PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 1

Single Choice

B L -5
B1:7E—3 x107”T

Ko b -5
=—==4x10"T
B 2 R

2

B= B} +B =5x10°T

AR Lt Mo T py, b Ip
B,=B. . +B ——\-k)+—=—\k
o arc st.wire 2 R( ) 27'CR( )

B:“—Ol (271R=n2nr:> r:—j

2 R n
poto I __:p

2 (R/n)

1

Baxis = 5 (Bcemre)

Ho 2R _[h@jxl_

4n (R2 +x2)3/2 41 R 2
= x=0.766 R

1 1 1 1 ~
B = Barc +le.line:0+ (‘}:—;)'CEJ X2k

For radial component of magnetic field, the total force
will be either in the upward or in the downward direction
depending on the direction of current.

.. Force =ILB | =1(2na) Bsin0

1
B due to XY wire on wire PQ is into the plane.

wr
.. Force on wire PQ = J idl xB

= I igll[(—Ai) «B(-k) = _[ igi[B(—ﬁ) (downward)

B due to closed loop is zero in all cases. B due to straight
lead wires is non—zero in case (c).

9.

12.

14.

16.

17.

18.

19.

HINTS & SOLUTIONS

Force=

I(L,)B

L,;=lengthnormalto B = RQ

4

.. Force=5 x 100><2—O.4N
. For constant velocity a=0 = gsinf — i g

. B:mg.tane

il
I 7 _
F:h ﬁ:ZXIO x1x1 — 2% 107 N/m
2n d 1

. M=NIAR

=1x10x0.1x0.1 ($cos60°—1}cos30°)

=0.05

(Ai—\/3—lA<)A—m2

F,>F, ..F = F —F,(attractive)
A > B
it |
F, - F,
D C

Mo

B= &0

747‘6

. Angle between li/l and B is (g+6j

(Ze)(Zn] oy x1.6x107"

T 0.8 x2

=u, x10™°T
T Ho

T

1 T 1
Force on electron, F = qv x B

:>F(})=—eV(Ai)xB(]A3):> It%:lA(
2
dne t
2.2
4n r
E__ 1 _&
F, guy v

Force on cosmic rays,

r
F=ev

(—f() x B(}) = evBi (towards East)
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

) 1 R I 30. Magnetic field around a current carrying wire has
20. Electrostatic force on electron, F, = —¢Ej ) Y
circular symmetry. Hence zero g line lies in the same

.. Magnetic force on electron, ) L ) )
plane of wires. The locus of zero g is a straight line.

A

113m = —CV(—J) x Bk = evBi

r r E
The electron moves in circle with radius on x—axis. 31. q[|E|—|VB|]=0 =>Vv= B
21. R:m_];/: 2r]I3lK *. Radius R:ﬂ—mE
q q . > qB qu
R m 31 5
R, |m, :9.1><10719><3.2><1E)6 o 1
R, m, 1.6 x107" x4 x10
m R
= 1= (_1] 2 2
m, R, 32. qE = MYy and qvB = MYy = Lo voB
s L, I, E
22. Magnetic force acts normal to velocity and hence KE
_mv _qBd
does not change but momentum changes. 33. R= q_B =d =>v= T
N V2mK  V8mK 34. v=(gsinb)t
7 gB ¢ 2gB 0
m
N=mgcos6—qvB=0 = t= co
qB
2mK 4mK
- B I -
4 4 mv +2mqV d qB*d’
35.R=—=Y"2"-= o m=-"——
qB gqB 2 8V
26. B= —X————(sin 30° + sin 30°)
’ 47 (acos30°) ® S L1 g
36. MxB=1Ia
2
[1 _l+l_m} — gk llndp —NIA x B x sin90° = o
2 3 47 \/ga
2
= 1x4xaR x10x 1= =R’ x o
r p, I p, I 3l 2 2
27. B:[—O—n+—°—n]®——°® = a=40nrad/s
4n2r 4mr 8r
37. Net force will have —x and +y
r r I I . N r
28. F=q(vxB+E) =0 = q(10ixBj-10*k)=0 components

—B=10 Wb/m’

29. B, . =0; lgym =(—i)(ﬂj ;

2 2
2ma 38. [ELSE}:{V_Z}_MOLOTO
B [¢
r 1 T i
A Bl | p_ Mol (v 2
B =221 i
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE -2

Part # I : Multiple Choice

1.

Effective resistance in each upper and lower arms are
equal. Hence equal currents flows and produces zero
M.F. in P and R configuration.

B _wi
B

20r) 1 i
X — = = —=—
, 2t pl, 3 L, 6

I = 150X10
0

g

=0.015A

150

\= x10°

g

Vv
=0.075V .. G=—=%=5Q
I
g
If R =resistance to be added in series, I (G+R)=V
= 0.015(5+R)=150x1=R=9995Q

A and B observe electrostatic fields. But B observes
magnetic field due to moving charge.
A and C have same M.F. and B and D have same M.F.

X X X

mv v 6* X% X
=—=—=2d 4d | * < 4
gB oB S¥ Lx o Ix

X X X

Angle substended at the centre = &
. . . T =
Time to stay in magnetic field = — = B

2

poto b & M L3

27 (AP) 27 (PB)
-7 -7
y 2><1072><2 §+ 2x10 j3 ?
10 2x10

=@ x10° T+ @ x10° TR

In B, and B, M.F. add up.
In B, and B;, M.F. oppose each other.

Y
“«—_ i _—»
9, t=3T42 + . I.‘t=TU/ZZ
> <
10. Effective length, length normal to B , remains same.
2 mv | X
foT=2M gV,
qB qB | x|
At t=m; charge will complete half circle.
0 l(qE)tz 1[1 xl) »
x=0y=—|—|t'=_|—|n=—7
Y o2Um/) T2 2
z=2R=2m
r roo EEN
15 F=quxB=1=(3%+Hx1t-= E-433
: 2 2
r ($_/3%)
R_mv 1><1:1 R:% ; L \/_%
gB 1x1
($- 3
:>r =centre's coordinates = L J+( \/—qg %
i 0 _mn/2 2m _ 27
Tt t T @mnm/ gB)
o mm _ 7R (Q R = &]
2gB  2v gqB
6 2xm/ 6 m e, \ s
14, t=—=—7"- S /6™
® gB/m 3qB = 7 x
/6, < X
Distance travelled x "X
302 ; ;xi
_RQ_TCHIV ¢ V'xxxxxxxx:x
3qB X xx X X X X XX XX
Velocity of exit= v, (cos60$+ sin 60?’)
2mK
15 R, =" _p He*
qB H' of
R = 242mK =
He* qB
R, —2Y2mK R
(0] qB

H' is deflected most

24
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

1
16. Work done by E.F.=qE2a= 5 m(4V2*V2)

3mv?

= E=
4qa

Rate of work done by E.F. at

3mv’

P= Ev= = V=
1 L4 qa Jq 4a
Rate of work done by E.F. and
I'r (r Iyr
M.F. atQ: q(E.v+(v><B).v) =0

d 2
17. Ampere's Law = B2n— =UyJ [ﬂ)

Ko A, _ [”’0}
=|—. .. B ,=2B= ndJ]
B [475 ndJ)J net o J

18. From work energy theorem

W=AKE = qEx,= > mv
1 2 2 25
S0Ex,==—@ +3)=>x, =——
72 " 2aE,
r ($-% (_$_
o bl encs-anl
& (59
wy
27t™M
20. T, = E:TO
27:(2M)
) = =2T,
QB
They will meet at time 2T,
. .. 47Mvcos©
.. Distance from origin=vcos 0 x 2T, = Q—B

21. F=—evxB
— 2%- —e[2$>< ®,%+B,}+ B31§J = B,=0
= 2p=— [2§5>< (Bl$+B2§+B31§} = B,=0

Then lr3 =—c [21$>< (B3§J =0

22. ZF=0=mgsinf—-f=0,f=mgsin0 ...(i)
XT=0=MBsin0—fR=0

= iTCR2 BsinO = mgsinOR = B = is-*
& iR

23. Impulse = change in momentum

m+/2 gh

1B

= (i®BAt) = m(y2gh — 0) = (iAt) =Aq =

24. In configurations (C) and (D) , equal currents flow in

each arm. Hence B at centre will be zero.
r I I JA IAB
5. t=MxB= 7(—§x B(-= T(—% (Leftward)

26. 1[3 =q(vcos a§;+ vsin ocl§>< B%z qvB sin a(—%)

Hence the x-coordinate of proton can never be +ve.

