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ELECTROMAGNETISM

LEARNING OBJECTIVES

At the end of this chapter the students will be able to:
Appreciate that a force might act on a current carrying conductor placed in a magnetic field.

Define magnetic flux density and the tesla.
Derive and use the equation F = BIL sin 0 with directions.
Describe and sketch flux patterns due to a long straight wire.

Define magnetic flux and the weber.

. . —  —>
Derive and use the relation ® = B . A.

Understand and describe Ampere’s law.

Appreciate the use of Ampere’s law to find magnetic flux density inside a solenoid.
Describe the deflection of beams of charged particles moving in a uniform magnetic field.
Understand and describe method to measure e/m.

Derive the expression of torque due to couple acting on a coil.

Know the principle, construction and working of a galvanometer.

Know how a galvanometer is converted into a voltmeter and an ammeter.

Describe and appreciate the use of AVO meter/multimeter.

0.1 Define electromagnetism.

It ELECTROMAGNETISM

The branch of physics which deals with the study of magnetic fields due to the motion of charges.

0.2 Describe the magnetic field due to current in a long straight wire.

LU MAGNETIC FIELD DUE TO CURRENT IN A LONG STRAIGHT WIRE
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Take a straight. thick copper wire and pass it vertically through a
hole in a horizontal piece of cardboard. Place small compass needles on
cardboard along a circle with the centre at the wire. All the compass
needles will point in the direction of N-S. Now pass a heavy current
through the wire. It will be seen that the needles will rotate and will set
themselves tangential to the circle. On reversing the direction of current,
the direction of needles 18 also reversed. As the current through the wire
is stopped, all the needles again point along the N-S direction.

Conclusions
(1) A magnetic field is set up in region surrounding current carrying
wire.

(1i) Lines of force are circular and their direction depends upon
dircction of current.
(111)  The magnetic ficld lasts as long as current i1s passing through the
wire.
(1v)  Direction of lines of torce can be found by Right Hand Rule.
Right Hand Rule
“If the wire 15 grasped in fist of right hand with the thumb
pointing in the direction of current, the curled tingers will circle the wire
in the direction of magnetic field™.

0.3 Calculate the force on a current carrying conductor in a uniform magnetic field.

FORCE ON A CURRENT CARRYING CONDUCTOR IN A UNIFORM

MAGNETIC FIELD

Consider a rod of copper capable of moving on a pair ~Crulabc

of copper rails. The whole arrangement is placed between the
pole pieces of a horseshoe magnet with magnetic field
directed vertically upward as shown in figure.

When a current s passed through a copper rod from a

1B

battery, the rod moves on the rails. The force on a conductor

1s always at right angles to the plane which contains the rod and the direction of magnetic ficld. The

magnitude of the force depends upon the following tactors
(1) The force F 1s directly proportional to sin . 1.¢.,
F oosine (1)

where « is the angle between conductor and magnetic tield.

=
i
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(11) The force F is dueulfx, proportional to the current I. flowing Do You Know?
through the conductor 1.c.,

] If the middle finger of the right
F S (11) hand points in th direction of the
- . Lo . . . magnetic field, the thumb in the
(1) The force F 1s directly proportional to the length L of the [girection of current, the force on

conductor inside the magnetic field 1.e., the conductor will be normal to
the palm towards the reader.
F o L (111)
(iv)  The force F is directly proportional to the strength of the

applied magnetic field B. i.e.,

F « B . (1v)
Combining the above equations

F « LB sma

F = KILBsina E
where K™ is the constant of the proportionality. If we use Sl
units then i |
K =1 :
8 = IL.Bsine . (v)
If I = 1A
L = Im
o = 90°
then F = 1x 1x Bxsin90°
F = B

Thus B. the strength of the magnetic field, which is also known as magnetic tield intensity or
magnctic induction.
Magnetic Induction

The force acting on 1m length of the conductor placed at right angle to the magnetic field when
LA current is passing through it.

Unit of B
The ST unit of B is tesla (T).
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Other unit of B is G (Gauss)
IT = 10°G
1G = 10°T
Tesla

A magnetic field is said to have a strength of 1 tesla if it exerts a
force of IN on Im length of the conductor placed at right angles to the
field when a current of 1A passes through the conductor.

