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J- A long insulated copper wire 1s closely wound as a spiral of N turns.

The spiral has inner radius @ and outer radius b. The spiral hes 1n

the X' — Y plane and a steady current I flows through the wire. The

Z-component of the magnetic field at the centre of the spiral 1s

| | (IT-JEE 2011\
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Ans: (a)
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points and carries a current / in the clockwise direction, as shown

in the figure. When the system 1s put in a uniform magnetic field
of strength B going into the plane of the paper, the wire takes the

shape of a circle. The tension in the wire 1s (II'T-JEE 2010)

(a) IBL

Ans: (b)
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Solution 3 T sin 99 = BiRdO

c)

TdB = BiRdO (for 6 small)
T = BiR = 2

271

T cos (dB/2) T cos (d6/2)

$ 1
2T sin (A6

uno
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VAE B Which one of the following options represents the magnetic field

B at O due to the current flowing in the given wire segments lying

on the xy plane?

Ans: (c)
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SO]UUO“ 3l Bnet = Bas +Bac +Bco +Boe +Ber +Brc
Baa=Boe=Bea=0 3 §4 —m—1-8".

Bag = ;:rlL sin45° [—R]
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by A conductor (shown 1n the figure) carrying constant current /1S Kept

in the x—y plane 1in a uniform magnetic field B. If F 1s the magnitude

of the total magnetic force acting on the conductor, then the correct

statements 1s/are (JEE Adyv. 2015)
&

(a) 1t B 1s along

(b) If B is along x,

(c) IfBisalong y, F «(L + R)
(d) IfBisalong z,F=0

Ans: (a, b, )
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Nelitlale I | he vector sum of all current element 1n wires not parallel to x axas will lead to

resultant current element of length R and current along x axas. Total length of

current element:

dl = 2(L + R)X

F =i(2(L+R)$)xB

fB along 7' then F will be along —¥" and will be propotional to (L+R)
IfB along X then F = 0 since vector product is zero.

IfB along ¥ then F will be along 7' and will be prop to (L+R)

IfB along Z' then F will be along —¥" and will not be equal to o.
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Two parallel wires in the plane of the paper are distance x, apart. A
point charge 1s moving with speed u between the wires in the same
plane at a distance x, from one of the wires. When the wires carry

current of magnitude | in the same direction, the radius of curvature

of the path of the point charge 1s R,. In contrast, 1f the currents I in
the two wires have directions opposite to each other, the radius of

X() R

curvature of the path is R,. If =% =3, and value of —- is

-

.\'] R:
(JEE Adv. 2014)
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Ans: (3)
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ISolution 6

Case -1
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). An clectron and a proton arec moving on straight parallel paths
with same velocity. They enter a semi-infinite region of uniform

magnetic field perpendicular to the velocity. Which of the following

statement(s) 1s/are true’? (II'T-JEE 2011)
(a) They will never come out of the magnetic field region

(b) They will come out travelling along parallel paths

(¢) They will come out at the same time

(d) They will come out at different times

ATDB.uno

Ans: (b, d)
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i
Solution 7 By diagram B is true

2mm

{ gb—

So, D is also true

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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OB All a-particle (mass 4 amu) and a singly charged sulfur 1on (mass
32 amu) are imnitially at rest. They are accelerated through a potential

l”and then allowed to pass into a region of uniform magnetic field
which 1s normal to the velocities of the particles. Within this region,

the a-particle and the sulfur 1on move in circular orbits of radn r_

and r., l‘c.\pccli\ L‘l}. The ratio (r/r_)I1s

(JEE Adyv. 2021)

ATDB.uno

Ans: (4)
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Solution 8 FOr a charged particle projected Into unirorm magnetic rield, radius or path
IS given by

_N2mqV
qaB

r r

s _ [Ms, Qo _

-

rn i \'Il H] Q-_

==
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Q.Y

Region Il normal to the buund iry as shown 1n the llvuu Region
[I has a uniform magnetic field B perpendicular to the plane of the

paper. The length of the Region 11 1s /. Choose the correct choice (s)

Region | Region I Region Il

(1 JEE 2953)
glB

(@) The particle enters Region 11l only 1if its velocity v > ——
m

glB

m

(b) The particle enters Region Il only 1f 1ts Velocity y <

(¢) Path length of the particle in Region Il 1s maximum when
velocity v = glB/m

(d) Time spent in Region Il 1s same for any velocity v as long as
the particle returns to Region |

Ans: (a,c, d)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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olution $ AS € PAl'lCle eniers regloll L, 10U WL N|AVE a4 POTTIOLL O CII'CUUAL Pdatll 1 TS

region.

