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ELECTROMAGNETICS
2. GALVANOMETERS
POINTS TO REMEMBER

Tangent Galvanometer: If works on the principle of tangent law. The

current passing through the coil given by | _ 2B, tnd
Hoh

Torque Acting on the rectangular current carrying coil of N turns in
uniform magnetic field is given by 7 =BiANsIing

In vector form, 7 = Ni (KX§)

or i=Ktané.

Moving Coil Galvanometer: i:(BE—NjH . Here C is the couple per unit

twist on the suspension fibre, ‘i’ is the current passing through the galvanometer
coil and 8 isthe angle of deflection by the needle.

Shunt: A small resistance connected in parallel to the moving coil

: . : 1,G
galvanometer to protect it from high currents is called shunt. S=—2-
i =i

9

or S:iWhere n:_l— is called the range of the ammeter.

n-1 Iy

Galvanometer can be converted in to Ammeter by connecting low resistance
parallel toit.
Galvanometer is converted into voltmeter by connecting high resistance in series

toit. V =i, [R+G] = R=—-G=G(n-1)

lg

Where n:_iis called the range of the voltmeter.

|gG

. In order to increase the range of the voltmeter from v, to v, then the

resistance that should be connected in series is,
R=G(nh-1)

LONG ANSWER QUESTIONS

1.

Ans

Obtain an expression for the torque on a current loop in a magnetic field.
Describe the construction and working of a moving coil galvanometer.
(June2010,M ar ch2010, M ay2009)

Consider arectangular current carrying coil suspended in uniform magnetic field
of induction B. Let ‘I’ be the length ‘b’ is the breadth ‘A’ is the area of cross —
section and ‘n’ be the number of turns of the coil. Let ‘I’ be the current passing
through the coil.



Ans.

F=gil *s . R

The force acting on the sides PQ and RS is zero because they are paralle to
magnetic field. According to Flemings' left hand rule, the force F = Bil acts along
QR into the plane of the paper. The force F = Bil acts along RS outside the plane
of the paper. These two forces are equal, opposite, parallel and non — collinear
and constitute a couple and the magnitude of the couple is given by torque
Therefore,  Torque r = F x perpendicular distance. = (Bil) (b) = BIA

If the coil has“N’ turns, 7 = BiAN

If the plane of the coil makes some angle with the magnetic field :

Let '@' is the angle made by the normal to the plane of the coil with magnetic
field then,

Torque acting on the coil = (Bil)(PZ) =BiAsiné (0 PZ bSné )

A F=Bil
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If the coil consists of ‘N’ turns, 7T =BiANsSInéd
In vectoria form, 7 = Ni (Kxﬁ)

Describe tangent galvanometer with necessary theory? Compare it with
moving coil galvanometer. (March2011)

T.G. isamoving magnet type galvanometer consisting of avertical circular coil
of certain number of turns. This circular frame is mounted vertically on a
horizontal base provided with leveling screws on the base. The coil can be rotated
on avertical axis passing through its centre. A compass box is mounted
horizontally at the centre of circular coil. The magnetic needleisfreeto rotatein
horizontal at the centre of circular coil. The magnetic needleisfreeto rotatein
horizontal plane. A long thin aluminium pointer is attached to the needle at its
centre and at right angle to it. To avoid parallax error a plane mirror is mounted
between the magnetic needle.

Principle: From the tangent law of magnetism,

B =B, tan&, where B is magnetic induction field due to the current carrying coil

and B, isEarth’smagnetic field. '8" isangle made of needle from magnetic
meridian.
Hohi

When a current is passed through the coil amagnetic field of induction B = or

is produced perpendicular to the plane of cail at its centre.



2r

Where

K~ tang,

0

2B, Jtané’

2B, is called reduction factor (K)of tangent galvanometer.

H,N
O Ktand

As current is proportional to tangent of deflection, the galvanometer is called
tangent galvanometer (TG)

Distinguish between M.C.G. and T.G.

M.C.G.

T.G.

MCG is a moving coil type
gavanometer and the coil
rotates in a magnetic field
when current is passed through
the coil.

. TG is a moving magnet type

galvanometer. The magnetic
needle rotates when current is
passed through the cail.

The plane of the coil need not
be digned in magnetic
induction.

. The plane of the coil must bein

magnetic meridian..

