O Magnetic Effect of Current

o I

Facts that Matter

e In 1820 Oersted observed that when a magnetic compass is placed near to a current
carrying conductor, it deflects which indicates that a current carrying conductor produces
a magnetic field in the space surrounding it. He also discovered that when a conductor
carrying in the direction south to north is placed over a magnetic compass, the needle of
the compass deflects towards west. It is also known as ‘SNOW’ rule.

e The SI. unit of magnetic field intensity or magnetic induction flux density is tesla or Wbm~=.

e Biot-Savart law

The law states that the magnetic field (dB) due to a small current element of length ‘dl’ carrying
current [ is directly proportional to the strength of current, perpendicular length of the conductor
and inversely proportional to the square of the distance from the current element to the point where
magnetic field is determined as shown in Fig. 4.1.

dB o< I
o< dl sin ©
w L
2
Idl si
or dB o< #9
’
_ &Idlsine
or dB = a2 Fig. 4.1

where 0 is the angle between line joining the point and current element and u, is magnetic
permeability of free space.

e In vector form, T
dl %
- Idix r
B = 2o = Direction of
4n |7 |3 magnetic
field
e Magnetic field is a vector quantity and its direction can be ®©=
determined by any one of the rule |
(i) Right hand thumb rule. If a current carrying conductor is hold -
in right hand keeping the thumb in the direction of current, then Fingers
curl of the fingers will represent the magnetic field lines and
tangent drawn at a point on magnetic field line indicates the

direction of magnetic field (Fig. 4.2). Fig. 4.2
214



(i)) Right hand screw rule. If we advance a screw by right
hand in the direction of current, the grip of fingers rotating
will represent the magnetic field lines and the tangent on
field indicates the direction of field (Fig. 4.3).

Right hand palm rule. When we stretch the palm of our
right hand keeping the thumb perpendicular to the fingers
and if current is in direction of thumb fingers point
towards the point where the direction of magnetic field
is to be determined (Fig. 4.3).

e The direction field inward to the plane is represented by
‘X" and outward of the plane is represented by ‘e’.

(i)

e Magnetic field due to circular loop at its centre

Grip of th
fingers

Direction
of current

Direction of
magnetic
field

|

Screw

Let there be a circular loop of radius R carrying current I. The magnetic field at the centre of the
oP

loop due to small element of length ‘dl’,

Woldl sin 90°

dB =
47R>

(applying Biot-Savart law)
The net magnetic field at the centre,

I
B=—4M(;{2Jdl

TC
Mol 5o
N 4nR2(n)

Mol

B = 0

or 2nR

The SI unit of magnetic field is tesla.

e For clockwise current the direction of magnetic field will be
inward the plane of loop and for anticlockwise current
direction of field will be outward the plane.

e Magnetic field due to circular loop at axial point

Direction of
magnetic field

d!

Fig. 4.5

Let there be a circular loop of radius R, carrying current I and an axial point P at the distance of
x from its centre where magnetic field is to be determined. (Fig. 4.6). The magnetic field due to a

small element of length ‘dl’ at point P,

|
_Nd - dB cos ¢

Fig. 4.6
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Woldl sin 90°

T 4n(R? +x?)

Woldl
4m(R? + x?)

dB can be resolved in two rectangular components. The components dB cos ¢ due counter part of
the loop cancel each other, hence field due to ‘dl’ at P

The net magnetic field at point P,

B =

e The variation of magnetic field due to circular loop
with the distance from its centre can be shown as

given in Fig. 4.7.

® Ampere’s circuital law

According to Ampere’s circuital law, the line integral of the magnetic

field B around any closed circuit is equal to u, (permeability) times the A
total current I passing through the closed circuit or path

@B-&z -

Proof: Let us assume a straight conductor XY carrying current I from
X to Y. The magnetic field is produced around the conductor in X

concentric rings.

The magnetic field at the point P at a distance r from the conductor is

dB sin ¢
woldlsin ¢
47 (R? + x?)
uoldl R + sing= R
4:71(RZ+x2)\/Rz+x2 R? +x?

WolR dl
4n (R2 + x2)3/2

HolR
4n (R2 +x2)3/2

jdz

UoIR (2mR)
4in (R2 + x2)3/2

MOIRZ
2 (RZ + x2)3/2

@]

(N .

bl

Mo I

2mr

The direction of B at every point is along the tangent to the circle.
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Let us consider a small element 4] of the circle of radius r at P. Then the line integral of § around
the complete path of radius r is

§§zﬁ = fdelcosO

Since B and 4] are in the same direction then

6 = 0°
cos® = cos 0° =1
§B’ﬁ=§3dz “0 Idl

E}Zdl Mo 2 2nr
27: r

u, I (Ampere’s Circuital Law)

Thus, gg B-di

® Magnetic field due to an infinitely long straight current carrying conductor

Let there be an infinitely long straight conductor carrying current I and a point P at the distance
(shortest) R from the conductor (Fig. 4.8) where magnetic field is to be determined. Applying the
Ampere’s circuital law,

§ Bal = w(
B(2nR) = ul
_ Mol
o 2nR
e Magnetic field due to a hollow cylindrical conductor P
Let there be a hollow cylindrical conductor of radius R carrying N1 1
current I and a point P at the distance of x from the axis of the L --TH~
cylinder from magnetic field where magnetic field is to be determined ~_1_-- P
as shown in Fig. 4.9. Applying Ampere’s circuital law for L
(i) x <R, current threading the wp =0 (=
§ Ba = w0
l/ \¢ P
B(2nx) = S X
or B =0 10T
kR
(i)) For x = R, ~—
I
§ Bal = w0
B(2nR) = u,l Fig. 4.9
or B = —MOI
2nR
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(i) For x > R 4
= B
|
B(2nx) = ul !
I |
or B = ;L—O :
™ o x=R —» X
e The variation of magnetic field due to hollow a cylindrical Fig. 4.10

conductor with the distance from its axis is shown in

Fig. 4.10.

e Magnetic field due to a solid cylindrical conductor

Let there be a solid cylindrical conductor of radius R carrying current
I and a point P at the distance of x from its axis where magnetic field
is to be determined as shown in Fig. 4.11.

Applying Ampere’s circuital law

(i) for x < R, current threading the loop =

§ Bar =
or B (2nx) =
or B =

(if) For x =R

§ Bal -
or B(2nR) =
or B =

(i) For x > R

§ Bar =
or B(2nx) =
or B =

e The variation of magnetic

Ix?
R?

Mol
2nR

_’m

(D)

“01 (6] x=R —» X

Mol
27X

Fig. 4.12

field due to a solid cylindrical conductor with the distance

measured from its axis is shown in Fig. 4.12.
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e Magnetic field due to a solenoid (straight)

Let there be a straight solenoid of turns N and infinitely large length L carrying current I as shown
in Fig. 4.13.

Fig. 4.13

There is a point P inside the solenoid at its axis where magnetic field is to be determined.
The magnetic field due to small elementary length dI, according to Ampere’ circuital law,

§ Bl = NI
or B(L) = Nl
N
or B = (Tj u,l
or B = nuf

where 7 is the number of turns per unit length.

¢ The magnetic field due to finite length solenoid at point P as shown in Fig. 4.14 can also
be given as

Nuol . . .
B = ——|siInd + sin
o1 [ B]

Fig. 4.14

For infinite length solenoid, oo = = 90°
Nuyl

B = 1+1

oy i+l

N
= 7 Mol =l

e If the solenoid is of infinite length and the point P is near one end, o. = 0, f = 90° and B

Nyl 1

= ——[0+1] = = np,l
oL [ ] 5 Mg
e If the solenoid is of finite length and point is on the perpendicular bisector of its axis,
o = B, and
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Nu,! (2 sin o)
2L
Nyl L

L% +4R?

e If the solenoid is of finite length and the point is on its axis near one end, f = 0 and

Nugl
2L
Nuyl

B:

.sin o

L

TN

e The variation of magnetic field with distance along the axis of a solenoid shown in

Fig. 4.15 is shown in Fig. 4.15.

e Magnetic field due to a torodial solenoid

1 I
I I
I I
I I
I I
1 1
_L (0] L
2 2

Fig. 4.15

Let there be a torodial solenoid of radius R, number of turns N and carrying current I. There be
a point on its axis within the core where magnetic field is to be determined as shown in Fig. 4.16

Applying Ampere’s circuital law,

§ Bar = N

B(2nR) = Nuy()

Nuyl

or = .
2R

e There is no magnetic field outside the solenoid and inside the toroid.

e Force on a current carrying conductor in a magnetic field

Through experiments Ampere established that when a current / /i

- -
element dl is placed in a magnetic field B, it experiences a force

— - o

dF = IdIxB
and the magnitude force

dF = Idl B sin 0
or F = IBl sin 6
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e The direction of force is determined with the help of Fleming's
left hand Rule according to which when we stretch the
forefinger, central finger and thumb of left hand mutually
perpendicular keeping forefinger in the direction of field,
central finger in the direction of current, then force will be in
the direction of thumb as shown in Fig. 4.18.

e Force between two parallel conductors

Let there be two parallel conductors at separation d carrying
current I, and I, respectively as shown in Fig. 4.19.

Magnetic field due first conductor at second conductor, F,

—> T:—
I
B = “’O 1 2 Y()
! 2nd B

and force on second conductor in the magnetic field of first,
F, = IzBll Ia 4L
——— d ——>

25 .
2md Fig. 4.19
B _ wllh ;
or ; o (1)
Similarly the force on the first conductor in the magnetic field of second conductor,
F, = IB]
= Mol2
2nd
H _ whlp ..
I Tomd (1)
From Egs. (i) and (i), % = % :§ (say)
F_ wolily
- [ 2md
If [, =1,=1ampere and d =1 m
-7
then oo _2xd07 ) v 107 N
I 2n 2n

Hence one ampere is the current following through two parallel wires at the separation of 1 m
which can produce a force of 2 x 107 N per unit length.

e The force between two parallel wires is of attraction if current is on same direction.
e The force between two parallel wire is of repulsion if current is in opposite direction.
e Force on a current loop in uniform magnetic field is always zero irrespective of its shape.

® Torque on a current loop in magnetic field

Let a current loop ABCD carrying current [ is placed in uniform magnetic field of strength B as
shown in Fig. 4.20. The force on AB side of one loop.
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F, = IBI sin 90°

AD

v

= [BI A Y > B
Force on side AB, A - F;c
F,, = IBbsin 0° =0 e >
Force on side BC, I T B
F,. = IBI sin 90° Fas ¢ >
= IBI plev Jc g
F., = IBb sin 0° >
-0 T4 vIi
Due to pair of forces F,  and F,. being equal and opposite a Fig. 4.20

torque acts on the loop.

Torque = Force x L distance

= IBlxb
= IBA
If o be the angle between the magnetic field and plane of the loop, then
T = IBl bsin a
= IBA sin o

If N be the number of turns in the loop,
T = NI1BA sin a.

e Moving Coil Galvanometer

It is a device used to detect the electric current in the circuit. It is based upon the principle that
when a current carrying coil is placed in a magnetic field, it experiences a torque. A galvanometer
consists of a coil placed in radial magnetic field between the poles of a horseshoe magnet and
pivoted on two springs S, and S,. The coil is wound on a soft iron core and a pointer is attached
to the coil as shown in Fig. 4.21. When current is passed through the coil it experiences a torque

T = NI1AB sin o

and rotates in its plane. The pointer attached to the coil also rotates and the deflection of the pointer
on the scale detects the current in the coil.

