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Q1. A small loop of wire of area A=0.01m?, N =40 turns and resistance R=20Q is
initially kept in a uniform magnetic field B in such a way that the field is normal to the
loop. When it is pulled out of the magnetic field, a total charge of Q =2x10° C flows

through the coil. The magnitude of magnetic field B is

(@) 1x10° T (b) 4x10° T
(c) zero (d) unobtainable, as the data is insufficient
Ans.: (a)
Solution: Magnetic flux through the loop ¢ = NBA
Induced e.m.f & = _d4¢ and induced currenti = _1dé = aQ = —£d¢ =dQ.
dt Rdt dt R

Thus ,Ziox(4ox Bx0.01)=2x10°=B=1x10"T.

Q2.  Two point charges +q,and +q, are fixed with a finite distance d between them. It is
desired to put a third charge g, in between these two charges on the line joining them so
that the charge q, is in equilibrium. This is
(a) possible only if q, is positive
(b) possible only if q, is negative
(c) possible irrespective of the sign of g,

(d) not possible at all

Ans. : (c) ] g
3
Solution: If g, is positive, L T TR B GRS o +0,
F, d F
q —q
If g, is negative, 0 oo e e +Q,
F d F

In both case there is possibility that charge g, may be in equilibrium.
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Q3. Two electric dipoles P, and P, are placed at (0,0,0) and (1,0,0) respectively with both
of them pointing in the +z direction. Without changing the orientations of the dipoles P,

is moved to(0,2,0). The ratio of the electrostatic potential energy of the dipoles after

moving to that before moving is

1 1 1 1
a) — b) = c) — d) =
(@) T (b) 5 (©) 2 (d) 8
Ans. : (d)
3
Solution: Electrostatic potential energyU oc % = Y. = r1—3 = 1
r U r, 8

Q4. A small magnetic dipole is kept at the origin in the x-y plane. One wire L, is located at
z=-a in the x-z plane with a current | flowing in the positive x direction. Another
wire L, is at z=+a in y-z plane with the same current | as in L, flowing in the
positive y -direction. The angle ¢ made by the magnetic dipole with respect to the
positive X -axis is
(a) 225° (b) 120° (c) 45° (d) 270°

Ans.: (a)

Solution: Magnetic field at z =0 due to wireat z=-a isB = -By.

Magnetic field at z=0 due to wire at z = +a isB =—BX.

Resultant magnetic field at z = 0 makes an angle of 45° with— X and 225° with X.
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Q5.

AnNs.:

1IT-JAM 2007
A uniform and constant magnetic field B coming out of the P —
plane of the paper exists in a rectangular region as shown in B

the figure. A conducting rod PQ is rotated about O with a |, o @

’
1

Eqo induced between P and Q is best represented by the [° »

: 3
graph

-
-
[

uniform angular speed @ in the plane of the paper. The emf |e L/p: ° .

\\\‘__Q,
(@ v (b) EPQT
@] t O‘ t
(©  En (d) EPQT
(0] t o‘ t
(a)

Solution: When point P is inside due to motional emf , potential PQ is positive. When point Q

Q6.

Ans.:

is inside potential QP is positive or potential PQ is negative.

1HT-JAM 2008

If the electrostatic potential at a point (x,y) is given by V =(2x+4y) volts, the
electrostatic energy density at that point (in J /ms) is
(a) 5¢, (b) 10¢, (c) 20¢, (d) %go (2x +4y)

(b)
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Solution: E = -W =28 —4§ :‘E‘ =~/20V /'m

Q7.

Ans.:

—|2
Electrostatic energy density = %50 El = %50 x 20=10g, J /m®
1HHT-JAM 2009

An oscillating voltage V (t) =V, coset is applied across a parallel V(t)=V, cos ot
— Yo

plate capacitor having a plate separation d . The displacement current ©

density through the capacitor is d

>
(@) g,0\V, COS wt (b) Eo MoV, COS @t a
d d
©) - & uoa)\(/jo cos ot (d) - goa)V(:j sin awt

(d)
OE & V() sV,sinaet

Solution: Displacement current density J, = ¢, — =

Q8.

AnNs.:

ot d at d
An electric field E(F)= (af+ SBsindcos ¢¢3) exists in space. What will be the total charge
enclosed in a sphere of unit radius centered at the origin?
() dreya (b) 4ze, (a+ B) (c) 4rey(a—p) (d) 4rze,p
(a)

Solution: Q,,, = gojﬂ E.-di= go_[(af + fsin Hcos¢¢?)- (r2 sin 6b|6'd¢?): drag,
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Q9.  The magnetic field associated with the electric field vector E = E, sin(kz —a)t)] is given
by
. E, A . E, . A
(@) B =——2sin(kz — wt) (b) B =—sin(kz - t)i
c c
. E, . A . E, . A
(c) B =Tsm(kz—a)t)j (d) B =Tsm(kz—a)t)k
Ans.: ()
Solution: B = < XE _K2xE, sin(kz—at) | __ K&, sin(kz— o) = —E2sin (kz — )|
w w w C

Q10. Assume that z =0 plane is the interface between two linear and homogeneous dielectrics

Ans.:

(see figure). The relative permittivities are &, =5 for ZT
& =5

z>0and g, =4 forz<0. The electric field in the i

region z >0 is E; :(3f—5]+4I2)<V/m. If there are

& =4
no free charges on the interface, the electric field in
the region z <0 is given by
(a) E: =Gf—%]+l€]kv/m (b) E> :(3?-5]+12)<V/m
(c) E2 = (31 =5] -5k kv/m (d) E2 = (3 —5] +5kkv/m
(d)
Solution: - E/ = E! = E} =3i -5]
ando, =0 = D =D; = E} = &L g} :%(+4|2)=5|2
&,

