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ELECTROMAGNETIC THEORY
NET/JRF-(JUNE-2011)

Q1. The electrostatic potential ¥(x, y) in free space in a region where the charge density p is

zero is given byV(x,y)= 4 +f(x)—3y2. Given that the x-component of the electric

field £,, and V are zero at the origin, f'(x) is

(@) 3x* —4e* +8x (b) 3x% —4e* +16x
(c) 4e* -8 (d) 3x* —4e*
Ans. : (d)

Solution: ¥ = 4e** + f(x)—3y°. Since p=0= V¥ =0 =16e> + f"(x)-6=0.
Since £, =0 atorigin= £ =-VV = E, = —[8¢* + f/(x)]
E,(0,0)=-[8+ "(0)]=0= '(0)=-8.
Since ¥(0,0)=0=4+ f(0)=0= f(0)=—4
Solve equation 16e** + f"(x)-6=0= f"(x)=6-16e* = f'(x)=6x—8e* +¢,, since
£'(0)=-8+¢,=-8=¢,=0.
Again Integrate f'(x)=6x—8¢* = f(x)=3x> —4¢* +c,
since f(0)=-4+c,=—4=>c,=0.Thus f(x)=3x>—4e™
Q2.  For constant uniform electric and magnetic field £ = £, and B = By, it is possible to

choose a gauge such that the scalar potential ¢ and vector potential 4 are given by

(a)¢=0and2:%(§0x17) (b)¢:—EO-Fand;1:%(EOxF)
(c) ¢=—E,-7 and A=0 (d) p=0and A=—E,t
Ans.: (a)

Solution: Let E = E,(X+ 7 +2) and B = B, (% + y + Z) since they are constant vector.

o¢

Lorentz Gauge condition is V- 4 = — ¢, r

{sinceéx?:BO(Z—y))?—BO(z—x))?+B0(y—x)2}
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Q3.

ADnS. :

(a)%:Oand V-A4=0 (b)%;so, and V-4=0
ot ot
(C)%?&Oand V-A=0 (d)%anndVZl;tO

A plane electromagnetic wave is propagating in a lossless dielectric. The electric field is
given by

E(x,y,z,t):EO()2+A2)exp[iko{—ct+(x+ 32)”,
where ¢ is the speed of light in vacuum, E;, 4 and k, are constant and x and z are

unit vectors along the x - and z -axes. The relative dielectric constant of the medium ¢,

and the constant 4 are

(@ &, =4 and Az—l (b) £, =4 and A=+i

7 N
€) e, =4 and 4=+/3 (d) e =4 and 4=—/3
(@)

Solution: E(x,y,z,t)= E, (% + 42)explik, {— ct + (x + \/§z)}J

Q4.

ADnS. :

Comparing with term P Ny ky (fc + \/52) and @ = k,c .

] 0] k.c
Since v=—= 0

ko Jk?+3k?

Since %-ﬁ:0:>ko(fc+\/§2)-(fc+A2)=O:>k0(1+A\/§):0:>A:—

— £ = Refractive index n=./z, =2 = ¢, =4

&l

A static, spherically symmetric charge distribution is given by p(r)=£e_Kr where A4
r

and K are positive constants. The electrostatic potential corresponding to this charge

distribution varies with » as
@) re ™ ) Lex ©) ize’” O (L-e*)
r r r

(b)

Solution: since V*V =—pl ¢,
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V2V must be proportional to ée_k’ where V V_ii rza—V .
r r? or or

Q5.  The magnetic field of the TE,, mode of a rectangular waveguide of dimensions axb as
shown in the figure is given by H_= H,cos(0.37x)cos(0.4xy), where x and y are in
X

cm.

A. The dimensions of the waveguide are

(@) a=3.33cm, b=2.50 cm (b) a=0.40 cm,b =0.30 cm
(¢) a=0.80 c¢m,b=0.60 cm (d) a=1.66cm, b=1.25 cm
Ans.: (a)

Solution: Since H_ = H, cos(0.37x)cos(0.47y)

= mr _ 0.37 where m=1and nTzz =04 where n=1

a

= a =3.33cm, b =2.50cm
B. The entire range of frequencies f for which the TE,, mode will propagate is
(@) 6.0GHz < f <12.0GHz (b) 7.5GHz < f <9.0GHz
(c) 7.5GHz < f <12.0GHz (d) 75GHz < f
Ans. :

Solution: f, , =— ,/ :Jql—%,/ —~ =75GH..

For propagation, frequency of incident wave must be greater than cutoff frequency.
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NET/JRF -(DEC-2011)

Q6.  Consider three polarizer’s B, P, and P, placed along an axis as shown in the figure.

Pl
(unpolarized)
]0

jwisy

]
The pass axis of £, and P, are at right angles to each other while the pass axis of P,

makes an angle & with that of £,. A beam of unpolarized light of intensity /, is incident

on A as shown. The intensity of light emerging from £, is
@0 (b) %0 (© %Osinz 20 (d) %’sin2 20

Ans.: (c)
Solution: I =1, cos’ & (Malus Law)
=1,=-"2 I,= 1o cos? 0, I, = 1o cos? 0 xcos’(90 - 0) = 1o in? 20.
2 2 2 8
Q7.  Four equal point charges are kept fixed at the four vertices of a square. How many neutral
points (i.e. points where the electric field vanishes) will be found inside the square?
@1 (b) 4 ()5 (d)7
Ans.: (a)

Solution: Inside the square, there is only one point where field vanishes.

Q8. A static charge distribution gives rise to an electric field of the form £ = a(l—e”’R)

~
T

where « and R are positive constants. The charge contained within a sphere of radius R,

centred at the origin is

2 2
@) ﬂagoé (b) 7ae, % (©) 47za50§ (d) mas,—

Ans. : None of the options given are correct

~

Solution: O :50§E-dﬁ=agoj(l—e”’R)L2-(r25in 0 0d ) = agoxj % )sin 6d6d g
0

enc

r

o'—,g’
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1 . .
at r=R, Q,, =4nas, (1——]. So none of the options given are correct.
e

Q9. InaYoung’s double slit interference experiment, the slits are at a distance 2L from each
other and the screen is at a distance D from the slits. If a glass slab of refractive index u
and thickness d is placed in the path of one of the beams, the minimum value of 4 for

the central fringe to be dark is

@ —2 0 2
(—1IND? + I (u-1)L
A A
(c) m (d) 2(;1——1)
Ans. : (d)
Solution: For central fringe to be dark, (z-1)d = @, G
2 2(pu~1)

Q10. Consider a solenoid of radius R with » turns per unit length, in which a time dependent

current / =[;sinwt (where wR/c<<1) flows. The magnitude of the electric field at a

perpendicular distance » < R from the axis of symmetry of the solenoid, is

(a) 0 (b) ZiawonfoRz cos ot
r
1 . 1
(c) Ea},uonlorsm ot (d) Ea)yonlorcoswt
Ans. : (d)
B

Solution: j?E“-df - da; (E = yonl(t)é).

ot

- dl | 2
:‘E‘XZﬂr:—ﬂonE jZm”dr’z—yonxloa)COSa)tx s
r'=0

= ‘E‘ = —%x wpynl ,r cos wt

Q11. A constant electric current 7 in an infinitely long straight wire is suddenly switched on at

t=0. The vector potential at a perpendicular distance » from the wire is given

- kwl o _ _
by 4 = it |n[1(ct +yc?t? —r? )} The electric field at a distance (< ct) is

27 r
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Mol 1 2
a)0
@) ®) 52, 50 -)
C,Uol cuyl ~
(c) i+ d) ———————«k
27 Pt — \/_( ) 2z it —r?
Ans. : (d)
= 04 oA = pl r 1 2¢%t
Solution: E=-Vg—-—=-"-= E =22 il I I
’ ot ot 27 (ct+\/czt2r2)|:”[c 24 c?t? —r? J:l
N S LA

27t —r

NET/JRF -(JUNE-2012)

Q12. The magnetic field corresponding to the vector potential A = 117“ X7+ 2 where F is
2

a constant vector, is

(a) F (b) - F ©) FiolF @ F -2
r r
Ans.: (a)
Solution: B=V x 4 = %[@ x (ﬁ x F)]+10[? xisj Since F is a constant vector, let
r
A -
F=F(3+7+2%), FxF=|F, F, F,|=%(z—y)F,-5(z—x)F, +2(y-x)F,
x y z
3 3 3
. (= (@ P 3 8 . . . o
V x(Fx )= B p” = = i[F, +F, - 3= F, - F, )+ 5[F, + F,]= 2F,(: + 5+ 2)

:%[vx(ﬁxf):Fo(g+;+s)=ﬁ,v T _0.Thus B=F
r

Q13. An electromagnetic wave is incident on a water-air interface. The phase of the
perpendicular component of the electric field, £, , of the reflected wave into the water is

found to remain the same for all angles of incidence. The phase of the magnetic field A

(a) does not change (b) changes by 37/2
(c) changes by = /2 (d) changes by 7~
Ans. : (d)
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Q14. The magnetic field at a distance R from a long straight wire carrying a steady current /
is proportional to
(@) IR (b) I/R? (c) I/ R? (d) I/R

Ans. : (d)

Q15.  Which of the following questions is Lorentz invariant?

