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OERSTED EXPERIMENT

In 1802 Gian Domenico Romagnosi, an Italian lawyer and judge,
found that a steady electric current flowing in wire affected a
magnetic needle placed near it. He published his observation in a
local newspaper (called Gazetta di Trentino). But nobody noticed
this phenomenon.

In 1820 Hans Christian Qersted (a Danish Physicist) rediscovered
this phenomenon. He noted that a magnetic compass needle,
brought close to a straight wire carrying a steady electric current,
aligned itself perpendicular to the wire i.e., the direction of magnetic
field Bis tangential to a circle which has the wire as centre, and
which has its plane perpendicular to the wire (Fig 1-a). Oersted
also noticed that on reversing the direction of current; the direction
of magnetic field is reversed.
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In first case when current is in upward direction, magnetic field is
clockwise (Fig 1-a) and when the current is downward, magnetic
field is anticlockwise (Fig. 1-b).

MAGNETIC FIELD

It is a region of space around a magnet or current carrying
conductor or a moving charge in which its magnetic effect can
be felt.

The conductor carrying current is electrically neutral but a
magnetic field is associated with it.

The SI unit of magnetic field induction is tesla (T) or weber/m?
and cgs unit is gauss. 1 gauss=10"4T

Moving Charges

and Magnetism

Comparison between electric field and magnetic field

Electric field Magnetic field
1. Source is an electric Source is a current element
charge (q). ( Id—/) .

2. Isolated charge exists

3. Electric field at a point
due to a point charge is
in the plane containing
the point and the charge.

4. It obeys inverse square
law (a long range force).

5. It obeys principle of
superposition as the field
is linear related to charge.

6. Angle dependence is not
present.

7. Line of electric lines of force
do not form closed loops.

8. Electric field changes
kinetic energy of a charged
particle.

9. A charged particle whether
at rest or in motion in an
electric field experiences
a force due to electric field.

Isolated poles do not exist.
Magnetic field at a point due to
a current element is perpendicular
to the plane containing the point
and the current element.

It also obeys inverse square law
(a long range force).

It also obeys principle of
superposition.

Angle dependence is present.

Lines of magnetic lines of
force form closed loops.
Magnetic field does not
change kinetic energy of a
charged particle.

A charged particle at rest
do not experience force
due to magnetic field.

MAGNETIC FIELD DUE TO CURRENT CARRYING
CONDUCTOR, BIOT-SAVART'S LAW

The magnetic induction dB at any point outside

the current path due to a small current element of

length d7 (in the direction of the current) is given ;

by Biot-Savart's law
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Also, dB = &q(v—:}ﬂ) where v is the drift velocity of charge
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where py=4nx 1077 TmA™!,



Direction of dB
The direction of dB is perpendicular toboth d7 and T , governed

by the right hand thumb rule of the cross-product of d¢ and T .
The magnetic fields going into the page and coming out of the
page are represented as follows :

Magnetic field
going into the page

Magnetic field
coming out of the page.
Magnetic Field due to Various Current Carrying
Conductors
Magnetic field due to finite sized conductor :
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Magnetic field near the end of a finite sized conductor :
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Magnetic field due to an infinitely long conductor :
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Magnetic field in the case of infinitely long wire
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Magnetic field near the end of a long conductor :
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Magnetic field due to a current carrying coil :
(1)  Magnetic field at a point on the axis of symmetry of a
circular coil, at a distance “x” from its centre :
B = p NI a%/2(a? +x2)32
b, 20N a
N = total number of turns
a = coil radius

or,

The direction of B is given by Right hand screw rule.
Right hand screw rule : If direction of rotation of right handed
screw-head is the directon of current in a circular conductor then
the direction of its advance is the direction of magnetic field. This
is applicable even ifthe current, magnetic field are interchanged, as
in case of current flowing through a straight conductor.



Elucidation

d/

z

Let for a particular angle, position of small length element dI is
given by its coordinates as

z=-acos0, y=asin0.
Now, a =—acosbk +asinbj,
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If number of turns of coil are N, then
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(i) At the centre of a circular coil, B=p,NI/2a = i
(i) Magnetic field at the centre of a circular arc carrying
current
oMl O pop-to
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where 0 is in radian. -
In this case the direction of magnetic field Bis into the

page.

Magnetic field inside a current carrying solenoid

(1)  Finite size solenoid
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(i)  Near the end of a finite solenoid

B:“OTHI c0s0; (0, =0 & 0, =1/2)

(i)  In the middle of a very long solenoid, B = pynl
(iv)  Near the end of a very long solenoid
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n is the number of turns per unit length of solenoid.

(V) Magnetic field in the endless solenoid (toroid) is same
throughout and is pgnl.

(Vi) Magnetic field outside a solenoid or toroid is zero.

AMPERE’S CIRCUITAL LAW

The line integral of magnetic field across a closed loop is equal to
40 times the net correct inside the loop

i.e, (j.) §d7 = },lol
where I is the net current inside the loop.

(1)  Thedirection of the magnetic field at a point on one side of
a conductor of any shape is equal in magnitude but opposite
in direction of the field at an equidistant point on the other
side of the conductor.

(2)  If the magnetic field at a point due to a conductor of any
shape is B if it is placed in vacuum then the magnetic field
at the same point in a medium of relative permeability L is

givenby B=p,.B,.
(3)  If the distance between the point and an infinitely long
conductor is decreased (or increased) by K-times then the
magnetic field at the point increases (or decreases) by K-

times.

(4)  Themagnetic field at the centre of a circular coil of radius
smaller than other similar coil with greater radius is more
than that of the latter.

(5)  For two circular coils of radii R| and R, having same current
and same number of turns, we have

B R
B—l = T? where B, and B, are the magnetic fields at their
2

centres.

(6) The magnetic field at a point outside a thick straight wire
carrying current is inversely proportional to the distance
but magnetic field at a point inside the wire is directly
proportional to the distance.



Keep in Memory

Ifin a coil the current is clockwise, it acts as a South-pole. If
the current is anticlockwise, it acts as North-pole.
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No magnetic field occurs at point P, Q and R due to a thin
current element I(_li .
1dl
R P Q
Magnetic field intensity in a thick current carrying conductor s

at any point X is

_ Mo 2Ix

inside = 4TEF for x <R
Wo 21

surface — 4_1(')EE for x=R
21

Boutside = Ho — for x>R
4n x

Graph of magnetic field B versus x
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Magnetic field is zero at all points inside a current carrying
hollow conductor.

Magnitude and direction of magnetic field due to different configuration of current carrying conductor.

S.No Conﬁgur.ation of Point of observation Magnetic field
o current carrying conductor Magnitude Direction
1. | Two long linear and parallel | AtP,the mid point between B=0 Normal to the plane of
current carrying conductors the two wires. paper, inwards.
Wire 1 Wire 2 The distance of P from each| 5 _ Mo, 11
wireisr/2. 41 X r+x
At P', distant x from wire 2 as
I o o o P' |shown. o 1 1 Normal to the plane of
p P At P", distant x' from wire 1| B= —21{ - —,} paper, outwards.
<X x> 4 [r—-x' X
as shown.
€—T
2. | Square loop At the centre. wy 1 Normal to the plane of
—> B=4|4rna/2 paper, inwards.
(sin 45° + sin 45°)
14 O 3 vy I
AA5lase,
~al2
«—a— >
3. | Two concentric circular coils | At the centre. Ko n, n, s )
havi B=-—"2nl| —-—= If —>—=
aving turnsn; and n, 4 a b a b
0, Perpendicular to the
plane of paper
inwards.
4. | Straight wire and loop At the centre.
B=0
I I




5. Straight wire & semi-circular loop | At the centre. B= Mo nl Normal to the plane of paper,
T 4n a inwards.
a
I 0 I
6. Circular loop At the centre of loop. wol2nl 21 Normal to the plane of
I B= anl a2 a paper, inwards.
(0]
a
i 1
7. | Two concentric circular arcs At the common centre. o |1 1 Normal to the plane of paper,
B= an 16 2 b outwards.
8. | Semi-circular area and straight At the centre of the semi- B = Mo il LMo I | Normal to the plane of paper,
conductors circle. “4r tr  4n r | outwards.
I
1y " \O
I
9. | Two concentric coils mutually At the common centre. _ k2 Rn2 According to law of vectors
normal to each other. B=yBi +B3 addition.
B, where
I, ‘ B B, - Ho 21
b 4 a
------------- i -"~.~
T © ,7/‘ "B, B, = L0 2mn;1
': 1 2 4 b
,-nl 1
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FORCE ON A CONDUCTOR 1=BINA
The force on a conductor is given by where N is the number of turns in the coil, A is the area and I is the
F=Bllsina current.

where ¢ is the length of the conductor in meter; B is the flux
density of field in tesla (Wb/m?2); I is the current in ampere and
a is the angle which the conductor makes with the direction of the
field.
Special case :

If a=90°, then F=BI/
The direction of the force is given by Fleming's left hand rule.

TORQUE ON A COIL
The torque acting on a rectangular coil placed with its plane parallel
to a uniform magnetic field of flux density B is given by

Ifthe plane of the coil makes an angle o with the direction of the
field, then
T=BINA cos a.

Example 1.
The field normal to the plane of a wire of n turns and radius
r which carries a current i is measured on the axis of the
coil at a small distance h from the centre of the coil. By
what fraction this is smaller than the field at the centre?



Solution :

The magnetic field on the axis of a current i carrying coil of
turns n, radius r and at a distance h from the centre of the

coil
g=Ho 2mnir? M
an (2en2yr 7
The field at the centre is given by
B centre :&X 2mixn w.(2) (- atcentreh=0)
47 r
B r3
Bcent’re (1‘2+h2)3/2
r3 1

[, n2 372 = T
r +rT 2r2

3 h?
or B(l +E—2] = Bcentre
r

3 h?
5 (Boeye —B)/B=>"—
centre 2 r2

Example 2.

In fig., there are two semi-circles of radii r; and r, in which

a current i is flowing. Find the magnetic induction at
centre O.

Solution :

i i
47 1 47 %)

poif 1 1| moiin+m
-4 n I 4 nr

Example 3.
Two circular coils X and Y having equal number of turns and
carry equal currents in the same sense and subtend same
solid angle at point O. If the smaller coil X is midway between
O and Y, then if we represent the magnetic induction due to
bigger coil Yat O as Byand due to smaller coil X at O as By,

B=B,+B, =

B
then find —X- .
i B

Solution :
Magnetic induction at O due to coil Y is given by
2
Ko 2n1(2r)
By =—“Xx——"F———> 1
Similarly, the magnetic induction at O due to coil X is given
by
2
Ho 2n1(r)
By =—x -(2)
An (02 +(d/2)’P"?
From egs. (1) and (2), By = 1
By 2

Example 4.