1 1 I
27. F= q{/ xB = qV0($+§)><B = (—)qVOBI§

2mm 2n ZchB T
T= Lot=—t= — =T
qB T 2mm qB
L X=v = M; Y=0
B,a
— R = —2My, _ _2vy
2B, oB,
28. Rsinf= \Fmvo =£V—°=£R ; 0=m/3
gB, 2 aB,

v

[0 < 2R 0)
.. X-coordinate
\/3—R+ cos@[t 6] \/_VO VO (t n )
T — V —_—— —
2 0 ® 2B,a 2 3B,a

29. Ly =AB = 4§

effective

| Fl4 ILxB| =1L B=2.4$x 4 H=325N

24
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PHYSICS FOR JEE MAIN & ADVANCED

30. In magnetic fieldy the path is circle and the motion is ! 18. 117 _ q[lli LT }13]: 0= | ]15 o £/><113 VB

uniform. R
X
B S E=15x10° (=) x 1(~8) =[1.5x 10 (=P |N/C
X
0 R, _(mv/gB), m, 12
. Ry, @mv/gB), m; 13
x 1 1 T 1 1 Tr 1
x 39. F=q[E+vxB]=0= |E|H-vxB|d-vB|=vb
vey JE_2B .
- o B~ 2B (direction remaining same)
2 . 2
PQ=2Rsina= mvosma:—nzg +e |
qB T t m.————T—* ————T—*
) d d
. 2n :2(Tc—oc) ot m(t—a) |
[2 nm] t Bq e
qB .
B atmidpoint=0  Equivalent form
e T=MxB i By~ 1 (oo ase)= 2=l )
Torque is directed at right angle to hour hand. Hence TP 4nRry N2 s 47R
minute hand will be in the direction of torque after 20
minutes. 42. = G .
T =M x B x sin 6 = NIAB sin 90 a
A
2 ,:'
:6><2><TE(0.15) x70 x1 —~0.0594 Nm
1000 i ,
n.%:ixézd@ﬁﬂx33= 2IRB, &
V2IRB, Lo R IR/ 2)
1 2\’ 2 - 2
3R 3R
T r
Possible values of .. B = &¥ and B =&($+ﬁ n( 4 ] n( 4 ]
V2 V2
33. Force acting on unit length = B[ ' TR
34. Magnetic field exerts force on a moving charge normal FieldatA =B, +B, =0+ 3R
to it and the force also acts normal to both of them and
L . I
hence.: kinetic energ?/ remains sarn.e. . \ Ficldat B = Bl, +B12 _ i+0
35. The lines of force will be concentric circles with centres 3nR
on wire. .
All points lying on the circle have same magnitude of  43. For inner cylinderB = “—Oiz
magnetic field. 2n R,
Magnetic field at a point from the wire varies inversely ;
with distance from the wire. For air space B= ;—0—
T
T, 2mm /2nm
37. a= = / =1 . U, 1 uoi(rz—Rﬁ\
T, qB qB For outer cylinder =~ B= —2%——— ——=2
2nr  2mr\R; —RZJ
b= mvsu];30 /mV51];160 =tan30° 44. B add up is the left and the right zone. But in the
q q 1
. middle zone B becomes zero.
N vsin60°T tan 60°
c=y =————=tan :
V' A 45. B.=B, +B, = —C _.9
s be=1=a = abc=1 © 2n(b? —a?)
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

46.

47.

48.

49.

50.

52.

. Charge per unit area =

W =MB (1-cos 60°) = %
.
IT|= MB sin60°= /3 %aﬁw

B :2(HOJM:2><10’7><8
axial point 3 3
41/ r (0.2)

(P Mo
Beq4point(4n)r3_10 T

Both rings experience torque due to other's magnetic
field .

=2x107*T

1

MB sind =T = Mx 0.16 x - =0.032 =M =04J/T

11:_ r 1 2 A -3 _ -19
—quxB = (41+3])x10" =-1.6 x10

[(2.5x107)kx(B,i+B,j+B,k|]

—B,=-0.075,B,=+0.1

Again : F:q{l><B;q:fl.6X10719

[(1.51-23)107 |x(0.0751+0.1j+B,k)

= B;=0 ..B=-0.0751+0.1]

Q

nR

2

Charge on elemental ring,

Q2j2nrdr = Zder
nR R

B

R
_ o (&j [ar - 1Qo
4TC R2 0

dQ:(

.. Batcentre = f

27R
v, =V,
2
3
v, :(—qu) tiv=y[Ve +(ﬁt) =2v, = t= _\/_mvo
m m qE
r . = I .
B, = Lo~ (k) + to (sin9+sin9)k
4w R 4 0 2 2

Rcos—

= B, = “—Ol(Ztang—G)f(>O

47t R

. B, is directed outwards.

54.

56.

. T=

. Rsind=d

mv

Radius, R = B

= mv=gBR R

where R sinO =y; R (1-cos0) =x

2
Somy = E(y—vLXj
2 \x

2nmm
B (Time period of rotation)

For motion in E.F.

1
s=ut+ — at2:>0:vt—1— (@]ﬁ
2 2 \m

=>t= 2mv =nT = n= E:An integer
qE nE
R MV
qB

The radius may be decease if v decreases or B increases.

i
qB

8=37° 3
- 0=53°+5=90° R

_3mv
5gB

,
.
/\O}

1
. Since B depends on x-coordinate the net force acts

along -x axis.

Part # I1 : Assertion & Reason

1.

D 2. A 3. D 4. D

24
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE -3
Part # I : Matrix Match Type
mv
1. R=—
qB o
Position
R,=2R, —> 4
R;=-4R, -1
R.=-2R, -2
R,=+R; -3
_q 2nm 0
2. A)I=2|T= =Tlaxv
T qB
q q (Mv ?
B) M=1A=—-7R’ :—n[—j Mo’
(B) T T \qg) Y
v
(©B=to g 2
4 r

3.  (A) Magnetic moment = NIA &
(B) Torque = M BEE= 0
(C)PE.=-MKBE:= -MB

(D) P.E. is minimum, equilibrium is stable

4. Since magnetic moment = 0 hence torque =0

r ro( .
(A) B=B0$:>|F|:(51B)><2:11B
r r i
(B) B=B0§:>|F|=(513jx2=1113

T T 1
(C)B:BO<¥+§):\F|:§ s XB =0 (L;=0)

(D)B-B,&=F- \/(ﬂzB 2)1(%&) =2i0B

Ir r
5. (A) NB.dlzuo(ifi-i)=fpoi

loop-1

Ir r
(B) NBdl =p (i+i-i)=p,i

loop-2

r r
(© NBdl = (i—i-i)=—

loop-3

(D) N Igd{ A

loop—4

po (i—i+1)=p,i

2
qo 2 _ qor
6. (AAM=—xmnr =
(A) 2n 2
2
(B) M=32 g2 2990
2n 2

R 2
(©) M= [AHd), O 2 GOT
nR 2n 4

+m/2

™M= | 4T:1R2

-n/2

qoor

qor’
5

XH(R -y)=

(E)M_T[4nR3]nm -y Ny xS

7. A charge at rest produces E.F.
A charge with uniform velocity produces M.F. + E.F.
An accelerated charge produces M.F. + E.F. +EM waves.

Part # II : Comprehension

Comprehension#1

vosin60:\£—3 A

m) ) Xl_(an] _ My,
2 qBO qBO

2.z component of velocity is —— v,, after
- T —mm
4 2B,q
( )
3. (z-coordinate) = 2R =2 mv, \/_ @
qB, 2 9B,

4.  When z-co-ordinate has maximum value its velocity =

v,c0560° Fcos 60 + $sin 60)

RESRER IR
; %0 VO& \/—%

24
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

Comprehension#2 EXERCISE - 4
T :1{4 “ ]‘3 o Subjective Type
= 33-4Px @¥+39=10=10"c I By =By +Bgo + B +Bpe
2
= a=2500rad/s N L A
S
1, 1 RN 4nd 4nd
2. Zlo=AU= —x10 " xo=U__-U . =25
2 ¢ 2 ® max. T min —10 R (d=0.02m,i=10A)
= o= 50\/5 rad/s 2. FromBiot-Savart law :
Wy 7 2 A Y
I p, idl xr 10 XlO(AXl—Ay_])X(1+_])
Comprehension#4 By=——75—= S
4 T (12 +12)
From graph: =7.07x107"°k T where (Ax=Ay=10"m)
1. r>r1,
3' BP = Bduc to +Bduc to
2- (]_D)max)a > (Bmax)c long wire square
: _{u_o ik (L+ij4};
3. p=tolt foraandc:Jr,=Jr, 2n(a/2) 4n(a/2)\\2 2
1,>1.(F 1>t 5 |_(zﬁ—1)uoi
NE
ma
Comprehension#6
_ _bh 1 (Ho I]
~ 4. B,=B_+B, =2 15 "), r_9
1. Force per unit length 07 Pare T Pstwires — 70 4R
_ %Ikg: uoL L, = 0=2radian
l 2nd 1 1 1 1 1 1 1
5. By =Bpg +Bgs +Bgg + B = 2B, +2B
»a- b 1
e =2 X h>< a + a k
4n (b/2)|a? +b2  a? +b?

