CAPS-14

EMF

PHYSICS

TARGET : JEE- Advanced 2021

SCQ (Single Correct Type) :
1. A uniformly charged ring of radius R is rotated about its axis with constant linear speed v of each of its
particles. The ratio of electric field to magnetic field at a point P on the axis of the ring distant x = R from

centre of ring is (c is speed of light)
A

Yoy

%00

x=R

2 2
» & ® = © ) ¥
\" C \" C

Ans. (A)
Sol. Let Q be the charge on the ring. The electric field at point P is
Q

Y

x=R

E= 1 Qx _
47 o (X2 +R2)3/2 47 o (2R2)3/2
The rotating charged (Q) ring is equivalent to
a ring in which current I flows, such that
Qv
27R
The magnetic field at point P is
21R? W,

I=

QvR

If the magnetic field at 'P' can be written as K tan (%j thenKis :

P o
FTMOL
&

Hol Hol Hol 20!

A) — B) — C) — D) —

()4nd ()an ()nd ()T[d
Ans. (B)
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Sol.

Ans.
Sol.

Let us compute the magnetic field due to any one segment :

Mol (60500 +cos(180 —a))

B= _—
4n(dsinw)
= M70!(1—00500 = Mol ygp &
4n(dsinw) 4nd 2

Resultant field will be :

B =2B= Mol yn® o K =_Ho!
27nd 2 27nd

A conducting wire is bent in the form of a parabola y? = x carrying a current i =1 A as shown in the

Figure. This wire is placed in a magnetic field B =—2k tesla. The unit vector in the direction of force
(on the given portion a to b) is

y
a
V x=4 _
=1
3?+4] ?+] ?+2] i-2]
A B) — C D) ———
(A) 5 (B) 2 ©) 75 (o)} 7
(B)

Coordinates of pointais (1, 1) and of b is (4, -2).
F= (LxB)i, L=3i-3]
F= ((3T ~3j)x (—2|“<)) i
F=6i+6]
, N E
Unit vector along force is f
The current in coil (as shown in figure) is I (centers of all the circular loops lie at same point) and
angular spread of coil is 90°, n is number of turns per unit radian and R is radius of each turn. (Assume
that turns are very close)

(A) B at common centre will be pont
J2R

V2u,nI

Veholl
R

nl
\Euo
R

nl
\/EHO
R

(B) B at common centre will be

(C) B at common centre will be

(D) B at common centre will be
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Ans.
Sol.

Ans.
Sol.

(A)
%
dB
T dN = n xdo
0 de@__
0 %
qB = Mo (dN) x I
2R
dB, = dBsin6
T2
faB, =2 [sinodo = B, -l _p,
R ) YR
nl
Bcentre= EL/(LE

Two large conducting planes carrying current perpendicular to x-axis are placed at (d, 0) and (2d, 0) as
shown in figure. Current per unit width in both the planes is same and current is flowing in the outward
direction. The variation of magnetic induction (taken as positive if it is in positive y-direction) as function
of X’ (0 < x < 3d) is best represented by :

11

11

()
N
-
(0
<d={ d—)ﬂed—) X
z 11 11
B T T T BF— —
| | |
| | | : : :
d 2d ad 4 2d 3d
(A) X—> (B) X—
Bp------ —
| |
B I 1
Lo 'd 2d_ad
1 1 I | X—>
2d 2d 3d I
©) X— (D)
(D)

For 0 <x <d ; magnetic induction is negative.
For d <x < 2d ; magnetic fields due to the two planes cancel each other, hence becomes zero.
For 2d < x < 3d ; magnetic field B is positive.
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Ans.

Sol.

Ans.

Sol.