2 2 2 2

— =2 — —
@) ‘ExB‘ (b) ‘E B
Ans. : (b)

Q16. Charges O, O and —2Q are placed on the vertices of an equilateral triangle ABC of

2 — 2 — —
_ ‘B ; ‘B d) ‘E

© [E

sides of length a, as shown in the figure. The dipole moment of this configuration of
charges, irrespective of the choice of origin, is Ji -2Q
@ + 2an

(b) ++/3aQ

(c) —v3aQ
(do i
Ans.: (c)

Solution: Let coordinates of A4 is (/, m), then

B =q,7'=Olii +mj|+ Q|1 + a)f + mj|- ZQ[(I +%j§ +(m +@J j}

2

A B

p= Q[lf A m}]+ Q[(Z +a)i+ m]]— Q[(Zl +a)i+ (Zm + \/§a)]J = p=—/3a0]
Q17. The vector potential A duetoa magnetic moment m ata point ris given byZ = m:r
r

If m is directed along the positive z -axis, the x - component of the magnetic field, at the

point r,is
3myz 3mx 3mxz 3m(z? —x
&) 2 (0) - © (d) (—y)
Ans. : (c)
Solution: 7 =mz and B=VxA= %(Zcosefﬂin Hé)z %[3(171 PP — i)
r r
=~ 1 A (xX+yy+zz\F . 3mxz
B=—|3mz.| ————|——-mz | = B, =—
r r r r

H.No. 40-D, Ground Floor, Jia Sarai, Near 11T, Hauz Khas, New Delhi-110016
Phone: 011-26865455/+91-9871145498

Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com

132



fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

NET/JRF -(DEC-2012)
Q18. Three charges are located on the circumference of a circle of radius R as shown in the

figure below. The two charges O subtend an angle 90° at the centre 0 0
of the circle. The charge ¢ is symmetrically placed with respect to
the charges Q. If the electric field at the centre of the circle is zero,

what is the magnitude of O ?

@ q/~2 (b) v2g ©) 2g (d) 4q 1
Ans.: (a)
Solution: E, = E, = ! % and E, = 1 =
ey R 4rgy R

Resultant of E, and E, is E =\|E} + E2 =~2E,, Thus E, = E = Q =%
Q19. Consider a hollow charged shell of inner radius a and outer radius 4. The volume

charge density is p(r) = iz (k is constant) in the region a < r < b . The magnitude of the
r

electric field produced at distance » > a is

@ ( )forallr>a,

OI”

b2 forr>b

(b) ( )fora<r<band

g1’ &gl

k(r—_za)for a<r<b and k(b—_za)for r>b
807" 807"

(©)

(d) Mr - )fora<r<band(b—_2a)forr>b

Oa Eor
Ans.: (c)
Solution: For r>a: § E.di = E(47rr)—— m:—f dV——IWM sin OdrdOd ¢
&
E(@rr®) =22 7 dr =2 - ):»E_i(”‘z"jf
€0 €0 o\ r
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For r>b: Edrr? :ﬂ.‘ng:iﬂ:k(b—G)SE:i(b_ajf
&

€0 0 €0 r2

Q20. Consider the interference of two coherent electromagnetic waves whose electric field

vectors are given by E, =iE,coswt and E, = jE,cos(wt + @) where ¢ is the phase
difference. The intensity of the resulting wave is given byg—2°<E2>, where <E2> is the

time average of E°. The total intensity is
(@o (b) &,E; () g,EZsin® ¢ (d) &,E. cos® ¢
Ans. : (a)
Solution: Since waves are polarized in perpendicular direction hence there will be no
interference.

Q21. Four charges (two +¢ and two —q ) are kept fixed at the four vertices of a square of side

a as shown. At the point P which is at a distance R from the centre (R >> a), the

potential is proportional to Tq Y
(@) 1/R (b) 1/ R? a «—1 r—>p
(c) 1/ R® (d) 1/ R* i

Ans. : (c) 1 1

Solution: Given configuration is quadrupole.

Q22. A point charges ¢ of mass m is kept at a distance d below a grounded infinite
conducting sheet which lies in the xy - plane. For what value of 4 will the charge

remains stationary?

(@) q/4\mgre, (b) q/\mgre,

(c) There is no finite value of d (d) ymgme, 1 q
Ans. : (a)
Solution: There is attractive force between point charge ¢ and grounded conducting sheet that

2

can be calculate from method of images i.e. =mg =>d=——7—+—
Arey (2d) 4,/mgre,
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Q23. An infinite solenoid with its axis of symmetry along the z -direction carries a steady

current 1.

z
The vector potential A at a distance R from the axis >
(@) is constant inside and varies as R outside the solenoid :

R
(b) varies as R inside and is constant outside the solenoid :\
|
|

. 1. . . .
(c) varies asE inside and as R outside the solenoid

. .. 1 . .
(d) varies as R inside and asE outside the solenoid

Ans. : (d)

Q24. Consider an infinite conducting sheet in the xy-plane with a time dependent current

density Kzi , where K is a constant. The vector potential at (x,y,z) is given

- K A - =
by 4 = £2= (et — z)*7 . The magnetic field B is
C
Kt ~ Kz ~ K ~ K ~
(a) 7o (b) — 4022 © — 2 (et—2)i  (d) ~ 2 (er-z)]
2 2e 2c 2c
Ans. : (d)
. = A=~ 04 . K ,\
Solution: B =V x 4 = 2 P (er—z2)f
0z 2c

Q25. When a charged particle emits electromagnetic radiation, the electric field £ and the

Poynting vector S Ll EcBata larger distance » from emitter vary as i and im
Hy r r

respectively. Which of the following choices for » and m are correct?

@ n=1and m=1 (b) n=2and m=2
(c)n=1land m=2 (d) n=2and m=4
Ans.: (c)
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Q26.

Ans, :

NET/JRF -(JUNE-2013)

A particle of chargee and mass m is located at the midpoint of the line joining two fixed

collinear dipoles with unit charges as shown in the figure. (The particle is constrained to
move only along the line joining the dipoles). Assuming that the length of the dipoles is

much shorter than their separation, the natural frequency of oscillation of the particle is

| <—R—>l R—>i
| | |
| | |
| | |
—o Ll e & S
+ - e,m - +
byd S 7
2d 2d
6eR’? 6eR bed? 6ed
(a) 5 (b) ; (c) 5 (d) 7
rg,md g md EGMR EGMR
(d)
Solution: Let us displace the charge particle by small i R i R—>i
amount x at 4. Then the resultant electric field at i i i
X
int 4 i . b — ol e o—o oo
point A is given by e Pt
2D 1 1 |__ 6 :@M: <>
dre, | (R+x)°  (R-x) me,R*
F=eE=- 6ed4x.Then,a):‘/£= 66d4 (Where p=1x2d =2d)
mEGR m E;MR

Q27.

Ans. :

A current 7 is created by a narrow beam of protons moving in vacuum with constant

velocityu . The direction and magnitude, respectively of the Poynting vector S outside the

beam at a radial distance » (much larger than the width of the beam) from the axis, are

(a) S 1Lu and ‘S‘ ZW (b) S” (—M) and ‘S‘ =W
0 0
- = I? - - I?
(C) S ||u and ‘S‘ ZW (d) S ”M and ‘S‘ :W
0 0

(©)
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Solution: Let charge per unit length be 4, hence 7 = Au in z -direction.

- . .= I~
The magnetic field at a distance » iISB = ,;l_o¢ .
r

The electric field at a distance r iSE = A r= !
2me,r  2mEgur

r.

—_  —

: ~ ExB r.
Hence Poynting vector S = 2 > > Z
My Arequr

Q28. If the electric and magnetic fields are unchanged when the potential 4 changes (in
suitable units) according to 4 — A+ 7, where 7 = (¢)7, then the scalar potential @ must
simultaneously change to
(@ o-r (b) ©+r (c) ®-arlot (d) ®+0r/ot

Ans.: (c)

Solution: A'=A+Vi=A+7=0416r=1=A=r+C
V'=V—-0Alot=V -0rlot

Q29. Consider an axially symmetric static charge distribution of the form,

2
p= po(%’j e cos? p
The radial component of the dipole moment due to this charge distribution is
@) 27p,ry (b) 7pyry ©) pory (d) 7p,ry 12
Ans.: (a)

2
Solution: p =Ir'p(r’)dr’ = J‘“‘r’ X 0, [F—OJ e cos? g x r'? sin 6dr'dGdg
? r

0 Vs 2z
p=pte I r'e”"“‘)dr'jsin HdHJ. cos® pdo = 2mp 1y
r'=0 0 0
Q30. The components of a vector potential A4, = (4,, 4, 4,,4,) are given by
Aﬂ = k(— xyz, yzt, zxt, xyt)
where k is a constant. The three components of the electric field are

@) k(yz,zx,xy) (b) k(x,y,z) () (0,0,0) (d) k(xt,yt,zt)
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ADnS. :

(©

Solution: A, =(¢,4,,4,,4.)= ¢ =—kxyz, A, = kyzt, A, = kaxt, A, = kxyt

Q3L1.

ADnS. :

Q32.

AnS. :
Q33.

Ans, :

Since §¢ = k(- yz% — xzp — xyZ) and Z—Ij = k(yz% + xz + x)2)
. - 04 - o R —
E=-V§ o = k(yzx + xzy + xyz)— k(yzx + xzy + xyz) =0=FE= (0,0,0)

An oscillating current I(z)= I, exp(—ict) flows in the direction of the y -axis through a

thin metal sheet of area 1.0cm” kept in the xy-plane. The rate of total energy radiated

per unit area from the surfaces of the metal sheet at a distance of 100m is

@) Lywl(275,c°) (b) I20? I(1275,c°)
(©) Lo’ | (1275,c° ) (d) Ijo' I(127z,c° )
(d)

NET/JRF -(DEC-2013)
A horizontal metal disc rotates about the vertical axis in a uniform magnetic field

pointing up as shown in the figure. A circuit is made by connecting one end A of a
resistor to the centre of the disc and the other end B to its edge through a sliding contact.