= Eo = (37 -5]+5kkv/m

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




fiziks
LISIK2

fiziks

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

Q11. A closed Gaussian surface consisting of a hemisphere and a circular disc of radiusR, is
placed in a uniform electric field E, as shown in the figure. The circular disc makes an

angle @ =30° with the vertical. The flux of the electric field vector coming out of the

curved surface of the hemisphere is ,

1
a) —7R’E
(a) >

Ne

(b) 737rR2E

mi

YyVYY

’
’

7

(c) ZR’E
(d) 2zR’E
Ans.: (b)

A 4

—

Solution: E = Eco0s307Z + Esin 30X =§E2+%Ef(

P =IE-dé:”(§E2+%EQJ-(stin6d6d¢f)

~ 277/2 27 \/§ 1 ] )
4 =R .[ I(7EcosH+EEsm@cos¢}(sm6déd¢)

6=0 $=0
7l2 2x nl22rx
b =£ER2 _[ j(cosesin 6)dedg +Lege J' I(Sin20c05¢)déd¢
2 6=0 ¢=0 2 0=0¢=0
d. :EER2x27rx£+0=£ﬂR2E
2 2 2
OR
V3

¢ = [ E-da = Ecos30° x 7R* = > ARE
S
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Q12.

Ans.:

1HT-JAM 2011

Equipotential surface corresponding to a particular charge distribution are given by

4x* +(y—2)2 +2% =V, , where the values of V, are constants. The electric field E at the
origin is

(@) E=0 (b) E = 2% (c) E=4§ (d) E=-4y

(d)

Solution: E =-W =8xX+2(y—2)§+222= E(0,0,0)=-4J

1HIT-JAM 2012

Q13. A parallel plate air-gap capacitor is made up of two plates of area 10cm? each kept at a
distance of 0.88mm . A sine wave of amplitude 10V and |
frequency 50Hz is applied across the capacitor as shown in the
figure. The amplitude of the displacement current density (in O
mA/m?) between the plates will be closest to
(a) 0.03 (b) 0.30 (c) 3.00 (d) 30.00

Ans.: (a)

Solution: Displacement current density, J, = &, % = Ed_o a\gt(t) =- SOwV‘(’jSin o
Amplitude of the displacement current density (in mA/m?) , J,, = EOZ)VO = Zﬁgdo Mo

, 1  50x10
2d  9x10° 2x88x10°°

= Jyg = drng, =0.03 mA/m?
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Q14. A segment of a circular wire of radius R, extending from & =0to x /2, carries a constant

linear charge density 4. The electric field at origin O is

(a) (-%-9) A
a X —
47zgoR y
A 1. 1.
b X
(®) 47rgoR( 2 2 y]
A 1. 1. R
© [——x——yj
&R\ 2 2 2]
> X
(d) 0 ©
Ans.: (a) y
_ A
Solution: E=-EX-Ey

whereExzj'dEcose, E, = j dEsiné.

line line

and dE = ! ’1_‘1'
4re, R
. > X
1 Adl G i RdH 0/
= —-c0s4 = :
line *7%€0 &y % o
de
= E [sin6] " A
7ggR 47e,R
7l2
SimilarIyEy=j—1 Mi' ino=—" Rde
line *7%&0 &y %
=E, = [- cos&]”’2 A
4re,R g, R

ThusE =-E,X-E,§ = (%)
0

<
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Q15. A particle of mass m carrying charge g is moving in a circle in a magnetic field B.
According to Bohr’s model, the energy of the particle in the n™ level is

(@) iz(hq—Bj (b) n(hq—BJ © n( hqBJ (d) n( hqBj
n“\zm zm 27zm 4zm
Ans.: (d)
2p2,2
Solution: E, =2 B .. mv,r =ni and r, =0 _m =% _m
2m qB gB mr, 0B

2p2,2 2p?2
:>En=q BT, _dB xn—h:n(—thj
2m 2m @B 47rm
Q16. A conducting slab of copper PQRS is kept on the x-y plane in a uniform magnetic field

along x - axis as indicted in the

figure. A steady current 1 flows ZA

through the cross section of the slab 5 R
along the y- axis. The direction of P Q%i
the electric field inside the slab, B/ "y
arising due to the applied magnetic X

field is along the

(@) negative Y direction (b) positive Y direction

(c) negative Z direction (d) positive Z direction

Ans.: (c)
Q17. Inaparallel plate capacitor the distance between the plates is 10cm. Two dielectric slabs

of thickness 5cm each and dielectric constants K, =2 and K, =4 respectively, are
inserted between the plates. A potential of 100V is applied across the capacitor as shown

in the figure. The value of the net bound surface charge density at the interface of the two

dielectrics is
K, =4
10cm — 100V
K, =2 N —
@ -20e O - (© 250, @ 22
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Ans.: (a)
_e—a
Solution: V =Ed +E,d =Zd+Zd =L d+Zd =2 K,=4 ]S *%
& & 2¢g, 4g, 4g, < :g_z
2 | I‘<1: | —O'l
V =100 volts, d =5x102cm %
4
:>o-:48°V: 4¢, . X100:4><10 &
3d 3x5x10 15
— — — o o
Pl:goZeEl:50(K1_1)E1:>O'1:50X2_8025
— — — o 3o
P=¢yvE =¢(K, -1)E, =>0,=3¢g, x—=—
2 oXe B2 o( 2 ) 2 2 0 4c, 1
o 3o o2 1 4x10* 2000
jg:o‘l—azz———z——z——x =

E =
2 4 4 4 15 ° 3 °
Q18. A rigid uniform horizontal wire PQ of mass M , pivoted at P, carries a constant current
l.