For maximum torque o = 90°

N || | S
T
~—1—
SZ E T2
Fig. 4.21
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= NI1AB

coil also experiences a restoring torque of the springs S, and §,,
= (o

where C = coupling constant and 0 is the deflection.

In equilibrium

NIAB = (8
C
or I = m 0
or R < 0
e Current sensitivity of the galvanometer is the deflection per unit current i.e.,
0  NAB
1 C
e Voltage sensitivity is the deflection per unit volt i.e.,
6 6
vV IR

current sensitivity

or Voltage sensitivity Resist
esistance

e The galvanometer can be converted into ammeter by connecting a low resistance wire in
its parallel (shunt). Let an ammeter consists of a galvanometer of resistance R and a shunt
resistance R. The current to be measured and will distribute as I, and I - F through
galvanometer and shunt wire respectively.

I R
R and R are in parallel. _>_4,9_@L_,
= I I
. - IgRg = (I- Ig) R, . v
or resistance required to convert a galvanometer into ammeter, (-1, AN
R, = IXRX/(I - Ig) R,
e The resistance of ammeter, Fig. 4.22
R - R, . R,
A (Rg +R,)

e The galvanometer can be converted into voltmeter by R,
connecting a large resistance in its series. Let a voltmeter .—>—@—/\/\/\/\,—>—o
consists of a galvanometer of resistance R and large I
resistance in its series R . If current is passed through
it, then potential difference across the element with
which is connected,

V=IR,+R)
The resistance required to convert a galvanometer into voltmeter
Vv
RS = 7 - Rg .

e The resistance of voltmeter,
R, = R, +R.
e The voltmeter is connected in parallel to the element across which a potential difference
is to be measured.
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The ideal voltmeter has infinite resistance.

The ammeter is connected in the series of the circuit.

The ideal ammeter has zero resistance.

The lower range ammeter has larger resistance.

The lower range voltmeter has smaller resistance.

e Force on a moving charge particle in magnetic field
F = IBlsin 6

where, I = 1 and [ = ot

t

F= %Bv.tsine

or F = gqBvsin 0
This is the force on a charge particle 4 moving with velocity in magnetic field of strength B making
an angle 0 with direction of field.

- -
v

Also, F = quxB

direction of this force will be perpendicular to the plane containing ; and E
e If a charge particle g enters the perpendicular
magnetic field of strength B moving with velocity v
as shown in Fig. 4.24, then the force on g,
F = quB sin 0
and according to Fleming’s left hand rule or right hand
screw rule the direction of F changes the direction of v as

shown in Fig. 4.22 at point ABCD. Hence the charge particle
follows the circular path. The direction of force remains

Wy

. - -
perpendicular to v as well as B. x

Fig. 4.24

e If charge particle moves along the direction of field,
then force on it is zero.

e If charge particle makes an angle 6 (# 90° # 0°) between ; and E, then it follows the helical
path shown in Fig. 4.25.

X X X X X X X X
V.
X X 2
q B
X X X X X X X X
Fig. 4.25

e If charge particle is subjected to magnetic field as well as electric field then net force on
the charge particle known as Lorntz force, is given by
-

- = o
F = g [E+ v xB]

224 Physics—XII




e Cyclotron

The cyclotron is a device used to accelerate positively charged particle to high energies. Such
charged particles are required to carry out nuclear reactions.

Principle
It works on the fact that
(i) when a charged particle moves at right angle to a uniform magnetic field it describes a
circular path and
(1) if the charged particle simultaneously and repeatedly crosses an electric field while
moving in the direction of the electric field, it gets accelerated to a sufficiently high energy.
Such an electric field is called an oscillating electric field.

Construction

The cyclotron consists of two D shaped hollow metallic semi-cylindrical chambers D, and D, called
the dees, enclosed in an evacuated steel box. The dees are kept horizontally with a small gap separating
them. An oscillator which produces an alternating potential difference of the order of 10° volts and
frequency of the order of mega cycles/sec is applied across the dees. A strong magnetic field produced
by a strong electromagnet acts perpendicular to the plane of the dees. A sources S of ions or
positively charged particles is kept in the gap between the dees.

Theory of Working

Let m and q be the mass and charge of the ion or the particle to be accelerated. Let D, be negative
and D, be positive when source(s) produces the particle.
The particle, therefore, gets attracted towards D,, the electric field becomes zero. It is because the
electric field inside a charged conductor is always zero. Thus, inside D,, it moves with constant
speed v at right angles to the magnetic field acting downward. As a result, the particle takes a semi-
circular path inside D,. Let r be the radius of the semi-circular path. Then

mo? mo

, = quB .'.r=q—B

.. Time taken by particle to complete the semi-circular path

Br
E.Butv= aor
v m

Trm m

gBr  qB

Above relation shows that ¢ is independent of both the radius of the circular path and the
speed of the charged particle.

Cyclotron Frequency

The cyclotron works when the frequency of the applied alternating potential difference (V) is equal
to the frequency of the revolving charged particle (v).

v = _l_ 1 ¢B
o= T 2xt 2nm
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high frequency

Thus, cyclotron angular frequency w = 2nv A.C. source of

qB
=
This frequency must conside the frequency of electric \ /
field applied.
e Charge particles of small mass cannot be
accelerated by cyclotron because due to " .

226

4.1.

Sol.

4.2.

Sol.

4.3.

Sol.

smaller mass it will acquire large velocity
very soon due to which mass variation can
take place and the frequency of charge
particle will not concide with the frequency

of electric field. /
The negative charge particle cannot be

accelerated by cyclotron because these
particles are of smaller mass and will Fig. 4.26

acquire large velocity very soon and mass

variation takes place due to which the frequency of particle in circular path does not
concide with the frequency of electric source.

Target

QUESTIONS FROM TEXTBOOK

A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of
0.40 A. What is the magnitude of the magnetic field B at the centre of the coil?

Given, I =040A r=80cm =8 x102m
n = 100
g - Monl | 41tx 107 x100% 0.4
2r 2%x8.0x1072
=31x10*T.

A long straight wire carries a current of 35 A. What is the magnitude of the field B at a point
20 cm from the wire?

Given, I =35A,r=20cm =02m
B - Uol | 4nx 1077 x 35
2mr 21t x0.20
= 35x10° T.

A long straight wire in the horizontal plane carries a current of 50 A in north to south direction.
Give the magnitude and direction of B at a point 2.5 m east of the wire.
50 A, r=25m

Given, I =
B =7

Physics—XII



4.4.

Sol.

4.5.

Sol.

4.6.

Sol.

4.7.

Sol.

Bol |_ 4nx107 x50

A B =
S omr 2mx2.5

4x10°T
Applying right hand thumb rule to find the direction of M.F. in east direction of wire it
comes out upward direction.

A horizontal overhead power line carries a current of 90 A in east to west direction. What is the
magnitude and direction of the magnetic field due to the current 1.5 m below the line?

uol | 4mx1077 x 90

B = =
2mr 2nx1.5
- %x10_7T = 12x107°T

It is an example of magnetic field due to current in a wire of infinite length.

Applying the right-hand thumb rule, we find that the magnetic field at the observation
point is directed towards south.

What is the magnitude of magnetic force per unit length on a wire carrying a current of 8 A and
making an angle of 30° with the direction of a uniform magnetic field of 0.15 T?

Given, I =8A B=015T, 6 = 30°
Force acting on wire |F = BIl. sin 0
F .
Force per unit length = T BI-sin6
= 0.15 x 8 x sin 30°
= 0.6 N/m
A 3.0 cm wire carrying a current of 10 A is placed inside a solenoid perpendicular to its axis.

The magnetic field inside the solenoid is given to be 0.27 T. What is the magnetic force on the
wire?
Here, I =30cm=3x102m

I =10A,B=027T,0= 90° F =?

F = BIl sin 6

= 0.27 x 10 x (3 x 1072) x sin 90°
=027 x 10 x 3 x 1072 x 1
or, F=81x102N
Two long and parallel straight wires A and B carrying currents of 8.0 A and 5.0 A in the same
direction are separated by a distance of 4.0 cm. Estimate the force on a 10 cm section of wire A.

By the formula

Given, I, =80AL,=5A
r=40cm = 4x102m
I =10cm=01m
F=27?
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4.8.

Sol.

4.9.

Sol.

4.10.

Sol.

228

Force on length [,

_ M_011121
2 r

_ (4nx107)x8x5x01 2 105N
) 2% 0.04 e

A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each. The diameter
of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude of B inside the
solenoid near its centre.

Here, ] =80 cm=080m, N=5 x 400 = 2000
I = 80A,D=18cm, n=no. of turns per unit length

Magnitude of magnetic field inside a solenoid near its centre

_ Total turn
length
L 2000
0.80
= 4mx1077 x2000%8.0
B = uynl|=
0.80

8nx10°T=25x102T.

A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is suspended
vertically and the normal to the plane of the coil makes an angle of 30° with the direction of a
uniform horizontal magnetic field of magnitude 0.80 T. What is the magnitude of torque experienced
by the coil?

Here, I =10cm=010m N=20,1=12 A
6 =230°,B=080T,1=?
Area, A =1x]=01x%01=0.01 m?
T = NBIAsin |
= 20 x 0.80 x 12 x (0.1)> x sin 90°
= 0.96 Nm
Two moving coil meters, M, and M, have the following particulars:

=
I

L = 109 N, = 30,
3.6 x 1073 m?, B, =025 T
, = 14N, = 42,

1.8 x 103 m? B, = 0.50 T

(The spring constants k are identical for the two meters).

> X" >
monon

Determine the ratio of (a) current sensitivity and (b) voltage sensitivity of M, and M,.

(@) Current sensitivity of first meter

0 BAN

Is = —=—"

I k

Physics—XII



4.11.

Sol.

4.12.

Sol.

A2 O BAN _ 0.25%3.6x107° x30
I ko k

27x107° ,
= T ..(0)
Current sensitivity of second meter
® B,AN, 050x1.8x107°x42
B = —_— = =
I k k

_ 37.8x107°
k

. ... (B 37.8x107° /27107
Ratio of current sensitivity " = p P

(b) Voltage sensitivity of first meter

6 0 _ 27x10°  2.7x107°

V IR kx10 &k
Voltage sensitivity of second meter

0 378x10° 2.7x107°

RI  kx10 k

Hence, the ratio of voltage sensitivity = 1.

In a chamber, a uniform magnetic field of 6.5 G (1 G = 10 T) is maintained. An electron is shot
into the field with a speed of 4.8 x 10° m s normal to the field. Explain why the path
of the electron is a circle. Determine the radius of the circular orbit. (e = 1.6 x 107° C,
m, = 9.1 x 1073 kg)

Here, B =65%x104T, v=48x10°ms e=1.6 x 101° G
0 90°% m = 9.1 x 10731 kg; r =?

(i) Force on the moving electron due to magnetic field will be,

The direction of this force is perpendicular to 0 aswell as B therefore, this force will only
change the direction of motion of the electron without affecting its velocity i.e., this force
will provide the centripetal force to the moving electron and hence, the electron will move
on the circular path. If  is the radius of circular path traced by electron, then

o (91x107)x(4.8x10°)

evB sin 90° = mv?/r| or 1=

Be  (65x107)x(16x107)

=42 x102m =42 cm
In Question 4.11 obtain the frequency of revolution of the electron in its circular orbit. Does the
answer depend on the speed of the electron? Explain.
Frequency is given by

_ Bg | 65x10*x16x107"
YT omm| 2x314x9.1x107°!
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104 x 107>

Y7 51148 x 10
= 018198 x 10
v = 18 x 105 Hz = 18 MHz

4.13. (@) A circular coil of 30 turns and radius 8.0 cm, carrying a current of 6.0 A is suspended
vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field lines make an
angle of 60° with the normal to the coil. Calculate the magnitude of the counter torque that
must be applied to prevent the coil from turning.