As F = JLB
S
1L
N
 Am

T = Nm'A”
T IN
 Im 1A

Equation (v) can be written in vector form of

— - -
F = KL x B)

_> - . . - - - .
where L vector 1s in the direction of current flow. Its magnitude 1s ILB
. . % % B . - % .
sin « where o 15 the angle between L and B. The direction of F 1s

> o
also given by right hand rule of cross product of L and B. i.c.. rotate

— —
L towards B through the smaller angle. Curl the fingers of right hand
in the direction of rotation, the thumb points in the direction of force.

3
Direction of F can also be determined by right hand palm rule and

Fleming’s left hand rule.
Direction of Magnetic Field
Consider a straight current carrying conductor held at right

angle to a magnetic field such that the current flows out of the plane of

paper i.c.. towards the reader as shown in plane of paper i.¢., towards
the reader as shown in figure. It is customary to represent a current
flowing towards the reader by a symbol dot (e) and a current flowing
away from him by a cross (x).

Do You Know?

Wire 1

Wire 2

Repulsion

(@)

Attraction
(b)
{a) Two long parallel wires carrying
currents 1, and I, in opposite
direction repel each other. (b) The

wires attract each other when the
currents are inthe same direction.

Y

Fig. The magnetic force on the
current carrying conductor placed
atright angle to amagnetic field.

L] L] L] L] prd » M X

" s s e Xx X X X

" s e = xX X X X

Qi of pece Inopece
Caowentionto rgresent diredian

In order to find the direction of force. consider the lines of torce (figure). The two fields tend to
reinforce each other on left hand side of the conductor and cancel each other on the right side of it. The
conductor tends to move towards the weaker part of the field i.e., the force on the conductor will be
directed towards right in a direction at right angles to both the conductor and the magnetic field. This
rule is often referred as extension of right hand rule. It can be seen that the direction of the force is the

same as given by the direction of the vector L x B.
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0.4 Explain magnetic flux and flux density.

S MAGNETIC FLUX AND FLUX DENSITY
Magnetic Flux

The number of magnetic lines passing through a surface placed perpendicular to the magnetic
field™, 1s known as magnetic flux. It is denoted by ¢g.

(OR)
. A > >
It is also defined as dot product of B and vector area A .
- >
(1)]; - B.A
dbg — BAcosB
— —

where 0 1s the angle between B and vector area A .

This formula is only applicable for flat surface.

Case-1 When surface is placed perpendicular to magnetic field E) (OR vector area is held parallel to T?.))
I.e., G = 0°
- > /\
op = B.A [ N\
= BA cos© ( A

J -
= BA cos 0° \ > B >
(1)“ = Bz"\ \ / =3
Hence the flux will be maximum. \/
= . - _> % - - ﬁ
Case-2 When surface is placed parallel to B (OR vector area A is held perpendicular to B)
1.e., 5} = 90°
- - . >
bp = B.A A
= BA cos 90" §>:
B — 0 B
o ' N e
Hencee the flux will be minimum.
Case-3 If the surface makes an angle 0 with the magnetic lines of force A
then the magnetic flux will be >
7 >
ds = BAcos0 / = / o
o - / / B,
Unit of Magnetic Flux  — >

The unit of magnetic flux is NmA ™', which is also called weber.
Magnetic Flux Density
. . ~ ~ - _> o % % , -
“Magnetic flux per unit arca of a surface perpendicular to B (i.e., B and A arc parallel) is called
magnetic flux density™.

Mathematically
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¢y — BAcos0

BA cos 0°

(1)]; = BA
OB
B = A

Vb
. a A 5 " . : —1 . =1
where B 1s magnetic flux density. The unit of flux density 1s 2 or Nm A .

Q.5 Define Ampere’s law and apply it to calculate the magnetic induction inside a
long solenoid having steady current I through its each turn.

AMPERE’S LAW AND DETERMINATION OF FLUX DENSITY (B)

Statement-I
- - B % % -

This law states that “the dot product of flux density B and AL around any closed path 1s equal to
1, times the total current enclosed by the path™
Explanation

Consider a close path in the form of a circle of radius r
cnclosing the current carryving wire as shown in figure. This closed path
is referred as amperian path. Divide this path into small elements of

> i
length like AL vector. Let B be the value of flux density at the sight of

AL. 1f 0 is the angle between B and AL then

- -
B .AL = BAL cos O

Fig. Ampere's law to find the
magnetic field in the vicinity of
this long, straight, current-
- — —> carrying wire.