It rotates with a constant angular speed in a

uniform vertical magnetic field B. If the current ,,,,, " D) Q
were switched off, the angular acceleration of l
the wire, in terms of B, M and | would be
2Bl 3Bl BI
a) 0 b) — c) — d —
@) 0 © -, @
Ans.: (c)
Solution: Torque 7 =FxF =1 «a
dr =FxdF =1xIBdl (F=1]dI'xB= dF = Bdl)
L 2
r=1B[ldl = 1BL
° 2
_— : ML®
Moment of inertia about pointP, I = 3
IBL> ML 3 BI
vr=loa= = Sa=_-—
2 3 2 M
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Q19. A steady current in a straight conducting wire produces a surface charge on it. Let E_,
and E;, be the magnitudes of the electric fields just outside and just inside the wire,

respectively. Which of the following statements is true for these fields?

(@) E,, isalways greater than E,

out

(b) E,, isalways smaller than E,,

out

(c) E,, could be greater or smaller than E;,

(d) E
Ans.: (a)
Solution: In this case E,, =0,E,, #0.So E

! “out

isequal to E,

out

out = Ein

Q20. A small charged spherical shell of radius 0.01m is at a potential of 30V . The
electrostatic energy of the shell is
(@) 10 (b) 5x107°) (c) 5x107°J (d) 107°J

Ans.: (b)

2

Solution: V = g and W = g .
47e,R 87g,R

(47 VR) _4zs VPR 900x1072

Thus, W = = ’
87g,R 2 9x10° x2

=0.5x10"° =5x10* Joules

Q21. Arring of radius R carries a linear charge density A. It is rotating with angular speed .

The magnetic field at its center is

RYINV Y0, (b) HoA®
2 2

@ oA

Ans.: (b)

(© @) wudo

Solution: B:‘Z‘—ORI “wherel = Av = ARw. Thus B:ﬂo—;w.
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Q22. The electric field of a light wave is given by E = Eo{fsin(a)t —kz)+ ]sin(a)t —kz —%ﬂ.

AnNs.:

The polarization state of the wave is

(a) Left handed circular (b) Right handed circular
(c) Left handed elliptical (d) Right handed elliptical
(©)

Solution: E, = E,sin(wt—kz), E, = Eosin(a)t—kz—%J :

Q23.

AnNs.:

Thus resultant is elliptically polarized wave.

At z=0, E =E;sin(at), E = Eosin(a)t—%j

When wt =0, E, =0, E, __E and when ot =2, E, LS
V2 4 V2

A charge q is at the center of two concentric spheres. The outward electric flux through

 E, =0

the inner sphere is ¢, while that through the outer sphere is2¢. The amount of charge
contained in the region between the two spheres is

(a) 29 (b) q (c) -q (d) -2q

(b)

Solution: ¢:&, ¢’:2¢=M:>q':q

Q24.

& &
A positively charged particle, with a charge q, enters a region in which there is a uniform
electric field E and a uniform magnetic field B, both directed parallel to the positive
y -axis. Att=0, the particle is at the origin and has a speed v, directed along the
positive x - axis. The orbit of the particle, projected on the x-z plane, is a circle. Let T
be the time taken to complete one revolution of this circle. The y -coordinate of the
particleat t =T is given by

2 2 2
quglzi (b) ZZBTE ©) 7°mE  vorm

() 27mv,

a +
@) gB> B qB
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Ans.: (b) z
27m) _ 27°mE
qB gB’ =

: 1 1qE
Solution: y=ut+—-at’=>y==-"—
Y=AETRY =3 m{

A

Q25. A hollow, conducting spherical shell of inner radius R, and
outer radius R, encloses a charge q inside, which is located at a

distance d(< R,) from the centre of the spheres. The potential at

the centre of the shell is

(a) Zero (b) 47ng d
_lfa_a 0. B emd
© 4re, [d Rl] @) 47r50[d R, " RJ
Ans.: (d)

Solution: Charge induced on inner surface is—g and charge induced on outer surface is +(q.

Thus,V=i 949,49
dre,\d R R,

Q26. A conducting wire is in the shape of a regular hexagon, which is
inscribed inside an imaginary circle of radius R, as shown. A current
| flows through the wire. The magnitude of the magnetic field at the

center of the circle is

\/§ﬂ0 I
e © 7R
Ans.: (c)

3

Solution: d = Rcos30° :7R

I . .
wB= f;;d (sin®, —sind,)

B, =4l oginge0 = ol oingg0 - 4!

4rd J3 24/37R
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Q27.

AnNs.:

The magnitude of the magnetic field at center of the circle is
Mo _ 34| _ \/§/Jol
2J37R  /3zR 7R

For an electromagnetic wave traveling in free space, the electric field is given

— B =6B, =6

by E =100 cos(lOSt + kx)]% . Which of the following statements are true?

(a) The wavelength of the wave in meter is 67

(b) The corresponding magnetic field is directed along the positive z direction
(c) The Poynting vector is directed along the positive z direction

(d) The wave is linearly polarized

() and (d)

Solution: E =100cos(10°t+kx) ] V /m

Q28.

Ans.:

2

8
%C=108:>/1= 27 x3x10

10 =67 . Option (a) is true

0=10"=
B o (szE) oc (—Xx §) oc =2 . Option (b) is wrong

Sockoc—%K. Option (c) is wrong. Option (d) is true.
Consider the circuit, consisting of an AC function generator V(t)=V, sin 2zt with
V, =5V an inductor L =8.0mH , resistor R =5Qand a capacitor C =100xF . Which of

the following statements are true if we vary the frequency?

