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Topic 1

1 B=0.15T
’ 30°
{ > < >8A

Let / be length of wire, carrying a current of 8 A at an angle 30°
with the magnetic field.

Force on the wire, F =B/ sin®

Force per unit length F// = iB sinf

Fil=8x0.15xsin30°=0.6 Nm™".

2. The magnetic force f = qvB act normal to the direction of
motion, thus provide the necessary centripetal force to follow the
circular path.
2
qvB = —
;

L_mv_ 9.1x107!x4.8x10°
GB 16x107" x6.5%x107*
or r=42x10"2=42mm
3. Time period can be calculated.
2 2mm
= "%
So, frequency
_1_Bg g 65x107x16x107"
T 2mm 2mx9.1x107"

f=18.2 x 10° Hz = 18.2 MHz.

The frequency of revolution of electron is independent of speed of
electron.

4. (a) If a charged particle move parallel or antiparallel to
the magnetic field, no magnetic force will act on it and it move
undeflected. So, in the given condition either the charged particle
enters east to west or west to east.

(b) A magnetic force can only change the direction of charged
particle but never changes magnitude of speed as force act normal
to direction of speed. So, charged particle may follow a complicated
trajectory, but its speed remains the same.
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If we want the electron to move undeflected in the presence of
electric and magnetic fields, then the electric force should be
balanced by magnetic force.

X X X X
X X X X

So, the magnetic field should act in downward direction.

5. A electron which is accelerated by a potential difference of
2.0 kV will have a kinetic energy gained 2000 eV.

E=1/2m* =2000 x 1.6 x 107"

-16
V= /% ~266x%10"ms"!
X

(@) When the electron enters in the uniform magnetic field which
is normal to the velocity of electron the electron follows a circular
path of radius.

r_mv_9.1><1o—31 x2.66x10’

T B 0.15x16x107"
(b) When the magnetic field makes an angle 30° with the initial
velocity, the trajectory of the electron becomes helical.

radius of the helical path is

=99.75x 10 = 1 mm

r_mvsine .
Bg 1
r=99.75><10-5><E 0 B

r=149.875x 10 m~0.5mm
V=vcos0 =2.66x 107 c0s30°=2.3x 10’ ms™
Pitch of the helical path is

2nm
Pitch = T x v cosf = B—XVC059
q
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—31 7
_ mx9x107'%266x10" V3 _ 54955 105 m
0.15%1.6x107"
5o, pitch = 5.42 mm.

6. Narrow beam of charged particles remains undeflected and
is perpendicular to both electric field and magnetic fields which
are mutually perpendicular. So, the electric force is balanced by
magnetic force.

gE =qvB
Speed of charged particles

9x107 e
v=_EIB 075 ms

Because the beam is accelerated through 15 kV, if charge is g, then

kinetic energy gained by charged particles

)

—mv° =qV

5 q

m_  2x15x10°
Y]

T (12x107)

Here, we can only obtain charge to mass ratio and same ratio can

be in Deuterium ions, He™™, Li***, so the beam can contain any of
these charged particles.

=20.8x 10" kg C’

7.
N
® East
Down up
(') West
S

M 7.0A

The magnetic field is in the direction east to west and in the
cylindrical region of radius 10 cm.

(@) A current carrying wire, intersects the axis.

Force on wire,

F=iBl=iB(2)=7x15x2x1x107

F = 2.1 N Downwards

(b) By turning the wire by an angle 45° in NE and NW direction
the force remain the same, F = 2.1 N Downwards
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(@  Now the wire is lowered from the axis by a distance of 6.0 cm.

M 7.0A

Length of wire inside cylindrical region is 16 cm now.
So, the force is F= iBI =7 x 1.5 x 16 x 107 = 1.68 N, vertically
downwards

8. (1L
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Tension in the strings and magnetic force iB/ balance the weight
of wire.

