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INSTRUCTIONS TO CANDIDATES

(1) There are 60 questions in this paper.

(2) Question paper has two parts. In Part A1 (Q. No. 1 to 48) each question has four alternatives, out
of which only one is correct. Choose the correct alternative and fill the appropriate bubble, as

shown.

Q.No.22 CO @I cOdO

In Part A2 (Q. No. 49 to 60) each question has four alternatives, out of which any number of
alternative (s) (1, 2, 3 or 4) may be correct. You have to choose ALL correct alternative(s) and fill
the appropriate bubble(s), as shown.

Q.No. 54 O @i O @D

(3) For Part A1, each correct answer carries 3 marks whereas 1 mark will be deducted for each wrong
answer. In Part A2, you get 6 marks if all the correct alternatives are marked. No negative marks
in this part.
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A -1 (Attempt All Sixty Questions)
ONLY ONE OUT OF FOUR OPTIONS IS CORRECT. BUBBLE THE CORRECT OPTION
1. A target of 7Li is bombarded with a proton beam of current 10—+ ampere for 1 hour to produce 7Be of activity

1.8 x 108 disintegrations per second. Assuming that bombarding of 1000 protons produces one "Be radioactive
nucleus, the half-life of "Be is estimated to be approximately

(a) 6887 hour (b) 4332 hour
(c) 2407 hour (d) 2195 hour
Answer (c)
Sol. AQ = iAt

=10~ x (3600)C

107 % 3600

Number of protons =
P 1.6x107"°

107 x 3600

Number of Be (N) = T
1.6x107"x 1000

A=AN

Half life = E =
A

In2

>|=

_ 107*x3600 xIn(2)
T 1.6x107 %1000 x 1.8x 108

= 8665200 seconds

= 2407 hour

2. Along straight wire carrying a current i = 10 A and a rectangular metallic loop of dimensions b x c lie in the same
plane as shown in the figure. The parameters are a = 10 cm, b = 30 cm and ¢ = 50 cm. The mutual inductance
of the system is nearly

«—o—

a
«—>¢<—ph—>

(a) 69nH (b) 71 nH

(c) 139 nH (d) 281 nH

Answer (c)
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Sol. a=—m
10
. 7
i=toas [ ] 1 po3
e 10
? 1
a é l CZEm
«—b—>

a+b
a

_ Bl o e _ MolC
dp =20 cdx jd¢,¢ - (Inx)

4nx107"x10 1, (40

b= " = x—In| —

2n 2 110
=106 x 2In 2
¢ =1.386 x 10-6

Mx10=1.386 x 10-°
M=1.386 x 107
=139nH

3. Impedance of a given series LCR circuit, fed with alternating current, is the same for two frequencies f1 and f..
The resonance frequency fr of the circuit is

fi+ f 2ff
(a) ~== (b) —2
2 f,+f,
(©) ik (d) FE+155
Answer (c)

Sol. Z = R? + (X - X,

Here Z1 = 2>

S0, '~ Loy=—— Lo,
C(D-I C(’OZ

A L,

CO)1 C(’OZ

w =L(0 - )
W40y




@

M: —L(oy — o)
WMy

[-2af,x 2nfy| = (2nr )

ANGA

4. A lawn roller is a solid cylinder of mass M and radius R. As shown in the figure, it is pulled at its center by a
horizontal force F and rolls without slipping on a horizontal surface. Then the

<

(a) acceleration of the cylinder is %
- . . 2
(b) force of friction acting on the cylinder is N

(c) coefficient of friction needed to prevent slipping is at least %
g

(d) minimum coefficient of friction to prevent slipping is %
g

Answer (c)
Sol.

(1)

From (1), F = Ma + M2 _ 3Ma
2 2
2F
a=—
3M
F_M(2F)_F
2\3m) "3
F
f=u-Ma=—
ne-Mg ==
_F
" 3Mg
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5. A hydrogen atom (Mn = 1.67 x 10-27 kg), initially at rest, emits a photon and goes from the excited state n =5 to
the ground state. The recoil speed of the atom is nearly

(@) 4.2ms™ (b) 4 x 10 ms™"
(c) 2%x102ms! (d) 8 x 102 ms™
Answer (a)
Sol. n1=1
=5

mass of hydrogen atom = 1.67 x 1027 kg

PZI

h :
v =—— — recoil speed
mk

1 1 1

A
A=9.48x%x108m

. 6.67 x 1073
So, recoil speed (v) = 16x102 x9.48 x 10~

~ 4.2 m/s

6. Two nuclides A and B are isotopes. The nuclides B and C are isobars. All the three nuclides A, B and C are
radioactive. You may then conclude that

(a) the nuclides A, B and C must belong to the same element

(b) the nuclides A, B and C may belong to the same element

(c) itis possible that A may change to B through a radioactive decay process

(d) itis possible that B may change to C through a radioactive decay process
Answer (d)
Sol. A~ (Z+ N)

B—(Z+N)