() The current in the circuit would be maximum at v =178Hz

(b) The capacitive reactance increases with frequency

(c) At resonance, the impedance of the circuit is equal to the resistance in the circuit
(d) At resonance, the current in the circuit is out of phase with the source voltage
(@) and (c)
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. 1 . .
Solution: v = = =178 Hz . Option (a) is true.
27VLC  2x3.14,/(8x10)(100x10°)
Xe =iC = X. Vv as @ T . Option (b) is wrong
a

Option (c) is true
Option (d) is wrong

Q29. A unit cube made of a dielectric material has a polarization P =3i +4] units. The edges
of the cube are parallel to the Cartesian axes. Which of the following statements are true?
() The cube carries a volume bound charge of magnitude 5 units
(b) There is a charge of magnitude 3 units on both the surfaces parallel to the y —z plane
(c) There is a charge of magnitude 4 units on both the surfaces parallel to the x — z plane
(d) There is a net non-zero induced charge on the cube

Ans.: (b)and (c)

Solution: P =3i +4] = p, =—V.P =0. Option (a) is wrong
At x=0, o, =Pfi=(3I+4]).(-1)=-3, At x=1, 0, =P.A=(3i +4]).(i) =3
Option (b) is true
At y=0, o, =P.fi=(3I+4]).(-])=—4,At y=1, 6, =Pfi=(31+4]).(])=4
Option (c) is true.
Option (d) is wrong

Q30. The power radiated by sun is 3.8x10*°W and its radius is7 x10° km. The magnitude of

the Poynting vector (in i
C

> ) at the surface of the sun'is..................
m

Ans.: 6174

26
- 38407\ em 6174 W /om?

Solution: | :E
A 47rx(7><1010)
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Q31. In an experiment on charging of an initially uncharged capacitor, an RC circuit is made
with the resistance R =10kQ2 and the capacitor C =10004F along with a voltage source
of 6V . The magnitude of the displacement current through the capacitor (in A ),
5 seconds after the charging has started, is.....................

Ans.. 364

— 6 — x10%x %1078 6 — 6 6
t/RC __ e 5/10x10°x1000x10™° __ e 5/10 __ — 364ﬂA

T 10x10° 10° Jex10°  1.65x10°

Solution: | = \ie
R

Q32. In a region of space, a time dependent magnetic field B(t): 0.4t tesla points vertically
upwards. Consider a horizontal, circular loop of radius 2cm in this region. The
magnitude of the electric field (inmV /m) induced in the loop is................

Ans.: 4

roB _2x10°

- = 04=4 mV/m
2 ot 2

Solution: ‘E‘x 2ar=- B art o ‘E‘ -
ot

Q33. A plane electromagnetic wave of frequency5x10"* Hz and amplitude 10°V/m traveling
in a homogeneous dielectric medium of dielectric constant 1.69 is incident normally at
the interface with a second dielectric medium of dielectric constant2.25. The ratio of the

amplitude of the transmitted wave to that of the incident wave is..................

Ans.: 0.93
2,/€, N
Solution: E,, = —2%_ |, = Eor _ Vi | (__2die9 ~0.93
n,+n, Eo | & +ye, ) \V169+4225
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Q34. For an infinitely long wire with uniform line-charge density, A along the z - axis, the

electric field at a point (a,b,0) away from the origin is

(&,.€, and &, are unit vectors in Cartesian — coordinate system)

A ~ A A A ~
a) ——— (6, +86 b) —=—— b
@ et ) O (7))
A ,\ A o
©) —F——=¢ d) —F—=¢,
27g,Na’ +b? 27g,Na% +b?
Ans.: (b)
Solution: E=—*—f=—% 7 A (a8, +bé,) o1 =+/a’ +b?

2re,r 2meNt 27, (a2 +b?)
Q35. A 1W point source at origin emits light uniformly in all the directions. If the units for

both the axes are measured in centimeter, then the Poynting vector at the point (1,1, 0) in

W,
—ZIS
cm
i, 1 /. .
(a) 8ﬁ\/§(ex+ey) (b) E(ex+ey)
(©) . (6 +8,) (d) ! (6,+8,)
1672 7 ar20 7
Ans.: (a)

Solution: I=<§>=Ef: P r_ P r= 1 1

A 4xrPr Axr® 4ﬁx2ﬁ(éx+éy)zm(éx+éy)

er=P2+1° =42
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Q36. A charged particle in a uniform magnetic field B = B,€, starts moving from the origin

with velocity V = (38, +2€,)m/s. The trajectory of the particle and the time t at which it
reaches 2 meters above the xy - plane are

(&€, and €, are unit vectors in Cartesian-coordinate system)

(a) Helical path; t =1s (b) Helical path; t =2/3s
(c) Circular path; t=1s (d) Circular path; t =2/3s
Ans.: (a)

Solution: v, =3 m/s and v, =2 m/s , thus t=2—m=13ec

VII

Q37. The phase difference (5) between input and output voltage for the following circuits (i)

.. C R
and (i) I . AN .

v, @ C=v, v, @ C=v,

will be M) (i

(@ 0and 0 (b) #/2 and 0< 6 <7 /2 respectively

(c) #12 and 7 /2 (d) 0 and 0< 6 < /2 respectively
Ans.: (d)

Solution: (i) v, =XLV- :>V—°:%, phase difference (&) is 0.
+

X, v, 1 1 1 R

(ii) v, = e - - e
R+ XC \ 1+R/ XC 1+iwCR l+(a)CR)2

Phase difference(5) is 0<5<7z/2.

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

18



o o fiziks
fiziks =

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

Q38. In the following RC circuit, the capacitor was charged in two different ways.

(i) The capacitor was first charged to 5V by moving the toggle switch to position P and
then it was charged to 10V by moving the toggle switch to position Q.
(if) The capacitor was directly charged to10V , by keeping the toggle switch at positionQ.