(b) Would your answer change if the circular coil in (a) were replaced by a planar coil of some
irregular shape that encloses the same area? (All other particulars are also unaltered).
Sol. Given, N =230,1=60AB=10T, o = 60°
r=280cm=8x1072m.
Area of the coil, A = mr?

- 2—72><(8><10*2)2

A = 201 x 102 m?
(@) Now, t = NBIAsina |

= 30 x 6.0 x 1.0 x (2 x 10-?) x sin 60°

T=30X6X1X2X§X102=3.12Nm.

(b) 1If the area of the loop is the same, the torque will remain unchanged as the torque on
the planar loop does not depend upon the shape.

4.14. Two concentric coils X and Y of radii 16 cm and 10 cm
respectively lie in the same vertical plane containing the
north to south direction. Coil X has 20 turns and carries
a current of 16 A; coil Y has 25 turns and carries a
current of 18 A. The sense of current in X is anti clockwise
and in Y, clockwise, for an observer looking at the coil
facing west. Give the magnitude and direction of the net
magnetic field due to the coils at their centre.

Consider X, X" axis in East, West directions respectively
and Y, Y in North, South direction. Plane of coil is in
Y-Z axis plane M.F. due to coil X is in East, and due to
coil Y is in west direction.

Sol. Given, for coil X
16 cm = 0.16 m

\{
I

Z
[

=20,I,=16 A
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4.15.

Sol.

4.16.

Magnetic field at the centre of coil X is

— “OIxNx
& 2r,

X

41x1077 x16 %20
2x0.16
=4 x10*T
The current in the coil X is anticlockwise, the field B, is directed towards east.
Given, for coil Y

r, = 10Cm=0.10m,Ny=25,Iy=18A
Magnetic field at the centre of coil Y is

Kol N,

y Zry

-7
_ 4 x107 x18 %25 = onx10 T
2x0.10

The direction of magnetic field induction B, is towards west.

Net magnetic field = B, - B,

9n x 1074 - 4m x 10°*

51 x 107*

1.6 x 1073 T (Towards west).

A magnetic field of 100 G (1 G = 10™* T) is required which is uniform in a region of linear
dimension about 10 cm and area of cross section about 10 m?. The maximum current carrying
capacity of a given coil of wire is 15 A and the number of turns per unit length that can be wound
round a core is at most 1000 turns m™1. Suggest some appropriate design particulars of a solenoid
for the required purpose. Assume the core is not ferromagnetic.

100 G=102T

15 A, n = 1000 m!

Magnetic field inside a solenoid is

Given, B

B = p,nl
-2 5
P Ui
Wo 4t x10 47
We may have I =10 A and n = 800

The solenoid may have length 50 cm and cross section 5 x 10~ m? (five times given
values) so as to avoid edge effects etc.

For a circular coil of radius R and N turns carrying current I, the magnitude of the magnetic field
at a point on its axis at a distance x from its centre is given by,
woIR*N

e 2(x2 +R2)3/2
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@)
()

Sol. (a)

®)

232 Physics—XII

Show that this reduces to the familiar result for field at the centre of the coil.

Consider two parallel co-axial circular coils of equal radius R, and number of turns N, carrying
equal currents in the same direction, and separated by a distance R. Show that the field on the
axis around the mid-point between the coils is uniform over a distance that is small as
compared to R, and is given by,

oNI
R

[Such an arrangement to produce a nearly uniform magnetic field over a small region is known
as Helmholtz coils.]

B =072 , approximately.

. HIR2N o
Given, that B = —— 7 | (axial line)
2(x* +R?)
Putting x = 0 (centre of coil)
IR’N
B = MO—3
2R
_ MIN
or B = 2R

which is same as the standard result.
In figure, O is a point which is mid-way between the two coils X and Y.

B_g
2
—
R R
P, Q
.
R
X > +d Y
[
« R >
Fig. 4.28
Let B, be the magnetic field at Q due to coil X.
NIR?
Then, B. = Ho 372

{(5+4] <]

If B, is the magnetic field at Q due to coil Y, then
uoNIR?

y = ) 3/2
ZI:(R—d) +R2}
2




The currents in both the coils X and Y are flowing in the same direction. So, the
resultant field is given by

B:

B_

B, +B,
1o NIR? 1o NIR?

R YV N R YV

2 (+dj +R? 2 (—dj +R?
2 2

o NIR? 1 1

-+

o NIR? 1 1
2 {R 3/2 R2 3/2

3/2

3/2

—+d2 Rd+R

2 |[5r? 7t 5R2 Gk
ERE
3/2]
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4.17.

Sol.

4.18.

Sol.

234

A toroid has a core (non-ferromagnetic material) of inner radius 25 cm and outer radius 26 cm
around which 3500 turns of wire are wound. If the current in the wire is 11 A, what is the magnetic
field (a) outside the toroid (b) inside the core of the toroid (c) in the empty space surrounded by
the toroid?
Given, r = 0.25 m, 1, = 0.26 m N = 3500

I=11A
(/) The magnetic field is zero outside the toroid.

(i1) Magnetic field inside the core of the toroid,

or B = MoNT ( n= % — Number of turns per unit length)

Il
N
a
/
iy}
N |+
oy
I S—

7 (0.25 + 0.26) = x 0.51 m
Putting the values

(4n><10—7)><3500><11
B = = 302x1072 T
nx0.51

(i) The magnetic field is zero in the empty space surrounded by the toroid.

Answer the following questions:

(a) A magnetic field that varies in magnitude from point to point but has a constant direction (east
to west) is set up in a chamber. A charged particle enters the chamber and travels undeflected
along a straight path with constant speed. What can you say about the initial velocity of the
particle?

(b) A charged particle enters an environment of a strong and non-uniform magnetic field varying
from point to point both in magnitude and direction, and comes out of it following a complicated
trajectory. Would its final speed equal the initial speed if it suffered no collisions with the
environment?

(c) An electron travelling west to east enters a chamber having a uniform electrostatic field in
north to south direction. Specify the direction in which a uniform magnetic field should be
set up to prevent the electron from deflecting from its straight line path.

(@) The force on a charged particle moving in a magnetic field is given by

F = quB sin 0.

The charged particle will travel undeflected along a straight path with constant speed
in a magnetic field if no force act on it i.e., F = 0.

It is possible only when sin 6 = 0
or 0 = 0°, 180°

5
i.e., initial velocity v is either parallel or anti-parallel to B.

(b) Yes, because magnetic force can change the direction of v, not its magnitude. The
direction of force due to magnetic force on moving charge is perpendicular to v and
BSO force component in the direction of v is zero. So charge zero is also zero.

(¢) The electrostatic field is directed towards south. Since the electron is a negatively
charged particle, therefore, the electrostatic field shall exert a force directed towards
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north. So, if the electron is to be prevented from deflection from straight path, by the

magnetic force on the electron should be directed towards south. Now F = —e(?;x?).

Eo is towards south, o is due east. Applying Fleming’s Left-Hand Rule, we find that

magnetic field B should be in the vertically downward direction.

4.19. An electron emitted by a heated cathode and accelerated through a potential difference of 2.0 kV,
enters a region with uniform magnetic field of 0.15 T. Determine the trajectory of the electron if
the field (a) is transverse to its initial velocity, (b) makes an angle of 30° with the initial velocity.

Sol. Given, V = 2 kilo volt = 2000 volt
B=015T
(@) If magnetic field is transverse to initial velocity of electron. In this particular case, the

()

velocity vector has no component in the direction of magnetic field.
. Force on electron = Bev sin 90°

= Bev
This force acts as the centripetal force:

2
Bev = Y
r
mv
= — (I
or r B O
1 5
But Emv = eV ..(I0
2eV
or v = 1[—
m
m |2eV
= | — [From I, II]
eB\ m
_ 1 2mV
or v o= B .

1 \/2><9.1><1031 X 2000
015 16x107"

= 10° m = 1.0 mm.
The electron would move in a circular trajectory of radius 1.0 mm. The plane of the
trajectory is normal to B.
If v makes an angle 30° with the direction of magnetic field, the velocity can be
resolved into v, and Y, ie., v cos 30° and v sin 30° respectively.
Due to v, the electron will move on a circular path. The resultant path will be a
combination of straight line motion and circular motion which is called helical.
m (vsin 9)2

Thus, evB sin 6 =

T
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for circular motion of radius r,
2

mv{
ev, X B = _”n
v, =vsinb
B mvsin©®
or r, = B
_91x107" x2.65%10” xsin 30
T 1.6x107 x0.15
= 049 x 103 m = 0.49 mm =~ 0.5 mm
The linear velocity = v cos 0

= 2,65 x 107 x cos 30°

= 2.65 x 107 x g

= 2.3 x 107’ ms™!
Thus, the electron moves in a helical path of radius 0.49 mm with a velocity component
of 2.3 x 107 ms™! in the direction of magnetic field.

4.20. A magnetic field set up using Helmholtz coils is uniform in a small region and has a magnitude
of 0.75 T. In the same region, a uniform electrostatic field is maintained in a direction normal to
the common axis of the coils. A narrow beam of (single-species) charged particles, all accelerated
through 15 kV, enters this region in a direction perpendicular to both the axis of the coils
and the electrostatic field. If the beam remains undeflected when the electrostatic field is
9.0 x 10° VL, make a simple guess as to what the beam contains. Why is the answer not unique?

. 1 5

Sol. Given, Emv = eV
e _
m 2V
e 12x10°x12x10°
m 2x15x10°
e _ 024 o
m 5
e
— = 0.048 x 10°
m
% = 4.8 x 107 coulomb/kg

This charge to mass ratio is equivalent to charge to mass ratio of proton so the charge

2
particle may be deuterons. However, the answer is not unique. This is because He** (2 m)

3e e
and Lit* (—) have also the same value of —.
3m m
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4.21.

Sol.

4.22,

Sol.

4.23.

A straight horizontal conducting rod of length 0.45 m and mass 60 g is suspended by two vertical
wires at its ends. A current of 5.0 A is set up in the rod through the wires.

(a) What magnetic field should be set up normal to the conductor in order that the tension in the
wires is zero?

(b) What will be the total tension in the wires if the direction of current is reversed keeping the
magnetic field same as before?

(Ignore the mass of the wires.) ¢ = 9.8 m s72.
Given, I =045 m m=60g=060x 1073 kg
I =50A
(@) Force needed to balance the weight of the rod,

F = mg|=0.06 kg x 9.8 = 0.588 N

By the formula,
F = BII
= £ o098 oot
Il 5.0x0.45

If the direction of current in horizontal conductor is from right to left then the direction
of magnetic field is horizontal and normal to the conductor, the force due to magnetic field
will be upwards by Fleming's left hand rule.
(b) "‘BIl" and ‘mg” will act vertically downwards if direction of current is reversed.
Total tension in the wires = BIl + mg
= (0.588 + 0.588 = 1.176 N.
The wires which connect the battery of an automobile to its starting motor carry a current of

300 A (for a short time). What is the force per unit length between the wires if they are 70 cm
long and 1.5 cm apart? Is the force attractive or repulsive?

Given, I, = 300A,1,=300 A, r=15cm

= 15x102 m
. Holy Il
B f 1 F = ———
y using formula o
or force per unit length = E = 4mx 1077 x 300x 300
P & I 21%0.015

= 1.2 Nm™

The total force between the wires is

F =1l

1.2 x 0.70 N = 0.84 N.

The force is repulsive since the current will flow in opposite direction in the two wires
connecting the battery to the starting motor.