2. For equilibrium, the magnetic force must be repulsive
for the upper wire. Hence currents must be opposite in K, 1 { b b }

; +2 X — x +
each wire. 4n @/ 2)| a2 +b> al+b
3. Total mechanical energy changes due to displacement r 2
. K, I
from mean position. = |BO = naob Va® +b’

4. If P.E. due to M.F. is same, the P.E. due to gravity is  ¢. ﬁﬁ . (Lﬁ[ =gl =p, I, +L,+1,-1,—1)
different.
=p,(1+2+3-1-4)=p,
7. By, =B,.+B

1, 1[37:) TR | (1 1)
=——| —|+—F—=X| =+—F
4t R\ 2 4n(R/\/5) 2 2

—B,=3.35%x10 Te
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PHYSICS FOR JEE MAIN & ADVANCED

I
(L1, 1) smbg

LK
8. B,=—"-10 =
r 2r 3r 24 7r

47

9. F—quB—e[i]B =e [LJB
pe Ape

B 5x0.1
Ap 107 x10%

—5x10°N

10. (i) TInitial torque = |Nf x B| =MB sin90° = MB
Final torque =MB sin 0°=0

I
©

000
J000O0¢C
G boocoocC
O000O0OO0QC
0000/
A“00°r
1 2MB
(i) AKE;AU;EIQJ2 =MB, ©=\[——
DA
11. Magnetic moment
of the system T ez e
Adq (? ) qol’
:J- Ad1:‘[ —:jn 2 =
T 9 2n 6

1
12. Forwiremr+2r=@; 1= ——
T+2

M . ¢ M Inr? In( | )2
agnetic moment, = = =
£ 2 2\z+2

Torque on solenoid = MBsin6
=NIA B sin 30°
=1000%2x2x10 *x0.16x1/2=32x10 °Nm
(ii) Work done = AU

=MB (cos 0° — cos 90°)

=1000x 2 x2x10x0.16 x (1-0)

13. ()

=0.06417

14. (i) Magnetic moment, M =NIA

—2000x4x 1.6 10 =1.28 Am’
I I
(i) Torque, T=|M x B| = MB sin 0

L1
:1.28><7.5><102X5:0.048Nm
Force,F =0

I 15,

16.

18.

19.

20.

21.

Net force on electron
1 1 Iy
—1=4A eE+evxB=0 = §¥+V§XB:0

600

r
:>|B|: =
3x107 x2x10

I A
6:0.1TandB:—k

(i) Configurations AB, and AB, have zero force and
non—zero torques.

(ii) Potential energy of the configurations are
Ugp =0U, >0; U,y <05 U, =0
U, >0; Uy, >0
AB, and AB; are unstable and AB, and AB, are
stable configurations.

(iii) Configuration AB, has lower energy than
configuration AB; as magnetic field due to A
at B, is half of the magnitude of magnetic field
at B,.

Forceonarc=IxL ;x B=I (\/Z_R)B
where L, is the shortest length of the arc.

1 1

1 1
B = Bsmallcr arc + Bbiggcr arc + Bst. line

I/\ . N
_ 0= —— Y k+ “0 J_hl(ik_}_i]
4R 4 R\4 T

42R 44R

1 uolf( 1 uolf(

154 —iL(-DxBCK}=0 as(B=0)

+

F +F, =0

1r32 = iLPx B(—@: iLB ? =ia(aa) ? = ioca2§

-+ q .
i L+ v F= qv$>< B(—ﬁquB§
+ 1 1
i a F external -F= qVB (_%

24
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

22. Current I = pn_ ( pn no. of protons falling per sec)

Force, F=mvln =mv 1_mE [ E=VB]
e ¢B
23. For interval point :

. t bR ),
(i) B.2mr,=p, br@mrdr) = @

0

- B= Hobrl2

3

(ii) For external point :-

B2nr,= uof(br)(andr):B “OZbR

I

+atan30

Holy X

24. F=[LdxBsin0= [ Ldx

—atan60 zn\/az + Xz \/az + X2

a tan60°

HOI L wi"f

2 2
2n g, 2t +x

xdx

= hIl L1n3 (along—z axis)
4m

26. From work energy theoram :

WMF T Wgravity =AKE

mgl
= —AUy - AU, =0 = MB= —=

211
> <
27. Both particles collide after
completing semi-circle.
q,m,V V’m’q

Time to collide = I = 21tm - m
2¢B gB gB

I 28. FAT=m(v-u)

= ILBAt=m \2gh -0) = qLB= m1/2gh
10 !
= q=—-x2x10x3 x

1000 0.2x0.1

=q= Jis ¢
; '~II‘

B, 27 (2R) = pJnR” (K

T
B,.2nCR - b)= p,Jna’ (5

B= \/(BI -~ B, cosOy + (B, sin OY

_ (rIR
_JL :

wJRa> Y pJdat )
4R’? +bJ L2(4R +b2)J

r ) ~
30. Letv=vi+vj

We know \[vi +v; = v, ..(0)

o]
r r
qu({/XB)ZQVX v, 0
0

y

r_ Y 3% y
= ma =—(qB, (1 +E) v,i+jqv,B, [1 +E)

m(aXAi + ay}) =-qB,v, (1 + %j i+ qB, v, (1 +§)

24
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PHYSICS FOR JEE MAIN & ADVANCED

= ma_=-qBv, (1 +§j & ma  =qB,v, [1 +%]

dv
v dyy = qBOJVf) —Vi (l +%)

{By using equation (i)}

i Ga

1 1 1 1 1 1
31. (A) MxB+RxMg=0=|MxB|=RxMg|
mg

nryB? + B’

m
B) I= nr_ng (B, has no effect on torque)

= NIAxB=mgr = I=

32. m=1x10"kg
q=1.6x10"C
v=1.28x%x10°m/ s

=-102. 4 XY
m

B, =8 x107wb/ m’

Force by electric field

r r ~

F, =qE=1.6x10"" x102.4 x10° (k)N
; r L

Force by magnetic field= F_ = q(V X B)

=1.6x10™"" x1.28 x10°1x8 x1072jN

=1.6x10™"° x102.4 x10° KN

F, = —F,, {Tillt=6x 10 *sec}

Sotillt=5 x 10 ° sec it moves without deflection

So x coordinate=vt=1.28 x 10°x 5 x 10 °
=6.4m

So coordinate = (6.4 m, 0, 0)

After 2 sec E is switched off, so force on the particle is
due to magnetlc field which is towards +z axis.
t,=7.45 % 10° sec
=2.45x 10 " sec
27wm 2x3.14x107°

T= = - - =4.90x10 “sec
gB 1.6x107" x8x10

T
Sot,—t, = ?

So particle cover 2r distance in +z direction in circle So
z-coordinate

:2><m><V:2><10’26><1.28><106
qB 1.6 x107"7 x8x107

So coordinates = (6.4m, 0, 2m)

=zIm

33. (A) }13 atcentre= (B, ..~ B,..) (_1§§

@sin60)— o 1[2—“]}(—15

N
471 Rcos60 47 R\ 3

ol 3\/_ J(é

6aL i

aw 345 )

For charge particle-qvB=ma = a = J
6mal\ m

(B) T = Mx B = NIAx B
= {":I(gaz \Eazj B}

34. f=pN; N =mgcos6 + [®BcosO

.f  =(mg+1@B)sinO+f
=(mg + 1®B) sin 0+ p (mg cos 6 + 1®B cos 0)

3,3,
4 2

= f

ext

3
EX 0.1=0.75+0.13
=0.62Nor0.88N

35. Work done by external agent in rotating the conductor
in one full turn=F2nr=iLB,,
2nr Power =W.n=i@B(2nr)n
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

T
. oo LN
36. B 4B —4xto [ } 40. For vertical coil, ==1—L =B
centre AB ( ) \/‘ I v rl H
A, B s
2\ﬂu0 g 349X107x2x02
v 100 x4mwx10
*
wrex'a' = Bap T Bpe ¥+ Bep +Bpy D « c B,=3.49x 10°T
Z $=30° "
[ ] __[ L), oY 1g
47T,a 4T a 2 41 a v. B
B,=\8 B,
Bcemre 2\/_ -\E
B—— \/_ x4 =8:1
vertex uo IZNZ

. v = velocity parallel to 113 =v cos 60°

2 2
Pitch:xﬁXT:vcos60( "};n] - ”“}’;60 J2mk
€ [§

41.