3. It is accurate and can be used to

measure the currents of order
10°A.

. It can be used to measure the

currents of the order 10° A.

4.

The current flowing through
the coil is directly proportional

. The current flowing in the coil

Is proportional to the tangent of




Ans.

to the deflection. (i 0 8)

deflection. (i 0 Tand)

5. Stray magnetic fields have no
effect on it and can be used for

5. Externd fields have effect on it
and therefore TG cannot be

the measurement of the used in mines.

currents even in mines.

How isa galvanometer converted into an ammeter ? Why parallel resistance
issmaller than galvanometer resistance? Explain.

Shunt :-A galvanometer can be converted into an ammeter by connecting a
suitable small resistance in parallel called shunt resistance. Ammeter is used for
measuring the current in an electric circuit.

A small resistance connected in paralel to the moving coil galvanometer to
protect it from high currentsis called shunt.

Let ‘R’ be the effective resistance between the galvanometer and shunt. Then,

GS
= 1
G+S @)
V=i,G=iS=iR i i
o RO
Expression for ig :- :
GS T
i,G=IR :igG:i{ }
G+S
i Ammeter
Dix o
G+S
Expression for is:-
i.S=iR :isS:i[ GS }
G+S
Oiz IG
G+S

Expression for shunt:



Ans.

Form |g:i,
+S
i
9 = S G+S:I_ :>EZ|__1 = S= G
i G+S S i iy {i 1}
ig
5= 1,G

or S= nilWhere n:il— is called the range of the ammeter.

[¢]
The inclusion of ammeter in the circuit should not alter the current or total
resistance of circuit. Therefore the ammeter should have very low resistance. As
such we have parallel resistance to be smaller than galvanometer resistance.
How is a galvanometer converted into voltmeter ? Why seriesresistanceis
greater than galvanometer resistance? Explain.
Voltmeter is the instrument used for measuring the potential difference between
any two points in a circuit. A galvanometer can be converted into voltmeter by

connecting a suitable

The arrangement of connecting a high resistance in series to a galvanometer is
called voltmeter. A voltmeter should be always connected in parallel to the
circuit. An ideal voltmeter should not draw any current hence, its resistance is
infinity. In the figure, the potential difference between A and B is given by,

V=i [R+G] = R:il—eze(n—l)

g

Where n= LG Is called the range of the voltmeter.

[
g

Voltmeter has to draw a negligible amount of current from the main current.

Therefore it should have very high resistance. Thus, series resistance is greater

than galvanometer resistance.

VERY SHORT ANSWER QUESTIONS

1.
AnNs.

What isthe principle of a tangent galvanometer ?
It works on the principle of tangent law. In a tangent galvanometer, afreely
pivoted magnetic needle is placed at the centre of the coil and current ‘i’ is passed
gt

2r
Thisfield is perpendicular to earth’s magnetic field. So needle deflects.

through the coil. Magnetic induction at centre of cail,

At equilibrium, B =B, tan@ (or) %ﬂ =B, tand
r
2rB,

Ho

OF tand (Or) i=Ktan@ for tangent galvanometer



1.

Ans.

Ans.

AnNs.

Ans.

Ans.

7.

Ans.

A moving coil galvanometer can measure a current of 10°A. What isthe
resistance of the shunt to measure 1Amp?
i 1

G G G
= = = ohm
n-1 10°-1 99999
Distinguish between ammeter and voltmeter

Ammeter Voltmeter
1) Ammeter isadevice used to 1) Voltmeter is adevice used to
measure current. in amperes. measure potential differencein volts.
2) Ammeter is always connected in 2) Voltmeter is aways connected in
seriesin the circuit.. parallel in the circuit.
3) The resistance of an ammeter is 3) The resistance of an voltmeter is
low. high.

What isthe principle of moving coil galvanometer?
It works on the principle that a rectangular current carrying coil suspended in
uniform magnetic field deflectsin the direction perpendicular to both the direction

of current and magnetic field. At equilibrium C8=ni BA or i :%A\H ori 0J4.
n

Thisisthe principle of moving coil galvanometer.

What isthe smallest value of current that can be measured with a moving
coil galvanometer, tangent galvanometer ?

The smallest current that can be measured with a moving coil galvanometer is,

i =107 amp and few microamperes.

How do you convert a moving coil galvanometer into an ammeter ?