D N
NS

my
qb

[f the width of the region 11s less than r, the particle will enter region III.

o IRV 1
qB

qBl

=V >
m

* the path length of the particle in region II will be maximum

qiB
m

whenl =riev =

when r = ], time spent in the region II is
2 qbB qB

T 12mm s
2
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SN Consider the motion of a positive point charge 1n a region where
there are simultancous uniform electric and magnetic fields

E=E,j and B = B,j. At time t = 0, this charge has velocity v

In the x — y plane, making an angle 0 with the x-axis. Which of the
following option(s) 1s/are correct for time 1 > 07?

(II'N-JEE 2012)
[f 0 = 0°, the charge moves 1n a circular path in the x — = plane

[t 0 = 0°, the charge undergoes helical motion with constant
pitch along the y-axis

[f O = 10°, the charge undergoes hencal inoton with s pitch

increasing with time, along the y-axis

[f O =90°, the charge undergoes linear but accelerated motion
along the y-axis

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Ans: (c, d)
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RINNIaTe sl Correct Answer - C D 1y
Here, F = Eyjand B = Byj QY
Let m, q be the mass and charge of the positive point charge which is moving with

velocity v

in the electric and magnetic fields acting along Y-axis

Resolving v into two rectangular components we have, v cos # along X-axis and

v sin ¢ acts along Y-axis

Due to component velocity v sin #, the charged particle is accelerated due to
electric field with acceleration, a, = Eyq/m along Y-axis

The particle does not experience any force due to magnetic field

Due to component velocity v cos @, tn2 parkcle is 2zcelerated due to electric field
with acceleration a, = Epq/m along Y-axis

The particle experiences maximum force due to magnetic field and describes a
circular path with time period, T' = 27nm / Bq which is independent of rand v
Due to combined electric and magnetic fields along Y-axis, when 6 10, the
particle will describe a helical path whose pitch increases with time along the Y-axis

(l.e., option (¢) Is true). When ¢ 90", the particle does not experience any force

due to magnetic field. Hence it is accelerated along y-axis due to electric field alone
Thus option (@) Is true

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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§ 3 A particle ol mass M and positive charge (J, moving with a constant

,‘ | , P . .
velocity uy =4ims ', enters a region of uniform static magnetic

field normal to the x — y plane. The region of the magnetic field
extends from x = 0 to x = L for all values of y. After passing
through this region, the particle emerges on the other side after 10

i - |
milliseconds with a velocity up = —‘\/31 + ./)m.\ . The correct

statement(s) 1s/are (JEE Adyv. 2013)
(@) The direction of the magnetic field 1s -z direction.
(b) The direction of the magnetic field 1s +z direction
(¢) The magnitude of the magnetic field 1s AL 4 units
| 30
100M

(d) The magnitude of the magnetic field 1IS ————— units
..
30

Ans: (3, c)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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ISolution | Correct Answer - A::C
Refer to figure, component of final velocity of particle is in positive y-direction. The
centre of circular path of particle in magnetic field is present on positive y-direction

So magnetic field is present in negative z-direction.
IF & is the angle of deviation of the particle with x-axis while emerging from

magnetic Field, then

Uy 2 1 tan
tan @ = — - s

— = — = ——0rf =
Uz 2v/3 V3 0

B
Angular velocity of rotation of particle in magnetic field, w = (}2”

Time taken by particle to cross the magnelic field is ) C
0 ﬂ-// 6 4'\[77

w QB/M  6QB

M M 50 M7
OrB — R e —————————
6Qt  6Q x (10 x 107 3¢




I ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.
'_Q_ | IR A Slcady current / goes through a wire 100p £FUK having shape ol
a right angle tnangle with PO = 3x, PR = 4x and OR = 5x. If the

wol |

!

magnitude of the magnetic field at P due to this loop is &

48mx )
. find the value of & (IT'T-JEE 2009)

ATDB.uno
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Ans: (7)



Sol Ution 1 3 Using the concept of area ol mangile
l 4 4 l ' 4

—XPDX5x=—-X3x X 4x

2 9

12X
d
QD =V(PQY - (PQ)* = Vox* -

and DR =5x - (_)-x = .

i -~

l,) \)

Magnetic field at P due to current elements PQ and PR is zero as the point P is

on the conductor. Therefore, magnetic field at P due to current element QR is
Mol

B = ———sin¢,; + sin¢,
.-].’IPD( | Sl 9y)

144.\'2

2

5

ol x5 [ (9%/5) (16x/5)
4 x12x\ 3X 4X

B =

B = “015(._ i ?