0.1=
B 1.6x107"

— B=47x10"T

1
2“(5) ><\/2><9.1 %1021 %2 x10°

. For B to be zero at P, current in B should directed upward

“0 IA _ IB

-
11 11

I I I

I I
(i) B =B, +B,and (B, LB, |

S

N J(M_&] (1 30)
sTNEATE A Gn1e) Tani2
=13x10'T

(iii) Force per unit length on the wire B,

() B, =0=1,=3A

By LL ~2x107x9.6x3
2nt d 2

F= =2.88% 10 °N/m

4r R 47 R

. y

39. ]13cemre 2 |:h IX (NXZTC) — h Iy (Nyzn):|’i

=_16x10°1T

EAST

42.

For horizontal coil; =% =B, = ,=0.096 A

L

(i) Force on electron, evB = F

—1.6x10 " x4x10°xB=32x 10"
—~B=5x10 Tf—(§+ I] —1=4A
27 2

(ii) For 113 to be zero at R; the position of third wire

g, I 2x107x2.5
= —— = A 5 m
2n B 5%x107
For the coil
M
X

If the coil is turned through angle '0', the restoring
torque, —-MBsinf ; —MBO = la.

(-0%0)

ma’ ma’

o=

— _Ia’BO=

2n

/6IB
= 0=, — =—
m T

=T=2n, /% =0.57s (where a=side of square)
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

Bol

1. Magnetic field at the centre of the coil is R

_ M My 21

. B, = : B, =
AToRT TP 2(2R)

Hence B, 1
BB
2. Radius of the circular path in magnetic field,
_mv_Pp
qB gB
If momenta of two charged particles is same then

Ir oCc—

q

As electrons and protons have same charges; so their
radius of curvature will be same; though their sense of

rotation will be opposite.

3. Parallel currents attract and antiparallel currents repel
each other. If a current is made to pass through the
spring; the spring will compress as due to parallel

currents; the turns will attract each other.

4. Time period of a charge particle in a magnetic field is

T- 27Tm
qB

The time period is independent of radius or speed of the

charged particle.

r .
5. F= |i2 (d{ X B)| =1, (@(2 cose)j dl
4mr

_ Myli,dlcos®
- 2nr

I T
6. F=q ({/ X B) ; The force due to magnetic field is always

. r. T .
perpendicular v(ie. ds) ; hence this force can never do

the work on a charged particle.

7. For the charged particle to pass undeflected through a

1 1
cross E and B; the necessary condition is

11:=11~“E+11~“B:0 1.€., q1r5+q({/><lr3):0
or E=-(5xB)

If {,J_]lg then‘lzi‘ :‘{/IIB‘

E 10*
B=—= =103 Wb/m?2
A 10

lg.

10.

11.

13.

14.

W=U-U,=-MBcos60°—(—MBcos0)

MB MB
= > +MB:T:>MB=ZW

Torquezgzl\l/[x]lg = 1=MBsin60°

(3)
r=MB(§}:> T:(ZW)LgJ:\EW

Inside a bar magnet; magnetic lines of force run from
south to north pole.

No magnetic field is ever present at any point inside thin
walled current carrying tube.

B UL

centre of circular loop — 4r R
For a given length L = n2nR
L
R=——.(ii
n2m .

From equations (i) and (ii), we get

::l—oznm(n2n):>Bocn2
T

B, n? )
So, B—— 12 = szn Bi

When they are carrying current in same direction, they
attract each other with a force

Fo_ w210

1_47td

1

When the direction of current in one of the conductors
is reversed, the force will become repulsive with a value
F, 1, 202L)L E 2F r  2r

= ; F,=-=F
3, 3!

L I
, 4n 3d 1

1

Resistance of galvanometer

current sensitivity 10 _

5Q

¢ voltage sensitivity 2

As galvanometer is to be converted into a voltmeter of
range 1 x 150 =150V.
So resistance to be connected in series

= —5=10000-5=9995 Q

Voo 150
1

0,0
10
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

16.

17.

18.

19.

20.

21.

B = u_021t_11
4n R,

Magnetic induction due to a coil at its centre is along
the axis of the coil. When two coils are held perpendicular
to each other, their axes are also perpendicular to each
other, hence the magnetic induction will also be
perpendicular to each other, so B, at their common
centre will be

B =B’ +B?
2 LR
N thZ
4n R,

V32 +47 =5x105T

Mo 20 1o
= fi; +1i
4r R V7

=107 x

2n
2nx1072

The time taken by charged particle to complete circle will

be T=

qB

Magnetic needle kept in non-uniform field experiences
both force as well as torque.

In a parallel uniform electric and magnetic field , if a
charged particle is released then it experiences an electric
force due to which it moves in a straight line.

Bsolenoid = “onl

B, n,i, 100xi/3

B, ni  200xi

B, :i: 6.28 x107

=1.05x102T
6 6

Magnetic field at a point inside the straight long

. a . .
conductor at a distances 5 from its centre will be

obtained.

On applying Ampere's circulated law, we get

2
a 1 a
Blz“@ “—[5)

22.

23.

24.

Magnetic field at a point outside the conductor at a
distance 2a from the centre will be obtained as

B,[2n(2a)]=p,I

Mol
47a

B, =

2

...(ii)

L o . B,
On dividing equation (i) by (ii), we get B =1
2

As the thin walled pipe does not enclose any net current,
hence the net magnetic field at any point inside the thin
walled pipe will be zero, whereas for the outside points
it behaves as a straight long current carrying conductor.

When charged particle goes undeflected then
I s E
qEquXB:qEquB:VzE

These two forces must be opposite to each other if and

only if v s along 1Ex ]13

T T T T
k. EB ExB {/ ExB
S, — :> =
BB B? B?
D
y
L,
A l,_ B B =B +B

Let the point P is situated at 'd' from O outside the plane
of the paper

B, :r—;%[ll (-3)+1Li] = B, :;:d,/ﬁ +P

. The magnetic field can never produce a charge in the

speed of the charged particle, hence it can never produce
a change in kinetic energy.

Whereas it produces a change in velocity of the charged
particle by changing the direction of motion of charged
particle.

From this we can conclude that magnetic field cannot
produce a change in kinetic energy whereas it can
produce change in momentum of the charged particle.
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PHYSICS FOR JEE MAIN & ADVANCED

u_oi_4rcx10’7
2n R 4

26. B= =5x10" T southward

27. Ly

_ _H_J(LJ_H_J( n j
By =B, —-B,= 2a\6x2n) 2b\6x2xm

30. Net magnet field due to both elements
=2 (dB) cosO

Ko
2nR

1
dI cos® (here dl= —dl)
nR

Mo 1
—d
2R R O oS0

M 1 RdO cosO
2nR R

dB
2dB cos 0 0

e 0 .: G |

31. lr?:q[g+(£/x]r3)]
=q[3i+}+2f<+(3i+4]’+f<)><(Ai+]—3f<)}
=q[3§+}+2f<+(3§+4]‘+f<)X(Ai+3—3f<)}e

IF, |=11q

I 32, Magnetic moment of elements ring

r

. dq odA
dM = di x A:?Ttr2 =

T2

o x 4nridr
=TT X
2n

V2mK

qB

33. roc As K & B are constant

m
So roc —
q

R L
i+ L e

p dq

.. \/HTP.\/ZI% .V4mp
§ e e 2
1:\/5 1=

34. Magnetic field at the centre due to element ring

Iy =T, <1y

dB

_ u, di _u_o(dq] _ u,ods

2r  2r\NT/  2rT

o ( Q )(2nrdr): 1, Qdro

S 2r\nR*/ 21/ 0@ 7R’
R
1
B=“°szjdr=u°Q2mR=”°Qm:>Boc—
nR” 4 R R
B
SographT
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

35. 2 '

36. 1

_ Workdone  JFdx  [lIbB.dx
time t t

37. P

joz 10)3)3x 10~ e )dx
- 5x107

3 —02x P
= %[60—2} =l—e*]=2.9TW
X —VU.

0 4.