A cell is connected between two points of a uniformly thick
circular conductor. i; and i, are the currents flowing in
two parts of the circular conductor of radius a. What will
be the magnetic field at the centre of the loop?
Solution :

Let ¢,, £, be the lengths of the two parts PRQ and PSQ of the
conductor and p be the resistance per unit length of the
conductor. The resistance of the portion PRQ willbe R; = ¢, p

The resistance of the portion PSQ will be R, = /,p
Pot. diff. across Pand Q=1i,R; =i,R,

or ijl;p=iyl,p or ijf; =iyl,
Magnetic field induction at the centre O due to currents
through circular conductors PRQ and PSQ will be

Ko 1;0y8in90° g i/, sin90°

47 2 47 2

B, -B,=

Example S.
A current passing through a circular coil of two turns
produces magnetic field B at its centre. The coil is then
rewound so as to have four turns and the same current is
passed through it. The magnetic field at its centre now is

B B
(@) 2B ® = € 5 d 4B
Solution : (d)
B:u_OZnnI ie. OcB;
4n r

Given, L =2nr| x2=2nr, x4, 1 /r,=4/2=2

ﬁzn_zxr_lzixzz4
2

B, n; 1, or Bz=4B1 =4B.

Example 6.

Compute the flux density in air at a point of 9 cm from the
long straight wire carrying a current of 6A.



Solution :
Given: a=9cm=9x102m,I=6A

pl  4nx107 x6

B=—— 72:1.33><10‘5T
2nx9x10

2ma

Example 7.
Calculate the flux density at a distance of I cm from a very
long straight wire carrying a current of 5A. At what distance
from the wire will the field flux density neutralize that due
to the earth's horizontal component flux density 2 x 107>
T? (uy=4nx 107 Hm)

Solution :
_ Bl 4nx1077 x5 10T
2ma 2mx1x1072
For the second part,
-7
Lol  4nx107" x5 = 5%102 =5 em

a= =
2B 2mx2x107°
Example 8.
A wire 28m long is bent into N turns of circular coil of
diameter 14 cm forming a solenoid of length 60 cm.
Calculate the flux density inside it when a current of 5 amp
passed through it. (1, = 12.57 % 107 m™)
Solution :
Given:d=14cm=0.14m ¢=60cm= 0.6 m
By the question, N x td =28 m.

Nxmx0.14=28
= 28 =63.66 turns.
0.14xm
B =penl= MO%I —1257x10°7 x 3300 5

=6.67x1074T
Example9.

A vertical conductor X carries a downward current of 5A.

(a) What is the flux density due to the current alone at a
point P 10 cm due east of X?

(b) If the earth's horizontal magnetic flux density has a
value 4 x 107 T, calculate the resultant flux density
atP.

Is the resultant flux density at a point 10cm due north
of X greater or less than at P? Explain your answer.

N
B, @ W E
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Solution :
(@) 1=5A, a=10cm=0.1m
g Mol _ 4mx107 x5
21t x0.1

=1x107°T

 2ma

At P, the earth's horizontal magnetic flux density,
B, =4 x 1075T (from South to North)
The direction of B is from north to south.
.. Resultant intensity at
P=4x10°-1x107T
=3x10°T (From south to north)
For apoint 10 cm, north of X the flux density due to the
current in X =1 x107T (due east)
(b) The flux density due to the horizontal component of
the earth's field = 4x 10T (due north)

Be Br

Y

B
Resultant Intensity

By = JBZe +B2. =(4x107°)2 +(1x107)

:q/17X10*5 =4.1x103T

which is greater than the flux density at P.

Example 10.
A horizontal wire, of lenth 5 cm and carrying a current of
24 placed in the middle of a long solenoid and right angles
to its axis. The solenoid has 1000 turns per metre and carries
a steady current 1. Calculate I if the force on the wire is
vertically downwards and equal to 10~ N.

Solution :

1=5cm=5%102m,I_. =2A,n=1000m 1, F=10*N

If I be the current through the solenoid, then

wire

B=p,nl

Force=BI . _x ¢ or 1074= poNIxI . x1

wire
or 107 =4nx1077 x1000x I[x2x5x1072 = 4x x1071

I= L _10_ 0.8A
4nx10”  4nm

Example 11.
Two long parallel conductors carry currents of 124 and 84
respectively in the same direction. If the wires are 10cm
apart, find where the third parallel wire also carrying a
current must be placed so that the force experienced by it
shall be zero.

Solution :
For the force on the third conductor to be zero, the direction of
the flux density due to the current flowing in the two wires
must be opposite in the position of the wire.
.. Third wire must be placed between the wire. Let the third
wire placed at a distance x m from the wire carrying 12A,
then, B, =B,



12A ](—X% 8A
<— 0.Im —>

Moll _ MOIZ
2nx 2m(0.1-x)

2.8 3 2

x 0.1-x

X:0.1—X

0.3
or 03=5x= ? =0.06m

FORCE ACTING ON A CHARGED PARTICLE MOVING
IN A UNIFORM MAGNETIC FIELD

The force acting on a particle having a charge q and moving with
velocity ¥ in a uniform magnetic field B is given by

F :q(\jxfi) = F =qvBsin0,

where 0 is the angle between v and B

Case(i)) [f6=0,F=0.Alsoif0=180°,F=0

Ifa charged particle enters a uniform magnetic field in the direction

of magnetic field or in the opposite direction of magnetic field, the
force acting on the charged particle is zero.

Case (ii) I[f6=90°,F=qvB

In this case the force acting on the
particle is maximum and this force acts
as centripetal force which makes the
charged particle move in a circular path.

v

X
o]

V2 X
F=qvB= . q X
mv v x
= r=—0
qB

where r is the radius of the circular path.

It is important to note that this force cannot change the speed of
the charged particle and hence its kinetic energy. But it changes
the velocity of charged particle (due to change in direction) and
hence also causes a change in momentum.

Also the work done by the force is zero as the force is acting
perpendicular to the direction of motion.

Case (iii) If0= o isany other angle then the path taken is helical.
The velocity of the charged particle can be split into two parts for
better understnading.

E\

Y AN AN AN
s O

N \V V UV °

(@) vcos a : The force on charged particle due to this component is
zero. This component is responsible in moving the charged

particle uniformly in the direction of B.

(b)  vsin a : The force acting on charged particle due to this
component is q(vsina)Bsin90° = qvBsina . This acts

as the centripetal force and moves the particle in a circular
path.

The combined effect of these two is a helical path.

A charged particle entering a uniform magnetic field at an angle
executes helical path.

Radius of the helix, R = mvsimao
qB
ngular frequency ot rotation, ® = (21 =gB/m
Angularfy frotati (2n/T)=qB/
2
Pitch of the helix= (vcosa) T = L};OSQ.
q

Direction of force F :We can use the rule of cross product. The

direction of F is perpendicular to the plane containing v and B
and can be found by right hand thumb rule. It is important to note

that if q is positive, we will get the correct direction of F by right

hand thumb rule. But if q is negative, we have to reverse the
direction of force.

Flemings left hand rule : /¢ states that if the fore finger, the central

finger and the thumb of the left hand are stretched at right angles
to each other then if the central finger represents the direction of
current and fore finger represents field, the thumb will represent
the direction of motion or force experienced by the current
carrying conductor.

FORCE BETWEEN TWO PARALLEL CURRENTS

When a current flows in a conductor, the free charges (electrons
in case of a metal wire) move. Each free charge movement generates
a force which adds up to give the force on the conductor.

Force between infinitely long conductors placed parallel to each
other at distance d.

/' 4n d
where / is the length of wire.
If currents are pointing in same direction, the force is of attractive
nature and if currents are oppositely directed the force is of
repulsive nature.

Lorentz Force Equation
For a charged particle ¢ moving in a region of simultaneously

applied electric field E and magnetic field B, the force
experienced by it is given by

F =q[E +(v xB)]
Torque on a current loop in uniform magnetic field B is given

by © =(M xB) where M is the magnetic moment of coil.

M =N 1A#A where 1 is the unit vector normal to the plane of
the loop.



Keep in Memory

1.  No force acts on a charged particle if it enters a magnetic
field in a direction parallel or antiparallel to the field.

2.  Afinite force acts on a charged particle if it enters a uniform
magnetic field in a direction with finite angle with the field.

3. Iftwo charged particles of masses m;and m, and charges
q; and q, are projected in a uniform magnetic field with
same constant velocity in a direction perpendicular to the
field then the ratio of their radii (R;: R,) is given by

R._m %
R, m, gq

4.  The force on a conductor carrying current in a magnetic
field is directly proportional to the current, the length of
conductor and the magnetic field.

5. If the distance between the two parallel conductors is
decreased (or increased) by k-times then the force between
them increases (or decreases) k-times.

6.  The momentum of the charged particle moving along the
direction of magnetic field does not change, since the force
acting on it due to magnetic field is zero.

7. Lorentz force between two charges q, and q, moving with
velocity v;, v, separated by distance r is given by:

_ Mo (9, V) (9, v,)
m 47 ' r2

8.  Ifthe charges move, the electric as well as magnetic fields
are produced. In case the charges move with speeds
comparable to the speed of light, magnetic and electric force
between them would become comparable.

9.  Acurrent carrying coil is in stable equilibrium if the magnetic

dipole moment M, is parallel to B and is in unstable

equilibrium when M is antiparallel to B.

10. Magnetic moment is independent of the shape of the loop.
It depends on the area of the loop.

11. A straight conductor and a conductor of any shape in the
same plane and between the same two end points carrying
equal current in the same direction, when placed in the same
magnetic field experience the same force.

12. Thereis net repulsion between two similar charges moving
parallel to each other inspite of attractive magnetic force
between them. This is because of electric force of repulsion
which is much more stronger than the magnetic force.

13. The speed of the charged particle can only be changed by
an electric force.

MOVING COIL GALVANOMETER

The moving coil galvanometer was first devised by Kelvin and
later on modified by D’ Arsonaval. This is used for detection and
measurement of small electric current.

The principle of a moving coil galvanometer is based on the fact
that when a current carrying coil is placed in a magnetic field, it
experiences a torque.

Construction: A moving coil ballistic galvanometer is shown in
figure.

