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13.1 INTRODUCTION

As you are aware, in practical applications of asystem, we typicaly encounter a situation
asshown in Fig. 13.1. In study of Signal Processing Circuits we assume that we have the
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Fig.13.1: Situation encountered in practical applieations of a system.

desired electrical signal and do riot worry about input sensor. The performance of a
circuit is displayed on an instrument which can be seen by us. The signals of different
shapes and time duration are provided by signal generatorsand agenera purpose
oscilloscope is used to display them.

We know that all circuits are made up of some active components like transistors, FET,
MOSFET etc. and passive components like resistors, inductors & capacitors. To measure
values of passive components, we use multimeter, bridges (for L&C) etc. In this unit, we
will be studying Electronic Voltmeter (EVM), which is a more sensitive and hence
accurate instrument as compared to Multimeter. EVM can also be used for very low
current measurements by using a standard resistance. The power consumed by these
circuitsis of vital importance and hence we will also study the power meter. While
studying the construction of power meter, we will see that the necessary torque required
for meter movement isgenerated with the help of interaction of magnetic field and
current and hence we will also discuss the art of measurement of magnetic field.

Objectives

After going through this unit, you will be ableto understand

. basic construction, working and some of the applications of Oscilloscope,
. generation of various shapes of signals,
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® accurate measurement of voltage using Electronic voltmeter,
] measurement of power, and
® measurement of magnetic field.

13.2 CATHODE RAY OSCILLOSCOPE

The cathode ray oscilloscope, generally referred to as the oscilloscope ér simple "scope”,
is probably the most versatile electrical measuring instrument available. Some of the
electrical parameters that can be observed with the oscilloscope are ac or dc voltage,
indirect measurement of ac or dc current, time, phase relationships, frequency, and a
wide range of waveform evaluations such as risetime, fall time, ringing, and overshoot.
The oscilluscope consists of the following major subsystems:

® Cathode ray tube or CRT
e Vertical amplifier
@ Horizontal amplifier
Sweep generator
Trigger circuit
e Associated power supplies

Theheart of theinstrument is the cathode ray tube. The remaining sub-systems are

necessary for signal conditioning so that a visual representation of the input signa will be
displayed on theface of the CRT.

13.2.1 CathodeRay Tube (CRT)
Thecathode ray tube used in an oscilloscopeis very similar to the picture tubein a

television set. A cross sectional representation of a CRT isshown in Fig.13.2. Major
components of ageneral purpose CRT are:

e  Evesuated glass envelope

. o . Electron gun assembly

¢  Deflection plate assembly
«  Phosphor coated screen
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Fig.13.2 : Cathede ray tube with major components identified.

The glass envelopeisevacuated to afairly high vacuum to permit the electron beam to
traversethe tube easily. Most laboratory quality oscilloscopes use a CRTwhich has
circular screen approximately 5 inch in diameter. All electrical connections except the
high-voltage connection are made through the base of the CRT.



The €electron gun assembly consists of an indirectly heated cathode and the necessary
heater, acontrol grid, focussing anode and accelerating anode. The purpose of the
electron gun assembly is to provide a source of electrons, converged and focussed into a
well-defined beam, which is accelerated towards the fluorescent screen. The electrons
that make up the beam are given off by thermionic emission from the heated cathode.
T hecathode issurrounded by a cylindrical cap that is at a negative potential. This acts as
a control grid. Because the control grid is at negative potential, electrons are repelled
away fromthe cylinder walls and, therefore, stream through the hole where they move
intotheelectricfield of thefocussing and accelerating anodes. The magnitude of the
accelerating field is given by

g=Ve

d

where, V, = accelerating anode voltage and d = distance between the cathode and
second anode measured in meters. When electrons enter the electric field, which is
assumed to be of uniform intensity, aforce will be exerted on the electronsthat will
accelerate them along the axis of thetube. The magnitude of the force is given by

F=EQ=rrza:>a=--'l—Eg
m

where E= dectric field intensity and Q= electronic charge= 1.6 x 10" C, m = mass of
electrons, a= acceleration produced dueto electricfield. Using tlie expression for
electric field in above equation, we obtain

A
dm

a

During the period of acceleration, the electrons are gaining kinetic energy asthey gain
velocities. If v isthe velocity acquired then, .

