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TORQUE ON A CURRENT CARRYING COIL
IN A MAGNETIC FIELD

CONVERSION OF A GALVANOMETER INTO
AMMETER AND VOLTMETER

BAR MAGNET AND MAGNETIC FIELD LINES

MAGNETIC MOMENT AND CLASSIFICATIONS
OF MAGNETIC MATERIALS




When a current carrying loop 1s placed in an external magnetic field experiences a torque.
This torque 1s the basis of the working of galvanometers as well as of electric motors.
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A 250 turn rectangular coil of length 2.1 cm and width 1.25 cm carries a current of 85
UA and subjected to the magnetic field of strength 0.85 T. Work done for rotating the
coil by 180° against the torque 1s:
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N4
A rectangular coil of length 0.12 m and width 0.1 m having 50 turns of wire i1s
suspended vertically in a umform magnetic field of strength 0.2 Wb/m?. The coil carries

a current of 2 A. If the | plane]of the coil 1s inclined at an angle of 30° with the direction

of the field, the torque required to keep the coil in|stable equilibrium| will be:
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A closely wound solenoid of 2000 turns and area of cross-section 1.5 X 104 m? carries a current
of 2.0 A. It 1s suspended through its centre and perpendicular to its length, allowing it to turn in
a horizontal plane in a uniform magnetic field 5 X 10-*T making an angle of 30 deg with the
axis of the solenoid. The torque on the solenoid will be ﬂ |[H.W]

e 1.5 x 102 N-m
Q 3 %X 102 N-m
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A current loop in a magnetic field : ... °o o\l
bzq D. > \)nQL L 4
'(.moi > MB » 0= |%D
ﬁ {.‘A"’ -

experiences a torque whether the field 1s uniform or non-uniform in all orientations
can be in equilibrium in one orientations. N

can be equilibrium in two orientations, both the equilibrium states are unstja\ble
\—~—

/

~ can be 1n equilibrium 1n two orientations, one stable while the other 1s unstable \







It 1s an instrument used to measure low electric
currents.

Principle :| It works on the principle that a current

carrying coil placed in a magnetic field
experiences a torque.

‘ -
Uniform radial magnetic field
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| % '| Sensitivity of Galvanometer

{_-Sensitivity_']: A galvanometer 1s said to be sensitive if small current passed through it
produces a sufficiently large deflection.

Types of sensitivity of Galvanometer :|

1. Current sensitivity

2. Voltage sensitivity
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| :  Current Sensitivity of Galvanometer

The current sensitivity of a galvanometer 1s defined as the deflection produced in the
galvanometer when a unit current flows through it.




The voltage sensitivity of a galvanometer 1s defined as the deflection produced in the
galvanometer when a unit voltage 1s applied across its coil.
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The current sensitivity of a moving coil galvanometer 1s 5 div/imA and 1ts voltage
sensitivity (angular deflection per unit voltage applied) 1s 20 div/V. The resistance of
the galvanometer is:
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Galvanometer conversion to Ammeter
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A galvanometer coil has a resistance of 15() and gives full scale deflection for a current of 4 mA.

To convert 1t to an ammeter of range 0 to 6 A.

(72

W

o 10m(2 resistance 1s to be connected in parallel to the galvanometer

O 10mQ resistance is to be connected in seried with the galvanometer

& / - &
e resistance 1s to be connected 1n parallel to the galvanometer >6

: : : D N
0.1€2 resistance 1s to be connected 1n series with the galvanometer Sclovon
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Two similar galvanometers are converted into an ammeter and a milli-ammeter. The

" ———am—,

shunt resistance of ammeter as compared to the shunt resistance of mill-ammeter will
be

N< TR

N=cewn¢tl
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A moving coil galvanometer is converted into an ammeter of range 0 to 5 mA. The
galvanometer resistance 1s 90() and the shunt resistance has a value of 10£). If there are 50

divisions in the galvanometer-turned-ammeter on either sides of zero, its |current sensitivity 1s

O 2 rdva s I¢=2- 2
e T 3
x4 ‘a
Q 1 x 105 A/div y = 5 N
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guestion ®