38. For equilibrium ¥ =0

F =MBsin0 fi

If, sin6=0; ¥ =0 s,

1 I
If angle between M and B is zero, then stable
equilibrium

1 1
Ifangle between M and B is 7, then unstable equilibrium
39. 4

40. For electromagnet & transformer hysteresis loss is less.

Part # 11 : IIT-JEE ADVANCED

1. Current, i = (frequency) (charge)

_|® _ae
[271) (©2s)) -

Magnetic moment

R?R 6.

(q,m) (q,m)

q
M= (i) (A)= (7] (nR?)=(quR?)
Angular momentum L =2In=2(mR?)w

M qoR’ g

L 2mR% o

2. Net magnetic field due to both the wires will be
downwards as shown in the figure.

Since, angle between vand B is 180°.
Therefore, magnetic force

F, =qWvxB)=0

The charged particle will be accelerated parallel (if it is a
positive charge) or antiparallel (ifit is a negative charge)
to the electric field, i.e., the charged particle will move
parallel or antiparallel to electric and magnetic field.
Therefore, net magnetic force on it will be zero and its
path will be a straight line.

Total magnetic flux passing through whole of the X-Y
palne will be zero, because magnetic lines from a closed
loop. So, as many lines will move in—Z direction same will
return to +Z direction from the X-Y plane.

H, =Magnetic field at M due to PQ + Magnetic field at M

due to QR. But magnetic field at M due to

QR=0

.. Magnetic field at M due to PQ (or due to current I in
PQ)=H,

Now H, = 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

1 3
= Hl + — + O = _Hl
2
H, 2
= — ==
H, 3
We can write

1 I A

E=Eiand B = Bk
Velocity of the particle will be along q. E direction.
Therefore, we can write {; = AqEAi

In ]15, ]§ and v, A, Eand B are positive constants while q

can be positive or negative.
Now, magnetic force on the particle will be
Fu = a®v x B) = qlAqEl} x BK)
= q*AEB( x k)
F, = q’AEB(-})
Since, ﬁm is along negative y-axis, no matter what is the

sign of charge q. Therefore, all ions will deflect towards
negative y-direction.
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7.

Ratio of magnetic moment and angular momentum is I'10. Consider an element of thickness dr at a distance r form

e b M
iven —_— = —
& v L 2m

which is a function of q and m only. This can be derived as
follows :

) , ) qor?
M=iA=(qf). (nr)’=(q) o ()=
T 2
and L=Io=(mr’®)
or?
oM 95 g
"L mrle 2m

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.

J’/k‘\‘\ p
4 B & T
N ? l

> 5 B

Now, let us come to the problem.

Magnetic fieldat 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.

s

X

= ® X
C B
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.

>@®

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

¢ K
» A ?P(a,O,a) JA
D Bie & [ ’
P/
«
A > F

Magnetic field due to loop ABCDA will be along 1 and

due to loop AFEBA, along k. Magnitude of magnetic
field due to both the loops will be equal. Therefore

1. -«
direction of resultant magnetic field at P will be ) i+k)

11.

12.

13.

14.

the centre. The number of turns in this element,

N
dN:( jdr
b-a

Magnetic field due to this element
at the centre of'the coil will be-

)

iy

Ho(dN)I H()I N dr
~2r 2 b-a'r

r=b NI b
. B = .[dB :HO—IH(_)
o e 2(b —a) a

dB

mv
Radius of the circle= —
Bq

or radius oc mv if B and q are same.

(Radius), > (Radivs), . m,v, > m_ v,

Magnetic field at P is B , perpendicular to OP in the
direction shown in figure. .

L . % A e P
So, B=Bsin01—-Bcosj ; _ [;)%\ﬁ

» X

I
Here, B= H_o
2nr

. y X
sin@= — and cos® = —
T T

r 1. I(yi — xj
B:u_0_2y1_x§)_“0(y J)

= —————(asrP=x’+y’
27 r 2m(x? +y2)( ¥)

Magnetic lines form closed loop. Inside magnet these are
directed from south to north pole.

If (b—a) > r (r=radius of circular path of particle)
The particle cannot enter the region X >b

So, to enter intheregionx>b r>(b—a)
mv qb — a)B

>—>b-a)=V>——
Bq m

. Electric field can deviate the path of the particle in the

shown direction only when it is along negative y-
direction. In the given options ]15 is either zero or along x-

direction. Hence, it is the magnetic field which is really
responsible for its curved path. Options (a) and (c) cannot
be accepted as the path will be helix in that case (when the
velocity vector makes an angle other than 0°, 180° or 90°
with the magnetic field, path is a helix) option (d) is wrong
because in that case component of net force on the
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

16.

17.

18.

19.

20.

. Lo . . . I
particle also 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 x-y plane.

Inoption(d): F,,, = qE + q({l x B)

Initial velocity is along x-direction. So, let L vi
© Fp = qal + ) x (ck + b))

= qui - qvc}' + qu1A<

Inoption (b):

lgnet = q(ai) + q[(vAi) X (c1A< + aAi)] = qui - qvc]

Net force on a current carrying loop in uniform magnetic
field is zero. Hence, the loop cannot translate. So, options
(c) and (d) are wrong. From Fleming's left hand rule we can
see that if magnetic field is perpendicular to paper
inwards and current in the loop is closkwise (as shown)

1
the magnetic force F,, on each element of the loop is

radially outwards, or the loops will have a tendency to
expand.

vhe:
A

U =-MB=-MB cos0

1
Here, M = magnetic moment of the loop

0 = angle between M and B
U is maximum when 6 = 180° and minimum when 6 = 0°.
So, as 0 decrease from 180° to 0° its PE also decreases.

Magnetic force does not change the speed of charged
particle. Hence, v=u. Further magnetic field on the
electron in the given condition is along negative y-axis
in the starting Or it describes a circular path in clockwise
direction. Hence, when it exits from the field, y <O0.

F, = q(v x B)
FBA:O,

because magnetic lines are parallel to this wire.
1
Fop =0,

because magnetic lines are antiparallel to this wire.
1

F

perpendicular to paper inwards. These two forces
(although calculated by integration) cancel each other

1
o 18 perpendicular to paper outwards and F, is

24.

but produce a torque which tend to rotate the loop in

clockwise direction about an axis OO'.
mV

. Radius of circular path of charged particle R = B
q

Particle enters region [IllifR>® = S >1

qB
Path length in region II is maximum is
1B
R=0=V= a®
m
: . . T mm
Time spentinregion [l t= — = —
2 qB
. (O

1 I T I
. By direction of F from equation F =q(v><B)

Magnetic field is in —z direction

30 o
4m/s
300 ey
AF
M
_‘,Q - >4m/s
x=0 x=L
) 0 n/ 6 Mn
Time= — = =
o QB/M 6QB
Mn 50TM
=B = — =
6Q(10x107)  3Q
AD

1
. Ifmagnetic field is uniform, then we can define L (length

vector) for whole of the wire.

1
|L| =2(L+R)
1 1 1
Net force on wire willbe F =i (L x B)
1 1 1 1 L
if L L B,then F=i|L| |B|=2i(L+R)B

1 1 1
if L||B,then F=0

Comprehension#1

1.

If B,> B, critical temperature, (at which resistance of
semiconductors abrupt becomes zero) in case 2 will be
less than compared to case 1.
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2. With increase in temperature, T, is decreasing.
T.(0)=100K
T.=75KatB=75T

Hence, at B= 5T, T should line between 75 K and 100
K.