A hemispherical shell of radius R, having uniform charge density o rotated about its axis of symmetry
with constant angular velocity o, then magnetic field strength at its centre is (n, = magnetic
permeability of free space)

(A) %(DGMO R (B) zero © %(DGMO R (D) oop,R
(A)
aB = Ho 2890 ¢ Ginoy dar= 99, = woResing.do

47 RS 27

B= [ 2" gin®00oR%.d0
n R
/2

R-=- @ I sin®(1—-cos? 0)do

o

Two long cylinders (with axis parallel) are arranged as shown to form overlapping cylinders, each of
radius r, whose centers are separated by a distance d. Current of density J (Current per unit area) flows
into the plane of page along the right shaded part of one cylinder and an equal current flows out of the
plane of the page along the left shaded part of the other, as shown. The magnitude and direction of

magnetic field at point O (O is the origin of shown x-y axes) are :
vaccum

d

(A) 207 14 in the + y-direction ®) Y2q2 inthe + y-direction
2% 2n 1

(C) zero (D) none of these

(A)
Let the current density in complete left cylinder is J , then current density in complete right cylinder is —
J. Then magnetic field at any point P in the region of overlap is
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B =0 jiap+to (-JxBP)

2 2
=“7°Jx(ﬁ+@)=“7°(3xﬁ)

Therefore magnitude of field at any point in region of overlap is =“7° Jd and its direction is along

positive y-direction at any point P in overlap region.

8. An infinite straight wire of radius 'R' is carrying a constant current ‘i’ flowing uniformly in it's cross-
section along it's length then magnetic energy stored per unit length of this wire is [inside the wire].
.2 ) 2 i2
Ho! Ho! Ho! Ho!
A) — B) — C) — D) —
()2 ()16n ()8 ()2n2
Ans. (B)

. 2
Ho!
dE | 27R?
Sol. (2) ==/
v 2

Ho
8n°R*
Kol
167

|2

R
= J' r? x 2mrdr
0

d
E
==
E
‘

9. In region x > 0, a uniform and constant magnetic field I§1 = ZBOR exists. Another uniform and constant

magnetic field I§2 = BOR exists in region x < 0. A positively charged particle of mass m and charge q is

crossing origin at time t = 0 with a velocity u=u, i. The particle comes back to its initial position after
atime : (B,, u, are positive constants)

3 mm 2nm 3mm
Ao — B —( ©) —
2 9B, aBy aBy
(D) Particle does not come back to its initial position.
Ans. (B)
Sol. The motion of positively charged particle in the given combination of magnetic field will be as shown.
The particle comes back to its initial position after covering three half circles.
A
@B, 2B(®

Hence net time taken to come back to initial position is
mm m mm _ 2mm

T= + + =
2qB, aB; 29B, B,
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10. A charged particle having charge +q and mass m enters in a region where magnetic field varies with x-
coordinate as:

0 x<0

B = uk 0<x<d,
—pk d,>x>d,
0 x>d,

where o and § are positive constants with appropriate dimension. If in the region x < 0 and x > d,

charge particle has velocity v = vof choose the proper relation.
d d 2d 2d
(A)Ezi1 (E;)E:_2 (C)E:_1 (D)E:_2
Ans. (A)
Sol.

—>V,

x=0 x=d, x=d,
R, sin0, = d,
R,sin0, =d,-d,
Ri = G
E ) d; - d
mVp Ba _ o

B_ 4

11. Wire bent as ABOCD as shown, carries current 1 entering at A and leaving at D. Three uniform
magnetic fields each B, exist in the region as shown. The force on the wire is

B

(A) V31IRB, (B) V51RB, (C) V8IRB, (D) V6 IRB,

Ans. D)

Sol.

——

F=1/xB
= AD =R(i-})
B, (i+j-k)
F=IRB, (i-j)x (i+j-k)
i ok
=IRB, [1 -1 0
1 1 -1

M
1

W~
n

= IRB, (i +j+2K)
F = IRB, /6
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12

Ans.
Sol.

A thin circular disc of mass m, uniform surface charge density ¢ and having radius R is placed on a thin
film of viscous liquid of thickness t and coefficient of viscosity n. The film has circular cross-section of
same area as that of the disc. A uniform magnetic field exists perpendicular to the plane of the disc and
in same area. If the magnetic field starts increasing at a constant rate 3, what angular velocity (about its
axis) must be given to the disc so that it continues to rotate with the same angular velocity.

ofit 2c3t 3ot 3ot
(A) _B (B) _B (C) _B (D) _B

2n 3n 2n 4n
(A)
(A) Consider the disc to be made up of large number of elementary rings. Consider one such ring of
radius x & thickness dx, accelerating torque on the elementary ring
dt, = dqEx = 5(2nxdx) [%ij X

Net accelerating torque
nopR*

4
Similarly, retarding torque

R 3
T, = nGBL xdx =

dr, = n(2nxdx)[®TXj X

_ 2mo

dt x*dx =

4
_ 2mo _[R X mmoR
° 2t

2 2

For constant angular velocity

:’52

nopR*  moR*
4 2

ot

2n

= o=

MCQ (One or more than one correct) :

13.

