Magnetic effect of current and magnetic force on charge or current /

HINTS & SOLUTIONS OF EMF

EXERCISE-1

PART - |
Section (A)
P
d
0
At 130 M
Bp= 1o ﬂs \J1+3cos’0 = E x 104 wb/m?
47 d 2
A-2
y/\
q
—®>—>x
2m/s
é _ (vxr)
4r r’
(i) at(2,0,0) v[rso B=0
(ii) at(0,2,0) B = 2o gl = (109)k
4n r
(ili) at (0, 0, 2) B = g¥l ()= (109 (<))
4 T

(iv) at (2,1, 2)

5= Mo M
4n ré 27
(v) ony?+2z%=¢c?
y

N
A

magnityde is constant

r 24+ 2k

= L 1013 (-2 +k ) Ans.

as v xr = vr at all points

but direction keeps on changing as direction of v x .

(vi)
y

Still exactly in the.similar fashion as in the privious problem.

X=a

(Yes,

Ans.

Ans.

Ans.

(Yes/No) Ans.

No) Ans.

Resonance”®

Educating for better tomorrow

/\

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

war Road, Kota (Raj.) — 324005 \



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Magnetic effect of current and magnetic force on charge or current / ﬂ_
A-3.

< Ve
v
() i=qf==
2nR
Wi v
Beentre = —— = Hoqz Inwards.
2R 4R

p._oq(vxl‘)
3

41 r

B =
r?2 = x2+R?

direction of B is alongv x r
Which keeps on changing as the particle revolves.

Section (B)

B-1

————- O

,t\y
| Q
LR o M
00 = - - - - -I- - - -—S < Xoo
p | d=0.02m |d=0.02m
1
- |
1
1
%
BavetoL = Bduetom =0 at 0
i
BavetoP = Bdwetoq = 2 both out of paper
4nd
Hol
Brnet = —— out of paper
2nd
=10 wb/m? Ans.
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
B-2.

Byet = 3 (B duetooneside)

Bret =3 x 2" [cos 300 + cos 30°]
4nd

Bret =3 x 107 x——— 20 300 = 4 x 10-5 wh/m? Ans.

a 0
—tan30
2

B-3. () Bi=Bo= o
2nd

Bnet = «/3_B1
«/3_ y 2x107 x10

0.1

24/3 x 107® tesla

N 0AM o,
®5§o° 600:,.(’@

0.1™, 0 1

Brnet =B1= 2 x 105 tesla
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
B-4.

B dueto(t) = Bdueto(2) = Bduetod) = Bdueto (4)

B dueto(t) & Baueto (2) are in same direction out of paper
B dueto3) & Bdueto (4) are into the paper

So Bnet =0 Ans.

Magnetic field at Q is

i
Bq = o
4rd

Now magnetic field at R is

BR=H—°i\/2_

4rnd

B-6.

i 0
B=2"" [cos— +cos 07
47d 2

Out of the plane of paper

i 0 i 0
=2—%  [1+cos—]= -~ cot —
.0 2 271X 4

47 xsin—

2

[
K=o Ans.
2mnX
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

B-7.
pi
Y.
1
450"
2
B=419" [cos 450 + cos 45]
4rd
g Mol [2 x 1_]
47 2 \/2—
2
=2 Vo into the plane of paper.
Ta
B-8
v+rE . Vv, = v-E
i i i
" o I
V2+ E ' V, ' V,— E
Junction rule at o gives
i+i+i =0
So No current flows in any section. Hence B = 0 At pt. P
Section (C)
C-1. (i) (a)
<4
p,NI  p N, pIIN, N,
BNet = 0 + g = | =L _|
2r, 2r, 2 0 r, |
JAmx10 X1 E 20 4 4y 104 wh/m? Ans.
2 [1 0°? J
(b)
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

N.1 NI
Brnet = oot — B2 o Ans.
2r 2r,

=2 BN o 04T Ans.
2r,
C-2.
; 6ecm ;
C, 3 p 3 Gt
(@) BatCy = Mol _ N - X = 6em.
ar 2(r% + x%)?
=13x10°T
(b) Br= —MNT vight, Ba= —HNT jeft
2(r2 + xz); 2(r2 + Xz);
So Bnet =0
Section (D)
D-1.
S C ............. Q b
B due to st. part RS = B duetost. part PQ = 0 at‘c
B due to curved part QR = :;I out of paper
B due to curved part sP = ol into the paper
[ |
Bnet L \1——1—\ Ans.
4 |R, R,
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
D-2.

y
A
i
2)
i
i
SR |
(1)
X
B dueto (1) = Ho! (=Kk)
4R
B dueto (2) = Mol (i)
2R
B dueto (3) = Hol (—i
4R
B Net= —2 [(—211—1)?—1&}
4R
|EA3|=”—Oi PP S N P Ans.
b3 L J 4R L J
D-3.
Baue to st. part AB = 0 = Bduetost part CD
5 :
Baue to curved part AD = (2=t (H_ol\ Into the plane of paper.
L 2n 2a
o (o)
Bdue to curved part BC =S —| = Into the plane of paper.
2n L2b
2 —
Bnet _Moif2m -0 + il Into the plane of paper. Ans.
4 L a bJ

\
/ :° Yb
L (0 A ¢

BduetoBC = Bduetoa = 0
3n
2 Ml

Bdue tocurved partAB = —— ——
2n 2a
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

= 3wl Into the plane of paper
8 a
Bawetoco= 21 [cos 90° + cos 457]
47b
T Into the paper
44/27b
Buwetooe = —2'— Into the plane of paper.
442 7nb

B Net=

Kol (37 \/2_—‘
Boo |22, 22

Into the plane of paper Ans.
4 L2a b J

(€
1
B = Bduetost part + Bdue to curved part both into the plane of paper
(21 —2¢ ) ol Wi . .
=|—— | >+ =% [sin ¢ +sin
LG JzR 4nd[ ¢ ¢!
J(2ro2e) el Mol [oging)
2 2R 471 Rcos ¢
= Mo [ ¢+ tand]
2nR
= 28 uT Ans.
D4. (a) B= ol Ryl Lipe el gy = el a0k Ans.
4R 4R 4R
b) B = Mol iy tel el Ly o B! |”1+1—\(7€)7“—\;21| Ans.
4R n 4R LL nJ LHJ ]
(€) B =t gy 4 2ol gy Thele gy el 1 g
4R 8R R 4n
I (in =i2r1—ﬂ—‘
[« " [a7)
i2= 3i
I
i
So B =l ik Ans.
47R
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Magnetic effect of current and magnetic force on charge or current /

Section (E)

E-1.
|

OOOOOOOO

| B

f)é.d,€= po I
Bl +Bl = po[nli]

B = Woni

fB.dz: po I

B(2nr) = po| ————

Lc(lo2 —a%)

— Kol

T 2n(b® - a?) r
fora—> 0

B:

Bl
2nb?

r

E-3.

E-4.

B = poni

n= B—; 2500 turns/m.
Mol

Ans.

Ans.

Ans.

Ans.
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
E-5.

1
E
I
E =IR
where B = poni
= BN xTxNx2nr n= N7 and T in the resistance per unit length
Ho 7 )
=1V Ans.

2 2

k
+ 2.u0ni.chos 60°
2
Bsol.
ﬁ60°
Bsheet
_ ke 5
2

and one more at an angle of 1202

2 2
k k
Bnet = \/u02n2i2 P 2.poni.u°—cos120g
4

2
BSO'.
120°
O Bsheet
LS
T2
E-7. Er=Ei-E2=0
ErR=Ei—E2=0
E‘ E 2
[OIOIIOIO]
—
E, E

Eoa=Ei1+Ez2= ;—uok+ ;—pok

Ea = uok towards right.
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Magnetic effect of current and magnetic force on charge or current /

Section (F):
F-1. qV = ;va
quB= mv
r
a_v
m 2V
=V _ Yy 2\2/ - 2¥ _12cm Ans.
qB B v Bv
F-2.
B C
D
A

F-3.

C is for neutron as it will move undeflected
+ ve charge will be deflected left
— ve charge will be deflected right
So D is for electron
myv
r= —
gB
2>
ta), (aj,

I'a> o

B is fora particle.

X = 3yz?
[x] Q*M 'L?T?

P Q NpIm o m Ly
® ®  w®
& S X
1 5m ' EB‘B2 S
(@) B=Bi+Bp = oty Mot _ Mo, Bl
27(5)  2n(2) 10m 4n
F= evB
-20
B=L= 3.2x10 = 5x 107
ev 1.6x10 °x4x10°
Solving T = 4A

(b) Netfieldat R = 5x 1071

To produce zero net field , field due to third wire = 5 x 1071

Bl 54107 — 1 =1m
2nr

Two possible positions
1. Current into the plane of paper 1m from R at S pt.
2. Current out of the plane of paper 1Im from R at T pt.

Ans.

Ans.
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Magnetic effect of current and magnetic force on charge or current /

F5. F=q(v<B)
Let v =V, i+V,]

(407 +3.07)x 1010 = (0.5 x 1079

P
\ \ 0

X y

)
K

0 0 8x107°

(47 +37)x10'=i[8x103Vy|-j[8x 103V, 0.5
So Vy=100m/s & Vx=-75m/s

F6. F=q(v<B)
FJ_B:>4 ajsltoB
So a.B =0
7x-21 =0
x = 3.0
F7.

