I ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.  ATDBPDFZ

PRAYAS

JEE 2025 B

L :»\. A ‘MTH\

P

A

l.ecture - 09

v E

By- Saleem Ahmed Sir .

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



Mobile User


ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

IHL‘rb”E?

W\UDE uno | Unauthorised redistribution is strictly prohibited ATDB.uno

Today's Goal

KPP Discussion

ATDB.uno

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

AfR-HASDB.uno | 19 Mar 2 ATDB.uno

16:30 IST


Mobile User


I ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

!

.

1

.

3

ATDB.uno

Ans: (a)

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


Mobile User


I ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

PRRURERCTN O L0 CUTTETN BORRY s 1T Vi s

10 ¥ 3 IE W | 9 T R U WY | U W A e W

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


Mobile User


DDDDDDDD

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

51. A thin flexible wire of length L is connected to two adjacent fixed
@ points and carries a current I in the clockwise direction, as showr

in the figure. When the system is 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 18 (II'T-JEE 2010}
PEX KL X X X X L
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Q. B Which one of the following options represents the magnetic hield

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

on the xy plane? (JEE Adv. 2022)

\d) /)' —

Ans:(c)
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magnetic field g. If Fis the magnitude of the total magnetic force acting on the conductor, then the

correct statement(s) is (are) [JEE-Advanced-2015]
@ T3+= Bo K
O
> ~ 2
= P_LCZLT R) B
(A)If g isalong ;3 ,Fx (L +R) (B)If g 1salong 3. F=0
(C)If gisalong v, Fx (L +R) (D)If gisalong ;,F=0

Zea MU fEAER x-y 7@ | from v fawga | snEre e wheeE 99+ 99 B | @ 7 3 9w
W T 9 el G951 96 %1 9 F 8, 79 9 faweg ' (%) -

(AB.C)

> S -
¢—— | —bi¢ R Sl¢ R dle— | —

(A)afe B sifeam z8d@ F « (L + R) (B)afe B #ifemxed@F =0
(C)afe B : R 87 F « (L + R) (D)afe B wifemzed@F =0
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Q& ' wo 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 X,. In contrast, if the currents | n

the two wires have directions HPPU\I[( 10 ¢ach other. the radius ol .

/\ﬁ

curvature of the path 1s K 3 . and value ol

Adv. 2014)

Anc - [R)
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' : ! .1
Q. & An ¢lectron and a proton are moving on straight parallel paths
» - - : ]

with same velocityv. Thev enter a semi-infinite region of umiform

magnetic held perpendicular to the velocity. Which of the tollowing

statement(s) 1s/are true’! (LHTI-JEE 2011

~N
!/& | hey will never come out of the magnetic hield region

M hey will come out travelling along parallel paths

(¢) They will come out at the same Ixxzux

w/lhg}. will come out at different

Ans: (b, d)
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region ol

¢s of the particles. Within

. R =
1IN CIrcuiar ornis

(JEE Adv. 2021)
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1 A particie of mass m and charge ¢g. moving with velocity v enters

™ ‘- 9 . - ’ - g
R 100N “ nom | 1 th MO \i B ) ! v 1n the hon ;' () n
~ 2N l 1N i]l‘\‘. ) \lxk ‘.nIA\ ‘x.‘ oy D !"“’; '8 LA :]_\.'f\ \L_l“lo

Il has a umiform magnetic hicld 8 perpendicular to the plane of the

papct ¢ length of the Region 1 1s /. Choose the correct choice (s)

Region 1 Regwon 1

—— e

I he particle enters Region L only
A< R

| he particie enters Region L nly 1if its Velocity

]

(c) Path length of the particle in Region Il 1s maximum when

YOl 'y ) \,'./) {1

{ ime spent m Reeion 1 1s same for anv velocity v as lone as

the particie returns to Region |

Ans:(a,c, d)
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Consider the motion of a positive point charge in a region where

there are simultancous uniform electric and magnetic hields

. /‘u/ and B nJ Al ime ¢/ (). this charge has » -\'!t'\l!f‘- \

in the x - y plane, making an angle 0 with the x-axis. Which of the

11'“(‘\\ ingy H;WZU:H slis/are correct 1or time | 1)’

(IT1-JEE 2012)

14 ur\Xn path 1n the x -2 planc

ereoes hehical motion with constant

—————————————

v

JOCS NI 2Al1viun vy '.'

2 .
INncrcas! | L A1oneg 1nc Yy-axis

11 0 =907, the charge undergoes linear but accelerated motion

.lit'fl'.f Tilg‘ B ATA \/
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@cgmn of uniform static magnetic field normal to the x-y plane. The region of the magnetic hield

extends from x = 0 to x = L from all values of y. After passing through this region, the particle

C——
.————-

emerges on the other side after 10 milliseconds with a velocity i, =2(v3i + j)ms . The correct

- n - Q8 ; ; s
statements(s) is (are):- 1= % WS e : 5+ [IT-JEE 2013]
(Ax The direction of the magnetic held 1s -z direction. g ® P &
— - . . : 8=
(B) The direction of the magnetic held 1s +z direction. 3o A% 5,3
. , : UM D & . "
(C) The magnitude of the magnetic hield —; units. : v
. ¢ O EY , 3
.
100xM Q= wt -7
- . . * _ _ = I
(D) The magnitude of the magnetic held 1s oy units. \\ (¢
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QF A positive, singly iomzed atom of mass number Ay 1s accelerated from rest by the voltage

Ihereafter, it enters a rectangular region of width w with magnetic hield B; = 0.1k Tesla
shown n the figure. The on finally hits a detector at the distance x below its starting trajectory

[Given: Mass of neutron/proton = (5/3) x 10747 kg, charge of the electron = 1.6 x 107" C ]

v =V
= [2m(av) A&:\/

\ qR%
¥ @ Z@L_e\)

® =1, Mm=Sx\0 | .

@ 1=%% wm= (94x% ,s:mgz"”
3

J%K lq;TOD

Which of the followmng option(s) 1s{are) correct?

(A) The valuc of x for H* ionisdem. = < P\

(B) The value of x for an 1on with Ay, = 144 15 48 cm

(C) For detecting 1ons with 1 € Ay < 196, the minimum height (x, — x4) of the detector 18 S5 cm
(D) The minmimum width w of the region of the magnetic hield for detecting 1ons with Ay = 196 1s
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For H

Option B
for A,

Option (

lor A, |

X fom & lor A, YhH

X" S6cm

SO X =4 cem& x 56 ¢m
x|~ X 52 cm

Option D

Minimum width = R

tor Am
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A SICAAy CUTTCNL 7 YOCS Throudn a wiro lx\w;\ /'(.l."\ Nas Hl_-_’ \H‘x'\' Y

a nght angle tnangle with PQ = 3x, PR = 4x and UK = Sx. It the

.“Ill
n 4\”~\ l

find the value of A (HHT-JEE 2009)

: 4 ) " J
”‘nl.lHlI'.:\i\' of the magnetic held al F due to this 10O0P IS A
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) Shown n the schematic ﬂgurc. 11S twWO ends are connected to two
wires and it 1S hanging by those wires with its plane being vertical.
The wires are connected to a capacitor with charge O through a
switch. The coil is in a horizontal uniform magnetic field B parallel

to the plane of the coil. When the switch is closed, the capacitor gets

discharged through the coil in a very short time. By the time the
capacitor 1S discharged fully, magnitude of the angular momentum
gained by the coil will be (assume that the discharge time is so short,

that the coil has hardly rotated during this ime)
C-15.91 W-28.13 UA-55.96 PC-0 (JEE Adyv. 2020)

! | ( > /

— . - | -

|
-
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from the same point of the loop. The wire loop has mass m and radius » and 1t 1s 1n a uniform vertical

magnetic field By, as shown in the figure. Initially, 1t hangs vertically downwards, because of

acceleration due to gravity g, on two conducting supports at P and Q. When a current / 1s passed
through the loop, the loop turns about the line PQ by an angle @ given by TE€ Adv 20 2.4

\y/ \,/

P B, Q

m

| 8
SIS SIS
(A) tan@ = zriB, /(mg) (B) tan@ =2xriB, /(mg)
(C) tan@ = zriIB, /(2mg) (D) tan @ = mg /(xriB,)

Ans. (r\)
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from the same point of the loop. The wire loop has mass m and radius » and 1t 1s 1n a uniform vertical

magnetic field By, as shown in the figure. Initially, 1t hangs vertically downwards, because of

acceleration due to gravity g, on two conducting supports at P and Q. When a current / 1s passed

through the loop, the loop turns about the line PQ by an angle @ given by TE€ Adv 20 2.9
|
€q WAL ‘UY*\ \‘/ \‘/

P B, Q

Tmy = Sy .

|
o | 2 ] &
g SO 3 BT S5

\M} =nrlB, /(mg) : (B) tan@ =2xriB, /(mg) \
(C) tan&@ = zriB, /(2mg) O = a2 (D) tan @ = mg /(zriB,) MB’

Ans. (r\)
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1

An inhmiely long hollow conductine cvimder with inner rads

i 4 \ . | .
and outer radius K carmies a umform current density along 1ts length

| he magnitude of the magnetic hield, Blas a function of the radial

distance r from the axis 1s best represented by (IT1-JEE 2012)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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the cylinder and the cavity are infinitely long. A uniform current density J flows along the length. It

&7 T v
1¢ magnitude of the magnetic field at the poin{ P 13 given by 13 p,al | then the value of N is :

[(HIT-JEE 2012)
=Y 2a % UF 9e4 1, 5o a 1 v @r@aen aea-+9 € (3 2f@a) 3 291 smfdfga &= 8

g1 T H1 T | 399 S EEHE 9-99e ) 7)1 3 f5g P W s mmmi,«u,,ul g, N

FIUHFE? 2KV 2KL  MoTRY
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initial velocity v . A uniform electric hield E and a uniform magnetic held B existeverywhere. The

velocity v, electnic field E and magnetic hield B are given in column 1, 2 and 3, respectively. The

quanuties E_, B_ are positive in magaitude. [JEE-Advanced-2017)
Column-1| @ Column-2 Column-3