B . AL represents the product of length of the element AL and the

- —
component of B parallel to AL,

— >
B cos 0 represents the component of B parallel to AL. Thus

Statement-I1

- —
Ampere proved that the “sum of the quantitics B . AL for all path clements into which the

complete loop has been divided equals p, times the total current enclosed by the loop™.
Mathematically

> — > > >
(B.AL) +(B .AL), +... +(B . AL), = u, (Current enclosed by loop)

N —3 —% ,
> (B .AL), = p, (Current enclosed by loop)

r=1
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where N is the total number of elements into which the loop has been divided. This is known as
Ampere’s circuital law.

Field Due to a Current Carrying Solenoid

Solenoid

“A solenoid 1s a long, tightly wound, cylindrical coil of wire™.

When current passes through such a coil it behaves like a bar
magnet as shown in figure. The field inside along solenoid is uniform

and much strong whereas weak outside the solenoid. 3 / .
= 3
Calculation of B el e oo sle
. - g I l;
Consider a rectangular loop abeda as shown in figure. Divide it
into four elements of length 1.e., a T, b

ab = /[, bc = [, ¢d = s and da = [

YyYyvry T Y V‘f‘

@Y ¥ Jl’ A J 1L v ¥®

Applying amperes law

&
ey

FEEEEEEEEEX]

4 5 =
> (B .AL), = p, (current enclosed)
r—1

- - - = - - - —
(B .AL) (B AL, + (B ALy + (B . Aly)y =, x Current enclosed

—>
As field nside the solenoid 1s uniform and is parallel to /;, so

- >
(B .Al) = Bl cos0°
Bl 1 m@v@uw

= B/
for the clement cd = /5, that Lies outside the solenoid, the ficld B is zcro. So \\ E-.-
- o
(B .AlL) = BAlicosB

. - The current loop can be imagined
(0)licos® (B s zero) to be aphantombar magnet with a
north pole and a south pole.

et

o

> o
(B .
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RN f
Again B i1s perpendicular to /> and /; inside the solenoid For Your | tion

| I
— —> .
(B . Al = Bl cos90° E]—v E
= BL(0)
- - ‘ (a) Attraction
(B . A”W =0 Note
o current
Similarly: I reversal
NN _ [N | | s}— N | [s]
(B . Al = Blycos90° \ I
= B/, (0) (b) Repulsion
The "phantom" magnet included
B) A; 0 for each loop helps to explain the
( ATEEE attraction and repulsion between
Putting these values in eq. (i), we get the loops.
BL+0+0+0 = U, x Current enclosed ..., (11)
B/, = p,x Currentenclosed ... (111)

[f n 1s the number of turns per unit length of the solenoid, so the total number of turns in /; length 1s
n/,. each carrying a current I. So the current enclosed by the loop is n/|1.

. eq. (1i1) becomes
Bli = pyxnl/l
B = Ueln

The field B 1s along the axis of the solenoid and its direction 1s given by right hand rule, which
states “Hold the solenoid in the right hand with finger curling in the direction of current, the thumb will
point in the direction of the field.

0.6  Calculate the force on a moving charge in a magnetic field.

8 FORCE ON A MOVING CHARGE IN A MAGNETIC FIELD

We have seen that a current carrying conductor, when placed in a magnetic field, experiences a
force. The current through the conductor 1s because of the motion of charges. Actually the magnetic
field exerts force on these moving charges due to which the conductor experiences force. We are
interested n calculating the force exerted on the moving charges.

Consider a portion of the wire that is carrying a current | as
shown in figure. Let there are n charge carriers per unit volume of

>
the wire and each 1s moving with velocity v as shown in figure.

Volume of the wire segment = AL t A
. (D

Total no. of charge carriers = nAL

If q 1s the charge on a charge carrier then }< _________ ) N

Total charge AQ = nAlLq
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Now time taken by the charge to cover length L. is given by

As S = VAt
L = VAt

L

At = =

!

Then from the definition of current, the current I through the conductor is

AQ
At

As [

Putting the values of AQ and At

l nAlLc
Liv
[ = nAqv

—
Now the force on the segment L of a conductor carrying a current I 1s given by

o — >
F = I(L x B)
Putting the value of I,

— - =
Fi. nAgqv (L x B)

>
From figure, it can be scen that the direction of L is same as the direction of the velocity of

M > A
charge carriers. If L is a unit vector along the direction of the segment L and Vv is a unit vector along the

‘ —
velocity vector V, then

L - v For Your Information

> —
A L A [
S f—
L v
- o
vL = Lv g, P
— - > N
Fi. = nAqlL(v x B) /_/
R.H.
= - 2 The moving charge experiences a
FL = nAgL(Vv x B) magnetic force F because of the
magnetic field B.