A uniform magnetic field of 1.5 T exists in a cylindrical region of radius 10.0 cm, its direction
parallel to the axis along east to west. A wire carrying current of 7.0 A in the north to south
direction passes through this region. What is the magnitude and direction of the force on the
wire if,

(a) the wire intersects the axis,

(b) the wire is turned from N-S to northeast-northwest direction,

(c) the wire in the N-S direction is lowered from the axis by a distance of 6.0 cm?
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Sol. (a) Diameter of cylindrical region
= 20 cm = 0.20 m

0.20 m. Also, 6 = 90°
BIl sin 6 = 1.5 x 7 x 0.20 sin 90° N
21N

Using Fleming’s left-hand rule, we find that the force is directed vertically downwards.
(b) 1f 1, is the length of the wire in the magnetic field, then,

F, = BIl, sin 45°

But [, sin 45° = |

o F, = Bll=15%x7x020 N=21N

The force is directed vertically downwards by Fleming's left hand rule.
() When the wire is lowered by 6 cm, the length of the

Clearly, I
F

-7~
wire in the cylindrical magnetic field is 2x. R : s,
Now, x? = 10% - 62 / i \\
1
x = J64 =8cm 40 ) axis |
Wi-=-=-- D [
2x = 16 cm. N1 e Ie cm
F, = Bl,=15x 7 x 016 N e
4cm§ Seo_o-7
= 1.68 N
The force is directed vertically downwards. Fig. 4.29

The result is true for any angle between current and direction of B. This is because
I sin O remains constant i.e., 20 cm.

4.24. A uniform magnetic field of 3000 G is established along the positive z-direction. A rectangular
loop of sides 10 cm and 5 cm carries a current 12A. What is the torque on the loop in the different
cases shown in the figure below. What is the force on each case? Which case corresponds to stable

equilibrium? z
z ZA
I
ol of -
vl %
y y
X
X (a) X ()

z

BT'W
30°

(b)

z
z

of o]

y y y

X (d) x (e) x (f)
Fig. 4.30
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Sol.

4.25.

Sol.

(@) Torque on the loop,

T = BIA cos 0
where 0 is the angle between the plane of loop and direction of magnetic field.
Here, 06 = 0° B = 3000 gauss
= 3000 x 107* T
=03T
I =12A, A=10 x 10° cm? = 50 x 104 m?

0.3 x 12 x 50 x 107* = 1.8 x 1072 Nm.
The direction of torque or force on arm 5 cm, lower arm +x axis upper arm -x axis by
Fleming’s left hand rule.

(b) Similar to (a) but torque act on side of 10 cm.

T

(© t=1.8x10"2Nm along - x direction of torque on lower arm of 5 cm towards - y axis.
(d) This case is similar to (c). Direction of torque is 60°.
(e) zero. (" angle between plane of loop and direction of magnetic field is 90°)
() zero.
Force is zero in each case. Stable equilibrium is corresponded by case (e).

A circular coil of 20 turns and radius 10 cm is placed in a uniform magnetic field of 0.10 T normal
to the plane of the coil. If the current in the coil is 5.0 A, what is the

(a) total torque on the coil,
(b) total force on the coil,
(c) average force on each electron in the coil due to the magnetic field?

(The coil is made of copper wire of cross-sectional area 10~° m?, and the free electron density in
copper is given to be about 102 m=3.)

Given, N =20,r=10cm =10 x 102 m

B=010T,1=50A

6 = 0° (angle between field and normal to the coil)
Area of the coil,

A =m?=7x (10 x 10722 = 1t x 1072 m?
(@) Torque T = NIBAsin 0

20 x 5.0 x 0.10 x @ x 1072 sin 0°
20x50x010xmx102%x0=0
(b) Net force on a planer current loop in a magnetic field is always zero, as net force due

to couple of force is zero.
(© If v, is the drift velocity of electron

F=q0xB
= ev, . B sin 90°
I BI
Force on one electron=Be v, = Be—— = —
neA nA
Here, n=10"m3 A=10"°m?
0.10x5.0 25
. = ——— =5x10"" N
. Force on one electron 102 <10 .
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4.26.

Sol.

4.27.

Sol.

4.28.

Sol.

240

A solenoid 60 cm long and of radius 4.0 cm has 3 layers of windings of 300 turns each. A
2.0 cm long wire of mass 2.5 g lies inside the solenoid (near its centre) normal to the axis: both
the wire and the axis of the solenoid are in the horizontal plane. The wire is connected through
two leads parallel to the axis of solenoid to an external battery which supplies a current of 6.0 A
in the wire. What value of current (with appropriate sense of circulation) in the windings of the
solenoid can support the weight of the wire? ¢ = 9.8 ms™.

Given, for solenoid, [ = 60 cm = 0.60 m
N = 3 x 300 = 900
For wire, [, = 20cm = 0.02 m, m
25g =25x103 kg
I = 60A

1
Let current I be passed through the solenoid windings, the magnetic field produced inside
the solenoid due to current is

woNI
I

HoNT
!

The wire can be supported if the force on wire is equal to the weight of wire, i.e.,

Force on wire = LI, B=1LL

oNI
Ll = ] =mg
-3
or [ - mgl _ 25x%x10 ><9.8><0.6_7 900
LN (6.0)x(0.02)x(4mx107 )
= 10827 A

A galvanometer coil has a resistance of 12 Q and the metre shows full scale deflection for a current
of 3 mA. How will you convert the metre into a voltmeter of range 0 to 18 V?

Given, G=12Q, I =

8
3mA =3x10°%A
V=179 R =?
By using formula,
V=1 (R+R)
Yo R+R
or T - g
8
or R = K_R = %_12
I, % 3x10
R = 6 x 10°- 12 = 5988 Q

A galvanometer coil has a resistance of 15 Q and the metre shows full scale deflection for a current
of 4 mA. How will you convert the metre into an ammeter of range 0 to 6 A?

Given, G = 1552,Ig=4mA=4x10’3A
I =6A
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Using formula,

s - I,-G
I-1I,
Putting values,
. 4x107° x15
T 6-0.004
-3
o 60107 10x107° Q
5.996
or S=10mQ

MORE QUESTIONS SOLVED

. VERY SHORT ANSWER TYPE QUESTIONS

Q.1

Ans.

Q. 2.
Ans.

Q. 3.

Ans.
Q. 4.

Ans.

Q. 5.

Ans.

An electron does not suffer any deflection while passing through a region of uniform magnetic
field. What is the direction of the magnetic field?

The direction of magnetic field B is parallel to the velocity 7, of electron.
As F = q(voxB) = 0 since VB

What are the units of magnetic permeability?
Tesla metre/ampere (TmA™).

Magnetic field lines can be entirely confined within the core of a toroid, but not within a straight
solenoid. Why?

Because the magnetic field induction outside the toroid is zero.

The coils, in certain galvanometers, have a fixed core made of a non-magnetic matallic materials.
Why does the oscillating coil come to rest so quickly such a core?

The restoring torque due to eddy current in core try to restore the coil back to its original
position.

Two circular coils made of similar wires but of radii 20 cm and 40 cm are connected in parallel.
What will be the ratio of the magnetic field at their centres?

Magnetic field at the centre of circular coil of radius 7, turns N, and current I passing in
coil is

o NI
B=——
2r
= WV [R = resistance of coil]
o R resistance of coi
N V
B = M;;f Y [x is resistance per unit length]
woNV
B =
4mxr?
As coils are is parallel so potential difference ‘V’ are equal in both coils
el

r
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Ans. -

Q.7.
Ans.

Q. 8.

Ans.
Q. 9.

Ans.

Q. 10.
Ans.

Q. 11.
Ans.

Q. 12.

Ans.

Q. 13.

Ans.
Q. 14.

Ans. -

242

or - = ==

Bz 7'12

B _ (@)
B, 20
B

4 or B;:B,=4:1

. What is the direction of the force acting on a charged particle q, moving with a velocity o in a

uniform magnetic field B?
F=9q (va)

- -
Magnetic force is always normal to plane of V and B.

Magnetic lines of force are endless. Comment.

This is because magnetic lines of force are continuous closed loops and mono pole is not
possible.

An electron is moving along +ve x-axis in the presence of uniform magnetic field along +ve y-axis.
What is the direction of force acting on it?

The direction of the force is along —ve z-axis.

A magnetic dipole is situated in the direction of a magnetic field. What is its potential energy?
If it is rotated by 180°, then what amount of work will be done?

P.E. of dipole = — MB cos 0° = - MB
Work done = MB (cos 0° — cos 180°) = MB (1 + 1) = 2 MB.
Define magnetic flux. Give its SI unit.

The total number of magnetic lines of force crossing the surface A in a magnetic field B
is termed as magnetic flux.

¢ = BAcos©
Its SI unit is Weber. It is a scalar quantity.
What is the approximate distance upto which earth’s magnetic field extends?
The magnetic field of earth extends to nearly five times the radius of the earth i.e.,
5x (6.4 x 10°) km = 3.2 x 10* km.
An electron moving through a magnetic field does not experience any force. Under what condition
is this possible?
As F = gquB sin 6
So either electron is moving parallel to the direction of the magnetic field or it is at rest.

An electron moving with a velocity of 107 m/s enters a uniform magnetic field of
1 T along a direction parallel to the field. What would be its trajectory?

Straight line as F = quBsin® hered=0
Write one condition under which an electric charge does not experience a force in a magnetic field.

. F = quB sin 0
When the electric charge is either at rest (v = 0) or parallel (6 = 0) to magnetic field, it does
not experience force in magnetic field.
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Q. 15.
Ans.

Q. 16.
Ans.

Q. 17.

Ans.

Q. 18.

Ans.

Q. 19.

Ans.
Q. 20.

Ans.
Q. 21.

Ans.
Q. 22.

Ans.
Q. 23.

Ans.

What is a shunt? State its SI unit.

A small resistance connected in parallel with a galvanometer to convert it into ammeter
is called shunt. Its SI unit is ohm.

Write SI unit of magnetic field B.
SI unit of magnetic field is tesla (T).

A charge q is moving in a region where both the magnetic field B and electric field E are
simultaneously present. What is the Lorentz force acting on the charge?

G+ (5xB)

Lorentz force, T

or T =9 (E +0 ><I_3>)
In the diagram below is shown a circular loop carrying current 1. Show the direction of the
magnetic field with the help of lines of force.

The magnetic force lines of a circular loop carrying current I are shown as follows.

v
Fig. 4.31

The force 2 experienced by a particle of charge 'q" moving with a velocity v’ in a magnetic field

‘B’ is given by E= q (z_; ><§) Which pairs out of these vectors are always at right angles to each

other?

- - - -
Flov and F1B.

A certain proton moving through a magnetic field region experiences maximum force. When does
this occur?

When proton moves perpendicular to the magnetic field, ® = 90°. 5 x B is maximum.
Under what conditions is the force acting on a charge moving through a uniform magnetic field
minimum?

When a charge moves parallel or antiparallel to the direction of the magnetic field, the
force acting on it is zero or minimum.

What is the nature of magnetic field in a moving coil galvanometer?

It is radial in nature.

Two wires of equal lengths are bent in the form of two loops. One of the loops is square shaped
whereas the other loop is circular. These are suspended in a uniform magnetic field and the same
current is passed through them. Which loop will experience greater torque? Give reasons.

For a wire of given length, the circular loop has greater area than the square loop. So the
circular loop will experience greater torque in the magnetic field, because torque o area
of the loop.
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Q. 24. Write the SI unit of (i) magnetic pole strength (ii) magnetic dipole moment of a bar magnet.
Ans. (i) The SI unit of magnetic pole strength is Am.
(i)) The SI unit of magnetic dipole strength is Am?.