Comprehension#2
. . RdB BR
1. induce electric field = ——=—
2 dt 2
BR* [ -
torque on charge = QT(—k)
E E
[ r
dL
vicy = ! Q
r BR? [ -
aL =R (5) ; !
2
Change magnetic dipole moment = yAt
BR® [ -
YQBR (_§)
. . . BR
2. Magnitude of induced electric ﬁeld:§%3:7
Comprehension#3
1. 4000v$ E= g%é iv V1 E= éég izoov
step up step down
v 10

for st transf =
or step up transformer -

—_

=V =40,000 Volt
for step down transformere

N
_lzlzwzzoo
N, 200 200

2. Current in transmission line

_ Power 600 x10°
Voltage 40,000

Resistance of line = 0.4 x 20 = 8Q)
Power loss in line = i’R = (150)?8= 180 KW

percentage of power dissipation in during transmission

=150A

3
_ 18010 100 =30%
600 x10
Comprehension#4
1 E=qV B V*E*L
’ aETAV, B = i B wB

I[=neAV,
Now,[ =1L =A V4 =A, Yy,

Vi \&)

=>w, d2 w,B =W, d2 w,B

=d,V,=d,V,d =2d,=V,=2V d =d,
=V, =V,

n =n
1w, B, 2 w,B,

IfB1 =B, then nV,=nV,

Match the column
4. (P)

0}

©

(A) All electric field vector at an angle of 120°
.. electric field at centre is zero.
Individually due to +ve and (—ve) charge

(B) Electric potential due to negative charges and
positive charges is equal therefore it is zero

(C) On rotating the hexagon current in the loop becomes
Zero

- magnetic field at the centre is zero
(D) As current in the whole loop iz zero therefore

magnetic moment is zero
+ - + - +|- + - +

(Q) p ‘

(A) Electric field will be non zero due combination of
two charge electric field is additive in nature

(B) Electric potential due to negative charges and
positive charges is equal therefore its potential
is zero

(C) On rotating about the axis current is zero magnetic
field is zero [+ total charge is zero]

(D) Magnetic moment due to rod is zero
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

R®)

(A) Same charges are spread at an Angle of 120°

therefore electric field at centre is zero

(B) Electric potential due to negative charges and
positive charges is not equal therefore it is

non-zero

(C) Current in the individual loop is non zero therefore

magnetic field is non zero

(D) As current is non zero magnetic moment will be non

Z€1o

)

(A) Electric field at the centre due to symmetrical

distribution is zero

(B) Electric potential due to negative charges and
positive charges is not equal therefore its potential

is non-zero

(C) Current non-zero

(D) As current is non-zero magnetic moment is also non-

Z€1o

M

(A) Electric field at M is additive therefore it is non-zero

(B) Electric potential due to negative charges and
positive charges is equal therefore its potential is

Z€1o

(C) Current is zero because summation of charge is zero

Magnetic field is zero
(D) As current is zero magnetic moment is also zero
Subjective
1. Magnetic moment of the loop,
I A A
M = (iAk = (L2 )k
Magnetic field,

. \ . B, .
B = (Bcos45°)i + (Bsin45°)j = f(i +79)

. Magnetic field is non-zero

(i) Torque acting on the loop,

T
T

M x B = (,12k) x {EG + 3)}
NG

I,I’B
2

(ii) Axis of rotating coincides with the torque and since

G-1=| /= LI’B

an

torque is in 3 — 7 direction or parallel to QS. Therefore,

the loop will rotate about an axis passing through Q and S
as shown in the figure.

NZ
S 7R
[— — X
P Q
1
: | 7|
Angular acceleration, a = BE

where [ = moment of inertia of loop about QS.
It =1, (From theorem of perpendicular axis)
But I =1,

4 2 2 2
2=, =3 ML= I, = T ML

Qs 77
r 2

| ] I,I’B 31,B

g =———=—— = ——

I 2/3ML? 2 M

Angle by which the frame roates in time At is

6=~ (A = 6= —22 (g
= S a(AP = 0= 7= (A)

L
a0 —120° ind =
(1)0=30° = sin R

mVO
Here, R =
Boq
) L
©. sin30° =
mv
Boq
1 ByqL mv
= — = s L=
mv, 2Byq
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(ii) In part (i)

= L=R2

| =

L
sin30° = E =

2.1
NowwhenL'=2.1L = TR = L'>R

Therefore, deviation of the particle is 6=180° is as shown

r A T m
LV = —Vol = v anthB:T/2

- Boq
3. (i) Magnetic field (]13) at the origin =magnetic field due to
semicircle KLM + Magnetic field due to other semicircle

I HOI 2 MOIA.
KNM .. B = —(-1) + —
AR TC

r L. wl, »
B=01, s Hon )
aR' 4R T AR

.. Magnetic force acting on the particle

. PO 1
F=q(bxB)=alevohx (i + j)}:‘—"R

r Vol ~
F _HOQOk
4R

(i) FKLM = FKNM = FKM

And Fgy = BIQR) =2BIR ]
F, = F, = 2BIR]
Total force on the loop, ﬁ = 11:1 4 11:2 = ﬁ = 4BIR]

1 1 I »
Then, Fype =F,¢ or |FADC| = i(AC)B

4. (i) Given:i=10A,r,=0.08mand r, = 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 outwards or vertically upwards and its
magnitude is
B=B

inner arcs

1 Mol 1 | poi _(H_o] 6 +1n)
5{2—}5{2—} ) ™\ )

Substituting the values, we have

outer arcs

(1077X3.14X10X0.08 + 0.12)
B 0.08 x 0.12)

B=6.54 x 107 T (Vertically upward or outward normal to
the paper)

(ii) Force on AC
Force on circular portions of the circuiti.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=10A. Magnetic field at P
due to central wire, B = H—Oi

T X

.. Magnetic force on element dx due to this magnetic field

1 dx
dF = (i) (“—0.—] dx = (“—0) P
2n X 2n X
(F=1@Bsin 90°)
Therefore, net force on CD is-

X=T; 2 0.12
g i dx 3
F = j gp = Bl [ izln(—]

. 2n 0o X 2n 2

Substituting the values,

F=(2x107)(10)* @n(1.5) or

F= 8.1 x 10°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 direciton. 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.

(ii) Force onarc AC=0

(iii) Force on segment CD is 8.1 x 10° N (inwards).

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

24
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The magnetic moment of the given loop is :

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

gl = K/I X é
= (~labk) x 31 x 4k)B,i = —3IabB]
Torque of weight of the loop about axis PQ is :

r r 1 a A.j .~ mga.,
= =|—1] x (-mgk) =
o= fxF (2 (-mgk) = —=]
We see that when the current in the wire PQ is from P to

1 1 . . . .
Q, 1, and t, areinopposite direction, so they can cancel

each other and the loop may remain in equilibrium. So, the
direction of current I in wire PQ is from P to Q. Further for

equilibrium oftheloop: ~ [t,| = [t,| = 31abB,
mga mg
-— ==
2 6bB,

(ii) Magnetic force on wire RS is :

F = 1(1x B) = 1[(-b}) x {31 + 4k)B, } ]
r A ~
F = IbB, (3k - 4j)

mg
Inequilibrium, 2T =mg =T = > ()]

)
Magnetic moment, M =iA = (2— Q] (nR2)
n

oBQR?
2

Let T and T, be the tensions in the two strings when
magnetic field is switched on (T, >T,).

For translational equilibrium of ring is vertical direction,
T, +T,=mg....(i0)

For rotational equilibrium,

T = MBsin90° =

oBQR?

D
(TI_TZ)E =T= )

®BQR®
=>T-T,= s ... (iii)

Solving equations (ii) and (iii), we have

mg ®BQR?
T =y —
2 2D

AsT >T, and maximum values of T ,can be

3T, 3T, ®pma BOR? [mg ]
—,wehave — =Ty + —— | — = T
2 2 0 2D 2 0
DT,
0) =
'max BQR2
\2qvm m
r = E RN
Bq q

b [m q_a_\ﬁﬁ_L
I, m, \ qp 4 V1 /4

(i) t=MB=ki (6=90°)
L _MB_ (NiAg
T T -

(ii) t=k. 6 = BiNA (k =Torsional constant)

=NBA

2BiNA
k =

(as0=m/2)

t t
(i) t=BiNA = [tdt = BNA[idt
0 0

BNAQ

=Ilo=BNAQ= o = I

At maximum deflection whole kinetic energy (rotational)
will be converted into potential energy of spring. Hence,

1 1
— o = — k0?
2 2 max
o BNnA
Substituting the values, we get 0,,,, = Q 71
i
B= 4”;d (sin 37+ sin 53)
L {7 } 53°
(12 |5
4 T [? TC] 3x
37°
7H0i 53° 37°
P o il k= 4x
48 tx = 7
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L Hol . . B Hol =
B, = ———<(sin0°+sin45°)] = ———]
e 4n1(1j( W=

