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CHAPTER

MAGNETIC EFFECT OF
CURRENT AND MAGNETISM

Magnetic lines of force convey a far better and purer idea than the
phrase magnetic current or magnetic flood: it avoids the assumption
of a current or of two currents and also of fluids or a fluid, yet conveys
a full and useful pictorial idea to the mind.

“MICHAELFARADAY”

INTRODUCTION

M

agnets are familiar objects. The word magnetism is derived from the province of
Magnesia where the ancient Greek mine magnetic, also known as lodestone, a mineral
composed of iron oxide which attracts iron.

If you ask the average person what “magnetism” is, you will probably be told about
the magnets those are used to hold notes on refrigerator door, or keeping paper clips
in a holder or may be about lead stone (naturally occurring magnet).

Scholars still dispute about the origin of magnetism. It is believed that magnetism
was originally used, not for navigation, but for geomancy (“foresight by earth”) and
fortune-telling by the Chinese. Chinese fortune tellers used lodestones to construct
their fortune telling boards.

From Chinese text, it is known that magnetic compass (used for navigational purpose)
is an old Chinese invention. An old Indian literature dates it to as back as 4th century.
The compass was used in India was known as the matsya yantra, because of the
placement of a metallic fish in a cup of oil.
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(ii) “* FLV .. power due to magnetic force on a charged particle is zero. (use the formula of power
P=E.y for its proof).

(iii) Sincethe F 1 B sowork done by magnetic force is zero in every part of the motion. The magnetic force

cannot increase or decrease the speed (or kinetic energy) of a charged particle. Its can only change the
direction of velocity.
(iv) On a stationary charged particle, magnetic force is zero.

(\Y) If V Il B, then also magnetic force on charged particle is zero. It moves along a straight line if only

magnetic field is acting. y

Ex. A charged particle of mass 5 mg and charge q =+2uC has velocity v = 2i — 3] + 4k . Find out the magnetic force on

the charged particle and its acceleration at this instant due to magnetic field B= 3] —2k. v and B arein m/sand

Wb/m? respectively.
Sol.  F=qixB=2x10°(2]-3]x4k)x (3j-2k) =2x10°[-6] +4] +6K N

2x107°

N = l—: _ = ~ " SN < " " 2
ByNewtonsLawa—m 55106 (-6i+4j+6k) =0.8(-3i+2j+3k)m/s

Motion of charged particles under the effect of magnetic force
° Particle released if v=0 then f =0

.. particle will remain at rest
o V|| B here ®=0or 6 = 180°
~F =0 .a=0 -V = const.
.. particle will move in a straight line with constant velocity

° Initial velocity u L B and B = uniform

In this case . B is in z direction so the magnetic force in z-direction will be zero ( li: L é)

Now there is no initial velocity in z-direction.
particle will always move in xy plane.

velocity vector is always | B .. F_ = quB = constant
u2 mu
Now  quB= —— = R = — = constant.
R aB

The particle moves in a curved path whose radius of curvature is same every where, such curve in a
plane is only a circle.

path of the particle is circular.

_mu_p yomk

R=8 "B~ B
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM
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A static charge produced only electric field and only electric field can exert a force on it. Amoving charge produced
both electric field and magnetic field can exert force on it. A current carrying conductor produces only magnetic field
and only magnetic field can exert a force on it.

Magnetic charge (i.e. current), produces a magnetic field. It can not produce electric field as net charge on a current
carrying conductor is zero. A magnetic field is detected by its action current carrying conductors (or moving
charges) and magnetic needles (compass). The vector quantity B known as MAGNETIC INDUCTION is introduced
to characterise a magnetic field. It is a vector quantity which may be defined is term of the force it produces on
electric currents. Lines of magnetic induction may be drawn in the same way as lines of electric field. The number of

line per unit area crossing a small area perpendicular to the direction of the induction bring numerically equal to B.
The number of lines of B crossing a given area is referred to as the magnetic flux linked with that area. For this

reason R isalso called magnetic flux density.