Ans.
Sol.

A proton is fired from origin with velocity v = v_j+ v,k in a uniform magnetic field B =B, ]

In the subsequent motion of the proton

(A) its z-coordinate can never be negative

(B) its x-coordinate can never be positive

(C) its x-and z-coordinates cannot be zero at the same time

(D) its y-coordinate will be proportional to its time of flight

(BD)

The path of the particle will be helix as shown in figure. Clearly x-coordinate is always negative. z-
coordinate can be negative and positive both. x and z coordinate will be zero at the same time at points
A, C etc.

y=vt=yot

S
<

> <O

2 X

z
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14.

Ans.
Sol.

A coil of radius R carries a current I. Another concentric coil of radius r (r << R) carries current —.

Initially planes of the two coils are mutually perpendicular and both the coils are free to rotate about
common diameter. They are released from rest from this position. The masses of the coils are M and m
respectively (m < M). During the subsequent motion let K, and K, be the maximum kinetic energies of
the two coils respectively and let U be the magnitude of maximum potential energy of magnetic
interaction of the system of the coils. Choose the correct options.

2 2 2
K; _M(R Umr UMR
(A) _1=_( j B)K, = =

" mr?+MR? ? mr? +MR?

r

K, m

©) U= HoT 1% r?
4R

(BCD)

LT

ITdt B

=0

(D) K, >> K,

K _m(rY
K, MR
K, +K=U
2
mir
K, | | +K, =U
M(j :

UMR?
mr? +MR?
__ Umr?
mr? +MR?
I 5 pol - uolznrz

U= —nr
2 2R 4R

Comprehension Type Question:

15.

Ans.

An infinitely long wire lying along z-axis carries a current I, flowing towards positive z-direction. There is
no other current, consider a circle in x-y plane with centre at (2 meter, 0, 0) and radius 1 meter. Divide

the circle in small segments and let d/ denote the length of a small segment in anticlockwise direction,
as shown.
ry

4"---~‘ _>
S’ 1n/ ’k‘d/@

L (20,0) X

.~
-~

o
4

—

The path integral §I§-d2 of the total magnetic field B along the perimeter of the given circle is,

) %I ®) %I (©) pol (D)0
(D)
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Sol.

16.

Ans.

Sol.

17.

Ans.

Sol.

Since there is no current passing through circular path, the integral §I§-d2 along the dotted circle is

Zero.

B
Consider two points A(3,0,0) and B(2,1,0) on the given circle. The path integral Ié-d? of the total
A

magnetic field B along the perimeter of the given circle from Ato B is,
@) Polign 11 ®) Yolian 11 ) Holgn11
T 2 2n 2n
(B)
Let segment OB =OC and arc BC is a circular arc with centre at origin. Since the shown closed path
ABCA encloses no current, the path integral of magnetic field over this path is zero.
Y

(D) 0

Y
B
b0
I\J N C /l'.A/X
B C A
Hence IB-d£+IB-d£+IB-d£ = 0.
A B C
A
Because is perpendicular to segment AC at all points , therefore IB-d£ =0.
C

B B
Hence J‘E& =J‘§.&= E%: M_oltan’11
2 2 2n OB 2n 2

The maximum value of path integral Ié-d? of the total magnetic field B along the perimeter of the
given circle between any two points on the circle is

I I I
) Lo ®) 2= (© 2 (D)0

12
(C)
Consider two points P and Q lying on dotted circle and equidistant from origin O. \WWe draw a circular arc

QP with centre at origin O. The path integral of magnetic field, that isjé-d?, along the dotted circle

between two points P and Q is also is equal to path integral Ié-d? along the arc QP whose centre is

at origin.
AY

Therefore the path integral of magnetic field Ié-d?

