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Graphical Questions

2 a 3 b 4 a 5 c

7 a 8 b 9 c 10 a
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12 a 13 be 14 b 15 b
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Assertion and Reason

1 2 c a e 5 a
6 7 a c a 10 b
11 12 e 13 b 14 b 15 b
16 17 b 18 d 19 a

1.

2.

3.

(c) Magnetic field at the centre of current

(b) If distance is same field will be same

(5

Answers and Solutions
S

Biot-Savart's Law and Amperes Law

carrying coil is given by B:Z’_O.ﬂ
T r

BN = B _M 5
r B, N, 4

The following figure shows that single turn
coil changes to double turn coil.

v ¥
N1:1 N2:2
r=r rn=r/2
B =B B,=7?
- L SR
B, 2 r 4

Short trick : For such type of problems
remember B, = 75,

_to 2
dr r

(c) Magnetic field lies inside as well as outside

the solid current carrying conductor.

(b) Because for inside the pipe /=0

5.

6.

7.

10.

11.

12.

2= |x/
PRSI s 1

i )
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[——)

B=*l _¢
2rr

(d) = Ho . idlsing — gBoto. Adl xr)
4

7 4r r

(c) The magnetic field at the centre of the circle

= Ho 2T _ 407 2D _ 2T 107 Ny Am
4z r r r

(b) The given shape is equivalent to the

following diagram
The field at 0 due to

straight  part  of 7

conductor 18 ; T

B -t 2®, The N
Az r N

field at odue to i !

circular coil is Bng:—".z—’”@. Both fields
T r

will act in the opposite direction, hence the
total field at O.

1)&:&

ie. Bzg—az(f—;jx(ﬂ— 4”.27i(7r—1)

Ar R 4r R -8R

(b) The respective figure is shown below

Magnetic field at *P
P due to inner and — '
outer conductors —- -_—__-_,;l-—;_- —e—r
are equal and

opposite. Hence net magnetic field at P will
be zero.

(d) Magnetic field at a point on the axis of a

current carrying wire is always zero.
T 0 M

a

«—x =a —>|

-19
(b) /,:%: 2x1.6x10 :1.6><10719/4

2

Mol _ ppx1.6x1071°

. B = u,x107"°
2r 2x08 Ho

(@) B=uni=47rx107x5x1000=27x10"2 Tesla



13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

(a) B:ﬂ.gjﬂ:éjﬁ:12
4z 1 B 5 4

= B,=3.33x10"° Tesla

(c) Bmljﬁ:r_zjﬁzizj 52:25
r

B, 1 B,

(c) Field at the centre of a circular coil of radius
ris B=te!
2r

oNi 4z x107 x100x 0.1

2r  2x5x1072
(b) Magnetic field inside the solenoid

(a) B= =47x107° Tesla

B/n = /Uon/

(a) In the following figure, magnetic fields at O
due to sections 1, 2, 3 and 4 are considered
as B, B, B, and B, respectiyfly,

Vie! 2
i R,
B, =t ™! s _—
4z R, 1 19) 3
Ho 7i
B, =0 — As| B,| >| B
a4 R | Byl >| By |
So B,,-8,-8 = B,-*1_1lg
ne. ne. 4 R] IQZ
(b) B= uni

(d) The magnetic induction at odue to the
current in portion A8 will be zero because
Olies on A8 when extended.

(c) The induction due to A8 and cowill be
zero. Hence the whole induction will be due

to the semicircular part BC. B= Z—”’
p

(c) The magnetic induction due to both
semicircular parts will be in the same

direction perpendicular to the paper
inwards.
- B= B1+5’2—'uo :u0/:1u_0/ ﬁ+/’2®
4 4, 4 nn

(a) Field at a point xfrom the centre of a
current carrying loop on the axis is
gt 2M 1077 x2x2.1x10*°

4 X3 (1 0710)3
=4.2x10"% x10% =4.2x 10> W/ m*
(d) At these points, the resultant field =0

(b) -4

=100x e

26.

27.

28.
29.
30.

31.
32.

33.

34.

35.

36.

(= D)
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()
5 _Ho E Uy 27x100e
e r
_ yg><200><1.6><10’19 107,
4x0.8 °
27NiR? 1
d) B=He. Boc —
( ) 'y r - o r
(C) B— Mo 27(qv)
4 r
-19 15
:10‘7><2X3'14X(1'6X10 _1;<6.6><10 ):12.5Wb’n72
0.53x10
(a)
(b)

(d) Two coils carrying current in opposite
direction, hence net magnetic field at centre
will be difference of the two fields.

ie. B, =0 .2 /\/{M1 /i}
ar A

_104 (02 03]|_5
2 |02 04| a0

(b) Because B=yyni = B« ni.

(a) See solution 34.

20x1073
x 20x100

B
a) B=uni=i=—— =
( ) Ho Holl 47x1077

=7.9amp=8amp

(d) Directions of currents in two parts are
different, so directions iy A
of magnetic fields due A

to these currents are <)o Vi ]
12 V\\

opposite. Also
applying Ohm’s law B
across AB

iR = iRy = il = b

()

Also B = ;2‘ and B, = L (1=r0)
2B ﬁ -1
B hh

Hence, two field induction’s are equal but
of opposite direction. So, resultant magnetic
induction at the centre is zero and is
independent of ¢.

(d) The magnetic field at any point on the axis
of wire be zero.

(d) Magnetic field inside the hollow conductor
(tube) is zero.



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(b) If a wire of length / is bent in the form of a
circle of radius r

then 2zr=/ = [=7m /
/
r= P i=24 f
A i
[f=— ==
2 2x 2
Magnetic field due to straight wire
B -t 2o, 2x 22 also magnetic field
4z r 4z 1x10°
due to circular loop

B -t 2m_ty 27x2 B ]

T4z r 4z zl2 B 50

(c) See the following figure

) T Magnetic lines of forces
i
¢ Plane perpendicular to
@ conductor

(@) =222 = 105107 x—2__ = j=54
4z r 10x1072)
(c) B=to 2N
4r r
-7
— 314x10°3 = 10 x2x3 14X N0 5

(10x107%)
(c) The magnetic field in the solenoid along its
axis (i) At an internal point= u,n/

=47x107 x5000x 4 = 25.1x 1072 Wa/ n?

(Here n= 50 turns/ cm= 5000 turns/ m)

(1) At one end
. -3
8, =%B,-n :”‘)7"':% = 12.6x 107 Wbl n?

(b) Magnetic field at the centre of solenoid
(B) = poni
Where n = Number of turns /meter
5 B=47x107 x4250x5 = 2.7 x 102 Wb/ n?
(d) Use Right hand palm rule, or Maxwell’s
Cork screw rule or any other.
(b) B=rB= B=(4)?*B=8=168

2w x I

(d) B=40 2" _ 1256107 x X
4z’ r 52x10"

=7=1.04x102 A

(b) &

_ M O Mo T L Kol

Az r 4z 2 R 8R
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47.

48.

49.

50.

51.

~I/=

52.

53.

54.

5S.

56.

57.

58.

59.

60.

i )

UNIVERSAL
SELF SCORER

[——)

1_ 8 _
(a) BOC7:>E_ ,1‘

(a) See solution 34.

(b) B=2 or Bl
2nr r

2,004 _40_ 5 o017
B 10

(d) B=uoni=pio i
(c) Here B= uyni

where 7 is number of turns per unit length

(107)x 2x3.142x /

(b) “o 27 _ 4y —7x10°
47 r 0.05
~ 7x0.05x10°° 35
L= — = =56 amp
2x3.142x10 2x3.142
: -7
(C) B ,uON/: 47 x107" x1000x 0.1 —6.28x104 T
2r 2x0.1
: -7
(b) B:,uON/:47z><10 X50X2:1.25x10’47'
2r 2x0.5
d) Be
(d) B

(a) B-%;e B« iewhen r is doubled, B is
27r r

halved.