T
Torsional
head
Phosphor
bronze wire
Mirror
Soft iron core
P Q
N S N S
S R
Spring Showing radial
field
Ty

It essentially consists of a rectangular coil PQRS or a cylindrical
coil of large number of turns of fine insulated wire wound over a
non-conducting frame of ivory or bamboo. This coil is suspended
by means of phosphor bronze wire between the pole pieces of a
powerful horse shoe magnet NS. The poles of the magnet are
curved to make the field radial. The lower end of the coil, is attached
to a spring of phosphor-bronze wire. The spring and the free ends
of phosphor bronze wire are joined to two terminals T, and T,
respectively on the top of the case of the instrument. L is a soft
iron core. A small mirror M is attached on the suspension wire.
Using lamp and scale arrangement, the deflection of the coil can
be recorded. The whole arrangement is enclosed in a non-metallic
case.
Theory : Let the coil be suspended freely in the magnetic field.
Suppose, n = number of turns in the coil

A =area of the coil

B =magnetic field induction of radial magnetic field in which
the coil is suspended.
Here, the magnetic field is radial, i.e., the plane of the coil always
remains parallel to the direction of magnetic field, and hence the
torque acting on the coil

T=niAB ..(D
Due to this torque, the coil rotates. As a result, the suspension
wire gets twisted. Now a restoring torque is developed in the
suspension wire. The coil will rotate till the deflecting torque acting
on the coil due to flow of current through it is balanced by the
restoring torque developed in the suspension wire due to twisting.
Let C be the restoring couple for unit twist in the suspension wire
and 6 be the angle through which the coil has turned. The couple
for this twist 0 is C0.
In equilibrium, deflecting couple = restoring couple
. niAB=C0 or i=C6/(nAB)

or 1=K0 (where C/nAB=K) ...QQ)

K is a constant for galvanometer and is known as
galvanometer constant.

Hence { «c §
Therefore, the deflection produced in the galvanometer is directly
proportional to the current flowing through it.
Current sensitivity of the galvanometer : The current sensitivity
of a galvanometer is defined as the deflection produced in the
galvanometer when a unit current is passed through it.



We know that, niAB=C0

... . _© nAB

Current sensitivity, i = T = el
where C = restoring couple per unit twist
The Sl unit of current sensitivity is radian per ampere or deflection
per ampere.
Voltage sensitivity of the galvanometer : The voltage sensitivity
of the galvanometer is defined as the deflection produced in the
galvanometer when a unit voltage is applied across the terminals
of the galvanometer.

L 0
Voltage sensitivity, Vs = v

If R be the resistance of the galvanometer and a current is passed
through it, then
V=iR
6 nAB

Voltage sensitivity, Vo= 70~ cp

The SI. unit of voltage sensitivity is radian per ampere or deflection
per ampere.

Conditions for sensitivity : A galvanometer is said to be more
sensitive if it shows a large deflection even for a small value of
current.

We knowthat, 6= %i

For a given value of i, O will be large if (i) nis large, (ii) Ais large,
(iii) Bis large, and (iv) C issmall.

Regarding above factors, n and A cannot be increased beyond a
certain limit. By increasing n, the resistance of the galvanometer
will increase and by increasing A, the size of the galvanometer will
increase. So, the sensitivity will decrease. Therefore, B isincreased.
The value of B can be increased by using strong horse shoe
magnet. Further, the value of C can be decreased. The value of C
for quartz and phosphor-bronze is very small. So, the suspension
wire of quartz or phosphor-bronze is used. The value of C is further
decreased if the wire is hammered into a flat strip.

HALL EFFECT

When a current passes through a slab of material in the presence
of a transverse magnetic field, a small potential difference is
established in a direction perpendicular to both, the current
flow and the magnetic field. This effect is called Hall effect

The voltage thus developed is called Hall voltage.

VA
V4 Pl
[ @‘Fm ] X

Y
Hall effect enables us to :
() Determine the sign of charge carriers inside the conductor.
(i) Calculate the number of charge carriers per unit volume.

Explanation : Let us consider a conductor carrying current in +X
directio 1. 7 1e 1agnetic field is applied along +Y direction.
Consider two points P, and P, on the conductor and connect a
voltmeter between these points. If no magnetic field is applied
across the conductor, then the points P, and P, will be at same
potential and there will be no deflection in the galvanometer.
However, if a magnetic field is applied as shown in the figure,
then the Lorentz force acts on electrons as shown in the figure.

- -
The Lorentz force on electrons F,, = - (vgx B) acts in the

downwards direction.

Now there may be two cases:

Case | : If the charge particles are negatively charged, then
these negative charges will accumulate at the point P, and
therefore P, will be at lower potential than P.

Case Il : If the charged particles are positively charged, then the
point P, will be at higher potential than P.

Magnitude of hall voltage :

Let w be width and A be the cross-sectional area of the conductor.
If e is magnitude of charge or the current carrier (electron or
hole).

The force on the current carrier due to magnetic field B,

Fr, = Beyy
Here, v, is drift velocity of the current carries.
Due to the force F,,, the opposite charges build up at the points
P, and P, of the conductor.
If V, is Hall voltage developed across the two faces, then the
strength of electric field due to Hall voltage is given by

VH
EH = W .
Here w=P,P,.
This electric field exerts an electric force on the current carries in
a direction opposite to that of magnetic force. The magnitude of

V,
this force is F, = EHesze

In equilibrium condition, F,=F,

Vu
or We:Bevd, or Vy=Bvyw

Now, drift velocity of current carrier is given by, v, =

ne

where n is the number of current carries per unit volume of the

strip.

Hall resistance, Ry, = VTH - [%} Ii
ne

Hall voltage v, = Bwi

ne



Keep in Memory

1.  Hall effect can determine nature of current (charge) carriers in
the material. i.e. whether the charge is +ve or —ve.

2. Hallvoltage V; = bBI
neA
where n is the density of charge carriers
2 e

/

— T —1
©)
|
v
I
v
<

x“ B
b=thickness of plate, B=magnetic field, I =current flowing
through plate, A = area of cross-section of plates

Example 12.
Two particles X and Y having equal charges, after being
accelerated throught the same potential difference, enter
a region of uniform magnetic field and describe circular
paths of radii R; and R, respectively. Find the ratio of

mass of X to that of Y.
Solution :
2
—mv- =qV
> q

~v=(2qV/m)"?
(where V is the potential difference)

) mv?
Centripetal force B =qvB

=(%R

1/2 1/2

2qV B
Hence (Lj =(q—jR or Rz(mJ X l
m m q B

Here V, q and B are constant. Hence R oc \/B

2
m _[ Ry
m, R,

Example 13.
A rectangular loop of sides 25 cm and 10 cm carrying a
current of 15 A is placed with its longer side parallel to a
long straight conductor 2.0 cm apart carrying a current of
25 A. What is the net force on the loop?

Solution :
Consider arectangular loop PQRS placed near a long straight
conductor AB as shown in Fig. Due to the interaction of
currents, the arm PQ ofthe loop will get attracted while arm
RS will get repelled. Forces on the arms QR and SP will be
equal and opposite and hence cancel out.
Here, PQ=25cm=25x102m,

B
Q—s—R
< & &
Ue) — —
N I I
I _
_a = A Y —
-1 -—p
+—S
¢ ——=T)-——=
A
PS=10cm=10x102m
Distance of PQ from AB,
r;=2.0cm=2.0x102m
Distance of RS from AB,

r,=2.0+10=120cm=12.0x 102 m
Current through long wire AB, 1, =25 A
Current through rectangular loop, I, = 15 A

21,1
.. Force on thearm PQ, F, = Foslila length PQ
4n 1§
p 107 x2x25x15x25x107?
1 2.0x1072
=9.375x 1074 (towards AB)

Force on the arm RS,

211
E = Ho=ua length RS
4 n

1077 x2x25x15x25x 1072
12x1072

=1.563x10™ (away from AB)
.. Effective force on the loop,

F=F -F, =9.375x107* -1.563x10™* =7.812x10* N
(towards AB)
Example 14.
An electron beam moving with a velocity of 10° ms!
through a uniform magnetic field of 0.1T, which is
perpendicular to the direction of the beam. Calculate the
force on an electron if the electron charge is 1.6 x10719C.
Solution :
v=10%ms 1, B=0.IT,q=1.6 x 10~ 1°C
F=Bqv=0.1 x10°x 101°=1.6 x 107 14N
Example 15.
A narrow vertical rectangular coil is suspended from the
middle of its upper side with its plane parallel to a uniform
horizontal magnetic field of 0.02 T. The coil has 10 turns
and the lengths of its vertical and horizontal sides are 0.1
m and 0.05 m respectively. Calculate the torque on the coil
when a current of 54 is passed into it.
What would be the new value of the torque if the plane of
the vertical coil was initially at 60° to the magnetic field
and a current of 54 was passed into the coil.



Solution : Solution :

B=002T.N=10 turns n=10x10¥m3,A=2.0mm?=2 x 10-°m?
> = = =9
A=1xb=0.1x0.05=0.005m7 (PO B0
I=5A I:IICVAOI‘V:E
Torque:BINAZO.OZXSX{SXO.OOS - BexI BI _ 015%5
=0.005Nm =5 x107"Nm TPV T TheA  nA 1.0x10% x2x10°°
New value of the torque when the plane of the vertical coil —3.75x10-24 N
was at 60° to the magnetic field. Example 18.
=BINA cos 8 =5 x 103 cos 60° If the coil of a moving coil galvanometer having 10 turns
and of resistance 42 is removed and is replaced by a second
= 5% 1073 x 1_ 2.5 % 10°3 Nm. coil having 100 turns and of resistance 160£2. Calculate
2 (a) the factor by which the current sensitivity changes and
Example 16. (b) the factor by which the voltage sensitivity changes.
A rectangular coil of 50 turns hungs vertically in a uniform  Solution :
magnetic field of magnitude 10~ T, so that the plane of the Given: N, =10 turns, R =4Q
coil is parallel to the field, the mean height of the coil is N, =100 turns, R, = 160Q
Scm and its mean width is 2cm. Calculate the strength of o . (0 N,AB
the current the must pass through the coil in order to (@) Current sensitivity with the Ist coil, (Tj T C
deflect it 30° if the torsional constant of the suspension is o ! NOAB
10°% Nm per degree. Current sensitivity with the 2nd coil [—j =—2
Solution : L/, C
N =50 turns, B=10"2T, § =30° (9)
C =102 Nm per degree, 1 , N, 100
A=5x2em2=10x 104 m?= 103 m? Ty TN 10 0
1
Torque = BINA cos 6 = CO (Ijl
-9 0 N,AB
I= <o = 1077 x30 =6.9%x107 (b) Voltage sensitivity with the Ist coil (— =—1
BNAcos® 1072 x50 x1073 cos 30° Vi CR
A=69pA | it with the 2nd .IEQJ _N,AB
Example 17. Voltage sensitivity with the 2nd coi v/, = CR,
A copper wire has 1.0 x 10°° free electrons per cubic metre, 0
a cross sectional area of 2.0 mm? and carries a current of (fj
5.04. Calculate the force acting on each electron if the Vo Np Ry 100 4 —%