Ans.

(@) r=— Ans.

Ans.

myv
r = —

qB

3n
0=

2

0 3nm
t = — =

® 29B
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Magnetic effect of current and magnetic force on charge or current /

F 8.
d
/://\ e Pal
X %X X/ X
KX x
fA
x X X X
myv
r = —
qB
(@) d =r angle subtended:Z—
X X X X
X X X X
X X X X
X X X X
d=3r
6 = = radians
F-9.
E— -] —> B

—>s
1 1 1
Vv u f
1 1 1
—_ 4 — = —
\ 15 10
V = 30cm
mv
Iparticle = ——
qB
2x10°x4.8
= = 4cm
2x10 " x1.2
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

lmage = 8cm

F-10.

Section (G) :

G-1.

V,=Vsing
—— V,=Vcos@
P=V,T

mV, 5x10 ¥ x1x10°x0.9
qB 5x10 °x5x10"°

=18cm Ans.

Diameter = 36cm

2nm

qB

T

P-Vcos0x 25

= 47419 CM Ans.
qB
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Magnetic effect of current and magnetic force on charge or current /

mV,
qB
qBr

G-2. r=

V =

1

m

1.6x10 'Y x0.04x0.05

~2 x10°m/s

1.67x10°%
2nr
Vv

1

P=V

PxV
V= -

2nr

= 105m/s
T

G3. t=—"'  T=2"
Vcos60 qB
nT =t

n2rzmV
qB

nn\/2m E

qB

=0.2

=0.1

Ans.

Ans.

nn\/2x9x10’“x2x103x1.6x10’

19

B =
ex0.1

36 x107°°
1.6x10°"°

B=157nx 10* T
Bmin= 157 x 10_4T

B= ™

Section (H)

H-1.

3.2x10°

E
V== =
B 2x107°

=16 x 106 m/s

mV 91
r= —=—cm
eB 20

_nn [9x10°°
0.1\} 4

Ans.

Ans.

AN Resonance®
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
H-2.

X X X X X X X X
Fuo
A
X X X X X X X X
T | g I —
0 ¥ OIf
++++++H A+
X X X X X X X X
v
Fe
X X X X X X X X

i =neAVd
Vg i
neA nr’ne
Fm=eVdB = % upward

n

Fm= B upward
Tr n
Fm =FE
eVdB = eE
E=BVy=—r ="
neA nrne
Pd<Ed< Bid _ 2iB
neA nrne
H3. r="Y%
qb
L
m _rB
As, gE = qVB
E=VB
2. E2 = 5—><105C/kg Ans.
m rB 4
H-4. V= &
B
mV
r=——0m
qB
B TV _16x107x2x10 g5 oo Ans.
rq  4x10%x1.6x10"°
E=VB=5x108N/C Ans.
H-5
X Top view
B, -X
Fr.
- X 5 »Z
Ve~
x B
WE = Ak
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Magnetic effect of current and magnetic force on charge or current /

qEox =;—mV2— 0

V= 2qE x
m

Section (I)

I-1.
B
:L// 370
E:WLXQ
F =BiL sin®
—01x10x0.1 x> =6 x 102N
5
I-2.
v
Y e
i
— _
F

F=B_|
2
=01x1x01=1x102N
I-3. F = BiL L=2r
— Bi (21)

=1x2x4x102=8x 102N

I-4.
y
A
iA
B,
B T—bBo
p X
z |
F= i[]x é] = Boil[jx (i+]j+kK)]
= Boil[=k + i]
F = V2 By Ans.

Ans.

Ans.

AN Resonance®
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

I-5.
BIL
A
B
4!
\
mg
BIL sin6 =mg
B =19
IL sin 6
Bmin = m
I
_10°x10
10x0.2
= 5x10*T
B should be horizontal 1" to wire sothat F = BIL is upward
I-6.
y
I
B« X
I
Z
F = BiL = Bin/2 Ans.
I-7.
X X X X Y
z
Force due to straight portion cancle each other.
Force due to curved part = BiR (-j) Ans.
I-8.
P /
()Y
f F 4 ] > —
. N
4.9cm i VZ >F
T T /l
Q mg
F=1f
N =mg
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

I-10.

BiL = u mg
6 2
BIL 0.8x —x4.9x10
=== 20 =0.12 Ans.
mg 10x10 " x9.8

The current carrying wires are electrically neutral. Hence the only interaction between wires is of
attractive magnetic force.

But in parallel beams of electrons both the beams have negative charge.

Hence there is electrostatic repulsion and also magnetic attraction. Electrostatic repulsion has larger
magnitude than magnetic attraction. Hence the beams repel.

5 -B |1 1“2
“l )
F..atx=0
B = Bok
atx=/ B=0
Fp.e = Boili
Feo =0
FBC = —Fpa

So net force = Boi/ i

y
A .
B I C
i‘\_fBC Eﬂl |
F
B/A s LFI ol .,
|
4
F = Boi/i
A B
20A
2cm
@ 20A o] D
C B60A
2cm
20A
E F
On AB :

Moldy - _Mobs _ F _ 5, 107 « 400 x 100{ 2|
2n(2cm) 2n(4cm) | L4J

F

—= 6 x 108 N/m downward
OnCD:
F Holiy gy =0 Ans.

I 2nx(lcm) 2n(lcm)

X

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

E_ “01112
4 2nX
dw

F i
W T gx =Helte gy
l 0 27X

=2 |n | % Ans.
¢ 2n X 2n (n)

r
1

Wi, de_x _ ol (r,)

I-13. Minimum required force to overcome friction

umg

\’1 + uz

= Bilsin 6

umg
i&h +pu’sing

umg

i€\,1 + u2

B=

Bmin =

Section (J)

J-1.
B

| 2
W

v

Ui=—MB
U=+ MB
or Ui=+MB
Ur=-MB

W=AU=2MB=2xNinr’B

W=1+751tx103J
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
J-2.

»
»

F = Bi(2ra) into the plane of paper.

Bsind

Bcos0

0 :
a U Z

y

B =Boe,

All force elements due to Bo cos6 will be added up & due to Bo sin6 will get cancled

dF = Bo—— cos0 i dl

B

dF =Bo x i dl
F= 8 (2ra) =V2 iBora Ans.
2

i /vB

t= MB
0.2 =iNL bB
B= 0.2

100x2x5x4x10"*

=05T
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
J-4

M B
0
—
v =MBsind
TMax = MB
=50 x © (0.04)2 x 2.5 x 0.2
=47 x 102 N-m

. 1 1
sind=— Ift = —tmMax
2 2

i.e. angle between M & B is 30° OR angle between B and plane of coil = 60°
J-5
"
b 4 ¥
b
In uniform magnetic field force acting on closed loop = zero
t=MB
=il2B
=10 x 0.1 x 0.1 x0.2=2 x 102 N-m
J-6. t = MBsin30°
= Ninr2B x
= 500 x 1 x 7 x(0.01)2x0.4 x
= mx102N-m
N 34/ 7 D
— B
J-7. v 2a
L =2nr L=6a= a=L/6
T = Binr? T = 2Bia2
= LB As iloop > |square loop = 2Bi L— =&
an 36 18
J-8. i=Qf=-22
27

. R?
M =i x 7R2 = 2°P Ans.
2

Section (K) :

K-1.  As the field due to a current-carrying coil is along its axis, the vertical coil will produce horizontal field
and horizontal coil vertical, i.e.,

u, 2N, I,

27N 1
=B, and Lo "1 -B
47 R 4x

\ RH
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

K-3.

But as tan¢=2—v, Bv=Buntan ¢ =

H

and, 12 = 4n x 10722
m m

[

v
20

L | >

BH

%

[as ¢ = (n/6)]

so, 107 272100 _ 40 0 107« 27.8
0.2
i.e., lh=1112 x 104 A
L, 2nx100x1, ,27.8
and 10" ——— " =4xx10 " ——

0.3

5

ie. In=556+/3 x 104A

Br = \/B12 i B; +2B,B, cos 60°

B =2”—°M—3
4 r
NB.
B,
60°
(0] E
S
=2x 107 ——
(0.2)
=15x104T
B2=03x10*T
Br= 10—4\/(1.5)2 +(0.3)° £ 2x015x08x 1 = J2.79 x107* Ans.
2

L=Nx2mr—-50x2xmx0.1

A=mnr?=nx (0.1 x 1078)2
Resistance R = pA—L

2x10 % x50x2xmx0.1

= A = ZOQ
nx10"

€
i=—=1A

R

Ni
By =l
2r
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

Section (L)

L-1.

L-2.

_ 0 _24x10 Wb 45 wWhm2=12NA-" m.

A 02x10%m?
The magnetising field (or magnetic intensity) H is 1600 Am-'. Therefore, the magnetic permeability is
given by -
U= Ez Mz 7.5 x 104 N/Az2.
H 1600Am™
Now, from the relation p = po (1 + %, ), the susceptibility is given by

1, = ——1.
IJ0
We known that po = 4n x 10 =7 N/A2.
g =—5710 4506,
4x314x1077

The magnetic field in the empty space enclosed by the windings of a toroid carrying a current io is o n io
where n is the number of turns per unit length of the toroid and po is permeability of free space.