(b) Applying Ampere’s law §B.a’/=y0/ to any

closed path inside the pipe we find no
current is enclosed. Hence B8=0.

(a) Magnetic field at the centre of current
carrying coil is

g Ho . 2xni pghi
4z r 2r
(d) The magnetic field is given by 8= 2’—02.
T r

It is independent of the radius of the wire.
(d) Magnetic meridian is a vertical N-S plane,

the earth’s magnetic field (8,) lies in it. (For

more details see magnetism).

To obtain neutral point at the centre of coil,

magnetic field due to current (B) and B,

must cancel each other. Hence plane of the

coil and magne@ meridian must be
Magnetic

perpendicular to each other as ShoWneridian

NT ' By

| Plane of

the coil
|

| B !




61.

62.
63.

64.

65.

66.
67.
68.

69.

70.

71.

72.

73.

74.

75.

(c) 1 Tesla =10* Gaus:s

(©)

(d)

(b) B=20 2107« 21 _ 2,10 Tesla
4z r 1072

(a) Magnetic field due to one side of the square
at centre O

B, = = B =

Mo 2/sin45° Ho 22

4 al2 4r  a

Hence magnetic field at centre due to all
side

B=48,

_ ip(22)
na

Magnetic field due to » turns

wo2N2ni  pg22ni 2ugni
BneI:nB: = =
na 7(21) 7l
(- a=2)
(c)
(a)

(c) Magnetic field on the axis of circular
current

N Ny S S
CAr ()2 (P + )"

(@) r:=1:2 and B,: B =1:3 We know that
g o 27m/:>i_ B _1x1 1

4z r i B 3x2 6
(b) B=107 2 _107x2*2 _g.10° T
r 5
(c) B= —x—:B 107 x 5’”10 =6.28x10° T
X

(c) Magnetic field due to solenoid is
independent of diameter (Because B= y,ni).

(b) g Mo 271'/ 07 « 27 x 2

4z r 0.0157

200
02

=8x107° Wu/ m?

%25 =6.28x10" 2Wal n?

(b) B=ueni=4zx107 x

(d) Magnetic field at centre due to smaller loop

Ho 27 i
=—.— ... 1
5t 2 (i

Mo 27l

Due to Bigger loop 5, = So net
7T

magnetic field at centre

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

88.

[ _
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L]

B=8 -8,=*0x2 L 2
Az non

According to question B= %x B

A’ 1 27/,
Hooh B xHo £
iy non 2 4z’ h
A A i / A
A b b 48 b h_qy

{r =2n}
honho26 26 o b

(b)
(b) 5= ,uo 27NIiR? 1

= Bax
(RZ +x )3/2 (/.2 +X2)3/2

:ﬁ_mz[éjm_w
1 (R+x)°? 1) R +0.0025

4__R+004
1~ R +0.0025

(b) 5:10*73" 5:%:5 Bl 4

= . On solving R=0.1m

727m/ 2xx25%x4
5x1072
1A _ MLT

AL

(d) Magnetic field on the axis of conductor is
Zero.

(c) B=10 =107 x =1.257x10° T

= MT2A"

(b) F=BiI= [8=

(C) Bmljﬂ:r_Zzz_rzz
r B r
(€) B=107"x2 107« 211—2 107 7
r

(d) At midpoint, magnetic fields due to both the
wires are equal and opposite. So Bye= 0.

(c) B =4xto e //2)(sin45°+sin45°)

o 20 2 S T
=4 x 2 x—x— .
4r" a 2 (A
'____’ a
_ 22 e %
na nd
<—
K—a/z—)l

(b) B=10"7 2;" according to question By = B

= 5x107° = 10’7><—2; Sfo‘f:’: i=4A
X

(d) g to 27rN/ 107 x 27 x100x 0.1
Az’ r 5x1072

(a) Corresponding current i = en

So Bzﬂ 27r(en):,u0ne
4z r 2r

=4zx107°T




89.

90.

91.

92.

93.

94.

9s.

96.
97.

98.

99.

100.

101.
102.

103.

104.

105.

106.

107.

(a) B at ends of solenoid is ”—20/7/

(b) Use Right hand palm rule or Maxwell’s
Cork screw rule.

(c) AtP
= Bu=5-85 i [ [ i
Since |&|=|8)| .
S0, Bye =0 '
1 2

(d) A moving charge and changing electric
field both produces magnetic field.

(d)

(a) B:%-’:Sx10’5=§—°x£:>r=104y0 metre
T r T r

(b) B=rB=(3°B=98
(b) B represents the magnetic field.
(a)

(d) %—(1 +§]m = (1 +§]m =(+1)2 =22

(c) The given circuit can be considered as
follows

Hol
3oop = 7 @

B ! ®

‘conductor —
2nr

_ Mol =
Bnet—z—”r(ir+1)@ o 2

; -7
(d) B- #O;’N/31:4”X10 ;Z,x400><2:>yr:400
zr .

(b)
(©)

(b) B=107 " 107 210
r

20x107?

=B=5zuT

(d) B=r"B=(2’B=4B
1
(172

(a) B:yoﬂizgzgx%: ><%:1:B':B

(c) B =4x10"T B ,/:Bm
|
52:10*&22*13?2 —3x104T B
X

<~
W By=yB+B =5x10*T || 2em

(b) Magnetic field at the centre of circular loop
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108.

109.

110.

111.

—

113.

114.

115.

116.

117.

12.

UNIVERSAL
SELF SCORER
[

[ -7 .
B=t0. 2 05,05 - 107 x2x3.14x/

4z r 5x107?
i=044
(a)
_g-p-to, 2H
(@) B=5=8= y el J q;
Bner:'\/EB B, __"e_[
B 1 L~
"B 2 ®
(c) Magnetic field due to different parts are
B =0 |
M A
5= Az’ r © : -I_
. |
_tH ! 2 4
33_471'-l’® \ OT
. . |
B = = tol | Hol !
© Bhor = Byt By = 4r+47zr ?
(d) M:n/Azn/erz): M o r?
(a) /E
N |
W7LE 'S
s

(b) Magnetic field at the center of single turn

25

loop > magnetic field at the

B=*o
A
center of n-turn loop

B, =[# 27\ e B - 2B
4z rin

3/2 2 3/2
(a) Bcem‘er =1+ X_2 N Bcenter =1+ i :E
B, r 54 3 27

axis

Bonter = 250uT
(b) B=t0 27 _ g1
4z r r

(d)

N

7

(c) Suppose length of each wire is [

AN
Asquare: Z :E

2 2
/ /
Acirde = 7Z'f2 = ”[Zj = E

-~ Magnetic moment

— /4 —>



M=IiA
M A
= square _ ’square
M, cirde Ac/rde /
r
3 £ 116 T
Plaz 4

118. (b) B:Z‘—O.@: Be i
T r

119. (a) Magnetic field due to revolution of electron

zﬂ[ﬂj
B=1r0 Ho 272-/ ,Uo 27[ 21077X2
4z’ r  4Arn’ r r
-19
:>16:1O’7><W © =10"rad/ sec.
X
120. (a) B:&.£:10’7xzx—2()4:4x10’5Wb/nf
4z r 10x10

121 (a) B=40.2 — gy
4z r
122. () B,y=+B + B :'ZO.Z”,M s
T r

2r 2 2

3+

27 %1072 37+ )

123. (c) When two parallel conductors carrying

current / and 2/ in same direction, then
magnetic field at the midpoint is

_#2 pol _ po!
2zr  2nr  2nr

=107 x =5x107° wb/ m?