Q. 25. Give two factors by which the current sensitivity/voltage sensitivity of a moving coil galvanometer
can be increased.

Ans. (i) Increasing the number of turns in the galvanometer coil.

(i) Decreasing the torsion constant of the suspension fibre.

Il. SHORT ANSWER TYPE QUESTIONS

Q. 1. A beam of protons with a velocity 4 x 10° m/s enters a uniform magnetic field of 0.3 T at an angle
60° to the magnetic field. Find the radius of the helical path taken by the proton beam. Also find
the pitch of the helix mp = 1.67 x 1077 kg.

qB
1.67 x107% x 4% 10° sin 60
r =
1.6x107" x0.3
=12x102=12cm
T = 2™ _2175x107 S
vsin B
P = vcos 6.T
or, = 4><105><%><2.175><10*7 = 435cm

Q. 2. An electron moves around the nucleus in a hydrogen atom of radius 0.51 A, with a velocity of
2 x 105 my/s. Calculate the following:

(i) the equivalent current due to orbital motion of electron,
(ii) the magnetic field produced at the centre of the nucleus
(iii) the magnetic moment associated with the electron.
Ans. Given, v =2x10°m/s
r=051A=051x10"m

(/) Equivalent current

e _ ev

- 2nr /v 2

1.6x107" x2x10°

io 2
Tt

I —i
or 2%314x051x10 0
3.2% 1074 -4 -4
= 22X 099x107* = 107 A
o ! 32028
(1) Magnetic field
B = unl

4 x 1077 x 1 x 107*
4 x 314 x 10711 = 1256 x 1071 = 1.256 x 10710 T.

or, B
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(i11) Magnetic moment,

M

IA

=1 (nr?)

or, M

10 x 3.14 x (0.51 x 10710)2
3.14 x 0.2601 x 1074 x 1020
0.816 x 10-2* = 8.16 x 10-5 Am?

Q. 3. Three long straight and parallel wires, carrying currents, are arranged as shown in the figure
below. Find the force experienced by a 25 cm length of wire C.

D

30A

=3 cm—pe¢— 10 cm ———»

i - - P

C G

10A 20A

Fig. 4.32

Ans. As the direction of current in C and D wires are in opposite direction so force of repulssion
F acts on C towards right side. Similarly due to G it will be in left hand side so resultant
force on C due to wires D and G will be F

F

Fl _FZ

_ woliIpl — wolyl5l

_ Mol [I_z_

2mry 2mr,

I3

]

4 x107 x10x 25 [
21

5 x 107 x 80

400 x 107
4 x 107 N towards left side.

2n | n

30 20}
0.03 0.10

Q. 4. The wire shown in figure below carries a current of 60 A. Find the magnetic field B at P.

Fig. 4.33

245
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Ans. The field at P arises from 3/4th of the circular loop only because P lies on the straight
wires themselves. Thus

_ Bo2nl 0
_4m r 360
270

3x107 x271x 60

4x0.02

1.4 x 1073 T (directed out of the page)

Q. 5. What is the toroid? Using Ampere’s circuital law calculate the magnetic
field inside the toroid.

Ans. When a solenoid is in the form of a ring then it is treated as toroid.
Consider a toroid carrying current I and has N turns. The
magnetic field is set up inside the turns of the toroid.
The magnetic lines of force inside the toroid are concentric
circles. By symmetry the magnitude of the field B is same at all
points on the circle of radius r and is directed tangentially to
the circle at any point

D
I

Bdl = fi;BdlcoseO
35 B.dl = E‘; Bdlcos0° Fig. 4.34
or, EE_ﬁ = B 2nur
By applying Ampere’s circuital law,
§ B-dl = U, x total current passing through circle of radius r.
B 2mr = u, x N x 2mrl
B = p, NI

Q. 6. A 50 turn coil as shown in the figure below carries of 2 A in a magnetic field B = 0.25 Wb m™.
Find the torque acting on the coil. In what direction will it rotate?

—»B
A B

T

Yy 12cm A S

l

D4+—10cm—»C
Fig. 4.35

Ans. The sides AB and DC are along the field lines: hence the force on each side is zero. The
force on each vertical wire is given as
T = B1NA sin 0
T =025x%x2x50x0.12 x 0.1 sin 6
0.3 N-m clockwise

Q. 7. Define current sensitivity and voltage sensitivity of a galvanometer. Increasing the current sensitivity
may not necessarily increase the voltage sensitivity of galvanometer. Justify.
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Ans.

Ans.

Ans.

The definitions of current sensitivity and voltage sensitivity are given in the text. (No. 17).
— Let the deflection produced in applying voltage V is o then

o _ NBA
kR

The voltage sensitivity may be increased by (i) increasing N, B, A (ii) decreasing k and

voltage sensitivity =

e NBA .
current sensitivity = —— [can be increased by

k

() increasing NBA (i) decreasing k.
Hence increasing the current sensitivity may not necessarily increase the voltage sensitivity
of a galvanometer.

. In an exercise to increase current sensitivity of a galvanometer by 25%, its resistance is also

increased 1.5 times. How will the voltage sensitivity of the meter be affected ?
25 125 5

foo e =22 =27
Here, Fo= %900 100 "1’
R =15R
I I’ (5/4)1 5
V. = = dV’=5=—s=—Vs
sT R|MY TR 15k 6

’

\%
% increase in voltage sensitivity = [1 - VS J %100

S

= (1—%)x100 = 16.7%

. A charge ‘g’ moving along the -X-axis with a velocity o is B 4 Z-axis

subjected to a uniform magnetic field B acting along the Z-axis
as it crosses the origin O.

(i) Trace its trajectory.
(i) Does the charge again kinetic energy as it enters the %
X

magnetic field? Justify your answer.

() The trajectory of charge g moving along -X-axis will be
helical.

' Fig. 4.37

(i) The speed and kinetic energy of the particle remain constant but the velocity of the
charged particle changes only in direction.
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Q. 10. Two straight wires A and B of lengths 10 m and 12 m carrying currents of 4.0 A and 6.0 A
respectively in opposite directions lie parallel to each other at a distance of 0.03 m. Estimate the
force on a 15 cm section of the wire B near its centre.

Ans. The ratio of the lengths of the wires to the separation between them is large (more than
300). So one can estimate approximately the force on a section of either of the two wires
(near their centres) by using exact result for force per unit length for two infinitely long
wires carrying currents I, and I,.

F_owly I Nm-
l 2mnr

= M = 16x107* Nm™!
2nx0.03
Force on 15 cm section of wire B (near its centre) = 1.6 x 1074 x 0.15 N = 2.4 x 10° N
The force is repulsive as the currents are in opposite directions; the direction of force is
normal to the wire away from A.
Q. 11. Derive an expression for the torque acting on a loop of N turns, area A, carrying current I, when
held in a uniform magnetic field.
With the help of circuit, show how a moving coil galvanometer can be converted into an ammeter
of given range. Write the necessary mathematical formula.
Ans. Let I = current through the loop PQRS
a, b = sides of the rectangular loop
A = ab = area of the loop
N = number of turns in the loop

Q L/ R

Force per unit length

z

—

N

>
;n\q
v T v
(%))

\ An

Idown

Fig. 4.38

According to Fleming’s left-hand rule, the side PQ experiences a normal inward force, F,
= IaB and side SR experiences a normal outward force, F, = IaB. These two equal and
opposite forces form a couple which exerts a torque given by

t© = Force x Perpendicular distance
= JaB x b sin 0
= IB (ab) sin 0
= [BA sin 0 [ A=ab]
As the coil has N turns, so
T = NBA sin 6
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Q. 12.

Ans.

Q. 13.

Ans.

Conversion of galvanometer into ammeter: A galvanometer can be converted into an ammeter
by connecting a low resistance S in parallel with it. This low resistance is called shunt.

1-1,4 yI-1

Fig. 4.39
Let I be the current with which the galvanometer gives full scale deflection. As
galvanometer and shunt are connected in parallel, so
P.D. across the galvanometer = P.D. across the shunt
or I, R, = (I—Ig) R,

or R = X R,

Hence by connecting a shunt of resistance R, across the galvanometer, we get an ammeter

of desired range.

A circular coil of 200 turns, radius 5 cm carries a current of 2.5 A. It is suspended vertically in

a uniform horizontal magnetic field of 0.25 T, with the plane of the coil making an angle of 60°

with the field lines. Calculate the magnitude of the torque that must be applied on it to prevent

it from turning.

Given, N
Area of coil, A

200, r=5x%x 102 m
2

nr

= %><5><10‘2><5><10‘2

7.857 x 1073 m?

I =25A,B=025T, 6 =60°
Since, T = NBIA cos 6
where 6 is the angle between the plane of the coil and the direction of the magnetic field.
Now, T = 200 x 0.25 x 2.5 x 7.857 x 10> x cos 60° Nm
= 0.49 Nm

An opposite and equal torque is required in order to prevent the coil from turning. Thus,
the magnitude of the applied torque should be 0.49 m.

Draw the field lines of (a) a bar magnet (b) a current carrying finite solenoid, and
(c) an electric dipole.

What basic difference do you notice between the magnetic and electric field lines? How do you
explain this difference?

The magnetic field lines.

The field lines of (7) a bar magent, (b) a current carrying finite solenoid and (c) electric
dipole. At large distances, the field lines are very similar. The curves labelled (i) and (i7)
are closed Gaussian surfaces.
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Q. 14.

Ans.

Q. 15.

250

There is a basic difference between magnetic and electric field lines. In case of the electric
field of an electric dipole, the electric lines of force originate from positive charge and end
at the negative charge.

Axis
Axis

»

»
»
»

B3

)
®/7/\k\\\*:_/ i ” \&\\ @

(@) (b) (¢
Fig. 4.40

In case of a bar magnet, the magnetic field lines are closed loops, i.e., magnetic field lines
do not start or end anywhere.

Two long parallel straight wires X and Y separated by a distance of 5 cm in air carry currents
of 10 A and 5 A respectively in opposite directions. Calculate the magnitude and direction of the
force on a 20 cm length of the wire Y.

X Y
10A 4
) 5cm >
Y5A
Fig. 4.41
By using formula,
wolyly 1
F=—"
2mr
-7
_ 4nx107" x10x5x%x0.20 — 4x10° N
2mx0.05

The direction of force is perpendicular to the length of wire Y and acts away from X
(repulsion).

A charge 2Q is spread uniformly over an insulated ring of radius R/2. What is the magnetic
moment of the ring if it is rotated with an angular velocity o with respect to normal axis?
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Ans.

Q. 16.

Ans.

Q.17.

Ans.

Charge on the element of length dl of the ring is |d, = A . dl

2n(R/2) R

dg =

Current due to circular motion of this charge is

Qs @

— - 2_ dl x .. -
dI—dqxv—nR o (. o = 2m)
Magnetic moment due to current dl
20 0] 2
= 2= —=dix—xmn(R/2
dM = dI x m(R/2)? = 5 dlx——xm(R/2)
QwR QwR 1 2
or, M in f in 5 Q .

A galvanometer with a coil of resistance 120 ohm shows full scale deflection for a current of
2.5 mA. How will you convert the galvanometer into an ammeter of range 0 to 7.5 A? Determine
the net resistance of the ammeter. When an ammeter is put in a circuit, does it read slightly less
or more than the actual current in the original circuit? Justify your answer.

Rg = 120 Q, Ig =25 mA = 0.0025 A

[=75A
i

R = & wp|o 00025 100 gosg

T I-1, 3T 75-00025

By connecting a shunt of 0.04 Q across the given galvanometer, we get an ammeter of
range of 0 to 7.5 A.