If the space is filled by a core of some material of permeability p, then the field is given by

B=unio

But p = pour, where i is the relative permeability of the core material. Thus,

B=u.0 Ur Nio
or Ur = X
Honly
Here B=25T, io=0.6 Aandn = 8000 m —1, where r is the mean radius of the toroid (r = 11;12 =
2nr
11.5cm 11.5 x 102 m). Thus,
2.5 25x11.5x10 "

“rz S .

(47 x10 ) x (3000/27x11.5x10 ) x0.6 2x10  x3000x0.6

Hr= 798.5

PART - I

By = 2o M (As the dipole is short)

4 r
LB

(1)

5 |
r l r
B,

Bz=”—°M—3

4 r
=107T

Bret =+/5 x 107 T (B) Ans.

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

Magnitude fixed but direction keeps on changing (A)

Section (B)

B-1.
Yy =X Ans. (A)
only in first and third quadrant the fields will be oppositely directed.
B-2. BduetoAc = ”—"'0 [ cos 300 + cos90°]
47 2R sin30
| uoi\/3_
8nR
Baueto BC = ”—"'0 [ cos 60° + cos90°]
47 2R sin60
" 90
|
i
60, 30°
3 R
Hol

SER‘\E

BNet= Bdue to AC — Bdue to BC =

Bl
4nR\E

i
B-3. B duetofirstioop =4 — [cos45° + cos45°]
a

4 —
2
_ 2'\/2_p.oi
Ta
. Ap,l 0 0
B due to second loop = — [COS45 + cos45 ]
4n—
2
— _'\/2_Hoi
Ta
- 22, 1
B _ 2w = = 4 oo, ]
na 2
22 i
= ﬂfnz Ans. (C)
ma
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

B-4.

B-5.

i > i

r ro|.
i, iy
L1 —i2)= 20
2r
1 . .
- = 30
. (i1 + i2)

Ans.(C)

3 i 5
= —_ =S —= —
2 i,

If the current flows out of the paper, the magnetic field at points to the right of the wire will be upwards &
to the left will be downwards as shown in figure.

~
w|
—> |

N—7=
Now let us come to the problem.
Magnetic field at C = 0
Magnetic field in region BX' will be upwards (+ve) because all points lying in this region are to the right
of both the wires.

“ © . © .
A C B

Similary
Magnetic field in region AX will be downwards (-ve)
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).

H1 = Magnetic field at M due to PQ + Magnetic field at M due to QR
But magnetic field at M due to QR = 0
Now  Hz2 = Magnetic field at M due to PQ (current I) + Magnetic field at M due to QS (current 1/2)

+ Magnetic field at M due to QR

Magnetic field at any point lying on the current carrying straight conductor is zero.

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

Section (C)

C1. B=-"" (5. ¢
47IR’( )

where ; (2n — 0) R’ = 2R

C-2.

itR1= i2R2=¢
i1 (2r — 0) = i2(0)
So Batcentre=0

C-3. B HOMrni

8n T
2512 T

C-4. fé.df: fé.dz+ fé.dz

ABCDA ABCA CDAC

po (i1 +i3) + po (iz — i3)
po (i1 + i2)

u, (3i)
2nd

c5 B= .
2r

d= 3r Ans.

Ans. (B)

107 x 47t x 4000 x 1000 x 5

Ans. (D)

Ans. (D)

3i

AN Resonance®
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

C-6. n=1 - 23/m
d 1x10°
B = poni
=4r x 107 x x 2.5 =21 x 103T
10
C-7

fB.dé= 0
B=0 Ans. (B)
i nR*?
Mo Rz x 4 Wi
C'g Binside= z = :
R 47R
21 —
2
i
Wi i
BOutside= . = o
3R 3nR
2n —
2

Energy density oc B?

Section (D)
D-1. F=qVB
Fmin= guinVB Ans. (B)

As from the given options proton has minimum charge.

Magnetic field at centre is zero Ans. (D)
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Magnetic effect of current and magnetic force on charge or current /

D-3. qV-= ;—mv2
2qV
m . 29V
R = mv m__ 2mV
qB qB \l qB*?
Ro_my
RZ - m 2
m, (R
m. (R,
D-4.
N
B
~q () / > T<B
w E
_
S
F towards west
So particle will be deflected towards west
—V
D-5. > B
V|B
F=0
D-6. (A)

N
*)
v /
/
> F

L

[0
/
(e)
S
B
Electrostatic force between two change Qi

magnetic force. Hence, attracted.
Section (E)

Ans. (C)

Ans. (B)

= g2 = 1.6 x 107" coulomb is very stronger than the

E-1.
B
Q
NI }0.%
V
V sin6
2
myv .
=qv (B sin 0)
R
myv
R= Ans. (C)
gqB sin6
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Magnetic effect of current and magnetic force on charge or current /

Section (F)

F-1.

F-2.

Fe=qE, Fm=qvB
V.

e

®_’FE

R=TMv

= s
Pitch p =V T

2nR

Vv

T=

E t
V||=O+q

F=QE +Qqv xB

Ans. (D)

If does not deflect then, resultant force must be zero.

Section (G)

G-1.

G-2.

G-3.

=

In uniform magnetic filed force acting on a closed loop = 0.

Ans. (C)

n
y
ul|

1= 0
Loop will Not rotate

Fi > F2

So loop move towards the wire

Ans. (C)

3i+4] +k

I+J

N

I; IxB \/_[|+j

Bi+di+k)]= V2 (i=i+ k) Ans. (B)

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

G-4.
i
b
F= Mo 2i" = Bol”
47 b  2mb

G-5.

[

As; Fi>F2

Resultent of F1 & F2 will be inclined towards F1

Ans. (D)
G-6. wm=L_L?

e = V2 x L x L/2

A 1153
i
Ly ) F
b i /
|
i
2= =
J2
LINENY
M,

G-7. Field produced by loop at the centre will be along the axis of the loop i.e. || to st. wire .

iy

So F=i(ixB) =0

10 xi
G-8. Fy = Mol0XD
2rl
0] " YF uo
F,
e, _ Malix40)
2nl

F1 and F2 both points in the same direction towards 40 A wire.
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Magnetic effect of current and magnetic force on charge or current /

G-9. Vectorsum PQ + QR 4 Rp =0
Thus force on PQR = 0.
SECTION (H)
H-1. U=-MB
Ui = MB
> B
> M
W=AU=2MB
=2x25x%x0.2
=1J Ans. (B)
H-2.
B
M
C ol >
= xB=0
H-3.  Charge on the differential element dx, dq = %.dx

equivalent current di = f dq

.. magnetic moment of this element du = (di) NA
dp.= (nxz)f%dx
Q
adx
X
® l
P \
= =nffoj’lx2dx;u=nf0£2 .................... Ans.
Section (I)
I-1.
TB
() Iri E
F=BiL=10"%x 10 x 1
=102 N Ans. (C)
I-2. Bn tan6 = Bl
2r
_ 0.34x10’7x2x.2 _ 17 Ans. (A)
4nx10 x20 10xn

Ans. (A)
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Magnetic effect of current and magnetic force on charge or current /

PART - il

The magnetic field is along negative y-direction in p,q,r, t
z-component of magnetic field is zero in all cases.

The magnetic field at P is = for case (r)

47 d

i
2o ! forall cases.
2n d

The Force on a magnetic dipole placed in uniform magnetic field is zero. Hence option p is common to
all the four situations. Torque on magnetic dipole is « = yx B and potential energy of dipole in external

The magnetic field at P is less than

magnetic U = -u B

(A) Since 6 =0, therefore t=0

(B) Since 6 = /2, therefore t=puB

(C) Since 6 is acute, torque is non zero and less than uB in magnitude
(D) Since 6 =n , therefore =0 and U=pB

Magnitic dipole will be in stable equilibrium only when 6 =0

/\
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Magnetic effect of current and magnetic force on charge or current ﬂ—

EXERCISE-2

PART - |
1. Point A shall record zero magnetic field (due to a-particle) when the a-particle is at position P and Q as
shown in figure. The time taken by a-particle to go from P to Q is
P
(0]
0o/ N\80° 2R A
60°
Q
1 2n 27
t=— — or ®0=—
3 o 3t
2 é—“—"qv ' and Ig S qsr I;=uoeo(\;x|£)=vsz
47 r dn e, r [
3 Bopo=0
Bos =0
Bas = Mol [cos45°(—i) + cos 45°k] = Mol (—i+K)
4ras2 8ra

4 410

Bio Mol o ml _ 2u (outside the paper).