Assuming the capacitor to be ideal, which one of the following statements is correct?

R C
AMA— |
5V
P
L —* 10V
g

(a) The energy dissipation in cases (i) and (ii) will be equal and non-zero
(b) The energy dissipation for case (i) will be more than that for case (ii)
(c) The energy dissipation for case (i) will be less than that for case (ii)
(d) The energy will not be dissipated in either case.
Ans.: (c)
. e L 1 2 1 2
Solution: The energy dissipation in cases (i) is = EC (5) +EC (10—5) =25C

The energy dissipation in cases (ii) is :%C (10)2 =50C

Q39. In the following RC network, for an input signal frequency f =ﬁ, the voltage gain
T

—| and the phase angle ¢ between v, and v, respectively are
Vi
1 1 1 V4 1 Vs
a) —and 0 b) = and 0 c) = and — d) = and —
()2 ()3 ()2 i ()3 i
Ans.: (b)
Solution: - f = , then X_ :_;z—jR
27RC j2x fC
—jR* —jR -—-j(@1+]j)R
Z, = R _ JR_ = JR.= i1+J) and Z, =R+ X, =R- jR=R(1-j)
R+X., R-JR 1-] 2
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Q40.

Ans.:

v Ze Ve 1 1 _ 1 j@+)R
*"Z.+2, v %, RA-D) | 2R(-]) R-R-2R(1- )
Z, -j(1+j)R i(1+ )R
2
:>V_°:_ j(1+J)R _:J(_1+J)R=(J__1) :l,andphaseangleqﬁzo
v, JR-R-2R(1-j) 3jR-3R 3(j-1) 3

An arbitrarily shaped conductor encloses a charge q and is

surrounded by a conducting hollow sphere as shown in the figure.

Four different regions of space 1,2,3 and 4 are indicated in the 3,
figure. Which one of the following statements is correct? 2

(@) The electric field lines in region 2 are not affected by the

position of the charge q

(b) The surface charge density on the inner wall of the hollow sphere is uniform
(c) The surface charge density on the outer surface of the sphere is always uniform
irrespective of the position of charge q in region 1

(d) The electric field in region 2 has a radial symmetry

(©

Solution: From the given statement only option (c) is correct.

Q41.

Ans.:

Consider a small bar magnet undergoing simple harmonic motion (SHM) along the
X - axis. A coil whose plane is perpendicular to the x - axis is placed such that the magnet
passes in and out of it during its motion. Which one of the following statements is correct?
Neglect damping effects.

(@) Induced e.m.f. is minimum when the center of the bar magnet crosses the coil

(b) The frequency of the induced current in the coil is half of the frequency of the SHM

(c) Induced e.m.f. in the coil will not change with the velocity of the magnet

(d) The sign of the e.m.f. depends on the pole (N or S) face of the magnet which enters

into the coil

(@)

Solution: From the given statement only option (a) is correct.
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Q42. Consider a spherical dielectric material of radius ‘ a > centered at origin. If the
polarization vector, P = P,é, , where P, is a constant of appropriate dimensions, then
(&,.€,,and €, are unit vectors in Cartesian- coordinate system)

(a) the bound volume charge density is zero.

(b) the bound surface charge density is zero at (0, 0, a).

(c) the electric field is zero inside the dielectric
(d) the sign of the surface charge density changes over the surface.
Ans.: (a), (b), (d)

Solution: p, =-V.P=0
o, =P.ii=(Pg,).F=Psindcosg=0 at (0,0,a) ~@=0.
Q43. For an electric dipole with momentum P = p,€, placed at the origin, ( p, is a constant of

appropriate dimensions and éx,éy and &, are unit vectors in Cartesian coordinate system)

. 1 . . N

(a) potential falls as —-, where r is the distance from origin
r

(b) a spherical surface centered at origin is an equipotential surface

(c) electric flux through a spherical surface enclosing the origin is zero
(d) radial component of E is zero on the xy - plane.
Ans.: (a), (), (d)

f.p _ pcosd
bre,r®  Amer®

Solution: Vg, (r,0) =

Eip (r.0)= 47; e (20059F+sin 0@) .
0

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

21



fiziks
LISIK2

fiziks

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

Q44. Three infinitely-long conductors carrying currents I,,1, and I,

Ans.:

lie perpendicular to the plane of the paper as shown in the figure.

If the value of the integral ¢ Bl for the loops C,,C, and
C

C,are 2u,,4u, and x, in the units of% respectively, then

(@) 1, =3A into the paper (b) 1, =5A out of the paper
(c) 1,=0. (d) 1, =1A out of the paper
(@), (b)

Solution: - qS B.dl = g,
C

Q45.

Ans.:

=>L+1,=2, L +L=4,1+1,+1;=1
=1, =-3A, I,=5Aand I, =-1A.
The shape of a dielectric lamina is defined by the two curves y=0 andy =1—x°. If the