I 21

When current 2/
1s switched off

«— 1 —>«— T —

then magnetic
field due to conductor carrying current / is
_ !
27r

124. (d) In the following figure magnetic field at
mid point M is given by, 0

254 54

Bner:BO_BP M
Hy 2,. . TTTT

=_._l _/

4r /‘(0 P

_H, 2 5 95)-

SM—m—>

471' 25 2
(c)
(b) The magnetic field due to small element of
conductor of length is given by
_ Mo ld/sing
9= 4z 7
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This value will be maximum when
sind =1=sin90° or, 6 =90°

Motion of Charged Particle in Magnetic Field

1. (a,b,d)
Here the proton has no acceleration so
E=B=0.
When E=o0but B=0,but parallel to the
motion of proton, there will be no force
acting.
When £x0and B=0and £, B and motion of
proton (v)are mutually perpendicular, there
may be no net force. Forces due to £ and B
cancel each other.

2. (d) Since electron is moving is parallel to the
magnetic field, hence magngtic force on it
F,=0 E

S|

The only force acting on the electron is
electric force which reduces it’s speed.

m (R
m, - R,
5
4. (a)r 1 L — P
Bq (q/m)B 5x10" x4 x10
5. (b) =5 5= rEp
-31 6
6. (b)s="" M—SBMO‘ST
gr 16x1077° x0.1
7. (¢) r=Y2K o roc@
gB q

Here kinetic energy K and B are same.

_m qp \/4m dp

5
o
8. (c) F=qvxB

9. (¢
10. (d)



11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

(c) East, (By F=qvvxB) or by applying
Fleming's left hand rule.

(d) F=qra=16x10" x| |25 |25
:4X10_19\/2x2x116.2x1121297x106 2 6x102 N

(d) F=qgvxB;if Y| B then F=0
(b) This is according to the cross product
F=qvx B otherwise can be evaluated by the
left-hand rule of Fleming.
(a) r= 327K e 7 o ﬁ:(&f&
qgB

- m K, q, m,

2
4
:>L: /3 x mp:1 = K,=1MeV.
K, |2q, m,
(©) re e i:i:”z: B =or
B n B B2
(c) Time period of proton 7, = % =5usec
By using r-2m L M,
g8 , m, g,
_Am, G
m, 2q,

= T7,=27,=10u sec.

a =ma=qvb =
F qvB
Lo 4B _ 1.6x107"° x2x 3.4 x 107
m 1.67x107%7

=6.5 x 10P5m/sec?
(C) 7 27m _ 2nr B 2x3.14x0.45

B 2e0 =1.08x1077 sec
.0 X

(b) F=gvB and Kelm? = F= qB\/z
2 m

2x5x10%x1.6x107"°
1.7x107%

—1.6><1019><1.5\/

=7.344x102 N
(c) Magnetic force acts on a moving charge.

() r=2 = ruv, =>rn=25=2x2=4cm

qgB
(d) r= Y25 g @
qgB m

2 2
K () e _(1),2_2
K, Gy m, 1 1 1
= K,=2x50=100 keV.

24.

25.

26.

27.

28.

29.

i )
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[CE—)
(b) Maximum force will act on proton so it will
move on a circular path. Force on electron
will be zero because it is moving parallel to
the field.
(d) Fleming's left hand rule is used to the

determine the direction of force.

(a) Lorentz force is given by

_,L::/_:;+Fm: q_é+ q(I/x_/;): q[_é+(1/><_/§)]
(C) F= q_|;>< B
(a) F=gqvBsing

=1.6x107""%x2x107 x1.5 sin 30°

=1.6><10719><2><‘|07><1.5><%=2.4><10712N

(d) F=gqvBsine = B= F
qgvsing

g -- (when 6= 90°)
qv

F 10710

B . =—=—— =10 Tesla in z-
min qv 1072 x10°

direction.

30.

31.

32.

33.

(d) Kinetic energy in magnetic field remains
constant and itis K=qV = Kc g (V' =
constant)

LKy Ky K, =q,:G,:q,=1:1:2

(d) When
perpendicularly in a magnetic field, it

charged particle enters
moves on a circular path with a constant
speed. Hence it’s kinetic energy also

remains constant.

(b) /’:W m

(e ro——
gB

Here kinetic energy K and B are same.

r. m, (¢ r m
e |Te P _le_ |Te (-,-qe:qp)
7 My, Ge o my

Since m, < m,, therefore r, <r,

(c) Path of the proton will be a helix of radius
mvsiné
r=
qgB

(where 8= Angle between Ba ;T)E

60°



B 1.67x 10727 x 2x 108 x sin30°
1.6x107°%0.104

=0.1m

2zm 27 x1.67x107%
gB 1.6x107"°x0.104

Time period 7=

= 27x107 sec
my? my |2m,E
34. (a) ===gqvB.Forproton R,=—=Y_"_
(@) —-=qv p o=~ aB
and for deutron R, = —”Zm"E
/ V2= R,=2R,
35.  (c) In this case | £| =| £,| and both forces are
opposite to each other.
36. (b) We know that time period 7= zqig ie Tecm
(Since g and B are same)
-+ Mass of proton > Mass of electron
- Time period of proton > Time period of
electron
37.  (d) According to Fleming’s right hand rule.
8. (a) =81
eB m B
39. (a) Using ek = evB
= E=vB=5x10°x0.02=10° V7"
40. ()F = evB=16x10""x4x10°x2x10""
=1.28x10"* N
Also m_ evB= r=""
r ebB
-31 6
oo 20 A0y 4104 m
1.6x107" x2x10
41. (c) Force acts perpendicular to the velocity in a
magnetic field, so speed of electron will
remain same.
42. (a) By Fleming left hand rule.
43.  (d) Direction of motion of proton is same as
that of direction of magnetic field.
44. (a) Time period is given by 7= 27"

gB
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45.

cm

46.

47.

48.

49.

50.

51.

52.

53.

[——)

1_ g8
T 2mm

(b) e \/ZmK:l 2mV
g8 BY ¢

1 \/2x9><10_31><12000
1072 1.6x107"

= Frequency v=

=0.367 m = 36.7

qx my
_B_|m 2_m_ R
R, m, 1 ~m, 2R

(d) F=q(v=xB=10""(1087x0.5))
M-k

(b) It is easy to understand the given problem,

=5x10*(jx7)=5x10"*

along with the follglé’iﬁg figure. ~
d = radius of path BN .

\X

\

= mV X n X
gB 1

/'x: X

T(_ d—s x>0 region

(c) Lorentz force F=g(vx B) or |A = gvBsind

X

F will be maximum. when 6 = 90°

(d) The component of velocity perpendicular to
H will make the motion circular while that
parallel to H will make it move along a
straight line. The two together will make the
motion helical.

(b) We have qu__"2 or oMV _~N2mK
g8 gB

For same kinetic energy K, we have ro«+m
Hence path of proton will have larger » and
is therefore less curved.

(c) When particle enters at angle other than 0°
or 90° or 180°, path followed is helix.

(b) To move the electron in xy plane, force on it
must be acting in the y-direction initially.
The direction of Fis known, and the
direction of v is known, hence by applying



54.

5S.

56.

57.

58.

59.

60.

61.

Fleming's left hand rule, the direction of
magnetic field is also determined.

(a) A moving charge gains energy in electric
field only because in magnetic field energy
remains constant.

(a) Given that «, =K, = K,= K (say)

We know that m, = m, my = 2m and

m,=4mand q, = e, q; = e and g, =2e

Further r = Y27K — r,= v2mK ,
gB eB

22m)K _ J2r

=

eB p

and =Y 2(§th =r,. Hence r,=r,<r,

(d) Since force is perpendicular to direction of
motion. energy and magnitude of
momentum remains constant.

d) 7=20 74 v
qgB
(b) F=gvB also Kinetic energy K:%mv2
fZK
= V=,|—
m
. OF= qW/Z—KB
m

» 6X1019\/2><2OO><106><1.6><1019
' 1.67x10°%

x5

=1.6x107"°N

(d) The deflection produced by the electric field
may be nullified by that produced by
magnetic field.