2n(xsina) 2n(xsina) 2n(xsina)

?1 is flowing in the third wire then the magnetic field due to the same will be :
sSin o

Now if a current of
21

in the

By = o [ 2l } which will cancel Bs if it is inside paper which is possible if the current
2nx ( sina

third wire is from right to left.

sin a
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Magnetic effect of current and magnetic force on charge or current ﬂ—

5. MamwmﬁmMatPEé,pemawmmaHoOPhnhemmdbnmwwnMﬁgme
So, B =Bsin®i —Bcos 0]

1
Here B=Yo-

2nr
a
sino=L and cos 0 =2
r r
é::”J.J;w?—xb:-idﬂgil%l(asr2=x2+y%
2n 1 2n(x" +y")
6. loop (1)
! 2
Ko 5 X Tr _
B-_— "M =% . Bar
2nr 2nR,’
loop (2)
B_H"i Boc1—
2nr r
loop (3)
I 2 2
(i-— 21 -R
B:F’lo R3 _Rz[ }_ “o(Ra -r)
2nr 27r(R,” - R,
loop (4) B=t0=0_j Ans. (C)
2nr
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Magnetic effect of current and magnetic force on charge or current

R® 2 . .
B=% [ cos45°i — cos45°k ]
27 \/257
2
AY
T
il (i
ii R R Top view
r— 12 2
------ X
Z/
—
=Bl (5 -k) Ans. (A)
4R
- ; ,
fB.dZ— [T Y X mr
_poir
—
fé.d2=uoi

Bz Mo un(fsr)+ opux
2 2

=H_O[JXI]
2

r]

/\
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Magnetic effect of current and magnetic force on charge or current ﬂ—
10. The torque of system = Torque on loop [AFGH + BCPE + ABEF]

A

A <

A A,

=ISB (-i) +ISB(i)+1SBk (I =current, S = area of loop, B = magnetic field.

=1S Bk
=1x1x2k =2k units

11. F=q(va)=Q|rvix

12. f(lb—a)>r
(r = radius of circular path of particle)
The particle can not enter the region x > b.

. , :
® © ®E Ok
v : !
!
1
1
R
1
I@ ®I
K= el : :x =b X
B ® ®
So, to enter in the region x > b, r > (b — a)
or 7% Sb-a) or e WE=EUE
Bq m
13. As the magnetic field is along the x-axis, the magnetic force will be along (-) z-axis fromt=0tot=To

and along (+)ve z-axis fromt=Totot =2To.

Fort=0tot=To:

Att=

o |.=_'
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Magnetic effect of current and magnetic force on charge or current ﬂ—

14.

15.

y

—Z
—2R,

(V,co0s0)T,

x-coordinate = = P2—° (Since pitch = Po = (Vocos6)To)

y-coordinate = 0 (from figure)
and z-coordinate = — 2 Ro (from figure)
Hence (A) is correct.

Similarly at t = 3;° ;

: 3P y
coordinates are [ ~, 0, 2R0j Hence (B) is correct.
2

Note : z -coordinate will be + 2Ro, because from t = To to t = 2To, direction of B changes.

As the charge will perform circular motion about x-axis, the two extremes from x-axis are 2 Ro from
each other.

Hence (C) is also correct.

Hence only (D) is incorrect.

The force on the rod due to magnetic field and gravity is
i /B— mg (upwards)

i’B

: : . ifB - : : .
Hence the extension in the springs is % ( Note that effective spring constant is 2k)

i
Therefore the length of the spring is /o + :

B-mg

The magnetic field at P(a, 0) due to the loop is equal to the vector sum of the magnetic field produced
by loops ABCDA and AFEBA as shown in the figure.

Magnetic field due to loop ABCDA will be along i and due to loop AFEBA, along k . Magnitude of
magnetic field due to both the loops will be equal. Therefore, direction of resultant magnetic field at P

will be ——i + k)

A

This is a common practice, when by assuming equal current in opposite directions in an imaginary wire
(here AB), loops are completed and solution becomes easy.

/\
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Magnetic effect of current and magnetic force on charge or current ﬂ—

16. Loss in potential energy = gain in kinetic energy
(~MB c0s909) — (-MBcos0°) = KE
= MB = KE = nR?IB = KE.

17. ’Emax=NiAB
tmax =300, 10 x 108 x 2210 L 5,102247x 105
4

18. B= fell _ Ml
2 2na
19. Mol g B
2r Nu,
IZ?X“;? X222X5X107 =557 x 102 =55.7 x 103A = 55.7 mA
10% | 4x —x10"/
7 )
20, U--M-B

U is max when 0 = 180°

PART - 1l
N (vxr)
1 B = Lo
4TEqL r’ J
Bz Mo AV
4n (x® +R?)

107" x1x0.6x10"*x
1

= 6rx 10T
2. (a)B =”—°;2 (cos0+cos0)+2 ”“il ('sind + sind )
4 — 47—
2 2

2p,i [cos® sin® ]

e e ]

90°— 9

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

®
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Magnetic effect of current and magnetic force on charge or current ﬂ—

2p0i;— | d T‘
= +
T Ld\/l2+d2 I\/I2+d2J
2wl foi g
nld
If {>>d
then 2+ d?=~/¢?
B = 2p i
nd
3 B=n x poi2003a=npoicosa
[
4n —tana rl tana
2

<>

T T
o= —-—
2 n

L2 T T
poin” sin —tan —
n n

nlL

Section (E)

4. BTy

‘ | 'n'n..'.......-' .I:g.‘.“"~.,¢"

By = Lol

27tr1
By = MPf (v it =[di= [(br)(2nrdr) = 2nbr, )
3 ) ) 3
5 |_ A9 50x10°20-18) _gh o
At 2
B=poni=4r x10-7 x 8000 x 50 x 10-6
=16t x 108 T

Alternate Sol.
Let qo is intial charge on capacitor & q is charge supplied att = t.

i = iosinot
= (9o—q) = qo cosot.
d, 90 g, cos ot
Jooy T2 o TP
C 100 C
9
cosot = —
10
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Magnetic effect of current and magnetic force on charge or current
C

—

9

cosS 2w = —

10

2sec
iy I sinwt dt i )
lav= —>—— = L[cos ot ]
2 20 0
i i 1 i
=——[1-cos20] = —x—=

20 20 10 20

Bay = uoniav

- 4nx 107 x 8000 x _°
20

= 4mx 107 x 8000 x Jo
20

0

_4nx107 x8000x50x10"°x20

20
By = 16mx108 T
SECTION (F)
6.  Pitch = 2Zmveost /A
aB ;
_ ZeEmey (08 6~ 1)
eB
pitch = P "‘2V
eB
Distance from point of divergence = |52~ TV
eB
7. Magnetic force is in | direction and electric field is in — j direction
y
\%
X

z
Resultant force = qVB — qE

=0(1.28 x 10% x 8 x 102 —-102.4 x 109)
=0

R=100m

Charge will move only in x direction.
X=Vxt=128x10® x5x106=6.4m
Now electric fields is switched off
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Magnetic effect of current and magnetic force on charge or current

8. When V =50 m/s QVB=qE =>B="—
50
y
A
AqVB
l—v-—p X
VqE
When V =100 m/s gVB-gE=2x10"1°
E=1.25N/C
9. F e = mao towards east
+eE = mao

E = ™% towards east.

e
y north

_—)x east

v

0

upwards south
Net acceleration = 3ao ,
acc due to electric force = ao (along east)
acc due to megnetic force = 2ao (along east)

Fs = 2maoi
qVoB sin6 = 2mao
B = 2ma,
qV,sin®
2ma
Bmin = 2 q means +e.
qV,

For magnetic force along west with 6 = 90°
Direction of magnetic field must be along +z. (upward)

10. R V4
eB

tane—=r—

2 R
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Magnetic effect of current and magnetic force on charge or current ﬂ—

path of electron

27m 0
t= X —
eB 27
= 2_mtan—1 (E\
eB mV )
Section (H)
11. At equilibrium - (1)
mg = Mot . (1)
2nd
For a short displacement x
Fmg =—u0i1i2| —mg
27(d + x)
=mgd—mg = mgr d —11
d+ x Ld + X J
[d=d- x|
-9 J
d+ x
Fmg = 9%
‘ d+ x
a =3 For very small x.
d
length |
X mg
equation
position
d
T =27 |2
g
T = 2=n Sl
g
21 x0.1

T = 02 = 1—sec.
5

12. Magnetic force on Rod = iBI (Leftward)
Gravitational force on Rod = mg (Downward)

siBL.=
TS siB

OLR0d=—2= -
mL 2m
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Magnetic effect of current and magnetic force on charge or current ﬂ—

iBL — Fhorizontar = macwm
Fhorizontal = iBL —% - % (right side)

Fverticat = mg (upward)

13. Field dueto strip B = ol yan-1 [%J towards x axis
Y

Force on unit length dl of wire.
dF = j[dlj x Bi]
1 d)

dlz_po_joi . -
T . tan LZhJ( k)

14. Field at point P
B- X

2n\/a2 +x°

. . ii, dxsin 6
Force on differential element , dF = Hove 2217

2 2
2n\/a + X

i 2x
Net force F =tz =% 4

2
4n A +Xx

M = nr?