Net resistance of the ammeter

_ 120x004 _ " 13998 0
120+ 0.04

When an ammeter is put in a circuit, it reads slightly less than the actual current. An
ammeter has a small resistance. When it is connected in the circuit, it decreases the current
by a small amount.

An electron of 45 eV energy is revolving in a circular path in a magnetic field of intensity
9 x 10° Wb m™. Determine (i) the speed of the electron (ii) radius of the circular path.

%mvz = 45 x 1.6 x 107
-19
or, v = \/2X45X1'6>_<3110 ms = 3.98x10° ms™
9.1x10
2 mo
Now, Bev = e or r= ——
T Be

9.1x107°! x3.98x10°
or, r = = —o—m =025m
I9x107° x1.6x10
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Q. 18. State Biot-Savart law. A current I flows in a conductor placed perpendicular to the plane of the
paper. Indicate the direction of the magnetic field due to a small element J] at point P situated
at a distance v from the element as shown in the figure.

Fig. 4.41

Ans. Biot-Savart law states that the magnitude of magnetic field induction at a point due to a
current element of length dl, carrying current I, at a point r from the element is given by

_ &'Idlsine

dB = 4 r?

— Mg |dIx]|

Vector form: |dB| = i 2

The direction of magnetic field dB is perpendicular to the plane containing di and 7 and
is directed inward.

lll. LONG ANSWER TYPE QUESTIONS

Q. 1. An iron core is inserted into a solenoid 0.5 m long with 400 turns per unit length. The area of
cross-section of the solenoid is 0.01 m2. (a) Find the permeability of the core when a current of
5 A flows through the solenoid winding. Under these conditions, the magnetic flux through the
cross-section of the solenoid is 1.6 x 1073 Wh. (b) Find the inductance of the solenoid under these
conditions.

Ans. The magnetic induction on the axis of the solenoid is given by
B = wluynl]

Mo ;
= — |4 i
B=u ( ype ]
where U is the permeability of the medium, n the number of turns per unit length and i

is the current.

(1) Magnetic flux since the normal to the area is along the direction of the field.

Given, o = 1.6 x 1073 Wb, A = 0.001 = 107 m?2
1.6x107 ~
Therefore, B = L) = 6X—730 = 1.6 Wbm™
A 10
Since n=400,i=5A and Z—O = 107 Hm™
T
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We have 1.6 = wx 107 x 41w x 400 x 5
1.6x107
hich gives, = 27— 6367 ~ 637
which gives M x5 400

(b) Total number of turns in the solenoid is given by
N =nx1=400 % 0.5 =200
Total flux through the solenoid is
N ¢ = 200 x 1.6 x 10 = 0.32 Wb

No|_ 032

Self inductance |L = = = 0064 H = 64 mH

1

Alternatively,

_ M MoN A
l
637 x (4m x 1077) x 400 x 400 x 0.5 x 1073
6.4 x 1072 H = 64 mH
Q. 2. (a) Using Biot-Savart’s law, derive an expression for the magnetic field at the centre of a circular
coil of radius R, number of turns N, carrying current i.

(b) Two small identical circular coils marked 1, 2 carry equal currents and are placed with their
geometric axes perpendicular to each other as shown in the figure. Derive an expression for
the resultant magnetic field at 0.

=u Mo”zl A

Fig. 4.42

Ans. As per Biot-Savart law, the magnetic field due to a current element dl at the observation

>

point whose position vector } is given by

Mol dlx7
an 53

where, |, is the permeability of free space.

d_B)=

Consider a circular loop of wire of radius r carrying a current I and also a current element
dl of the loop.

The direction of dl is along the tangent, so dl L r. From Biot-Savart law, magnetic field
at the centre O due to this current element is
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u_oldlsin90° _ u_olﬂ
B = 47 r3 4am 42

The magnetic field due to all such current elements will point into the plane of paper at
the centre O. Hence the total magnetic field at the centre O is given by

I
B = J'dB = “O—‘il !
4mr I
or, = ol Jar - ol al &
Anr 4 r
Hol Mol
= -2 = —
47 1* mrorB 2r
. NI
For a coil of N turns, B = 7
(b) Magnetic field at 0 due to loop 1. Fig. 4.43
B Hoi R ds lef
= — 377 acting towards left
bo2(2er?)”

Magnetic field at O due to loop 2.

Mol R?

B 3,2 acting vertically upwards

P2 +R?)
Here R is the radius of each loop.
Resultant field at O will be

B = JB}+B} = J2B; (" B, =By
o i R?
V2 (x2+R2)3/2

This field acts at an angle of 45° with the axis of loop 1.

Q. 3. Two long parallel wires carrying currents 2.5 ampere and I ampere in the same direction (directed
into the plane of the paper) are held at P and Q respectively such that they are perpendicular to
the plane of paper. The points P and Q are located at a distance of 5 metre and 2 metre respectively
from a collinear point R (see figure).

G s TR ------- Q------- > X

25A P Q IA R

[P »|
™~ L}

Fig. 4.44

(i) An electron moving with a velocity of 4 x 10° m/s along the positive x-direction experiences
a force of magnitude 3.2 x 1070 N at the point R. Find the value of I.

(ii) Find all the positions at which a third long parallel wire carrying a current of magnitude 2.5
amperes may be placed so that the magnetic induction at R is zero.

Ans. (i) Magnetic field B, due to P at R
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C 2nr| 2m

Mol |_ Ho(25
5

Magnetic field B, due to Q at B

Z Ml m(l
2 2nr  2m\ 2

Resultant magnetic field at R

Fig. 4.45
This field B at R acts @ downwards and perpendicular to PX. Force
experienced by electron moving along PX is

T = e(%xia’) 0 = 90°

T is perpendicular to both 0 and B. Because of the negative charge of electron
(i.e., g = negative) the force F acts perpendicular to the plane of paper directed upwards.
Now, F = evB
F 2x107% y
B= Lo 320" 5010 (i)
ev  1.6x1077 x4x10

Equating this to (1), we get

ﬂ[éi} — 05x107
2nl 5 2

which gives
21 x(05%10°°
2.5} _ 5 ( ) 25

[=2 2—”(0.5><1o*6)—— —
W 5 4nx10 5

1 5

(i1) In this case, we consider the following alternatives:

P R

(@) When the current 2.5 A is directed into the plane of paper. If r is the distance of
W Y 2.5
this current wire from R. We have B, = o \
TN\ 7

Now, B, + B, + B, = 0 we get,
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Ans.

Ans.

256

o (25 4 25
w5
which gives r=-1m
Thus the third wire is located at 1 m from R on RX.
(b) When the current 2.5 A is directed out from the plane of paper upwards.
Here I, = -25A
Hence we will similarly have

(25,4, 29)
2n\ 5 2 r

which gives r = 1 m i.e., the third wire is located 1 m from R on RQ.

. Two parallel co-axial circular coils of equal radius ‘R’ and equal number of turns ‘N’, carry equal

currents ‘" in the same direction and are separated by a distance ‘2R’. Find the magnitude and
direction of the net magnetic field produced at the mid-point of the line joining their centres.

Magnetic field at the mid-point due to loop 1.
Mo i R? : .
B, = — 35, acting towards right
2(R*+R?)
Magnetic field at the mid-point due to loop 2.
Ko iR . .
B, = —————37 , acting towards right
2 p2
2(R*+R?)
.. Total magnetic field at the mid-point
B = B, + B,
iR
or, B = %—3/2
(2R’)

which is acting towards right.

. Depict the magnetic field lines due to two straight, long
parallel conductors carrying currents I, and I, in the 15A
same direction. Hence deduce on expression for the force T g + 25A
acting per unit length on one conductor due to the other. 25 ord
cm Y

Is this force attractive or repulsive?
Figure shows a rectangular current carrying loop placed

[—— 2 cm —p

2 cm away from a long, straight, current carrying -t
conductor. What is the direction and magnitude of the
net force acting on the loop? Fig. 4.46

Two infinitely long conductors AB and CD with currents I, and I, in same direction
respectively, placed parallel to each other and separated by distance r.
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Magnetic field produced by current I, at any point
of CD is

my Iy
B, =|——+
1 27r

This field acts perpendicular to CD and into the
plane of paper. It exerts a force on wire CD carrying
current ,.

Force exerted on unit length of CD is

I
F = Bl = Mo xI,x1
2nr
F2
_ Mo LI W 2L, /
or, F=———or ———= LA
21'{7’ 47‘[ r B2 1) A 12
I I
According to Fleming’s left hand rule, this force acts on ! !
CD towards AB. Similarly, conductor CD also exerts an A (o}
equal force AB towards itself. Hence the two wires get (I=1m)
attracted towards each other. Fig. 4.47
Y
v 425A
25¢cm 4 v
"2 cm
D +——10cm—» A
X
Fig. 4.48
Numerical:
211
Force on AB, EF = Bo 202 length of AB
! it n
107 x2x15x%25 5
) F, = x 25x 10
o ' 2x1072
= 9.375 x 10™* N (attractive, towards XY)
W 211
Force on CD, F, = =0 =12y length of CD
it

107 x2x15%25

- x 25% 1072

2x1072

Net force on the loop,
F=F -F,

(9.375 — 1.5625) x 10

1.5625 x 10** N (repulsive, away from XY)

7.8125 x 10™* (attractive towards XY).
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Q. 6. A circular coil of 25 turns and radius 6.0 cm, carrying a
current of 10 A, is suspended vertically in a uniform
magnetic field of magnitude 1.2 T. The field lines run
horizontally in the plane of the coil. Calculate the force and
torque on coil due to the magnetic field. In which direction ///
should a balancing torque be applied to prevent the coil
from turning? IJ//

Ans. Consider any element dl of the wire. The force on this \\\ / / /

element is | (d_i xﬁ) For each element jj, there is \\\ ///

another length element — gj on the closed loop give

_
VVH v v
@)

v

v

by - dl. Since B is uniform, therefore, the forces cancel

for each pair of such elements. So, the net force on the
coil is zero. Fig. 4.49

The torque 7 on a plane loop of any shape carrying a current I in a magnetic field B is
given by

T = IA ixB
where 7 is a unit vector normal to the plane of the loop (direction of motion of a right-
handed screw rotating in the sense of current). For a circular coil of radius r and N turns,
A =N x mr?
In the given problem, the angle between 7 and B is 90°.
Now, T = BIA sin o

= 1.2 x 10 x 25 x 1(0.06)* sin 90° = 3.39 N m

The direction of T is vertically upwards. To prevent the coil from turning, an equal and
opposite torque must be applied.

Q. 7. State and prove Ampere’s circuital law.
Ans. Refer to Page 227.

Q. 8. A rectangular coil of sides 8 cm and 6 cm having 2000 turns and carrying a current of 200 mA
is placed in a uniform magnetic field of 0.2 T directed along the positive x-axis. (a) What is the
maximum torque the coil can experience? In which orientation does it experience the maximum
torque? (b) For which orientations of the coil is the torque zero? When is this equilibrium stable
and unstable.

Ans. We know that a current loop, having n turns, each of area A, carrying current I, when
placed in a magnetic field B, experience a torque whose magnitude is given by

T = nlAB sin o (9

where o is the angle which the normal on the plane of the current loop makes with the

direction of magnetic field, i.e.,, angle between A and B.
Here, N = 2000,

I = 200 mA =200 x 107% A,
A = 8x6sq cm =48 x 10 m?%
B =02T.