(a) F,=q(vxB
When the angle between v and & is 1800,
Fn,=0

(c) r=mvigB

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.
77.
78.

79.

80.

81.

82.
83.

Magnetic Effect of Current 1226

[——)

Since both have same momentum, therefore
the circular path of both will have the same
radius.

(c) When particle enters perpendicularly in a
magnetic field, it moves along a circular
path with constant speed.

(b) For motion of a charged particle in a
magnetic field, we have r = mv/gB i.e. recv

(a) The charged particle moving in a magnetic
field does not gain energy. However, the
direction of its velocity  changes
continuously. Hence momentum changes.

(a) F=gvBsind = qvBsin0 =0

7
(b) pomv_ 10 —=1m(: g/ m=10" Cl kg)

gB 10" <10
®) 0=Z-B oy [ r:zL’”]
7 m gB
(a) r:—'i]IZf(:roc\/? :%: %2%=R\/§

mv P
(b, d) /‘Z%:q—B

(b) F=qgvBsing=1.6x10"x2.5x2.5x10" sin30°

F:1.6><1O’19><6.25><107><%:5><1O’12N

_ gBp

(©) Koo =~m? and =" = v
2 gB m

2
I .-
2 m 2m

(b) F=qgvBsing; Independent of mass
(b) By Fleming left hand rule.
(a) F=gBv=1x05x10=5N

d =i m, B a1,
g8 n v B n 2

A=

1

2
r=4r,

(d) Magnetic force on charge will be zero.

(d)
(b) Apply Fleming's left hand rule.

=35x10" sec

(a) 7o 2zm 2x3.14x9x107>
gB 1.6x107"x1x10™*

(d) F=gvxB=0 as v and B are parallel.
(a) Here magnetic force is zero, but the velocity
increases due to electric force.

(a)
(c)



84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

9s.

96.

97.
98.

99.

(b) r= % = ro mv (q and B are constant)

V> fg = MV, > MgV

(b) =5 5= Pxq (- r and B are constant)
Po_ ﬁ __ % _1
P G (2g) 2

(c) Particle will move with uniform velocity
when it’s acceleration is zero. T F,
%

=207 me

(©) re™ o f_m 9 _4.1_2
q

1
B8 r, m, q 1 2 1

ie. | F,|=mg= mg=qvB

mg _ 0.6x103x10
gv  25x107%x1.2x10*

= B=

(b) When field is parallel to the direction of
motion of charge, magnetic force on it is
Zero.

(a) Since 7 and v are perpendicular to each

other work done by force is zero. Hence
K.E. is constant.

(b)
(a) Charged particles deflects in magnetic field.

q
a —
()V m3VOCm

(ﬂj 1S minimum So v L 1S minimum.
m Li

+/ r, . m, . +
(C) /‘:—ZIZ’KDI‘OC@: He  _ He xq0+
q q

m

Tor ot Tper

_ % % 1 Then will deflect equally.

) - w/sz J2x9x107% x7.2x10°1®
1.6x107"° x9x107°

= 0.25 m=25cm

(c) v:gz%:4m/sec

(a) Because magnetic force on charge will be
Zero.

(c) W= F.dcos90°=0

(b) Since particle is moving undeflected.

10*

So gEf=qvB= B= Elv=—— ) =10 Wh/ n?

(a) re WA _mu @ 1x2 2 4
g8 rn mvy, g 1x3 1 3

()
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101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.
112.

L]

evﬁ{—?d
i.e. Force on electron is acting towards
negative z-axis. Hence particle will move on
a circle in xz#plane.  xZ-plane

<

(b) F=—evx B= F=—dvixBj=

N

B Fm e s
-

(d) Particles entering perpendicularly, hence
they will describe circular path. Since their
masses are different so they will describe
path of different radii.

mv_ 6x107
(C) r= 11 -2
qB 1.7x10'x1.5x10

(d) Cyclotron frequency v= 2’51

zTim

=2.35cm

_ 1x16x107"
2x3.14x9.1x107%"

=27.9x10° HZ = 28 GHZ
(d) By Fleming's left hand rule.
(¢) r-¥22K d

=>qgevmK = Ko —
m

2 2
3&: i Xﬂ:ﬁ: ﬁ X&:‘]
K a, m 8 q, 4m

P o (%

=2.79x10"" H

= K,=8eV

v —=> I« 1
(s

g/ m)

: myv
(c) By using r= B

'f @e (), 12,2

(d) By using Fleming's left hand rule.

(d) Along the axis of coil. vand B are parallel,
SO F=0

(d) £,=qvBsing, if v=0= F,=0

2x3.14x9.1x107%

d 7rm

7 T gB  16x10 9x3534x10°
=1x10"® sec=1usec

(a)

(b)



113. (d) Magnetic field produced by wire at the
location of charge is perpendicular to the

paper inwards. Hence by applying
Fleming's left hand rule, force is directed
along OY.

114. (c) From Fleming’s left hand rule the force on
electron is towards the east means it is
deflected towards east.

115. (c) Electric current corresponds to the

. . ; ev
revolution of electron is 7= py
7

Magnetic field due to circular current at the
Ho 2mi g ev

. rz‘/ﬂ.ﬂ/z
4,2 dr B

centre B="—~—="" "=

4z r
fv
roc,|—.
B

116. (c¢) When electron moves in both electric and
magnetic field then g£=gvB.

v £_1500 _ 3750 m/ s=3.75x10°m/ s.

"B 040
117. (c) For no deflection in mutually perpendicular
electric and field

E 3.2x10°
V=—-=
B 2x107°

magnetic

=1.6x10® m/ s.

If electric field is removed then due to only
magnetic field radius of the path described
by electron

,_mv_9.1x107 x1.6x10°

= =045m
gB 16x107"°x2x1073

1s. () r=2% = rav
qgB

Force and Torque on Current Carrying Conductor

1. (b) Two wires, if carries current in opposite
direction, they repel each other.

2. (C) r<n

B c
=
So Fi1>F, i
= Fror=(F - F3) =
towards the wire. 4 - D
le—7r1—>l
| &) >
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22
7

w

(b) M= NiA=20xZ2(4x107%)23=03 A-m?

4. (c) Net force on a current carrying closed loop
is always zero, if it is placed in an uniform
magnetic field.

. 2/ 7
5. b) Force per unit length = 2o <2 _ Ko 7
( ) p g 4z r 27 b

2x10x 2

6. (a) F=to b,y p o107y 72=8x10°N

47z  a (10x10

7. (b) For charge particles, if they are moving

freely in space, electrostatic force is

dominant over magnetic force between
them. Hence due to electric force they repel
each other.

8. (b) As shown in the following figure straight
wire is placed parallel to the magnetic field
produced by circular current. Hence force
on wire =0

PEs

t =y

e

9. (a) Two straight conductors carry current in
same direction, then attractive force acts
between them.

0. (1) Foto 2k 107x2x5x5
' 4r  a 0.1

=5x10°N/m

1. (c) F:Z‘—Oﬂz 103N
T a

When current in both the wires is doubled,
then

po Mo 2@hx2h) 0 0s
4 a

12. (a) The magnetic moment of current carrying
loop

M = niA = ni(zr?)

Hence the work done in rotating it through
180°

W= MB(Q - cosd) = 2MB = 2(nizr?)B

= 2x(50x2x3.14x16x104)x0.1= 0.1/
13.  (¢c) F=Bising

~ 500x10°* x3><(40><10’2)x%= 3x102 N



14.
15.
16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.
29.

30.