=1-cr2q_w
27

gqor
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Magnetic effect of current and magnetic force on charge or current ﬂ—

16. LA
mr o 2m
2
M = qr2m
4
7. To= -2
2
T1+ T2 = mg = 2To
( (
To— + 7B = Ti1— (applying equation of torque about centre of mass)
2 2
T, [ T,
[ 1 M || ]
mg
B
b®iB
Ty = To+ o |
| nb’iB
2 = 0 /
2n
18. ol 3 _Bac (out)
2a 2n
Mol 12005309 = Ba (in)
4753
2
BNet=—H0i£— ol
2na 6a
F= qv Bnet
i ( A
=”—°'Lﬂ—1jqw Ans.
6a n
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Magnetic effect of current and magnetic force on charge or current ﬂ—

Area of the loop = ;—a2{2—nJ —;— x 2a sin60° x 9 cos60°

rat s’

3 4

19. dB =t
2 X
[N |
dx i
_HOLb—a XJI
| 2x
dp= AN o
2(b-a) x
B pONI A I—E—‘= 4nx10  x100x8x10" X2303X03010=7MT
2(b —a) {aJ 2 (50x107°)
dM = Ndx imx2
b-a
b® - a’
M= N in[ }=15mA-m2 Ans.
b-a &
20.
L
na
a I
2
1 |
a
1
= p,lla - pollja
a [ a
21t|:r]3—*J ZELna+7J
o Ir, [ 11 2pIr,
T [211-1 2n+1J n[4n2—1}
21. M = Lx2Rxi
MB sin6 = mg sin6 R
B
\ N
0
F 1 M
mg sin6
mg coso
0
i— % _25A
2BNI
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Magnetic effect of current and magnetic force on charge or current

PART - il

1. T=MxB
F=mB

couple of force may give torque but not force is zero.
= pole strength depending on angle

=0 t#0, &F=0 F=0
(ABC) Ans.
0 B=”—°i(;”m
4 L r’ J

3. Consider a ring of radius x and thickness dx.

Equivalent current in this ring = —— x charge on ring = —
2

27 T

ax

dB(duetothisring)=u—°(12XQ dx | . B= J
2x LG R* 5

H,»0

Ho® Q

R?

.R=

x (2nx dx)

nR?

B0

27R

Loop (1)
B (2nr) =0
B=0
Loop (2)
B (2nr) = poi
B o« ! Ans. (B, C, D)

r

2nR
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Magnetic effect of current and magnetic force on charge or current

5.

(A)

A}
U

= S mv2
2
E=3— mv®
4 qa
3 mv®
At P Rate of work done by E = gEv= <
a

At Q Rate of work done by E = gE (2v) cos90° = 0
At Q Rate of work done by B = 0

v constant in direction and may be in magnetude

a- 0
qE +q(v xB) =0
It posibility )
E=0 & B =0 —V
lInd posibility

E =0 & v|e ie.B =0
M possibility —>V

— SE £ ||v&B=0

IVth  posibility

—B

—>V E|v B

—E \; x L;; =0
Vi posibility

E
v
) o B
gqE = —q(Vv xB)

/\
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Magnetic effect of current and magnetic force on charge or current ﬂ—
8.

B C
A D
E
Bag = Bec = Bcp = Boe L = — Because from V = IR
|2
from above results Bascpe = — Bae So Beentre = 0
Bag = Bec = Bcp = Boe A _L:l— V=1IR
|2
Bascpe = — BAE Bcentre =0
9. H+ He+ 02+
& U i 2
m 1 4 16
I Al 2
Jm 2 4
R _ myv
qB
i \/2km
qB
_m 2k
q B

Ruet = Ro**

1

CX: —_—
q

Rr* : Ruet: Ro®* = 1:2:2 Ans. (A, C)

10. R="Y_°
eB eB
Energy gained = 0
As W= 0
FC: sz
r
— evB= er:B Ans. (C, D)
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Magnetic effect of current and magnetic force on charge or current ﬂ—

11. R=TY
qB

More g means less R

touch \/
each
other

F ; )

(R (a,)
| =~| =|2=| Ans.(B,D)

(Re ) (a)

14. For given condition :
Magnitude of Bsolienoid = Magnitude of Bioop

S| Total no. ofturn 1300
poni = here n = =
2R Total length 0.65
I 1 8x0.65
i= x —= =10 A.

2R n  2x0.02x1300x10"
For given condition :
Total magnetic field at the centre of loop

= |Bloop| + |Bso|enoid| |B|oop| = ||Bso|enoid|
I
= 2|Bloop | =2 x Lo
2R

! 2x4nx10 ><28 =167 x 103 T.
2x0.02x10"
15. Field due to each plate =;—uoK =2uT

At A, fields add up, being in the same directions whereas at B, cancel out due to opposite directions.

16. F=—1 99
dne, r
e = S8l OTL_jyeaqape)
FIF'] LT “JL°)

1

Speed of light, ¢ =

€0 Mo
[mo] = L ! =[MLT %]
le,lc]®  MTLTHPLT ')
S /
z A
yF
v F \ X
17. X =
Z y4
F
y E
\
Z X = F A
B ‘
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Magnetic effect of current and magnetic force on charge or current ﬂ—

18. T=2rn fL
MB

INTTH | BLTT | I= m’
12

So correct options are (A, D)

2

PART - IV

1. When charge is accelerated by electric field it gains energy for first time KE1 = %
for second time KEz = %q Vv

for third time KEs = %qv

hence the ratio of radii are

11 2 [2 2 [[® & coconsocooman 0 0 =3 =l .
qB qB
7 o (12 5 [ coooonoo o o \/1_ : \/?T: \/5_ ...........
2. In one full cycle it gets accelerated two times so change in KE = 2 gV.
3. =98 ~100= 128 L onT.
2nm 2n
4. Distance travelled by particle in one time period :

(M +1r2) i7(r3 +r4) D 7T(r5 + 1) coeeereeenne

. J2 mav +\/2 m3qy J2 msqv +\/2 m7qv :\/2 moqv +\/2 miiqv

q B q B q B q B q B q B
S1:82:S5 oo (N1 2B ) (W5 47 ) i (Vo + A1)
5. Frequency of A.C. depends on charge and mass only so it can be tuned by magnetic field only.
6. Inside the cylinder
B.2nr = po. ——nr”
nR
B=tel & (1)
2nR .
// R \\
! \
I 1
1 I
\ !
\\ /I

S rs
U
S -

Outside the cylinder
B.2nr = pol

B= L 2)

2nr
Inside cylinder B a r and outside B o 1/r
So at the surface nature of magnetic field changes.
Hence clear from graph, wire 'c' has greatest radius.
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Magnetic effect of current and magnetic force on charge or current ﬂ—

7.

8.

10.

11.

12.

13.

Magnitude of magnetic field is maximum at the surface of wire 'a'.

Inside the wire

I Jr . dB J
B(r)= "t —r = e T e
2n R 2 dr 2

i.e. slope ocJ

oc current density
It can be seen that slope of curve for wire a is greater than wire C.

(a) d =2 Rm
mV
d=2 o
qB
9 v, v, —4d
Bd
Vo = 1¢
2m
Vm
m
R= 4 =R”‘
qB 4
L d 3d
min distance = d— — =—
4 4
Vo Vv,
4
. d 5d
max distance =d + — = —
4 4
4 Rmsind =d ; 2dsinb=d
\ 1 B
2 6 m
q
Y.
2V, 2V,
t= n/6 _ Tm
® 69gB

After collision

net charge = 0

net mass = 2Kkg.

net force = 0

Motion will be along straight line with uniform velocity.

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

EXERCISE-3
PART - |

1dIB
X b3 X
T x
v
0]
v X X X
2Tsin{ 22} — 1018 - 2% _jRdB =  T-BIR=2L,
L 2 J 2 27
X X X X X
x X x X X
X X X X X
X X X X X
x x X X X
X X X X X
x X X X b3
x X x X X
x x x x X
x x x X X
x X x X X
x X x X X
X X X X X
X X X X X
¢ 20 xR, 29xmpv 26mID
B % B eBv B eB
o (2 -20)xR, _ (2m-20)m,v  (2n-20)m,
v eBv eB
clte#tp
] “0( N dx |i )
3. :IHOdNI:J Lb—a ) _ poNi an
2x 2x 2(b-a) a
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
4.

y

+q 0 X

If & = 0° then due to magnetic force path is circular but due to force gEo (1) q will have accelerated
motion along y—axis. So combined path of q will be a helical path with variable pitch so (A) and (B) are
wrong.

If & = 10° then due to vcos6, path is circular and due to gEo and vsin6, q has accelerated motion along
y-axis so combined path is a helical path with variable pitch (C) is correct.