The current that flows through the resistor is

B
S A B
S
(a) zero (b) DC from 4 to B
(c) DC from B to 4 (d) 4C

(b)
The force between two long and parallel wires carrying currents 7, and /, and separated

by a distance D is proportional to

() 1,1,/ D () (1,+1,)/ D (c) (1,1,1D) (d) 1,1,/D?
@
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Q34. The electric field of an electromagnetic wave is given by
E = E, cos[7(0.3x + 0.4y —1000¢ )}k .
The associated magnetic field B is
(a) 107 E, cos[z(0.3x + 0.4y —1000¢ )k
(b) 10 E, cos[z(0.3x + 0.4y —1000¢ )47 — 3
(©) E, cos|(0.3x + 0.4y —1000¢)[(0.37 +0.47)
(d) 107 £, cos|(0.3x + 0.4y 100037 + 47)
Ans. : (b)
Solution: & =(0.3%+0.47),=10007
= kxE _1

B = = 7(0.3% + 0.49)x E, cos|(0.3x + 0.4y —1000¢) |k
a w

= B =10"* E, cos[(0.3x + 0.4y —1000¢)](47 - 37)
Q35. A point charge ¢ is placed symmetrically at a distance d from two perpendicularly
placed grounded conducting infinite plates as shown in the figure. The net force on the

charge (in units ofl/4ze,) is

: <—d—>
(@) SZI_Z(Zﬁ —1) away from the corner A

2
(b) 86‘;—2(2«/5 —1) towards the corner

J<—=s—

2
(©) cl towards the corner

2/2d?
2 —_—
(d) 3¢ >~ away from the corner d d Fs
8d _
qge------- — q
. | Fi_
Ans. : (b) Favd
— — 2 . 2 !
Solution: |F1 =‘Fz - 5 and‘Fs‘:k 9 5 | .
4d 8d i ' d
- = 2 P qz +QO:- ---------------- :o_q
Resultant of Fi, F2is F, =+ F +F, = 22k 2d

8d?°
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Net force F = k q (2\/_ )(towards the corner)

Q36. If the electrostatic potential ¥ (r,0,4) in a charge free region has the form
V(r,0,¢):f(r)0089, then the functional form of f(r) (in the following a and b are

constants) is:

@+ () ar+-5 (©) ar+2 (d) am(l}
r 7 ’ b
Ans.: (b)
2
Solution: V V_ii[rza_VjJr 1 0 (smea—Vj _12 az _
re or or ) r*sing o6 00 ) r*sin*6\ o¢

10( .9 : _
:—2—( P cos&) e ae[sm@f (-sing)]=0

0039( 5f Lo ]L_(ZSianose):O

r?sin@

vz ? 27()=0
l"
f(r)=ar+ % satisfy the above equation.

Q37. Let four point charges g, —g/2, ¢ and —g/?2 be placed at the vertices of a square of

sidea . Let another point charge — ¢ be placed at the centre of the square (see the figure).

—ql2 q

q —ql2

Let ¥(r) be the electrostatic potential at a point P at a distance » >> a from the centre

of the square. Then ¥ (2r)/V (r) is

1 1 1
(@)1 (b) > (c) 2 (d) 3
Ans. : (d)
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Solution: According to multipole expansion Q, . = —%+ q —%+ qg—q=0
= 9~ 9~ 49/ 9~ 49~ 9~ 49~ 49(49~ 4~
=q| Zx+=p -2 —2x+Zp [+0+¢q| —=x—-=) |-=| =x-=p |=0
P q(zx 2yj 2( 2" 2y] q( 2" zyj z(zx 2yj
Thus,VociS:M:E.
r v(r) 8

Q38. Let (V,;i) and (V',Z’) denote two sets of scalar and vector potentials, and y is a scalar

function. Which of the following transformations leave the electric and magnetic fields
(and hence Maxwell’s equations) unchanged?

@ A'=A+Vy and V' = _%/ (b) A= A-Vy and V’:V+286—Vt/
i , oy — U , oy
(C)A :A+v1// andV:V"rE (d)A :A—Vl// andV:V—E
Ans.: (a)

JRE/NET-(JUNE-2014)

Q39. A time-dependent current I(z)= K7z (where K is a constant) is switched on at =0 in

an infinite current-carrying wire. The magnetic vector potential at a perpendicular

distance a from the wire is given (for time ¢ > a/c) by

(a) 540K j ) SV (b) 22k sz d
47[67 o, 2 (a2 +ZZ)1/2 Ar —ct (a2 +Zz)1/2
(c) 210k szc"”“z”z (d) 2erj7dz;
4rc —ct (a2 ‘|‘Zz)1/2 Ar 22 g2 (612 -|'Zz)1/2
Ans. : (a)
Solution: Zz%ﬂj‘mdz:i—ojwdz
4r < R 4r R
Vet —a? 2, 2
Ny K J» s ct—2 a 2+1/22
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Q40. A current i, flows through the primary coil of a transformer. The graph of i, (t) as a

function of time ¢ is shown in the figure below.

i, (¢)

AN

1 2 3 ¢
Which of the following graphs represents the current i, in the secondary coil?

i, (7) i, (1)
@ (b) ‘

A ‘ N o
' 1 2 3t
i, (1) i, (¢)
(c) (d)
12 3¢
Ans.: (c) 1 2 3¢
. di
Solution: i, o« ——£
‘ dt

Q41. If the electrostatic potential in spherical polar coordinates is

-rln

gp(r) = @€

where ¢, and 7, are constants, then the charge density at a distance » =7, will be

£ ee £ 2es
(a) 0?;0 (b) ofo (C) _ O¢20 (d) _ g(Po
€y 21"0 ery o
Ans.: (a)
Solution: - V3¢ = —gﬁ = p=—6(V’9)
0
V2¢=izi(r2 %j:izg rzx_@e—rﬁo z_izﬁg(rzxe—r/ro)
reor\ or) r°or T re 1y Or

— V2¢ — _izﬁ|:r2 X_ieﬂf/r0 +2rer/r0i| :_&|:_£er/r0 +ger/ro:|
To

A nhl 1 r
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Atadistancer =r,, V’¢= —ﬁ{_—le‘l +£e‘1} = —@ = p=-¢, [—ﬁJ = 2

nlh ny e 7’026 1’026
Q42. If A= yzi +zxj +xvk and C is the circle of unit radius in the plane defined by z =1,
with the centre on the z - axis, then the value of the integral cﬁc,?LdZ is

T T
a) — b c) — d)o0
(@ 5 (b) = (© 1 (d)
Ans. : (d)
ik
. - — |0 o0 0| = A ~
Solution: VxA=— — —|=i(x—x)—j(y—y)+k(z—-2)=0
X ax ay az l(x X) ](y y) (Z Z)
yz zZX Xy

Sinceq’gCA-dle(vXA)-dazo
Q43. Consider an electromagnetic wave at the interface between two homogenous dielectric

media of dielectric constants ¢, and ¢,. Assuming ¢, > &, and no charges on the surface,

the electric field vector £ and the displacement vector D in the two media satisfy the

following inequalities

(a) \Ez\ > \El\ and \132\ > \131\ (b) \Ez\ < \El\ and \DZ\ < \131\
(©) |E,|<|E| and D, > | D] (d) |E,| >|£,| and |D,|<|D|
Ans. : (c)

Q44. A charge (~e) is placed in vacuum at the point (<,0,0), where d > 0. The region x <0
is filled uniformly with a metal. The electric field at the point [%,0,0j IS

10e 10e

a) - 10,0 b 1,0,0
@ g 00 ®) g o7 00
€ e
C 1,0,0 d - llolo
© 7000 @ -7 (100)
Ans. : (b)
Solution: >E_
4 S
2 P
R F—e—e—>x
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1 e 1 4e 1 e 1 4e
+ = 2= 7 and £ = 2= 2
4re, (3d / 2) Are, 9d 4re, (d / 2) Are, d
Thus resultant electric field at point P is
E=E +E = 1 4e+ 1 4e_ 1 40e_ 1 106:>E 1 10e .

Arz, 9d°  Ame, d°  dme, 9d°  Ome, d° " 91z, d°

Q45. A beam of light of frequency w is reflected from a dielectric-metal interface at normal
incidence. The refractive index of the dielectric medium is » and that of the metal is
n, = n(1+ip). If the beam is polarised parallel to the interface, then the phase change

experienced by the light upon reflection is

(a) tan(2/ p) (b) tan"*(1/ p) (c) tan(2/ p) (d) tan*(2p)
Ans.: (c)
. . ~ 1-4) - ~ v cln
Solution: Since E,, =| —= |E,, where f=-t=— —— =1+
o (l+ﬂj o p v, cln(l+ip) b

s - —iml2 5 ' .
= Eo = [ £ ]Eoz = ['DQ—J Ey, = LLJ e "E where tan 6 = g

2+ip 4+ pte’ J4+ p°

Thus phase change ¢ =—(z/2+6)= tan¢:cot0=£:> b= tan—l(gj
P Y
Q46. A thin, infinitely long solenoid placed along the z - axis contains a magnetic flux ¢.

Which of the following vector potentials corresponds to the magnetic field at an arbitrary

point (x, v, Z)?