. . ! - —~ . - .
(I) Electron with v = 225X () E=Ek,2 (P) B=-B,x

T= -8
7 =—jx¥

*
— E—JX

. e a . ) .
4l!)l;lcclrnn with V=3 (m) E -E.§ (Q) B=B.X
(111) Proton with v = 0 (iii) F E.x (R) B=B.\

g .
(IV) Proton with v = 250§ (1v) E = E.x (S) B=B.z

H | e
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6&) \/ffnfwhﬁm gam A A M T S g sTa 0

o (A)VUD () (S) (BY(IVY(1)(S) (C)yoellh () (R) (DY (D G (P)

— —3

Ans. (A) F‘ - ‘I - ct U-¥ 6 = U
— e,
X

E=-V

In which case will the particle descnibe a helical path with axis along the positive z-direction

A a0 FW +2-39 FFRAF 257199 (hencal pat ol ng the positive z-axis) #1 37 &M 7

(A an(R) (BY(IV in)(R) (CYIVIONS) (D) (HD ) (P)

In which case would the particle move in a strau o une along the wcgative direction of y-axis (1.¢.,

-

move along ~v )
s frgfa § S @ T 8 JEE v- 39 (negative y-axis) #1 fzwn 8§ s@m 2

-
-~

(A)(IV)Y()(S) (B) (D (u) (P) (C)yID ) Q) (D) A () (R)

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



Mobile User


AAAAAAAA

/ 4_3: S Fh‘«a'a ')
b AN Dimenbonall formulo. (a’ q -?[ATJ
T AN s, I Tt |
e 4TE, YT € [ * -]
c = A% g " My ={mLrTaT
o 4x Ext Tt - —
ATDB.UnO . ./
— ATAT e Ty - } imenfiondley
as. T i Dimenno
MLT * 2 A E = QUR ©
F - Cl\} Mo\,
2R
‘MO:EE\—- ~ N\LT-2 L -
[ e i st



Mobile User


[l

Ans.

i1l d lkllllk’lll&ll \.\ SICTI OF US4 l‘ll_\ Sl dl llll;llllll.\ Cdll UC C;.PIC\\CU BEE LT RRES OF 1NIC CICCLUIC k'll'dlé_'k' .
k=EX ,
electron mass m_, Planck’s constant h, and C nulumh\u\ﬁ\‘l“ﬂﬂ k = —— , where €, 1s the permittivity
F =Kk {1 AT & )
L £=k
of vacuum. In terms of these physical constants, “k dimension of the mq wnuu hield 1s [B] = el
Im_|¥ [h]7 [K]° The valueof a+ P +y+01s _ . B = mph K

U favma arars 9fa %13 (system of units) 3, T&F unwrrfwanfwﬁ—rf A9 e, TIF 2O

n_, @ 4a% (Planck's constant) h 3 #ar= (939a@1% k = —— % 9 | (A&a 53 s 2, 5l

4r €

-, Fata %1 TUaga= (permittivity) % 1 39 Wifas A Faas & ®9 89, gE 13 939 %1 @9 (dimension)

[B] = [e]* [m_]" [h]” [K]® Tla+ B4+v+0FHA 4 [ JEE-Advance-2022
(4)
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A dimensionless quantity 1s constructed in terms of electronic charge e, permittivity of free space

£o. Planck’s constant h, and speed of light ¢. If the dimensionless quantity is written as e“&,” hY ¢®

Tee Adv.202%

and n 1@ non-zero integer, then (a, f,y,0) 1s given by

) (2n, —n,—n,—n) %N(".—N.—Zn,—n)
)\"('."_”'-”-_2”) ?()(2)1.—”,—2)1,—211)
| Answer: (A) £ = WY

Y= Pk ATDB.uno

f > c S vl .-—'\‘ . \ \
| )\_ — e X \ N
\ 1) "
e = )
T —— » p
R —
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An ifinitely long wire, located on the z-axis, carries a current / along the +z-direction and

Qdf

produces the magnetic field B. The magnitude of the line integral | B - dl along a straight line from

the point (-—\/§a, a,0) to(a,a,0)1s given by
Jee AdvV 2024

" |1y 1s the magnetic permeability of free space. |
W _
g Wb (A) 7ol /24 (B) 7ol /12 (C) uol/8 (D) uol /6

D\\S(}p
oM nswer: (A)
B e —— e —

ATDB.uno
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(JEE Adv, 2018)

Ans: (2)
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untform magnetic hicld .4 . A positively charged particle 1s projected from the ongin along the

posiiive y-axis with speoed v_=tms  at t =0, as shown in the ligure. Neglect gravity i this problem

Lett =T be the ume when the particle crosses the x-axas from below forthe irstuome. I B B .the

—
average speed of the particle, inms |, along the x-axis in the time interval T iy

@ B, =0

Vv
40,

lj""- \dh .

. 2018
P =

my
AR

ATDB PDFZ
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igure. The distance between the diametncally opposite vertices of the star is 4a. The magnitude ol

the magnetic field at the center of the loop 1s

1 & faf=a 3 7 2, vs 3fa 97 (symmetric star) & JTHNR & 9&® 8 Jyiaida 9170 | 98

@ %) el fagda virel (diametrically opposite vertices) % @19 ®1 g 4a ) 9191% & %= W

{14 F H1 HE M P [JEE-Advanced-2017]
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d l"\"--" and The wire

‘Z.II'.LI‘.*. 4 [ Ciaom 1l w'en

froem above [ JEE-Advanced-2014
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position shown in the figure. If the currents in the wires are in the opposite directions, the torque on

the loop at 1its new position will be (agsume that the net field due to the wires 1s constant over the loop)

mek fvoh(Q 27 [JEE-Advanced-2014]
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Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.


Mobile User


ATDB PDFZ

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

I ATDB.uno

q. ‘a 7

1S Aare )
(JEE Adv. 2013)
non

nchic hicid 1s ai
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Ans:(a, d)
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[wo infinitely long straight wires lie in the xy-plane along the lines

X +R. The wire located at a +K carnes a constant current /. and

e ————————

the wire located at x K carrnies a constant current /.. A circular

——— e —

loop of radius R 1s suspended with its center at (0,0,/3R) and in a

plane parallel to the xy-plane. This loop cames a constant current /

in the clockwise direction as seen from above the loop. The current

in the wire 1s taken to be positive. if it 1s in the + 7 -direction. Which

of the following statements regarding the magnetic held B 1s/are

true”? (JEE Adv. 2018)

(o It [/, > 0and /, <0, then B can be equal to zero at the ongin
(1) U 1))

It /., <0 and /, > 0, then B(can pe equal to zero at the ongin
(0.0 1)

(d) It /. = [,, then the z-component of the magnetic held at the
o/
wR 1

center of the loop 1s
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Ans:

(a, b, d)
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IWwWoO concentric circular fo’&*[‘ one ol radius

radius 2R. he in the xy- plane with the ongin as th
3 . ] ':.

as shown in the figure. The smaller loop carries Curit

'\{/
anti-clockwise direction and the larger loop carries currcl

I

kH\LH H‘\"lk(‘qlkl ‘

in .h"

~ » > » { v\ t‘
clockwise direction, with /[, > 2/ /J‘ ¢, V)denotes the magnetis

- . hich aof » following
field at a point (x, y) in the xy-plane. W hich of the IoliOW

statement(s) 1s/are correct’!
. : M2
C.7.77 W-43.5 UA-30.62 PC-18.12 (JEE Adv. 2021)

() B(x,y) is perpendicular to the xy-plane at any point in the
plane.

() |B(X:¥) depends on x and y only through the radial distance

IB( 1‘.,1')' is non-zero at all points for r < R.

(d) B(x,y) points normally outward from the pl

ane for all the
oints between the two loops. all the
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A umiform ma i hield B exasts i the egon between x Oand & region J m the ngure)

posnting normally into the plane of the paper. A partucle with charge +Q and momentum p directed
along x-axis enters region 2 from region | at pomnt P (y = -R). Which of the following options(s) is
are correct ? (JEE-Advanced-2017)

the particle will enter region 3 through the point P, on x-axis

1 30R

- P
I QR

(B)For B

the particie will re-enlter region |

(C) For a fixed B, particle of same charge Q and same velocity v, the distance between the pomt P
and the point of re-entry mto region | 15 inversely proportional to the mass of the parucie

(D) Whenthe particle re-enters region | through the longest possible path i region 2. the magmitude

of the chage i its hinear momentum between powmnt P and the farthest pownt from v-axis is
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particles A and B of masses mA and /5 TCSPECUVETy allu Tiaviiig

' the same charge are moving in a plane. A uniform magnetic field
@ exists perpendicular to this plane. The speeds of the particles are vA

and vB, respectively and the trajectories are as shown in the figure.

Then (II'T-JEE 2001)
o o
o o
o) o) o) o o

(a) my,<mgvp (b) my,=>mgvp

(C') m,, < m g and v, < Vg (d) m, = mpy and Vg™ Vg (h)
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aniform electric field Ei and uniform magnetic field Bk
trajectory from P to QO as shown 1n figure. The velocities at /

—2vj . Which of the following statement(s) 1s/are correc

; lxrw‘( , ,:.“ "!Mr 4 "'}5 i
F N ) = 2LV .6

© B —_—

(IIT-JEE 1991)
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e

{ f:?garﬂ equal currents flowing out of the plane of the paper as shown H‘.;

-

[\ variation of the magnetic field B along the line XX" is oiven by

(IIT-JEE 2000)
{FMﬁW s : 21 ;‘
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@. Which of the following statement is/are correct in the given figure”
@?\ it E (IIT-JEE 2006)
S Infinitely long wire kept '~~~
perpendicular to the paper
carrying current in wards

(a) Net force on the loop 1s zero

(b) Net torque on the loop 1s zero

(¢) Loop will rotate clockwise about axis OO’ when seen from O

( | rotate anticlockwise about OO’ when seen from O
’

e
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@. Which of the following statement is/are correct in the given figure”
o« (IT-JEE 2006)

Infinitely long wire kept
perpendicular to the paper
carrying current in wards

\ g

(a) Net force on the loop 1s zero
(h) Net torque on the loop 1s zero

(c) Loop will rotate clockwise about axis OO’ when seen from O

( (a') Loop will rotate anticlockwise about OO’ when seen from O
’

e
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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 lies 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
(IIT-JEE 2011)

;lnu

o/
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Let us consider an elementaryv rmg of radius r and thickness dr m which

current I is flowing.