Magnetic Induction Produced by a Current (Biot-Savart Law) :

The magnetic induction dB produced by an element d/ carrying a current I are a distance r is given by :

: _ I(dext
4B = Mot Id¢ s;nO — gB = Mot ( : ) (
47 r 4 r

here the quantity [d¢ is called as current element strength.

[ =permeability of the medium = pyp,

1, = permeability of free space
n, =relative permeability of the medium (Dimensionless quantity).
Unitof p, & 1 isNAZor Hmn;

Yy, =4nx10"Hm™'

Magnetic Induction Due to a Moving Charge :

_ Heqvsin®

2

dB
P 4nr

ﬁq(f}xf')
4 1

In vector form it can be written as TE =

Magnetic Induction Due to a Current Carrying Straight Conductor

Magnetic induction due to a current carrying straight wire

ol

gt (cos®, +cosb,)=

e IR (sina, +sina., )
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

Ex.1

Sol.

Ex.2

SOLVED EXAMPLE

There are constant electric field EO} & magnetic

field Bk present between plates P and P'. A particle
of mass m is projected from plate P' along y axis
with velocity v . After moving on the curved path,
it passes through point A just grazing the plate P
with velocity v,. The magnitude of impulse

(ie. FAt =

the motion of particle from origin to point A is :—

Ap ) provided by magnetic force during

(A)mlv,—v,|

(B) myv: +v;
(C)my, (D)mv,
Electric force is only responsible for the change in

momentum along y—axis. Therefore impulse provide
by magnetic forceis J, = mv,.

Currenti=2.5 A flows along the circle x*+ y*=9 cm?

(herex & yin cm) as shown. Magnetic field at point
(0,0,4 cm)is

an
N

(A) (36mx107T)k
(

&)

P

®)(36nx107T)

i
)

Orn _
©) (? 10
Orn _
D) (? 10T

Sol. Magnetic field on the axis of a circular loop

Z(ﬁjx 2miR?
47[ (Rz +Z2)3/2
2mx2.5%x3*x10* «

=107 x
125%107°

= @_’;xlo Tjk =(36nx107T)k

Ex.3 Three identical charge particles A, B and C are
projected perpendicular to the uniform magnetic
field with velocities v,, v,and v, (v, < v, <v,)
respectively such that T, T,and T, are their
respective time period of revolution and r,randr,

are respective radii of circular path described. Then

I

(A) _>_ > T, (B)T, <T,<T,
L, T,
(C)_<_2<T_3 D)r,=r,=r,
2mm mv r
Sol. T= B &r= B :?ocv

Ex4 Two cylindrical straight and very long non magnetic
conductors A and B, insulated from each other,
carry a current I in the positive and the negative z—
direction respectively. The direction of magnetic
field at origin is

(A) 4

©)]

Sol.

182
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Exercise # 1 [

v/ A

1. A length L of wire carries a steady current /. It is
bent first to form a circular plane coil of one turn.
The same length is now bent more sharply to give
a double loop of smaller radius. The magnetic field
at the centre caused by the same current is

(A) A quarter of its first value
(B) Unaltered

(C) Four times of its first value
(D) A half of its first value

2. A vertical straight conductor carries a current
vertically upwards. A point P lies to the east of it at
a small distance and another point Q lies to the
west at the same distance. The magnetic field at P
is

(A) Greater than at O
(B) Sameas at O
(C) Lessthan at Q

(D) Greater or less than at Q depending upon the
strength of the current

3. Ifa copper rod carries a direct current, the magnetic
field associated with the current will be

(A) Only inside the rod

(B) Only outside the rod

(C) Both inside and outside the rod
(D) Neither inside nor outside the rod

4. Ifalong hollow copper pipe carries a direct current,
the magnetic field associated with the current will
be

(A) Only inside the pipe

(B) Only outside the pipe

(C) Neither inside nor outside the pipe
(D) Both inside and outside the pipe

5. The magnetic field ;3 due to a small current

element 4/ ata distance » and element carrying

current  is, or Vector form of Biot-savart’s law is

= U dl xr = Uy dl xr
(A) dB—ﬁl( " J(B) dB—ﬁl (T

188 etoosindia.com

A charge g coulomb moves in a circle at n
revolutions per second and the radius of the circle
is r metre. Then magnetic field at the centre of the
circle is