(a) (Ax'Ay’Az): - ¢ Y ¢ - 2’0]

27 x2+y? 2r X2+ y

() (4,, 4,, 4.)= _a ¢ al oj

27rx2+y2+22’27rx2+y2+221

¢ x+y ¢ x+y
(C) (Axl Ay’ AZ): _272. 2 2! 2 2 lO
X“+y° 2mx“+y

@ (4,4, 4)=[-L > 2 yz,O]

230+ 2r x4y
Ans. : (a)

Solution: B=VxA=0
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Q47. An electromagnetically-shielded room is designed so that at a frequency @ =10" rad/s

the intensity of the external radiation that penetrates the room is 1% of the incident

radiation. If a=ix106(Qm)‘1 is the conductivity of the shielding material, its

2r
minimum thickness should be (given that In10 =2.3)
(@) 4.60 mm (b) 2.30 mm (c) 0.23 mm (d) 0.46 mm
Ans. : (b)

Solution: 7 =1, =z :im 1y
2K 1

where £ 2100, x = \/M - \/lxixloﬁ <47 x107 x107 =10°
I 2 2 2x

—=z= +03|n (100) = 2.30 mm

Q48. A charged particle is at a distance ¢ from an infinite conducting plane maintained at zero
potential. When released from rest, the particle reaches a speed « at a distance d /2 from

the plane. At what distance from the plane will the particle reach the speed 2u ?

(@) d16 (b) d/3 (c)dl4a (d) d/5
Ans. : (d) X
2 2 2 2
Solution:F:ma:mdf:— L q2 :df:—iz where 4= —1 Pe+q
dt 4re, 4d dt x 167me,
d
dv A dv Ade 1d,,y d[A
=>—= 8l —=—— — ——(v ):— — 0
dt x dt x“dt  2dt dt\ x .
2 id
:>v—:£+C at:>x=d,v:0:>C:—£:>v=\/2A {l—lj E
2 d x d ¢ —q

X
1 1\ [24 1 1 d
Thus u=~24, [ —=—~=| = |2 then 2u =24 [ == _4
us u (d/Z dj g e eu (x djjx 5
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NET/JRF-(DEC-2014)
Q49. A charged particle moves in a helical path under the influence of a constant

magnetic field. The initial velocity is such that the component along the
magnetic field is twice the component in the plane normal to the magnetic }1‘
field. t
The ratio ¢/ R of the pitch ¢ to the radius R of the helical path is —>
@ 712 (b) 4 (c) 2z d) =

Ans. : (b)

2Rl4—

Solution: v, =2v,

Pitch of the helix / =T = v, 2% =2y, 27X ~4zR = -~ 4z
v

€ VL

Q50. A parallel beam of light of wavelength A is incident normally on a thin polymer film
with air on both sides. If the film has a refractive index » >1, then second-order bright
fringes can be observed in reflection when the thickness of the film is
(@ A/4n (b) A/2n (c) 31/4n (d) Aln

Ans. : (c)

Solution: For constructive interference: 2nd cosé@ = (2m +1)§

For normal incidence (¢ =0) and second order (m =1)

= 2ndCOSO=(2><1+1)§:>d =i_’1
n

Q51. Asolid sphere of radius R has a charge density, given by

plr)=py (kﬂ]

R
where r» is the radial coordinate and p,, @ and R are positive constants. If the
magnitude of the electric field at » = R/2 is 1.25 times that at » = R, then the value of a
IS
(@ 2 (b) 1 (c)1/2 (dy1/4
Ans. : (b)
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Solution: SﬁE.d a= iQem, = ‘E
s o

xdxr? = ijpo (l—ﬂj Arridr
&% R

N

E

—

r 3 3 4
><47rr2:47zp°.|. P2 dr:47z’0° L Y Sk
& % R & 3 4R

=

_por_ar’
&3 4R

2 2
v E_.,,=125E_ =10 RI2_aR714)_ ocPo| R _aR
&L 3 4R &3 4R

1 a 5(1 a 1 a 5 5a 5@ a 5 1
R = e e I e I
(6 lGj 4(3 4} (6 16) (12 16) 16 16 12 6

4q 5-2 a 3
= —=——=>-"=—=q=1
16 12 4 12

Q52. The electrostatic lines of force due to a system of four point charges

is sketched here. At large distance » , the leading asymptotic
behaviour of the electrostatic potential is proportional to

(@) r (b)
() r” (d) r
Ans. : (d)

. : - ‘ 1
Solution: The given electrostatic line of force is due to a quadrupole. So V' oc —.
r

Q53. A plane electromagnetic wave incident normally on the surface of a material is partially
reflected. Measurements on the standing wave in the region in front of the interface such
that the ratio of the electric field amplitude at the maxima and the minima is 5. The ratio
of the reflected intensity to the incident intensity is
(@ 4/9 (b) 2/3 (c) 2/5 (d) 1/5

Ans.: (a)

B, +E E
Solution: Zu*Eux 5 g g _5(E, ~E,)=6E,, =4E, = 2w -2
Eo; = Eop E, 3
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Q54. A non-relativistic particle of mass m and charge e, moving with a velocity v and
acceleration 4, emits radiation of intensity /. What is the intensity of the radiation
emitted by a particle of mass m /2, charge 2e, velocity v /2 and acceleration 2a ?
(@161 (b)81 (a1 (dy2r1

Ans.: (a)

2 2 aim2 2 2 2 2
. In 1 I, 4 4
Solution: -.-Iocqa—s’e:_2=M:>_z=&

2 2 2

— =16=1, =161
r I gia; I e‘a

NET/JRF-(JUNE-2015)

Q55. A Plane electromagnetic wave is travelling along the positive z -direction. The maximum

electric field along the X - direction is 10 V' / m . The approximate maximum values of the
power per unit area and the magnetic induction B, respectively, are

(@) 3.3x10 " watts / m* and 10 tesla

(b) 3.3x10 " watts /m* and 3.3x10°° tesla

(c) 0.265 watts/ m* and 10 tesla

(d) 0.265 watts [ m* and 3.3x10°° tesla
Ans. (d)

Solution: E, =10V /m, 1 :S:%c €, EZ :%x3x108 x8.86x107" ><(10)2 =0.132 W I m?

PR

= m = 3.3)(10_8 TeSIa
C X

Q56. Which of the following transformations (V,Z)—)(V',Z‘) of the electrostatic potential

¥ and the vector potential 4 is a gauge transformation?

@) (V':V+ax,;l':;l+at Ig) (b) (V’:V+ax,;1’:;1—at Ig)
() (V’:V—i-ax,z?l’:;l+at ;) (d) (V’:V—i-ax,;I’:;l—at ;)
Ans. (d)
Solution: V':V—%:%z—ax:/lz—axt+c
ot ot

= Ad+ati=0.Thus, A= A—atx
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Q57.

AnSs.

Solution: E/'= c(] + k) =E,;

Q58.

ADnS,

Solution: Change particle will deflect in +x -direction with

Q59.

Suppose the yz-plane forms a chargeless boundary between two media of permittivities

€en and e, where g€, =1:2, if the uniform electric field on the left is

E.. = c(f+}‘+l€) (where ¢ is a constant), then the electric field on the right Erigm is

(a) c(2§+}+1€) (b) c(2+2}+2/€)

(©) c(%ﬂjwéj (d) c(f+%}+%/€j

(©) Va
12

~ A

1 L 1 1 18
Dy =D, =€ E =€, E, :>E2—E—El >
2 >

1~ - 1r ~ »
= E,==ci > E,=c|Zi+j+k
2 2 B
A proton moves with a speed of 300 m/s in a circular orbit in the xy-plan in a magnetic
field 1 tesla along the positive z - direction. When an electric field of 1 V' /m is applied
along the positive y -direction, the center of the circular orbit
(a) remains stationary

(b) moves at 1 m /s along the negative x— direction
(c) moves at 1 m /s along the positive z— direction
(d) moves at 1 m/ s along the positive x— direction

(d)

Consider a rectangular wave guide with transverse dimensions 2 mx1 m driven with an
angular frequency @ =10° rad /s . Which transverse electric (TE) modes will propagate
in this wave guide?

(@) TE,,,TE,, and TE,, (b) TE,,,TE,, and TE,,

(c) TE,,TE,, and TE, (d) TE,,,TE,, and TE,,
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Ans. (a)

2 2
. m n
Solution: @,,, =Cr, /—2 +—
a b

8
cr _3x107 %314 _ ) 21 10° rod /sec

o =—-=
a
8
o, = F = PABAE g 45210° rod Isec
b 1
1 1 8
W, =CT —2+b—2 =10.53x10° rod /sec
a

Wy, = 27 _ =9.72x10° rod I sec

a
W, =CTT, /i2+[;iz =10.5x10° rod I'sec
a

Since @ > w,,, @y, @y,
Q60. The electric and magnetic fields in the charge free region z > 0 are given by
E(7,t) = Ese™ cos(kyx—t) ]
B(7,t)= i’ e [k sin (k,x — ot )i +k, cos (k,x — a)t)k]
where @,k and k, are positive constants. The average energy flow in the x -direction is

2 2
EO k2 e—2klz E kz —2klz EO kjl_ e—2klz

@ (b) © (@) Sce, Ee™
2 [y U@ 2 [y 2
Ans. (a)
- 19 Y EZ —2kyz N "
Solution: §=—-(ExB)= [k cos #sin H( k) +k, cOS’ Hi} , where 6 = k,x—wt
Hy My
= <§> ke Ese ™ _ Egk, o2k
2 2;“0

Q61. A uniform magnetic field in the positive z -direction passes through a circular wire loop
of radius 1 cm and resistance 1 Q2 lying in the xy-plane. The field strength is reduced

from 10 tesla to 9 tesla in 1s. The charge transferred across any point in the wire is
approximately