2T +iBl = mg
(a) For tension in the wire to be zero.
iBl = mg
-3
B:ﬂ:60x10 X9'8=0.26T
il 5x0.45

(b) If the direction of current is now reversed, keeping the current
and magnetic field same, then
2T = iBl + mg
2T=2mg=2x60x103x9.8
Total tension = 1.176 N.
9. The magnetic field inside the solenoid is along its axis. Here
the current in the wire flows perpendicular to the axis.
F = iBl sin 90°
or F=10x0.27x3x102x1=0.081N

Topic 2
1. The magnetic field at the centre of a circular coil having 100
turns.

-7
B:(“—O/)N or g=| X107 %04 ><(2).4 %100
2r 2x8x10™

B=3.14x 10T

2. The concentric coils are in the plane north to south. Let us
decide the directions with conveniences in the plane of paper.
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Magnetic field at centre due to coil Y.

/
B, = (i—i) x 25

4x107 x18
B1 = )
2x10x10
B,=2826 x 107°T ® west
Magnetic field at centre due to coil X

/
By, = [i—i] 20 or
4rx107 x16
2><(16><10‘2)

:|>< 25 ® Towards west

B, = 20 O East

B,=1256x 10°T © Fast

At centre of coils

By =81~ B, =1570 x 107°T ® West

So, a magnetic field nearly 1.6 x 1073 T will appear at centre of the
circular coil directed towards west.

3. On the axis of the circular coil of radius R and N turns carrying
a current / at a distance x from centre the magnetic field is

g_  HolRN
5, 532
z(x +R ) I )
(a) At centre of the coil x =0 B

So, the magnetic field
WolR?N oI

R R
Which is the same result as is obtained by integration at centre of
the cail.

(b) The side of the loop where current
flows clockwise becomes south pole and
where the current appear anticlockwise /

becomes north pole. Direction of magnetic B

field is from south pole to north pole.
Now, two parallel coils each of radius R with

N turns. The magnetic field of both the coils add.

I I
IR ﬂ
Y »p, LY/
\Oj ' \Oj
B, + B,

oy

3
Net magnetic field,
1o/REN 2
Bt=By+B,= 312
el 2 1 [Rr27 +8?]
2
B - WolRN 8><23 B.- U/ _ 0.72 HoN/
2 |545R 5\5 R R

4.  The magnetic field required is 100 G in a length of 10 cm. So,
the solenoid should have a length larger than 10 cm. The maximum
current capacity of wire is 15 A, so less than 15 A should flow in
wire.

Now using

B= uo% or10x 107 = 4n><10*7¥

¥= 7.961.8

Now we can think of a possible combination with / = 10 A and
total length of solenoid /=50 cm

L_me =7961.8 or N=398.09 turns

50%10

So, one combination for the desired 100 G magnetic field in a
length 10 cm can be a total length of solenoid of 50 cm and current
in the solenoid of 10 A and total turns nearly 400.

5. Magnetic in the solenoid B = pyni

300%3

where n = — = 1500 turns/m

60x10
B=4mnx 107 x 1500 x j = 18.84j x 10T
A current carrying wire is suspended inside solenoid and a current
i=6.0Ais flowing in it.
To balance the weight of the wire by the magnetic force
iBl = mg
6x[18.84ix 10 x2x107%=25x10"x9.8
i=108.4A.

6. Magnetic field due to a long straight wire

=2 o p-107« 2X352
am r 20x 10~
=35x%x 1077

7. Let us first decide the standard directions on the plane of

paper.
N had]

(® upward
® Downward
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Magnitude of magnetic field

- ZM_OZ_/:,l _7 _2x%50
B1= 4z 7 =10 735
By right hand palm rule, the direction of magnetic field can be seen
as upward.

=40 x 10T

B = 40x107 kT
8. The standard directions on the plane of paper can be different
according to requirements.

N upward
‘ ® North
W E W E
®South
® upward

S ® Downward Downward

90 A
oo_____'_<,__—— oo

1.5m

———————

P
The magnitude of magnetic field,
p=Ho2l _ 07, 2¥90 _ 120 % 10777

in T 107" x s X
Direction of magnetic field can be observed by right hand palm rule
and it is southward.