.. = = X —
wire is now placed in a magnetic field of flux density 0.15 (Q) N; R, 10 160
T which is perpendicular to the wire (e=1.6 x 1019C) vV
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EXERCISE - 1

Conceptual Questions

A current carrying coil is subjected to a uniform magnetic

field. The coil will orient so that its plane becomes

(a) inclined at 45° to the magnetic field

(b) inclined at any arbitrary angle to the magnetic field

(c) parallel to the magnetic field

(d) perpendicular to the magnetic field

An electron enters a region where magnetic field (B) and

electric field (E) are mutually perpendicular, then

(a) it will always move in the direction of B

(b) it will always move in the direction of E

(c) it always possesses circular motion

(d) it can go undeflected also

A current carrying conductor placed in a magnetic field
experiences maximum force when angle between current and
magnetic field is
@ 3w4 (b) w2 (c) w4 (d) zero
Two concentric circular coils of ten turns each are situated
in the same plane. Their radii are 20 and 40 cm and they carry
respectively 0.2 and 0.4 ampere current in opposite direction.
The magnetic field in weber/m? at the centre is
(@ pe/80 (b) Tuy80  (¢) (54, (d) zero

A wire of length L metre carrying a current [ ampere is bent
in the form of a circle. Its magnitude of magnetic moment
will be
(@) IA4n (b) PL%4n  (¢) IL%4n  (d) IL%/8n
Two straight long conductors AOB and COD are
perpendicular to each other and carry currents I, and L,.
The magnitude of the magnetic induction at a point P at a
distance a from the point O in a direction perpendicular to
the plane ABCD is

@ -+ ® (1)
ma 27na
1
Ho 42 . 12y2 Bo LD
1 +12)2 Fo o
© 2na(1+2) @ 2ma I} +1,

A proton, deutron and an o-particle enter a magnetic field
perpendicular to field with same velocity. What is the ratio of
the radii of circular paths?

(@ 1:2:2 (b) 2:1:1

(c) 1:1:2 (d 1:2:1

If an electron and a proton having same momenta enter
perpendicular to a magnetic field, then

(@) curved path of electron and proton will be same
(ignoring the sense of revolution)

(b) they will move undeflected

(c) curved path of electron is more curved than that of the
proton

(d) path of proton is more curved

9.

10.

11.

12.

13.

14.

15.

16.

17.

In cyclotron the gyro radius is

(2) proportional to momentum

(b) proportional to energy

(c) inversely proportional to momentum
(d) inversely proportional to energy

The current sensitivity of a moving coil galvanometer
depends on

(a) the number of turns in the coil

(b) moment of inertia of the coil

(c) current sent through galvanometer
(d) eddycurrentin Al frame

Currenti is flowing in a coil of area A & number of turns N,
then magnetic moment of the coil is M is equal to

(@ NiA (b) Ni/A (© Ni/JA (d) N2Ai
1 Wbm2 is equal to
(@ 10*°G (b) 102G (¢) 102G (d) 10*G

The radius of motion of a charged particle oscillating in a
magnetic field is

mB vy
() e (b) B
mq av
(c) B (d) B

Magnetic effect of current was discovered by
(a) Faraday (b) Oersted
(¢) Kirchhoff (d) Joule

In cyclotron the charged particle may be accelerated upto
energies

(@) SeveraleV (b) MeV
(c) BeV (d) Kev
In cyclotron the resonance condition is

(a) the frequency of revolution of charged particle is
equal to the frequency of A.C. voltage sources

(b) the frequency of revolution of charged particle is
equal to the frequency of applied magnetic field

(c) the frequency of revolution of charged particle is
equal to the frequency of rotation of earth

(d) the frequency of revolution of charged particle,
frequency of A.C. source and frequency of magnetic
field are equal

Two parallel wires carrying currents in the same direction
attract each other because of

(a) mutual inductance between them
(b) potential difference between them
(¢) electric forces between them

(d) magnetic forces between them



18.

19.

20.

21.

If we double the radius of a coil keeping the current through
itunchanged, then the magnetic field at any point at a large
distance from the centre becomes approximately

(@) double (b) threetimes
(c) four times (d) one-fourth

To convert a galvanometer into an ammeter, one needs to
connect a

(@) low resistance in parallel

(b) high resistance in parallel

(c) lowresistance in series

(d) high resistance in series.

If a current is passed through a spring then the spring will
(a) expand (b) compress

(c) remainssame (d) None of these.

A charged particle moves through a magnetic field in a
direction perpendicular to it. Then the

(a) wvelocity remains unchanged

(b) speed of the particle remains unchanged

(c) direction of the particle remains unchanged

(d) acceleration remains unchanged

22.

23.

24,

25.

A long solenoid carrying a current produces a magnetic
field B along its axis. If the current is double and the number
of turns per cm is halved, the new value of the magnetic
fieldis

(@) 4B (b) B2

(c) B (d 2B

The total charge induced in a conducting loop when it is
moved in a magnetic field depends on

(a) therate of change of magnetic flux

(b) initial magnetic flux only

(c) thetotal change in magnetic flux

(d) final magnetic flux only

Energy in a current carrying coil is stored in the form of
(a) electric field (b) magnetic field

(c) dielectric strength (d) heat
Tesla is the unit of

(2) magnetic flux (b) magnetic field

(c) magnetic induction

EXERCISE - 2

(d)magnetic moment

Applied Questions

A portion of a conductive wire is bent in the form of a
semicircle of radius r as shown below in fig. At the centre of
semicircle, the magnetic induction will be

(@) zero (b) infinite
Ho mi Ho mi
——.—gauss —.—tesla
© 4 r g G 4 r

A helium nucleus makes a full rotation in a circle of radius
0.8 meter in 2 sec. The value of the magnetic field induction
B in tesla at the centre of circle will be

@ 2x107"p, ) 107/,

© 1077y, d 2x107%/y,

A solenoid of length 1.5 m and 4 cm diameter possesses 10
turns per cm. A current of SA is flowing through it, the
magnetic induction at axis inside the solenoid is

(Lo =4mx 1077 weber amp_1 m_l)

(@ 4nx107° gauss (b) 2rx107° gauss

(©) 4nx107 tesla (d 2rnx107° tesla

4.

An electron (mass = 9 x 103! kg, charge = 1.6 x 10719 C)
moving with a velocity of 10° m/s enters a magnetic field. Ifit
describes a circle of radius 0.1m, then strength of magnetic
field must be

(@ 45x10°T () 1.4x10°5T

() 55x10°T (d 2.6x10°T

An electron moving with kinetic energy 6x1071° joules
enters a field of magnetic induction 6 x 103 weber/m? at
right angle to its motion. The radius of its path is

(a) 342cm (b) 4.23cm

() 5.17cm (d 7.7cm

An electron moves in a circular arc of radius 10 m at a contant
speed of 2 x 107 ms~! with its plane of motion normal to a
magnetic flux density of 10~> T. What will be the value of
specific charge of the electron?

(@) 2x10*Ckg™! (b) 2x10°Ckg!

() 5x10°Ckg™! (d) 2x10"Ckg!

A current of 3 A is flowing in a linear conductor having a
length of 40 cm. The conductor is placed in a magnetic field
of strength 500 gauss and makes an angle of 30° with the
direction of the field. It experiences a force of magnitude
(@ 3x10*N (b) 3x 102N

() 3x102N (d 3x10*N

A cathode ray beam is bent in a circle of radius 2 cm by a
magnetic induction 4.5 x 10~3 weber/m2. The velocity of
electron is

(@) 3.43x107m/s
() 1.23x107m/s

(b) 5.37x10"m/s
(d) 1.58x 107 m/s



10.

11.

12.

13.

14.

15.

Two long parallel wires P and Q are held perpendicular to
the plane of paper with distance of 5 m between them. If P
and Q carry current of 2.5 amp. and 5 amp. respectively in
the same direction, then the magnetic field at a point half-
way between the wires is

@ /17 () VBpg/2n

() pp/2m (d 3py/2m

A charged particle with velocity 2 x 10 m/s passes
undeflected through electric and magnetic field. Magnetic
field is 1.5 tesla. The electric field intensity would be

@@ 2x103°N/C (b) 1.5x103N/C

(¢) 3x103N/C (d) 4/3x103N/C

Ifin a circular coil A of radius R, current I is flowing and in
another coil B of radius 2R a current 21 is flowing, then the

ratio of the magnetic fields B, and By, produced by them
will be

@ 1 by 2 (© 12 d 4

A circular loop of area 0.02 m? carrying a current of 10A, is
held with its plane perpendicular to a magnetic field
induction 0.2 T. The torque acting on the loop is

(@ 0.01Nm (b) 0.001Nm

(c) zero (d) 0.8Nm

Through two parallel wires A and B, 10A and 2A of currents
are passed respectively in opposite directions. If the wire A
is infinitely long and the length of the wire B is 2m, then
force on the conductor B, which is situated at 10 cm distance
from A, will be

(@ 8x107'N (b) 8x10°N

() 4x1077N (d 4x10°N

The magnetic flux density B at a distance r from a long
straight wire carrying a steady current varies with r as

@ B ) B
A A

(c) B (d B
A A
N S ey 2

A current of  ampere flows in a wire forming a circular arc of
radius r metres subtending an angle 0 at the centre as shown.
The magnetic field at the centre O in tesla is

16.

17.

18.

19.

20.

21.

1ol6 1o 16 no 16 Ho 16

@® 4mr ®) 2mr © 2r @ 4r

A uniform electric field and a uniform magnetic field exist in

aregion in the same direction. An electron is projected with

velocity pointed in the same direction. The electron will

(@) turn toitsright

(b) turn to its left

(c) keep moving in the same direction but its speed will
increase

(d) keep moving in the same direction but its speed will
decrease

A current of I ampere flows along an infinitely long straight

thin walled hollow metallic cylinder of radius r. The magnetic

field at any point inside the cylinder at a distance x from the

axis of the cylinder is

Mol KoL
@ o ® 5 ©

Two particles X and Y having equal charge, after being
accelerated through the same potential difference enter a
region of uniform magnetic field and describe circular paths
ofradii R, and R, respectively. The ratio of the mass of X to
that of Y is

R, R, )
@ 4R, ® R,
2
R R
© (R—;J @ &

A square coil of side a carries a current I. The magnetic field
at the centre of the coil is

S -~ 5
0 B
., Q
s, #
~ .