along the dotted circle between two points P and Q
= M_OI—OP(e) = M_OIe
2n OP 2n
The value of 0 will be maximum when chord OQ and

chord OP will be tangent to the dotted circle, that is, 6 =

T
3

Hence the required maximum value = %OI.
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Numerical based Questions :

18. Conductor of length ¢ has shape of a semi cylinder of radius R (<< /). Cross section of the conductor is

shown in the figure. Thickness of the conductor is t (<< R) and conductivity of its material varies with
angle 6 according to the law ¢ = coc0s6 where co is a constant. If a battery of emf ¢ is connected across
its end faces (across the semi—circular cross-sections), the magnetic induction at the mid point O of the

21yCE

t
axis of the semi-cylinder is found to be B = . What is the value of x.

Ans. 8
Sol.

Hg X %(GO COSO)RAO x t

g =Hodt -
2nR 2nR
n/2
B= IZdBcose= 2100t
0
19. The current density J inside a long, solid, cylindrical wire of radius a = 12 mm is in the direction of the

central axis, and its magnitude varies linearly with radial distance r from the axis according to J = ﬂ
a

5

where Jg = % A/m?. Find the magnitude of the magnetic field at r = %in uT.
T

Ans. 10
Sol. Current in the element = J(2rr . dr) =J(@2nr . dr)

Current enclosed by Amperian loop of radius %

ar2 3 2
1= [ 2nr.ar= 2% (ij = Tha
! 2 12

dr

Applying Ampere's law

2
B.on. & =y BT g= Hob?
2 12 12
On putting values
B=10uT

PAGE # 10



20. A long straight conductor carries current ‘i;’. A wire PQ carrying current ‘i, is placed as shown. The net

. 2Ugiqi ,
force on PQ is Mthzﬁnx, then write the value of X'.
T

Ans. 2
Sol. dF=Bi, dx
- Holiiy
2n(a+xcos60°)

a

T

T

* iy | (4a) _ 2ui
F:IdF:—M°12In(—j = 2R yp o
0

Q

Matrix Match Type :

21. Consider the five different physical situations shown below. All the symbols have their usual meaning.
OO
k
.............. > weeeeeeenneens INfiNite wire
(@) ! Magnitude of magnetic field at O = B,

»Circle, centre O

Magnitude of magnetic field at O = B,

o e
Node = wire and circle are touching each other

»Circle, centre O

Magnitude of magnetic field at O = B,

X
©) negligible gap

Circle, centre O

Magnitude of magnetic field at O = B,

............. i 9

d) Wire do not touch each other
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0 <+—Equilateral triangle
o N . Centroid O
R
______ Magnitude of magnetic field at O = B,

i N
(e) Negligible gap
Then match the following :
Column -1 Column -1I
(A) i (p) Less than 1.
Bo
B) 3—2 (q) More than 2 but less than 3.
1
B
Cc) = n 1
(©) B, n
B3
D) = (s) More than 1
B,

Ans. (A) —(r); (B) —>(q), (s) ; (C) > (s) ; (D) - (p)

Sol. By= ol
2nR
Hol

B
27R

= By (" no current through the circle)

_ Kol Mol _ - -
B=——— - 2= =By-Bm=By(1—-n)=-2.14B
2 27R 2R 0 or o ™ 0

_ Kol Mol _ - -
Bs=— + 2 =By+Bgpn=By(1+n)=4.14B
3 >R R 0 o7 o ( ) 0

R
A
B,= ol _3x_ M (o509
27R 47(Rcos60°)
(.. OA=R cos 60°)
_ Mol Hol — —
= ——-—.3J3 =By (1-3y3)=-4.20B
o 13V3 =Bo (1-3V3) 0
Subjective Type Questions :
22. A ring of mass m and radius r is rotated in uniform magnetic field B which is perpendicular to the plane

of the loop with constant angular velocity og. Find the net ampere force on the ring and the tension

developed in the ring if there is a current i in the ring. Current and rotation both are clockwise.
XX XX XXX XX

XX XX XXX XX
X X X X
X X X X
X X X X X
X X X X X X

Ans. 0, ——(mo? + 2niB)
27
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Sol.

23.

Ans.

Sol.

Net ampere force acting on a closed loop in uniform magnetic field is zero.