charge density of the lamina o =15yC/m?*, then the total charge on the lamina

8
Solution: Total charge on the lamina is y
L 15 2
Q=|ocda= 15ydxdy == | (1- x*) dx
Jota=[ [ “15y0u0y -2 1=
1 5 3 1
:>Q:E'|.(1+x4—2x2)dx:E x+ X
27 2 5 31, X
-1 0 1
o= 1+1_E_(_1_1+Ej :E[zﬁ_i}
2 5 3 5 3 2 5 3
15 16
=—x—=8C
Q 2 15
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Q46. A current 1 =10A flows in an infinitely long wire along the axis of 4
hemisphere (see figure). The value of I(?x B)-d? over the \
hemispherical surface as shown in the figure is: ___________ ) \
~~~~~~~ | Z10A
(a) 10, (b) 514 (©) 0 (d) 7.54,
Ans. : (a)
Solution: J'(?x B)-ds = <J3§.dT= |B|x 27T :;—;Irx 271 = | =104,
Q47. Consider two, single turn, co-planar, concentric coils of radii R, and R,
with R, >R, . The mutual inductance between the two coils is (‘

proportional to

R, R, R; RS
@2 Ol © & @ o
Ans. : (c)
’uoillszz
Solution: ¢, =M, I, = M, _ ¢, _BxaRl 2R ° OCR_ZZ
Il Il Il Rl

Q48. Consider a thin long insulator coated conducting wire carrying current | . It is now wound

once around an insulating thin disc of radius R to bring

|
the wire back on the same side, as shown in the figure. @}
J

The magnetic field at the centre of the disc is equal to:

o | 2 ,uol[ 2} ,uol[ 1}
a) —— b) &= 3+— c) —(—|1+— d) =—|1+—
()ZR ()4R[ z} ()4R 7 ()ZR T

Ans. : (d)

Solution: From R.H.R. magnetic field is pointing inwards, B = 2x K| +ﬂOI = to 1+l
47zR 2R 2R T
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Q49. The electric field of an electromagnetic wave is given by
E =(2k-3])x107sin[107 (x+2y+32-Bt)].
The value of £ is (c is the speed of light):

(a) V14 ¢ (b) V12¢ (c) v10¢ d) J7c

Ans. : (a)

Solution: E = (212—3])x10*3 sin[107 (x+2y +3z - ft)]

- o mm oy |E 10’ B
K=10"(%+29+37) = |k|=10'V14, 0=10"8,c=2=""2 _ p-.[14c
(r29+37) =K o=10s K o

Q50. A rectangular loop of dimension L and width w moves with a constant velocity v away
from an infinitely long straight wire carrying a current | in the plane of the loop as
shown in the figure below. Let R be the resistance of the loop. What is the current in the

loop at the instant the near —side is at a distance r from the wire?

4v

B sl wy (b) Il wy
27R rr+2w] 27R [2r +w]
©) Il wv (d) 78 | Y
27R r[r+w] 27R 2r[r+w]
Ans. : (c)
Solution: ¢B:J'§.d5= ’uolLdrz'uolLln(HWJ
S 27K 2r r

:>|:_ld¢8__”0”- 1 1jdr_  glbwy
R dt  2zR

B r+w r E_ZERF(F-I-W)
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Q51.

For a point dipole of dipole moment p = pZ located at the origin, which of the following
is (are) correct?

(a) The electric field at (0,b,0) is zero
ap

4 e, b’

(b) The work done in moving a charge q from (0,b,0) to (0,0,b) is

(c) The electrostatic potential at (b,0,0) is zero
ap

(d) If a charge g is kept at (0,0,b) it will exert a force of magnitude 2 5 on the
T €,
dipole.
Ans. : (b) and (c)
Solution: V = pcos@z and E=—F ; (20030f+sin 0@)
dre,r dre,r

Q52.

() At(0,b,0); 9:% =E =0

(b) The work done in moving a charge g from (0,b,0) to (0,0,b)

W=q[V(O,O,b)—V(O,b,O)]=q[4 P —o}— ap

me, b’ C4re,b?

(c) The electrostatic potential at (b,0,0) is V (b,0,0)=0

= 2p &
d) At(0,0,b); 6=0 =E= r
(@) ( ) 4r €, b?
If acharge q is kept at (0,0,b) it will exert a force of magnitude4 qub3 .
T &,

A dielectric sphere of radius R has constant polarization P = P,Z, so that the field inside

the sphere isE, =— i Z . Then, which of the following is (are) correct?
So

(&) The bound surface charge density is P, cosé

e . . . 1
(b) The electric field at a distance r on the z - axis varies as —- for r >>R
r

. . . .. PR
(c) The electric potential at a distance 2R on the z - axis is —2
S

(d) The electric field outside is equivalent to that of a dipole at the origin

Ans. : (a), (c) and (d)
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Solution: o, = P.i=(P,2).F = P, cos@

Q53.

1 pi_ 1 47R°PF_ 1 4zR°(RZ)Z_ RR
P 4re, r* 4re, 3 r° 4dze, 3 (2R) 126

Vs

Consider a circular parallel plate capacitor of radius R with separation d between the

plates(d << R). The plates are placed symmetrically about the origin. If a sinusoidal
voltage V =V, sinwt is applied between the plates, which of the following statement(s) is

(are) true?

V/e,wR
4d?

(b) The average energy per cycle flowing out of the capacitor is zero

(@) The maximum value of the Poynting vector at r =R is

(c) The magnetic field inside the capacitor is constant
(d) The magnetic field lines inside the capacitor are circular with the curl being

independent of r.

Ans. : (a), (b) and (d)

Solution: E:!:V"Smwt and B:’u"—ldz Ho goﬁanz _ HpoR oV Cos ot
d d 2z7R  2zR " ¢t 2 d
H 21 2
S :iEB _ &R oV, cosawt ><Vo sinot _ £,0RVy sm2a>t cosawt _ 5oa’R2Vo sin 2ot
Uy 2 d d 2d 4d
2
Sy = 22V . 550, B=£olal ingide
4d 27R

Q54.

AnS. :

In a coaxial cable, the radius of the inner conductor is 2mm and that of the outer one is
5mm. The inner conductor is at a potential of10V , while the
outer conductor is grounded. The value of the potential at a
distance of 3.5mm from the axis is............

