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Magnetic Effect of Current and Magnetism

SOLUTIONS

EXERCISE - O
1. Ans. (A)

2. Ans. (A)

B, =1/Bf +B +B:

3. Ans. (B)
Magnetic field due to wire at P

i p
= g ©
2nd

=10uT ©

®R
AtQ, 10 uT®

Net magnetic field at P
=10 uT © +10uT © =20uT
AtQ 10 uT © +10uT® =0
4. Ans. (B)

Mol ol

Based on plot of B =
2nr, 27,

resultant of both wires is taken B at mid-point will be zero. B will approach very high values very
close to each wire. (But directions will be opposite)
5. Ans. (C)
Field due to CC'and DD’ at centre ‘O’ is zero.
Field due to AB and CD cancel each other.

This only field is due to AA'and BB’ = LT 2= Mol
4rr 2nR
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6. Ans. (C)

Bnet = J§B
_ \/§H0i

2nd
3 \/§M0 x10
2nx2x1072
=1.7x10+4T
Ans. (C)
Bret = B1 - B2
Holi _ Kol

2ny  2mx

<—X>o (X, y)

W [ Iix-Ly _0
27 Xy

I
Lx=Ly=y="x
IZ

So locus is a straight line.

8. Ans. (A)
B= Y
2myx* + y°
Unit vector in the direction of magnetic field is
ho Y-y
x* +y?
. . ml(yi-x
—B-B=— ( )
2n(x* +y2)
9. Ans. (A)

BZH—OI(Sin(l-FSinB)
r

B=107><%><i><2

2
22

B 52 x107" tesla

Direction

I1

(x,y)

d=x2+y?

o]

[2]
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10.

11.

12.

13.

14.

15.

Ans. (A)

u,IR? 1 ( uolj

T2 +RY? 2z 2R

(xz +R? )3/2

1
= R=—
J8

= R6=%(X2+R2)

3

= 2R*=x*+R*’= |x=R

Ans. (A)
Average current in the loop

i :% =e-f {where f= frequency} €

Magnetic field at the centre of circle
Bl Heef
2R 2R
Ans. (D)
MF due to a moving charge
ot 4VXF
4t r

MF due to all the charges are in same direction

pot @V Mo @V By 20V
4nta” 4ma” 4w a

()
4\ a
Ans. (B)

IE.CTK = WoZim (Amper's law)

Ans. (C)
Use Ampere’s circuital law.
Ans. (C)

MF inside such wires is given by B, = 5

For outside point
Ho!

 2mx

g - Ml a_ k!

1 2 -
2na” 2 4na

And B,—_tol _ M
? 2n(2a) 4ma

B, /B,=1

2

Hof
nR*

x where x is the distance from the axis of wire

www.allen.in
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16. Ans. (D)
Value of MF is not same along different positions parallel to wire. Hence ampere law is not useful.
17. Ans. (D)

@Bdﬁ =MoL, N
@Borjdf =MoL, "

2nr

or By’ |di=p,l,
] S
[Note : Bor3 is taken out of integration
because it is not varying along d/] Q
or  Bor3(2nr) =polen
or I - 2nB,rt
Mo

18. Ans. (D)
By Ampere's law
B(2nr) = po(i - 1')
Now, current density in the outer wire is constant

i i

n(c?-b*)  nw(r’-b)

po Mol | rib i (-t
2nr ¢t —b? 2nr | ¢ —b?
19. Ans. (A)

Just assume current is flowing in complete conductor. Because direction of current is in opposite
direction in both conductors. So current in non-shaded part is anyways zero.
BA = B1 + Bz

2

) 0) v )
275g ZTrg ‘
2 2

TE]d A
21

20. Ans. (D)
Magnetic field insider long solenoid

Bo = |J.0HI
Frequency of rotation in magnetic field
_gqB
2mm
_qunl
/ 2nm
e fx2mm
qul

[4] www.allen.in
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21. Ans. (C)

V=gsin0-t

Fn=q(g sin 6-t)B

Fn+ N=mgcos 0

It will loose contact when N =0
Fn=mg cos 0
q(g sin 6-t)B = mg cos 0
re mcot©

qB

22. Ans. (C)
Radius of curvature
. mV
N qBsin6

q =90° angle between Band V
r=o0
23. Ans. (A)
Initially magnetic force on charge is in +x direction.

F= q(v})xBllg

F= quf
So, g>0
Radius of circular path
_my
4B
o
ri>r
So  |B|<|B,|
24. Ans. (A)
Ist case:

—2f = q2i X (B, + B,j + B,k)
—2f = 2qB,k — 2qB,j

So B,=0

IInd case:
+21 = q(2)) x (Bl + B,j + Bk)
21 = 2qB,(—k) + 2qB,i

So Bx=0

Bis parallel to k
So V||B

So F=0

www.allen.in [5]
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25. Ans.(A)
e(V,-V
e%B:.LiL_AJ
VB - VA = BVd'C +++++++++
26. Ans.(A)
X X X
© 0O
X X X
— © 0 X
X X X

Force can be found using q(\7>< E) , where q is positive.