(a) 3.1x10™ coulomb (b) 3.4x10™* coulomb

(c) 4.2x10™* coulomb (d) 5.2x10™* coulomb
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Ans. ()
_ 2
Solution:g:—@:>1=@=ﬁ:_£@j dqz—édB: "B
dt dt R R dt R R
~3.14x(10° )2
= dq = x1=3.14x10"* coulomb

Q62. A rod of length L carries a total charge Q distributed uniformly. If this is observed in a

frame moving with a speed v along the rod, the charge per unit length (as measured by

the moving observer) is

@) %(LV_Z} (b)% 1-- ) LZ (d) LZ
c c L 1—‘/—2 L(l_vz]
¢ c
Ans. : (c)
Solution: A = A - 0

VZ \/ Vz

1-Y -2

\/ C2 C2
NET/JRF—(DEC-2015)

Q63. A hollow metallic sphere of radius @, which is kept at a potential ¥, has a charge Q at its

centre. The potential at a point outside the sphere, at a distance » from the centre, is

2
@7 B) el  AOpmENLE @ L2
Areyr r Areyr r
Ans. : (d)
Solution: Let charge on conductor is Q, then V, = 0
dreya
Now r=—2 —p_lu
Areyr r

Q64. Consider a charge Q at the origin of 3- dimensional coordinate system. The

flux of the electric field through the curved surface of a cone that has a height

h
h and a circular base of radius R (as shown in the figure) is
i%
0 hQ OR
a) — b C d
@ 2 0) 5= © %e @ 5re
Ans. : (b)
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Q65. Given a uniform magnetic field B :BOIE (where B, is a constant), a possible choice for
the magnetic vector potential 4 is
@) B,yi (b) —B,yi (©) By (37 +y7) (d) By (xi + 1)
Ans. : (b)
Solution: (a) Vx 4 =—-Bk
(b) V x 4 =B,k
() VxA=0
(d) VxA=0
Q66. A beam of unpolarized light in a medium with dielectric constant €, is reflected from a
plane interface formed with another medium of dielectric constant €,=3¢€,. The two

media have identical magnetic permeability. If the angle of incidence is 60°, then the
reflected light
(a) is plane polarized perpendicular to the plane of incidence
(b) is plane polarized parallel to the plane of incidence
(c) is circularly polarized
(d) has the same polarization as the incident light
Ans.: (a)

Solution: @, = tan™ ["—ZJ o,

n

0, :tan‘l[\/\/gJ:tan‘l(x@)

= 6, =60° (hence reflected light is plane polarized perpendicular to plane of incidence))

Q67. A small magnetic needle is kept at (0,0) with its moment along the x -axis. Another

small magnetic needle is at the point (1,1) and is free to rotate in the xy - plane. In

equilibrium the angle @ between their magnetic moments is such that
@) tanG:% (b) tan@ =0 (c) tan6=3 (d) tang =1

Ans.: (c)
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Solution: U =ﬁ[ﬁq-nﬁ2 =3(i, - 7) (i, - 7) | = U =%[cow—3cos450 cos(0—450)}

Q68.

ADns, :

For stable position energy is minimum i.e.

ﬁ?\,,;? Y
2/
U _ g, Koy —sin9+isin(e—45°) -0 r N
o0 Arxr J2 N g
154_5_0 _____ ‘:}__ X

. 3 (sin@ cosd m

=sSiNf=—| —————— |=>tanfd =3 1
JE(\/E ﬁj

S0, option (c) is correct .
A dipole of moment p, oscillating at frequency @, radiates spherical waves. The vector

potential at large distance is

ikr
=N My . €

A(7)=—iov—
( ) A r i

To order (ij the magnetic field B at a point 7 = 7 is
r

2 ikr 2 ikr
Hy O [~ _\~E Mo @ ~ _\¢€
a) ———(n- b) -2 —(nx
@) 47[C(np)nr (b) 47rC( p)r
ikr 2 ikr
Moy 2./~ =\ T, O e
C) ——wk(n- dy ——
© A ( p)p 7 ( 472'Cp r

(b)

Solution: Let p = pZz, then B must be in ¢? direction.

Q69.

A

Check nx p=rxz=¢. So, correct option is (b).
The frequency dependent dielectric constant of a material is given by
A
e(w)=1+

2 2 .
Wy — 0" — iy

where 4 is a positive constant, o, is the resonant frequency and y is the damping

coefficient. For an electromagnetic wave of angular frequency @ << @, , which of the

following is true? (Assume that Z- << 1).
Wy

(a) There is negligible absorption of the wave

(b) The wave propagation is highly dispersive

(c) There is strong absorption of the electromagnetic wave

(d) The group velocity and the phase velocity will have opposite sign
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Ans.: (a)

Solution: When o << @y, , there is negligible absorption of the wave.

NET/JRF-(JUNE-2016)

Q70. Four equal charges of +Q, each are kept at the vertices of a square of side R. A particle

of mass m and charge +Q is placed in the plane of the square at a short distance
a(<< R) from the centre. If the motion of the particle is confined to the plane, it will

undergo small oscillations with an angular frequency

0’ 0’
a) | —— b
@ 27e,R°m ®) 7gyR*m
J2o? o’
(©) 3 U =
e R m 4dre R°m
Ans.: (c)
+0 +0
Solution: E, =E, = kQ2 > - Tz
R R 2 1 b/
B — | + 48 |
|:(a 2) 4 :| X L'
e e
. AR \
Resultant field £, =2F, cosé // | R12 \\\
|
2kQ R) 2kO R ! | \
E,, = 3 (a +Ej ~ 3 (a +Ej +OQ RI2 +0
R 2 R2 2 |:R2}2
a+—| +— e
2 4 2
" R 2
+Q R/2 Y
Similarly; E, = E, = kQZ L e
R j R’ 2
——a| +—— . .
2 4 __ﬁéﬂ%_\tEL_
|
|
Resultant £,, = 2E,cos¢ = 2kQ (g—a] |
|
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Q71.

AnS. :

(a) +66% (b) +20% (c) —3.3% (d) —10%
(d)
Solution: Q, =C)V, = 35,4 V, 0,=Cl,= 3¢y 4 v
7 1.1x

Q72.

ADnS. :

4J2kQ (R
ResultantE:A“/Est L :—@a
R 2 2 R
:_8\£Ex ! Qa:E:—Z\/EQsa
R 4re, ey R

2 2
= F:QE:—Z\/EQe’a:a): 2ﬁQ3
mEWR meymR

Two parallel plate capacitors, separated by distances x and 1.1x respectively, have a
dielectric material of dielectric constant 3.0 inserted between the plates and are
connected to a battery of voltage V. The difference in charge on the second capacitor

compared to the first is

(1—1j>< 36,4 vV
%= 1000 = \11 X 100=-9%

1
X

3g,4

V

The half space region x>0 and x<0 are filled with dielectric
media of dielectric constants ¢ and ¢, respectively. There is a
uniform electric field in each part. In the right half, the electric field
makes an angle ¢, to the interface. The corresponding angled, in
the left half satisfies

(@) gsing, =¢,sing, (b) g tan b, =¢,tan g,

(c) g tand, =¢,tan b,

(©)

(d) g5sing, =¢,siné,
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B
o _E _E
tang, E, E,

Solution: ( E = EQ)

E* tan
D} =Dy = g,E} =¢,E; :—i:ﬁ:—lzﬁ:%tanﬁl =g, tan o,
E, g tanb, g
Q73. The x- and z -components of a static magnetic field in a region are B = B, (x2 —yz)

and B, =0, respectively. Which of the following solutions for its y -component is

consistent with the Maxwell equations?

(@) B, =Byxy (b) B, =—2B,xy
(c) B, =-B, (xz—yz) (d) B, = B, (%xs—xyzj
Ans. : (b)

Solution: B, = B,(x* —»*),B. =0

- OB OB
'.'V-BzO:an+ y+aBZ:O:> y:—aB":—ZBOx:B =—2Byxy
ox 0Oy Oz oy Ox g

Q74. A magnetic field B is Bz in the region x >0 and zero elsewhere. A rectangular loop, in
the xy -plane, of sides / (along the x -direction) and %~ (along the y - direction) is
inserted into the x >0 region from the x <0 region at constant velocity v = vx . Which of

the following values of / and / will generate the largest EMF?

(@ [=8h=3 (b)l=4,h=6 (c)=6,h=4 (d)/=12,h=2
Ans. : (b) z
A
Solution: ¢, oc Bhx h

/
—d¢ 47
goc—2 oc Bvhoch v

dt
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Q75. Consider a sphere S; of radius R which carries a uniform charge
. . R . S
of density p. A smaller sphere S, of radius a <E is cut out and *1
removed from it. The centres of the two spheres are separated by
the vectorb :%, as shown in the figure. The electric field at a
point P inside S, is
(@ 2% o) L G-ra)  ©2% (&)L 7
3g, 3&,a 6¢, 3R
Ans.: (c)
Solution: Electric field at P due to S, is E, :3LF+
€0
Electric field at P due to S, (assume—p) is E, :;—pf_
€0
Thus E=E,+E,=L~(F =7 ),  ~b+F =F =7 ~F =b
3&,
Fo P p_ PR ( Ezﬂﬁj
3g, 6&, 2
Q76. The value of the electric and magnetic fields in a particular reference frame (in Gaussian
units) are £ =3x+4y and B =3z respectively. An inertial observer moving with respect
to this frame measures the magnitude of the electric field to be|E’| = 4. The magnitude of
the magnetic field |B| measured by him is
(@) 5 (b) 9 ()0 (d1
Ans. : (c)

Solution: "+ E* - B* = E'* - B'* = constant = (9+16)-9=16-B' = B'=0

Q77.