27,0

Lmv2 =V,0Q=v=
2 m

After the electrons leave the electron gun assembly at a speed given by above mentioned
equation, they enter and pass through aregion controlled by the deflection plates. One
pair of plates control the vertical motion of the beam while the other pair controlsthe
longitudinal component of the electron velocity. The deflection plates are described by
two geometric parameters of length (L) of theplatesand the plate separation (d). The
deflecting'action of the plates is dependent on the intensity of the electric field (£,)
between the plates given by

Ve

E{l" d

where ¥, = magnitude of the deflecting voltage. Thisfield will exert aforce= £,Q on
the electrons, deviating the beam from a straight line trajectory,
Fy =E, Q= —I;iQ = ma,

= a, :—V"g = Acceleration along y —axis
m

It can be shown that thelateral distancetravelled by electron isgiven by

h_‘ VthZ
- 2dm
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where 1= time required for electronsto pass through the plates is given by

t=—

v

Herev is the velocity of electronswhen it comesout of electron gun assembly.

Combining these equations, we get
_ Iy,
a,a
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Fig.13.3 : Deflection of electron beam in CRT.

FromFig. 13.3
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The term Y4 is referredto as "deflection sensitivity” and isdefined as voltagerequired
y

per unit deflection. When the electron beam strikes the phosphor-coated face of the CRT,
aspot of light is produced due to "fluorescence” as phosphor isa florescent material.
The high velocity electronsthat strike the phosphor coated face of the CRT areeither
repelled by the collision or cause secondary emission of electrons to maintain electrical .
equilibrium of the screen. To providereturn path to ground for these electrons, theinside
surface of the CRT is coated with graphite called "aquadag".

13.2.2 TheBasic Oscilloscope

The CRT and the associated controlsfor accelerating, deflecting and focussing the
€lectron beamy, permit usto obtain alighted spot on the screen. To be of practical use as
a measuring instrument, we must connect additional el ectronic circuitary tothe CRT to
provide a meansof very fast deflectionand control of the electron beam. The purpose of
the electronic circuits is to cause the beam to trace on the CRT screen a reproduction of
the signal we apply to the input terminals of the oscilloscope. A block diagram of abasic
oscilloscope is shown in Fig. 13.4(a).
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Fig.13.4: (a) Block diagram of a basic eathade ray oscilloscope (b) Input to amplifier of
vertical plate.

A signd to be displayed on the CRT screen isapplied to thevertical input terminal where it
isfed into the vertical amplifier. Thesignal isamplifiedand applied to the vertical deflection
plates, which causes the beam to be deflected in the vertical plane.

Input to the Amplifier of Vertical Plate

Theexterna signal is applied to the terminal marked x-input as shown in Fig. 13.4 (b). The
select switchis put on the position ac or dc depending on the signd we are measuring. The
input amplifier to the y-plate is normally calibrated for a standard input range of amplifier A.
For higher voltage measurement we have arange selector which basicdly attenuates the signal
to thedesired input at A (wehave already studied filtersand ottenuators).

Input to the Amplifier of Horizontal Plate

Ascan beseen in Fig. 13.4 (a), the output of the vertical amplifier is connected to the internal

sync position of switch S;. With the switch set to interna sync, asit isfor normai operation of

the oscilloscope, the output of the vertical amplifier is applied to the sweep generator. The

input voltage waveform irrespective af shape at a particular value triggersthe switch, which

creates pulses and these pulses are then fed to the Sawtooth generator circuit and that provides
_the ramp signal. Thissignal triggers the sweep %enerator asshown in Fig. 135.
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18135 : Simplesawtooth generator and associated waveforms.
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The purpose of sweep generator is to develop a voltage at the, horizontal deflection plate
that increases linearly with time. Thislinearly increasing voltage, called a 'ramp-stage'
or a'Sawtooth waveform’, causes the beam to be deflected equal distances horizontally
per unit time. The pulse for sawtooth generation can also be given by external source to
which theinput is synchronized (the sawtooth signal a the x~plate is generated at the
same timethe wave form at y-platestarts). Normally we use oscilloscope in internal
synchronization mode. The horizontal amplifier serves to amplify the signal at its input
prior to the signal being applied to the horizontal deflection plate.