27. Ans. (C)
Net work done on the particle.
W = QEoxo {Only work done by the electric force}
W =Ak.E.

1
QE,x, =Emv§

QE,x, = %mZS

x—25 m)_ 25
° 2E,\ Q) 2E,

28. Ans. (B)
Unit vector along diameter = Gr)
V2
F=i¢txB
29. Ans. (A)

Force on wire Q due to wire P is

2x30x10

F,=10"x x0.1 =6x10~°N (Towards left)

Force on wire Q due to wire R is

F,=10" x%x 0.1=20x10°N (Towards right)
Hence F,, =F,—F, =14x10°N=1.4x10"*N (Towards right)

[6] www.allen.in
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30. Ans. (A)
If we take two small segments on ring as shown in figure. Net force on both segments is in -x
direction.
% B,(Rcos0)-Rd0-cosH
F,=1 ol )
IB,R ¢ IB,R
:——‘)J‘cos2 0do=—10
2 9 dF
0 0 X
_IBR 7 I

F

y

jsinecosedG:O

0

Net force will be

» IBnR
F="200 (-

31. Ans. (D)

Since B is constant in the region

The net magnetic force experienced by the conducting wire MN is
F=1(L,;; x B)
Where, Zeff = 6RI1
F = I[6Ri x B(=k)]
F = 6BIR())
32. Ans. (B)

> Z
When displaced along z-axis net force on wire will be away from equilibrium.
But when displaced along y-axis Fre: will be towards equilibrium position.

33. Ans. (A)
10 T 1, m

100) 10 /
To get the direction :- . . X
- (10 3 Aj( 1 ) -----------------
m=| —-i—k| —
2 2 10

m=(0.05)(7 -\3k) 7 v

www.allen.in [7]
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34.

35.

36.

37.

38.

Ans. (C)

For torque to become zero, m vector turns clockwise and gets aligned with B

Angle turned = 90° + 6
Ans. (D)

M_q

L 2m

mr*

— M:ix
2m 2

(O]

qor’Bsin0

= T=MxB= (clockwise)

Ans. (A)
T=MxB .
1=IAB ~
mR*
2
IAB
T_ mR?
1 2
Ans. (B)
T=MBsin 0
Tnet = 0
So imR2Bsin®-mgsin0-R=0
g9
TiR
Ans. (D)

I=

o=

06 10 di
Current sensitivity, CS=—-—=— 4
I 107 A
CS=10%div/A
vs= 920009
vV A

Voltage sensitivity,

S 10000 _

Galvanometer resistance R = —_—

VS 2000

10000
1

=10000Q2

New resistance = R’ =

!

ol

Hence, resistance required to be added in series = 9995 Q2

[8]
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39. Ans. (B)
Magnetic moment

Length

Pole strength P =

P= %, pole strength doesn’t change on bending. M’ = P(2R)

M= M(Zxé) ;P _1;
L T 2R
w=2M (nR = L)
T

40. Ans. (A)

B, = 107 —2X2 4 10+
27

27x10° )

B:= E><10"*=i><10"’ B,
64 32

4Y (5
Buee= || = | +| =5 |(10™)=2.15x10"T
27 32
41. Ans. (B)
Force on a dipole in non-uniform magnetic field

2
dr

d(y, 2m
= F“:mlﬂ[zl_:c r32J

1
= F12 OCr—4

42, Ans. (C)
2u.M
1.5 x 104 + “—03=B
47(0.1)
2x107 %10 N
1073
=215%x104T S
43. Ans. (C)

=1.5x10*+

B, 06

= =1G
cos® 3/5

Bcos6=B, = B=

44. Ans. (B)
U=-mB
Ui=0
U, =-mB
| AU |= KE = KE =mB =2x25p] = 50 yJ West

By

N

S

A
]
i
i
i
1
1
]

East

—

m
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45.

46.

47.

48.

49.

50.

51.

Ans. (C)

Torque due to twist (torsional) is balanced by the torque due to magnetic field.
t=kd=mBsin6

Where ¢ is the angle of twist and 0 is the angle between magnetic field and magnetic moment
¢, m, sin6,

¢, m,sinb,

1(@] 1] 150 5

m, (270-30 % 240 8

2
(¢ = Angle turned by upper end - Angle turned by lower end)
Ans. (B)
By =B cos 30°
B, =Bsin 30°
Bys = B cos230°

=

1
Bsin30 2
tan ¢ = Bcos?30 %:g
4
Ans. (D)
I
mB

T=2r

H
There is no change in pole strength. l
m=9_m 3

3
=L

a0 ) —

12
27 ’—XB

Ans. (B)
B=pH

= (8x107)(160)=1.28wb/m’

Ans. (D)

By definition curie temperature is that temperature above which a ferromagnet transforms into a
paramagnet. Due to increased random motion domain formation doesn’t happen.

Ans. (A)

Ferromagnetic substance is strongly attached by magnetic field.

le wII

f
3

O | ~
&||N !

Ans. (A)

Mz% and M =m x volume

M = Magnetisation, =~ m = magnetic moment

L m_LB m[ﬂjm
m, T,B, T.B

m2:1—5><(2><1024) x(1.5x107%)| == 4.2110.98 =7.875)T"
100 2.8 )\ 0.84

[10]
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52. Ans. (B)
Theoretical concept
53. Ans. (C)
Theoretical concept
54. Ans. (D)
B = pwo(H+M) = 0 is for a perfect diamagnet (super conductor)
y=-1
55. Ans. (B)
dB
B=uyH = Tl n
Slope of the curve first increases then decreases.
56. Ans. (C)
k6 = NIAB
0 NAB
1k
Sensitivity « B = unl
Hence, statement 1 is correct.
Soft iron can be easily magnetised and demagnetised.
Statement 2 is incorrect.
57. Ans. (B)
Because electromagnets need to be magnetised and demagnetised again and again. These are
temporary magnets.
58. Ans. (B)
Paramagnetic substance moves from weaker magnetic field to stronger magnetic field.