A loop of radiusa, carrying a current/, is placed in a uniform magnetic field B . If the

normal to the loop is denoted by 7, the force £ and the torque 7 on the loop are

() F=0 and T = za’I ix B (b)ﬁ:f—fﬁx?
T

IB

() F=27xBand T=1IfxB ()F=0and T =
4r Ho&o
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Ans. :

(@)

Solution: In uniform field F =0

Q78.

ADnS. :

Torque 7 =mix B = wa’Inx B
A waveguide has a square cross-section of side 2a . For the TM modes of wave vector k ,

the transverse electromagnetic modes are obtained in terms of a function l//(x, y) which

* & (o B
|:¥+$+(C—Z—k J:|l//(x,y)—0

with the boundary condition y (+a,y)=y (x,2a)=0. The frequency » of the lowest

obeys the equation

mode is given by

(@) w? =c2(k2 + 4’sz (b) »* =c* (kz +”—§j
a a

(©) P zcz[k2+2ﬂ-—;2] (d)a)z :CZ(kZ +4ﬂ_azzj

(©

Solution: ¢’k* =@’ -0’ = " =c’k’ + @,

2 2
m° n i 1
= a)jm=6'27l'2(—2+—2):> a)lzl :Czﬂ'z[ + ]
b (

a 2a)2 (2a)2
2 _2 2
= o) =c’n’ x%:é—ﬁz = 0’ =c? {kz +%]
a a a
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NET/JRF -(DEC-2016)

Q79. A screen has two slits, each of width w with their centres at a distance 2w apart. It is

illuminated by a monochromatic plane wave travelling along the x -axis.

The intensity of the interference pattern, measured on a distant screen, at an angle

o :ﬂ to the x-axis is
w

(a) zero for n=1,2,3...

(b) maximum for n=1,2,3...

)

. 135
(c) maximum for n=—=,—,—...
222

(d) zero for n=0 only
Ans. : (a)
Solution: maximum for » =0 and zero for n=1,2,3....

Q80. The electric field of an electromagnetic wave is
E(z,t)=E,cos(kz+t)i +2E,sin(kz + ot ) j

where @ and k are positive constants. This represents

(@) a linearly polarised wave travelling in the positive z -direction

(b) a circularly polarised wave travelling in the negative z -direction

(c) an elliptically polarised wave travelling in the negative z -direction

(d) an unpolarised wave travelling in the positive z -direction

Ans. : (c)
Solution: Amplitude along i is E, and along 7 is 2E, . So resultant wave is elliptically

polarised
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Q81. A conducting circular disc of radius » and resistivity o rotates with an angular velocity

@ in a magnetic field B perpendicular to it. A voltmeter is connected as shown in the

figure below. Assuming its internal resistance to be infinite, the reading on the voltmeter

A

~—1

(a) depends on @, B,r and p BTH (c

(b) depends on @, B and r butnoton p

(c) is zero because the flux through the loop is not

changing

(d) is zero because a current the flows in the direction
of B
Ans. : (b)

Solution: Force experienced by charge is

F =q(17><]§) and v=ro
Q82. The charge per unit length of a circular wire of radius a in the xy-plane, with its centre at

the origin, is 4 =4, cosé, where 4, is a constant and the angle @ is measured from the

positive x -axis. The electric field at the centre of the circle is

R = A2

@) £ = 4eoal (b)E_4eoal

~ A a2 Y

© E= 46005J (d)E_47zeOak
Ans. : (a)

Solution: At centre O, direction of field is —x .

So best option is (a)
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Q83. A pair of parallel glass plates separated by a distance 4 is illuminated by white light as
shown in the figure below. Also shown in the graph of the intensity of the reflected light

I as a function of the wavelength A recorded by a spectrometer.

gspectrometer 1
08f
partially Y _ incident *% 0.6F

reflecting mirror.”| < white light 2 04 o\

XX = 0.2F---- _i _____ :r _____ E ______
R S _ 0 ! ! !
d W <—airgap 490 500 510 520 530
% glass plates A pm)

Assuming that the interference takes place only between light reflected by the bottom
surface of the top plate and the top surface of bottom plate, the distance d is closest to
@) 12 um (b) 24 um (c) 60 um (d) 120 um

Ans. : (d)

1
Solution: For constructive interference of reflected light, 2d cos@ = [n +Ejﬂ .

A 495
First maxima occurs at A =495 um, @=0° and n=0. Thus, d=—= H

~120 um

Q84. Suppose that free charges are present in a material of dielectric constant e=10 and

resistivity p =10" Q—m . Using Ohm’s law and the equation of continuity for charge, the

time required for the charge density inside the material to decay by 1 is closest to
e

(a) 10°S (b) 10° S (c) 10% S (d) 108
Ans. : (d)
] = 8.8x107x10 1
Solution: p.(¢t)=p,(0)e’ ; :Ezﬁ, =———  — =~10sec, o =—
pf( ) '0/( )e T o o T 10—11 o p

Q85. A particle with charge —¢ moves with a uniform angular velocity o in a circular orbit of
radius a inthe xy- plane, around a fixed charge +¢, which is at the centre of the orbit at

(0,0,0). Let the intensity of radiation at the point (0,0, R) be 7, and at (2R,0,0) be ‘I,

.1 ]
The ratio =2 for R>a, is
1

@ 4 ®) ©3 OF
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Ans. : (c)
3 3
Solution: i=i3= R - :1
11 r, (ZR) 8

Q86. A parallel plate capacitor is formed by two circular conducting plates of radius a
separated by a distance d , where d < a. It is being slowly charged by a current that is

nearly constant. At an instant when the current is 7, the magnetic induction between the

plates at a distance % from the centre of the plate, is

I 1 I 1
(a) Hol (b) Fol (©) Hol (d) Fol
Ta 27 a drra
Ans. : (d)
] - 1
Solution: ‘B‘:’u"—rz ] ]i
2ra [r a
; >
\ﬂ_ii-mr_ﬁ
4ra 2

Q87. Two uniformly charged insulating solid spheres 4 and B, both of radius «, carry total
charges +Q and —Q, respectively. The spheres are placed touching each other as shown
in the figure.

If the potential at the centre of the sphere 4 is ¥, and that at the

centre of B is ¥, then the difference VV, -V, is

0 —0 0 —0
a b c d
@ 4re,a (®) 27 a © 27e,a @) Areqa
Ans. : (c)
Solution: 7, = 0 _ 0 -9
8re,a 4mey(2a) 4meya
yo B0, 0 _ -0
8reya 4re,(2a) Ameya
A —
2r €, a
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NET/JRF -(JUNE -2017)

Q88. Two long hollow co-axial conducting cylinders of radii R and R, (R, <R,) are placed

in vacuum as shown in the figure below.

The inner cylinder carries a charge +4 per unit length and the outer cylinder carries a

charge —A4 per unit length. The electrostatic energy per unit length of this system is

/12 /12

a In(R,/ b R2 I R?
@ (& /R) ) 4o (RIIEY)
A2 A2
o In(R,/R d In(R,/R
© 47 (R R) @ 5, 2 IN(R/R)
Ans. : (c)
. — = AN R
Solution: ¥ <R,E, =0 ; R <r<R, E, = T
2w e, ¥
r>R,, ES:O
2
W="2[Ed =20 [ 2mrldr
2 Jallspee 2 R Ax”epr
2 2
Z=i>< % - Rzld = ¢ In By
l 2 2meyRr 4r e, R,

Q89. A set of N concentric circular loops of wire, each carrying a steady current 7 in the

same direction, is arranged in a plane. The radius of the first loop is # = a and the radius
of the »™ loop is given by », =nr_,. The magnitude B of the magnetic field at the centre

of the circles in the limit N — oo, is

€)] uol(ez —1)/47ra (b) uol(e—l)/ﬁa
©) 1ol (e*~1)/8a (d) w4l (e—1)/2a
Ans. : (d)
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Solution: B:ﬂ—ol £+£+1+ ........ 1
2 rl 7"2 rS rn
n=a
Vn =7’ll’n 1

n=r,=a,1,=2n=2a, r,=3r,=3.2a and r, =4r,=4.3.2a

:>B=’u—°l 1+£+i+i+ .......
2a 2 32 432

5 x" 1 =1 &1
=) —=e=) —=1+) —= » —=e-1
nz—(;lﬁ nZ:(;n nz—;lﬂ n:llﬁ
(K1 yIN§
| = lze-1=B=22(e-1
NIQ(EMJ € = 2a (e )

Q90. An electromagnetic wave (of wavelength 4, in free space) travels through an absorbing

medium with dielectric permittivity given by & =g, +ig, where i:\@. If the skin
gR

depth is ﬁ the ratio of the amplitude of electric field E to that of the magnetic field B,

4
in the medium (in ohms) is
(a) 120 7z (b) 377 () 30v2 7z (d) 307
Ans. : (d)
Solution: a’:lzi S,

x Ar' €p

we
> 1/2 \/_
Eu o} eu A4r 2 4r
=@, — | J1+| — | - S y=0——=—=\eu=——
A= {\/ [a)ej ] d 2 4, “ 0

1/2
2
K= k2+;(2=a)[ey 1+(i] }
we
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i 10} 1 1

0 2 =
B, K oV 12 J2eu \/Exﬁxll—ﬁ
w|eu 1+(w€) o A

@ x2rcl c E ¢
Ao _Axomelhy_c E ¢,
87 87 4 H, 4
B _4rx107x3x10°
H, 4

Q91. The vector potential 4=ke “r# (where « and k are constants) corresponding to an

electromagnetic field is changed to 4’ = —ke “r7. This will be a gauge transformation if

the corresponding change ¢'—¢ in the scalar potential is

(@) akr’e™ (b) 2akr’e ™ (c) —akr’e ™ (d) —2akr?e™
Ans. : (c)
Solution: Gauge Transformation
A=A+, ¢=p-L o0 A=k i =vi=2p
ot or

= 1=—ker’ = 88_/1 = kae “r?