S, ¢
S #

. %

0 #

0 -

S, -

J "' L

(d) zero

I y "“O Y
Hol V2uo!
@ 0 =
HOI d 2\/5}/101
© D @ =

Protons and a-particles of equal momenta enter a uniform
magnetic field normally. The radii of their orbits will have
the ratio.

(@ 1 (b) 2 () 05 d 4

Under the influence of a uniform magnetic field a charged
particle is moving in a circle of radius R with constant speed
v. The time period of the motion

(a) depends on both R and v

(b) 1is independent of both R and v

(c) depends on R and not v

(d) depends on v and not on R



22,

23.

24,

25.

26.

27.

28.

29.

30.

What is cyclotron frequency of an electron with an energy
of 100 e V in the earth's magnetic field of 1 x 10* weber / m?
ifits velocity is perpendicular to magnetic field?

(@ 0.7MHz (b) 2.8MHz

(c) 14MHz (d 2.1MHz

A circular loop of area 0.02 m? carrying a current of 10A, is
held with its plane perpendicular to a magnetic field
induction 0.2 T. The torque acting on the loop is

(@ 0.01Nm (b) 0.001Nm

(c) zero (d) 0.8Nm

Two thin, long, parallel wires, separated by a distance ‘d’
carry a current of ‘i’ A in the same direction. They will

(@) repel each other with a force of poiz /(2nd)
(b) attract each other with a force of poiz /(2nd)
(c) repel each other with a force of uoiz /(anz)

(d) attract each other with a force of uoiz /(anz)

A horizontal overhead powerline is at height of 4m from
the ground and carries a current of 100A from east to west.
The magnetic field directly below it on the ground is
(Mg =4m 107 TmA™)

(@) 2.5%1077 Tsouthward (b) 5 x 1070 T northward

(¢) 5x10°°Tsouthward (d) 2.5x 1077 T northward
Ifan electron describes halfa revolution in a circle of radius
rin a magnetic field B, the energy acquired by it is

(a) zero (b) %mv2
1>
(©) 1 mv (d) mrxBev

The orbital speed of electron orbiting around a nucleus in a
circular orbit of radius 50 pm is 2.2 x 10° ms~!. Then the
magnetic dipole moment of an electron is

(@ 1.6x1071°Am? (b) 5.3x102 Am?

(c) 8.8x1072Am? (d) 8.8x10726Am?

A deutron of kinetic energy 50 keV is describing a circular
orbit of radius 0.5m, in a plane perpendicular to magnetic

field B. The kinetic energy of a proton that discribes a
circular orbit of radius 0.5m in the same plane with the same

magnetic field B is

(@ 200keV (b) S50keV ~ (c) 100keV (d) 25keV

A proton and an a-particle enter a uniform magnetic field
perpendicularly with the same speed. If proton takes 25 p
second to make 5 revolutions, then the time period for the
a-particle would be

(@ SO0psec (b) 25 pusec

(c) 10psec (d) Spusec

A cell is connected between two points of a uniformly thick
circular conductor and i and i, are the currents flowing in
two parts of the circular conductor of radius a. The magnetic
field at the centre of the loop will be

(@) zero (b) Z—i(ll—lz)

©) ‘2*—0(11 +1,) @ B +1y)
a a

31.

32.

33.

34.

In fig, what is the magnetic field induction at point O

Mol
@ 4nr

The field B at the centre of a circular coil of radius r is 7 times
that due to a long straight wire at a distance r from it, for
equal currents. Fig. shows three cases:

G

(a) (b)
in all cases the circular part has radius r and straight ones are
infinitely long. For same current the field B at the centre P in
cases 1, 2, 3 has theratio

NEBITRICE

An infinite straight conductor carrying current 2 I is split
into a loop of radius r as shown in fig. The magnetic field at
the centre of the coil is

ﬁZ(n+l) I

® 47 r

b) Ho 2(m—1) 21 L 21 L
4 r
Mo (m+D)

© Z/% A § I

(d) zero

Along wire is bent into shape ABCDE as shown in fig., with
BCD being a semicircle with centre O and radius r metre. A
current of I amp. flows through it in the direction
A — B — C— D — E. Then the magnetic induction at the
point O of the figure in vacuum is

I I
_+_
@ MOLnr 4r} A _B
! I
I I B®Oo—r—— C
(b) MO{an 4r} I
E T~ g
(€) pol/4r D
d pol/mr



35.

36.

37.

38.

39.

Three wires are situated at the same distance. A current of
1A, 2A, 3 A flows through these wires in the same direction.
What is ratio of F,/F,> where F, is force on 1 and F, on 2?

@ 7/8
(b) 1
© 98

(d) None of these 1A 2A 3A
A conducting circular loop of radius r carries a constant

current i. It is placed in a uniform magnetic field EO such

that BO is perpendicular to the plane of the loop. The

magnetic force acting on the loop is

(@) irB, (b) 2nirB,

(c) zero (d) mirB,

An electron traveling with a speed u along the positive
Xx-axis enters into a region of magnetic field where B=-B,

k (x> 0). It comes out of the region with speed v then

y1\ ®B

X —>

(@ v=uaty>0 (b) v=uaty<0

(c) v>uaty>0 (d v>uaty<O0

Awire ABCDEF is bent in the form as shown in figure. The
wire carries a current [ and is placed in a uniform magnetic
field of induction B parallel to positive Y-axis. If each side is
oflength L, the force experienced by the wire will be

x*

(a) IBL along the positive Z-direction

(b) IBL along the negative Z-direction

(c) 2IBL along the positive Z-direction

(d) 2IBL along the negative Z-direction

Four wires, each of length 2.0 m, are bent into four loops P,
Q, R and S and then suspended in a uniform magnetic field.
Ifthe same current is passed in each, then the torque will be
maximum on the loop

40.

41.

42,

43.

44.

45.

46.

@ P (b) Q

(c) R @ S

A charged particle (charge q) is moving in a circle of radius
R with uniform speed v. The associated magnetic moment p
is given by

(@) qvR?Z (b) qvR%2 (c) qvR (d) qvR2

A straight wire of diameter 0.5 mm, carrying a current of 1A
is replaced by another wire of 1mm diameter carrying the
same current. The strength of magnetic field far away is
(@) unchanged

(b) quarter ofits earlier value

(c) halfofthe earlier value

(d) twicethe earlier value

Two equal electric currents are flowing perpendicular to each
other as shown in figure. AB and CD are perpendicular to
each other and symmetrically placed with respect to the
currents. Where do we expect the resultant magnetic field

to be zero? C I B
(@) onAB

(b) onCD o) I
(¢) onboth AB & CD

(d) onboth OD & BO A D

The magnetic field (dB) due to small element (dl) at a distance

(r) from element carrying current i, is

—

dlx f}

2

(= _)
dix T
= :

_Ho.
(@) dB—4n1L

TN

b) dB=He;2
4n

Ko .2 (aix f\ Ko ( X

_ M0 =204

(C) dB_4TE1 L r2 J (d) dB 4TEIL r3 J

A 10eV electron is circulating in a plane at right angles to a

uniform field at a magnetic induction 10~% Wb/m? (= 1.0

gauss). The orbital radius of the electron is

(@ 12em (b) 16cm (¢ Ilem (d) 18cm

A coil of one turn is made of a wire of certain length and

then from the same length a coil of two turns is made. Ifthe

same current is passed in both the cases, then the ratio of

the magnetic inductions at their centres will be

@ 2:1 (b) 1:4 (c) 4:1 d 1:2

Avery long straight wire carries a current I. At the instant

=
e

el

_)
when a charge + Q at point P has velocity v , as shown,
the force on the charge is

(b) opposite to oy
(d) opposite to ox

(a) 'along oy
(c) alongox



47.

48.

49.

50.

51.

A square current carrying loop is suspended in a uniform
magnetic field acting in the plane of the loop. Ifthe force on

one arm of the loop is F , the net force on the remaining

three arms of the loop is

@ 3F (b) - F

© -3F d F

A current loop consists of two identical semicircular parts
each of radius R, one lying in the x-y plane and the other in
x-z plane. Ifthe current in the loop is i., the resultant magnetic
field due to the two semicircular parts at their common centre is

Hoi Mol
@ 7R ® %5 Hr
Ho Hof
© 2k @ 4R

A current carrying loop in the form of a right angle isosceles
triangle ABC is placed in a uniform magnetic field acting
along AB. If the magnetic force on the arm BC is F, what is
the force on the arm AC?

@ —2F A
® _F
© F
B C
d V2F

A uniform electric field and uniform magnetic field are acting
along the same direction in a certain region. Ifan electron is
projected in the region such that its velocity is pointed along
the direction of fields, then the electron

(a) will turn towards right of direction of motion
(b) speed will decrease

(c) speed will increase

(d) will turn towards left direction of motion

A square loop, carrying a steady current I, is placed in a
horizontal plane near a long straight conductor carrying a
steady current I, at a distance d from the conductor as
shown in figure. The loop will experience

L

I

(@) anetrepulsive force away from the conductor

(b) a net torque acting upward perpendicular to the
horizontal plane

(c) anettorque acting downward normal to the horizontal
plane

(d) anet attractive force towards the conductor

52.

53.

54.

55.

56.

57.

Charge q is uniformly spread on a thin ring of radius R. The
ring rotates about its axis with a uniform frequency f Hz.
The magnitude of magnetic induction at the centre of the
ring is

o9

Hoqf Ho9
® wr  ©

Hoaf
@ —- Py
2R 2nR
Two similar coils of radius R are lying concentrically with
their planes at right angles to each other. The currents
flowing in them are / and 2 [, respectively. The resultant
magnetic field induction at the centre will be

Hod
2nf R (@

(@ YL ) ol

wol Lol
2R 2R © Sx @

2R R

An alternating electric field, of frequency v, is applied across
the dees (radius = R) of a cyclotron that is being used to
accelerate protons (mass = m). The operating magnetic field
(B) used in the cyclotron and the kinetic energy (K) of the
proton beam, produced by it, are given by

(@ B=" and K=2mn?v2R?
e

®) B=2"" and K= m>nvR>
e

(©0 B= 2TV and K = 2mm2v2R2
e

d B= "MV and K = m*nvR>
e

A proton carrying 1 MeV kinetic energy is moving in a
circular path of radius R in uniform magnetic field. What
should be the energy of an a-particle to describe a circle of
sameradius in the same field?

(@) 2MeV (b) 1MeV
() 0.5MeV (d) 4MeV
A magnetic needle suspended parallel to a magnetic field
requires /3 J of work to turn it through 60°. The torque
needed to maintain the needle in this position will be

3
@ 3

@ 235 (b) 3 © 3

A current loop in a magnetic field
(@) can bein equilibrium in one orientation

(b) can be in equilibrium in two orientations, both the
equilibrium states are unstable

(c) can be in equilibrium in two orientations, one stable
while the other is unstable

(d) experiences a torque whether the field is uniform or
non-uniform in all orientations



58.