59. Ans. (C)
1 .
x,, o« — Curie law
T

60. Ans. (B)
B=pH

or B:[%nzmo-‘*}f]

or 1=04+12x104H
H=500A4/m
61. Ans. (A)

Atomic magnetic dipole moment is zero for diamagnetic atom have permanent magnetic moment-
paramagnetic.

62. Ans. (B)

Particle empty subshell contain by ferromagnetic substance.

www.allen.in [11]
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63.  Ans. (ACD)

cosa =

1
2R 2

o=

wla =

ot = T and th:S_n
3 3

64. Ans. (AD)
To get zero magnetic field, magnetic field due to ring and solenoid must be opposite to each other
and equal in magnitude.

Bsolenoid = Bring

_ MOIring

l’lOnIsolenoid 2R

1300X1_ 41tx107 x8
0.65 2x0.02

47tx1077 x

201=2
1
I=— Amp =100 mA
10
If current is revered then direction of magnetic field changes and Bye: = B1 + B2
. -7
B, —2B= Ml _Amx107
R 0.02

=16m x 10-5 Tesla
65. Ans. (ACD)
Assuming equal and opposite current density in the region of cavity we can calculate MF in the
cavity region

x8

él J—Fl - P
- B, B,
e, Lr, ; g
.~ ZXr .~ —ZXT A7
e,=—2" and e,= Z SN
r r, P U
rl ,/’, I, ‘\ \\ rz
Hence, o /', AN
. s / \ N
= r oA A DAl —— A WA
B1 M = H_OJ(Z X 1 ) 0 5 O'
2 2 a
HoJ (n
And B,=- (Zx 2)
Hence,
= = oJ A (= =
B, +B, =—Z><(r1 - 2)
2
= B,+B, :MTOJEXG

Hence, net MF is constant. It is independent of position inside cavity.

Also, MF is perpendicular to a

If an electron is projected along y direction it will be parallel to MF and hence will not experience
any magnetic force.

[12] www.allen.in
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66. Ans. (AC)
Mol _ Moo (3a—-2a)
2na 6
3
67. Ans. (BCD)
For no deflection
Fn=F.=qVoB=qE
For charge to hit below hole in the screen s,
Fn<F.
= qvB<qE=VB<E
If E is increased and v decreased this is certainly possible
(B) is incorrect because that does not always lead to desired change
(C) is incorrect for the same reason as stated above
(D) is incorrect because it will definitely deflect the particle upwards.
68. Ans. (AB)

0=60

69. Ans. (AB)
Case (1) Ifg>0

04, I
0=60° L/~ R
R/2 © L / Bo/2
1 2mm C: >
At t=- —— i B B
6 qB _RM/ 0
r=2 TA Il
3qB i
Hence particle will enter region I from II for first time at E Bo/2 I
m i
t=—r" !
3qB

Option (A) is correct option (C) is incorrect
Case(2)g<0

,_1 2%m ’ .
41qIB S N
qB

™m i
t= :
2|q|B i

Hence option (B) is correct.

II1

www.allen.in [13]
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70.

71.

72.

73.

Ans. (ABC)
mV r N V

Ans. (BD)

mv ... : .

r= B = if B is greater radius will be small.

q
Also Winagnetic force ON free particle moving in the field = 0 = speed remains same.
Ans. (ABCD)
Magnetic force = BQvo = Mv, XV, xQ

L, QB

. My,
Magnetic force = —
0 0 +QM
Which is equal to centripetal force so block is circular < >
motion about O & radius Lo. So, spring forces is zero,
So potential energy is constant only magnetic force
will work, so kinetic energy is constant

Ans. (ABD)

dF,, =Idyjx B y

oLB L
dyx

— /: B ~ -~
dFAB:I[dy]xTOyk} I y 5

os}

(@]
~
=
—
—

B . -~ B
B="2(0)j+—2 yk
L J Ly

~. B, 2
I dF,, :f ITydy(l) (0’0? I (L,0)

X]3 dx | ¢
By 5 By i (oL) E—p——ry (L1

dF,, = Idxi x B,k

~ ~ A
= 1B,dx (7 x k) (0,0) I (L0)
— ~ L
J dFy =1B, (_j)jo dx
F,. =—IB,Lj

[14]
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~

Fye=—(IB)L)]

dﬁco :I(_dJ’)}X(BOl(IO)]A.“‘ BOEY) I:')

BO L 5
=—1 TIO ydyi

= IB,L »
E, = 1

CcD 2

. B ~ B R
For AD B:T"(O)j+7"(0)k:0

F,,=0
Fnet - _IBOL]
74. Ans. (B)

Consider an element of length dl ,the force on it dF = Bi(dl) sin90° = Bi(dl) and perpendicular to
dl and B that is along z- axis. For any of the element of the loop, the direction is along z-axis.

Therefore force on entire loop F = J'OZTm Bi(dDk= Bi.fozm dlk = Bi (2ra) k

75. Ans. (AC)
The net force on the loop = 0.
Forceon (1) & (3) = 0.
Force on 4 + force on 2 = 0.
So, net force = 0.
If rotates clockwise seen from O.
76. Ans. (ABCD)
(A) 1 =MxB=la
i£2 Bsin 90° = szzoc >a= 3Bi
3 2m
(B) Initial potential energy
= —M.B = MB cos 90° =0
Final potential energy

= -MB= —M.Bcos60 =

-MB _—i(’B

@0

1) (3)

(2)
Q)

Change in potential energy = Change in rotational kinetic energy

.02
Bi/ :1><zm€2><m2
2 2 3

w= BB
2m

(C) 1 =M xB=i(’Bsin30 =

Bi(*

(D) t=MBsin 0 = I«
MB sin 0
t=—
1
0 increases 90° to 180°
= sin 0 decreases from 1 to 0
o decreases

www.allen.in
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77.  Ans. (ABD)