Thefunction of switch S,, isto either generate sawtooth wave in x-plate, or put a direct
signal to the x-plate of the oscilloscope. The sine wave from two oscillators can be
introduced in x and y-plates of oscilloscopeto get Lissgjous figures, which allows
measurement of frequency. Theinput signal to the horizontal amplifier depends on the
position to which switch S, is set.

13.2.3 Laboratory Oscilloscopes

(i) Dual-trace Oscilloscope

A dual trace isobtained by electronically switching the single electron beam. Fig. 13.6
shows a block diagram of the two vertical input channels and the electronic switch that

aternately connects the two input channelsto the vertical amplifier. There are generally
at least four modes of operation with dual-trace oscilloscopes; they are labeled A, B,

Chamnel A |
O—p— Preamp

Electroni Vaticd |

ectronic 1

Switch * anplifir > T ORT
4

Channel B '
O——D——] Pre amp ’

Fig.13.6 : Block diagram of theinput channets of a dual trace oscilloscope.

aternate, and chopped. When setto A or B, only the input at that channel is displayed.
In the alternate mode the inputsare displayed on dternate traces. Sincethe switching
rate is synchronised with the sweep generator, switching occurs at thie same rate as the
output of the sweep generator. The "aternate mode" of operation is generally preferred
when displaying relatively high-frequency signals. Inthe "chopped mode", electronic
switching occurs at a rate completely independent of the sweep rate, and therefore each
display has portions missing during which time the other signalsisbeing displayed. The
chopped mode is normally used at low sweep rates when the alternatemode would
provideadisplay with appreciable flicker.

(ii) Storagre Oscilloscope

There are many oscilloscope applications where the limited persistence of the CRT
pheviphor makes real lime observation ol one-time cvents nearly impossible. Although
such events can be regorded photographically, this may prove to be fairly expensiveand
time consuming. The storage oscilloscope makes it possible to retain aCRT display for
an extended period of time. The storage CRT uses two electron guns, the usua electron
gun called a writing gun and a flood gun which uniformiy bombardsthe entire CRT



oreen with low-energy electrons. The phosphor particles struck by these low energy Electronic Instruments

eectronstakes on afairly low-level charge; however, unenergised particlesremainsin a
no-change condition. When atrace isto beiecorded, thewriting gun is turned on and
high energy electrons strike the screen forming an image. Thescreen is erased by
grounding the phosphor screen, which removes excess charge.

1324 Measurement of Voltage, Current and Time

Therange of applications of oscilloscopes variesfrom basic voltage, time, frequency
measurementsand wave form observationsto highly specialised applications in al areas
of science, engineering and technology.

Voltage measurements

The mog direct voltage measurement made with an oscilloscope is the peak-to-peak
value. Therms value of the voltage can easily be calculated from the peak-to-peak
measurementsif desired. To arrive at a voltage value from the CRT display, one must
observe the setting of the vertical attenuator, expressed in volts/div, and the peak-to-peak
deflection of the beam. The peak-to-peak value of the voltage is then computed as (see

Fg.13.7) y
A

Vop ¢

l 3

v

Fig. 13.7 : Voltage measurement.

Vpp =

[ volts
div

] x no,of div
Thiscan be easily explained with the example 13.1,

Example 13.1

L et the waveform shown in Fig. 13.8 isobserved on the screen of an oscilloscope. If the
vertical attenuator is set to 0.5 volts/div, find the peak to peak amaplitude of the signal.

T

4

_‘-
Fig.13.8 |

Solution :
_ Volts _
PP T diy X no.of div

= 91 x 3div

div ’
=15V
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Period and Frequency Measurements
The period and frequency of periodic signals are easily measured with the oscilloscope.
The waveform must bedisplayed in such a manner that one complete cycle is displayed

on the CRT screen. Accuracy is generally improved if the single cycle displayed fills as
much of the horizontal distance across the screen as possible. The period is calculated as

follows:
T- [ﬂ] no,of div
div cycle

The frequency is then computed as the reciprocal of the period.