Number of turns in this elementaryv ring dN = }
y

_— ) . Lo IdN
Thus magnetic field at the centre O due to thisringdB = ————
2r

. - Lo INdr
WegetdB = ———
2(b - a)r
- _ b MoIN dr
Net magnetic field at centre of spiral B = | _ L—dl
*2(b-a)r
_HoN b dr
2(b-a)™* r
1oIN b
——x Inr
2(b -a) a
. LW IN b
OrB= ——In —
2(b-a) a

()1 P) -
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ORVA A loop carrying current / lies in the x-y plane as shown 1n the
figure. The unit vector k 1s coming out of the plane of the paper.
The magnetic moment of the current loop 1s

(II'T-JEE 2012)

5

—- J

(a) u:l/:' (b) LEHJU“IA’;

(c) —(%H}a://; (d) (2n+l)u“1/\7

— 4
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Solution 2 , i 7 2)2
Area of the loop: A = a® + 4 x -

DDDDDDDD

-= a* 4

)

= 1AR = 1(a+ TR = 1a2 1+ DK
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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 oT sin i)(’ — BiRd6

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

271

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

¢ 1

2T-sin (AG/2) UNO
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YA 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? (JEE Adv. 2022)

Ans: (c)
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i
NONa I By.: = Bas + Bec +Bcp + Boe + Ber +Bro
BAB :BDE :BFG :0 ......... of P

Bag = %sin 45°[-R}

Bep =
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). A conductor (shown 1n the figure) carrying constant current / 1S Kept
in the x—y plane 1n 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)

2

(a) It Bis ulnllg

(b) IfBis along x.

(c) IfBisalong 9, F «(L+ R)

(d) IfBisalong #,F=0

Ans: (a, b, c)
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o)l s el | 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 axis. Total length of
current element:

dl = 2(L + R)X
F_> = 1(2(L + R)X) x B
IfB 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.
If B alongy then F will be along 7' and will be prop to (L+R)
If B alongZ then F will be along —y" and will not be equal to o.
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YA [wo parallel wires in the plane of the paper are distance x, apart. A
point charge 1s moving with speed u between the wires 1n the same

plane at a distance x, from one of the wires. When the wires carry

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

of the path of the point charge 1s R,. In contrast, 1f the currents | 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

-

X1 R:
(JEE Adyv. 2014)

Ans: (3)
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‘Solution 6 B, = 1 llo;) (

mv _

R1: ——
qB,

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? (IHI'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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Solution 7 By diagram B is true
2mm

qB

T =

I oc m

So, D is also true

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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IRl All a-particle (mass 4 amu) and a singly charged sulfur 1on (mass
32 amu) are imtially 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_, respectively. The ratio (r/r ) 1s

i

(JEE Adv. 2021)

ATDB.uno

Ans: (4)
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e [Ttele s Rl | O @ charged particle projected Into unirorm magnetic field, radius of path
IS given by

vZ2maV
qaB

r

-

/ I."72 2
I's : m’*‘( &) —. 52( ): 4

—_—

"te Vmaa, Va3
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Q.Y

Region Il normal to the buund iry as shown n the ll«vuu Region
[ has a uniform magnetic field B perpendicular to the plane of the

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

Region | Region I Region Il

(YL JEE 2958)
glB

(a) The particle enters Region Il 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)
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region.

4P
NS

my
qb

[f the width of the region | is less than r, the particle will enter region III.

mv
v —> 1
qB

qBl

=DV>
m

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

alB
m

whenl =riev =

1270m _Jn

when r = ], time spent in the region Il is L : —
2 2B qb

- ala - alle - - aTa¥Ta
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SN Consider the motion of a positive point charge 1n a region where
there are simultaneous 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 ¢ > 07?

(II'T-JEE 2012)
[f O = 0°, the charge moves in a circular path in the x — z plane

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

[f O = 10°, the charge undergoes hencal imoton 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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I iale)a ANl Correct Answer - LD
Here, E = Eyjand B = By
Let m, q be the mass and charge of the positive point charge which is moving wit
velocity v

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

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 8, tnh2 particle 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
circular path with time period, T' = 27m / Bg which is independent of rand v

Due to combined electric and magnetic fields along Y-axis, when ¢ 10, the
particle will describe a helical path whose pitch increases with time along the Y-axis

(i.e., option (c) 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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A particle of mass M and positive charge ¢/, moving with a constant

velocity uy = 4i ms ' 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

. . . . —_ ﬂf : . _ ] —
milliseconds with a velocity u; = —‘\/;1 ” ./)m.\ . The correct

statement(s) 1s/are (JEE Adv. 2013)
(a) The direction of the magnetic field 1s -z direction.
(b) The direction of the magnetic field 1s +z direction

S\

(¢) The magmtude of the magnetic field 1s ——— units
30

” . : - 100M .
(d) The magnitude of the magnetic field 1S ————— units

30
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Ans: (a3, c)
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ISolution 11 Correct Answer - A:C
Refer to fFigure, 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

v 2 1 tan 7
tand = — = — = —@& or

Uz 2/3 V3
QB

Angular velocity of rotation of particle in magnetic field, w = v

Time taken by particle to cross the magnelic field is ) C
0 /6 M=

w QB/M 6QB

B M M

Or — e —— ——

6t 6Q x (10 x 107?) 3Q
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Q- A positive, singly 1onized atom of mass number Ay, 1s accelerated from rest by the voltage 192 V.

Thereafter, it enters a rectangular region of width w with magnetic field B, = 0.1k Tesla, as
shown in the figure. The 1on finally hits a detector at the distance x below its starting trajectory.

|Given: Mass of neutron/proton = (5/3) x 10747 kg, charge of the electron = 1.6 x 1071? C.]

Which of the following option(s) 1s(are) correct”

(A) The value of x for H" 1on 1s 4 ¢cm

(B) The value of x for an 1on with Ay, = 14415 48 cm

(C) For detecting 1ons with 1 <€ Ay < 196, the mimimum height (x; — xp) of the detector 1s 55 cm
(D) The mimmimum width w of the region of the magnetic field for detecting 1ons with Ay = 19615

A1DB.uno

S6 ¢cm

Ans: (A, B)
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Solution 12

«M

m —» mass of neutron/proton

By Energy conservation

= q(AV)
~Mmy

-8 el TRy A
' M

M [2q(Av)
”'Ill_\ | ——- S5 YRS
aB V M

also put M «M

M

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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- 8mA,, (AV)
On Simlifyving we get X = |
' \ qB

Inthisonly A _is varying in different parts of question

;!\'m \V
u ’ o \.\
\ qB

e X =

(A)ForH', |

(B)For A =144, x =4 x 144 = 48cm

(C)For A, =196,x =X, =4xJ196 =56cm & A,

X
(D) Min width = Radius of path = —, For A,

From Diagram

4cm X,

= 28¢m
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). A'sleady current / goes through a wire 10op FUK having shape ol
a right angle tniangle with PO = 3x, PR = 4x and OR = 5x. If the

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

. find the value of & (II'T-JEE 2009)

ATDB.uno
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Ans: (7)
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SOl UtiOn 1 3 using the COIlCC})t Ol area ol rangle
L " Y e ’
—XPDX5Xx=—X3XX4X
2 9

12X
d
QD =V(PQ)* - (PQ)* = Vox2 -

and DR =5x - OX _ 10x

5 5

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

< ;
B = -L—(sm ¢, + sin¢d,)
4P D

B =

oI x 5 [ (9x/5) K (16x/5)
47T X 12X 3X 4X

OI.'- ‘
B=Holo3, _4_3
487X 5

y/1 |
B= l_l K="

)
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A circular coil of radius R and N turns has negligible resistance. As
shown 1n the schematic figure, i1ts two ends are connected to two
wires and 1t 1s hanging by those wires with its plane being vertical.
The wires are connected to a capacitor with charge O through a
switch. The coil 1s 1n a horizontal uniform magnetic field B parallel
to the plane of the coil. When the switch is closed, the capacitor gets
discharged through the coil in a very short time. By the time the
capacitor 1s discharged fully, magnitude of the angular momentum
gained by the coil will be (assume that the discharge time 1s so short
that the coil has hardly rotated during this time)

WEE Adv. 2020)

—

(@) —NQB,R*(b) nNQOB,R* (c) 2 nNQOB,R*(d) 4 tNOB R*
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: SOlUtlon 14 LOITECTL OPUOIL IS D, 71V Dol

correct answer 1s

(B)xNQB, R

Torque experienced by ciruclar loop

—

where = M is magnetic moment

= B is magneti field.

- 1 = inR2N B, [at the instant shown @
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ACUHN SUTLT INSUWEAicd metal WIre 1S DCent mio a Circuldr 100p Wit 1S two Cnds CXICNAIME Engenually moim tic S4mic

point of the loop. The wire loop has mass m and radius r and it 1s in a uniform vertical magnetic field B , as

shown in the figure. Initially, it hangs vertically downwards, because of acceleration due to gravity g, on two
conducting supports at P and Q. When a current | 1s passed through the loop, the loop turns about the line PQ
by an angle 0 given by TeE Adv 2024

(A) tan® =nrlB, / (mg) (B) tan® = 2nrlB,, / (mg)

(C) tanB =nrlB, / (2mg) (D) tan® =mg /(nrlB,)

ATDB. B | _ A

Ans: (A)
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ISQ]ution 15 /.= MB sin (90 -0)

mgr sin® = i(nr”)B_(0)0

tan® = nrlB, / (mg)

ATD
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LQ_ eIl An infinitely long hollow conducting cylinder with inner radius K/2
and outer radius R carries a uniform current density along its length.