This 1s the force experienced by all the charge while moving

N
through magnetic field B. Therefore, the force experienced by a single
charge carrier is
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nAL
— - -
F'=q(vxB)

This equation has been derived with reference to the charge carrier moving in a conductor but it
doces not mvolve any parameter of the conductor so this equation 1s general and 1t holds for any charge
carrier moving in a magnetic tield.

)
Note: 1f an electron is projected in a magnetic tield with velocity v, then

— - -
k = —e(Vx B)
In case of proton
—>
> > > vxB
k = ¢e(Vv x B) X X X X X X
Note that in case of proton or a +ve charge the direction of the \)LMX R
‘ - ' V ‘ ‘ RN N ‘ i VX. X X X X X
force 1s given by the direction of the vector v x B It experiences a force X X X X\X X =y
XV

in the upward direction and the proton is deflected upward.

- S 5 >
xB = Bx v
The direction ot the force on a moving —ve charge will be opposite to that of +ve charge. Due to
this force, the electron 1s deflected in the downward direction as it enter into the magnetic field. Force is
. > o
given by vector B x v,

Important Points

* As the magnitude of the force on a moving charge carrier is
F = qvBsinH
— —
where 0 15 the angle between v oand B.
¢ When a charge particle is projected at right angles to the field.
ic., 0 = 90° ol pu CD

~
.. force will be maximum. /g/
. When a charge particle is projected parallel or anti-parallel to % %

NANT

the field.
i.e.. 5] = (" or 6 = 180°

force will be zero. Fig. Magnetic farce F is

e e et ae Se ot et L oA — perpendicular to both the
. If the charge carrier is at rest 1.e., V=0 magnetic field B and the velocity v
As E ~ qvBsin0 and causes the particle's trajectory

to bend in avertical plane.
force will be zero.
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Q.7 Describe the motion of charged particle in an electric and magnetic field.

I3 MOTION OF CHARGED PARTICLE IN AN ELECTRIC AND MAGNETIC

FIELD

o
When an electric charge q 1s placed in an electric field E. 1t

>
experiences a force F parallel to electric field. It 1s given by
— >
F = qE

If the charge is free to move, then it will accelerate according
to Newton’s second law as

- —

P qE .
a = - T (1)

m m

If electric field is uniform, then acceleration is also uniform
and hence, the position of the particle at any instant of time can be
found by using equations of uniformly accelerated motion.

—
When a charge particle q 1s moving with velocity V in a region

> >
where there 1s an electric field E and magnetic field B, the total force

» —>
F is the vector sum of the electric force q E and magnetic force
- ‘
q( E x B) that is,
— >
F - Fc 1 Fh
P 2 2
F = qE +qtvxB) . (11)

This force F 1s known as the Lorentz force.

The electric force F that acts on a
positive charge is parallel to the
electric field E and causes the
particle's trajectory to bend in a
horizontal plane.

Note: It is to be pointed out that only the electric force does work, while no work is done by the

magnetic force which is simply a deflecting force.

0.8 Define Lorent; force. Discuss the determination of e/m of an electron.

DETERMINATION OF e/m OF AN ELECTRON

Consider a narrow beam of clectrons moving with a constant speed V be projected at right angles

>
to a known uniform magnetic field B directed into plane of paper. We have seen that electrons will

experience a force.
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;}

: : - 7 . . > > B (into paper)
The direction ot force will be perpendicular to both v and B. —— N EEa——
As electron 1s experiencing a force that acts at right angle to its % X %
velocity. so it will change direction of velocity. The magnitude of . o x
veloerty will remain unchanged. ox x .
Magnitude of force is o T .
X % X ALx
F = evBsin0 = Vi
% X x| Tox _x x

=
As 0 = 90° x X vX X x
Fig. An electron is moving
F = eovB sin 90° perpendicular to a constant

magnetic field. The magnetic
. force F causes the particle to
I = ¢VvB move on a circular path.

As V and B do not change, the magnitude of force will remain constant. Under the action of this
force, electrons move along circle as shown 1n figure.