Similarly due to FA :
1. b ]13 Hol 2
= i
S NGY|
. . . . i| 1 1 2 |
Disc behaves like made up of coils arranged in a Hence 113PABC = M—Ol{—+—+£} 1
plane in which current is flowing in anti-clockwise ml 2\/5 2\/5 2
direction. )
Hence, the field at A is directed into the page. Hence }‘3 _ \/5“01 ( 3 )
(A). FABC ml
L r.r L 1 q£ Similarly due to CDEF:
2. B=-"—9q— and E-= 3
4n r 4n So I 1 \/Euoi 2 1 \/Euoi N
r 1 BCDEF: ml (1) :Bnet: ml (1+J)
1 T vxE
B=p,&, (vxE) = — :
c 5. Let us compute the magnetic field due to any one
segment :
3. Since
L 3 {IX ¥' r I i
B:—Oq 3=, VXTI must be same /
4n  r
I, P o
where v = velocity of charge with respect to observer g o Ja
Let A and B are the observers %Q S \
then  (ro— b )xk = (o —bg)xh P
or (Vo —vg)xt=0 or (v, —vg)|lT ‘
B= — Pl (cos0° +cos(180—a))
4. Due to FABC the magnetic field at O is along 4n(dsina)
y — axis and due to CDEF the magnetic field is along ; ; o
X—axis . = “—O.(l—cosa) - Mol n &
o 4n(dsina) 4nd 2
Hence the field will be of the form A [ i+] | Resultant field will b
esultant field will be :
Calculating field due to FABC : ) )
due to AB : Hol Kol
B =2B=—_—tan— k=—"-
. 7 i net 2nd 2 2nd
— Hol : o : oy T _ Hoo %
Bug = (sin45° +sin45°) j = 2 J
47{ T ) 2ml 6. B,=0  B,=0
2 I 2 r 1
B, = Mol [cos45°(—1)+cos45°k] = Boo 545
4ma~2 8na
C < B .y
.y rl4 1 o; L . Pl 20
O 1 /2 ) >X N s ‘
~,\~ 7 : Cengeees ,LB
~ K‘ I o .
Y N A(_ parallel to 'y' axis
Fe — 5 A A:
vupto o
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MAGNETIC EFFECT OF CURRENT AND MAGNETISM

0
0 »
7 A 90°"
I e
(0,0): (a,0)
B= 201 (Gin90+sin(-0)) = 2% L (1 -sin0)
41 a 47 a

Mo i

b
=2 |l
4n a [ \/a2+b2j
8. Magnetic field strength at P due to I,

-7

1 A A A

B, = Mol g 4mx10 ka =(4x10°T)k
2n(AP) 2nx1x10™

Magnetic field strength at P due the I,

Lo mly v 4mx1077x35

= =(3x10°T)]
> 2n(BP) axzxio2) ¢ )

Hence, B=(x10°T)] +(@4x10°T)k

9. By symmetry, the magnetic field at the centre P is
Zero.

10, R Bl =#o Gy +is+iy—i9) = (i, + iy [sinee for
ABCDA

the given direction of circumlation i, entering at PSTU is
positive while i, at PQRS is negative]

Alternate solution

N Ba = NBa+ N BA i+,

ABCDA ABCA CDAC
=po (4 + 12)

11. From ampere's law, the field at the axis is zero.

From x = zero to R , the field increases linearly as the
current enclosed increases.

From x = R, to R, and from x = R, to R;, the field
decreases hyperbolicaly but with different slopes as
the media are different.

Hence the required graph is

t |

1
1
B ; \
1
1

|
1
I
|
:
|
R, R R

12. F=q[v(-D]*B({)]=0
Because B as well as v is are along axis of circular
loop.

13. Electromagnetic force will provide the necessary

centripetal force.

2

mv
eBv =
r
9
X X X
or TR %
X )4 X
N \\ \\\\
mv v 2ad)(B
:>r:—:—:—( )B) =2d

eB Ba (Ba)

i.e. the electron will move out after travelling on a
semicircular path of radius r = 2d.
Hence (B)

14. As the magnetic field is along the x-axis, the magnetic
force will be along () z-axis fromt=0to t=T and
along (+)ve z-axis fromt =T to t=2T,.

y
V,Sind
0 o v
/ > > X
/7 V,C0s0,
///
Kz
To
Fort=0 tot=T, :—Att:7;
-Z
y 2)

centre

(Vycos0)T,
2

x-coordinate =

P
- 70 (Since pitch =P = (V cos0)T,)

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

24
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15.

16.

3T,
Similarly at t = TO ;

. P
coordinates are (370 ,0,2 RO]

Hence (B) is correct.

Note : z-coordinate will be + 2R , because fromt =T

1
to t = 2T, direction of B changes.

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

Hence (C) is also correct.

Hence only (D) is incorrect.
The point charge moves in circle as shown in figure.
The magnetic field vectors at a point P on axis of circle

1 1
are B, and By at the instants the point charge is at A

and C respectively as shown in the figure.

- = d
B B
A I8 5} C
AN
/ \

/ \

/ \

/ \

/ \

/ \
/ _.__<\\
. <
Al e
\__>,—

Hence as the particles rotates in circle, only magnitude
of magnetic field remains constant at the point on axis P
but its direction changes.

Alternate solution

The magnetic field at point on the axis due to charged
particle moving along a circular path is given by

r r
Ho qvXTr
4 3

It can be seen that he magnitude of the magnetic field at
an point on the axis remains constant. But the direction
of the of the field keeps on changing.

Point A shall record zero magnetic field (due to a-particle)
when the o-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/N\60° 2R A
60°
Q
_12n _2m
t= 3 o or o= 3t
17.
i 2i 2i 2i i
A X = A | + ¥
< <
2i 2i
(A) (B)

force in figure (A) is zero, and force in figure (B) =1 ® B.

18. The particle will move in a non-uniform helical path
with increasing pitch as shown below:

X|r7r7r7(—7(\
VA VALV ARV VNG

Its time period will be :

2mm

qB
Changing the view, the particle is seemed to move in
a circular path in (x — z) plane as below

T= = 271 seconds

X

0o

o)

After n-seconds the particle will be at point 'P', hence
x coordinate will be 0
For linear motion along y-direction.

y(m)= 0(n>+%ﬂ(n)2
m

2
y(m) = “7 and OP =2

2
Hence the coordinate 0»?72 .

24

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141
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19. The centre will be at 'C' as shown :

1y ® B=1T
7/
/
7/
7/
)\ » X
(-3, —1)/ 6030
\
“C
\,

Coordinates of the centre are (r c0os60, — r sin609)

. . mv  1x1
where r =radius of circle= — = — =

Bq Ix1
(1 B
Le. | —,——
2 2

20

®B

21.

Hence (B).

22. After two and half time periods, it is at a distance 2R |
on the negative z-axis. y-coordinate will be zero
And the x-coordinate =2.5 P .

i.e.itis atadistance 7.5 P from the mirror, hence its
image willbeat2(7.5P ) +2.5P =17.5P.

Hence (C).
I,L’B -

\/E (J_l)

A

1 A
T= 1{1><BS = IOL2k><(

lihliﬂ_
V2 2

fra - 0L ot

24. dt dt

N—ijdl =_RA , 4B
y T AT Gt
det =_ R de —RureB=Iw

B
= 1B =mreo = o= £~
2nr 2m

26.

27.

Initially

1 1
12N=1.(1xB) {
In the given condition —

1
= [—— in0 = =
F Sin0 Bsin0=IAB=12N | .

Force on wire is :
F=Ix16xB
but 1.2=1x20xB

096N | downward

Magnetic field at 'P' due to wires (1) and (2) is :

_ MOI + “OI (y/'}\
' 2n(xsina) 2m(xsina) AR

2u,l
= ————— (outofthepaper) — |
2n(xsina) '

Now if a current of is flowing in the third wire

smao
then the magnetic field due to the same will be :
21
B,- ﬂ( : j  which will cancel B, if it is out of
2nx \ sino

21
paper which is possible if the current S o in the

third wire is from right to left.
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28. Atadistance x consider small element of width dx.
Magnetic moment of the small element is :

dx

—_ |

dm = X
27
1/2 ) 2
M= I @xzdx,M: gol” _ gnfl
24 12
-1/2
Lol . .
29. (A)B= (sin 90° +sin 135°)
4. —
V2
1
= ”_0(\/5_1)
4R

30. Let the current density in complete left cylinder is J ,

then current density in complete right cylinder is — J.
Then magnetic field at any point P in the region of

overlap is
1 1L uu L um
B:“TO J><AP+“7°(—J>< P)

Therefore magnitude of field at any point in region of
overlap is = %Jd and its direction is along positive

y-direction at any point P in overlap region.

| ;
31. B = 4 Ho

due to first loop iy

22pi
[ cos45°+cos4s® 1= _aHo
T

Mol \\

32. B= d(sin61+sin92) \

Al \
B 10'7x100{\ﬂ§ 1} \

\/g -1 2 2 :\ o ~ \\\
=5x10"°T %@#360—30)"
(3=1)m
. . R R).
33. The magnitude of magnetic field at P 5, Y, E is
B= BolT _ Mol
2 27R?
unit vector in direction
of magnetic field is
~i-k
B=1-=
2
1 v i A z
B=BB=-—"(i-k
4mR ( )

34. (A)

35. The resultant magnetic dipole moment of toroid is zero.
d ﬁ of' small parts of toroid turn along a circle and hence

there resultant is zero.
Torque acting on it is zero.

|
|
|
|
| R, (distance from axis)

B ar B a-—.
in oul r

Alternate Solution

B (inside the conductor) or
: 1 B* 1

B (outside the conductor) o — . u= — 00—

r 2}10 T
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37.