(Specify your answer in volts to two digits after the decimal 10Vl

point)
3.8
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Solution; *- V& =0

Q55.

ADnS, :

In Cylindrical coordinate system, li(ra—vj =0=V =AInr+B
ror\ or
Thus 10=AIn2+B and 0=AIn5+B
=10=AIn2-AlIn5=> A=—L=—10.86 and => B= 10in5 =17.39
In(5/2) In(5/2)

=V (r=35)=AIn35+B=38V
The wave number of an electromagnetic wave incident on a metal surface is
(207 +750i)m™ inside the metal, where i =+/—1. The skin depth of the wave in the

metal is......... (Specify your answer in mm to two digits after the decimal point).
1.33

Solution: k =k +ix = (207 +750i)m™

Q56.

Ans. :

Skin depth, d :E:im =@mm =1.33 mm
kK 750 750

A sphere of radius R has a uniform charge density o . A sphere of

smaller radius R/2 is cut out from the original sphere, as shown in the R/;'
figure below. The center of the cut out sphere lies atz=R/2. After the -
smaller sphere has been cut out, the magnitude of the electric field at \>/

z=-R/2 ispR/n¢g,. The value of the integer n is...............

8
Solution: Electric field inside a uniformly charge solid sphere of radiusR is E = ;)—rf
S
— pR3
Electric field outside a uniformly charge solid sphere of radiusR is E = 3c 12 r
S

pRI2Z_p(RI2)’ _ pR _

= n=38
3¢g, 3¢g, R? 8¢,

Electric field at z = —g is E=
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Q57. A current | is flowing through the sides of an equilateral triangle of side a. The

magnitude of the magnetic field at the centroid of the triangle is
9141
2ra

31| 31|
wa

(a) (d)

(o) “o © -
za 2ra
Ans.: ()

Solution: RS =+a?-a?/ :ga and OSz%zga

For segment PQ

y7A| .0 Sl
BPQ WX 23|n 60 :2—7:a: BQR = BRP
dr| —a
6
9l
B =3B = 27z0a

Q58. Three infinite plane sheets carrying uniform charge densities —o, 20,30 are parallel to

the x—z plane at y =a,3a,4a, respectively. The electric field at the point (0, 2a,0) is

4o - 30 -~ 20 = o 2
@ —i (b) ——] € —1 (d) —1j
€y €y o o
Ans.: (b) .
Solution: The electric field at the point P(0,2a,0) is o 2030
P,
~ o 20 3o - 30 - >y
(2 B |) -2 e
2, 2g, 28, & a  3aia
X
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Q59. A rectangular loop of dimensions | and w moves with a constant

v
speed of v through a region containing a uniform magnetic field B~ —»

directed into the paper and extending a distance of 4w. Which of | %
the following figures correctly represents the variation of emf(g) w
. .. " b !
with the position (x) of the front end of the loop* 0 aw
—»X
€ £
A A
(a) (b)
+BWV}---me o +BWV | -y - = oo
0w o 4w
0 aw X 0 oW > X
-Bwvj < Bwv -
£
A E
A
(C) +BIV """"""" -=- (d) +BIV [y = " -~""-"-"""
0O w % 0 4w >
0 aw X o w X
_BIV [l b — - - ——— - 5 _BIV ————————————— -—-
Ans.: (c)
Solution:
| EL B B >
_>
Ay ® ® | —>V
dx
Case-l Case-Il

Case-l: at x=0,4 =Blw and at, x=dx,¢, = Bl (w—dx)
:>A¢=Bldx:>g:—((jj—f:Blv

Case-11: |¢|=BIv and direction will be opposite.

When loop is inside there is no flux change so, £ =0.
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Q60. A long solenoid is carrying a time dependent current such that the ~

magnetic field inside has the form B(t) = B,t?k , where K is along

the axis of the solenoid. The displacement current at the point P on

a circle of radius r in a plane perpendicular to the axis

(a) is inversely proportional to r and radially outward B

(b) is inversely proportional to r and tangential

(c) increases linearly with time and is tangential.
(d) is inversely proportional to r* and tangential
Ans.. (b)

Solution: gﬁE dl_—j— dl

_ 4
— Ex2xr=-2Btx7R* = E = BtR

_ 2
wJ, :go%zj.ld =@:>Jd oc%

2
Q61. Given a spherically symmetric charge density p(r) = {k(; o f< 2 (k being a constant),
, >

the electric field for r < R is (take the total charge as Q)

3
5Qr ;

Qr? : 3Qr* .
87¢,R®

b r
47g,R° ®) 47g,R*

0

(@)

(©)

(d)

47250 R5

Ans.: (a)
Solution: - SﬁEda Qunc :‘E‘x4m’ ——Ukrzx47rr2er
0

kr®

:‘E‘x4m’2 =i><47zkﬂ :>‘I§‘
E, 5 55

R 5 3
°.'Q:Ikr2x47zr2dr:47sz—:>k: 5Q5 :‘E‘— 5Q5 Qr -
5 5 47R 47R>  5¢, 47Z'6‘OR
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Q62. An infinitely long solenoid, with its axis along K, carries a current | . In addition there is

Ans. :
Solution: E=Ep

Q63.

Ans.:

a uniform line charge density 4 along thee axis. If S is the energy flux, in cylindrical
coordinates (/3¢? 12), then

(@) S isalong p

(b) S is along k

(c) S has non zero components along 5 and K

(d) S isalong pxk

(d) =N
Nl

5Bk 511, €p

SxExB

§oc,5><|2 ap,

Let the electric field in some region R be given by E :e‘y2f+e‘X2]. From this we may

conclude that

(@) R has a non-uniform charge distribution
(b) R has no charge distribution

(c) R has a time dependent magnetic field.

(d) The energy flux in R is zero everywhere.

(b), ()

Solution: +V-E=0 and VxE =0,

Thus R has no charge distribution and R has a time dependent magnetic field.
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Q64. In presence of a magnetic field Bj and an electric field (—E)Iz, a particle moves