(c) M=ir?
(a) Because r = NiABcosé
(c)

(b) o= N?B =0« N (Number of turns)

(b) Magnet provides damping.

e
(b) 7= NAB

(b) Force per unit length on two parallel current

= Jjoc 0

carrying  conductor is  given by
£ =107 x zﬁ
/ a
— _'/E=1O’7><2x—1>1<1 =2x107 NI'm
(d) c=MBsing = <, = NAB, (6=90°)

(b) W= MBcosé, - cosb,)
= (NIA) Bcos0° —cos180°) = 2NA/B
(d) Magnetic dipole moment of coil = NI4

(a) F= B/YSinQ:sinH:i,:L:l
Bil 2x10x15 2

0 =30°
(a)

(b) W= ilar) = xar = M:%evr

(d) Couple of force on loop S will be maximum
because for same perimeter the area of loop
will be maximum and magnetic moment of
loop =/ix A So, it will also be maximum for
loop S.

(b) According to the definition.

(c) Current carrying loop, behaves as a bar
magnet. A freely suspended bar magnet
stays in the ~#-S diretr[Prr.

7

N
$ O

N

(c) In equilibrium angle between mand B is
zero. It is happened, when plane of the coil

is perpendicular to/_[? B

—_—t
N
M
A
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3. (¢)
32. (d)
33.  (d) Sensitivity S:%:”_‘gj“

4. (d)
35.  (b) By Fleming left hand rule.
36. (a) Force on wire Q due to wire P is

Fo=107 x%xm — 6x10° N (Towards
left)

Force on wire Q due to wire R is

Fr=10" x%xm =20x10° N (Towards
right)

Hence £, = F—- F,=14x10°N=1.4x10*N
(Towards right)
37. (a) 7= NBA=100x0.2x2x(0.08x0.1)= 0.32Nx m

Direction can be found by Fleming's left
hand rule.
38. (a) F=Bilsind=17.5=2x5x15sind = @ = 30°

39. (c) According to the question figure can be
drawn as shown below.

A A
N
NN | 1 A
104 2 ®8 | \0 5
BN | B
N | ®
3cm ANN =1 2
NS | F/
NN
AN |
NN |
=) L ______N
B 4cm C B C

Force on the conductor ABC = Force on the
conductor AC

=5x10x(5x102)=25N

40. (d) Current sensitivity %: NBA

—4
:>£,=—100j(5)_xg10 =S5radl u Amp
/

41. (C) 7= NBA=100x0.5x1x400x10* =2 N—m

42. (a) When current is passed through a spring, it
gets compressed.

43. () M=A=i=MIA



44. (c) /=6.6x10"x1.6x107"" =10.5x10*amp
= R = 3.142x(0.528F x 1072° n??
= M=iA=10.5x10"*x3.142x(0.528 x 102
=10x10"** units=1x10">* units
45.  (d) Since 6= 90° —3
Hence = NAB=1x /x ﬁ/z B
4 ) \\ ¢
= ﬁ PB )
4 — ] —>
46. (a) For no force on wire C, force on wire C due
to wire D= force on wire C due to wire B
D&XMX/ ﬂo 2X5X10 = x=9cm
4r X “T45-x) x)
47. (d) By Fleming’s left hand rule.
48. (a)
49. (a)
50. (c) Force on the wire = Bil
Force per unit length = 5/1=10* x10=107N
51. (b) F=BiI=2x12x05=12N
s2. (a) F=Ho2hl 407, 2X00x10 5 o py
4z a 0.1
Direction of current is same, so force is
attractive.
s3.  (a,b,c) Sensitivity 2 - ﬂf
/
54. (a) M= NiA=24x0.75x3.14x(3.5x1072)
=6.9x102A-n?
F 24 27 ,
. () Dot B 2y
= 2x1077 :10’7><$:> i=1A
56. (b)
57. (@) r=NABsind=0 (-6=0°
58. (d) mM=nNA
59. (c)
60. (a) Force on side BC and 4D are equal but

opposite so their net will be zero.

B 10 cm c
24 A A v 15cm
<« —>
Fyp Fep
A D
2cm

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

()
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L]

2x2x1

But £,,=10"x >x15x1072 =3x10° N
2x10°
2x2x1
and F.,=10""x x15x1072 =0.5x10°° NV
b 12x 1072 * *

= F=Fus—Fop =25x10°N

=25x107" N, towards the wire.

(b) F=107 22 407, 2x5x5
a 0.5

=10"° N(repulsive)

(b) Sensitivity = M8

(d) M=iA=0.1x7zx(0.05)
=(0.1)x3.14x25x10™* = 7.85x10~* amp- n?

(b) B=t_, ;- Bx2R
2R Ho
Now, M=ix A= iz = Bx2R - 28R
Ho Ho

() M=NA=>Moc A= Mocr?  (As/=2ar=1lxr)

= Mo P

(a)
_ Mo 24 _ 47, 2x10x5

=10"* N (Repulsive
4z a

)
(b) According to Fleming’s left hand rule,

magnetic force on electrons will be

downward.

—

e e e e e e e

e e e e ¢ e e
—>

-G=0 G = ﬁzav
v G

0 6
a ==
@) i G

(a)

(a) F= B/YSinBO":1.5><10><1><%:7.5N

(c) As shown in the following figure, the given
situation is similar to a bar magnet placed in



72.

73.

74.

75.

76.

7.

78.

79.

a uniform magnetic field perpendicularly.
Hence torque on it

r = MBsin90° = (inr?)B

(a) As shown in figure, since 2=0

Hence according to F={LxB = F=0
(a) Because r,,,, = BINA = o N.
(d)

26t
d) F= Ho chhh
( ) dr a

F = 2’_0 _2 (Attraction)
T X

_ﬂ_Z/xZ/ Mg 2/2

Ay or T ar (Repulsion)

Thus /£ =-£

(c) Magnetic field produced by wire is
perpendicular to the motion of electron and
it is given by

522‘—0.3’:10-7 20X15—10 Wbl n?
T a .

Hence force on electron
F=qvB=(1.6x10")x5x10°x107°
0 _ Si_ls_5

=8x107"8 N

(a) Sensitivity (S) = R T S,> S,
s a3
(a)
F=10*72La’2=10*7x2X5X8 —1.6x10°° (Attracti
ve)

(b) In moving coil galvanometer /« 6.

80.
81.

82.

83.

84.

8s.

86.

87.

88.

89.

90.

()
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[
(©)
(b) Fxify, so force on B due to C will be

greater than that due 4. Hence net force on
B acts towards C.

(c) Fo

two times and distance

; Since one of the current increase

increases three

times, so force become %times. Also due to

the reversal of direction of current force

becomes negative.
(c) Neon molecule is diatomic, so it’s net
magnetic moment is zero.

(b) F=BiI=1x9.8=0.98x/x1 = /=104

(a)

(d) F=107 %20 /530107 ~107 x 2.
a 0.15

x9

=/=05A4
(C) Toax = NAB=1xix(nr*)x B

(277/’ L, =r= LJ
2r

2 2
Tmax = ”{LJ B= LB

2z 4z
(b)

© (f):& ﬂ:[ﬁj:ﬂ 27 _ ol
/) 4z a /) 4z d 2zd
(Attractive)

(c) Force on wire C due to wire D
2x30x 10

X

Fp=107"x x25x1072 =5x10* N

[(towards right)
304 104 204
(T

Fe

<« 3cm —> <2 e

Force on wire C due to wire G

2x20x10
2x1072

Fp=10""x x25x107% =5x107* N

(towards left)

= Net force on wire C'is £, = F,— F;=0



91. (d) Since 6=0° S0 r=0 (. 7= NiABsinb)

Critical Thinking Questions

B X2 3/2 1
1. (b) —cene — [1 + ?] ) also Bis= g Beeptre
axis
3/2 1/2
8 'S X
—=|1+= 2=|1+—
-4-(5) =25

34:1+X?2é3:§3X2:3R23X:x/§R

2. (a) Field at the centre B, =202 _Ho
4z r 2 r

Field at a distance 4 from the centre

Ho 27nir? Mo nir®
Az (2 + 232 2 372
T (rr+ M) r3(1 +/7j]
,
/72 -3/2 3 /72 . .
= 3(1 +?] = &{1 5'7] (By binomial
theorem)