38.

39.

40.

Consider a ring of radius x and thickness dx.

. C ®
Equivalent current in this ring = gy x charge on
T

ring = 23 X (2 mx dx)
T

TR2 dx
dB (due to this ring) =
Ho E_ZXQdX
2x \2n R?
R
po [HO Qo0 o0
o 2n R 7 2nR? 27R
30°
Arc AB=—r1 = mmVy
3 3gqB

o [Ij(nj T mm
Time't=| — || = [=—= ——.
2n)\3) 6 3qB

The particle will move along an arc which is part of a
circle of radius =

C

t
r=— IF‘
v

From the figure we can see
r=R

nr/2 _ mr

rV
3
L R= i T= =72 > r=R=

Bq’ v 2v Bq

Tm

©T=38g

For cylinder ;
Bolr
27R? ’
We can consider the given cylinder as a combination
of two cylinders. One of radius 'R' carrying current |

Mol
2nr

= ;r>a

. w . . R .
in one direction and other of radius — carrying

I . . .
current g in both directions.

41.

42.

43.

44.

46.

. Mo (I/3) Mol
At tA: B= +0=
potn 21(R/2) 3R
41 R I
AtpointB:B:& /3 —|+0= Ho
2 zR?* J\ 2 3nR

The magnitude of magnetic force on charged particle
undergoing uniform circular motion in uniform magnetic
field is

F=qvB
.. If v is doubled keeping q and B constant, the force
F just doubles. Hence statement 1 is false.

Both statements are correct, but statement 2 is not a
correct explanation of statement 1.

Solenoid tends to contract because the current in all the
circular turns is in same direction. Hence all turns( can
be assumed as a ring) attract each other.

The current through solid metallic cylinder also produces
magnetic field inside the cylinder. Hence statement-1 is
false

. Intriangle PMC C
MP
c0s53°= — —
MC 4-R P
4
i R VI\;I
5 4-R R 539
12=8R T A B

R= % m (R is the maximum radius of half—circle)

_ MUy,

qB
=3 m/s.

X

max
= U
ma:

mu

R= q_B =24m

Let, ZMPQ=6
By geometry,
ZCPO=(37-6)
In ACPO
ocC OP
sin(ZCPO) ~ sin(ZPCO)
20 24
sin(37°—0) ~ sin(180°—-37°)
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47.

48.

49.

5 _ 5x6
sin(37°-0) = 3

(70— + = = L&
sin(37°— )—2 = =130

qB T
=— = m®=2rad/sec. = t= ——sec.
(0] m (0] rad/sec 360 sec

rad.

Inside the cylinder

Lo
B.2nrfu0.w?nr

) \
outside the cylinder ! :
B2nr=pl ' 1

1
Inside cylinder B oc r and outside B oc —
r

So from surface nature of mag field changes.
Hence it is clear from the graph that wire 'c' has greatest
radius.

Magnitude of mag field is maximum at the surface of
wire 'a’.
Inside the wire

_ Mo T
B(r)= 2 R2 I

4B _py T

dr  2n R
. I
i.e. slope oc —

nR
oc current density

It can be seen that slope of curve for wire a is greater
than wire c.

. Since there is no current passing through circular path,

1 1
the integral ﬁB -dl along the dotted circle is zero.

. Let segment OB =OC and arc BC is a circular arc with

centre at origin. Since the shown closed path ABCA
encloses no current, the path integral of magnetic field
over this path is zero.

/\y

-
.

%
9: L yx

A”

7

_B~‘
¥
C

—10

+ .
’

-~

52.

W
w

By wmw Bu
ncncojB-dl :jB.dl -
A C

o un

Bu w Cu wm
Hence J‘B’d1+J‘Bodl+ B-dl =
A B

O —>

Because B is perpendicular to segment AC at all points

A w
, therefore jB-dl =0.
C

BIOB®) I 1

=% tan"' =
2n OB 2n

Consider two points P and Q lying on dotted circle and
equidistant from origin O. We draw a circular arc QP
with centre at origin O. The path integral of magnetic

field, that is, f }13(11 along the dotted circle between
two points P and Q is also is equal to path integral

jB -dl along the arc QP whose centre is at origin.

Therefore the path integral of magnetic field I }13 . di
along the dotted circle between two points P and Q

_HIOPO) gl
~2n OP 2n

-7
>
N
x

The value of 6 will be maximum when chord OQ and
chord OP will be tangent to the dotted circle, that is, 0 =

I
Hence the required maximum value = % .
. R=mv/qB
Rg>R,

and R, = R, (in opposite sensea)
and R, is smallest

A Bp ©q O)r

. Work done by magnetic force on the charge = 0 in

any part of its motion.
. 'S'is matching for all parts (i), (ii), (iii), (iv)

Forloop 1 X1 =—i+i—-i=—-i .. ﬁ]l_%dll = po(-)

~ KBl = o)

Forloop2 ZI =i —i+i=i

24
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n
W

Forloop3 ZI =-i—i+i=-i

RBal = 1)

(Note : That current will be taken as positive which
produces lines of magnetic field in the same sense in

Forloop4 X1 =+i+i—i=+i

which ] is taken)

. The magnetic field is along negative y-direction in case

A,Band C

Hence z-component of magnetic field is zero in all cases.
Ho 1t
4

ntd

i
The magnetic field at P is less than %E for all cases.

The magnetic field at P is for case (1)

56. (A) Because the magnetic field is parallel to

x-axis,the force on wire parallel to x-axis is zero.

i
The force on each wire parallel to y-axis is B 5 o,

Hence net force on loop is B i®. Since force on
each wire parallel to y-axis passes through
centre of the loop net torque about centre of the
loop is zero.

(B)

Because the magnetic field is parallel to y-axis, the
force on wire parallel to y-axis is zero. The force on

i
each wire parallel to x-axisis B 5 ®. Hence net force

onloop is B i®. Since force on each wire parallel to
x-axis passes through centre of the loop, net torque
about centre of the loop is zero.

(C) Since net displacement of current from entry point
in the loop to exit point in the loop is along the
diagonal of the loop.The direction of external uni
form magnetic field is also along the same diago
nal. Hence net force on the loop is zero. Since force
on each wire on the loop passes through centre of

the loop net torque about centre of the loop is zero.

D)

The net displacement of current from entry point in
the loop to exit point in the loop is along the

diagonal ( of length \E @) of the loop.The diretion

of external uniform magnetic field is also
perpendicular to the same diagonal. Hence
magnitude of net force on the loop is B i( \/5 e )
Since force on each wire on the loop passes through
centre of the loop net torque about centre of the
loop is zero.

60.

J Ot . | 1 1 11
NBdl =1o(=)  57. F=qE+q(VxB)

If u=0 s ]13:BX1 and 113=Ey3

then charge particle will start to move in y-direction

due to electric field and as it aquires velocity it

will experience force due to magnetic field and will

move in a cycloid path. Similarly, one can find path

for other cases.

(A) If By:BZ:EX:EZ:O;uZOthenpathis
cycloid.

(B)If E=0,uB + uB #-uB, then path is helix
with uniform pitch and constant radius or
straight line.

I 1
(O)If lI:lXB =0, 1r1xE =0 then path is straight line.

(D) If 1r1J_]13, ]13\|113 then path is helix with variable

pitch and constant radius.

. Electric fieldat P is Q
Qx
FN 4ne, (xz+r2)3/2 X P
Magnetic field at P is
n,  2mir? n, 2mQ* fir?

'S 4n ()(2-|-r2)3/2 a

f= frequency of revolution.
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Electric energy density = ESOEZ ; Magnetic
2
energy density ——
2,
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Electric energy density ESOE _ E’
magnetic energy density Bi2 ¢’B?
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x* ¢’ 9
= 47'(,2 f2 r4 = Tc_z x 1010 =9.1%x109

Torque of magnetic force about PQ
Tm =(LB)L cos6=1L*B cosb

Torque of gravitational force about PQ

()

Tg =[(AL) gL sin@+2(AL) g (1/2) L sin0]
=2AL2gsin® e (D)

B 1043x2
2hg 2x43x10

Ty = Tg = tanb=

= 0=45°
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