Q92. An electron is decelerated at a constant rate starting from an initial velocity » (where

u<<c) to ul/2 during which it travels a distance s. The amount of energy lost to

radiation is
2 2 2 2 2 2
Mol Hoeul Hoeul Hoe U
a) 24— b) ——— c) —— d 22—
@ 3rmc’s ®) 6xmc’s © 8zmces (@) 167mcs
Ans. : (d)
Hoq’a’
Solution: Total power radiated P = ~—*—
67c
62612 62612 u
Total energy radiated intime ¢ is E=P-t= #o g =th X —
67c 6zc 2a
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u u
Cv=u—at=>—-—=u—at=t=—
2 2a

2
Hoe au

127c

=F

Fraction of initial K.E. lost due to radiation :L: 5
1 2 mu

—mu
2
2 y elau  wea
mu®  127c  6xmcu
1, u 1 w?>  u? w3 3u?
SoS=ut——at SUX———aAX— = ——— = =q=
2 2a 2 4a° 2a 8a 8a 8s
B 1€’ « 3u’ Uye’u
6zmcu 8s 16zmcs
Q93. The figure describes the arrangement of slits and S S,
screens in a Young’s double slit experiment. The ‘ I
—>
width of the slit in S, is a and the slitsin S, are 41— ------------ I}b ------
of negligible width. ‘ I
If the wavelength of the light is A, the value of —qd—>

d for which the screen would be dark is

a ; b |[a ? al b ? ab
(@) b [;j 1 (b) 5 (zj -1 (c) E(Z] (d) 7
Ans. : (d)

Solution: If the path difference O'p, —O'p, =§

The minima of the interference pattern produced by O will

fall on the maxima produced by O Now

2 1/2 2
O'P, = d2+(é+g] zd+i(é+ﬁ]
2 2 2d\ 2 2

screen
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= OB -0P ~ ab (" d>>b,a)
2d
Thus %298 2 g0
2 2d A
Q94. A constant current / is flowing in a piece of wire that is bent into a loop as shown in the
figure. N
« . 2b
i A
2b a L a
4 ' 2a
A Y
» 2a ?0 » > x
<«—b —»14—[)—»

The magnitude of the magnetic field at the point O is
Mol a Mol (1 1) [1} Mol (1)
a In| — d -
()7Z5 (b] ()47Z\/7 b ()4ﬂf ()47r\/§b
s. . (b)

Hol i 7
Solution: B = sing, —sin @
47rd( )9

Magnetic field due to left and right segment of 2a

ol [ 2a
B, = ®
% Ama («/Sa j

Field due to upper segment of 2a

_ v x( a 4 J
47(2a) \\Ba +f5a
,Uol 2 /uol 1

dra \/_ dra T

BZaz’u—"]\/g ® (inward)
dra

Net field B,, = 2x

similarly, B,, :5—02\/5 © (outward)
TT.

Net field B = B, —B,, =" \/5(1—%
4 a b
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Q95. The charge distribution inside a material of conductivity o and permittivity € at initial

time r=0is p(r,0)= p,, a constant. At subsequent times p(r,¢) is given by

@ 2y exp(—ﬂj ®) L, {1+exp(gﬂ
€ 2 €
() — 0 —— (d) p, cosh "
1—exp(m) €
S
Ans. : (a)
. Lo L op.
Solution: J, =aE,VE:&, V.J, __%Pr
‘ € OFE
< 8pf ap/ O
= oV.E=—- =——p,

-o <a
= p, (1) = pyexp (?pfj = p, (1) = p, exp (—tj

S

NET/JRF (DEC - 2017)

Q96. Two point charges +3Q and —Q are placed at (0,0,d) and (0,0,Zd) respectively,
above an infinite grounded conducting sheet kept in the xy- plane. At a point (0,0,z),

where z>>d , the electrostatic potential of this charge configuration would
approximately be

1 @7 by -1 25 ©-¥o @179
z Are, z

4re, z Are, z
Ans. : (b)
Solution: Monopole moment O, =-0+30-30+0=0

(a)

Are,

Dipole moment p =+30x(dz)+(-0)x(2dz)+(-30)x(-dz)+ O x(-2dz)
b =20d?

1 pr_ 1 20d
dre, ¥* dre, Z°

dip
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Q97. A rectangular piece of dielectric material is inserted partially into the (air) gap between
the plates of a parallel plate capacitor. The dielectric piece will
(a) remain stationary where it is placed
(b) be pushed out from the gap between the plates
(c) be drawn inside the gap between the plates and its velocity does not change sign
(d) execute an oscillatory motion in the region between the plates

Ans. : (c)

Solution: Just like a conductor, a dielectric is attracted into an electric field. The reason is: the
bound charge tends to accumulate near the fee charge of the opposite sign.

Q98. An electromagnetic wave is travelling in free space (of permittivity &,) with electric field
E= IQEO COSq(x—ct)
The average power (per unit area) crossing planes parallel to 4x+3y =0 will be

(@) %gochz (b) g,cE? (©) %gochz (d) %gochz

Ans.: (c)

Solution: 4x+3y=0= §+%:0

B= —&Cos(qx—qct)f/
c

2
§:i(ExE)=i(onﬂcoszejfc :><§>= By g
Hy Hy ¢ 2ptoc > X
2 2
1:<§>.ﬁ= Eo cos(90-«a) = Eo Sina:gcgoEg
244, 2, 5

4 . 4
clana=—=sina =—
3 5

1
[ ~0.4ce,E; ~ EC&‘OEOZ
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Q99. A plane electromagnetic wave from within a dielectric medium (with ¢ =4¢, and u = 1,)
is incident on its boundary with air, at z=0. The magnetic field in the medium is
H = jH, cos(a)t—kx—kﬁz), where » and k are positive constants.

The angles of reflection and refraction are, respectively,

(a) 45° and 60° (b) 30° and 90° (c) 30° and 60° (d) 60° and 90°

Ans.: (b
(0 N
Solution: nz\/e—
- 9 y
k =&+ k32 !
sing, n, 1 Dielectric n =4 =2
—t=—=== Y 1 e > x
sin¢, n 2 Air : 0. n,=1
sing, =2sin @ -+ tan @ —k—x—i:w =30°
T 1 * I kz \/§ 1 !

= sind, =2xsin30° =1 = @, =90°
Q100. In an inertial frame S, the magnetic vector potential in a region of space is given by

A=azi (where a is a constant) and the scalar potential is zero. The electric and

magnetic fields seen by an inertial observer moving with a velocity vi with respect to S,

]

are, respectively [In the following y =

(a) 0 and yaj (b) —vak and yai  (c) vyak and vyaj  (d) vyak and yaj
Ans. : (d)
Solution: E, = E], E,=y(E,+vB.) and E, = y(E.-vB,)

z

! ! v ’ ’ v !
B.=B,B, = ;/(By —C—ZEZJ and B. =7/(BZ +C—2Eyj

E,=0,E, =y(0-vx0)=0, E, =y(0+va) = yva

(replace v by —v) = E =vya?
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v %
B =0, B, :7(a+c—2x0J:ya, B. :y(O—c—Zij:O

—~B=yaj
Q101. In the rest frame S, of a point particle with electric charge g, another point particle with
electric charge ¢, moves with a speed v parallel to the x -axis at a perpendicular

distance /. The magnitude of the electromagnetic force felt by ¢, due to ¢, when the

distance between them is minimum, is [In the following y = = ]
7
iy ™
CZ
@) 1 %qzz (b) 1 7%2‘]2
Are, yl 4re
2 2
(c) -1 Vi |1,V (d) — AR
e, | c Ame, yl c
Ans. : (b)
Solution: Charge of ¢, seen by rest frame of ¢, = yq,; = LM_ng
Are, [

Q102. A circular current carrying loop of radius « carries a steady current. A constant electric

charge is kept at the centre of the loop. The electric and magnetic fields, £ and B

respectively, at a distance d vertically above the centre of the loop satisfy
() E LB (b) E=0 () V(E-B)=0 (d) V-(ExB)=0

Ans.: (c)

Solution: ExB=0= V(ExB) -0

1 1
Q103. The Hamiltonian of a two-level quantum system is H:%ha)[l J possible initial

state in which the probability of the system being in that quantum state does not change

with time, is
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T T T T
cos cos cos> cos
() (b) (© (d)
sin = sin— sin — sin—
4 8 2 6

Ans. : (b)

NET/JRF -(JUNE -2018)

Q104. Two point charges +20Q and —Q are kept at point with Cartesian coordinates (1,0,0),

respectively, in front of an infinite grounded conducting plate at x =0. The potential at

(x,0,0) for x>>1 depends on x as

(@) x3 (b) x° (c) x? (d) x™*
Ans.: (a)
Solution: 2 1

--—-®----&---- ]

+0 20 0 +20 -0
Monopole moment 20-0-20+0=0

» X

Dipole moment p =-Q(2x)+20(%)-20(-x)+0Q(-2x) = p=0
Thus Vocis
X
Q105. The following configuration of three identical narrow slits are illuminated by
monochromatic light of wavelength A (as shown in the figure below). The intensity is

measured at an angle & (where @ is the angle with the incident beam) at a large distance

from the slits. If & :%sin @, the intensity is proportional to
(@) 2¢c0s 6 +2€0825 (b) 3+izsin235 dI
) —
1 . — o
(c) 3+2c0s5+2€0525+2c0s35  (d) 2+-—=;sin*35 2d
Py —
Ans.: (c)