If 6 =90° then Fs = 0 and due to gEo motion is accelerated along y-axis. (D)

5 B - Poda  Hoda
2 12
(moga) . 1) 5(wpga) Swead _ N
U ) T e
N=5
(aY
6 Area = a2 + 4 x ij
=a2+na2
2

R
7. Case-l x< —
2
1Bl =
R
Case-ll —<x<R
2
[Bdf =l

1
|B|2TCX—uO\nX —n( R [J
L2
B = el 2—£|
ZXK 4
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

Case-lll x>R

J'B.d€=uo|
I 2]
|B|2nx=u0nR2—n{5j r
L 2 |
|B|=M3—R2
2x 2
|B|=M
8 x
o)

B

Component of final velocity of particle is in positive y direction.
Centre of circle is present on positive y axis. so magnetic field is present in negative z-direction
Angle of deviation is 30° because

tang = —~ =
anf= L =—
0= ~

6
ot=0
6=Q—Bt

M
g-Mo

Qt
B=(50Mn\

[ sa )

Y

R 2R
| —
/ — <
S S—

(A) ForO<r<R= B=0

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

1

(D) Forr>2R=B=0

10.  Bo= ol ml (gpposite)

2nx,  2n(x = Xx,)
0o | |
Bi= 1o _ o (same)
21X,  2m(X = X,)

Case-1: When current is in the same direction

B=B= Su,l _ Su,l _ 3l
21X, 4nx, dnx,
myv
Ri =
qB,

Case-2 : When current is in oposite direction

9.l
B = Bo= 2Ho

4TtX0

m v
Rz =
qB,
R, _B, _9_4
R, , 3
11. B, = B due toring
r.
1 . 2

B, = B due to wire-1
B, = B due to wire-2

. p,l
In magnitudes B1 =Bz =

27r
Ia
Resultant of B1 and B2 = 2B+ cosd = Lo
Tr
Br = 2;1017':212
4nr’
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Magnetic effect of current and magnetic force on charge or current /

For zero magnetic field at P

p,la 2;10171212

2

3
r 4nr

—~ h=~1.2a

Mol

12. Magnetic field at mid point of two wires =
nd
Magnetic moment of loop = Ina®
Torque on loop = M B sin 150°
~ Molzaz
© 24
> / /6
13. L R
F-i(/«B) =i{2(L+R) i x 8]
If B is along z
F =[i2(L + R)B] (-]‘)
If B is along x
F IS 0
If B is along y
Fo i{z(L + R)B)li}
Alternate solution
P ) > v T > ‘Q
. o L R L
dF = i(d 0 x B)
In unfirom magnetic field
IdF = ji(d2x8)=i(Jd€xB)
= F=i(PQxB)
(A) F=[i2(L +R)B]=2B(L+R)
(B) F=0
(C) F=[i2(L + R)B]=2B (L+R)
(D) F=[i2(L + R)B]=2B (L+R)
14. qvB= W0 = Vi) v velocity of electrons
w
Vm—Vk=wv B.
| = neAv = ne(wd)v
WV = !
ned
vV -v, -8
" o ned
(A)wi=wz,di=2d2 = V2=2V4
(D)wi =2wz,di=d2 = Vi=V2
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

15,  Vu-Vk= 2
ned
(A)ni=2n2 ; Bi=B: = Va2 =2V (correct)
(C)B1=2B2,n1 =n2
Vi =2V2 = V2 =0.5V, correct
16.

For constant velocity
F=qE+q(V><B):0

E--(VxB)
Ans. (C)
n [E, . N
“Egx=-| —yxByz|
LBo J
17. For helix with axis along positive z—direction magnetic field should be along z—direction.
18.
y
B
| i '
E
Force due to Electric field is along —y axis and force due to B is zero.
19.

Total Magnetic Field h
at centre = 12 times magnetic field due to one wire
(V3 11

B= 2% [sing0° — sin30°] = ‘el w12 Y21
4na 4na L 2 2J

= p - Mo ><6(\/3771)

4drna
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Magnetic effect of current and magnetic force on charge or current /

20.

W T 6] - B

docm

9 12
= tano = =L Sp—= —
;4 5 8 5 5
9 9
13
12
sing = 12
) 13
5
12 3R 13R P 8P
R(12)_SR . gp_I8R _ P .g_
13 2 8 QB 13QR
P 3R
(D) — < —
QB 2
2P
B> ——
3QR
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

21, Magnetic field due to ring at origin

TR - ()

2x8R® 16R
Magnetic field at origin due to wires
(u,l Lo .
= “01 _ lJ'0 2 K
2nR 2nR

Here 11 and |2 will be substituted with sign

It =lathen B, - o0 (k)
16R

It can be zero

If 11<0,12>0
- I’ | | _‘A
then B, :_|M+ .l %
|_ 2nR 16R_|

It can not be zero

B1 =Bz
magnetic field along z-axis is only due to ring

- o
B = ~° in—z direction
2R

22, If average speed is considered along x-axis
I’]']V0 mV0 rT'IV0
" 9B, ° B, 4qB,
Ri > R2
. . Smyv,
distance along x-axis Ax = 2(R1 + Rz2) =
2gB,
. m m m m 5nm
Total time = — , &~ _ @ @ _°F
aB, 9B, 4qB, 4qB, 4qB,
Smyv,
. 298,
Magnitude of average speed = s =2m/s
mm
4qB,
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Magnetic effect of current and magnetic force on charge or current /

PART - i

B \
X <>\ & X'
MERAERS

Towards left of both wires direction of B is downward and at mid point between two wires, magnetic

field is zero

V21 =R do

del

dB

n/2
I dBcos6

-n/2

W
1l

“ x nl/2
= 2 J' cos 0 do
27

-n/2

Bot _ Mol Ans

_T_ °R
3. F - qE +vxB]
=Fy=7q].

q Magnetic dipole moment

4. — =

2M Angular momentum

Magnetic dipole moment(M)

Mo (MR
2M N 2 )

1
—o.1R%o.
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Magnetic effect of current and magnetic force on charge or current /

Q
B= "R
2nR
B _ p,0Q
2nR
1
Bo —
R

6. Bnet = B1 + B2 + BH

ALN

po (M, +M,)

_ 10 (241 56,105 = 2.56 x 104 wh/m?

Bhret = ——3+BH
4 r
107(1.2 +1
(0.1)°
Ans. (2)
7. Fext. = B(x) IL
12 12
P=—(F, -dx = -
t'[ ext. X to
= 9[1-e01]

2

.
——[3x107e
5x107° ¢

-0.2x

x 10 x 3dx

ALgsing =

2n(2L sin 0)

. rgnl
2sind S L
n,cos®

“012 Y
2n(2Lsing) |

AN Resonance®
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

10. For stable equilibrium angle should be zero and for unstable equilibrium angle between M and B
should be =.

11.

Magnetic field at centre of circle

Ba= fol _ Molf [Also / = 27R]
2R Vi

—a

50

4pgl
a

47—
2

Magnetic field at centre =

(2 sin 45 °)

16 p I
‘\/Eﬂtf
2

B
Now —A - =

Bg 8\/5

12 Since area of hysterics curve of (B) is smaller it is suitable for electromagnet and transformer.

[Also 4a = /]

13. M=6.7 x 102A-m?
I1=7.5x 108 kgm?

T= 2111/'—
VB

7.5x10 ®
2n 2 2
6.7x10 2x10 "

]
N
a

]
N
a
X
_
o

|

21':1}2 = 6.65 sec.
67

14. For circular path in magnetic field.

\/2m E

qB

o E = kinetic energy

So

e P o
1/1836 1 4
—e +e 2e

o (3

[o=Ta>Te
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
1

15.
Dipole moment (m) = InR2
Magnetic induction (B) = ZORI
oo
L
Jm
B_1= _2:\5
B, \m,
16.
F
0 —-? +M
,"” X
O T LA
d
X
-m

Force one pole

Bol

27vd? + x?2

Total force = 2 F sin®.

F=m><

polm

X
2 x X
27:\/d2+a2 \/d2+a2

pol mx
n(d2 + a2)

m x 2 =M =1 x a2 (magnetic moment)

2 2
1 a I a
Totalforce= £ 2 — =202 (Asd>>a)

2(d% +a?) 24°
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

17. o = 2nn rad/s
X

< :b| X =/
Q |

dQ = p. dx

p
= —% xdx

l

dQ .o
- 2n
dM =dI x A

4

IdM = Izi.pTOX.nxzdx
T

dI

0
1'cr1poé3
4

M:

18. I=xH

-6
20x10 60 x10°

6

10 ~
x=1/3x103=33x10*

6tand
19.
r-rcoso
sind= = and r - % = 2mk
r gB qB
SO d=r—-rcosO + 6tan6 ~ 12.87 cm
20.

BA

X = retentivity
y = coercivity

z = saturation magnetization
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
21.

Vo

y/]\ ma E=E,i

X B=8,i

As v = v,j (magnitude of velocity does not change in y—z plane)

(Rvo)2= vi+v? ; Vx=\/gvO

\/;v0:0+£t ; t=M
m qE
22,

North

N
7

West East
LE=1 Mgy
[ Proton

South

v KE. =16 x 1018 = ;—x1.6x1o’27 V2

v=+2x10" m/s
- Bgv=ma

B 1.6x10 2" x10'?