:\/EHOI
centre Tcd
- a/ZI
\/§B=JBZ+%
nd

45°(
2021 a/ZI

n°d?

a/2 45°

3B*-B*=

g bl

nd
B’n*d* . Bnd _@[d_aj

I* = =1

Ho Ho  2H,
Bra
21,

2

(A) torque=Ia’B=a’Bx

B nB*a’
2,
(B) PE= —[iB (Here 6 =90')

PE=0
(C) If aligned parallel
B, =-2B+B

(D) If aligned anti-parallel than
B, =(v2 -1)B

78. Ans. (A)
79. Ans. (B)
Solution for Question No. 78 and 79

2
1, 1 2n
N z(a 0)(0@))

where vy = v
80. Ans. (B)

mv*

T+qvB=

B.L 2
T=0; :q(qo jB:mV qvB

= B=B

[16]
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81. Ans. (C)
T+ qV—BO = mv*
2 R
7o M@BL) _a@Bl) B, _ ¢'BiL
m’R m 2 2m
82. Ans. (B)
KO- k_f_MxB_niAB
0 0 0
K 250x100x107°x2.1x1.2x107*x0.23
28
=5.2 x10-8 Nm/degree
83. Ans. (B)
T niABx2 o
TK 52x10°
84. Ans. (B)
o= "8 b sp -3k
K'
= 0'=28°

85.  Ans. (A-P,R), (B-S), (C-P,Q,R), (D-P,R)

Use right hand curl rule to predict the direction of magnetic fields.

(A) Bis along +ve x and +ve z.
(B) Bis along -ve x.
(C) Bis along +ve x, +ve y and +ve z.
(D) Bis along +ve x and + ve z.
86. Ans. (A-Q,S), (B-P,S), (C-Q,S), (D-P,S)

o
Use ampere circuital law Cj)B,dE =W ienclosed Also, magnetic force on a charged particle act

perpendicular to velocity. Hence work done by magnetic force is zero.

87. Ans. (A-P,R,T), (B-P,Q), (C-S), (D-P)
E=0&B#0
F=qvBsin®
F=0if6=0°
Path straight line
Path helical if 6 # 90° & 0° < 0° < 180°
Path circular if 6 = 90°
E+#0,B=0

then a constant force F =qE' will act on charged particle

So path will be straight line if F ||V

& path will be parabola if angle between F &V isnot 0° or 180°.

www.allen.in
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88.

Ans. (A-S), (B-S), (C-Q), (D-R), (E-P)

r_ a9

L 2m

where m = magnetic moment
L = Angular momentum

(A) p—z—(loa) 2(zn(mr 0)) q%
-1
(B) n= ~(mr'o)=q
q (mr
(9] w=o (Dj

3

3,

g
;/

(B) p=-L
m

(
(D) u—ﬁ
e

N

EXERCISE - S

Ans. 1
Mol WoIT + HoiT
4R, AmR xo AnR o’

1
Ans. B= > wK

Consider two strips 4 and C of the sheet situated symmetrically on the two sides of P (figure). The
magnetic field at P due to the strip A is B, perpendicular to AP and that due to the strip C is B.
perpendicular to CP. The resultant of these two is parallel to the width AC of the sheet. The field
due to the whole sheet will also be in this direction. Suppose this field has magnitude B.

Bx B P T
P X
| O EONNOMIOMOMONIONE
A Bc C I X
@ o B 1
dl 0 dl ; — ,
(@) ()

The field on the opposite side of the sheet at the same distance will also be B but in opposite
direction. Applying Ampere's law to the rectangle show in figure.

2Bl=p,Kl
1
or B= > n,K
Note that it is independent of x.

[18]
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3. Ans. V= M
2m

As the magnetic field is uniform and the particle is projected in a direction perpendicular to the

field, it will describe a circular path. The particle will not hit the metal sheet if the radius of this
circle is smaller than d. For the maximum velocity, the radius is just equal to d. Thus,

4.
y ( )
B=3 f“—‘)' [sin60°+sin60°]:ﬁ(ﬁj
41~ tan30° SN
2
5. Ans. 5

¢§ Al = polner

B x 2nr= uoj(]o Ejandr
a
0

4

N z,TrB:MZ%
3
= B=”0]r
4q

6. Ans. 7 uT
We consider a circular element of radius r and thickness dr.
The number of turns in the considered element is
N
dN =——dr
—-a

The magnetic field as its Centre due to considered element is

dB:dNHOI
2r
:MTEZMMQZNT
2(b-a)y r 2(b-a) a

www.allen.in [19]
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Mol \/E

4m°R
Assuming current is going into the plane
Magnetic field at the centre of a long pipe due to a current dl is

= deﬁxﬂ
2n R
I

dl=——xRdO
21R

dl= L x RdO
21R

n/2

E:Jdé: J. dB cos 61?+n.|/.zsin 0
0 0

7. Ans

Hol

|Bl=—5—x

" 4m°R

Mol
8. Ans. (—
r)

dB

m+20
n—20
Fraction of circular path in the magnetic field

[ n+26
21

9, Ans.

180-20
Time taken = (LZGJT
27
T, = ( T— 29) T
21
10. Ans. 5

Absence of magnetic field

2
mv;,

Nz -mg =

In the presence of magnetic field

mv2 INz
Ni-mg-qgvB= —2 — vV
1M R mg

Vi=Vv2= 4/2gR I N1
So Nl—N2=Bz JZgR
So k=5

[20] www.allen.in
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11.

12.

13.

14.