2 _

(A) n—”rqxw " Nlamp/metre
2mq -7

(B) TX 107" Nlamp/metre
2mq -7

©) Tx 107" Nlamp/metre
27q

(D) - Nlamp/metre

An infinitely long straight conductor is bent into
the shape as shown in the figure. It carries a current
of i ampere and the radius of the circular loop is »
metre. Then the magnetic induction at its centre
will be

A) f—;%(ml)

Ho 2
B) 4 r

(C) Zero
(D) Infinite

A current i ampere flows in a circular arc of wire
whose radius is R, which subtend an angle 37 /2
radian at its centre. The magnetic induction B at
the centre is

i i
) 2 ®) 22
2yl 3uoi
© = ) 2
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Exercise # 2 [

1.

194

/ A

Two concentric coils each of radius equal to 2w
cm are placed at right angles to each other. 3A and
4A are the currents flowing in each coil
respectively. The magnetic induction in Wb/m?at
the centre of the coils will be : —

(u, = 4m x 107 Wb/Am)
(A)12x10°° (B)10°
(C)5x 107 (D)7 x 107

An infinitely long straight conductor is bent into
the shape as shown in figure. It carries a current I
ampere and the radius of the circular loop is r meter.
Then the magnetic induction at the centre of the
circular part is :—

(A) Zero (B)owo
My 21 My 20
(©) = =(mr1) D) = —(r-1)

A steady current is set up in a cubic network
composed of wires of equal resistance and length
d as shown in figure. What is the magnetic field
at the centre P due to the cubic network ?

F_|i C
A
EL P F
H G
| FAY
II ur
(a) o 21 (B) Yo 31
4n d 41 \d
K, 8wl
)0 D) — —
© ( )47t 1

If the intensity of magnetic field at a point on the
axis of current coil is half of that at the centre of the
coil, then the distance of that point from the centre
of the coil will be :—

R
A) — B)R
()2 (B)

(©) % (D)0.766R

etoosindia.com

All straight wires are very long. Both AB and CD
are arcs of the same circle, both subtending right
angles at the centre O. Then the magnetic field
at O is—

A A
."'\ -'lll
R
E.D‘Eﬁilc -ti o
Ya, 1
o
B o
i i
(A) Kol (B) Ho \/5
47R 4R
Kol Hol
C D) —(m+1
( )27ER ( )2nR( )

A circular current loop of radius a is placed in a
radial field B as shown. The net force acting on
the loop is

S
b
(A) zero (B) 2nBalcos6
(C) 2malBsin® (D) None

A conductor PQ carries a current 'i' is placed
perpendicular to a long conductor XY carrying a
current I. The direction of force on PQ will be :—

Y
P i Q

I —

X

(A) towards right
(B) towards left
(C) upwards

(D) downwards

Study with Best Etoos Faculties of Kota
IIT-JEE | PRE-MEDICAL | CBSE | FOUNDATION



PHYSICS FOR NEET & AIIMS

Exercise 73

1. A beam consisting of four types of ions A, B, C and D enters a region that contains a uniform magnetic field
as shown. The field is perpendicular to the plane of the paper, but its precise direction is not given.

Region containing _ MASS CHARGE
Magnetic field
A 2m €
B 4m —
4 /2 1 3 C 2m —e
——r D m +e
= I, [ =
lonbeam ., =r,>r
4 3 1