Topic 3
1. Total number of turns in 80 cm length of solenoid can be
calculated
N =5 x 400 = 2000 turns.
_ number of turns
B length

2000
801072
Magnetic field near centre of long solenoid, B = uyn/

B=4mnx 10-7x2500x8 or B=8mx10-3T
2. Two wires connecting battery of an automobile to the starting

motor carry 300 A current in opposite direction. So, the force is
repulsive between them.
Force per unit length
_ Mo 2hT;
4n r
=12Nm*!

3. Force of attraction per unit length on two parallel wires
carrying current in same direction.

=2500 turns/m

2 x 300 x 300
X—

1077 >
1.5x10"

F/l
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_7 _ 2X8x5
Fir= Mo _ g7 2250 50 105 et
4r 1 4x10

Attractive force on 10 cm section of wire A
F=[20x 107°][10 x 1072] =2 x 10N

Topic 4

10 cm

oy

30°
g

Torque experienced by the coil carrying current in the given
magnetic field.

T = NIAB sinf

7=20x 12 x [100 x 1074 x 0.8 sin 30° or t = 0.96 N m.

2. Current sensitivity of a moving coil galvanometer is defined as
NAB

CS.= ?z# and voltage sensitivity, V.S.= e

(i)  Ratio of current sensitivity

C.S,  NoBAk

C.S, NBAK

__42x18x05x107xk .,
30x0.25x03.6x10° xk

(ii) Ratio of voltage sensitivity

V-5 _CSxR _7 10_,

V.S, C.SxR, 5 14

3. (a) The given coil is circular and is suspended such that field
lines makes angle 60° with normal of the coil.

Torque on the coil, ©= NIBA sin6
1=30x6x1x7mx(8x107)?xsin60°=3.13Nm
A similar torque is required to prevent the coil from turning.

(b) As long as the area of the planar coil remains same, the
torque on the coil is also same, irrespective of the shape.
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4. (a) Let us detail each case separately,

Dipole moment is along +x direction

M=10x5x10%x127 =0.067: B = 3000 x 104%

- = 7
Torque, T=MxB =—18x107 ] Nm

So, torque is 1.8 x 1072 N—m along — y direction net force on the

coil is zero coil not in equilibrium.

(b) Dipole moment is along +x direction
— N — AN

M =0.06,/,B =03k

V4
A

BT F =iBl
ivF:O/ F
F =iBl

0

Torque, T=MxB=—18x10"2]Nm
So, torque is 1.8 x 1072 N m along — y direction.
Net force on the coil is zero, coil is not in equilibrium
(c) Dipole moment is along — y direction

Z

1

X
— AN AN
M=-0.06 j,B=0.3k
Torque, T=MxB=-1.8x10"27 Nm
So, the torque is 1.8 x 1072 N m along —x direction.

Net force on the coil is zero, coil is not in equilibrium.

Dipole moment is at an angle 150° with the +x direction.
Torque T = MB sin@

T=18x 10’25in§ —18x102Nm

At an angle 240° with the +x direction net force on the coil is zero,
coil is not in equilibrium.
(e) j

)

X
Dipole moment is along + z direction.
T=MxB=18x102kxk =0
Potential energy U = — M.B
U= —18x1072(k k) =-1.8 x 1072}

Negative energy shows equilibrium is stable.

()  Dipole moment is along — z direction
V4

”1

X
T=MxB=18x10"(~kxk)=0
PE,U=-MB=+18x 107
Positive energy shows equilibrium is unstable.

5. The magnetic field is normal to the plane of the coil, so
condition of minimum torque.



(a) Torque on the coil

T = NIBA sin@
here 8 = Q°
=0

(b) Force on every element of the coil is cancelled by force on
corresponding element.
Net force on the unit is zero.
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(0) To calculate force on each electron, let us find drift velocity.
= Anev,

5=107x 10 x 1.6 x 107"y,

or vg=3.125x10"ms"

Now force, F=evy B

F=16x10"%3.125x 107 x 0.1

=5x 107N
6. By using the formula
%
Ry= /——G
g
We can calculate required resistance to be connected in series.
Ry= 18 7 —12=5988Q
3x10”

7. For converting galvanometer into ammeter of required range,
required shunt can be calculated
16 4x107 x15

A =001Q=10mQ.
I-l,  6-0.004
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