Hence B; is less than B, by a fraction _%

A
3. (a) Casel: B,=*0 lg
Az r ;

Mo 7/
B,=20 2" ®
B 4 r ® ¥

Lo et
Q

My 1
B, =22 ~©® 5
T arr
©)

So net magnetic field at the centre of case 1

B= B = T® .. (i)

B -
Bi =B~ dr r

Case 2 : As we discussed before magnetic

field at the centre O in this casé®)
—=x

Mo 7l 1

B, =——® ..... 11
2 4 r (i) ; / ©)
— —>

(A) o
Case3: B,=0
Hy @Cr—7ml2) (B)
Bg=—"—-"7"®
" ar r ==
Mo 1 i
B, =22 -® r
¢ 472' r = -7 o
(A — )
My 3l 90°
£0 Y7 |
472' 2r —
So net magnetic field at the centre of e 3
/JO /
B =20 I°T _1l® .. 11
*Tax r[ 2 j (i11)

From equation (1), (i) and (iii)

Ls
2
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B:B:B=2®: 720

L P
2 2°2'04 2

4 () AtP: B - B+ B 5,

(020 (0 2 a4
4z a 4z a '/Zil
C D
O i
/ B

_ Mo 1/2
=5 = (f+4)

5. (c) B=497_prg; (but -2 :92)
4z r A
LA Gi g
B, 6, i 3000
o(a
SO '9—1><g—2 ’/\660\\
Bz 0, 6 =
i 2
=B =5
14

6.  (c) Magnetic field at any point lying on the
current carrying straight conductor is zero.
Here H; = Magnetic field at M due to
current in PQ.
H,=Magnetic field at M due to OR
+ magnetic field at M due to OS

+ magnetic field at M due to PO

_O+H1 + H, :g/—/1 :i:Z

2 2 H, 3

7. (C d) net_B1752:>B1752:0:>B1252
= B iSO mi; = mi,Or m=mandj =i

8.  (c) Number of turns per unit width = bl

Consider an elemental ring of radius x and

with thickness dx Number of turns in the
ring = av= V&
b-a

Magnetic field at the centre due to the ring
element
dB— /lo(dN)/ /Uo/ Nax l

2x 2 (b—a) X
- Field at the centre

b
j dB— Mo NI 2 dx
2(b- a)aX




— ﬂON/ In—b
2Ab-9 a

9. (d) The magnetic field at As0,9 due to the

loop is equal to the vector sum of the
magnetic fields produced by loops ABCDA
and AFEBA as shown in the figure.

Magnetic field due to loop ABCDA will be
along 7 and due to loop AFEBA, along k.
Magnitude of magnetic field due to both the
loops will be equal.

Therefore, direction of resultant magnetic

field at P will be €-(+k. 3

N L

10. (a) Magnetic field at P is B, perpendicular to
OP in the direction shown in figure.

So, B=Bsingi-Bcosdj |
to !

Here B=22—
2z r

sing =2 and coso ==
r r

- /1 i — X
B= (UL ( Xj)— ,uo y /) (

P =x+y)
11. (a, b, d) Kinetic energy of the particle at point
P= l /77[/2 YT -
2

K.E. of the particle at point Q= %/77(21/)2

(= D)
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[

Increase in K.E. = %mv2

It comes from the work done by the electric
force gE on the particle as it covers a
Thus

distance 2a X-axis.

S -
2

along the

3 mP

gEx2a= E==""_ The rate of work
4 ga

done by the electric field at P

= Fxv=gExv= 3m_|;'
4a

At @ F, =qgE is along x-axis while velocity

is along negative y-axis. Hence rate of work
done by electric field =F.v=0 (- 6=90%

Similarly, according to equation £, = gv x B)

Force £,is also perpendicular to velocity
vector v.

Hence the rate of work done by the
magnetic field =0

Jm 143 i
172

12. (a,c) roe == Dy ey = =1:2:2
q

Radius is smallest for #*, so it is deflected

most.

13. (c) As the electric field is switched on, positive
ion will start to move along positive x-
direction and negative ion along negative x-
direction. Current associated with motion of
both types of ions is along positive x-
direction. According to Fleming's left hand
rule force on both types of ions will be
along negative y-direction.

14. (c) v=2x10%and B=(/+4)-3k)
F=q(vxB=-1.6x10"°[2x10%7x (i+ 47~ 3K)]
=—1.6x10719 x 2x10%[7x 7+ 4(7x ) - 3(1x K)]
=-32x107[0+4k+3)] = 3.2x107" (~4k - 3k)

= | F=32x10"x5=1.6x10"3N.

15. (b) In the figure, the z-axis points out of the
paper, and the magnetic field is directed
into the paper, existing in the region



between PQ and RS. The particle moves in
a circular path of radius  in the magnetic
field. It can just enter the region x > b for
r>(b-a

71

Now, r="Y>(b-9
qgB

or Vzw f— Vinin = db_a)B
m m

16. (b) Electric field can deviate the path of the
particle in the shown direction only when it
is along negative y-direction. In the given
options £ is either zero or along x-
direction. Hence it is the magnetic field
which is really responsible for its curved
path. Options (a) and (c) can’t be accepted
as the path will be helix in that case (when
the velocity vector makes an angle other
than 0°, 180° or 90° with the magnetic field,
path is a helix) option (d) is wrong because
in that case component of net force on the
particle also comes in k direction which is
not acceptable as the particle is moving in
x-y plane. Only in option (b) the particle can
move in x-y plane.

In option (d) : Frer = gE+ g(vx B)
Initial velocity is along x-direction. So let
v=vi

" Fret= qa:/+ d( |/7)><(C§(+ b}] = qu/'— qvc}'+ qvb}(
In option (b)
Fot = q(aA/) +dl( |/7)>< (c9(+ a)) = gai- ql/(,:/'

17.  (c) The given situation can be drawn as follows

Fm cos 60°

——
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F=/B = mgsin60° = j/Bcos60°

B O.O1><10><\/§:1 ,
0.1x1.73

18. (a) When connected in parallel the current will
be in the same direction and when
connected in series the current will be in the

opposite direction.
€13
—

>
I Series

Parallel

19. (b)If the radius of circle is 7 then
2nr=L=r= L
2z
2 2
Area =2 = 7L _ L
4r% Arn
- I
Magnetic moment = /A= i
T
20. (d) Initially for circular coil £=2zrand
M = ix zr?
2 .2
. L iL .
=ixa—| == ... i
/X ﬁ( 27rj 4z (@)
: : L i?
Finally for square coil & =/x [Z) 5
(i)
= =
J i
v
-
=
! — 14—
Solving equation (i) and (ii) m = %
21.  (c) The effective current /:% and A=z,
T
Magnetic moment M= iA= % gor?
Angular moment L= /o= mr*o = M_q
L 2m

22.  (b) On applying Fleming’s left hand rule.

23.  (b) Current carrying conductors will attract



each other, while electron beams will repel
each other.

24. (c) Length of the component dl which is
parallel to wire (1) is d/cosé, so force on it.

Foto .2/1/2 (dlcost) = Hohhdlcosd
dzr r 27r

25. (b) Net force on a current carrying loop in
uniform magnetic field is zero. Hence the
loop can’t translatg} So @p‘u%ns (c) and (d)
are wrong. "\ I Fo

From Fleming's left hand rule we can see
that if magnetic field is perpendicular to
paper inwards and current in the loop is
clockwise (as shown) the magnetic force £,

on each element of the loop is radially
outwards, or the loops will have a tendency

to expand.
26. (C) U=-MBcost; where

normal to the plane of the coil and direction

6=Angle between

of magnetic field.