undeflected . Which of the following statements is (are) correct?

(a) The particle has positive charge, velocity = —%f
(b) The particle has positive charge, velocity = Ef

. . . E-
(c) The particle has negative charge, velocity = —EI

(d) The particle has negative charge, velocity = %f

Ans.: (b), (d)

e E el EalugB) = J_E

Solution: -. F_q[E+(v><B)}_O :>|v|_B
For +ve charge: a— —k :V:ER

For —ve charge: a—k :V:Ef(

Q65. Consider an electromagnetic plane wave E = Eo(f+ bj)cos[%[{ct—(x—\/gy)}] where

A is the wavelength, ¢ is the speed of light and b is a constant. The value of b is
. (Specific your answer upto two digits after the decimal point)
Ans.: 0.577

Solution: E = Eoﬁcos[a)t —IQFJ =h= (f+bj)
(=2 (- 3j)

-.-R-ﬁ:o:»%”(l—b@)w:»b: —0.577

1
NE

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

32



fiziks
LISIK2

fiziks

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

1HT-JAM 2019

Q66. A small spherical ball having charge g and massm, is tied to a thin

massless non-conducting string of length |. The other end of the
string is fixed to an infinitely extended thin non-conducting sheet
with uniform surface charge density o . Under equilibrium the
string makes an angle 45° with the sheet as shown in the figure.

Theno is given by (g is the acceleration due to gravity and ¢, is

the permittivity of free space)

@) mgé&, (b) \/Em
q q
mge, mge,
(c) 2—— (d)
q a2
Ans. : (c)
Solution: tanezi:tanezﬁ—q—aza:mtane

mg mg  2&,mg q

s o = 2M9%0 o 450 _ 2MI%
q q
Q67. Consider the normal incidence of a plane electromagnetic wave with electric field given

by E=E,exp[kz-at]X over an interface at z=0 separating two media [wave

velocities v, and v, (v, >v;) and wave vectors k, and k,, respectively] as shown in

figure. The magnetic field vector of the reflected wave is (@ is the angular frequency)

A

Vl
Kk, Medium1

AVAVAV

Medium 2

Nx '\-’<

NV

(a) 5—:exp[i (kz-at)]y

(b) %exp[i (-kz-at)]y

(c) exp|i(kz-at)]y

exp[i(—kz-ot)]§ (d)

— Eo — Eo
A V.

1
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X

Ans. : (¢)

Medium1 Medium 2

EIENENES
B
-
< <
- -
LN <
- -
LN <
- -
LN <
- -
LN <
- -
LN <
- -
T T
) i
- -
2 i
— 3
i
-
i
-
i
-
2
—
EENEN
ENENE
£
)
-
i

Q68. During the charging of a capacitor C in a series RC circuit, the typical variations in the

N>V

<>

magnitude of the charge q(t) deposited on one of the capacitor plates, and the current

|n the circuit, respectively are best represented by

(@) Figure I and figure 11 (b) Figure I and Figure IV
(c) Figure 111 and figure 11 (d) Figure 111 and figure IV
s.: ()

Q69. Which one of the following is an impossible magnetic field B ?

3
(a) B =3x%z°%—2xz%; (b) B =—-2xyX+ y229+[2yz—%)2

(c) I§:(xz+4y)>“<—yx3§/+(xsz—z—22J2 (d) B =—6xzX+3yz*y
S.: (d)
Solution: Check that V-B =0
(8) V-B=6xz°>-6x2*=0

(d) V-B=-62+32° %0
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Q70. Which of the following statement(s) is/are true?
(a) Newton’s laws of motion and Maxwell’s equations are both invariant under Lorentz
transformations
(b) Newton’s laws of motion and Maxwell’s equations are both invariant under Galilean
transformations
(c) Newton’s laws of motion are invariant under Galilean transformations and Maxwell’s
equations are invariant under Lorentz transformations
(d) Newton’s laws of motion are invariant under Lorenz transformations and Maxwell’s
equations are invariant under Galilean transformations
Ans. : (c)
Q71. Out of the following statements, choose the correct option(s) about a perfect conductor.
(a) The conductor has an equipotential surface
(b) Net charge, if any, resides only on the surface of conductor
(c) Electric field cannot exist inside the conductor
(d) Just outside the conductor, the electric field is always perpendicular to its surface
Ans.: (a), (b), (c), (d)

Q72. The electrostatic energy (in units of J) of a uniformly charged spherical shell of

€o
total charge 5C and radius 4m is . (Round off to 3 decimal places)

Ans.: 3.125

2! 2
Solution: W = 9 _ = 9
8rmg,R  4reg, 2R

W = 1 2 Joules:[

Adre, 2x4

X 3.125] Joules
4re,

Q73. An infinitely long very thin straight wire carries uniform line charge
density 87 x107>C/m. The magnitude of electric displacement vector at a point located
20 mm away from the axis of the wire is C/m?.

Ans. : 2

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

35



fiziks
LISIK2

fiziks

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

= = A
:‘D‘zgo‘E‘zz—M

Solution: A =87x107¢c/m? ‘E‘ =
2mg,r

-2
87x10 :ic/m2=2C/m2

T 27x20x10° 2

Q74. A surface current K =100% A/m flows on the surface z =0, which separates two media

with magnetic permeabilities 44 and z, as shown in the figure. If the magnetic field in

the region 1 is B, = 4X—6Y+2ZmT, then the magnitude of the normal component of B,

will be mT
z>0
14 =5x10°H/m
K =100% A/m B, =4%—6y+27mT

V<>

/ =0

s &
y t, =10x10° H /m
z2<0

Ans.: 2
Solution: B, =B, =2ZmT  (Since B} =2ZmT)
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