258 Physics—XII



(@) Torque acting on the coil will be maximum when
sino = 1
or o = 90°
- Maximum torque, T = NIAB
= 2000 x (2.0 x 107%) x (48 x 10™) x 0.2
= 0.384 N-m
In this situation, the plane of the coil is parallel to the direction of magnetic field i.e.,
the plane of the coil is in the direction of X-axis.
(b) Torque on the coil will be zero, if sin oo = 0 or oo = 0° or 180°. It will be so if plane

of the coil is perpendicular to the direction of magnetic field i.e., the plane of the coil
is along Y or Z-axis.

The coil will be in stable equilibrium when A is parallel to B and is unstable

equilibrium when A is antiparallel to B.

Q. 9. (i) What is the relationship between the current and the magnetic moment of a current carrying
circular loop? Use the expression to derive the relation between the magnetic moment of an
electron moving in a circle and its related angular momentum?

(i) A muon is a particle that has the same charge as an electron but is 200 times heavier than
it. If we had an atom in which the muon revolves around a proton instead of an electron, what
would be the magnetic moment of the muon in the ground state of such an atom?

Ans. Let us assume that an electron of mass m, and charge e revolves in a circular orbit of

radius r around the positive nucleus in anticlockwise direction.

The angular momentum of the electron due to its orbital motion is given by

L = mpr (9

Let the period of orbital motion of the electron is T. Then, the electron crosses any point

on its orbit after every T seconds.

Therefore, orbital motion of electron is equivalent to a current.

| —
I = e-(%) L Y

The period of revolution of the electron is given by

_ 2mr ® CLA
T o
I = e( ! ] -2
2nr /v 2mr
The area of the electron orbit, A = mr? Fig. 4.50
The magnetic dipole moment of the atom is
M= Py = ...(ii)
2nr 2
Using the equation (i) we have
M = [Lj L [FromI]
2m,
In vector rotation
— _ e |+
W)
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which tells that the magnetic dipole moment vector is directed in a direction opposite to
that of angular momentum vector.

(i1) Given, e = 1.6 x 107* C (charge on muon)
200 m, (mass of muon)

200 x 9.1 x 10°* kg

18.2 x 10-¥ kg

1

. Magnetic moment of muon is

m

For ground state n

M= n en
- 4ntm,
M 1x1.6x107 x6.6 x107*
ot T 4x314x182x107%7
M 10.56 x 107>
or T 228592 x107%
or, M = 0.046 x 102
or, M = 46 x 107% Am?

QUESTIONS ON HIGH ORDER THINKING SKILLS (HOTS)

Q. 1. A coil in the shape of an equilateral triangle of side 0.02 m is suspended from a vertex such that
it is ranging in a vertical in plane magnetic field of 5 x 10~2 T. Find the couple acting on the
coil when a current of 0.1 ampere is passed through it and the magnetic field is parallel to its plane.

Ans. As the coil is in the form of an equilateral triangle, its area

[}
g x 0.02 x 0.02 N

'A >
A= 3 x10%*m A
= /3 x 10* m? N / :\ s
Torque on current carring coil in magnetic field is i
1 = BINAsina l c
]
o = 90° B —>
N=1 |
T = BIA Fig. 4.51
= 5x102x0.1x 3 x10%*N-m
= 05x /3 x10°
= 543 x 107

Q. 2. A solenoid of length 0.4 m and having 500 turns of wire carries a current of 3 A. A thin coil
having 10 turns of wire and of radius 0.01 m carries a current of 0.4 A. Calculate the torque
required to hold the coil in the middle of the solenoid with its axis perpendicular to the axis of
the solenoid.
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Ans.

Q. 3.

Ans.

Ans.

The torque acting on a current loop of turn N and current i in a magnetic field of induction
B due to a solenoid is given by

T = (NiA)Bsin0
where i is the current flowing in N turns of the loop with face area A and making an angle
0 with the field. N i A can be regarded as the magnetic dipole moment M. The magnetic
dipole moment M of the loop lies along the axis of the loop. Magnetic field B due to a
solenoid is given by

B = p,ni,

where 7 is the number of turns per unit length of the solenoid and i is the current in the
solenoid. The direction of B is along its axis. Therefore, when the small coil is held with
its axis perpendicular to the axis of the solenoid, the torque becomes

T = Yynig Ni A

500 ) )
10,n= —— =1250,i;,=3 A, i=04 A

Here N = 04
A=m?=n(001)=nx10"*m? u,=4nx 1077
T =4mnx107 x 1250 x 3 x 10 x 0.4 x © x 107* N-m

5.922 x 107 N-m

A current carrying coil of 200 turns has an area of cross-section 1 x 10~ m> When suspended
freely through its centre, it can turn in a horizontal plane. What is the magnetic moment of the coil
for a current of 5 A? Also calculate the net force and torque on coil if a uniform horizontal field of
10 x 10~? T is set up at an angle of 30° with axis of coil when it is carrying the same current.

Here, N =200,A=1x10"m>I=5A;M=?

M = NIA=200x5x10"=10"]JT"
In a uniform horizontal field B = 10 x 10-2 T, the ends of coil experience equal and
opposite forces. Therefore, net force on the coil = zero.

Torque, T=MBsin6 = 10! x 10 x 102 sin 30°

1
= 1072 x 5= 0.5 x 1072 Nm

. A galvanometer of resistance 50 Q gives full scale deflection for a current of 0.05 A. Calculate

the length of the shunt wire required to convert the galvanometer into an ammeter of range 0 to
5 A. The diameter of the shunt wire is 2 mm and its resistivity is 5 X 1077 Q m.
By using the formula,

s = —%

Putting the values,
50 x 0.05 o - 50

5= 5005 0 99
N G = pt orr= ™S
ow, =P orl = ’

putting the values,

| = %x(1><10-3)2x@

X - = =
99 5% 10_7 3.175 m.
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Q. 5.

Ans.

262

Two parallel wires Q and R carry currents 5 A and 10 A respectively in opposite directions. A
plane lamina ABCD intersects the wires at right angles at points Q and R. Find the magnitude
of the total magnetic induction at point P located in the lamina as shown in the figure.

B Q

; -
4y -7
Q18020 9
”7/)7 - -
0 -
P X 200 mm R
B,

Fig. 4.52

The magnetic induction at P due to the 10 A current,

woly | 4nx107 x 10
2nr, | 2mx200%x107°

B

1

T=10uT

The magnetic induction at P due to the 5 A current,

Holp
2nr,

B:

2

Anx107 x5

2 21 x 80 x 1073
40

5x 100 x 1077

2 J/@G

125 x 10' x 10-°

125 x uT

Resultant magnetic induction,

B = \/B? +B3 +2B;B, cos(180°-6)
where QR?* = PQ*+ PR? - 2PQ. PR cos 6
-150% + 80% + 2002
cos 0 = =+0.7469
2% 80 %200
B = 10°v102+12.52 —2x10x12.5x0.7469 = 834x10° T

8.34 uT

. Two concentric coplanar semi-circular conductors form part of two current loops as shown in the

figure. If their radii are 11 cm and 4 cm, calculate the magnetic induction at the centre.

Fig. 4.53
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Ans. Magnetic field due to circular loop at centre

Hol
2r

B:

Magnetic induction at 0 due 4 quadrant of wire

1o (40_40)_1p(20 20
T 42\ n) 42l n

-7
4mx10 {20[1—11}
8 Hon

4nx1077 1 1
20 - ~
8 4x10 11x10

5 x 10 weber/m? (inward)

Q. 7. Derive an expression for the maximum force experienced by a straight conductor of length I,
carrying current I and kept in a uniform magnetic field, B.

Ans. Consider a straight conductor PQ of length I, area of cross section A carrying current [

placed in a uniform magnetic field B. Suppose the conductor is placed along x-axis and
magnetic field acts along y-axis. Current I flows from end P to Q and electrons drift from
Qto P.

Let z;_; = drift velocity of electron

— e = charge on each electron

Y

_)
B
P Q
_)
Uﬁd o I \\ 17
X" I = > X
4_
. /
- ——— >
F l
4
Fig. 4.54

Magnetic Lorentz force on an electron is given by

7 = -dtaxB) [ F=q(oxE)]

If n is the number of free electrons per unit volume of the conductor, then total number
of free electrons in the conductor will be

N = n (Al) = nAl
.. Total force on the conductor is

T = N? nAl [— 6(7_;51 XE)]

~nAle(va xB) ()
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Q. 8.

Ans.

Ans.
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But the current through a conductor is related with drift velocity be the relation.

I =nAev]l
We represent I] as current element vector. It acts in the direction of flow of current i.e.,
along OX. Then have I] and 74 opposite directions. So

Il = —nAledy| ...ii)
From (i) and (i), we have

P o= 1(ixB)
Magnitude of

F=11Bsin®
When n=90°F =IIB.

Fleming's left hand rule: This rule gives the direction of force on current carring conductor
placed in magnetic field per pendicularly. If we stretch the fore finger, central finger and
the thumb of our left hand mutually perpendicular to each other such that the fore finger
points in the direction of magnetic field, central finger in the direction of current, then the
thumb gives the direction of force experienced by the conductor.

A straight horizontal conducting rod of length 0.60 m and mass 60 g is suspended by two vertical
wires at its ends. A current of 5.0 A is set up in the rod through the wire.

(a) What magnetic field should be set up normal to the conductor in order that the tension in the
wire is zero?

(b) What will be total tension in the wires if the direction of current is reversed, keeping the
magnetic field same as before (Ignore mass of the wire), g = 10 ms™.
Given, I = 060m m=60g=060x10° kg
I =50A
(@) Tension in the wire is zero if the force on the wire carrying current due to magnetic
field is equal and opposite to the weight of wire, i.e.,

Bll = mg
60><10’3)><10
mg |
s T T 020T
or B=" 5.0x0.60

The force on the conductor due to magnetic field will be upwards if the direction of
magnetic field is horizontal and normal to the conductor.

() When direction of current is reversed, Bll and mg will act vertically downwards, the
effective tension in the wires,

T = BIl + mg
0.2 x 5.0 x 0.60 + (60 x 107%) x 10
= 12N.

. An electron beam passes through a magnetic field of 4 x 107 weber/m? and an electric field of

2 x 104 Vm™, both acting simultaneously. The path of electron remaining undeviated, calculate
the speed of the electrons. If the electric field is removed, what will be the radius of the electron path?

4 x 107 weber/m?

2 x10*V/m

Given, B
E
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Q. 10.

Ans.
Q. 11.

Ans.

Q. 12.

Ans.

The force on the moving electron due to electric field is equal and opposite to the force
on moving electron due to magnetic field since the path of moving electron is undeviated,
ie.,

eE = evB
4
or, D = E=2x_1073=5><106m/s‘
B 4x10

When electron moves perpendicular to magnetic field, the radius r of circular path traced
by electron is

mo]  (91x107)x(5x10°)

B (16x1077)x4x 107

711 x 10® m = 7.11 mm

A current I flows along the length of an infinitely long, thin walled pipe. Then what will be the
magnetic field at

(i) a point inside the pipe (ii) a point on the axis of the pipe (iii) a point out side the pipe.
Refer to Page 227.
A narrow stream of protones and deuterons, having the same momentum values, enter a region
of uniform magnetic field directed perpendicular to their common direction of motion. What would
be the ratio of the radii of the circular paths, described by the protons and deutrons?