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

(b)

Ans: (d)

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

For,
(RI2)<x <R
B -dt= Mol

Putting | = JA

5 |B| 2mx = pg [mx?2 - m(R/2)2)J

1B| = [(ppJ * TT)/(21TX)][X2 — (,R2/4)]
B| = [(Hod)2X][x* — (R%/4)] (2)
Forx 2R,

BT -dt™ = ol B = [(ugJ)/2x][(3/4)R?] (3)

B - From (1), (2). (3) graph (d)
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|
OR A  CYTINATICAT CavIty OT QIamETeTa EXISIS MISIAC a CyTNAcT o drameter
2a as shown 1n the figure. Both the cylinder and the cavity are
infinitely long. A uniform current density JJ 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.
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Solution 17 The magnetic field for an infinitely long cylinder is given by,

LJr "
Bin = a

P ]

1, JR?

2I

* = distance from the axis of the cylinder.
R = Radius of the cylinder.

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

smaller cylinder carry a negative current density of magnitude J each.
~ Magnetic field atpointP=B - F, + D,

. Ja
B, = —

2

_“C.J(ﬁ‘
2

B, =
, 34

9

—uOTJa

12

51, Ja

12
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at the origin (x = 0, y = 0, =z = 0) with a given mitial velocity v. A uniform
electric field £ and a uniform magnetic field B exist everywhere. The

velocity v, electric field £ and magnetic field B are given in columns

[, II and IlI, respectively. The quantities £, B,, are positive in magnitude

(JEE Adv. 2017)

I

(1) | Electron with 2 £q 0 | E=E3
B .

Ey -
ot §

By

(II) | Election with , _

(I11)| Proton with v = (0

: 2 ,i‘f .
(l\')l Proton with ¥=2—=x
| | B,

!
A

In which case will the particle move 1n a straight line with constant
velocity?

(a) (II) (iii) (S) (b) (1) (iii) (P)

(c) (IV) (i) (S) (d) (1) (1) (R)

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Fnet — Fe y FB

DDDDDDDD

=>F=qE+qvxB

For particle to move in a straight line, Fyet = zero

HenceqE+qvxB =0

ATDB.uno
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Q.19 0,y =0, = = 0) with a given initial vel

at the onigin (x =0, y = = () with a given imitial velocity v. A uniform

electric field £ and a uniform magnetic field B exist everywhere. The
velocity v, electric field £ and magnetic field B are given in columns
[, II and IlI, respectively. The quantities £, B,, are positive in magnitude

(JEE Adv. 2017)

(7) [ _ [;‘“_; (P) [)» —_B &

' + t

. | |
Lo -

(1) | Election with ,, _

) ) |E=—E.v|Q)|B=Bx
B” (). {)

(111)| Proton with v= () (iif) I—
) R L .
(I\ ] Proton with Vv 2— X

)

In which case will the particle describe a helical path with axis along
the positive z-direction?

(a) (1) (i) (R) (b)) (1) (iid) (P)

(¢) (IV)Y(D(S) (d) (I1V) (i) (R)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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i
N s le s The force due to magnetic field FB will provide the necessary centripetal force for
circular motion which will be in X-Y plane. The force due to electric field will
accelerate proton in Z-direction. Thus the path will be helical with increasing pitch.
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). 2( A charged particle (electron or proton) 1s introduced
at the origin (x = 0, y = 0, z = 0) with a given mitial velocity v. A uniform

electric field £ and a umiform magnetic ficld B exist everywhere. The

velocity v, electric field £ and magnetic field B are given in columns
[, Il and IlI, respectively. The quantities £, B,, are positive in magnitude

(JEE Adyv. 2017)

Electron with

(II) [ Election with , —

(111)| Proton with v

e

(l\')‘ Proton with

—". - | ."1

In which case would the particle move 1n a straight line along the

)

negative direction of Y-axis (1.€. move along — y)’

(a) (1D (i) (S) (H) (L) (ii0) (P)

Ans: (d)
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G A Lor particle to move In -ve y-direction, erther 1ts 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 or 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
4rep

the dimension of the magnetic field is [B] = [e]% [m,]P [h]Y [k]®. The value of a + B +y
+0Is : [JEE-Advance-2022

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

ATDB.uno

Ans: (4)
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ISolution 21

|B=le] [M] [hf [K}
[B]=MTI""

[e]=1"

[h]=ML*T
[K]=ML’T*I"

MT21" =[IT]* [M]’

o

[MLET-']" [ML’T-‘I-z]

1=B+y+8 (1)
-2=a-7Y-40 (2)
-1l=a-29 (3)
0=2y+39 (4)

On solving equation (1), (2), (3) and (4), we get

istribution is strictly prohibited.
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Planck's constant h, and speed of light c. If the dimensionless quantity is written as (-“'.:'-“:h' ¢® and n is a non-zero

integer, then (a, 3,7, d) is given by JEt AdvV. 202 %

ATDB.uno

Ans: (A)
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ISolution 22

PV LIS UUOQTILILY LU UT Unnchioiviicos

'h7ed = M° L? T° A

~ d

(A’I’)"(M 1,37t A") "'(‘.\nﬁ T ‘) (L'r ‘) — A°MP L T°

a+20=0,a+4 45

- - 2,"{, ,"f — ‘; (\' "1 (\.

Option (A) satisfies the given condition.

ATDB.uno
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An infinitely long wire, located on the z-axis, carries a current | along the +z-direction and produces the magnetic

field B. The magnitude of the line integral [ B. :11 along a straight line from the point (—v/3a, a, 0) to (a, a, 0)

is given by
Tee Adv.202%

[140 is the magnetic permeability of free space.]

ATDB.uno

Ans: (A)
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So, [ B- dl along the line is

,l(l[

po( 1) =

27 2T
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VAVAN | the xy-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, = rtms " 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 Adv. 2018)

Ans: (2)
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ISolutio n 24 Average speed along the x-axis

G.\: :
f dt L

We also have,
. mv _ mv

1 yIg =

qbB, qB.
B,

since B, =

LTy = 41 — (2)

Timein B, = L1 =k
qB,

Timein B, = i A ta
qB.

Total distance along x-axisd; + d, = 2r, + 21, = 2(r; +1,) = ¢
TotaltimeT =t, +t, = 5t,
10T,

5t

* Average speed =

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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In the X-y-plane, the region y > U has a uniform magnetc neld g4 and the region y < U has a

another uniform magnetic field B k. A positively charged particle 1s projected from the origin

., " . - . - " . .
along the positive y-axis with speed v, = tms = at t = 0, as shown 1n the figure. Neglect gravity in
this problem. Let t = T be the ume when the particle crosses the x-axis from below for the first

. = : ; ! | ~ T . ; -
tume. If B, = 4B , the average speed of the particle, in ms ', along the x-axis in the time interval 1

IS . |JEE-Advanced-2018]

ATDB.uno

Ans:2[1.99, 2.01]
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ISolution 29

Avg. speed along x-axis

UNno

total distance travelled along X-axis

total tume taken
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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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A\

|
N Ia (o) s WA In AOAC  cos 60°= od A

i
_OC-..a«’-a

The magnetic field at 'O’ due to

AB= o i['sm 60° —sin 30°]
an a

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

—

lita T 1 a 2 e - e
= L ox—(3-1) [x12= 22 —
L4 a 2 | 4
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The Figure shows a circular loop of radius a with two long parallel wires (numbered
1 and 2) allin the plane of the paper. The distance of each wire from the center of

the loop is d. The loop and the wires are carrying the same current I. The currentin
the loop is in the counterclockwise direction if seen from above.

[ JEE-Advanced-2014)

When d = a but wires are not touching the loop, it is found that the net magnetic
Field on the axis of the loop is zero at a height h above the loop. In that case

(A) current in wire 1 and wire 2 is the direction PQ and RS, respectivelyand h=2a

(B) current in wire 1 and wire 2 is the direction PQ and SR, respectivelyand h=a

(C) current in wire 1 and wire 2 is the direction PQ arid 3R, respectivewyand h = 1.2a

(D) current in wire 1 and wire 2 is the direction PQ and RS, respectively and h=1.2a

.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Ans: (C)
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SOlUtiOn 27 1he net magnetic rield at the given point will be zero Ir.

B
(K)P

- Ml a

A X
27r\/az +h* \/a2 +h’
p,la’

 2(a? +h?)?

- h=x~12a

The direction of magnetic field at the given point due to the loop is normally out of
the plane. Therefore, the net magnetic field due the both wires should be into the

plane. For this current in wire | should be along PQ and that in wire RS should be
along SR.
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The Figure shows a circular loop of radius a with two long parallel wires (numbered
1 and 2) allin the plane of the paper. The distance of each wire from the center of
the loop is d. The loop and the wires are carrying the same current I. The currentin
the loop is in the counterclockwise direction if seen from above.

[JEE-Advanced-2014)

Consider d >> 3, and the loop is rotated about its diameter parallel to the wires by
30° from the position shown in the figure. If the currents in the wires are in the
opposite directions, the torque on the loop at its new position will be (assume that
the net fField due to the wires is constant over the loop)

ATDB.uno

Ans: (B)
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ISolution 28
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(B) pol“a“/2d

t=MBsinf
1,1

2nd

sin 30°

= lma” x2 x

- ppltar

2d

rictly prohibited.
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I_Q_ PAY I A stcady current / Tows along an infinitely long hollow cylindrical
conductor of radius R. This cylinder 1s placed coaxially inside an

DDDDDDDD

I ATDB.uno

infinite solenoid of radius 2R. The solenoid has n turns per unit

length and carries a steady current /. Consider a point P at a distance
r from the common axis. The correct statements (1s/are)

(JEE Adv. 2013)

(@) In the region 0 < r < R, the magnetic field 1s non-zero

() Intheregion R <r<2R, the magnetic field 1s along the common
axis

(¢) Intheregion R <r<2R, the magnetic field 1s tangential to the
circle of radius r, centered on the axis

(d) In the region r > 2R, the magnetic field 1s non-zero

Ans: (a,d)
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Solution 29

et B- and Bs be the magnetic field due to current in
-

ectively at point P, distance r from the common axis

r R
‘1"I?l 7 (' rjé‘)r'(',‘\ .“f'\l’—Q-.;.-r

xis of cylinder,
not in the plane

Nnence cor/f2cl
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T'wo inhinitely long straight wires lie in the xy-plane along the lines

x = +R. The wire located at x = +R carries a constant current /l and

the wire located at x = —R carries a constant current /.. A circular
loop of radius R 1s suspended with 1ts center at (().(). 3/\’) and in a

plane parallel to the xy-plane. This loop carries a constant current /
In the clockwise direction as seen from above the loop. The current
in the wire is taken to be positive, if it is in the + j -direction. Which
of the following statements regarding the magnetic field B 1s/are
true?