59.

60.

61.

62.

63.

64.

65.

A charged particle moves through a magnetic field in a
direction perpendicular to it. Then the

(@) velocity remains unchanged

(b) speed of the particle remains unchanged
(c) direction of the particle remains unchanged
(d) acceleration remains unchanged

Electron move at right angle to a magnetic field of 1.5 x 10~
2 tesla with speed of 6 x 107 m/s. If the specific charge of the
electronis 1.7 x 10! C/kg. The radius of circular path will be
@ 33lcm (b) 43lem
(© 13lcm d 235cm

A conducting circular loop of radius r carries a constant
current i. It is placed in a uniform magnetic field B such that
B is perpendicular to the plane of the loop. The magnetic
force acting on the loop is :

(@) irB

(c) zero

(b) 2miB
(d) mB
An infinitely long straight wire contains a uniformly
continuous current of 10A. The radius of the wire is4x 10~

2 m. The magnetic field at 2 x 10 2m from the centre of the
wire will be:

@ 0
() 5.0x107°T
A proton moving vertically downward enters a magnetic

field pointing towards north. In which direction proton will
deflect?

(a) East
(c) North

(b) 25x10°°T
(d) none of these.

(b) West
(d) South

When a charged particle moving with velocity v is subjected

to a magnetic field of induction B, the force on it is non-
zero. This implies that

(a) anglebetween v and B is necessarily 90°

(b) angle between v and B can have any value other
than 90°

(c) angle between v and B can have any value other
than zero and 180°

(d) anglebetween v and B is either zero or 180°

A coil carrying electric current is placed in uniform magnetic
field, then

(@) torqueis formed

(b) e.m.fis induced

(c) both (a) and (b) are correct
(d) none of the above

A charge moving with velocity v in X-direction is subjected
to a field of magnetic induction in negative X-direction. As
aresult, the charge will

(a) remain unaffected

66.

67.

68.

69.

70.

71.

(b) start moving in a circular path Y-Zplane
(c) retard along X-axis
(d) move along a helical path around X-axis

The magnetic field ata distance r from a long wire carrying
current iis 0.4 tesla. The magnetic field ata distance 2r is
(a) 0.2tesla (b) 0.8tesla

(¢) 0.1tesla (d 1.6tesla

A straight wire of length 0.5 metre and carrying a current of
1.2 ampere is placed in uniform magnetic field of induction 2
tesla. The magnetic field is perpendicular to the length of
the wire. The force on the wire is

(@) 24N (b) 12N

(¢) 30N (d 20N

A moving coil galvanometer has a resistance of 900 Q2. In
order to send only 10% of the main current through this
galvanometer, the resistance of the required shunt is

@ 09Q (b) 100Q (c) 405Q (d 90Q

A uniform magnetic field acts at right angles to the direction
of motion of electron. As a result, the electron moves in a
circular path of radius 2cm. If the speed of electron is
doubled, then the radius of the circular path will be

(@) 20cm (b) 0.5cm

(¢) 40cm (d 1.0cm

An electron moves in a circular orbit with a uniform speed
v. It produces a magnetic field B at the centre of the
circle. The radius of the circle is proportional to

B B
@ \E ® -
\ﬁ o ¥
© 5 @ =

The magnetic induction at a point P which is at a distance of
4 cm from a long current carrying wire is 1073 T. The field of
induction at a distance 12 cm from the current will be

(@) 3.33x10*4T (b) 111x104T
() 3x103T (d 9x1073T

Directions for Qs. (72 to 75) : Each question contains
STATEMENT-1 and STATEMENT-2. Choose the correct answer
(ONLY ONE option is correct ) from the following.

@
®)

©

@

72.

Statement -1 is false, Statement-2 is true

Statement -1 is true, Statement-2 is true; Statement -2 is a
correct explanation for Statement-1

Statement -1 is true, Statement-2 is true; Statement -2 is not
a correct explanation for Statement-1

Statement -1 is true, Statement-2 is false

Statement 1 : If the current in a solenoid is reversed in
direction while keeping the same magnitude, the magnetic
field energy stored in the solenoid decreases.

Statement 2 : Magnetic field energy density is proportional
to square of current.



73.

74.

75.

Statement 1 : Ifa charged particle is released from rest in a
region of uniform electric and magnetic fields parallel to
each other, it will move in a straight line.

Statement 2 : The electric field exerts no force on the particle
but the magnetic field does.

Statement 1 : A cyclotron cannot accelerate neutrons.
Statement 2 : Neutrons are neutral.

Statement 1 : The magnetic field at the centre of the circular
coil in the following figure due to the currents I, and I, is
ZEro.

Statement 2 : I, = [, implies that the fields due to the current
I, and I, will be balanced.

EXERCISE - 3

Exemplar Questions 5.

1.

Exemplar & Past Years NEET/AIPMT Questions

Two charged particles traverse identical helical paths in a
completely opposite sense in a uniform magnetic field

B=Bk.

(@) They have equal z-components of momenta

(b) They must have equal charges

(c) Theynecessarily represent a particle, anti-particle pair
(d) The charge to mass ratio satisfy

()6
m)/);, \m)/,

Biot-Savart law indicates that the moving electrons (velocity
v) produce a magnetic field B such that

(a) Bisperpendicular of

(b) Bisparalleltov

(c) it obeys inverse cube law

(d) it is along the line joining the electron and point of
observationt.

A current carrying circular loop of radius R is placed in the x-
yplane with centre at the origin. Half of the loop with x> 0 is
now bent so that it now lies in the y-z plane.

(@) The magnitude of magnetic moment now diminishes
(b) The magnetic moment does not change

(c) The magnitude of Bat (0, 0, z), z> R increases

(d) The magnitude of Bat (0, 0, z), z>> R is unchanged

An electron is projected with uniform velocity along the
axis of a current carrying long solenoid. Which of the
following is true?

(@) The electron will be accelerated along the axis
(b) The electron path will be circular about the axis

(c) Theelectron will experience a force at 45° to the axis and
hence execute a helical path

(d) Theelectron will continue to move with uniform velocity
along the axis of the solenoid

In a cyclotron, a charged particle

(a) undergoes acceleration all the time

(b) speeds up between the dees because of the magnetic field
(c) speeds up in a dees

(d) slows down within a dee and speeds up between dees

NEET/AIPMT (2013-2017) Questions

6.

A current loop in a magnetic field [2013]

(a) can be in equilibrium in one orientation

(b) can bein equilibrium in two orientations, both the equi-
librium states are unstable

(c) can be in equilibrium in two orientations, one stable
while the other is unstable

(d) experiences a torque whether the field is uniform or
non-uniform in all orientations

When a proton is released from rest in a room, it starts with
an initial acceleration a , towards west. When it is projected
towards north with a speed v, it moves with an initial
acceleration 3a,, towards west. The electric and magnetic
fields in the room are respectively [2013]

ma, 2ma0

west,
e VO

down

@

3may

e ey up

east, down




10.

11.

12.

A long straight wire carries a certain current and produces a

b
magnetic field of 2 x 10~ we 2er

m
of 5 cm from the wire. An electron situated at 5 cm from the
wire moves with a velocity 107 m/s towards the wire along
perpendicular to it. The force experienced by the electron

at a perpendicular distance

will be [NEET Kar. 2013]
(charge on electron =1.6 x 10719 C)
(@) Zero (b) 32N

(¢ 32x1071N  (d) 1.6x107'N

A circular coil ABCD carrying a current i is placed in a uniform
magnetic field. If the magnetic force on the segment 4B is
F, the force on the remaining segment BCDA is

[NEET Kar. 2013]
A
i
D B
C
@ F b _F
(©) 3F (d -3F

Two identical long conducting wires AOB and COD are
placed at right angle to each other, with one above other
such that ‘O’ is their common point for the two. The wires
carry I, and I, currents respectively. Point ‘P’ is lying at
distance ‘d’ from ‘O’ along a direction perpendicular to the
plane containing the wires. The magnetic field at the point

P will be : [2014]
Mo (1) Mo
20 L =01, +1

@ 2ndL12 ®) 2nd( 1+ 1)

Ho (112 % I5)1/2

Ho 2 2
(©) %(Il—lz) (d) md

An electron moving in a circular orbit of radius r makes n
rotations per second. The magnetic field produced at the

centre has magnitude: [2015]
2
(@) Zero (b) Kt ©
r
Hone K€
-~ d -
© = @ -

A wire carrying current I has the shape as shown in adjoining
figure. Linear parts of the wire are very long and parallel to
X-axis while semicircular portion of radius R is lying in Y-Z
plane. Magnetic field at point O is : [2015]

13.

14.

15.

0 Y
|
X

4n
© “:Z—;’Cl(ni—zﬁ)
(d) E:Z—ii(nh 212)

A proton and an alpha particle both enter a region of uniform
magnetic field B, moving at right angles to field B. If the
radius of circular orbits for both the particles is equal and
the kinetic energy acquired by proton is 1 MeV the energy

acquired by the alpha particle will be: [2015 RS]
(@ 0.5MeV (b) 1.5MeV
(c) 1MeV (d 4MeV

A rectangular coil of length 0.12 m and width 0.1 m having 50
turns of wire is suspended vertically in a uniform magnetic field
of strength 0.2 weber/m?. The coil carries a current of 2A. If
the plane of the coil is inclined at an angle of 30° with the
direction of the field, the torque required to keep the coil in

stable equilibrium will be : [2015 RS]
(@ 0.20Nm (b) 0.24Nm
(¢) 0.12Nm (d 0.I5Nm

A square loop ABCD carrying a current i, is placed near and
coplanar with a long straight conductor XY carrying a

current I, the net force on the loop will be : [2016]
Y B C
14 ( 1 L
X A D
— I
L2 L
—_ b L
@) 3n ®) 2n
_ d L
© 3n @ 271



16.

17.

18.

A long straight wire of radius a carries a steady current I.
The current is uniformly distributed over its cross-section.
The ratio of the magnetic fields B and B, at radial distances

% and 2a respectively, from the axis of the wire is :/2016]

1
4 2
© 1 (d 4
Along solenoid has 1000 turns. When a current of 4A flows

through it, the magnetic flux linked with each turn of the
solenoid is 4 x 10~ Wb. The self inductance of the solenoid

@ - (b)

is: [2016]
(a) 4H (b) 3H
(c) 2H (d 1H

A 250-turn rectangular coil of length 2.1 cm and width 1.25
cm carries a current of 85 pLA and subjected to magnetic field
of strength 0.85 T. Work done for rotating the coil by 180°

against the torque is [2017]

19.