487X
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LQ_ eI An nlinitely long hollow conducting cylinder with inner radius K/2
and outer radius R carries a uniform current density along its length.

T'he magnitude of the magnetic field, |Blas a function of the radial
distance r from the axis 1s best represented by (II'T-JEE 2012)

Ans: (d)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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ISolution )l J Inside the cavity, for x < (R/2), B =0

For,
(R/2)<x <R
jB -dl = Uol

Putting | = JA

s |Bl 21X = g [rx? - m(R/2)%

1Bl = [(poJ * n)/(2nx)][x2 - (R%/4 )]
B| = [(HoJ)/2x][x* — (R%/4)] (2)
Forx 2 R,

B - dt™ = pol B| = [(HoJ)/2x][(3/4)R?] (3)

1B - From (1), (2). (3) graph (d)
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|
O Al CYTATICATCavITY OT QIamCTeTa EXISIS MSIACa CYTNAeT OT arametet
2a as shown 1n the figure. Both the cylinder and the cavity are
infinitely long. A uniform current density J flows along the length.

[f the magnitude of the magnetic field at the point P 1s given by

. then the value of N 1s

(II'T-JEE 2012)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

Ans: (5)



Solution 17 The magnetic field for an infinitely long cylinder is given by,
n,Jr

Jin = S
i, JR*
2I'
r = distance from the axis of the cylinder.
R = Radius of the cylinder.

Assuming the bigger cylinder to carry a positive current density and the

Bout =2

smaller eylinder carry a negative current density of magnitude J each.

™

~ Magneticfield atpointP=B - I, + D,
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Solution 20 For particle to move 1n -ve y-direction, either 1its velocity must be in —ve y-
direction (if initial velocity is not equal to zero) & force should be parallel to

velocity or it must experience a net force in —ve y-direction only (if inifial

velocity = 0)

ATDB.uno
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In a particular system of units, a physical quantity can be expressed in terms of the

electric charge e, electron mass m,, Planck's constant h, and Coulomb's constant k

1
4ﬂ£0

the dimension of the magnetic field is [B] = [€]® [m.] [h]Y [K]®. The value of a + B +
+0Is : [ JEE-Advance-2022

, where € is the permittivity of vacuum. In terms of these physical constants,

ATDB.uno

Ans: (4)
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Planck's constant h, and speed of light c. If the dimensionless quantity is written as ("'.:“:/1- ¢ and n is 3 non-zero

integer, then (a, 3, v, d) is given by TES Adv. 2024

(B) (n, -n, -2n, -n)
(C) (n, -n, -n, -2n)

(D) (2n, -n, -2n, -2n)

ATDB.uno

Ans: (A)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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VAVAN |1 the xv-plane, the region y > 0 has a uniform magnetic field Bk

and the region y < 0 has another uniform magnetic field B,k . A

positively charged particle 1s projected from the origin along the
positive Y-axis with speed v, = nmms " at ¢ = 0, as shown in figure.
Neglect gravity in this problem. Let 1 = T be the time when the
particle crosses the X-axis from below for the time when the particle
crosses the X-axis from below for the first time. If B, = 48, the
average speed of the particle, in ms™', along the X-axis in the time

interval 7 1s... (JEE Adyv. 2018)

Ans: (2)
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ISolution pJAll Average speed along the X-axis

. fl\ Jdt  d, +d,

Ie) = R et [
Pttt
We also have,

my

nB
TimemB, = —=1t,
qB.
Total distance along x-axisd, + d, = 2r, +

Totaltime T =t, + t, = 5t,

' Average speed =

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



A symmetric star shaped conducting wire loop is carrying a steady state current | as
shown in the figure. The distance between the diametrically opposite vertices of the
star is 4a. The magnitude of the magnetic field at the center of the loop is

[JEE-Advanced-2017)

Ans: (A)
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The magnetic field at'O' due to

aB= 22 Z[sin60°-sin30°]

a4n a

:
=&li[ﬁ_% N INEYA )

4nal 2 4na 2

The total magnetic field due to all the straight segments
of the star 15

“'—»-(«f-l)%- 2 6(J¥-1) """""""""""""

| 4x

—
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0N In the figure, there 1S a conducting wire having current 7 and

.