Ans. 5
The particle will move in a non-uniform helical path with
increasing pitch as shown:
Its time period will be :
2mm

T=2"" =2n seconds
qB

Changing the view, the particle is seemed to move in a
circular path in (x - z) plane as below
After m-seconds the particle will be at point 'P', hence x

U U U U Uy

y(m) = O(n)%@(n)z
m

coordinate will be 0 X
For linear motion along y-direction. N
p
< 0
N
2

2
y(n) = % and OP =2

2
Hence the coordinate [Q%,ZJ )

Ans. (a) Ahorizontal magnetic field of magnitude 0.26 Tnormal to the conductor in such a direction

that Fleming's left-hand rule gives a magnetic force upward.
(b) 1.176N.

(@) i/B=mg

~mg 60x107°x9.8

B = +T1 Bx ¢ T2
ix(l 5x0.45 /
=0.26T — |

(b) net = Tl + T2 = mg + ifB
=1.176 N

LLLLLL LI

mg
Ans. 1
Foee=F1 - F

= izB1(2(1) - iz(Bz)(Za)

Mo 21 ) . My 20 ) . _ . » +— g
= —=+—| ,(2a)-| == — | i,(2a Iz I
(4n ZaJ :(2a) (4){ 4aj :(29) " Fo F

1

_2M Ko _ o

4t 4m 4n
B=1 ® ®

o ) B, B,
Ans. (a) zero (b) |7| = 20v2Nm, T = 207 — 20j
(@) Netforceiszero on a current carrying loop placed in uniform magnetic field

=i (dixé)zi(j di)xé

F
I dI =0 for a closed loop, F =0

2a— —

(b) m=I14k

t=mxB=5(2)kx(2{ +2]-4k)
=20j-20i
T =202Nm

Al

www.allen.in
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15. Ans.Uset=I1(AxB)and F=I(Il x B)
(a) 1.8 x 10-2 N m along -y direction, (b) Same as in (a)
(c) 1.8 x 10-2 N m along -x direction, (d) 1.8 x 10-2 N m at an angle of 240° with the +x direction
(e) Zero, (f) Zero
Force is zero in each case. Case (e) corresponds to stable, and case (f) corresponds to unstable

equilibrium.
m
16. Ans.T,=2n |——=0.57s
6IB
T=mBsin 0
mB .
= « =(Tje {"+sin6~0}

mB
mzaf—
I

Here I is the moment of inertia of the loop

m(aY 1(m ma®
[=—| = | x24+—| — |a*x2=
4\ 2 12\ 4 6

And magnetic moment = m = ia?
/&fB ,&B
w= 2 = _—
ma m
m

Hence, T =2m, ,5 where i = current, m = mass of loop
1

6®R conR*
“0 , (b) 4

Let us take a ring element of radius r and thickness dr, then charge on the ring element.
dq =oc2nrdr

17. Ans. (3)

Current due to this element

. (o2nrdr)o
i=— —cordr
21

So, magnetic induction at the center, due to this element
podi

2r
And, From symmetry

B:de:TEﬁﬁﬂﬁfzﬁﬂcmR
o 2r 2

dB =

(b) Magnetic moment of element, considered,
dP, =(di)nr’ =cwdrnr’ = cnor’dr

Magnetic moment
R R4,
P = J.de = J.cmoar3dr =CON—
7 4

18. Ans. 29pT
B =§MOG(DR =29pT

[22] www.allen.in
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EXERCISE - JEE (Main) PYQ

1. Ans. (1)

Coercivity =B -3x103=nI

Ho

3x103=10001

I=3A
2. Ans. (4)

"0 Hol
2m(2L sin 0)

f
:B /f":— —»O
2/sin®
)
rg

_ Ml ‘uOI

T2 2n(2Lsin®)
tan6 = ){_B where fzis force per unit length (Bi)
g
Mol

Agtan@= ———xI

gran 2n(2Lsin®)
On solving

TAgL
U, cosO

I=2sin0

3. Ans. (3)
Field due to solenoid 2 outside the solenoid is zero

f; :0 Sl
Due to action reaction fz =0 O:O

or solenoid 2 behave as magnetic dipole

- MdB
)= dx
field of 1 is uniform .-. d—B=0
dx
f2=0
4. Ans. (1)

For electromagnet and transformers, we require the core that can be magnetised and
demagnetised quickly when subjected to alternating current. From the given graphs, graph B is
suitable.

www.allen.in [23]
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5.

Ans. (1)
B: a
45°45
i
Bl—'u—o 2= 4x&>< ! L+L
2r 41 (Clj \/E 2
2
B __ma (=2nr=4a
B, 4\/51"
B, nr E—Z_R—E
B, 422 ro4 2
— TEZ
82
Ans. (3)

T=2mn \/I
MB

[=7.5x%x10-¢kg - m?

M=6.7 x10-2 Am?

By substituting value in the formula
T =0.665 sec

for 10 oscillation, time taken will be
Time =10 T = 6.65 sec

Ans. (2)

Dipole moment of circular loop is m

m1 =LA =1LnR? {R =radius of the loop}
Kol

2R

Moment becomes double

= Rbecomes /2R (keeping current constant)

m; = Ln (N2RY = 2.InR? = 2m;

B B! B
> 2N2R) 2
B._f

B,

[24]
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8. Ans. (3)

Xo —
4

Curie law for paramagnetic substance

x _T
X T

2 Cy
2.8x10™" 300
X, 350
2.8x350x10™
300
=3.266 x 104
9. Ans. (4)

X2 =

Bi=B;
= Buperis at45° (6 = 45°)

v
/ net
q

Velocity of charge and By are parallel so by F = q(\7 x E’) force on charge particle is zero.