_mo

r qB

7 2
- q_D:_q=2
p qp q

Find the magnitude of the force on each segment of the wire shown, if a magnetic field of 0.30 T,
is applied parallel to AB and DE take the value of current flowing in the wire, as 1 ampere.
F = IBlsin 6
For segment
AB and DE, 0=0
force on these segments is zero
The force on BC

= IBI sin 90°
= 1 (B) 8 x 102 = 0.08 B tesla.
C N
o °
8cm 10cm
A 50cm B D 10cm E
Fig. 4.55

The force on CD segment,
F

(1) (B) (10 x 10%) sin 30°
0.05B tesla.
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Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

Q. 16.
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Write the relation for current sensitivity and voltage sensitivity of a moving coil galvanometer?
Using these relations, explain the fact that increasing the current sensitivity may not necessary
increase the voltage sensitivity.

%|CD <j|CD ~|@

Current sensitivity

Voltage sensitivity

Current sensitivity

Resistance
If current sensitivity increases and the resistance also increases in same order, the voltage
sensitivity will remain unchanged.

A wire AB is carrying a current of 12A and is lying on 5 A

the table. Another wire CD, carrying current 5A is arranged ¢ < D
just above AB at a height of 1 mm. What should be the

weight per unit length of this wire so that CD remains * 1;A B
suspended at its position? Indicate the direction of current

in CD and the nature of force between two wires. Fig. 4.56

Weight of the wire will be balanced by the force of repulsion between the wires AB and
CD.
F_ wohl
! 2nd
mg _ wolyl,
l 2nd

or weight per unit length,

4nx107 x12x5
= T oxixi0? N
120 x 10* = 0.12 Nm™
The direction of current is CD will be opposite to that of AB.
Two circular loops of radii v and 2r have current 1 and I/2 flowing through them clockwise and
anticlockwise sense respectively. If their equivalent magnetic moments are M, and M, respectively,
state the relation between M, and M,.

M, = I (nr)
and M, = é[n (27)2]
% _ Inr? =l
M, m2r> 2
or M, = %MZ

A small magnet of magnetic moment M is placed at a distance r from the origin O with its axis
parallel to x-axis as shown. A small coil of one turn, is placed on the x-axis, at the same distance
from the origin, with the axis of the coil coinciding with x-axis. For what value of current in the
coil does a small magnetic needle, kept at origin remain undeflected? What is the direction of
current in the coil?
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Ans. For a needle to remain undeflected the magnetic field due to magnet and current loop must
be equal and opposite.

y A
The magnetic field of magnet at origin
[N]s]
b M
4 43 r
The magnetic field of the small coil at origin ) m
i VE

dn (2 4222 Fig. 4.57
(x = radius of the loop)

w M Uy Inx?
dn 4w (P2 +x%)Y?
M (r* +x%)%?
or = ——————
X
The direction of the current in the loop must be anticlockwise.

MULTIPLE CHOICE QUESTIONS

1. If electron velocity is 2 + 3]A' and it is subjected to magnetic field of 4k , then its

(@) path will change (b) speed will change
(¢) both (a) and (b) (d) none of the above
2. An electron having energy 10 eV is circulating in path having magnetic field of 10 T. The
speed of the electron will be
(a) 3.8 x 10° m/s () 1.9 x 10? m/s  (¢) 3.8 x 102 m/s (d) 1.9 x 10° m/s
3. A particle having charge 100 times that of an electron is revolving in a circular path by
radius 0.8 m with one rotation per second. The magnetic field produced at the centre is:

(@) 107 p, ®) 107 y, (©) 10716 (@) 1075
4. A particle of mass m and charge g is placed at rest in a uniform electric field E and then
released. The kinetic energy attained by the particle after moving a distance y is

@) qEy® (®) qE% © 4Ey @) ¢Ey.
5. A galvanometer of resistance 25 Q is shunted by a 2.5 Q wire. The part of total current that
flows through the galvanometer is given by
I 1 I 2 I 3 I 4
@1 ©% O9LTn 9L Tn
0 0 0 0
6. The resistance of a galvanometer is 50 Q and the current required to give full scale deflection

is 100 pA. In order to convert it into an ammeter for reading up to 10 A, it is necessary to
put a resistance of

@ 5x10° Q () 5 x 10 Q (© 5 x10° Q d 5 x 1072 Q.
7. The resistance of the coil of ammeter is R. The shunt resistance required to increase its range
four fold should have a resistance
(@ R/3 (b R/4 (¢ 4R (d) R/5
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10.

11.

12.

13.

14.

15.
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C)
. (b 7. (a) 8. (o) 9. (d) 10. (0)
11. b)

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

@) po/m ®) V3uo/n © no/2m () 3uy/2n

A wire of length 2m carries a current of 1 ampere is bend to form a circle. The magnetic
moment of the coil is

(@) 2m (b) n/2 (c) m/4 @ 1/m
The magnetic field of given length of wire for single turn coil at its centre is B, then its
value for two turns coil for the same wire is

(@) B/4 (b B/2 (c) 4/B (d) 2B.
When a charged particle enters in a uniform magnetic field, its kinetic energy.
(@) remains constant (b) increases (c) decreases (d) becomes zero

The deflection in moving coil galvanometer falls from 50 divisions to 10 divisions, when a
shunt of 12 Q is applied, the resistance of galvanometer coil is

(@ 12 Q () 24 Q (c) 48 Q (d) 50 Q
If the number of turns, area and current through a coil is given by n, A and I respectively,
then its magnetic moment will be

(@) nIA (b) n’IA (c) nlA? d) nl/JA

The scale of a galvanometer of resistance 100 Q contains 25 divisions. It gives a deflection
of one division on passing a current of 4 x 10~ A. The resistance in ohms to be added to it,
so that it may become a voltmeter of range 2.5 volt is

(a) 100 (b) 150 (o) 250 (d) 300
The electric current in a circular coil of two turns produces a magnetic induction of 0.2 T at

its centre. The coil is unwound and is rewound into a circular coil of four turns. The magnetic
induction at the centre of the coil now is, in tesla (if same current flows in the coil)

(@ 0.2 () 0.4 © 0.6 (d) 0.8

Answers

) 2. (d) 3. (a) 4. ( 5. (a)

(@) 12. (o) 13. (1) 14. (

TEST YOUR SKILLS

15. (d).

. State Biot-Savart law Using Biot-Savart law, derive an expression for the magnetic field at the

centre of a circular coil of number of turns ‘N’, radius ‘#’ carrying a current ‘I'. A semi-conductor
arc of radius 20 cm carries a current of 10A, calculate the magnitude of the magnetic field at
the centre of arc.

. A proton and an o-Particle of same kinetic energy in turn move through a uniform magnetic

field B in a plane normal to the field. Compare the radii of the paths of the two particles.

. Define the SI unit of magnetic field. “A charge moving at right angles to a uniform magnetic

field does it undergo change in kinetic energy”. Why?

. Give the principle of a cyclotron. Draw a labelled diagram of cyclotron and explain how a

positively charged particle is accelerated in it?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Obtain an expression for the magnetic moment associated with the orbital motion of an
electron.

What is the effect of current flowing in the same direction in two long straight and parallel
conductors? Give the defination of ‘ampere’ based on this effect.

Derive the expression for the torque on a rectangular coil of area A, carrying a current I, placed
in a magnetic field B. The angle between the direction of B and the vector perpendicular to the
plane of the coil is 6.

What is the resistance of shunt required to increase the range of a galvanometer by n times?
What is the resistance of converted ammeter?

An electron of kinetic energy 25 keV moves perpendicular to the direction of a uniform
magnetic field of 0.2 millitesla. Calculate the time period of rotation of the electron in the
magnetic field.

What is the magnetic moment associated with a coil of 1 turn, area of cross-section 10-* m?
carrying a current of 2A?

How can a moving coil galvanometer by converted into an ammeter? To increase the current
sensitivity of a moving coil galvanometer by 50%, its resistance is increased so that the new
resistance becomes twice its initial resistance. By what factor does its voltage sensitivity change?
An electron is projected with a speed of 10° ms™ at right angles to a magnetic field of 0.019 G.
Calculate the radius of the circle described by the electron.

Write the relation for the force F acting on a charge carrier ¢ moving with a velocity v through
a magnetic field B in vector notation. Using this relation, deduce the conditions under which
this force will be (i) maximum (i) minimum.

Draw a labelled diagram of a moving coil galvanometer, Explain the principal on which it
works. Deduce an expression for the torque acting on a rectangular current carrying loop kept
in uniform magnetic field. Write two factors on which the current sensitivity of a moving coil
galvanometer depend.

Two identical conducting wires AOB and COD are placed at right angles to each other. The wire
AOB carries an electric current I, and COD carries a current I, What will be the magnetic field
on point lying at a distance d from O, in a direction perpendicular to the plane of the wires
AOB and COD?

A charge particle moves through a magnetic field perpendicular to its direction. Which of
following quantity will change or remain unchanged (i) kinetic energy (ii) momentum?

A charge particle with charge g enters a region of constant E and B with velocity V perpendicular
to both E and B, and comes out without any charge in magnitude or direction of V, then
establish a relation between V, E and B.

A long straight wire of radius ‘@’ carries a steady current I. The current is uniformly distributed
across its cross-section. Find the ratio of magnetic field at a/2 and 2a.

A solenoid of length 75 cm, has a radius of 1 cm and has a total of 750 turns wound on it. It
carries a current of 4A. Calculate the magnitude of the axial magnetic field inside the solenoid.
If a proton were to move with a speed of 10° ms™ along the axis of this current carrying
solenoid, what would be the force experienced by this proton?

What is direction of force acting on a charged particle g, moving with a velocity v in a uniform
magnetic field B?

How does the value of maximum safe current through a galvanometer changed, when its coil
is shunted by a low resistance?
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22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Two small identical coils marked 1, 2 carry equal currents 1
and are placed with their geometric axes perpendicular to

each other as shown. Derive an expression for the resultant |
magnetic field at O.

Why should the spring/suspension wire in a moving coil
galvanometer have low torsional constant?

Using Ampere’s circuital law, derive an expression for the

magnetic field along the axis of current carrying torodial
solenoid of N number of turns having radius r.

Magnetic field lines can be entirely confined within the core

of a toroid, but not within a straight solenoid. Why?

A charge ‘¢’ moving along the X-axis with a velocity v is z
subjected to a uniform magnetic field B acting along z-axis as
it crosses the origin. T

(i) Trace it trajectory. o) >y

(if) Does the charge gain kinetic energy as it enters the magnetic / vV—>
field? Justify your answer. q

Increasing the cgr're.nt sensitivity may not nece.ssarily increase X Fig. 4.59

the voltage sensitivity of a galvanometer. Justify.

A rectangular current carrying loop EFGH is kept in a uniform

magnetic field as shown in the figure 4.60.

(i) What is the direction of the magnetic moment of current
loop?

(i) When is the torque acting on the loop (1) maximum (b)
zero?

N

N

|
|
|
]
I
I
I
!
. G

An electron does not suffer any deflection while passing through I

a region of uniform magnetic field. What is the direction of Fig..4.60

magnetic field?

A current coil of 200 turns and radius 10 cm is placed in a uniform magnetic field of 0.5 T,

normal to the plane of the coil. If the current in the coil is 3.0 A, Calculate the (i) total torque

on the coil (b) total force on the coil (c) average force on each electron in the coil, due to the

magnetic field. Assuming that the area of cross-section of the wire to be 10° m? and the free

electron density is 10°/m®. A7z 7

A given rectangular coil

OLMN of area A carrying a N
given current I, is placed in

a uniform magnetic field

B = B,, in two different 0]
orientation (a) and (b) as

shown in figure 4.61. M N
What is the magnitude of X

torque experienced by the @ . (b)
coil in two cases? Fig. 4.61

A
<

.

Using the relation for potential energy of a current carrying planer loop, in a uniform magnetic
field, obtain the expression for the work done in moving the planer loop from its unstable
equilibrium position to its stable equilibrium position.

aad
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