CH>Z+N'

(a) x not same element

(b) x

(c)A—> Bdecayp—>n zwillchange

(d) Bto C, atomic no change

7.  Numerical aperture of an optical fibre is a measure of

(a) the attenuation of light through it (b) its resolving power
(c) the pulse dispersion through it (d) its light gathering power
Answer (d)




Numerical aperture of optical fibre (NA) = sino. = y/n? — n3

It is clear that on increasing NA, higher scattering loss from greater concentrations of dopant.
— It measures light-gathering ability.
8. Heavy stable nuclei have more neutrons than protons. This is because of the fact that
(a) neutrons are heavier than protons
(b) the electrostatic forces between protons are repulsive
(c) neutrons decay into protons through beta decay
(d) the nuclear forces between neutrons are weaker than those between protons
Answer (b)
Sol. In nucleus, there are two types of force,
Nuclear force — attractive
Force among protons — repulsive
In heavy nucleus, repulsive force is more than attractive.
But for stable heavy nucleus, these repulsive force is minimised by neutrons.

9. An equi-concave lens of radii of curvature of the two surfaces numerically equal to 7 cm and refractive index
u = 1.5 has a small silver dot on the rear surface. As a result of this, a ray of light incident parallel to the principal
axis gets reflected from its rear surface and then reflected also from the inner front surface. The ray after the
second reflection emerges out of the thin lens and appears to focus at a point P on the principal axis. The point

P lies

(a) 1 cm before the lens (b) 2 cm before the lens

(c) 1.cm beyond the lens (d) At none of these
Answer (c)

Sol. The ray undergoes 2 reflection and 3 refractions

1 .3_2

feq fl fm
l=(1.5—1)£=l
i R R
fi=7cm

R 7
fp,=—=—-—=cm
mo2

13,2 ,_7

foq 7 7 7
feq=1cm

It will be focused 1 cm beyond the lens.
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10. Light emerges out uniformly from a point source placed at the focus of a concave mirror to give out a spherical

wave front. As a result of reflection of the paraxial rays from the concave mirror, according to Huygen’s theory
the reflected light is in the form of a

(a) Spherical wave front with centre at the focus, and radius equal to the radius of curvature of the mirror
(b) Spherical wave front with centre at the focus, and radius equal to the focal length of the mirror

(c) Cylindrical wave front with its axis coinciding with the principal axis of the mirror

(d) Plane wave front perpendicular to the reflected beam

%

Answer (d)

N

(at F) <

£

Concave mirror
After reflection the light goes parallel to the principle axis.
In case of parallel light, the shape of wavefront is plane.
Option (d) is correct.
11. An equi-convex lens of focal length ‘f is cut along a diameter, in two halves (pieces). The two identical pieces of
the lens are now arranged as shown in the figure on a common axis at a separation f between the two. The

image of an object AB placed at x = 0 cannot be formed at the distance x = € from the object along the axis, for
the value of € as

(@) g=2f (b) &=3f
(c) €=4f (d) €=
Answer (a)

M

< 2f 2f
Ans. 2f

12. During the processes of annihilation of a stationary electron of mass mo with a stationary positron of equal mass,
a radiation is emitted. The wavelength of the resulting radiation is

v
N
v

(a) _h (b) 2h

mgyC mgyC

Mo Mo

(c) e (d —
Answer (a)
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Sol. = From conservation of momentum, photons will travel in opposite direction with equal magnitude of

hc
momentum 7

= From energy conservation

hc hc 2 2
—_t—= moC + moc
A A

L
m0C
13. The convex surface of a concavo-convex lens of refractive index 1.5 and radii of curvature R1 = 20 cm and
R2 = 40 cm has been silvered so as to make it reflecting. The distance of a luminous object from the reflecting
system when placed in front of it on its principal axis, so that the image coincides with the object is

(a) 40 cm (b) 32cm
(c) 16cm (d) 8cm
Answer (c)
Sol. R, =40cm
R,=20cm
P = n shed u= %5

The object should be at 2fet, so that the image coincides with it.

o () e )
fnet flens fmirror
_L = 2(1 5- 1) (_i — L) o [_Lj
fret 40 -20 -10
( 1 1 ) 1
= —— |4+ —
20 40 10

1 1 _10+40

40 10 400
400
= fn=———=-8cm
net 50
|2fnet| =16 cm

Option (c) is correct

14. Two balls are projected from the top of a cliff with equal initial speed u. One starts at angle 6 above the horizontal
while the other starts at angle 6 below. Difference in their ranges on ground is

2 2
u“ tano u“sin20
(@) 2 (b) ——
g9 2g
2 2
u“sin20 u“ cos20
() —— (dy ——==2
[¢] g
Answer (c)
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= AR =R1 - R2=ucosd(t — tz)

(2usinej
ucosp| ——
g9

u?sin20
g
Option (c) is correct.