10. Ans. (3)
1 |uB cos45° . 1 |uB,cos30°
R
B, cos45°
% B, cos30° BZ =07
11. Ans. (1)
+ M=NIA

dq =hdx & A = ix2
jdmzj(n)wdx.nxz

(s

or Znpf?
4 p

M p
4

45

B1

30

B;

www.allen.in
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12.

13.

14.

15.

Ans. (1)
Ry =200
N.=Nr=N=30

FOM = é = 0.005 A/Div.

Current sentivity = CS = (

Igmax = 0.005 x 30
=15x10-2=0.15
15=0.15[20 + R]
100=20+R
R=80
Ans. (4)
F, =qE+q(ixB)
=(2qf+3q})+q(\7x§)
W=F,.S
=2q+3q
= Sq
Ans. (2)
|%|=‘1\7le§‘

T=NIxA x B xsin 45°

0.005

1)2

1=0.27 Nm
Option (2)
Ans. (2)
B (T)
1.5 "—————::—_—_ ————— ‘r
1" Saturation
--------------- . / L
Retentivity I an ,," magnetization
Illl //I L v H
-50 ,1"_' /I A/m
/ Coergivity
’K' ’,,,4
4:::::-——"/

Retentivity =1.0 T
Coercivity =50 4/m
Saturation=15T

[26]
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16. Ans. (2)
For paramagnetic material
According to curies law
1

1
XOC? XOC? = uh =%

= 6 x4 = L x24
0.4 0.3
I= E=0.75 A/m
0.4
17. Ans. (1)
A perfect diamagnetic substance will completely expel the magnetic field. Therefore, there will be
no magnetic field inside the cavity of sphere. Hence the paramagnetic substance kept inside the
cavity will experience no force.
18. Ans. (3)

(2Vo)2= Vo4V’
Vx =4f3 Vo

\/§V0=0+q—E0t
m

\/§v0m
t=
qE,

19. Ans. (3)

T=MxB = MBsin 90°
if302

4
= J3x10°N—-m

Ans. 3

20. Ans. (3)

=MB= B

oy

10 cm

I Ir’
B =p=tv p - Nl

2r 2%+t
At x= r
2
u Ir?
B,= 2 : 3/2
2[+r2J
4
ol _H_of(éf”

32 2r 5
Z(Srzj d
4

(3

www.allen.in [27]
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21. Ans. (6)

I=H
Given, [=2.4x 1034/m

24 x103=H=ni

60

24x103=———i
15%10~2

. 2.4%x15%x10 36
i=—=%0 —¢-064

22. Ans. (2)

¢ =50cm

t=1sec

V= 0—35 = 0.05m/s.

_ 40%0.05%0.05
iz———— = 0.014
10

F=Bi/=40x0.01 x 0.05

F=0.02N

W=0.02x¢=0.02x.05

W=1x103/
23. Ans. (4)
dtan 60° = 23
d=2cm

3 ol o
B—3><2ndsm60

7

o 2X1077x2 3

—3x&8 2<
2x1072 2

=3v3x107°

[28] www.allen.in
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1. Ans. (3)
If current is in same direction, then magnetic field at point P will be

ol el
oEQ
3 3

_ 3p,l
47X,

B, =

B

1

If current is in opposite direction, then magnetic field at point P will be
B = Ho! + Mol

ZTE(XOJ ZTE(ZXOJ
3 3
By= Mol 11 P4
7o X 2xy
Radius of curvature, R= ™ = R« 1 3 3
qB B
SO, & = & =3
RZ Bl
2. Ans. (C)
Mol
Bwire = —'_ 2 Sin 9
- Hola 0
Tt(a2 +h?) h
)
ia 6 >@
Bloop = % a
2(61 +h ) LOOp
Byire = Bloop
wia  pgid’

- 3/2

n(ad® +1') 2(q?+ 1)
Jad =24

2
az+h2=2.5aqz
hz=1.5qa2

h=12a
3. Ans. (B)

| T|H M xB|=MBsin30°

where M = (ra?)l and B =2x ol _ ol
2nd nd

2_2

Therefore t=('u—"lj(na21)(1)=M
td 2 2d

www.allen.in [29]



ALLEN JEE (Main + Advanced) : Physics

4.

Ans. (AB(C)

F= I(Displacement)x B

As magnetic field is uniform
F=1(2L+2R)ixB

When B is alongy or z axis
Foc (L+R)

When B is along x-axis
F=0

(A.B,C)
Ans. (A)

F  =F +F, = qE+qvxB

net

For particle to move in straight line with constant velocity, F,,, =0

qE+qvxB=0
Ans. (C)
For path to be helix with axis along +ve z-direction, particle should experience a centripetal
acceleration in x-y plane.
For the given set of options only option (C) satisfy the condition. Path is helical with increasing
pitch.
Ans. (D)
For particle to move in -ve y-direction, either its velocity must be in -ve y-direction (if initial
velocity # 0) and force should be parallel to velocity or it must experience a net force in -ve
y-direction only (if initial velocity = 0)
Ans. (B)
The given points (1, 2, 3, 4, 5, 6) makes 360° angle at '0'. Hence angle made by vertices 1 and 2 with
'0'is 60°.

4

Direction of magnetic field at '0' due to each segment is same. Since it is symmetric star shape,
magnitude will also be same.
Magnetic field due to section BC.