(a) It ], =1, then B cannot be equal 10 z¢ro at tie origin (0, 0, 0)

(b) It /,>0and/, <0, then B can be equal to zero at the origin
(0, 0, 0)

(c) It/ <0and/, >0, then B can be equal to zero at the origin
(0, 0, 0)

(d) It I, = L,, then the z-component of the magnetic field at the

L;(}: J

center of the loop 1s ( -

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Ans:(a, b, d)
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e ittale s Ieltl The correct options are

AIfl, = I,,then B cannot be equal to zero at the origin (0, 0, 0)

BIfl, > oand 1, < 0,then B can be equal to zero at the origin (0, 0, 0)
D If1, = I,, then the z-component of the magnetic field at the centre of the
l‘lOI)

2R

(A) At origin, B = 0 due to two wires if I, = I, (they cancel each other)

loop is (-

hence (B ,et) at origin is equal to B due to ring, which is non-zero.

—

(B)If1, > oand I, < 0, B at origin due to wires will be along +K direction and
— —
B duetoringisalong —k direction and hence B can be zero at origin.

. 4

(C)IfI;, < oandl, > 0, B atorigin due to wires is along —K and also along -k
due to ring, hence B cannot be zero.
(D) (ref. image 2) At centre of ring, B due to wires is along x-axis,

—

. " ; lal A
hence z-component is only because of ring which B = LLR(— K)
)
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De 1wo concentric circular loops, one of radius X and the other of
radius 2R, lie in the xy-plane with the origin as their common center,
as shown in the figure. The smaller loop carries current /, in the
anti-clockwise direction and the larger loop carries current /, in the

clockwise direction, with /, > 2/.. B(x, y)denotes the magnetic

field at a point (x, y) in the xy-plane. Which of the following
statement(s) 1s/are correct?

(JEE Adyv. 2021)

(a) B(x,y) is perpendicular to the xy-plane at any point in the
plane.

depends on x and y only through the radial distance

r= \/\ +y°

(¢) }B(.\'._\‘) 1s non-zero at all points for r < R.

(d) B(x,y) points normally outward from the plane for all the
points between the two loops.
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NIV ()sISNE Consider a circular loop of radius 7 in  — ¥ plane and having centre at origin @
N

§B-dt=0

B¢ dlcosf =0
B # 0 forgivenr

= cosf =0

g = 90°

Here df is in xy plane = B is normal to plane (B can't be in zy plane as its magnetic lines would

have been in radial direction)

Also, for given r, B must be same in magnitude for all points on loop of radius 7.
, , o iy Jnis
At centre B = (’-—._,1‘, R )

(iInwards)
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For point £7, Let nield of inner |100p Increases &r; times and that of outer I00p INCreases o imes

=> magnetic field at P

— [ . B0l . Hot2
B P - (.Ll SR L9 {p‘ )

For Bp = 0,2 = (3 - (2i)

)

".” B changes more rapidly as point /2 come closer to circumference.
— £
Or 29 > 21, (which is given condition)

So, there are points inside inner loop where magnetic field will be zero.
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e 1wo particles A and 5 ol masses mA and mb respectively and having
the same charge are moving in a plane. A uniform magnetic field

exists perpendicular to this plane. The speeds of the particles are vA

and vB, respectively and the trajectories are as shown in the figure.

Then (II'T-JEE 2001)
o o | o o

O O 0O O

(@) my, <myv, (b) my,>myv,

(c) m,<mpandv, <v (d) m,=mjzandv, =\

B

Ans: (b)
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ISolution P Radius of the circle = mv/Bqg

or radius < mv if B and q are same.

(Radius) s > (Radius)g; therefore mava > mgvp

ATDB.uno
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A particle of charge +g and mass m moving under the influence of a

uniform electric field £i and uniform magnetic field Bk follows a
trajectory from P to Q as shown in figure. The velocities at P and O

are VI and —2vj . Which of the following statement(s) is/are correct?

Jm-202
(ITT-JEE 1991)
: A 3 my
(b) Rate of work done by the electric field at P1s =
4| n
(¢) Rate of work done by the electric field at P 1s zero

(d) Rate of work done by both the fields at O 1s zero

Ans:(a, b, d)
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ISolution ¢RIl Magnetic Force does not do work. From work-energy theorem:

W;e = AKE or (qE)(2a)

3 ‘mvz.‘]
orkE= —
4[ ga

. Correct option is (a)

At P, rate of work done by electric field
—

= ?e. v = (qE)(v) cos 0°

lmmﬁ-wl
2

(3mv2] 3(mv3)
:q w— — |\ T e— c—
4 qa 4 d

Therefore, option (b) is also correct. Rate of
work done at Q:

- —
of electric field = Fe. v = (qE)(2v)cos 90° = 0
and of magnetic field is always zero. Therefore,
option (d) is also correct.

Note that Fe= qE i
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Two long parallel wires are at a distance 2d apart. They carry steady

equal currents flowing out of the plane of the paper as shown. The

variation of the magnetic field B along the line XX" 1s given by

(ITT-JEE 2000)

Ans: (b)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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: .
Solution 34 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 downwards as shown in Figure.

P>

B | S
\ / o
N— 7 B
Now, let us come to the problem.

Magnetic fieldatC =0

Magnetic field in region BX" will be upwards
(+ve) because all points lying in this regisn ave€
to the right of both the wires.

X X'
i C B

A

Magnetic Field in region AC will be upwards (+ve), because points are closer to A,
compared to B. Similarly magnetic field in region BC will be downwards (-ve).

Graph (b) satisfies all these conditions. Therefore, correct answer is (b).
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J. Which of the following statement 1s/are correct 1n the given figure?

(IT'T-JEE 2006)

Infinitely long wire kept
perpendicular to the paper
carrying current in wards

N\ A

O---Q

(a) Net force on the loop 1s zero

(b) Net torque on the loop 1s zero

(¢) Loop will rotate clockwise about axis OO when seen from O

(d) Loop will rotate anticlockwise about OO’ when seen from O

Ans: (a, c)
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1
. The correct option is C Loop will rotate clockwise about axis OO when seen
Solution 35 i
rom

From the figure, we can conclude that, F g, &F p are zero.

Because, maagnetic fields due to long straight wire are parallel to wires

BA & CD respectively.

—_—

Also, that F ac is out of plane and F .p is inwards to the plane .

A0 =0=2F,0a =0

——-
-—
-

-

Thus, F gc +
Option (a) I1s correct.

To find the net torque due to the forces F g« and F 4p

As the forces are equal and opposite in nature, they form a couple.

S0, the net torque acting on the loop would be non-zero,

Sense of rotation of loop is clockwise as seen from O due to the fact that ,

F ac Is out of plane and F ,p Is inwards to the plane.

Note - A pseudo vector is a type of vector whose sense of rotation differs

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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IR A proton moving with a constant velocity passes through a region

of space without any change 1n 1ts velocity. If £ and B represent the

electric and magnetic fields respectively. Then, this region of space

may have (IT'T-JEE 1985)
(a) E=0,B=0 (b) E=0,B#0
(¢c) E£0,B=0 (d) E#£0,B#0

ATDB.uno

Ans:(a, b, d)
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i
NelINiale) s BCTCIM I both E and B are zero, then vector F, and vector F, both are zero. Hence, velocity
may remain constant. Therefore, option (a) is correct.

If E =0, B# 0 but velocity is parallel or antiparallel to magnetic field, then also

vector Fg and vector F, both are zero. Hence, option (b) is also correct.

IF E#0, B #0 but vector (F, + F;;) then also velocity may remain constant or option
(d) is also correct.

ATDB.uno
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. A PUTTICIC OF CHATEC {15 PIOJCCICA Wi 4 THOmCnium p - Py mine given rczZion o magnetic ncid

B = Bk - It emerges from the magnetic field after deviating through an angle 0 = 30°,

®

(4) The value of p 1s 2qBd
(B) The value of p 1sqBd

(C) Maximum change in momentum takes place ford < aB

(D) Maximum change in momentum takes place ford 2~

Ans: (A, C)
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Solution 37 (A), (C) 4T
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[ + 3 A Charge particie 1S moving inside potn elecCiric neid and magnertic neid

3:N
) l'(;

without any acceleration. Electric field is 1( and magnetic field is 2 x

l(’)"-’jT. The velocity of charge particle is-

5 x 1074k
D. 2 X ll.l“i}
. 4 x 10%(=k)

May be both 5 x 10™*k and 5 x 10~*(—k) depend on nature of charge

Ans: (A)
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Solution 38 A 1 N
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Figure shows crosssection view of a infinite cylindrical wire with a cavity, current

density is uniform} = — jofc as shown in figure

A. magnetic field inside cavity is uniform

B. magnetic field inside cavity is along a

C. magnetic Field inside cavity is perpendicular to a

D. If an electron is projected with velocity v(;.j' inside the cavity it will move
undeviated.

ATDB.uno

Ans: (A, C, D)
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]
Solution R B Correct Answer-A=C:D

/m( J (pi)

2

Magnetic field is given by B =

ATDB.uno
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A tightly-wound, long solenoid carries a current of 2.00A. An electron is
Found to execute a uniform circular motion inside the solenoid with a frequency of

1.00 x 108rev/s. Find the number of turns per metre in the solenoid.