1.6x10 "9 x+2x107
=0.71x 103T
So, 0.71 mT

23.

ol [sin 90 °—sin 45 °]® Ll ® + Hol (sin452 + sin90?) ®
4nR 2R 4nR
p.oir 1] Wi Wi [ 1 1
= 1- —|+—+ —+1| @
47R lL V2| 2R 4=R ‘L\/Z J
= hol ;——1+1—+2n+1—+1—:@= Mol [\/E+2n:|@ Byl ;—1—+n-I@

xR 2 V2 | 4nm xR V2 |
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
24, (A) by work energy theorem

1 1
Wmag+ Wele = ;m(2v)2 - ;m(v)z

2

0 + gEo2a= %mv

2

Eo = 3 m
4 qa
(B) Rate of work done at A = power of electric force
=qEoV
mv &
- 4 a
(©) at Q, M__ o for both forces
dt
(D) AL = (-m2v2ak) - (-nmva k) = ‘AI:‘:3rwa
25.
: %i
L
a/3
2a B
@
Ba= o _ s _ mol @ _ w
2na 2na’ ra® 6 6ra
Bg = "o 43 Ba _4_2
2n(2a) Bg 6 3
R
26.  Rmax-— = ™
2 epu,yin
Vinas = ool
2m
27. t=MB sind =1Ia
2
RaBo="" ¢
2
o = 2nlB _ 2_11
= — =7
T= 2nm
B
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

HIGH LEVEL PROBLEMS [HLP]
SUBJECTIVE QUESTIONS

1. |\/|=J'dMsin6

0=0
"N ((md®)

J' (dN)..A.sin 0 _"— | |sin0do

6=0 DT[ k 4 )

dMcos® g

M= L N.id?
2

M = ;— (Amp. m2)

2. Charge ball move in the form of conical pendulum. Magnetic force act along radial direction.

T sin® = mre? + q.(re).B
Tcos6 = mg

(m o’ + qoB)r

tan6 =
mg
s |_ 2_|1/2
_ (mo $geB)r r:|L2—4[ ng ]} |
\/r2+L2 mg L [mo®tqoB | J
3. N = (mg +i./B)cosa
Fmax = (Mg + i.£.B)sina + uN
N

(mg+i./B)cosa

Fmax =

-|>|oo

-
Fmin = (Mg + i./B) sino. — uN

Fmin =%[ - _(:j

\__/
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

4. (a) B = 4B1 cos45°®
I 1
= 4)( u—o y X
2x vz 2
y
N A
:EDSK - T
. B (R -t ==
. N B, '
s S
IR ®
B= " along y-axis.
Ta
(b) Magnetic field at point D :
4—1/88
A
N
B
' //A\\ '
NCEEEE \:@B
- o T -
A 2nL2&J {0
- __0( I ) (€+]\
*Teelavea) |2
5, -l LY ()
211'(23}
Net magnetic field at D :
= = = (‘.‘ ‘:\
B-B,+B, +B, = “—"IL'——3—J
4ra | 2 2
Force per meter acting on wire at point D :
- - - HOIZ P
F=lI K)xB| = -3i-
[(hrxB | ===(=3i-])
5. Electric field at P is
= Qx
4n e, (x2+r2)3/2
Magnetic field at Pis B = e — 25T _ Mo _27QT
4n (X" +r7) 4n (X" +r7)
Q
X P

f = frequency of revolution.

2

Electric energy density = ;—SOEQ ; Magnetic energy density

2p
1 £?
. . — &, 2 2 2
Electric energy density _ 2 : _ : X — X202 _ = % « 1010 =9 x 10°J
magnetic energy density B 4n” e, p,for 4n°fr b
2p,
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Magnetic effect of current and magnetic force on charge or current /

6. Current in the element = J(2rr . dr)

Current enclosed by Amperian loop of radius Z—

/ 3 2
r 2nd, (a) J,a
l= [ == .2nr.dr= =20 2 =22
, @ 3a LZJ 12

Applying Ampere's law

ﬂ:JOa2 —~B= Bodoa

12 12

B.2n. 2 =pp.
b ) Ho

On putting values
B=10uT

7. Since, total charge is zero initially thus the two particle will be of opposite charges. Initially the neutral
particle is at rest, so both will have same speed. As both particle move in opposite directions, magnetic

force on them will be in the same direction and of same magnitude.

Using R = ﬂ, both will be moving in the circle of same radius. So they will meet at point Q. i.e.

qB

diametrically opposite to starting point P. So time taken will be

V
Q P
\Y
t= ... d Ans
V qB
8. Let at time t particle be at point P (x, y) and its velocity be

Vo= (V,i+ V).

v 2 2 2
‘v ‘:‘Vo = Vo=Vt Vi,

(work done by magnetic field is always zero so change in magnitude of velocity)
y

Then, magnetic force on the particle at point P is

. F= q(VX€+Vy]>BO = [1+§}(7I§) -q Bo[1+%} dy= mdvx

Now when the particle will be coming out of the at that point y = d. Let the velocity in x-direction be Vx

then integrating we get,
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

' o r 2] 39B,d
[dv, = —QBOI(”ﬂdy;qB" d+d—|=— .
v m OL dJ m | 2d | 2m
3gB,d
SO Vx=Vo - 322 _.Ans.
2m
Now = Vy=yvZ -V’
= Vy=|vZ- (VO ELLIP) ...Ans.
[ em
9. A and P will have the same momentum in magnitude and they will move in opposite directions. They
will move in the circle of same radius and the same centre but in opposite directions. If they meet after
time t then
y
P X
e
P A £
oat + opt =27
27 2n
= t= =
0, +o, 2e.B . 2eB
4m (A - 4)m
_ B _
t:M ) eAzwAtzze X stll(ARED)
eBA 4m eBA
. 48
A 25
10. As the particle enters the region of magnetic field, it moves in a circular path of radius
: B
R="Y -1m whose centre is at O. and o= = -1 radlsec.
qB m
we assume d to be sufficiently large so that the particle emerges out of region of magnetic field at Q
figure - (a).
[} I
i |
[} ]
1 I
®B : }
\2> Q l l
) i |
R/ S
043’_6_@_1 x SN
N 60° | '
\\R i
Y o
30 3
I d I
figure - a figure - b

x=R-Rcos60°=05>d
The charge will cross the field and emerge from the right side.
The trajectory of the particle in the region of magnetic field is as shown in figure - b
In the figure (b) PQ is the chord and OC is L bisector of line PQ. Q is the point from where the patrticle

emerges out. We can see from the geometry that Z/APQ = ¢ + z—
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

PQ =d sec (¢+3\ =2Rsini
Sy 2

= d= 2Rsm—cos 3\ F [ (i+¢+3\+sin (—¢)W\
L 2) T 272 ]
—  d=R[sin (0 + ) —sin ¢] - sin(9+¢)=:—+sin9=0.7
: Now wt=06
- T (R = t= —sec. Ans.
180 12
11.
A
2(r,+ry) —path travelled by
a-particle
)— path travelled by B~ particle
v
myv =qVB - r=u= 2mT
r qB qB
Separation between o & B particle
«/2 o «/ N
=2 (fa+rp) = j i l j mu+1[mel
[ (2e)B eB J eB L 2 J
12 F =qv xB , Lets=Bxi +Byj +B:k
F, =—e(1i)x{BxT +Bynj +Bz|2}=—eAj
= eBy k —eB:j = e]
?} By=O'Bz=—
F, =e(i—j)x{Bxi +1k}=—e (i + i)
= e(—j+Bxk —i)=—¢e(i+])
= $x=0
= B =—1k =—k wb/m2
Now, v, =v, xv, =1ix(i-j)=—k
Now, F =ev, xB =e(-k xk )=0
13. Bsol = uoli where N is total no. of turns & L is length of the solenoid.

2nm

T= and pitch = V|| T

qB
L.gB

No. of revolution = =
pitch V‘ ‘.an
Ho-Ni q

. N .
usingB=po —.i= .
L V,.2zr m

. 4nx107 x8000x4x+/3 x10" 5
using values = =16x10
4003 x 21
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Magnetic effect of current and magnetic force on charge or current / ﬂ_
14.

B
I
| f
dF L
I, A 1, l
— X Jdx

le—|L—> «—L—
Torque on element dx of current carrying wire AC about C is
dt = (dF). (2L — x) in clockwise sense.
dF = (lodx) 2o 1t
2n X
Net torque on wire AC about C is
u=| Bo LLELZXO gy - o ppL (fnd4—-1)= QAL
L 2m X 27 2n
Magnetic field at each point on segment BC due to infinite wire is uniform.

Net torque or wire BC about C is
o= [P 1) g & 2 e p 1, L (anticlockwise direction)
LQTC ZLJ 2 8n

2L

(clockwise direction)

T1>1T2 = nettorquet=t1—12 = LR (0.6) I1I2 L (clockwise direction)

8n

m L

moment of inertia of L shaped rod about Cis I =

T

. 0.6p,I,1,L 3 9u, L1
angular acceleration o = ~ = ——Foem o 2 o THonie Y

I 8n m L 40mm L

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

( 5 )
where, p = magnetic moment of the loop = i. lt C’;a |

Finally when the loop becomes horizontal, Kinetic energy = 0

( )
= mg(because mg acts on the centre of mass)

(3

gravitational P.E.=

magnetic P.E. =0

B A
I
0 (90-6)
|
: mg
:
mga mga 4mg

+0=> B = =

N NI

= 0+0+puB=0+

16.