(Bl)=%(sin(+60)—sin30)=§(\/§_1)
et = 12 x By = 6—“(\/5_1)&[;(:&)

a 4n

[30]
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9. Ans. (AB)

For B = 8.p , radius of path
13 QR % 13r
R.=L:p><13QR:ER y 8
Q.B Q8p
Using Pythagoras theorem, y = R p2
g R| | 3R
Particle will enter region 3 through point P,

For B> 2P
3QR
Radius of path < 3POR _ ER
Q2p 2

Particle will not enter in region 3 and will re-enter region 1.

Change in momentum =v/2p, when particle enters region 1 between entry point and farthest point
from y-axis.

10.  Ans. (ABD)

-Y

(A) Atorigin, B=0 due to two wires if I1 = I, hence (Bnet) atoriginis equalto B due to ring, which
is non-zero.

(B)If 1 >0and I, <0, B at origin due to wires will be along +k direction and B due to ring is
along —k direction and hence B can be zero at origin.

(C)Ifli<0andl,>0, B atorigin due to wires is along —k and also along —k due to ring, hence B

cannot be zero.

www.allen.in [31]
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(D)

I, I1

At centre of ring, B due to wires is along x-axis,

hence z-component is only because of ring which B = :—;;(—l:')

11.  Ans.(2)[1.99,2.01]

(D Average speed along x-axis
v, |dt
<Vx>:.[ X :d1+d2
Idt t, +t,
(2) We have, 1

B
Since B, :Zz

ri= 4?’2
Timein p, — ™ _¢
qB;
Timein g, — ™ _¢

qB,

Total distance along x-axis di + d2 = 2r1 + 2r; =2 (r1 + r2) = 2 (5r2)
Total time T = t1 + t, = 5t

or,

Average speed = 10 _, mv 4B, _,

5¢t, qB, mm
12. Ans. (B)
Torque experienced by circular loop = MxB
where M is magnetic moment
B is magnetic field
T =inR2N By [at the instant shown 6 = /2]
tdt = dlL = inR:NB, dt = QuR2N B, [idt = Q]

[32]

www.allen.in



Magnetic Effect of Current and Magnetism ALLEN’

13.

14.

15.

Ans. (4)

~ idlxT
A) 4B = Mt xI
(4) anr®
d( is in xy plane & r is also in xy plane

so dB is perpendicular to xy plane
(B) Due to symmetry it depends only on r=4/x*+ y*

(C) At centre B, :”0—11; B, = Holy
2R 4R

but as we approach towards first loop B; increases to infinity hence B1 dominates.

=B, >B,

So it would be zero at some point between inner loops and centre.

Ans. (C)
B :;’L sm4so(_;:)+:;_’;(_;z)+;t_oixg(_;;)
2 4

podf 1 1.1
2 2

L 4\/575

JEE (Main) Practice Paper

SECTION-A
Ans. (2)
When Z - coordinate is maximum,
i
\ i
B
60° i
e -
1 \\\ ‘]7
t = \\\
“ a3
v - —_——
172
v, = a\2/§ cos60° + gsin 60°

_afi afBi_af

7 4 4 2

www.allen.in [33]
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2. Ans. (1)

At point A direction of magnetic field due to wires is opposite to each other.

" 2m(10)
_2ul

¢ 2n(20)
B,+B,=0

3. Ans. (3)

N become double and radius become half.
4. Ans. (4)

B = poni

:4nx10‘7x;_3><1

0.1x10
=4mx 10-3]

5. Ans. (4)

p=v
gqB

RM<RN:>(E] <£mj
qQ/u \4q)y

m m
(—j =— for proton
q)y €

m) 4m 2m

(_J =—=— for a-particle
q), 2 e

6. Ans. (2)
Theoretical.
7. Ans. (1)

Since magnetic force can not charge speed of charged particle .. 2 = |{ + j + mk|or m = V2

8. Ans. (3)

~ \2mkE B \/quV
"B qB

[34] www.allen.in
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9. Ans. (3)

I2

= v=od(,—1)B
10. Ans. (4)
Magnetic field can do no work
KE: = KE;
V=V
11. Ans. (3)

In time Z:ﬂ

2 ¢gB
V. gets reversed
U =20—3j—4k
q(E + U X §) =0

E=—-(@xB)
= —(2i — 3] — 4k) x 2i
=—6k + 8

12. Ans. (4)

Magnetic force on positive and negative particles will be opposite direction.
13. Ans. (4)
Clearly F = Bil = Bi x (2b)
F 2ibB
a=—=—-
m m
14. Ans. (4)
Positive particles experience magnetic force F, =q v(}xBf) :—qul:'
Hence a layer of positive particle gets deposited at the bottom of slab.

Hence, E is towards positive z-axis.
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15. Ans. (2)

Magnetic moment of current carrying triangular loop M = IA

\/§><5><102J

2

M=0.2 (%xleO"zx

=2.2x10-4A-m2
16. Ans. (3)

Magnetic moment (M) g
We know that =—
Angular momentum(L)  2m

17. Ans. (3)

By using ampere circuital law

______

Ampere loop

pB.dl=p,i, =0
B(2nr)=0
= B=0

18. Ans. (1)

T'=2mn ’i
geff

¢ =length of threads

vl
V2

V4
where T = Zﬂ\/:
g

Gerr =29 = (g +a)
Net downwards force = 2mg = mg + iBL

T =

i_mg
 BL
19. Ans. (1)
Mol 5y Mol (_f
4nr( J) 4R( )
20. Ans. (2)
Mo I
ByB= —2-(6
Y 4nr( R)
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SECTION-B

1. Ans. (1)
Consider unit length of cylinder charge = 62nR x 1
Time =21/
o ni= 2R _ Ry
2n
Now B =g ni
B = poocRw
2. Ans. (6)
F=Bi(2R) x 12
=24Bir
a+pP=6
3. Ans. (2)