To convert agalvanometer into an ammeter, alow resistance called shunt (S) is

: . G
connected in parallel to galvanometer.  Shunt resistance, S= 1
n —
How do you convert a moving coil galvanometer into a voltmeter ?
(March2011)
To convert a galvanometer into voltmeter, a high resistance is connected in series
with the galvanometer. Series resistance R=G(n-1)

SOLVED PROBLEMS

1.

Sal:

A tangent galvanometer has 500 turns, each of radius 2mcm. If
B, =3.6x10°Wb/ " find itsreduction factor. Find the deflection dueto a 12
mA current.

i) N =500, r =27cm=27x107>m,B, =3.6 x10°Wb/nr.

2rB, _ 2x27rx107 x3.6x10°
WN  4rx107 x500

i) i=Ktan@

Buti =12mA =12x10° A ; K=7.2x10"°A
12x10°=7.2x10"tan @

K= =7.2x10° A




Sol:

Sal:

Sol:

Sal:

Sol:

tané’:%:l.6667 = =592,

A tangent galvanometer has 50 turns each of diameter 15cm. when a certain
current is passed through its coil, the deflection of the needle is 45°. If
B, =2x10°Wb/nmfand 4, = 477x10""Wb/ Am, calculate the value of current.

15

N=50 ; r:3:7.5><10‘2m
6=45"; B, =2x10°Wb/n?; y,=4rx10" Wb/ Am.
—2 -5
- 2rB, tan G = 2x7.5%x10 _7><2 x10 4774 mA
N 471x107" x50

When a current of 20 mA flows through a tangent galvanometer the

deflection of the needleis 30°. When the current isincreased to 40 mA what
will be the deflection of the needle?

i, =20 mA=20x10" A;i,=40 mA=40x10"A; 6 =30"6,="
i, _tang
i, tn6,’
20x107° _ tan30°
40x10°  tané,
tan @, = 2tantan30° = 2x0.5774 =1.1548,
Deflection 6, =49°.
A rectangular coil of wire of 500 turns of area 10x5cm? carries a current of

2 A in a magnetic induction of 2x107°T . If the plane of the cail is (a) parallel
to the field, (b) makes an angle 30° to the field calculate the torque on the
coil? (March2010)
A =10x5cm* =50x10" m?; n=500; B =2x10°T;i =2A
(@ 8=0°71="

r = BiAncosd =2x107° x2 x50 x10™ x500 xcos0®° =0.01Nm
(b)i=2A,B=2x10"T, A=50x10"*m’, n=500, §=30°, 1 =7

7 =Bi Ancosf =2x107° x2 x50 x10™* *500 »cos30° =8.66x10~° Nm
The coil in a moving coil galvanometer has an area of 4cnv and 500 turns.
Theintensity of magnetic induction is 2T. When a current of 10™A is passed
through it, the deflection is20° ,find the couple per unit twist.
A =4cnf=4x10" m*, n=500, B = 2T, i =10"A,8=20°, C=?
BiAn _ 2x10™* x4 x10™ x500

6 20

i=Ktané@

The couple per twist C= =2.0x10° Nm per

degree.
The resistance of a moving coil galvanometer is 0.5 ohm. The maximum
current it can measure is 0.015 A. How would you convert it into (a) an
ammeter to measure 1.5 A and (b) avolt meter to measure 1.5V?
i =15A ; i,=0015A ;G=50m ; S=? ; R=7?

@ S= GxXi, _ 5x0.015

— == =0.05050hm.
i-i,) (15-0.015)




Sal:

Sol:

Sol:

A shunt of value 0.0505 ohm must be connected in paralel to the
galvanometer.
(b) V=15V ; i,=0.015A ; G=50hm
V =i, (R+G)
015 0.015(R 5)

R+5=_° —100
0.015
OR 106 5 95 ohm.

A resistance value of 95 ohm is connected in series with the voltmeter.
A galvanometer of resistance 50Q gives full scale deflection when a current

10 A is passed through it. How can it be converted into an ammeter to
measure 0.5 A current?
G=50Q, i, =0.001A,i =05A, S=?
_ Gi, _ 50x0.001 _ 50 o
i—-i, 05-0.001 490

A shunt of value 4%009 in paralel to the galvanometer an ammeter can be

constructed to measure 0.5 A current.