1325 Digital and Storage Oscilloscope

The storage oscilloscope described in earlier section are quite expensive and are now
being replaced by digital oscilloscope. In these oscilloscope the signal on screen is
sampled and digitized. The amplitude and time base per cm are displayed in numbers a a
corner of the screen. Thedigitized signal can be put into a memory (like computer
memory) and recalled (D/A converter) to display when desired. Thus they also serve as
storage oscill oscope.

SAQ1
Draw a pictorial representation of a general purpose CRT and label the components
by name.

SAQ 2

Describe the basic principle of operation of dual-trace/storage oscilloscope.

SAQ3
If thetime/div control is set to 2us/div and the displayed signal covers 4 div on the
horizontal scale of the CRT screen, determinethe frequency of the signal.

SAQ 4 .

Explain the principle of Digital Oscilloscope.

13.3 SIGNAL GENERATORS

A signal source isavital component a atest set up. Signal sources provide a variety of
waveforms for testing electronic circuits, usualy at low power," A function generator is
an instrument that provides variety of output waveforms over a wide range of frequency.
The most common output waveforms are Sine, pulse, triangular, ramp. The frequency
range generally extends from afraction of a Hertz to atleast several hundred kilohertz.
The different wave shapes are given in Fig. 13.9.

. JUL A I

Pig. 13.9: Different shapes of wave form. (8) Sinusoidal (b) Rectangular
(c) Triangular (d) Ramp.



Definition of rise time ( T;): Time taken by the signal to rise from 10% to 90% of the Electronicingruments

maximum value of thesignal iscalled rise time.

Fall time ( 7p): Timetaken by the signal tofall from 90%to 10% of the maximum vaue
of thesignal iscalled fall time.

There aeseveral circuits to provide such waveforms individually. For example, you are
aware that an L C oscillator can provide sine wave while multivibralor can provide
pulses. |-lowever, by starting from any particular waveform we can with proper
circuitary, generate other waveforms. In a function generator, a simple instrument is
capableof providing different types of waveform. The most commonly used circuit is
described below.

Function generator:

The primary waveform in the circuit shown isasguare wave. This is because some
square wave generator circuits offer significantly better amplitude and frequency
stability characteristics with simpler circuitsthan sine wave generating circuits.

Filter

Square

to sine
converter

I
I\

Fig.13.10 : Circuit of a basic function generator.

Working of the Circuit

Thefirst stage A, which isa voltage comparator, generates a square wave output Vg;.
The output of A isdriven to saturation; therefore the square wave iseither a + ¥ or
—Vecas shown in Fig. 13.11. The second stage, A,, is an integrator that generates a
triangular output at Vo, asdiscussed later.

The sguare wave is also applied to a square-to-sinewave converter that filters out the
odd harmonics making up the square-wave while passing only the fundamental si ne
wave. You will learn later that the square waves are produced by the combination of
several sine waves, and by differentiation and integration we can convert pulses to
triangular waves and vice-versa.

The operation of the circuit can be analysed by starting at the output of the comparator,
which iseither +V¢¢ or =Vge. Consider Vg, to beat V.. Thevoltage Vo W remain at
~ Ve until the voltage at the inverting input of A exceeds the voltage at the non-
inverting input, which in this case is at zero volts, The non-inverting input voltage, Vs, is
due, in part, tothe voltage Vo, and, in part, to the voltage V4, and is given by

R R
V, =V, L+ K 2
o CC[R, ‘+R2] °2[R1+RJ
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The output ¥,y changes state when ¥, =0, therefore

The above expression determines the maximum amplitude of thetriangular output, ¥pe.
When output ¥, reaches peak value, the output of the comparator changes states and the
triangular wave beginsto decrease linearly. The waveforms a V51, Voa and ¥ are shown
in Fig. 13.11 for the casewhere Ry = R,.

+Wee p-—-

~Vec

K/aavaavany
CTNON N
areavs

Fig.13.11 : Output waveformsfor function generator.

