light intensity.
These are used on petrol pumps service stations. The only difficulty is that thev can't be
read in dark. For ‘this purpose a steady back up light can be used.

INTEXT QUESTIONS 36. 3
1. Do LED and LCD both emit light ? Explain ?

Fig. 36.7

2. Which of the two consume less power LED or LCD ? Why ?

3. Write one drawback each for LED and LCh ?

36.7 WHAT HAVE YOU LEARNT.

¢ Multimeters (VOM and DMM ) and Cathode Ray Oscilloscopes (C. R 0.} are used
to measure various electrical parameters.

e CRO has an additional advantage of having visual display of signal (electrical).

«  Working of a multimeter {VOM}) is based on the principle that the electromagnetic
torque rotates the coil (as such pointer ) and deflection is proportional ta, cumrent.

e  CRO’s superiority over multimeter.

o  Transducers are devices to convert non- electncal signal into measurable electricat
signal. .

e  Transducers are classified as active and passive.

e Active transducers ate self generating where as passive transducers require external
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LED gives off light but LCD control light.
LCD consume very small power.

36.8 TERMINAL QUESTIONS

L.

S B T S

p— et st e
W - o

14,

I6.

17,

Name four instruments/gadgets of electronics (not measuring type) an mention
application of each one.

Stateandmplainﬂmprincipleandworldngofamulﬁumer.

List down a few uses of multimeter. .

Describle the timitations of a multimeter and how CRO is superior to it?
Distingish between the multimeter and a CRO,

State ahd explain the principle and working of a CRO.,

What precautions should be taken while handling the front panels of a CRT.
What do you mean by a transducer give its basic principle,

. Distingish between active and passive transducers.

IS transformer a tronsducer? Why?

‘What are display devices? Give one example of each.

How does a LCD work? Mention its application.

A 0-150 V voltmeter has a guaranteed accuracy of | % full scale reading, The
voltage measured by this instrument is 83 V. Calculate the limiting error in

percentage ?

A signal of 10 Volt 1 KHz is applied to the input terminated ‘y’ plate of CRO
and height of wave on vertical scale is 4 cm. Its frequency remain same and
signal is reduced to 5 V. What will be the height of the wave on screen 9

Which of the following transducers do not require external power source -
a). Thermistor,  b). Thermocouple, c¢). Photovoltaic Cell, d). Pirani Gage,

Write true or false
(@ LCD gives off light. )
(b) LED appears black .on silvery background.
() LED consumes more power than 1.CD.

(3) Whenf g, b, c are closed.
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(d) LCD can be read in dark background. —°A°—~’W\r7 a
For alphanumeric display do you need a seven < clt -h C;:‘mod":’"
segment display or eight scgment display ? In & MR |
adjoing- figure for LED. What should be [~ *—VW—  emmmw 7

. displayed ? See fig. 36.8. ——o® °““‘er—°' 9 'c 4
(1) When a, b and ¢ are closed. M;—W; T -T
(2) When a, b, d, g are closed. =OGND 450,
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ANSWERS TO THE INTEXT QUESTIONS
Intext Questions 36.1

1.

Impedance in voltmeter mode should be at least an order of magpitude higher than the
mnpedance of the circuit. Thercforemem;pedmce of multimeter in the present case
should be greater than 10 kW It can be 10 kW or higher.

If TV is not receiving power from mains than there is certainly problem either (i) with
the chord connecting mains to TV power supply or (ii) with the power supply circuit
of TV which may not be functioning). For part (i) one can check continuity of the
chord wire. Any break will be detected. (ji) Power supply to be checked- like transformer
is functioning or not or if there is discontinuity any where in the circuit, may be
checked by Multimeter.

Voltage of live wire can be measured by commenting two terminals of Multimeter such
that one is connected to live wire & the other to the ground/earth terminal afier setting
the Multimeter on proper range.

Intext Question 36. 2

i

3

Flow of electrons travelling form cathode to screen can be controlled as follows
{a) welocity can be controlled at electron gun.

(b) direction/deflection can be controlled by varying potential at X and Y deflecting
plates.

It is very easy to measure d.c. voltage using oscitloscope. First of all the oscilloscope
is switched on and set at proper range. The two leads + and - for d.c. voitage
measured by connecting to ground and vertical amplifier section. This will be
displayed on screen of C.R.O.

40 volt.

Intext Questions 36. 3

(a)

(a)

)

for light intensity: the one which converts light energy into measurable clectric
current. The transducer used may be photovoltaic cell photoconducting ceil.

‘for pressure : The resistance change with pressire the transducer is used in pirani
gage.

For speed: Variation of capacitance between fixed plate and 2 moving diaphragm
the transducer used may be a capacitor microphone type,; LVDT type or differential
voltage measurement type

-Intext Questions 36.4

No, only LED {Light Emitting Diode emits light), LCD controls the light to create
desired contrast to read the display

2. LCDconsumlwspowerasndmnotnwdemissiunoflightfordisplay
3. LED consumes more power
4. LCD can be used only in lighted areas.
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