The magnitude ot force F = evB provide the necessary centripetal force to electrons of mass m to

move along a circular trajectory of radius r.

Thus we have

Fm - F(“
mv-
cvB = -
1
[ V .
— = - 1
m Br (1)

If v and r are known, e/m of electron can be determined.
To Find Radius r

The radius r can be measured by making the electronic trajectory visible. This 1s done by filling a
glass tube with a gas such as hydrogen at low pressure. This tube (teltron tube) is placed in a region
occupied by a uniform magnetic field of known value. As electrons are shot into this tube, they began to
move along the circular trajectory under the action of magnetic force. As the electrons move, they
collide with the atoms of the gas. This excites the atoms due to which they emit light and their path
becomes visible as a circular ring of light. The diameter (d) of the ring can easily be measured. Hence
radius r can be found on dividing d by 2.

To Find Velocity

In order to measure the velocity Vv of the electrons, we should know the potential difference
through which the clectrons are accelerated before entering into the magnetic field. If V is this potential
difference, the energy gained by electrons during their acceleration is Ve. This appears as the Kinetic
energy of electrons
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1 2 T
5 mv” Ve
I."2\-'rC
or Voo
om

Putting value of v in eq. (1)

[2Ve

A
¢ B Yo m
m Br

Taking square on both sides

2Ve
e m
Iy = 22
m B
¢ 2v

= 513

m B

Unit

Unit of — is C/kg.
m

0.9 Describe cathode ray oscilloscope in detail. What are the uses of CRO?

L0l CATHODE RAY OSCILLOSCOPE

Cathode ray oscilloscope (CRO) 1s a very versatile clectronic instrument which 1s 1n fact a high
speed graph plotting device. It works by deflecting beam of electrons as they pass through uniform
clectric field between the two sets of parallel plates as shown in the figure. The deflected beam then falls

on a fluorescent screen where it makes a visible spot.

F= Filament A AL A, = Anodes
C= Cathode X X = Horizontal deflection plates
G= Grid Y Y= Vertical deflection plates

S= Flourescent Screen

__facuA'H%H!;_l—/x A S
L1 11 J/{ q

It can display graphs of functions which rapidly vary with time. It 1s called cathode ray
oscilloscope because it traces the desired waveform with a beam of electrons which are also called

cathodc rays.
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The beam of the electrons is provided by an electron gun which
consists of an indirectly heated cathode, a grid and three anodes. The

<

filament F heats the cathode C which emits electrons. The anodes A,
A, Ay which are at high positive potential with respect to cathode,
accelerate as well as focus the electronic beam to fixed spot on the

screen S. The grid G 1s at a negative potential with respect to cathode. It T
controls the number of electrons which are accelerated by anodes, and
thus it controls the brightness of the spot formed on the screen. S taoth valtsgewasiarm

—>t

Waveform of Various Voltages in CRO

The two set of deflecting plates, shown in figure (a) are usually
referred as x and y deflection plates because a voltage applied between
the x-plates deflects the beam horizontally on the screen i.e., parallel to
x-axis. A voltage applied across the y-plates deflects the beam
vertically on the screen 1.e., along the y-axis. The voltage that 1s applied Thee drarsiosd
across the x-plates is usually provided by a circuit that is built in the viewdf CRD
CRO. It 1s known as swecep or time basc gencrator. [ts output waveform
is a saw tooth voltage of period T figure (b). The voltage increases
linearly with time tor a period T and then drops to zero. As this voltage
1s 1impressed across the x plates, the spot 1s deflected linearly with time

0

1 oo o Ao o o NI I
along the x-axis for a time T. Then the spot returns to its starting point

on the screen very quickly because a saw tooth voltage rapidly falls to
its imitial value at the end of cach period. We can actually sce the spot

moving on the x-axis. It the time period T 1s very short, we see just a
bright line on the screen.

If a sinusoidal voltage 1s appliecd across the y plates when,
simultaneously, the time base voltage 1s impressed across the x places,
the sinusoidal voltage, which itself gives rise to a vertical line, will now

spread out and will appear as a sinusoidal trace on the screen. The
pattern will appear stationary only if the time T 1s equal to or is some
multiple of the time of one cvcle of the voltage on y plates. It is thus

necessary to synchronize the frequency of the time base generator with
the frequency of the voltage at the y plates. This is possible by adjusting
the synchronization controls provided on the front panel of the CRO.