The frequency of the circuit is controlled by the RC time constant of the integrator. To
obtain an expression for the frequency, we begin with the expression relating capacitor
current:

q=it

. dq
= dg=idt =i =—=+ .
i o
Also, q=Cly,
. d aVy,
L =L (ov,)=cte
Ie dt ( 02) U dr

Sincethe input resistance of the operational amplifier is very high, the current through
resistor R isapproximately equal to the charging current of the capacitor, therefore, we
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can write

dVo

Also, sincethe voltage gain of the operational amplifier is very high,the voltage at the
input o the amplifier is very nearly zero, therefore,

0 _ . a¥
o - VOIR ¢

= dV02 = 7?'15 I/()]dt

Integrating both sides,

! ' ol
dVy, = Vordt=—=xt
J. 2~ Rc J.m RC
Voixt

RC

= V02=

! W e know,

R
Vor =Vee [—IJ
R2
R Vort
o )=
2

=>t= RC[%] as Vg, =V

2

The above equation has been deduced assuming no initial charge and therefore no initial
voltage on the capacitor. Therefore, the time ¢ given above is the time for the capacitor to
change from OV until switching occurs, which is 1/4 cycle. Sincet=7/4,

PulseGenerators

Pul se generators are instruments that produce arectangular waveform similar to a square
wav e but of different duty cycle. Duty cycleis defined asthe ratio of the pulse width to
the pulse period, expressed in percent.

Pulse width

Theduty cycle of asquare wave is 50% whereas the duty cycle of apulse isgenerally
fromapproximately 5 to 95%.

The output of a stable multivibrator is a square wave. The duty cycle of the squarewave
can be varied by changing values of R and C.

SAQS5

Describethe function generator.




Digital Electronics SAQ 6
What is difference between a square wave and a pulse.

SAQ7
Compute the frequency and the peak amplitude of the triangular output of the circuit
shown in Fig 13.12.

C=0.004 uF
4
\

%

. +15V
+15V

R =500kQ NI\
M % V02

Fig. 1313

13.4 ELECTRONICVOLTMETER

Recall from class XII Physics course that the volt-ohm-milliarnmeter (VOM), isarugged
P and accurate instrument, but suffers from certain disadvantages. The main problem isthat
! it lacks both sensitivity and high input resistance. (A sensitivity of 20,000 Q /V with a0
. to 0.5V range has an input impedance of only 0.5x20,000 = 10 KR. The éectronic
Al voltmeter (EVM), on the other hand, can have an input resistance ranging from 10 to 100
g MQ, and input resistance will remain constant over al ranges instead of being different
S on each range as in the VOM. The EVM presents lessloading to circuit under test than
’ the VOM. The original EVMSs used vacuum tubes, so they were called vacuum tube

H voltmeters (VTVM). Withthe introduction of the transistor and,other semiconductor

! devices, vacuum tubes are no longer used in these instruments. We will discuss below in
detail the differential amplifier type of EVM.

TheDifferential-Amplifier typeof EVM

Al The field effect transistors (FET) can be used to increase the input resistance of adc
voltmeter. Fig. 13.13 shows the schematic of a difference amplifier using field-effect
transistor.

Vo=Vi-V, Vi-V,
1 .
| + Difference _| _* >
: Vi1 amplifier Vy ‘ \./
il o © -

Fig.13.13 : Difference aﬁ1p]iﬁcr with balance adjustment.
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This circuit also applies to a difference amplifier with bipolar junction transistors (BJTs).
The circuit shown here consists of two FETs that should be reasonably matched for -
current gain to ensure thermal stability of the circuit. Therefore, an increase in source
current in one FET is offset by a corresponding decrease in the source current of the
other FET. The two FETs form the lower arms of the bridge circuit. Drain resistors Ry,
together form the upper arms. The meter movement is connected across the drain
terminals Of the FETS, representing two opposite corners of the bridge.

The circuit is balanced when identical FET's are used so that for a zero input thereisno
current through ammeter. |f a positive dc voltage isapplied to the gate of the left FET, a
current Will flow through the ammeter in the direction shown in Fig. 13.14.

T +Vpp

Ry

-VDD

Fig.13.14: The differenceamplifier type EVM.