.-

which has a shape of half ellipse -2 — =11 1s kept 1n
b..

a uniform magnetic field B as shown. If the mass of wire 1s

m, the acceleration of wire will be

y

(JEE Lakshya Physics M-2 XII)

Ans: (d)
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| Solution 62
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At t = 0 a charge g 1s at the origin and moving 1n the
y-direction with velocity v=v j. The charge moves in a
magnetic field that 1s for y > 0 out of page and given by
B, z and for y < 0 into the page and given —B, Z . The
charge's subsequent trajectory 1s shown 1n the sketch. From
this information, we can deduce that

>0and | B, |-

<0and | B, |<
0O and | B

ATDB.uno
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<(0and| B,
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Ans:(a)
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ALY T'wo particles, each having a mass m are placed at a
‘separation d in a uniform magnetic field B as shown in
figure (34-E19). They have opposite charges of equal
magnitude g. At time £ = 0, the particles are projected
towards each other, each with a speed v. Suppose the
Coulomb force between the charges is switched off. (a)
Find the maximum value v,, of the projection speed so

that the two particles do not collide. (b) What would be
the minimum and maximum separation between the
particles if v=v,/2? (c) At what instant will a collision Figure 34-E19
‘occur between the particles if v==2v " (d) Suvpose
v=2v, and the collision between the particles 1is

completely inelastic. Describe the motion after the
collision.

d 3d mn .
(a) 92%‘]1 (b) 5’ -3:-2— (c) 5 qB (d) the particles stick together

and the combined mass moves with constant speed v, along

the straight line drawn upward 1n the plane of figure through




Solution 94 (a) The particulars will not collide if

2mvV

m ooy

B
Ve
2

M =

(b)V =

9| . M*0Bd | =9 (min. dist.)

di=ry+
(2x2mxqQB ) 2

3d
2

d
Max. distance dy,'=d +2r=d + - -

(C)V =2Vn
_m,V, _ mx2xqBd

The particles will collide at point P. At point p, both the particles will have motion m in upward direction. Since the
particles collide inelastically the stick together.




1/

P

I
Distance | between centres = d, Sin6 = o

Velocity upward = v cos 90 -8 =V sin 6 = ;r'

mv? mv
—— =qVB=>r= —

r qB
Vsin6=ﬂ= vi :quz
2r 2 myv m

qb

Vm

Hence the combined mass will move with velocity V,
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IACEN A particle having mass m and charge g 1s released from
the origin in a region in which electric field and magnetic
field are given by

_)

DDDDDDDD

-> =)
B=-B,j and E=FE,k.
Find the speed of the particle as a function of its
z-coordinate.,

ATDB.uno

Ans.
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i
Solution 95 Velocity will be along x - zpla #
— -Bo],E = EoK
F=q(E+VXB)
= qEoK - qV.BoK + qV . Byl
SinceV, = 0,F, = qgE)
gEy

SO =—
m

e _qEq,
C=U* 208 =2 Z
m

v ,(2"&02 3.UNo
n
\
[dist along z - direction be z ].
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A charge particle moving in magnetic field B, has the components of velocity along B
as well as perpendicular to B. The path of the charge particle will be
[8 April, 2022 (Shift-1)]

(A_/) helical path with the axis perpendicular to the direction of magnetic field B
(B:) straight along the direction of é&ﬁ%@c‘h%
(C") helical path with the axis along magnetic field B

( D circular path

AAAAAAAA



ATDB.uno-z

E sed redis is I F =d
IA%E {%\EDB uno [ Unauthorised redistribution is strictly prohibited

An electron is moving along the positive x-axis. If the uniform magnetic field is
applied parallel to the negative z-axis. then

A. The electron will experience magnetic force along positive y-axis

B. The electron will experience magnetic force along negative y-axis

C. The electron will not experience any force in magnetic field

D. The electron will continue to move along the positive x-axis

E. The electron will move along c@c-l[la%aéﬂ ﬂﬂnagnetic field

Choose the correct answer from the options given below: [13 April, 2023 (Shift-11)]
(‘A/’J Band E only ( B’_;} A and E only

(C__) C and D only ( D B and D only
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An electron is allowed to move with constant velocity along the axis of current
carrying straight solenoid.