Solution: E, = A4e"™), E,= A’ |, E,=A &% ™ = 4™ &

=

-.-5:2—7[dsin0, 8, =——(3dsin@)~ 35
A A
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E :El+ 2 +E3 = ;1[1+ei5 +e3’5]e”“”
E'= ;1'[1+ e+ e‘3i‘5]e‘i”’

[=EE =A[1+¢" +&* |1+ +e |

5 4 o 020 4 o120 &3 4 o3
2 2

J=4%3+2¢ S +2 +2

I=A4° [3+2C0s 5 +2€0525 +2€0535]

Q106. The electric field E and the magnetic field B corresponding to the scalar and vector

potentials, ¥ (x,y,z,¢)=0 and ;l(x,y,z,t):%lg,quo(ct—x), where 4, is a constant,

are

() E=0 and E:%jﬂvo (b) E:-%JQ%AOC and B’:%}%AO

() E=0 and é:-%fyvo (d) E:%/Q%Aoc and é:-%fyvo
Ans. : (b)

.. —od 1 ~ 1
Solution: E :7 = _|:EIUOAO (C—O)i|k = _E/UOAOCk

b%
Bzﬁxﬁzi

ox

0

Q107. The electric field of a plane wave in a conducting medium is given by

E(z,t)=fE0e‘z’3"cos[ - —a)tj,

J3a

where o is the angular frequency and a >0 is a constant. The phase difference between

the magnetic field B and the electric field E is

(a) 30° and B lags behind B (b) 30° and B lags behind E
(c) 60° and E lags behind B (d) 60°and B lags behind E
Ans. : (b)
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Solution: E(z,t)=iE,e™ cos(kz—wt+6,) and B(z,t)= jBye ™ cos(kz —wt+35, +4)

where ¢ =tan™ (%)

v E(z,t)=iEe "™ cos(i—a)tj k= and k==
\3a

\/,
:>¢_t n l[—]—30°
=1a \/_ =

Q108. A hollow waveguide supports transverse electric (7E) modes with the dispersion

relation kzlw/a)2 -, , where o, is the mode frequency. The speed of flow of
c

electromagnetic energy at the mode frequency is
@ c ® o,k (0 (d)

Ans.: (c)
Solution: Energy carried by the wave travels at the group velocity

dw i
vt = ¢, 14| Lo atw=0,,,v, =0
Wk 2 I

Q109. The loop shown in the figure below carries a steady current/ .
1

3a
a

o
The magnitude of the magnetic field at the point O is

Mol Mol Hol Mol
a) = b) =% c) = d) =%
()Za ()6a ()4a ()3a
Ans. : (b)
Solution: B, ey _1 !

22a " 22(3a)

Bep —p Ml 1)_#l
% 4g 3 6a
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Q110. Inthe region far from a source, the time dependent electric field at a point (r, 9,¢) IS

E(r0.4)=$E0 ( ,,ejc"{ (“Eﬂ

where o is angular frequency of the source. The total power radiated (averaged over a

cycle) is
27 B0’ 4r E o’ 4 Elo* 2 El o’
()— (b) —— € —— ()
H¢ 3 e 37 pyc 3 e
s. 1 (b)
Solution: B=£
C
2 2 _4 2
‘S‘——EB— B Lo Snzg cos’ {a)(t—iﬂ
Ho M M€ T S
<‘S‘> 1 Elo* sin*6
2 e 1’
o\ - Ela'T sm 6 2
P= <£><‘S‘>.da P j j sin9ddd
_Eyo' Eo' 4, 47 Elo*
2;“0 3 1) Ho€
NET/JRE (DEC - 2018)
Q111. Two current-carrying circular loops, each of radius R , are placed Z
A
perpendicular to each other, as shown in the figure. oy
The loop in the xy- plane carries a current /,while that in the /ll ’
xz -plane carries a current 2/,. The resulting magnetic field B 7[’,/ >
1
at the origin is X ’
@ 2 2] +k] o) 72 2] -k]
Holo [ o5 ¢ Folo [ _p5
(@) 227 +k] @) 2525 -]
Ans. : (c)
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. . . I Iy ~
Solution: Field due to loop in xy planeis B, = ZORO z

Field due to loop in xz plane is

5,=£eCh) ;)

. - o 1 A A
Resultant field B=B,+ B, = ?RO (-2p+2)

Q112. An electric dipole of dipole moment P =gbi is placed at

origin in the vicinity of two charges +¢ and —¢ at (L,b) 4
and (L,-b), respectively, as shown in the figure.
+q(L,b)
. . . ). . ?
The electrostatic potential at the point (—,0] IS — :
2 P A $
— X
gb (1 2 AgbL O (LI2,0)
S T RIS :
T 0 72'80 I:L +4b ] —q(L,'b)
gb 3qb
C d
© gyl ( )m:OL2
Ans. : (c)

1 pcos0® 1 p
4re, (L/2)2 g, I?

Solution: Potential due to dipole ¥, =

. 1 q
Potential due to +¢ charge V, =
LA 1214+
Potential due to —g charge 7, =— L 9
NI
1 gb
Resultant V =V, +V, +V, :iﬁz:V:_Q_z
ng, L 7ey L

Hence, correct option is (c)
Q113. A monochromatic and linearly polarized light is used in a Young’s double slit experiment.
A linear polarizer, whose pass axis is at an angle 45° to the polarization of the incident

wave, is placed in front of one of the slits. If 7, and [, , respectively, denote the

min !

H.No. 40-D, Ground Floor, Jia Sarai, Near 11T, Hauz Khas, New Delhi-110016
Phone: 011-26865455/+91-9871145498

Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com

176



fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

maximum and minimum intensities of the interference pattern on the screen, the visibility,

] Y SR A
defined as the ratio —™&——™_ g

max +Imin
2 ) '3 f
a5 b) c) = d. 14
@ (0 ©2 @,
Ans. : (b)
Solution: E, = X4, ; _%(x\/_y) jor+is
- . e . y
[:(E1+E2)-(E1 +E2) A Ev274000545_i
V2

4

2 =2 = = = o
=1=|E| +|E,| +E-E,+E,-FE < : >
‘ 1‘ ‘ 2‘ 1 2 2 M E;;/ Ao
2 2 2
=A§+%+(1+1)+%e‘i5+%e"5

2 5

2
= 1= A0+A° Ay re” 3A°+A02cos5
2 2 2
2 2
[mw:%,[min:i:V:M:E
2 2 I +1 3

max min

Q114. An electromagnetic wave propagates in a nonmagnetic medium with relative permittivity

& =4. The magnetic field for this wave is

H(x,y)= kH, Cos(a)t—ax—a\/gy)

where H,, is a constant. The corresponding electric field E(x,y) is

@) iﬂoHc fz+])cos(wt—ax afy)

-

(b)411 c(\/§ + ) (a)t—ax afy)

(c) = 1 c(\/g ) (a)t ax— a\/_y)
-

\/§l ])Cos(a)t—ax a\/—y)

1
(A) 5 thHoc

Ans.: (a)
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Solution: E = —v([%xf?)

K afc+a\/§)7_lA V3.
K ax+ax/_y:K—‘E‘ W—EX-FT)/
ol

A [ )

:E:%c,uo ( fx+y)cos(wt ax— afy)

x 1, H, Cos(wt—ax—a\@y)i}

Q115. In an inertial frame uniform electric and magnetic field £ and B are perpendicular to

each other and satisfy‘E‘2 —‘Er =29 (in suitable units). In another inertial frame, which

moves at a constant velocity with respect to the first frame, the magnetic field is 2[5k .

In the second frame, an electric field consistent with the previous observations is
7 N i 7 2 7 N ” N o
@)7§Q+1) m)70+k) @)7?Q+k) (d) 7(7+7)
Ans.: (a)

12 -2
Solution: ‘E‘ —‘B‘ - 29

\—m

E] =49
It is given £ L B s0 E'=%(f+})

Q116. Electromagnetic wave of angular frequency @ is propagating in a medium in which, over

2
a band of frequencies the refractive index is n(w) zl—(—j , Where @, is a constant.
Wy

The ratlo £ of the group velocity to the phase velocity at w = (; §

@3 ®) 4 (c)% (d) 2
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Ans.: (a)
a)Z
Solution: n=1-—
Wy
2
nzizl—a)‘)£4:§::>vp:£
v, w, 4 3
2 3
n:izl—a)—z:>kc:a)—w—2
@ w; ;)
2 2 _
:ﬁ.cﬂ—?’“’z =1—3“’°£4=1 3=1:>vg=d—‘”=4c
do ;) @, 4 4 dk
Thus,v—g: fe _
v, 4cl3

Q117. A rotating spherical shell of uniform surface charge and mass density has total mass M

and charge Q. If its angular momentum is L and magnetic moment is z, then the ratio

U

= 1is
L
Q 20 Q 30
@ M (®) M © 2M (@) aM
Ans. : (c)

Solution: I = %MRZ,L =Ilw= %MRZa)

0
47z R?

o

ox(27Rsin@)(RdO)x 7R sin” O
27l w

dm Zd]XIZ(RSin 6?)2 =

dm = nowR" sin® 6d6
OR’w
3

B 4 s 4 0 4 B
y—jdm—gﬂowR _EE(WJG)R =>u=

QRza)/BZQRZa)X 3 0

=
gMsz 3  2MR*w 2M

H
L
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