A galvanometer of resistance 20Q is to be shunted so that only 1% of the
current passesthrough it. Calculate the value of shunt?

G=20Q,If i = 100, then i, =1.

_Gi, _20x1 _20

g
A galvanometer has a resistance of 400Q . What should be the value of shunt

so that its sensitivity isto bereduced by 5—10 times?

[
G =400Q, Sensitivity =2 = L §=72
i 50
Gi
S=_—2¢ __400 =8.160
=l 50-1

UNSOLVED PROBLEMS

1.

Sol:

Sal:

The area of the coil in a moving coil galvanometer is 16cm? and has 20 turns.
The magnetic induction is 0.2T and the couple per unit twist of the
suspended wire is 10°Nmper degree. If the deflection is45°, calculate the
current passing through it.

A=16x10"nm?,  N=20, B=0.2T
C=10°N-m/°, 8=45"; 1=7

-6
NiAB=CO=i =20 10745 =0.703x102 amp

NAB 20x16x107 x0.2
A coil of area 100cm”having 500 turns carries a current of 1ImA. It is
suspended in a uniform magnetic field of induction107°T . Its plane makes an

angle of 60° with thelines of induction. Find the tor que acting on the coil.
A=107m?, N =500, i=10%amp, B=10"°T



Sol:

Sol:

Sol:

Sal:

Sal:

Sal:

6=90"-60° =30°
Torque, 7= NiABsind =500x10° x107 x10 x% =250%10° Nm

A galvanometer of resistance 20Q is shunted by a2Q resistor. What part of
the main current flowsthrough the meter?

G=20Q, S=2Q

g, S _2_1

i G+S 22 11
) 1

Oi= — thpart.
1 P

A maximum current of 0.5mA can be passed through a galvanometer of
resistance20Q . Calculate theresistance to be connected in seriesto convert it
into a voltmeter of range 0 - 5v. (M ay2009)

i, =05x10°A, G=20Q, V =5volt
r=Y G=_05_

Iy 5x10
A galvanometer has a resistance of 500 ohm. It is shunted so that its

sensitivity decreases by 100 times. Find the shunt resistance.

G=500Q: n=-=100: S=?

lg

—-20=9980Q

Szi:@ =5.05Q in paralle

n-1 99
A galvanometer has a resistance of 100Q .A current of 10° A pass through
the galvanometer. How can it be converted into (a) Ammeter of range 10A

and (b) voltmeter of range 10V? (M arch2010)
G=100Q; i,=10"amp

. i -
a i=10ampn=—=—=10"
) P i 10

G 100 _100Q

Shunt, S= ——= Q inparalel
n-1 107" -1 9999
by V =10V
\Y; 10 . .
R=—-G= —100 =10" 100 =9900 Q in series

iy 0°

The resistance of a galvanometer is 999Q . A shunt of 1Q is connected to it.
If the main current is 10°A. What is the current flowing through the
galvanometer ?

G=999Q; S=1Q

i =i, +iy =lamp; i, =7?

s G _2_.

=i 1+§ =107 =i, (1000)

Oi= 10 amp

A galvanometer has a resistance of 98Q . If 2% of the main current isto be

passed through the meter, what should be the value of the shunt?
G =98Q; S=7?



Iy = | :>_|—:50
100 i
_ G
n-1
1s B %R oy
50-1 49

ASSESSYOURSELF

1. It ispossibleto use a tangent galvanometer at poles?

Ans. No.

2. For what deflection the accuracy of tangent galvanometer is maximum?

Ans. 45’ since the error in the measurement of current di/i is minimum when g =45°.

3. Does the torque on a current loop in magnetic field charge, when its shape is
changed without changing its face area?

Ans. No.

4, A current carrying loop area to turn is placed in a uniform magnetic field.
What will be its orientation relative to the direction of magnetic field in the
equilibrium state?

Ans. The plane of the loop is perpendicular to the direction of magnetic field because
the torque on the loop in this orientation is zero.

5. Is the resistance of an ammeter greater than or less than that of the
galvanometer of which it isformed?

Ans. Itisawayslessthan the resistance of the galvanometer.

6. Is the resistance of a voltmeter greater than or less than that of the
galvanometer of which it isformed?

Ans. Itisaways greater than the resistance of the galvanometer.