Uses of CRO

The CRO 1s used for displaying the waveform of a given voltage. Once the waveform 1s
displayed. we can measure the voltage, its frequency and phase. For example figure (a) shows the
waveform of an alternating voltage. As the y-axis is calibrated in volts and the x-axis in time, we can
casily find the instantancous valuc and peak value of the voltage. The time period can also be
determined by using the time calibration of x-axis. Information about the phase difference between two
voltages can be obtained by simultancously displaying their waveforms. For example, the wavetorms of
two voltages arc shown in figurce (b). These wavetorms show that when the voltage of T is increasing,
that of Il is decreasing and vice versa. Thus the phase difference between these voltages is 180°.
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Q.10 Calculate the torque on a current carrying coil.

T TORQUE ON A CURRENT CARRYING COIL

Consider a rectangular coil carrying a current I. The coil is
capable of rotation about an axis. Suppose it is placed in a uniform

_)
magnetic tield B with its plane along the field. Since when a current
carrying conductor 1s placed in a magnctic field 1t experiences a force
i.e., F=1LB sin 0, where 0 is angle between conductor and field.

Now the coi1l 1s made of four conducting sides AB, BC, CD
and DA. In case of side AB and CD of the coil, the angle is zero or
1807, so force on these sides will be zero (- sin 0° = 0, sin 180° = 0).

In case of sides DA and BC the angle is 90°, and force on
these sides will be

Fi = JLBsin®
As 0 = 90°

Fr = ILB
Similarly  F, = ILBsm0
As o = 90°

F. = ILB
So Fr = F, =1ILB

where L 1s length of these sides, F, is the force on side DA, F, 1s the

>
force on side BC. It can be seen that F is directed out of the plane of

> > >
paper and F» is into the plane of paper. Therefore torces F| and F-
being opposite and equal form a couple which tends to rotate 1t about
its axis. The torque of this couple is

T = Force x Moment arm of couple
= ILBxa
= I1LBa . (1)
where a -

So Lais arca A of the wire
. eq. (i) becomes
T = IBA

X
p)
1Y
N [XF, F.o) | s
F 3 | "
B »
B A
4 XI .
< ! >

We can also find T by moment
arm method

T; — Force x Moment arm
. a
- l"] = 2

. = Force x Moment arm

da
= fo;

-

Combing T, and 1>

_ a a
= ILB2IIL82

[[.LBa+ 11.Ba
)

2ILBa
2

[LBa

Moment arm ot couple and is equal to length of side AB or CD.
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>
Eq. (11) gives the value of torque when filed B is parallel to the plane of coil.

However when field makes angle a with the plane of coil the
moment arm will become a cos « Fs

T = 1LB (acos a)

—> a cos « Is perpendicular distance between two points

C a x cos
Top view of coil

T = IBA cos a

Q.11 Define galvanometer. Also describe principle, construction and working of a
galvanometer.

Ans, GALVANOMETER
Galvanometer is an clectrical instrument used for the detection of electric current.
Principle

When coil is placed in a magnetic field, it experience a force as soon as current passes through it.
Due to this force a torque t acts upon the conductor.

T = NIBA cos o
~ - - - . . % % -
Where N = No. of turns, A = Area of coil, I = Current passing through coil, B = Magnetic field
in which the coil 1s placed, « = Angle between magnetic field and plane of coil.

Due to action of torque, the coll rotates and hence 1t detects the current.
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Construction

A rectangular coil C is suspended between the concave shaped
poles N and S of a U shaped magnet with the help of a fine metallic
suspension wire. The rectangular coil is made of enameled copper
wire. It i1s wound on a frame of non-magnetic material. The
suspension wire F is also used as one current lead to coil. The other
terminal of the coil is connected to a loosely wound spiral E which

serves as the second current lead. A soft iron cylinder D is placed
inside the coil to make field radial and stronger near the coil. N

Working —

When current is passed through coil, it is acted upon by a
couple which tends to rotate the coil. This couple 1s known as
deflecting couple and 1s given by NIBA cos «. As the coil 1s placed in
radial magnetic field in which plane of coil is always parallel to field,
so o 1s always zero. This makes cos a = 1 and thus

Deflecting couple = NIBA

As the coil turns under the action of deflecting couple, the
suspension wire is twisted which gives rise to torsional couple. It
tends to untwist the suspension and restore the coil to its original
position. This couple of suspension wire is proportional to angle of
deflection O as long as the suspension wire obeys Hook’s law
Restoring torque = €0
where C = Constant of suspension wire is known as tortional couple
and 1s defined as couple for unit twist

Under the action of these two couples, coil comes to rest when

(a)

Deflecting torque = Restoring torque
NIBA Co N

Co
I = T (b)

BAN

Fig. (a) Moving coil galvano-

Thus | - 0 meter (b) Concave pole piece
and soft iron cylinder makes
C the field radial and stronger.

vher —— = (Constar
where BAN Constant

Thus current passing through coil 1s directly proportional to angle of deflection.