The size of the current depends on the magnitude of the input voltage. By properly
designing the circuit, the ammeter current will be directly proportional to the dc voltage
acrossthe input. Thus, the ammeter can be calibrated in voltsto indicate the input
voltage.

By using Thevenin's theorem, we can find the relation between the ammeter current and
theinput dc voltage, where ammeter isconsidered asthe load. To determine ¥y, we
remove the ammeter and the output voltage is the voltage gain of asingle FET times the
difference of V; & V5. Since FV; is zero, the output voltage'under open circuit condition is

ra Rp
Vmu = 8&m [I‘d‘+R J Vl = 8m (rzl ” RI))Vl
1

where r, isthe ac drain resistance, g,,= transconductance. Tofind the Thevenin
resistance at terminals XY, we first set ¥, and Vy;, equal to zero. Under thiscondition,
both the FETs have a resistance of r; as shown in Fig. 13.15. Assuming Ry to be
relatively Large,

rd . ry

Fig.13.15 : Setting all voltagesequal to zero tofind Ry of EVM.
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Ry =271 ||12Rp=2(r4|| Rp)

=2[ 74 Rp J
17} +RD

The Thevenin equivalent circuit with ammeter connected as a load is shown in Fig.13.16.

Digital Electronics

2(rd ” RD) x

Bm (rgV RY V) = R,

Y

Fig.13.16 : Equivalent circuit of EVM.

é, From Fig. 13.16 the current through ammeter isfound as:

er! ‘=- Em (rd ” RD )
'R771 + Rm Z(rdHRD) + Rm

i= v

where R,, = meter resistance.
0 If Ry << #,, the above equation simplifies to

= ngD Vl
2Rp+R,

n

it This equation relates ammeter current to theinput dc voltage.

4' SAQS8
o How does FET EVM differs from the VOM?

Givecircuit for the difference-amplifier type of EVM.

; SAQ9

SAQ 10 N
Given a difference amplifier type of FET voltmeter,-find the ammeter current
under thefollowing conditions:
Vl =1V RD =10 KQ
ry= 100 KQ ‘R, =50 MQ

£- = 0.005 Siemens

135 POWERMETER

Wattmeter is an instrument to measure the power or rate of consumption of electricity in
acircuit in watts. The most commonly used powermeter is Siemen's wattmeter shown in
Fig. 13.17.

108



~»Load

Fig.13.17: Siemcn's Wattmeter.

The Siemen's Wattmeter isidentical in principle with Siemen'selectrodynamometer. It
condsts of two coilsat right angles to one another. Onecoil C is movable and the other,
V isfixed. The moving coil C isof low resistance and isinserted in the main circuit. The
high resistancefixed coil V, isjoined as a shunt (i.e. in parallel) to that part of the circuit
for which the power consumption isrequired. In Fig. 13.17, thispart isan electriclamp
(L). On closingthe circuit, the main current i passesthrough the moving coil and asmall
current, proportional to the voltage £ across the lamp terminals, passes through V. The

" turning moment is proportional to the product of these two i.e. proportional to Ei or the
Watts used in .. When the moving coil is brought back to its normal position by turning
the torsion head and its pointer through an angle say 8, theturning moment is balanced
by, the torsional moment. Since torsional moment is proportional to &

EixB
or~ Watt expended in L = K0

Where the constant of proportionality X is aconstant of theinstrument and must be
determined experimentally.

13.6 MAGNETICFIELD METER

Thereare several techniques for the measurement of magneticfield. These are based on
the change in the resistance of a material (magneto-resistance) under the application of
magnetic field, or the voltage developed across a semiconductor under magnetic field
(Hdll effect). The instruments based on these principles will form a subject of study at

higher level. In this section we shall discussa method which is based on electromagnetic
jnduction or the voltage developed acrossa coil when flux changes through acoil. The
ohange of flux can be produced by moving thecoil across amagneticfield. This method
isoften called determination of magnetic field by search cail,

A fluxmeter, an important instrument for measuring magnetic field strengths, has the:
same principle asthat of a ballistic galvanometer. Fluxmeter consistsof a moving coil
suspended by asinglesilk fibre without torsion, the upperend of thefibre being
connected to afixed flat spring as shown in Fig. 13.18 (a) below.