All ions in the beam travel with the same speed. The table below gives the masses and charges of the ions.
The ions fall at different positions 1, 2, 3 and 4, as shown. Correctly match the ions with respective falling

positions.
Table—1 Table—I1
A A ®) 1
(B) B Q) 2
© C ®) 3
(D) D S) 4
2. A charged particle is moving in a circular path in uniform magnetic field. Match the following :
Table-1 Table-II
(A) Equivalent current due to motion of charge particle (P) is proportional to v
(B) Magnetic moment (Q) is proportional to v?
(C) Magnetic field at centre of circle due to motion of (R) is proportional to v’
charged particle (S) None
3. A circular current carrying loop is placed in x—y plane as shown in figure. A uniform magnetic field B= Bol; is

present in the region. Match the following :

e
N

Table—1 Table-II
(A) Magnetic moment of the loop (P) zero
(B) Torque on the loop (Q) maximum
(C) Potential energy of the loop (R) along positive z—axis
(D) Equilibrium of the loop (S) stable
(T) None
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Exercise # 4 /

210

/-

7

MAGNETICEFFECT OF CURRENT

Two wires are held perpendicular to the plane of
paper and are 5 m apart. They carry currents of 2.5 A
and 5 A in same direction. Then, the magnetic field
strength (B) at a point midway between the wires

will be [CBSE AIPMT 2001]
Ho Ho
—T —T
(A) 47 (B) 21
3, 3,
—T —T
© 21 (D) 47

Current is flowing in a coil of area A and number of
turns N, then magnetic moment of the coil, M is

equal to [CBSE AIPMT 2001]
A)NIA B &
A) B) A
N .
© JA (D) N2Ai

A charged particle of charge q and mass m enters
perpendicularly in a magnetic field B Kinetic energy
of the particle is E, then frequency of rotation is

[CBSE AIPMT 2001]
a8 B
(A) mm (B) 2mm
gqBE gqB
© 2ntm (D) 2nE

The magnetic field of a given length of wire carrying
a current for a single turn circular coil at centre is B,
then its value for two turns for the same wire when
same current passing through it is

[CBSE AIPMT 2002]
A2 B) 2
O (B)
(C)2B (D)4B

A charge q moves in a region where electric field E
and magnetic field B both exist, then the force on it

is [CBSE AIPMT 2002]
(A)q(vxB) (B)qE+q(vxB)
(©)gB+q(Bxv) (D)qB+q(Exv)

10.

etoosindia.com

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

[CBSE AIPMT 2003]
(A) acceleration remains unchanged
(B) velocity remains unchanged
(C) speed of the particle remains unchanged
(D) direction ofthe particle remains unchanged

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

[CBSE AIPMT 2003]
(A)2B (B)4B

B
©) 5 (D)B

A coil in the shape of an equilateral triangle of side
[ is suspended between the pole pieces of a
permanent magnet such that B is in plane of the
coil. If due to a current i in the triangle a torque ©
acts on it, the side / of the triangle is

[CBSE AIPMT 2005]
2 ()" 2(
o3 w36
v )’ 1 =
© Z[E) D) 3 Bi

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 [CBSE AIPMT 2005]

B A
A) ®) 3

B
A% B
©) \E (D) \E

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) angle between 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) angle between v and B is either zero or 180°
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Qs
STRAIGHT OBJECTIVE TYPE

The negatively and uniformly charged nonconducting disc as shown in the figure is rotated clockwise with
great angular speed. The direction of the magnetic field at point A in the plane of the disc is

/’

oA

(A) into the page (B) out of the page (C) up the page (D) down the page
A particle is moving with velocity v = i+ 33' and it produces an electric field at a point given by E = 2k . It
will produce magnetic field at that point equal to (all quantities are in S.I. units)

61 - 21 61+2]
(B) > (C) zero

(A)
(D) can not be determined from the given data

Two observers moving with different velocities see that a point charge produces same magnetic field at the

same point A . Their relative velocity must be parallel to T, where T is the position vector of point A with
respect to point charge. This statement is :

(A) true
(B) false
(C) nothing can be said

(D) true only if the charge is moving perpendicular to the T

In the figure shown ABCDEF A was a square loop of side £, but is folded in two equal parts so that half of it lies
in xz plane and the other halflies in the yz plane. The origin'O' is centre of the frame also. The loop carries current
"1". The magnetic field at the centre is:

Wl iy

2«/571
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