(@ 455w by 23w
(© Li15W d 91w
An arrangement of three parallel straight wires placed
perpendicular to plane of paper carrying same current 'l
along the same direction is shown in fig. Magnitude of force
per unit length on the middle wire 'B' is given by  [2017]

B d C
90°
d
A
21" V2p,i?
(@) d (b) d
-2 .2
Mol Mol
d
© \/End @ 2nd



Hints & Solutions

EXERCISE -1
L.

(d) 2. @
3. (b) F=1iB 1 sin 0. This is maximum when sin 6 = 1
or0=m/72.
4 @ B:;L_0'2nnil_ﬁ'2nni2 :u_o{n_il_&}
T 4 1, 2| 1
5. (c) Ifristheradius ofthe circle,

thenL=2nr or, r= L
2n

Area= i’ = l? /4n® =17 /4%

6. (c) The point Pis lying symmetrically w.r.t. the two long
straight current carrying conductors. The magnetic
fields at P due to these current carrying conductors are
mutually perpendicular.

7 (@ r= = or, roc = for the same value of v and B.

Bq q
8 (@) r=mv/Bqissame for both.
2 mv
L N
9 (@) Bqv : Bq
. nBA

10. (a) Currentsensitivity = X
where K is constant of torsional rigidity.

1. (a)

12. (a)

13. (b) 14 (b)

15.  (b) Incyclotron, energy with which aceleration takes place
is in term of MeV.

16. (a)

17. (d)

HoNIY, 2

18. (0 By= (FJR
B R?

So, when radius is doubled, magnetic field becomes
four times.

19. (a) Toconverta galvanometer into an ammeter, one needs

to connect a low resistance in parallel so that maximum
current passes through the shunt wire and ammeter remains
protected.

20. (b) It will compress due to the force of attraction between
two adjacent coils carrying current in the same
direction.

21. (b) Magnetic force acts perpendicular to the velocity.
Hence speed remains constant.

. N . .

22. (¢) B=poNyi;B;=(ng) [7") (2i)=p,Nyi=B

= B,=B
d 1d

23. (¢) e=—¢; i=£=——¢

dt R R dt

. . 1 do
Total ch duced= |idt=|——.dt
otal charge induce _fz IR 1
o,
1 1
= — d = — —
R£¢R®2w
24. (b) Energyis stored in magnetic field.
25. (b) Teslais theunit of magnetic field.

EXERCISE -2

1. (d) Thestraight part will not contribute magnetic field at the
centre of the semicircle because every element of the
straight part will be 0° or 180° with the line joining the
centre and the element

o L i
Due to circular portion, the field is 22 4r

Hence total field at O = %tesla
r

B= ﬁ@ where
T r

-19
i:%:—2x1.6;10 —1.6x1077 A

C i pex16x107"

2r 2x0.8
B =pnl =4nx107 x10x5 =2nx 107 T.
m v’ mv  (9x107)x10°

orB= = —
rq 01x(1.6x107")

1w, x107° T

3. @)

Bqv =

=55x107T

E, :%mv2 or mv = m and
Y

r=—=
Bq  Bq
(d) Bqv=mv?/r orq/m=v/rB.
(b) F= 1/Bsin 6 =3 x0.40 x (500 x 10~%) x sin 30°
=3x1072N.

Bqr  4.5x107 x1.6x10™" x2x107

8. d) v=
@ m 9.1x10~
=1.58x10"m/s
2i 2i 4 .
9. (¢ B=tr =2 P th _Fel4q )
4m(r/2) 4p(r/2) 4nmr
4
=P 2s_ns5 =t
4t 5 271
10 () E=vB=2x10°x1.5=3x10°V/m.
I
1. (@) IncoilA, B=H0 2™ . Boc—.

41 R ' R’



12. (¢)
13. (b)
14. (¢

15 (a)
16. (d)
17. (@)
18. (¢
19. (@@
20. (b)
21. (b)
22. (b)
24. (b)

B _L Ry 2

Hence, B, R, I, 2

Torque on loop t=nlIAB cos 6; Here 6 =90°
~1=0.

-7
F:HO 21112Xf 210 X2X10X2X2:8X10_5N
4t r 0.1
gotol O _MolO
2r 2m  4mr

No magnetic force acts on the electron and force due
to electric field will act opposite to its initial direction
of motion. Hence its velocity decreases in magnitude.
Since no current is enclosed inside the hollow

conductor. Hence B, ;. = 0.

2mV

1
1'=_
BY ¢

Rl_ my

R2 my

2
_omy (&j
my R2

B, . =4B

total

I
Btotal = 4M—Oa‘:Sln% + sin g:l
275()

side

2

2\/5“01

arn

Biotal =

oMV P h 4y _2e_ 2
gB gB Iy qp ¢ 1

In a uniform magnetic field, a charged particle is moving
in a circle of radius R with constant speed v.

2
S v o RV
R Bq

Time period, T = 2R = 2mmy = mm #)
v Bqv Bq

Time period T does not depend on both R and v

because when v is changed, R is also changed

proportionately and for period, it is R/v that is taken.
23. (¢

25.

26.

27.

28.

29.

30.

©

@)

©

©

©

@

Hoipiy _ Mo’
2nd 2nd

(attractive as current is in the same direction)
The magnetic field is

F
‘

According toright hand palm rule, the magnetic field is
directed towards south.

Since magnetic force is always perpendicular to the
velocity of electron, so it can only change the direction
of velocity of electron, but it (the magnetic force) cannot
accelerate or deaccelerate the electron.

Magnetic dipole moment
m:iA:%xnrz— ¢ 2=V

B (2mr/v) 2

_1.6x107"7 x50x107"2 x2.2x10°
- 2

=8.8x1072*Am?.

v2myE
So Tdeutron :B—q;

For same radius, B and q

- lZmpEp

T =
roton
p B q

my 2
mpEp:ded = Ep :m—Ed ZTXS():lOOkeV

p

Time taken by proton to make one revolution

25
=—=15u sec.

5 n
As T= an; so &:&x&

qB T, m q
S5x4
or T, :Tlmzﬂxi: 10 psec.
m; q; my 2q

Let £, £, be the lengths of the two parts PRQ and PSQ of
the conductor and p be the resistance per unit length of
the conductor. The resistance of the portion PRQ will be
R, =¢p

1 1




31

32.

33.

34.

©
M)
(ii)

The resistance of the portion PSQ will be R, = £, p
Pot. diff. acrossPand Q=1, R, =1, R,
orly £, p=Lt,porl {=1,4, (D
Magnetic field induction at the centre O due to currents
through circular conductors PRQ and PSQ will be
~B,-B, - Lo L4, si2n90° b L4, sin90° _0

47 T 4 r
B at O will be due to the following portions
Vertical straight portion. This is zero.
Circular portion. This is given by

B _1Hol_pol
circular — 29 - 4r

(iii) Straight horizontal portion. This is given by

(@)

(d

(@)

_ Mol
Bstraight - Anr
i 1
b=t

For case (a) magnetic field due to straight portions is
cancelled & the magnetic field due to semi circular arc
of radiusrat P is

B, = Ho IXT (Kol ) o
4t r 4mr
It is in upward direction & we take upward direction
negative, So B, = ol Iz
4mr

For case (b) Due to straight portion the magnetic field
is zero so the magnetic field due to semi circular arc is

= i . — .
B, = [Z" j x 1 (in down wards direction so+ive sign)
nr

For case (c) Magnetic field due to straight portion is

—_Ho1 (upward direction)
dnr

Magnetic field due to circular arc which substand an
angle 3n/2 at centre is

4nr

a2 ()
4nr 2

= (Ej X 3775 (down ward direction)

(352

Here, the wire does not produce any magnetic field at O
because the conductor lies on the line of O. Also, the
loop does not produce magnetic field at O.

21 I
B=h‘:1+n_l+l:|ﬁ[—+n—:|
4xlr r r|é4mlr T

35.

36.

37.

38
39.

41.

42.

43.

(@)
©

(b)

@)
(d

(d

@)

(@)

(d

(b)
(b)

(The direction of B is into the page.)

Due to flow of current in same direction at adjacent
side, an attractive magnetic force will be produced.
The magnetic field is perpendicular to the plane ofthe
paper. Let us consider two diametrically opposite
elements. By Fleming's Left hand rule on element AB
the direction of force will be Leftwards and the
magnitude will be

dF =1d1 B sin 90° =1dIB

XX XX X XX

XX XX X XX

On element CD, the direction of force will be towards
right on the plane of the papper and the magnitude will
be dF =1dIB.

From Lorentz equation

F=—cuix By (-k) = —euBoj
hence it will complete a semicircular arc and comes out
of the region at a position y, such that y <0

For a given perimeter the area of circle is maximum. So
magnetic moment of (S) is greatest.
Magnetic moment p =IA

2nR

Since T = ——
v

Also, e
T

2R
(2| (e2) 2R
‘ 2nR 2
[Hint = B = Lo , where r is distance of point from the

nr
wire, where we want to calculate the magnetic field. It is
clear from expression that B is independent of thickness
of wire. ]

The direction of the magnetic field due to a current is
given by right hand curled fingers rule. Therefore at
AB axis, the components of magnetic field will cancel
each other and the resultant magnetic field will be zero
on AB.

2
. mv
[Hint =
r

Let ¢ be length of wire

=qvB .



L
Istcase: (=2nr => 1r=—
2

g bl _ ol
2nr l

2nd Case: £ =2Q2mr') = r' = 41

T
I 2ppl
g = Mol _ <Kol (wheren=2)
l £l
2n— =
4n 2

, Mol
on putting the value of B= B’ = 4(7} =4B

The direction of B is along (_1/<\)

.. The magnetic force

F = Q(vx B) = Q(vi)x B(~k) = QvBj

= along OY.

The force on the two arms parallel to the field is zero.

AF
O’ ~
. L
B
©
=2
. Force on remaining arms =— F’ -

Magnetic fields due to the two
parts at their common centre are
respectively,

B - M Mol
Y 4R 4R

Resultant field = , [B)z, +B?

2
N 2 . ; ;
e ey
(4R 4R 4R 2V2R
Let a current i be flowing in the loop ABC in the

direction shown in the figure. If the length of each of
the sides AB and BC be x then

|F|=ixB

and B, =

A

B C

Direction of
magnetic field

where B is the magnitude of the magnetic force.

The direction of F will be in the direction perpendicular
to the plane of the paper and going into it.
By Pythagorus theorem,

AC=xZ+x% =2x

.. Magnitude of forceon AC=1i v2 x Bsin45°

1 -
=iv2xBx— =ixB=|F
NG |F]
The direction of the force on AC is perpendicular to
the plane ofthe paper and going out of it. Hence, force

on AC = —F
50. (b) Vand B are in same direction so that magnetic force

on electron becomes zero, only electric force acts. But

force on electron due to electric field is opposite to the

direction of velocity.