27.  (a) As the block is of metal, the charge carriers
are electrons, so for current along positive
x-axis, the electrons are moving along

negative x-axis, i.e. v=-v

and as the magnetic field is along the y-axis,

ie. B=6
so F=qgvxB for this case yield
F=(-9[-vix B)]
ie., F=evBk [As ixj=k]
E T G
" = y
0 A0 Bhe B
d —)—0—!————;(—7; ———————— ~——> X
l i /I.F____v___ff _________ H z

28.
29.

30.

31.

32.

33.

()

Magnetic Effect of Current 1235

L]

As force on electrons is towards the face
ABCD, the electrons will accumulate on it
an hence it will acquire lower potential.

(2)

(@) =292 _92. . y-ia=92 1R = qor?
T T
L=2Rmv=2RmRw =2mRPo (. v= Rw)
~M__q
L 2m

(d) According to gives information following
figure can be drawn, which shows that
direction of T ‘ l
magnetic
field is
along the
direction of ‘
motion of
charge so net force on it is zero.

d/2 dr2

(b) M= A= ix xR also /_%:» /I//——C?a)/?z

(c) Direction of magnetic field (B, B,, B3 and
B,) at origin due to wires 1, 2, 3 and 4 are
shown in the following figure.

B=B=B=8,-= :‘0 2/_ B. So net magnetic
field at origin O
Bro=\(B+ B +(By+ B =267 + (28 =2/28
g I
B,
B,
|| 245 -
tl
Al (bl
3
(b) Circular coil Square coil
/ i T \\\ //
A5y
/// \\\¢
ip <—(_a/2 ->

Length L=27xr
=4a



Magnetic field at the centre of circular coil

B Mg .272'/ _Ho 4x%
circular = 4r r 4r /

Magnetic field at the centre of square coil

5 My 82/ uy 3227
T

circular

Bsquare 8\/5
34. (d) Magnetic field at P

_tHo 2(8)
B'_4n' d

B, 2
Hence Zeircwer _ 7 __

due to wire 1,

and due to wire 2, B, - %o 20
47 d
16 12
B, = B = ||t ° Ho 12
Dl LA \/[4;; dj [4;7 dj

Z&XEX‘]O:%

4z d zd
35. (b) According to question resistance of wire
ADC 1is twice that of wire ABC. Hence
current flows through ADC is half that of

ABC i.e. %:% Also j+h=i = 4:%/ and

5 L

273

Magnetic field at centre O due to wire AB

and BC (part 1 and  2)
_a Mo 2isind5° oy 242

81—52—47[. al2 47 a ®

and magnetic field at centre O due to wires

AD and DC (ie. part 3 and 4)

Ho 2\/5/2
B=6= 4z a ©

Also il = 2i2. So (Bl Bz) > (B3 B4)
Hence net magnetic field at centre O
Bt =(B,+ B)~(8;+ 5)

ke 2\/Ex(§/j 3 2&(5"%2

4z’ a 4z’ a

[ _
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/UO 4\/5/(2 1)® ﬁﬂ(ﬂ’@
Y 3ra
,Uo r-a _3R
36. (d) By using 8= [bz azJ here r= 5 3R
b=2R
2
[%’j R .
= B= ,Uol 2 _ 5':“0/

2(3%?) CR-R | 36zR’
2

37.  (a) Suppose in equilibrium wire PQ lies at a
distance » above the wire 4B
Hence n

= mg:f—;[%]x i

1077 x

equilibrium mg= Bil

x0.5 = r=25mm

2
— 102 x10 =107 x 22O
.

38. (c) Since the force on the rod CD is non-
uniform it will experience force and torque.
From the left hand side it can be seen that
the force will be ‘mward and torque is
clockwise.
_T t ¢ N

C D i

39. (c) Initial magnetic moment = g = iL?

i A
) " / 4 H, = M2
T <~
/ L2 /// L/
= M
# «—L—> l —= /
<« L2 —>
= il? L

After folding the loop, M = magnetic

2
moment due to each part :’&}L:%:%
= w=M2=H o -

Ha \/_ 2 X\/_ »\/E

40. (a) By using 8=*2 L (sing, +sing)
4z a

_Ho T osing)

47 (L14) N
. L]2 2 ¢
Also sing = -<£ b ----= >P
’ J5L14 A5 |<—L/4—/¢7€—>|
LR z



41.

42.

43.

44.

45.

Aul
«/_ 5zl
(d) In P and R loops, currents are divided in
same proportion because the branches have
equal resistance. Hence magnetic field
produced at centre due to each segment is of
equal magnitude but of opposite direction,
so net field is zero.

7\

=
520 = B%0 > 820
N A

(a) From figure it is clear that Pg ~_r

sino=2 also r= P -3 ---
r B

. sin@ = Bqd
(a) _/:_CAD = _/:_CD = _IECED
. Net force on frame =3Fcp =(3)(2(1)@) (F
=ilB)
=24 N
(b) The given curved wire can be treated as a
straight wire as shown

X X X X
~
I~
~
| ~
¥ > o Sem
AN
4em A ~
| ~
X X X ~ X
i ~
| RN
A — C
X X 3cm X X

Force acting on the wire
F= Bil=2x2x3x107?

= 12x10% N along y-axis.

So acceleration of

)
F 12x10 12m) &

AC,

wire

m 10x107°

(b)

aﬂ%?’ X

Magnetic field at 0 due to
Part(1): B =0

46.

47.

48.

49.
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Part (2): B, = (;T;)(@ (along —Z-axis)
Part (3): B, = (8/2 ¢) (along - Y-
axis)
7l .

Part (4): B 4— m (along +Z-axis)
Part (5): B = (33/2) ¢) (along - Y-
axis)

_2) M _ Z
B -8B = 4” 6(2 3) 35 ® (along Z
axis)

33+Bn-=:—f[.la(2+gj 8”Ol(i) (along — Y-

3
axis)
Hence net magnetic field

net — \/(BZ -

B B,)? +(B; + Bs)?

LU Py
3ra

(b) Magnetic field at the centre due to one side

B =4 250 \where 7= acosg .
4z° r Z

So B, = to 2Sin0 _ Koly g
""" 4z acosd 2za

Hence net magnetic field

/
B = nxl tanZ
2ra n

also /- \N2mk :l 2mV
g8 B\ gq
. sing = B’dw/i
2mV

19 '
:0.51><0.1\/ 1.6x10
2x1.67x107%7 x 500 x 10°

:139:30"
2

(b) The field at the midpoint of BC due to 4B is

_Ho 7 %] and the same is due to CD.
4z dl?2

Therefore the total field is {— (”—"d’j 7(}

TT

(a) The electron reverses it’s direction. It can
be done by covering semi-circular path in x-
z or x-y plane.



50. () The field at 0 due to AB is £° ' and that

7 a

due to DE is also o Lk,
47 a

However the field due to BCD is
&,_/[z) .
4r a\ 2

Thus the total field at O is 2’—0.—/(2+£] k

T a 2
A
!
a
B> ¢
A
C\ :a i
=
D E

51. (d) The energy of a charged particle moving in
magnetic field remains constant because the
magnetic field does not do any work.
Therefore kinetic energy is constant i.e.
u=v.

The force on electron will act along
negative y-axis initially. The electron will
undergo circular motion in clockwise
direction and emerge out the field. So y<o0.

Graphical Questions

- 27/ - 1
1. ()| B=H " | Bl -
(©) | Bl= === Bl

2. (a) Every point on line 4B will be equidistant
from X and Y-axis. So magnetic field at
every point on line 4B due to wire 1 along
X-axis is equal in magnitude but opposite in
direction to the magnetic field due to wire
along Y-axis. Hence B,,0n A8=0

3. (b) If the current flows out of the paper, the
magnetic field at points to the right of the
wire will be upwards and to the left will be
downward. Now magnetic field at C, is
zero. The field in the region Bx will be
upwards (+ve) because all points lying in
this region are to the right of both the wires.
Similarly, magnetic field in the region AX

will be downwards (— ve).;'The field in the

©
|-
B
’
XCA c CBX
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region AC will be upwards (+ve) because
points are closer to A compared to B.
Similarly magnetic field in region BC will
be downward (—ve). Graph (b) satisties all
these conditions.

inside the conductor
field outside the

4. (a) Magnetic field
B,«rand magnetic

conductor B

out

(where r is the distance of observation point
from axis)

5. (c¢) The magnetic field at points to the right of
the proton beam acts perpendicular to the
paper inwards (x). The magnetic field at
points to the left of the electron beam acts
perpendicular to the paper outwards (-).