B

Torque on the (coil + sphere) due to flow of charge through coil is
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

D x é‘: (where o is the dipole moment of the coil and é is the geomagnetic field)

. d
=iNztr2 B=1"-2
dt
Nrr’B Nzr’B 3NzBQ
do= " "idt or 0= — [i =2""""  Ans.
I 2 2M
—mr 0
3
3 BNzQ
[Ans: @ ==———=2.7 & x 102rad/s.]
2

17. (2po—po) + (—po+2 po) + (—2uo +4po) + (Apo—2w0) =l = I=6A

18. Force of interaction will act an AB and AC only

£/cos®

ii, sin 0
B aLRL: dx
o 2n(d + xcos0)
ii, tan @ d+ ¢
= Kol /n towards left
27 d
Wolii, tan 6 -
Fac= 22— towards right
27 d+ ¢

Fnet = Fag — Fac

» Y,
Fret = Holilz tano rfn dv” ! towards left.
2n L d d+ fJ
19.  Force on differential length dF = i. "o g
2n
Netforce F = Mol | ax
2n X

_ Bl m(ha\

Torque about point of application = 0
Let point of application is at a distance xo from wire io .

X, dF
—_— N
< |
iy A B
a ! g g
\deé
% H H
d Rolgi (X = Xg) <
21 X
TN ‘+a( X, )
T - J'U—TJ dx
= [x—xofnx]:a= 0
= {+a—-xo/n({+a)—a+xofna=0
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

(! _
XofnL N J—/f

()
(nL1+;J
20. vov, ity irvk
QX:C:n—E Vy—VOCOS{C:n—BJ

Vz=—Vo Sln{— ]
m

| B
[El |B]
]: U ﬁ:iﬁ\IOXB —J YOXE
[Vl v, xB | v, xE |
NNE B . v
Sol. (Il) j=— —i=
E B .
l2=vUB
v,B
—-> —>
E and B

Force due to electric field will be along y-axis. Magnetic force will not affect the motion of charged
particle in the direction of electric field (or y-axis ) So

F E E
ay= == 2= _ constant. therefore, vy = ay t S (1)
m m m
The charged particle under the action of magnetic field describes a circle in x-z plane ( perpendicular to
B ) with
2 E
- 2"
Bq T m

Initially (t = 0 ) velocity was along x-axis. Therefore, magnetic force (I; m) will be along positive z-axis
[Fm =q (\—/0 x B )]. Let it makes an angle 6 with x-axis at time t, then

0 = wt
Vx= Vo COS ot = Vo COS (ﬁ
m
Vz= (ﬁ jsm ot=vosin | —t; ... (3)
m

From (1), (2) and (3)
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

21.

v = Vx +Vy] +Vz K

© vocos/ 98 ) (Yo ) LB (E) (a8 ) (v, x
V_VOCOSLmt LVOJ+m LJ+VOSIantJL J
or Q:cos(ﬁtj (QO)+[11} (E) +sm {VBXBJ Ans.
m m

= The path of the particle will be a halix of increasing pitch. The axis of the helix will be along y-axis.

(@) Giveni=10A, ri =0.08 m and r2 = 0.12m Straight portions i.e., CD etc. will produce zero magnetic
field at the centre.Rest eight arcs will produce the magnetic field at the centre in the same direction
i.e.,perpendicular to the paper putwards to vertically upwards and its magnitude is

B = Binnerarcs + Bouter arcs

Tl U U
Substituting the values, we have

(1077)(3.14)(10)(0.08 +0.12)

B = Tesla
(0.08x0.12)
B =6.54 x 105 T (Vertically upward or outward normal to the paper) Ans.
Force on AC
(b) Force on circular portions of the circuit i.e.AC etc.due to the wire at the centre will be zero

because magnetic field due to the central wire at these arcs will be tangential (6 = 180°) as shown.
Force on CD

Current in central wire is also i = 10 A.

Magnetic field at P due to central wire,

B= o —
2t X
. Magnetic force on element dx due to this magnetic field
dF = (i) (Lo L) gy (o) pdX (F = i/B sin 90°)
L2n XJ LZnJ X

Therefore,net force on CD is
F=H2d|= ='ll y 2 (2
J i \2)

0.08

Substituting the values, F = (2x10-7) (10)2 In (1.5)

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

22,

23.

or F=81x10°N (inwards)

Force on wire at the centre

Net magnetic field at the centre due to the circuit is in vertical direction and current in the wire in centre
is also in vertical direction.Therefore, net force on the wire at the centre will be zero.(6 = 180°). Hence
(i) Force acting on the wire at the centre is zero.

(i) Force on arc AC = 0. Ans.

(iii) Force on segment CD is 8.1 x 106 N (inwards).

(a) and (c)

Let the direction of current in wire PQ is from P to Q and its magnitude be .
z

S
X
The magnetic moment of the given loop is :

M =—labk
Torque on the loop due to magnetic forces is :

t. =M xB =(—labk ) x {(31 + 4k )Bo} = — 3labBo j

1

Torque of weight of the loop about axis PQ is :

T, =7r xF=(§}J x(—mgl{)=mzﬁ]‘

We see that when the current in the wire PQ is from P to Q, , and ¢, are in opposite direction so they

can cancel each other and the loop may remain in equilibrium. So the direction of current | in the wire
PQ is from P to Q.Further for equilibrium of the loop :

|T1|_|12|

or 3labBo = 2=
= M9 Ans.
6bB,
(b) Magnetic force on wire RS i§ :
F=I(!xB)
=1[(-bj) x{(37 + 4k )Bo}]
or F =1bBo (3k —47) Ans.

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

»T cos d6/2

T cos do/2 ¢

(i.rd6.p)

2Tsin(d0/2)

oTsin = "2—9 (dm.r.o?) + .d6.iB
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

m

2nr

T.do = rdor.o’ +r.doiB

T=" (Mwo?+2ni.B).
27

dv

24, m—=quAj+q[vxT+vy]}'Bol€
dt

dv N dv " N “
m j+md*i=[qu—qvao]j+quBoi
t
dv
m—=[gEo—-qvxBo ... (1)
dt
de‘=quBo ..... (2)
dt
d
From (1) Vx=I—qE07m i
dt | B,
d
From (2) LN ST
qB, dt| dt |
d® v q v Bs d? v q Vv Bs
- 2y= y2 or 2y+ y2 =0
dt m dt m

Solution of above equation :

vw=Asin(ot+¢) ... (3)
qB, ]
where o = att=0,vw=0,0=0 vy = A sin ot
m
E dv B E
att=0,a= +—¢ a=—"=Awcos ot © o AxI A=
m dt m m B0
. . E, . .dy E, . [ E, T
This equation (3) vy = —+sinot— =—- sinot=y=| - —~cos ot|
B, dt B, | B, I
E E B
y=¢[1—coswt] =>y= "Tr1—cosCI °t1
BOXqBO qBU L m J
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Magnetic effect of current and magnetic force on charge or current /

25. (a) Br = 4 Bsinb
= 4x —"'  [coso +cosa]x sing
4nrsina
i
a a
2 B 4p,a’i
1:[4x2 +a } [4x2 + 2a2};
(b)
4y a’i
BR =— "+
n(a®)(\2a)
Ta
(©) X >>a
B = 4u0a2i » poazi ! uo,M
n4x2(2—x) 27x®  2ax°
26. Since the magnetic field is not uniform, the particle doesn’t follows circular path but the speed (v) of the

particle is constant.

Ya Ya

______

Xy

<&
< ’

A

o

» X <

@)
Here the magnetic field set-up by the straight current is along the
the particle is along x-axis and the force F is in the x-y plane.
The force at time t after starting from point P is

negative z-axis, the initial velocity of

F=q(v xB)
r . AT V1
or Foqpv,i+v,i)x| ——(-k)]|
L L 2mX JJ
I - A
AR
27X
-u, qlvy —poqlvy
So, Fx=—%—> ax=——-—
2 X 2nTm X
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

27.

28.

v_dv Hoqlv .
or R (i)
dx 2nm X
But v vj = V2
A 2vxdvx + 2Vdey =0
or vidvx=—wydvy L (ii)
From Egs. (i) and (ii)
2nm dx
=dv = —
y
Hoql X
2nm | *dx 2ntm X
or J'dvyzj'— or v="—In—
Hodl § xo X Hoql Xy
X= XOeanv/qul
M q
2 m
—mr o
1 2
M= — qor
5

(a) Consider a thin shell which is equivalent to a set of parallel long wires put around a circle. Consider
two wires A and B which are equi-distant from OQP.
B

I
|
; i :
Let B2 be the magnetic field due to wire A and Be be the magnetic field due to wire B. According to the
Biot Savart law, both magnetic fields are equal in magnitude and their projections on the line OQP are

also equal, but in opposite directions by geometry.
The resultant magnetic field

B=-B, +B,
is always perpendicular to the line OQP and therefore always tangential to the circle through the point
of observation.

r<a : Using Ampere’s law
[B.dl =,

B2nr =0
B=0

(i) (ii)

/\
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Magnetic effect of current and magnetic force on charge or current / ﬂ_

n(r2 —az)

B2nr = p | ——=
Ta(b®-a’)

5 uol(r2 —az)

2nr(b2—a2)
(iii) rzb :

B2nr = pl

g Mol
2nr

)

() L
c T pl
F=q(u><B), F =qvB =qv
2nr
Impulse :
vp,l  dt vpl  dx I dx IL
frdt= et SRR B AvalOR Bv -
2n r 2n ro 27 r 2w r
Change of momentum along radial direction :
IL
P, = [Fat= e
2nr
Deflection :
9 P qu,lL polgl 1

r
P 2nrmuv 2T mv r
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