T cos do/2 < »T cos do/2

dm.r.e?

(i.rdo.p)

2Tsin(do/2)

2T(sin dz—e) = (dm.r.0%) + r.do.iB

Tdo= " rdore? +rdoiB
r

T= " (mwe+ 27i.B).
2%

A loop PQR formed by three identical uniform conducting rods each of length 'a ' is suspended from
one of its vertices (P) so that it can rotate about horizontal fixed smooth axis CD. Initially plane of loop
is in vertical plane. A constant current 'i ' is flowing in the loop. Total mass of the loopis'm'. Att=0, a
uniform magnetic field of strength B directed vertically upwards is switched on. Acceleration due to
gravity is 'g"'. then Find

the minimum value of B so that the plane of the loop becomes horizontal (even for an instant) during its
subsequent motion.

4mg

3ia
Applying Energy conservation, initially, kinetic energy = 0
gravitational P.E. = 0 (say) & Magnetic P.E. = uB

J322

4

where, 4 = magnetic moment of the loop = i.

Finally when the loop becomes horizontal, Kinetic energy = 0

gravitational P.E.= [\/ag] mg(because mg acts on the centre of mass)

magnetic P.E. =0

2 A
o\ (90-0)
I
.
:
= 0+0+puB=0+M¥, o, = M9a _ 4mg

T
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24,

Ans.

Sol.

25,

Sol.

A positive charge particle of charge 'q' & mass 'm' is released at origin. There are uniform magnetic

field and electric field in the space given by E = EO] & é = BOR , where Eg & Bg are constants. Find the
'y ' co-ordinate of the particle at time 't".

E,m qB,
= 1-cos —t
Y Bz{ m }

0

dV_ ~ H -7, o
ma—quj +q|:VXI+VyJ:| Bok

mdvyﬁ+mdii=[qE—qv Bo] j +qvyBoi
at J at 0 x Bo] ] y Bo
dv,
m =[QEc—-qwBg ... Q)
dt
dv
*=qwBy .. 2
at g Vy Bo 2

dv
From (1) vx{q E, -m y}

dt | qB,

dv
From@ -1 9 |qE, -mZr|=qy, B,
qB, dt dt

_dzv_qzvyBg dzvy_'_qzvyBg=

Y = or 0
dt? m? dt? m?
Solution of above equation :
vy=Asin(et+d) . 3)
where @=ﬂ att=0,vy=0,¢6=0 vww=Asinot
m
dv
att=0,a=qE° a=—Yr=Awmcosot qE°=quB° :A=E—°
m dt m m B,
t
This equation (3) v, = E—°sin oatd—y =E—° sinot=y= —E—°cos ot ><l
B, dt B, B, ) O
y=E°7m [1-cosot] :y=E°T 1—cosﬂt
B, x 4B, qB; m

A positive point charge q of mass m, kept at a distance xg (in the same plane) from a fixed very long
straight current is projected normally away from it with speed v. Find the maximum separation between
the wire and the particle.

Since the magnetic field is not uniform, the particle doesn’t follows circular path but the speed (v) of the
particle is constant.

Ya Ya A
IE IE
------- ;
- “~ /
l’ ‘\ 3
R % Y
\ R
) AT W Xo et
< / P ot - X
~ S
—aoleoet > X <
O 0] X

PAGE # 14



Here the magnetic field set-up by the straight current is along the negative z-axis, the initial velocity of
the particle is along x-axis and the force F is in the x-y plane.
The force at time t after starting from point P is

F=q(vxB)
or F=q {(vxf +V,) ( ol (—k)ﬂ
21X
—_ MOqI( vV 'I\_"_VXJ)
2nx y
- Iv -1, qlv
So, Fy= THo ATy ay = MoV,
2n X 2nmx
Iv
or Vdvy ROV, 0
dx 2nmx
But VZHVvZ =V
c 2vidvy + 2vidvy, =0
or vidvy=-vdv, (i)
From Egs. (i) and (ii)
27m dx
X dVy =—
Hodl X
or 2nm J‘dvy = jd—x or 2nm V= ﬁni
HoQl 5 w X HoQl Xo
X = Xoehmvlpoql
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