ATDB.uno

Ans: (1421)
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|
OISO | =25 F=108rev/sec, n=2, m.=9.1 x 107 kg,

qe=1.6><10"9c. B=‘uoni=>n=3

’,lo'
B _ f2am,

= N= S— .
Mo Jeltp!

10% x9.1x 10~

B ——— - ——— ey 1421 turns/m
1.6x107"" x2x107" x2A
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(). 4.4 A charged particie with some initial veloCity 1s projected in a region where uniform electnce and/or
magnetic fields are present. In Column-I information about the existence of electric and/or magnetic

field and direction of initial velocity of charged particle are given, while in column-II the possible

paths of charged particle 1s mentioned. Match the entries of Column [ with the entnies of Column-Il.
Column-I Column-l11I

(A) E =0,B =0 andinitial velocity is (P) Straight line

at an unknown angle with B
(B) E #0, B =0 and initial velocity is Parabola

-
-

at an unknown angle with E
E=0, B=0, E||B andinitial velocity ) (Chcuiar

is perpendicularto E

E=B B=z0, E perpendicular B and Helical path with nonuniform pitch

iitial velocity i1s perpendicular to Helical path with uniform pitch

both [: and B

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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i
o sl IR WM Ans. (A)= (PR, T):(B)=(P,Q):(C) = (S):(D)=>(P)

ATDB.uno
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A particle of specific charge (charge/mass) a starts moving

from the origin under the action of an electric field E = Epi

and magnetic field

B = Bk Its velocity at (zg, 10.0) IS (4}‘ | {,) The value of z; Is

ATDB.uno

Ans: ((C)
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| Solution 46

ATDB.uno
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). 48 Column-I (Magnetic moment of) Column-11

qor-

a uniformly charged ring rotating uniformly about its axis (p)
- ~ -~ -~ ~ §

qor

a charged partcle rotating uniformly about a point

a uniformly charged disk rotating uniformly about its axis

a uniformly charged spherical shell rotating

uniformly about one of its diameter

a uniformly charged sphere rotating

Ans. (A)es: (BRleg: (e (D)ar: (K)an
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47

ui ATDB.uno

Solution 48 Ans. (A)-s; (B)-s; (C)-q; (D)-r; (E)-p
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O A° W I Or a posilively charged partiCle moving in a x — y plane mitally along

the x-axis, there 1s a sudden change 1n its path due to the presence of

electric and/or magnetic fields beyond P. The curved path 1s shown
in the x — y plane and 1s found to be non-circular) Which one of the
following combinations is possible? (II'T-JEE 2003)

(@) E=0;B=5bj+ ck ai ;B =ck +ai

-

(€) I:':():lj’::c_‘}'+h/\t ) (lilBZC'/;+f?;

Ans: (b)

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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is along negative y-direction. In the given options vector E is either zero or along x-
direction. Hence, it is the magnetic field which is really responsible for its curved
path. Options (3) and (c) cannot be accepted as the path will be circular in that case.
Option (d) is wrong because in that case component of net force on the particle
also

e itiate s ZAel Clectric rield can deviate the path or the partlcle In the shown direction only when it @
N

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 ;-7 p'ane,

- o ¢ -> -
Inoption(d) Fne =qE +q(Vv x B)
Initial velocity is along x-direction. So, let

—

V =V |

?net - qa; + q [(vi) x (clv.< + bj)]
=qai - qVCe | +qvbl2

Inoptlon(b) Fnet q(a|)+q[(vu)x
(ck +a|)] -qau—qvc;
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An electron makes 3 X 10° revolutions per second In a circle or raaius 0.5

angstrom. Find the magnetic field B at the centre of the circle.

(A)6x 10T (B) 12x 10T (C)I18x 10T (D)24x 10T

ATDB.uno

Ans: (A)
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|
e litale s 0 3 x 10° revolutions in 1sec.

. . 1
1 revolutions in — Sec
3x10

=92 16x107"

t[1]
3x10°,

_ poi _ 4nx107.16x107¥3x10° 27x1.6x3

|
2r 2% 0.5 x 10-10 0.5

=6.028x 10" V=6 x 107197

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Two moving coil meters M; and M- have the following
particulars:

Ry =100, N, =30, Ay =3-6 x10 °>m*®, B; = 0- 25T,

Ry =14Q, N» =42, A» =1-8 x 10 *m*, B, = 0- 50T
(The spring constants are identical for the two metres).

Determine the ratio of (a) current sensitivity and (b) voltage
sensitivity of M, and M,.

INCERT)

ATDB.uno

Ans:(al14:(bh)1
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|
o litale iRyl O meter M, R, = 1092, Ny = 30, 4,
B, =0-25T k; = k

For meter My, Ro = 1452, Ny = 42, Ay =
By = 0-50T ky = k.
As, current sensitivity I, = NBA/k.

(a) So,
[.93 NaoBjy Az [ ks 42 x0-50 x1-8

I’l 4\'181,41 k[ 30 x0-25 x 3 -

NBA

D) Voltage sensitivity V, =

(D) g y V. LR

So,

Vsp - f\rﬂnf_"‘i‘),/“;(]"‘_’R‘l) = jv'_)BgA'glel
Vi, MNiBiA;/(kiR)) NiBiARpk

42 x 0.50 x (1-8 x 107%) x 10 x k

30x0-25%x (3-6x107°%) x14x k
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A square current carrying loop made or thin wire and having a8 mass m=10g
can rotate without friction with respect to the vertical axis OO, , passing through

DDDDDDDD

the center of the loop at right angles to two opposite sides of the loop. The loop is

placed in a uniform magnetic field with an induction B=10""T directed at right
angles to the plane of the drawing. A current I=2A is flowing in the loop. Find the

period of small oscillations that the loop performs about its position of stable
equilibrium.

ATDB.uno

O;
Figure 21.115

Ans: (0.57 sec.
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Solution 52

Consider a loop PQRS placed in uniform magnetic field B in such a way that the
normal to coil subtends an angle 1 to the direction of B when a current | flows | A

through the loop clockwise. | eeeadennna-

The sides PQ and RS are perpendicular to the field and equal and opposite forces of
magnitude | and B act upwards and downwards respectively. Equal and opposite
Forces act on sides QR and PS towards right and left of coil. The resultant force is
zero but resultant torque is not zero. The Forces on sides PQ and RS produce a
torque due to a single turn which is given by

A VSN N W -

t=1°Bsin® By (1) and (c)
for small 0, sin® = 0 : m(?

2 ]/‘BB: e
t=1"B6 (1) 6
t=la 6IB

) v ' a = —

mi/- mi/’- m

B | cnemXl foma=X? O
412 4 4 ] - 618
m

= g
(@) Time period = 2xn LI 2n L
618 6x2x10"

i
120

= 0.57 sec
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A wire 1S wrapped N = 10 umes over a solid sphere of mass m = JKg, current I = ZA, which 18 placed

on a smooth horizontal surface. A horizontal magnetic field of induction |B| = 10T is present. Find the

angular acceleration experienced by the sphere. Assume that the mass of the wire 1s negligible compared
to the mass of the sphere. If answer 1s 20nm. Write value of n.

ATDB.uno

Ans: 5
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A particle of charge q and mass m starts moving from the origin under the action

of an electric field E = Eyi and B = Byi with a velocity # = vgj. The speed of the
particle will become 2uv, after a time.

ATDB.uno

Anc - (M)
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i
o lltale tecl Final velocity of the particle

ATDB.uno
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e In the figure, there 1S a conducting wire having current ; and
. 5

. . : Xy . :
which has a shape of half ellipse t=—=1| 1s kept 1n

~

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

m. the acceleration of wire will be
“"

oY Yz
(c) 2iaB (d) 2ibB

m nm

(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

-0 and | B,

<0 and | B,
-0 and | B,

ATDB.uno

<(0and | B,

Ans: (a)
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| Solution 64

Force at origin is along x axis.

1 < k= i so q should be positive. ATDB.uno

mV
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A current I flows along a thin wire shaped as a regular polygon with
n sides which can be inscribed into a circle of radius R. Find the

magnetic induction at the centre of the polygon. Analyse the obtained
expression at n — o,

ATDB.uno
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Solution 67 2n
As LAOB= n’ oc or perpendicular distance of any segment from

centre equals Rcos 1m/n. Now magnetic induction at O, due to die right
current carrying element AB

4P
NS

Ko i - -
o I
Rcos-;

(From Biot- Savart’'s law, the magnetic field at O due to any section such as
AB is perpendicular to the p'ane: of the figLr2 2ind has the magnitude.)

Bo . dx
B-f‘mz ’20059

j' By i Rcos -z-scczea'ﬂ

i 4x R® oosz'-n-sw
= n

cosB
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As there are n number of sides and magnetic induction vectors, due to each
side at O, are equal in magnitude and direction. So,
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Find the magnetic induction at the centre of a rectangular wire frame
whose diagonal is equal to d =16 cm and the angle between the

diagonals is equal to ¢ = 30Y; the current flowing in the frame equals
I =5.0 A.

ATDB.uno

} = 4o, J/nnd sin & = 0.10 mT.

.
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Yol 10iale)s IS We know that magnetic induction due to a straight current carrying wire at any

point, at a perpendicular distance from it is given by,
Lo

——(<m 0, +sin6,),

4T
W here r is the perpendicular distance of the wire from the point, considered,

and 0, is the angle between the line, joining the upper point of straight wire to
the considered point and the perpendicular drawn to the wire and 6, that from
the lower point of the straight wire.

lo ]
} 4COP ® 4 cos 2}
2>

AT 2
(%) sin v

Here, B, = B, =

P

andB, =B, = Ho : {sin —(B+ sin (p‘
T d. @ .
(:) cos —

Hence, the magnitude of total magnetic induction at O,

Bo = B, + B, + By + B,

¢ P
. | COS — sin —
o 4i 2 2

+
AN N (
4 .C_i S1I1 -2 COS — P

ibution is strictly prohibited.
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A current I =5.0 A Ilows along a thin wire shaped as shown 1n

DDDDDDDD

Fig. 3.59. The radius of a curved part of the wire is equal to
R =120 mm, the angle 2¢ =90Y. Find the magnetic induction of the
field at the point O.