Magnetic field at mid point M is zero.

p' e
p' P M e
LT e — — — B
p H €
+ X —
P e
P’ e

—d—>

Magnetic field at the points closer to proton

beam acts perpendicular to the paper
inwards (i.e. (x)) and at the points closer to
electron beam it acts outwards i.e. (-). In the
given options graph (c¢) satisfies all the
conditions.

6. (a) Magnetic field inside the hollow metallic
cylinder B, =0,and magnetic field outside it

1

B,y oc—
T

[¢

7. (a) Magnetic field in the middle of the



10.

11.

12.

13.

14.

solenoid’s 1s maximum, magnetic field at

1
the and B,,, = EBcentr@

(b) The charge will not experience any force if
| £|=| £,| . This condition is satisfied in
option (b) only.

(c) The given portion of the curved wire may
be treated as a straight wire of length 2L

which experiences a
E, = Bi2L)

magnetic  force
(a) r=NBiAsing so the graph between ¢ and ¢
is a sinusoidal graph.

(c) For undeviated motion | £|= £,|, which
happened when v,£ and & are mutually
perpendicular to each other.

(a) If at a place, magnetic induction is B, then

energy density will be equal to U:Zi. It

Ho
means, graph between U and B will be a

parabola passing through origin and

symmetric about U-axis.

(b, ¢) Since length of the wire is equal to /,

therefore, 2zRn=/or n=—"_

27R

Magnetic induction at centre of a circular

s : 2xni /7
coil is given b g=to N _ Hll
& y 4z R 4zR°
1
Bo —
#
It means, when R—0, B—»and
R— o, B—0,

Hence (b) is correct and (d) is wrong.

Substituting R=—'— in B=*0 27"
27zn 4z R

B« 7. It means graph between B and n will
be a parabola having increasing slope and
passing through origin. Hence (c) is correct
and (a) is wrong.

(b) When a current flows through cylindrical
shell, then according to Ampere circuital
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law, magnetic induction inside it will be
equal to zero. Hence energy density at r< R
is equal to zero.

Therefore, (a), (c) and (d) are wrong.

When r > R, B=tol
2nr

Since U =2£, therefore, outside the shell,
Ho

U= ﬂOIQ

Pl It means, just outside the shell,
wor

U= ;u0/'2

= and when r— o, U— 0.
812 R

Hence (b) is correct.

15. (b) Energy density in previous objective, at

16. (b)

/Uofz
3272 R

It means, graph-between U and i will be a

or Ua /.

r=2R, will be equal to U=

parabola, passing through origin, symmetric
about U-axis and having increasing slope.
Hence (b) is correct.

Direction of magnetic field at every point
on axis of a current carrying coil remains
same though magnitude varies. Hence
magnetic induction for whole the x-axis will

remain positive.
Therefore, (c) and (d) are wrong.

Magnitude of magnetic field will very with

. NIR?
x according to law, =47
g AR+ x2)32
Hence, at x=0, B:”;—g” and when

X—=o00, B—0.

Slope of the graph  will  be
dB_ 3uyNIF.x
ax AR+ X2

It means, at x = 0, slope is equal to zero or
tangent to the graph at x = 0, must be
parallel to x-axis.

Hence (b) is correct and (a) is wrong.



Assertion and Reason

(a) Cyclotron is suitable for accelerating heavy
particles like protons, a-particles efc, and
not for electrons because of low mass.
Because electrons acquire very high
velocities very near to velocity of light and
appreciable variation in their mass, occurs.

(c) Cyclotron 1s utilised to accelerate the

positive ion. And cyclotron frequency is
Be
2zm
frequency doesn't depends upon velocity.
Therefore, assertion is true and reason false.

given by v= It means cyclotron

(a) A moving charge experiences a force in
magnetic field. It is because of interaction
of two magnetic fields, one which is
produced due to the motion of charge and
other in which charge is moving.

(e) In this case we can not be sure about the
absence of the magnetic field because if the
electron moving parallel to the direction of
magnetic field, the angle between velocity
and applied magnetic field is zero (F = 0).
Then also electron passes without
deflection. Also F=evBsing = F < B.

(a) In the absence of the electric current, the
free electrons in a conductor are in a state of
random motion, like molecules in a gas.
Their average velocity is zero. i.e. they do
not have any net velocity in a direction. As
a result, there is no net magnetic force on
the free electrons in the magnetic field. On
passing the current, the free electrons
acquire drift velocity in a definite direction,
hence magnetic force acts on them, unless
the field has no perpendicular component.

(c) Time taken is independent of velocity and

radius of path. However, maximum velocity

will be given by Vmax=%? where R is

radius of Dee’s.

7.

8.

10.

11.

12.
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(a) Due to metallic frame the deflection is only
due to current in a coil and magnetic field,
not due to vibration in the strings. If string
start oscillating, presence of metallic frame
in the field make these oscillations damped.

(c) The direction of magnetic field due to
current carrying conductor can be found by
applying right hand thumb rule or right
hand palm rule. When electric current is
passed through a circular conductor, the
magnetic field lines near the center of the
conductor are almost straight lines.
Magnetic flux direction is determined only
by the direction of current.

(a) The force on a charged particle moving in a
uniform magnetic field always acts in
direction perpendicular to the direction of
motion of the charge. As work done by
magnetic field on the charge is zero, [W =
FS cosd], so the energy of the charged
particle does not change.

(b) We know that the direction of the earth’s
magnetic field is toward north and the
velocity of electron is vertically downward.
Applying Fleming’s left hand rule, the
direction of force is towards west.
Therefore, an electron coming from outer
space will be deflected toward west.

(d) In the case of metallic rod, the charge
carriers flow through whole of the cross
section. Therefore, the magnetic field exists
both inside as well as outside. However
magnetic field inside the rod will go on
decreasing as we go towards the axis.

(e) The force experienced by a charge particle
in a magnetic field is given by, F=gvx B
which is independent of mass. As g, v and B

are same for both the electron and proton,
hence both will experience same force.



13.

14.

15.

16.

17.

18.

19.

(b) The torque on the coil in a magnetic field
is given by 7= nlBA cos 0
For radial field, the coil is set with its plane
parallel to the direction of the magnetic field
B, then 6 = 0° and cos # =1 = Torque =
nIBA (1) = nIBA (maximum).

(b) The winding of helix carry currents in the
same direction therefore they experience an
attractive force pulling the lower end out of
mercury. As a result of this, the circuit
breaks, current becomes zero and hence the
force of attraction vanishes. Therefore helix
comes back to its final position, completing
the circuit again. In this way, the process is
repeated and helix executes oscillatory
motion.

(b) For a solenoid &, =%(B,ﬂ). Also for a long

solenoid, magnetic field is uniform within it
but this reason is not explaining the
assertion.

(d) When a charged particle is moving on a
circular path in a magnetic field, the
magnitude of velocity does not change but
direction of velocity is changing every
moment. Hence velocity is changing, so
momentum (mv) is also changing.

(b) Time period, 7= 271 as [EJ :z(ﬂ] =

Bq q), a,
T, =21,

Also T« m,butthen 7,

a

=47, which is not
the case.

(d) When two long parallel wires, are
connected to a battery in series. They carry
currents in opposite directions, hence they
repel each other.

(a) Here, both Assertion and Reason are correct

and reason is the correct explanation of
assertion.
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