- -

Bnet = By + By,

i
Bretr = % (Towards east)
1

+ ol (towards west)
RZ

i, I
Pl 4 (towards west)
2\R, R,

Brete=51x104T=1.6x103T
4. Ans. (4)

“_Oi _ Ko X 4; -0 i

2r . 2nd @ 4

d=2" from centre of ring

T d |
5. Ans. (2)

éB ’ dﬁ = MOIenclosed

= Wo(6 - 5) = po weber/m
6. Ans. (4)
yk
(2r,0)

Vo

_ my,

=05
By coordinate
2my,
qB

=2r=
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7. Ans. (44)
~ m,vsin@ ~ 1.67x1077 x4x10° x+/3

r — =1.2x107"°m
qB 1.6x10" x0.3x2
Time period = 27_Tr
vsin©
Pitch = (v cos 6) x time period = vcos0x ZTW
vsin®
_ 2
tan
=437 x102m

8. Ans. (14)

Current sensitivity (Qj _n4B
i C

B,  tan®
B, cosa cosa

= tane=(cosoc)tanG'=(c0537°)(tan45°)=§

10. Ans. (2600)

Coercivity = g = B
Mo
=ni =N 1%,
14 0.2
=2600 A/m
JEE (Advanced) Practice Paper
1. Ans. (C)
Magnetic field due to whole plate p
$B-dl=p,jx( .
B-20 = ot [efefefefefe]ele]efe]s]
B= M(—IA) —
2 1

Magnetic field due to small segment of width a.
Since small segment will behave like a long infinite wire carring current I = J-a

So gt (fa)(_;)

27h p
So magnetic field due to plate after removing small segment N
pba) _wuja
2 2mh
“0] a A >
=——|1-— (-
s f

[38] www.allen.in
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2. Ans. (B)
Bret = HOI — “01 + MI F o [oe)
2\/§na 4\/§na 6\/§7ta
= Mo (1—1+l—l+ ooj
N S g g T r—
2 3
ﬁn(1+x):x—x—+x—+ ............... 0
2 3
n(2)=1-=+=A+rrrren o0

Bl tn2  pylin4

B = =
et 2\/§na 4\/§na
3. Ans. (B)

We can imagine a reverse current in the cavity region

MF due to +j at a distance r from the axis
B(an) = uoj(nrz)

B= H'Ojr
2

=

Similarly MF due to -j at a distance r from the axis of smaller cylinder

B= _uojr
2

=

B =0 on the axis of smaller cylinder Hence total MF on the axis of smaller cylinder is only due
to +j.

B — HO]C
2

Now, i=(nb2—na2)j:>j:ﬁ
(b’ —a

Hoic

b= 27r(b2 —az)
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4.

Ans. (A)
-
0
\e<

—_—

sinf = d—1 = d—z

rl r2
Ans. (A)

Magnetic field is circular loop due to straight current carrying wire and there super position is
shown in option (A).

Ans. (BCD)

If v. B0 then path will be helical

If v.B=0 then path will be circular

If v~ B =0 then force on charge will be zero, so path will be straight line.

Distance travelled depends on speed of particle and magnetic force connot change speed of the

particle.
Ans. (ABC)
X
E= ¢ 77 Equivalent current=i= (EJQ
dne, (R? +x? 2n
_ iR pQoR' g R
B= N 2 2V R 2
2R +x*)""  an(RP+x*)" E xc
Ans. (ABD)
Only for option (3); B =0 at d/2 between two wires.
Ans. (C)
Inside the cylinder
Bl : TN
B= 27[(;22 r (1) I/ \\
1 \
Outside the cylinder \ '
1 \\\ //,
p=to .(ii) S
2nr e

Inside cylinder B «c r and outside B oc 1
r

So, from surface of cylinder nature of magnetic field changes.

Hence it is clear from the graph that wire ‘c’ has greatest radius.

[40]
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10. Ans. (A)
Inside the wire B(r)= ﬁizr ; a8 = ﬁiz i.e. slope « LZ oc current density.
2t R dr 2mnR nR
It can be seen that slope of curve for wire a is greater than wire c.
11. Ans. (B)
Paiss = 2R
AH = i2ZRAt =108 x 10-3=105]
12. Ans. (A)
R=10m="Y
gB
0.1x50
T 1x10
13. Ans. (6)

_14E

0

B =0.5T

(3T)*:T = 2nm
m qbB
14. Ans. (3)

Considering the upper half of the area :- y

®
7O

N
4

’I
)

Radius of particle in circular motion = MY~ 3 meter.
qB

Radius of circular region = \3 meter 3m

from trigonometry, 6 =

T

3
CD = 6m V3m P

Distance between the points where charges will strike

after deflection = (6 + 6) = 12m.

15. Ans. (9)
y h
4
[ 3 E3
2
) Q .
1 0
3 0
E, E3
tan0 = l
4

Assume hollow cylinders as current density + J and find E1, E» and E5 individually finally add all of
them.
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16. Ans. (15)
.[th =mv

[(itB)=mv

-2
Iidt:mz m.J2gh _ 107%4/2x10x%3 ='\/EC

/B /B 0.2x0.1
17. Ans. (4)
mg - qE = mgeg
E
g- = = gefr.
m

18. Ans. (4)
Current due to rotation of rod at a distance
= =(2q9) , ©
x= (@)= (2 ).ax 2 = |
sz[zﬁﬁdxjnxz *dx
{27
i
3 02 €3 62
M:J'dMZZ_qQ. Xro9e 9@
{213 o 3¢ 8 24
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