[
51, >
@ 3
1
Fy— —F,
4&
F,

F,>F,as Fo %, and F; and F,, are equal and opposite.

Hence, the net attraction force will be towards the

conductor.
52.  (a) Magnetic field at the centre of the ring is

Hoaf
2R
53. (@
B,

The magnetic field, due the coil, carrying current /
Ampere

_ Mol
2R

The magnetic field due to the coil, carrying current 2/
Ampere

B, = Ho(2)
2R
The resultant B

B,



Bnet = \/Bl2 + B22 + ZBIBZ COS e, 0=90°

[ 21
Byer = Blz'i'Bzz:MO( )\/1+ =\/§MO[

2R 2R
Time period of cyclotron is

pol Zmm.op dmm g MV _ P
v eB’ T ¢ eB eB
21Tmo
= P=eBR=eX R=2nmuR
2 2
2 R
KE.= p_:wzznzmosz

2m 2m
According to the principal of circular motion in a
magnetic field

but
Thus K=K'=1MeV
According to work energy theorem

W=Ugpa1 = Uinitial = MB (cos 0 — cos 60°)
MB

T=M x B =MBsin60° = (Mj (i)
2

From equation (i) and (ii)

T_2\/§x\/§=
2

A current loop in a magnetic field is in equilibrium in
two orientations one is stable and another unstable.

T =MxB =MBsin0
I[f0=0°= 1 =0 (stable)
If 0 =1 = t=0 (unstable)

3]

@/\/\o
[ \
\ /N

Do not experience a torque in some orientations
Hence option (c) is correct.

58.

59.

60.

61.

62.

63.

65.

66.

67.
68.

69.

70.

71.

72.

(b)
(d

©

(®)

(@

(©)

@)

@)

@)

(b)
(b)

©

(d

@)

(@)

Magnetic force acts perpendicular to the velocity. Hence
speed remains constant.
B=15x102T,0=90°sin0 =1

c
v==6x 107 m/s, P 1.7 x 10'! C/kg

my 6x10’

T Be 15x102x1.7x10"
=2.35x10?m=2.35cm

The force on each point on loop is radially outward and so

net force = 0

. -2
B=Mo ' _5x1077 XIOXLOZ
21 R? (4x10-2)
=25x107°T

Proton will represent the direction of current, so the direction
of current is vertically downward. By Fleming's left hand
rule, force acting on the proton in east direction.

As F= qvﬁ sin 0
F is zero for sin 0° or sin 180° and is non-zero for angle

between V and B any value other than zero and 180°.
A current carrying coil has magnetic dipole moment.

Hence, a torque P, X B actsonitin magnetic field.
The force acting on a charged particle in magnetic field
is given by

F =q(¥xB)or F=qvBsin#,

When angle between v and B is 180°,

F=0

) 1
B:M or Boc—
s r

When r is doubled, the magnetic field becomes half,
i.e., now the magnetic field will be 0.2 T.
F=Bi/=2x12x0.5=12N

[, =0.1L I =091;S=1, R, /I
=0.1x900/0.9 =100

my
Fr=—— 0orroy

qB
As v is doubled, the radius also becomes double.
Hence, radius=2 x2=4cm

mv A%
r:q_B =roe g
1
B:ML:BOCL
2nr r

As the distance is increased to three times, the magnetic
induction reduces to one third. Hence,

B= % x10 tesla = 3.33x10* tesla

Reversing the direction of the current reverses the
direction of the magnetic field. However, it has no effect
on the magnetic-field energy density, which is
proportional to the square of the magnitude of the
magnetic field.



73.

74.

75.

©

Due to electric field, the force is F = qE in the direction

of E. Since E is parallel to B, the particle velocity v

(acquired due to force F) is parallel to B. Hence B

will not exert any force since 3 x B = () and the motion

of the particle is not affected by B.

(b) Neutrons are neutral.

(d

I —
Lm0 o-non-0) ... 1)
L e

_ 0l _2n-6 poly
o R TP Ton TR

Using (1), we get B, =B,.

EXERCISE -3

L

N

w

(d) As we know that the uniqueness of helical path is

(@)

@)

determined by its pitch
' 2nmvcos O
P(Pitch)= Bq_

Where 0 is angle of velocity of charge particle with x-
axis

For the given pitch d correspond to charge particle, we
have

q _ 2mvcos6
m  BP
If motion is not helical, (6 =0)
As charged particles traverse identical helical paths in
a completely opposite direction in a same magnetic
field B, LHS for two particles should be same and of
opposite sign.

GRORE
m /; m/,
By Biot-Savart law

1d/sin 6 Ixd/
dB = =|—

r? r

= constant

In Biot-Savat’s law, magnetic field B|idl X r and idl due
to flow of electron is in opposite direction of v and by
direction of cross product of two vectors
BLlV

So, the magnetic field is L to the direction of flow of
charge.

As the direction of magnetic moment of circular loop
of radius R placed in the x-y plane is along z-direction
and given by M = I (nr?), when half of the loop with x >

(d

(@)

@

(i)

0 is now bent so that it now lies in the y-z plane, the
magnitudes of magnetic field moment of each
semicircular loop of radius R lie in the x-y plane and the
y-z plane is M' = I(nr?)/4 and the direction of magnetic
field moments are along z-directlon and x-direction
respectively.

Then resultant is :

M= VM2 M2 =2 M =21(nr?) /4
So, M, ., <M or M diminishes.

Hence, the magnitude of magnetic moment is now
diminishes.
Magnetic Lorentz force :

F=qVBsin 6
Magnetic Lorentz force electron is projected with
uniform velocity along the axis of a current carrying
long solenoid F =—qvB sin 180° = 0(0 = 0°) as magnetic
field and velocity are parallel and electric field is zero (E
= 0) due to this magnetic field (B) perpendicular to the
direction of motion (V). So it will not affect the velocity
of moving charge particle. So the electron will continue
to move with uniform velocity along the axis of the
solenoid
There is crossed electric and magnetic field between
dees so the charged particle accelerates by electric field
between dees towards other dees.
So, the charged particle undergoes acceleration as
speeds up between the dees because of the oscillating
electric field.
speed remain the same inside the dees because of the
magnetic field but direction undergoes change
continuously.
Hence, the charge particle accelerates inside and
between Dees always.

NEET/AIPMT (2013-2017) Questions

6.

©

A current loop in a magnetic field is in equilibrium in

two orientations one is stable and another unstable.
T = MxB =M B sin 0

If0=0° = 1 =0 (stable)

If 0 =1 = t=0 (unstable)

@/\/\o
\
\ J\

Do not experience a torque in some orientations
Hence option (c) is correct.



7.

10.

11.

(@)

©

(b)

(d

©

W. E

S

When moves with an acceleration a,, towards west,
electric field
F
E = — =
q
When moves with an acceleration 3a,, towards east,
magnetic field

ma
— (West)
e

2ma
B= —-2

(downward)

€Vp
Given:
Magnetic field B=2 x 10~* weber/m?
Velocity of electron, v=107 m/s
Lorentz force F'=gvB sin 6
=1.6x10719x 107 x2 x 1074 (- 6=90°)
=32x10716N

Here, ﬁAB -‘rﬁBCDA :6

= Fpcpy =—Fyp =—F

(- Fyp=F)

Net magnetic field, B= 1/Blz + B%

2 2
_ [ Boli + Moy, '.'Blzuo—llande=m
2nd 2ntd 2nd 2nd

Radius of circular orbit=r
No. of rotations per second =n

e, T=—
n

Magnetic field at its centre, B, =?
As we know, current

e e

T _(1 /1) =en = equivalent current
Magnetic field at the centre of circular orbit,

B, = Hol _ Mone
2r 2r

12.

13.

14.

(b) Magnetic field due to segment ‘1’

o IJ'OI : o . o T

B, = sin90° + sin 0°] (-k
1 4nR[ 1(=k)
Sl L0 QS

= k)|=B
4nR ( ) :

Magnetic field due to segment 2

-1 (1)- S22 )

9/0

X
. B atcentre
B =B+ By + By = o (i + 2]
= = i + 2k
Bc=Bi+B2 +B3 47R
2

3

(¢) Asweknow, F=qvB= TV

mv _ y2m(kE)

qB qB
2

Since R is same so, KE o a4

m
Therefore KE of a particle

(a) Here, number of turns of coil, N =50
Current through the coil [=2A
Area A=1xb=0.12x0.1m?

Magnetic field B = 0.2 @/m?

Torque required to keep the coil in stable equilibrium.

'c:MxB:MBSiH6OO:NiABSin6OO

B

=50x2x0.12x0.1x0.2x ER

=12+/3x1072=0.20784 Nm



15. (a) Thedirection of current in conductor 17.  (d) Here, number of turns n = 100; current through the

A% T F.. solenoid i = 4A; flux linked with each turn =4 x 1073
B__1y C Wb
Fus ifcn . :
«—. N7 .. Total flux linked, and total
I ! % = 1000[4 x 10-3]=4 Wb
A<LI=>D O =4 = Li=4
'1': = L=1H
XY and AB is same " 18.  (d) Work done, W = MB(cos0,—cos0,)
F,g=1/B (attractive) When it is rotated by angle 180° then
. W =MB (cos0°—cos 180°)=MB (1 +1)
Hol Holl
— === W=2MB
Ap =10 2“(2j W=2(NIA)B

. . =2x250%x85x 1079[1.25x2.1 x 104]x 85 x 102
BC Opposite to F oy,

Fe (M and Fyp () —otw
— cancels each other 19. (c¢) Forceperunit length between two parallel current car-

Fop =i/B (repulsive) rying conductors,

. uol Uoil Hoipip
F..=iL)—-9 _ =0 ==
op =i )2 (3Lj(_>) - (=) F=—
xl 2=
2 Since same current flowing through both the wires

Therefore the net force on the loop

Foet =Fap T Fpc T Fep T Fap

li:12:1

. . . .2
1 I 2p.1l
= Bt Bol_ZHo soF, =20 _F,
net T 3n 3n 1

o2nd
16. (c) For points inside the wirei.e., (r <R)

polr F,[due to wire A]

2nR?
For points outside the wire (r > R)

Magnetic field B=

Magnetic field, B — 200 F,[due to wire C]
gnetcfield 2nR . . |
.. Magnitude of force per unit length on the middle
Hol(a/2) wire'B'
2
B _2ma” _ 4 L2
Bk Fu= VB2 +F2 = J2nd

21t(2a)