ATDB.uno

Ans.
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|
Solution 69 Magnetic induction due to the arc segment at O,

o 1,
Bare = M—I{QJ - 2([))
4R

and magnetic induction due to the line segment at O,

Ho 1 .
——{2sinp|

4R cos @
So, total magnetic induction at O,
o 1

Bo = Bare + Bline = n-¢+tang] =28 uT
27T R
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'ind the magnetic induction of the 1ield at the point O ol a loop with
current I, whose shape is illustrated.

(a) In Fig. 3.60a, the radii a and b, as well as the angle ¢ are known;
(b) in Fig. 3.60b, the radius a and the side b are known.

ATDB.uno

Fig. 3.60

Ans.
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Solution 70

(a) From the Biot-Savart law.

(dlxr-’

dB = “ .

S0, magnetic field induction due to the segment 1 at O,

B, = ;"Man ?)

also B,= B,=0,as dl 117

(b) Here, By = ——

So, By= B, +B,+B,+B,+ By

n o Mo 1 o
' nbs'"45 ﬁ- —n-+0+ﬁism45°
dxna 2 dx b

i
xXa

- —&Lsm45°

dnb [3x V2

istribution is strictly prohibited.
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A current I flows in a long straight wire with cross-section having the
form of a thin half-ring of radius R (Fig. 3.61). Find the induction of the
magnetic field at the point O.

Fig. 3.61

ATDB.uno
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Solution 71

First of all let us find out the direction of vector B~ at point O. For this purpose,

we divide the entire conductor into elementary fragments with current di. It is

obvious that the sum of any two symmetric fragments gives a resultant along

B shown in the figure below and consequently, vector B will also be directed

as shown

So, lfl = [ dBsino (1)

u(:) o ’
= [ —=disin@
27TR
S T . 11
= J —isin@de, (asdi = —d¢)
o 2m4R I
!.l()l

2R

Hence B =

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Find the magnetic induction ol the lield at the point O 1l a
current-carrying wire has the shape shown in Fig. 3.62a, b, c. The
radius of the curved part of the wire is R, the linear parts are assumed
to be very long.

DDDDDDDD

Fig. 3.62

Ans. (a) B = (x,/4n)(nl/R); (b) B =(x,/4n)(1 + 3n/2)1/R;



Mobile User


DDDDDDDD

IATDB.uno

]
Solution 72 (a) From symmetry

By = By + By + By
Ho 1
47

(b) From symmetry

By = B+ B>+ B

. O 2 3n
27 R 2

(c) From symmetry

By = By + By + By
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A Very long wire carrying a current / =95.U A 1S bent at rignt angles.

Find the magnetic induction at a point lying on a perpendicular to the

wire, drawn through the point of bending, at a distance / = 35 cm from

ATDB.uno
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| Solution 73

Bo 1, .
B = 4xr(sm91+sm92),

using above equation

or, IE:,I-s %-;-\/5- 20T,
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VR 'Ind the magnetic induction at the point U 11 the wire carrying a
current I = 8.0 A has the shape shown in Fig. 3.63a, b, c.

The radius of the curved part of the wire is R = 100 mm, the linear parts
of the wire are very long

@) B =(x,/4nh/4 + n“ I/R = 0.30 =T

Ans (b) B = (xy/4m) x {2 + 21 + n°I/R = 0.34 «T;
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Solution 74

- B0 L 24 - 030 wT

4 R
-B,+B,+§;

.n(-?)+£'*i-?)

-——(k)4R 4n R

4x R

Ho 1
“4x R

So,

[k+(:t+l)z ]

|Bo| uo '\[1+(n+1) = 034uT

(c) Here using the law of parallel resistances

Hence L=

Thus E;-

x and 11-

Mo
4x

R

o |
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A current / flows along a round loop. rFind the
integralfB dr along the axis of the loop within the

ranege from —o to + . Explain the result obtained.
O

ATDB.uno

LU The given integral is equal to o[
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The magnetic field at point P on the axis of a coll at a distance x from the
i, IR?

center of the coil 1s: By = /
2

’

, 3
2(R~ + x2)

The axas of the loop taken along the x-axis:

— Y ,2

e
.- J/

(R* /x2)

(*B .df = "Bdx="

2
- polR J,,+-[/Q Rsec?®  pol . 4q/2
2 -n/2 R3 sec3 8 2] -N/2

The integral on the LHS cab be thought of as the line integral of B over a closed

cos 0dO = p 1

path (a straight line from —< to +e and a semicircle of infinite radius where
hte magnetic field vanishes). Then as per Ampere's law, this must be i, times

the current enclosed by the path which is I.
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A direct current of density j flows along a round uniform straight wire
with cross-section radius R. Find the magnetic induction vector of this

current at the point whose position relative to the axis of the wire is
defined by a radius vector r. The magnetic permeability is assumed to
be equal to unity throughout all the space.

ATDB.uno
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|
SUHNS AN By circulation theorem inside the conductor

. 2
B 2:mr= pyj,xr

o, B,= Wy, r/2

].C., B- —uojxr

2

Similarly outside the conductor, 0

B,2nr= py,j. nR?
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Inside a long straight uniform wire of round cross-section there is a
long round cylindrical cavity whose axis is parallel to the axis of the

wire and displaced from the latter by a distance /. A direct current of

density j flows along the wire. Find the magnetic induction inside the
cavity. Consider, in particular, the case / = 0.

ATDB.uno

1], i.e., field inside the cavity is uniform.
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I Solution 77 We can think of the given current which will be assumed uniform, as arising
due to a negative current, flowing in the cavity, superimposed on the true
current, everywhere including the cavity. Then from the previous problem,
by superposition.

/‘@

| T |

B= Sijx(AP-BP)= Sugjxl

If vector | vanishes so that the cavity Is concentric with the conductor, there
IS no magnetic field in the cavity.

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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IATDB.unO
SAVA B A uniform current of density ; tlows inside an infinite plate of
thickness 2d parallel to its surface. Find the magnetic induction
induced by this current as a function of the distance x from the median

plane of the plate. The magnetic permeability is assumed to be equal to
unity both inside and outside the plate.

ATDB.uno

x,jx inside the plate,

Ans.
o ' outside the plate.

I oooooooooooooooooo .uno/StudyPrayas | Unauthorised redistribution is strictly prohibited
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| NI LNe(0) ) WA Ve assume that the current flows perpendicular to the plane of the paper, by
circulation theorem,
2Bdl = py(2xdl)j
or, B =,xj, |x] =d
Outside, 2Bdl = py(2d = dl)j

or, B = pndj, |x| =d

ATDB.uno
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Find the magnetic moment of a thin round loop with current if the

radius of the loop is equal to R = 100 mm and the magnetic induction
at its centre is equal to B = 6.0 oT.

ATDB.uno
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|
Nolilis(e)iRIVMN )\[agnetic moment of a current loop is given by pm = niS (where n is the

number of turns and S, the cross sectional area.) In our problem, n = 1,

S=nR?andB = -

30 X 10 %A - m*

ATDB.uno
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DDDDDDDD

LQ-871 A thin insulated wire forms a plane spiral of N =100 tight turns

carrying a current I =8 mA. The radii of inside and outside turns
(Fig. 3.67) are equal to a =50 mm and 5 = 100 mm. Find:

(a) the magnetic induction at the centre of the spiral;

(b) the magnetic moment of the spiral with a given current.

ATDB.uno

o gy aninidl 7«T; (b) p,, =1/3 nIN(a* + ab + b*)=15mA - m°.
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carrying wire loop at its centre is given by,

.

2r
The plane spiral is made up of concentric circular loops, having different
radii, varying from a to b. Therefore, the total magnetic induction at the

centre,

dN (1)

Ho .
where 2, ! is the contribution of one turn of radius r and dN is the number

of turns in the interval (r, r + dr)
N
Le. dN = e dr
Substituting In equation (1) and integrating the result over r between a and
D, we obtain,

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibite:
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(D) The magnetic moment of of radius

risp, = i r® and of all turns,

b

. 2 N
p fp_dN futr b-adr

_ :til\’(b3—a2
3(b-a)

ATDB.uno
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A non-conducting thin disc of radius H charged uniformly over one
side with surface density o rotates about its axis with an angular

velocity w. Find:
(a) the magnetic induction at the centre of the disc;
(b) the magnetic moment of the disc.

ATDB.uno

ADS. al B =1/2 «.cnA: =1/4 nowR
— | —

- .
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Solution 82 EOIERCE ring element of radius r and thickness dr, 1 N
then charge on the ring element., a7

dp =02nrdr
(b) Magnetic moment of the element, considered,

and current, due to this element,

. (o2nrdr)e dpm = (d1)nr? = owdrm?
di = = nmordr Pm = (d1) ;

21

: o : . = o7tre dr
So, magnetic induction at the center, due to this element :

dB = fo di

2 1

& Hence, the sought magnetic moment,
B=[dB

Pm = | dpm

+ R ppowrdr 4
R oy

R
= [, onwridr
|
L}O(OR

. A R4
and hence, from symmetry : = 0w~

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Find the magnetic moment of a thin round loop with current if the

radius of the loop is equal to R = 100 mm and the magnetic induction
at its centre is equal to B = 6.0 oT.

ATDB.uno

= 30 mA - m°.
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Solution 83 Magnetic moment of a current loop is given by py, = niS (where n is the

number of turns and S, the cross sectional area.) In our problem, n = 1,

9 lo 1
S =nR°and B = 0.1
2 R

2BR 2

.