A. The electron will experience magnetic force along the axis of the solenoid.

B. The electron will not experience magnetic force.

C. The electron will continue to move along the axis of the solenoid.

D. The electron will be accelerated along the axis of the solenoid.

E. The electron will follow parabeﬁ\ér ibb{d@the solenoid.

Choose the correct answer from the options given below: [11 April, 2023 (Shift-11)]
(A/) B, Cand D only ( B/ BandConly

(‘Cj} A and D only (D B and E only
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A proton with a kinetic energy of 2.0 eV moves into a region of uniform magnetic

field of magnitude% x 10~ T. The angle between the direction of magnetic field and

velocity of proton is 60° The pitch of the helical path taken by the protonis __ cm.
(Take, mass of proton = 1.6 x 10-?7 kg and Charge on proton = 1.6 x 10~ C).

[6 April, 2022 (Shift-11)]
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- QUESTION )

J

Given below are two statements: One is labelled as Assertion (A) and the other is
labelled as Reason (R).ske

Assertion (A): In an umform magnetic field, speed and energy remains the same for
a moving charged particle.ist:

Reason (R): Moving charged particle experiences magnetic force perpendicular to
its direction of motion. [24 June, 2022 (Shift-1)]

., ATDB.uno
(A_) Both (A) and (R) are true and (R) is the correct explanation of (A).

( B Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
c"f> (A) is true but (R) is false.

(D ) (A)isfalse but (R) is true.
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A charge particle is moving in a uniform magnetic field (2i + 3j) T. If it has an

acceleration of (ai - 4j)m/s?, then the value of a is [26 July, 2022 (Shift-1)]
(a) 3
B 6
( " ATDB.uno
© 12
(D';) 2
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A proton, a deuteron and an «- particle with same kinetic energy enter into a uniform
magnetic field at right angle to magnetic field. The ratio of the radii of their
respective circular pathsis: [24 June, 2022 (Shift-11)]

(A/ 1:v2:2

@ .. ATDB.uno

—

(C/) v2:1:1
@ 1:v2:1
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A proton and an alpha particle of the same velocity enter in a uniform magnetic field
which is acting perpendicular to their direction of motion. The ratio of the radii of the
circular paths described by the alpha particle and proton is:  [26 June, 2022 (Shift-1)]

(A) 1:4

® ... ATDB.uno

(C) 2:1
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QUESTION

Statement-I: The electric force changes the speed of the charged particle and hence
charges its kinetic energy; whereas the magnetic force does not change the kinetic
energy of the charged particle.ists

Statement-II: The electric force accelerates the positively charged particle
perpendicular to the direction of electric field. The magnetic force accelerates the
moving charged particle along the direction of magnetic field.

In the light of the above statement£\chbdik. the @ ost appropriate answer from the
options given below: [29 June, 2022 (Shift-11)]

(_ A;i Both Statement-I and Statement-II are correct.
( B Both Statement-I and Statement-II are incorrect.

( c_) Statement-1 is correct but Statement-Il is incorrect.
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A charged particle carrying charge 1 uC is moving with velocity (Z'i + 3§ + 412) ms~L. If
an external magnetic field of (5 + 3j — 6k) x 1073T exists in the region where the

particle is moving then the force on the particle is F x 10~°N. The vector F is:
[JEE Main-2020]

—0.30% + 0.32j — 0.09k
ATDB.uno

—300% + 320 — 90k

—30% + 32j — 9k

—3.01 + 3.2j — 0.9k

Ans: (3)
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A loop of flexible wire of irregular shape carrying current is placed in an external
magnetic field. Identify the effect of the field on the wire. [JEE Main-2021]

Loop assumes circular shape with its plane normal to the field.
Loop assumes circular shape N Q%le“pxgrallel to the field.

Wire gets stretched to become straight.

Shape of the loop remains unchanged.
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A triangular shaped wire carrying 10 A current is placed in a uniform magnetic field of
0.5 T, as shown in figure. The magnetic force on segment CD is:

(Given BC=CD =BD =5 cm). [JEE Main-2022]
0.126 N - C
AT DiBottin 0 Gan /" '\ Gem
0.312N field :: Iy N # 5em > B
0.216 N
0.245N
Ans: (3)
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