A certain current on passing through a galvanometer produces a deflection of 100 divisions.
When a shunt of 1Q i1s connected, the deflection reduces to 1 division. The galvanometer
resistance is S :
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X Galvanometer conversion to Voltmeter
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_avesion S - 1

A galvanometer of resistance 50() 1s connected to a attery 3V along with a resistance 2950()
in series. A full scale deflection of 30 divisions 1s obtained in the galvanometer. In order to
reduce this deflection to 20 divisions, the resistance in series should be
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guestion ®

A galvanometer of resistance 50(2 1s connected to a battery of 3 V along with a resistance of

29500 1n series shows full-scale deflection of 30 divisions. The |additional series resistance
required to reduce the deflection to 20 divisions 1s

o 39501 R'= 4 GSo
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A galvanometer coil has a resistance of 50() and the meter shows full scale deflection for a

(Y

current of 5 mA. This galvanometer 1s [converted into voltmeter jof range 0-20V by

connecting.
: . : N
° 3950Q in series with galvanometer - 7 _ G
L
d
O 405002 1n series with galvanometer
K-8 —So= Gxo - So- P
| S Aie ’
e 3950Q in parei:ilel with galvanometer ey

Q 40502 in paratlel with galvanometer



guestion ®

A galvanometer of resistance 50Q gives a full scale deflection for a current 5 x 10* A. The
resistance that should be connected in series with the galvanometer to read 3V 1s
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MAGNETISM AND MATTER




Year

Topic

2025(1Q) Diamagnetic substance
2024(2Q Magnetic hysterisis and Magnetic susceptibilit

= X 8 P y
2023(30Q) Curie temperature, Earth’s magnetic field and Torque
2022(1Q) Earth’s magnetic field
2021(20Q) Earth’s magnetic field and Electric & magnetic field patter




Year Topic
2020(3Q) Permanent magnet, Magnetization and Magnetic moment
2019(4Q) Permanent Magnet, Coersivity, Time period of oscillations and work done on a loop
2018(3Q) Properties of diamagnet, paramagnet and ferromagnet. Earth’s magnet and Angle

of dip

2017(4Q) Susceptibility, properties of bar magnet, dip angle and oscillations
2016(10Q) Susceptibility
2015(30Q) Earth’s magnet, Time period of magnet and magnetic susceptibilty




: e ,-;»f-/ W iy == pe&
e Magnet has two poles. 1 = £ n S-€ — v
2. Un-Like poles attract and like poles repel N-S = HAlttrad

'Magnetic Material; The material/substance which is attracted by magnet.
Examples : Iron, Nickel and Cobalt.
Non-Magnetic : Aluminum, Gold, Silver, Copper, Lead and Brass.

'Uses | Magnets are used 1n Magnetic resonance imaging [MRI], Audio and video cassette,
Radio and Television[TV]
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| | Magnetic field lines

The imaginary lines drawn around the magnet to represent the magnetic field is called
Magnetic field lines.
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| Properties of Magnetic field lines

. Like poles repel each other and unlike poles attract each other and follows inverse
square law.

2. The Magnetic field lines originate from the north pole of magnet and moves towards
south pole-Outside Magnet.

3. The Magnetic field lines move from south pole to north pole-Inside Magnet

. The Field lines cannot cross or intersect each other.

SN

. The Field lines are continuous & closed loops.

Cn

. They are crowded near the poles which represents the magnetic field 1s strong.

QA
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Two 1dentical bar magnets are fixed with their centers at a distance d apart. A stationary
charge Q is placed at P in between the gap of the two magnets at a distance D from the
center O as shown 1n the figure, The force on the charge Q 1s?

o Zero -

o Directed along OP > ' N_

e Directed along PO

Q Directed perpendicular to the plane of paper



The magnetic lines of force inside a bar magnet

o Are from north-pole of the magnet

O Do not exist

e Depend upon the area of cross-section of the bar magnet

o Are from south-pole to north of the magnet



Magnetic field lines produced by a bar magnet, cut each other.

o At neutral points

o Near the poles of the magnets

e At equatorial axis

Q Never intersects to each other




Which of the following properties 1s 'False' for a bar magnet?

o [t doesn't produce magnetic field
O Its like poles repel and unlike poles attract
e [ts poles cannot be separated

o It points 1n North-South direction when suspended



A magnetic dipole consists of a pair of magnetic poles of equal and opposite strength
separated by small distance.