S0, Py = nR2 = =2
Ho

ATDB.uno
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A copper wire with cross-sectional area
o f 2 .
S =2.5 mm"~ bent to make three sides a square

can turn about a horizontal axis OO’ (Fig. 3.69).
The wire is located in uniform vertical magnetic
field. Find the magnetic induction if on passing
a current I =16 A through the wire the latter
deflects by an angle 6 = 20Y.

ATDB.uno

Fig. 3.69

S/I)tan 6 = 10 mT, where p is the density of copper.
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Solution 84

I Downloaded from ATDB
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The Ampere forces on the sides OP and O P are directed along the same line,

in opposite directions and have equal values, hence the net force as well as the
net torque of these forces about the axis OO is zero. The Ampere-force on the
segment PP ' is effective and is deflecting in nature.

In equilibrium (in the dotted position) the deflecting torque must be equal to
the restoring torque, developed due to the weight of the shape.

Let, the length of each side be | and p be the density of the material then,

11B(1 cos 0) = (Slp)g 51110 + (Slple ]smO + (Slp)glsin B

or,il2Bcos B = OSpgl* sin B

| ~
Hence, B = itan v,

ictly prohibited.
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SE:LW T'wo long thin parallel conductors of the shape
shown in Fig. 3.71 carry direct currents I, and I,.
The separation between the conductors is a, the
width of the right-hand conductor is equal to b.

With both conductors lying in one plane, find
the magnetic interaction force between them
reduced to a unit of their length.

Fig. 3.71

ATDB.uno

2 In(1+ b/a).
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Solution 85 We know that Ampere's force per unit length on a wire element in a
magnetic field is given by.

p— SN .. A : : .
dF, = i (nx B) where n is the unit vector along the direction of current. (1)

Now, let us take an element of the conductor i, , as shown in the figure. This
wire element is in the magnetic field, produced by the current iy , which Is

directed normally into the sheet of the paper and its magnitude is given by,

/

(because the current through the element equals i—dr

So, dF,_ = % b 1 towards left (as n L' B ).

Hence the magnetic force on the conductor :

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

a+b
(towards left) = on b In . (towards left).

Then according to the Newton’s third law the magnitude of sought magnetic
Interaction force

wol, 1, ma+b
2n b a

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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SV A direct current [/ Ilows In a long straight conductor whose
cross-section has the form of a thin half-ring of radius R. The same
current flows in the opposite direction along a thin conductor located
on the “axis” of the first conductor (point O in Fig. 3.61). Find the

magnetic interaction force between the given conductor reduced to a
unit of their length.

ATDB.uno

Ans.
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Mobile User


IATDB.uno

ISolution 86

DDDDDDDD

|E'|-fd3simp (1)

The magnetic field due to the conductor with semicircular cross section is

2
Then -@f—. Bl = o !
ol R

ATDB.uno
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SRYE A wire, carrying a current i, 1s kept 1n the x-y plane

9
along the curve y = A si Zx|.A magnetic field B exists

A
in the z-direction. Find the magnitude of the magnetic
force on the portion of the wire between x = 0 and x = A.

ATDB.uno

Ans. iAB
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Solution 87

Electric current flowing through the wire =1

> > < 21
The wire is kept in the x—y plane along the curve, y = A sin (7 .L)

Magnetic field (B) exists in the z direction.

We have to find the magnetic force on the portion of the wire between x = 0
and x = A

Magnetic force is given by

— = =

F=ixB

For a small element dl,

dF =i (d/ x B

The effective force on the whole wire is equivalent to the force on a starlight

wire of length A placed along the x axis.
So,

A
F =iB |, dl
= F =iAB

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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A rigid wire consists of a semicircular portion of radius
R and two straight sections (figure 34-E6). The wire is

partially immersed in a perpendicular magnetic field B
as shown in the figure. Find the magnetic force on the
wire if it carries a current i.

ATDB.uno

Figure 34-E6

ANkl 2: RB, upward in the figure
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Solution 88 I'he directions of forces F4 , F, and F4 Is marked as per the Fleming’s Left hand rule.

Since force F4 and F; are acting in opposite directions and are equal in magnitude,
they cancel each other’s effect.

Hence the total force on the given loop is due to the semi circular portion,
which is equal to

F, =1{xB

" |F;|=i(2R)Bsin 90"

= 2iRB acting upward on the given loop.

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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A straight horizontal wire oI mass lU mg and lengin
1'0 m carries a current of 20 A. What minimum

magnetic field B should be applied in the region so that

the magnetic force on the wire may balance its weight ?

ATDB.uno

AVl 49%x10°°T
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i
NOUELREN 1555 = 10 mg = 107°Kg
length=1m,1=2A, B ="

Now, mg = |IB
= B=mg/il=4.9x107°T

ATDB.uno
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AN A straight wire of length [ can slide on two parallel
plastic rails kept in a horizontal plane with a separation
d. The coefficient of friction between the wire and the

rails is p. If the wire carries a current i, what minimum
magnetic field should exist in the space in order to slide
the wire on the rails.

ATDB.uno

Ans. “'.7 £
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Solution 90 Mass=m

lengths =1
Current =i

Magnetic field = B=?

Friction coefficient =u

iBl = umg

ATDB.uno

umg
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AW Figure (34-1510) shows a circular wire-loop of radius g,
carrying a current i, placed in a perpendicular magnetic

field B. (a) Consider a small part dl of the wire. Find
the force on this part of the wire exerted by the magnetic
field. (b) Find the force of compression in the wire.

ATDB.uno

ANkl () idIB towards the centre
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(b) iaB
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i
NNl BBl (2) Fdl = i x dl x B towards centre. (By cross product rule)
(b) Let the length of subtends an small angle of 208 at the centre

Here,

2T sinO=1xdl xB

2TO=1xax20x B[As® — 0,sIn0 = 0]
L =21Xa%B

T =aiB

Force of compression on the wire = 1aB

ATDB.uno
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VA Figure (34-1510) shows a circular wire-loop of radius g,
carrying a current i, placed in a perpendicular magnetic

field B. (a) Consider a small part dl of the wire. Find
the force on this part of the wire exerted by the magnetic
field. (b) Find the force of compression in the wire.

ATDB.uno

ANkl () idIB towards the centre
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(b) iaB
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i
NNl PP (2) Fdl = i x dl x B towards centre. (By cross product rule)
(b) Let the length of subtends an small angle of 208 at the centre

Here,

2T sinO=1xdl xB

2TO=1xax20x B[As® — 0,sIn0 = 0]
L =21Xa%B

T =aiB

Force of compression on the wire = 1aB

ATDB.uno
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ouppose that the radius ol cross section of the wire used
in the previous problem is r. Find the increase in the

DDDDDDDD

radius of the loop if the magnetic field 1s switched off.
The Young modulus of the material of the wire is Y.

ATDB.uno
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a©

Y = stress/strain = (F/nré)/(dl/L)

d,_F F

L
Y = —=2dl = 0 e
L. nr? e 4

_jaB 2ra _ 2na’B
a2 Y Y
2na’iB
ar2Y
2na’iB 1

dr= """ y__=
arlY

—

So,dp = (for small cross sectional circle)
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IRCEE A particle having mass m and charge q 1s released from
the origin in a region in which electric field and magnetic
field are given by

—)

DDDDDDDD

- =i ~d
B=-B,j and E=E k.
Find the speed of the particle as a function of its
z-coordinate.

ATDB.uno



Mobile User


I ATDB.uno

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

DDDDDDDD

i
SCHVRIONPRY \/c ity will be along x - zpla =
— -Bgo],E = EoK
F=q(E+VXB)
— qEoK - qV.BoK + qV,Bql

SinceV, = 0,F, = qgEy
90

SO a =
I

: qEo.,
u“ 4+ 2as = 2 -Z
m
2qE oz D
SO,V = L L) . U I’] O
| I
\
|dist along z - direction be z ].
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IRV An electron 1s emitted with neghgible speed Irom the
negative plate of a parallel plate capacitor charged to a
potential difference V. The separation between the
plates is d and a magnetic field B exists in the space as
shown in figure (34-E20). Show that the electron will
fail to strike the upper plate if

1

(ZmeV];
d > =1
eB,

; ; B . ;

T
d +
1

Figure 34-E20

Ans. (*)

DDDDDDDD
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| Solution 96

The force experienced first is due to the electric field due to the capacitor
E=V/d F=eE

a = eE/m. [Where e— charge of electron mg — mass of electron]

vi=ul+2as > vi= 2x O g = £X8xVxd
dm

me e

" 2eV
orv =
\m

e

Now, The electron will fail to strike the upper plate only when d is greater than radius of the are thus formed.

2eV

e)(

eB
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VB A rectangular coil of 100 turns has length 5 ¢cm and
width 4 cm. It is placed with its plane parallel to a
uniform magnetic field and a current of 2 A is sent

through the coil. Find the magnitude of the magnetic
field B, if the torque acting on the coil is 0°2 N m™.

ATDB.uno

Ans. 05T
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| Solution 97

T = |T| = MBsinf = NiABsin90° = NiAB = N:ilbB

0.2
4:0.5’1’
100 X 2X 9 X4 xX10

ATDB.uno
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LR A 50-turn circular coil of radius 2°0 cm carrying a
current of 5'0 A is rotated in a magnetic field of strength
0'20T. (a) What 1s the maximum torque that acts on

the coil ? (b) In a particular position of the coil, the
torque acting on it is half of this maximum. What is the
angle between the magnetic field and the plane of the
coil ?

ATDB.uno
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Ans.

(a) 63x10 “Nm (b) 60°
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|
o litalelsletefl N =50, r=0.02m

A=mx(0.02)% B=0.02T

i=5A,u=niA=50x5xm7x4x 107

T is max. when 6 =90°

T=pxB=puBSIiN90°=pB=50x5x3.14x4x 10 x2x 107! =6.28 x 1072N-M
Given 1= (1/2)Tmax

=> Sind = (1/2)

or, 8 = 30° = Angle between area vector & magnetic field.

=> Angle between magnetic field and the plane of the coil = 90° - 30° = 60°
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