Electronic | nstruments
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(a) ®)
Fig.13.18 : (@) Construction of Fluxmeter (b) Fluxmeter iu acircuit.
The coil isconnected to theterminal X-X through two spirals C,C of thin silvered coil

and is suspended in magnetic field of apermanent magnet NS. For direct measurement
of theflux, asearch coil is providedwhich can be connected to the terminals X, X as

shown ia Fig. 13.18 (b).
The expressionfor the change in magnetic flux of afluxmeter can be derived as follows:
Let,

Ry= Resistance of fluxmeter

L= Sdlf Inductance of fluxmeter

R, = Resistance of search coil

N, = No, of turnsin search coil

L, = Self Inductance of search coil

The emf induced in the search cail is ¥, E , Wwhere — istherate of change of flux

in the search coil and the emf in fluxmeter coil is G i where m isangular velocity

of the fluxmeter coil and G = NAB isa constant depending on the construction of the
fluxmeter. Inaddition, the emf produced in thecircuit due to self inductances is

i
a , Where L isthetotal inductanceof the circuit. The potential dropin
the resistanceis (R+R,) i or R whereR beingtotal resistance of the circuit. Using
Kirchoff s law, we get

L L) S L2
(f .r)dtor

YA KR L- Y
dt dt dt
:>N,-@= —@+ L(—Il+Ri

dt dt dt

In practical applications, the potential drop in resistances (=Ri#) issmall and can be
neglected in comparisons to other terms, giving
U BCLN il
. dt dt dt



Integrating over time t, during which the flux changeoccurs, Electronic Instruments
ld‘ ’dG ’id,.
N, jidm G J——-dt +LJ'—’dt
dt dt dt
0 0 0
$2 82 i
= N, Jd¢= G J‘d@ +LJa’i
o1 0 i

= N, (¢2—¢1) = G(92—61)+ L(iz—il)

Now, if we assume that the period in which the flux is changing is completely contained
within the period (0-#) over which integration is carried, both the initial and final currents
arezero, giving

N (62 ~0) = G (b, -0
N, Ap =GAB = A = [%] A
= Ab e« Ad

which suggests that the deflection in the fluxmeter accurately follows aiy change in fTux
in the search coil.

13.7 - SUMMARY

o Cathode ray oscilloscope is used for the measurement of electrical parameters like,
ac and dcvoltage, ac and dc current, lime-phase relationship, frequency and for
observing various wave forms.

e Laboratory oscilloscope can be classified into two categories: (i) Dual-trace
oscilloscope (i) Storage oscill oscope.

Signa generator provides variety of output waveforms over a wide range of
frequency. Themost common output waveforms are: sine, pulse, square, triangular
and ramp.

¢ Electronic voltmeter is characterised by high input resistance.

Power meter isused to measure the power or rate of consumption of electricity in a
circuit.

« Magneticfield meter isan instrument for measuring magnetic field strengths.

13.8 TERMINAL QUESTIONS

1) Explain thefunctioning of ageneral purpose CROgiving black diagram.
2) Explain the basic principle involved in dual trace CRO.

3) How astorage CROworks? Explain.

4) Describe in detail the functions of afunction generator.

5) Describein detail the functioning of Differential-amplifier type electronic
voltmeter.
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6) How a Siemens power meter works? Explain.

7) Giveindetail howmagnetic field can be measured with the help of afluxmeter.

139 SOLUTIONSAND ANSWERS

SAQs
1. Seetext
2. See text
3.
= 2u.sec . 4div _ 8usec
div cyc cyc
f = -]—-- = L = 125KHz
T 8pseclcyc
4. Seetext
5. Seetext
6, Seetext
7. Weknow,
/= 4xe R '
_ 100x10’
4x500x10°%.004x107'¢  60x10°
= 208Hz
Also Vo, = ¥, 5‘—
s 02 ‘(,(, R2
15[ 60x10° | _
100x10°
8. Seetext
9. Seetext
10.

= gm(rdH RD)
2 (rd” RD )+Rm

-

Substituting dl the values, we get

i=2.5mA

TQs

See text
Seetext
See text
See text
See text
See text
See text
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