There are two methods commonly used for observing the angle of detlection.

Q.12 What is the lamp and scale arrangement of a galvanometer?
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YT LAMP AND SCALE ARRANGEMENT

In sensitive galvanometers the angle of deflection 1s
o fae
observed by means of small mirror attached to the coil along with
a lamp and scale arrangement.

A beam of light from the lamp is directed towards the
mirror of galvanometer. After reflection through the mirror it
produces a spot on translucent scale placed at a distance of Im
from galvanometer. When coil rotates, the mirror attached to the
coil also rotates and spot of light moves along the scale. The
displacement of spot of light on scale is proportional to angle of
deflection (provided the angle of deflection is small).

J

.M-L
44

Upper spring

r e "J{‘.
. - g L “T" Pointer
Pivoted Type Galvanometer Iron T B coil
" ~ %3 . core I, N iy .
In this type of galvanometer, the coil 1s pivoted between ;

two jewelled bearings. The restoring torque is provided by two /

air springs which also serves as current lead. A light aluminium ermanen
h gs which al t lead. A light al ! P t
pointer is attached to the coil which moves over the scale. It gives magnel

angle of deflection of the coil.

Lower spring

Q.13 What is the sensitivity of a galvanometer?

TR SENSITIVITY OF GALVANOMETER

We detined current sensitivity of a galvanometer as the current (in microamperes) required to
produce 1 mm deflection on a scale placed one meter away from the mirror of galvanometer.

N | Co
AS NBA
P——
C/NBA

-

Galvanometer can be made more sensitive to give large deflection for a given current if, —NAB

made small. Thus to increase the sensitivity of a galvanometer, C may be decreased. OR B) A and N
may be increased. Then couple C for unit twist of the suspension wire can be decereased by increasing its
length and by decreasing its diameter. This process cannot be taken too far as the suspension must be
strong cnough to support coil. To incrcase the sensitivity of galvanometer increase N. But no. of turns
cannot be increased beyond a limit because it will make the coil heavy. If we increase area A of coil,
then size of galvanometer increases which 1s not possible. Hence we Increase sensitivity of

_)
galvanometer, B should be increased.
Stable or Dead Beat Galvanometer

Such a galvanometer in which the coil comes to rest quickly after the current passed through it or
the current is stopped flowing through 1t, 1t 1s called dead beat galvanometer.

Q.14 How to convert a galvanometer into an ammeter?
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I AMMETER OR CONVERSION OF GALVANOMETER INTO AMMETER

An ammeter 1s an clectrical mstrument which 1s used to measure current in amperes.

The portion of galvanometer causes the needle of the device to move across the scale 1s known
as meter-movement. Suppose we have a galvanometer whose meter movement has a resistance R, and
which gives full scale deflection when current 1, 1s passed through it

From Ohm’s law

V., = LR,

If we want to convert this galvanometer into ammeter, which can
measure a maximum current I, we connect a low value by pass resistor
called shunt (parallel to galvanometer). The shunt resistance is of such
value so that the current I, for full scale deflection passes, through

galvanometer and the remaining current (I — I,,) passes through the shunt.

As the meter-movement (galvanometer) and shunt are connected Fig. An ammeter is a galvano-

e i . AR T meter which is shunted by a
parallel with each other, therefore proper low resistance.

l{_-. — —E B

1-1;

The shunt resistance 1s so small that a picce of copper wire serves the purposc. The resistance of
the ammeter is usually very small. An ammeter must have a very low resistance so that it does not
disturb the circuit in which it is connected in series to measure the current.

. An ammeter 1s connected 1n serics 1n circult to measure the current.

. [t 1s also called low resistance galvanometer.

Q.15 How to convert a galvanometer into a voltmeter?