Examples :

1

v, Magnetic needle
7. Bar Magnet

3. Current carrying coil/solenoid etc.




For current carrying loop,

The magnetic dipole moment - T NTA l

-------------------------------------------------------------------------------- o - Pole (Hcrofb

Magnetic moment = Pole strength X separation between poles Ch-ve)
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Every magnet have magnetic moment (M). Find equivalent magnetic moment in
following cases.
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Three 1dentical bar magnets each of magnetic moment M are placed in the form of an
equilateral triangle as shown. The [net magnetic moment|of the system 1s
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The following figures show the arrangement of bar magnets in different configurations.
Each magnet has magnetic dipole. Which [configuration has the highest net magnetic
dipole moment?
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Cutting of a bar magnet
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Case (1) : Cut the magnetic dipole along length in half | il ! T

4
AL
3
< Lo 3
Al= B Lo
“\\:‘?3
B
h‘:-""l.‘ -




Case (2) : Cut the magnetic dipole perpendicular to length in half
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If a magnet of pole strength m 1s divided into four parts| such that the length and width
of each part 1s half that of initial one, then the pole strength of each part will be
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An 1ron bar of length L has a magnetic moment M. It 1s bent at the middle of its length
such that the two arms make an angle 60° with each other. The magnetic moment of this

new magnet is S e-cs = It ‘
X L ot '-%'_
S
& oz vl
R A oty A
= 20y L - Im
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The length of a magnetized 1ron bar 1s L and its magnetic moment is M. When this bar

1s bent to form a semicirclel its magnetic moment 1s:
L“) Bzl =1N

o 2 in
R= 2‘% sie( %)
R - am

n




A bar magnet of length L and magnetic dipole moment M 1is bent in the form of an are
as shown 1n figure. The new magnetic dipole moment will be




guestion ®

A bar magnet of magnetic moment M is cut into two parts |of equal length. The magnetic
moment of each part will be
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Two similar bar magnets P and Q, each of magnetic moment M, are taken. If P 1s cut
along 1ts axial line and Q 1s cut along its equatorial line, all the four pleces obtained

have “ U=t L, =Lt A:AGn= -
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A long magnetic needle of length|2L) magnetic moment M and pole strength m units is
broken into two pieces at the middle. The magnetic moment and pole strength of each
piece will be
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\ Force Between 2 Bar-Magnet
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guestion ®

Force between two identical bar magnets whose centres are » metre apart 1s 4.8 N,
when their axes are in the same line. If separation is increased to 2r, the force between
them 1s reduced to
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Current carrying coil (or loop) behaves like magnetic dipole. The face of coil in which
current appears to flow anticlockwise acts as north pole while face of coil in which current

appears to flow clock wise acts as south pole.

A current carrying coil acts as a Magnetic Dipole
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| : Magnetic Moment of Current Carrying Coil

When a bar magnet is placed in a uniform magnetic field the two poles experience a force.
They are equal in magnitude and opposite in direction and do not have same line of action.

They constitute a couple of forces which produces a torque. The torque tries to rotate the

magnet so as to align 1t parallel too direction of field
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(b) Coil or Loop
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(a) Bar magnet
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Parameters Electrostatics Magnetism , ¥ - %»
D)
Dipole moment P =9 xx O = ~nlL
Equatorial field for a short £, KP B, = KM
dipole 23 | PR
Axial field for a short dipole &, -~ 2Kp o = KR
73 = 22
External field - Torque .
4 C - PEliwpQ T -™MRSins
External field — Potential .,
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The torque acting on a magnetic dipole placed 1n uniform magnetic field 1s zero, when the
angle between the dipole axis and the magnetic field 1s
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A bar magnet when placed at an angle of 30° to the direction of magnetic field
induction of 5 x 10~? T, experiences a lee 25 x 107 N-m. If the length
of the magnet 1s 5 cm its pole strength 1s
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