;i) VOLTMETER OR CONVERSION OF GALVANOMETER INTO VOLTMETER
A voltmeter 1s an electrical device which measure potential difference in volts between two points,

Since a voltmeter is always connected in parallel. It must have
very high resistance so that it will not short circuit the voltage to be
measured. This i1s done by connecting a very high resistance Rj, in
series with galvanometer as shown in figure.

Suppose the resistance of galvanometer 1s R, which deflects

full scale with a currpnl L. ‘In order to make a voltmeter of range V. Fg Agavanoreterinserieswitha
volts, the value of high resistance Rj, should be such that full scale Hghresistanceactsasavoltimeter.
deflection will be obtained when it 18 connected across V volts.

Now applying Ohm’s law
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AV = ]:( Ru + Ry, )
\’r
[_ = R,_. + Rh
\I'T
Ry, = [_ o R‘c

This gives the required high resistance. As the voltmeter is connected in parallel, then some
current of the circuit flows through voltmeter due to which current in the circuit and hence the potential
difference decrecases. This error 1s very small 1f resistance of the voltmeter 1s very large as compared to
the resistance of the circuit across which voltmeter is connected. It is also called a high resistance
galvanometer. It 1s a high resistance galvanometer.

Q.16 Define ohmmeter. How to find the resistance with ohm meter?

OHMMETER

It is a useful device for rapid measurement of resistance. It

consist of a galvanometer and adjustable resistance ry and a cell
connected in series. The series resistance 1y 1s so adjusted that
when terminals ¢ and d are short circuited i.c.. when R = 0, the
galvanometer gives full scale deflection. So the extreme
graduation of usual scale of galvanometer is marked 0 for
resistance measurement. When terminals ¢ and d are not joined,
no current passes through the galvanometer and its deflection is
zcro. Thus zero of scale 1s marked as infinity. Now a known
resistance is connected across terminals ¢ and d. The
galvanometer deflects to some itermediate point. This pomt is
caliberated as R. In this way the whole scale is caliberated into
rcsis?ancc. The resistance to be measured i‘s connected across the Fig. & moving coll galvanometer
terminals ¢ and d. The deflection on the caliberated scale reads the e corrvaried inkoan ohrmmeter
value of resistance directly.

Q.17 Describe AVO meter multimeter.

M AVO METER MULTIMETER

[t 15 an mstrument which can measure current i amperes,
potential difference in volts and resistance in ohms. [t is basically
consists of a scensitive moving coil galvanometer which 1s
converted into a multirange ammeter, voltmeter or ohmmeter
accordingly as a current measuring circuit or a voltage measuring
circuit or a resistance measuring circuit is connected with the , _
galvanometer with the help of a switch known as function switch X::,._ mp}j;urln[;qcr:rm i
(Figure). Here X, Y are the main terminals of the AVO meter
which arc connccted with the circuit in which mcasurcment 1s
required. FS is the function selector switch which connects the
galvanometer with relevant measuring circuit.

Voltage Measuring Part of AVO Meter

Vollage measuring
circuit

Current measuring ||
circuit
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The voltage measuring part of the AVO meter is actually a
multirange voltmeter. It consists of a number of resistances cach
ot which can be connected in series with the moving coil
galvanometer with the help of a switch called the range switch
(Figure). The value of each resistance depends upon the range of
the voltmeter which it controls.

Alternating voltages are also measured by AVO meter. AC
voltage is first converted into DC voltage by using diode as
rectifier and then measured as usual.

Current Measuring Part of AVO Meter

The current measuring part of the AVO meter 1s actually a
multirange ammeter. It consists of a number of low resistances
connected n parallel with the galvanometer. The values of these
resistances depend upon the range of the ammeter (Figure).

The circuit also has a range selection switch RS which is
used to select a particular range of the current.

Resistance Measuring Part of AVO Meter

The resistance measuring part of AVO meter is, in fact, a
multirange ohmmeter. Circuit for each range of this meter consists
of a battery of emf V, and a variable resistance ry connected in
series with galvanometer of resistance R,. When the function
switch is switched to position X, (figure), this circuit is connected
with the terminals X, Y of the AVO meter (figure).

Belore measuring an unknown resistance by an ohmmeter it 1s first zeroed which means that we
short circuit the terminals X, Y and adjust ry, to produce full scale detlection.
Digital Multimeter (DMM)

Another useful device to measure resistance, current and voltage 1s an electronic instrument
called digital multimeter.