15. A solid block of mass 3 kg is suspended from the bottom of a 5 kg block with the help of a rope AB of mass 2 kg
as shown in the figure. When pulled by an upward force F, the whole system experiences an upward acceleration
a = 2.19 ms=2. Choose the correct option

A F
[ sk
A
2 kg
B
| |3 kg
(a) Net force on the rope ABis 24 N (b) Tension at the midpoint of the rope AB is 48 N
(c) Force Fis20N (d) Force Fis60 N
Answer (b)
F
. 2
5 kg a=219m/s
Sol. A
2kgt
B
3 kg
F—-10g =10a
F=219+100
=121.9N
At mid-point of rope
T
1Kkg
3 kg
T-4g=4x%x219
T=47.96
=48 N
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16. A block P of mass 0.4 kg is attached to a vertical rotating spindle by two strings AP and BP of equal length

1.0 m as shown in the figure. The period of rotation is 1.2 s. Tensions T1 and T2 in string AP and BP are

A A

1.6m

(@) T"=1586N T>=10.97 N (b) T1=1586N T2=3.04N
() Ti=794N  T2=3.03N (d) T1=T2=548N
Answer (c)

Sol. g

0.8 T,sin@

T, sind

N

T4
(O]
2t  5n
nN=—=—
1.2 3
T1sin® = 4 + T2sinO
(T1 + T2)cosd = mrw?
T1=5+T> ()
(T++ T2) =10.95
T1=7.94N
T.=3.03N

17. A particle of mass m moves in a straight line under the influence of a certain force such that the power (P)
delivered to it remains constant. Starting from rest, the straight-line distance travelled by the moving particle in

time tis
s 1 1
8Pt |2 4Pt3 )2
@ (27m} (b) (27mJ
5 1 1
8Pt? |2 8Pt )2
()(ng (d)(gm]




@

pDows]
Answer (d)
Sol. P=FV

F=ma

P
va =—
m

18. A bullet is fired vertically up with half the escape speed from the surface of the Earth. The maximum altitude
reached by it (ignore the effect of rotation of the Earth) in terms of radius of Earth R is

R R

(a) 3 (b) >

2R

() R (d) =
Answer (a)

Sol. V = G—M
\ 2R

By conservation of energy

_ GMm 1m GM GMm
R 2

2R ) R+h
_3GMm _ GMm
4 R  R+h

nR
3

-11 -
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19. Acanis a hollow cylinder of radius R and height h. Its ends are sealed with circular sheets of the same material.
The can is made of thin sheet metal of areal mass density o(kg/m?2). Moment of inertia of this closed can about
its vertical axis of symmetry is

(a) nR%c(h+ 2R) (b) nR%(h+ R)
(c) nR%(2h + R) (d) 2rR%c(h + R)

Answer (c)

Sol. h:

Mass of seal = nR%c
M.I. of both seal
2
Mass of curve surface = 2nR-h-c
M.I. of curved part
I = 2nR-ho-R?
Total M.I. =/ + |2
= R% + 2nR%-h
= tR%(R + 2h)
20. A particle of mass m is revolving in a horizontal circle on a frictionless horizontal table with the help of a string

tied to it and passing through a hole at the center of the table. Two equal masses M are attached to the other
end of the string as shown. If one of the hanging masses M is removed gently, the radius of the circular motion

2

of m
............... ./21
M
M
(a) Decreases by a factor 1.414

)
(b) Increases by a factor 1.260
(c) Increases by a factor 1.414
(d) Does not change because of the conservation of angular momentum

Answer (b)

-12-
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Sol. Initially, tension in string = 2Mg
2Mg = mo?r, (i)
When one mass is removed
Mg = ma3r, .(ii)
By conservation of angular momentum

2 .2
o4 = o0

2
O [ R
Q) r

On dividing (i) and (ii)

2-(2)(2)

r, =n(2)?
r2=1.26r

21. Three stars of equal mass M rotate in a circular path of radius r about their center of mass such that the stars

always remain equidistant from each other. The common angular speed (o) of rotation of the stars can be
expressed as

1 4l

(@) {‘;“1QK§J2 ® (S
r r

1 1

GM 2 )2 GM \2

o [55) o [3%)

Answer (d)

M

Sol.

-13 -
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22. The density of a liquid is p at the surface. The bulk modulus of the liquid is B. The increase Ap in the density of
the liquid at a depth h from the surface is (with Ap << p)

2

p-gh pgh
a) Ap= b) Ap="2"
(@ Ap 3 (b) Ap 5

2 2

p-gh 2p°gh
c) Ap=E2- d) Ap="F22
(c) Ap 25 (d) Ap 5

Answer (a)

Sol. pv = constant

A LAV g 0
p v
B AP Av| _pgh -..(ii)
Av v B
v

From (i) and (ii)

Ap| _pgh
p B
2
p-gh
Ap) =L
(Ap) 5

23. Water flows at 1.2 m/s through a hose of diameter 1.59 cm. The time required to fill a cylindrical container of
radius 2 m to a height of h = 1.25 m will be nearly

(a) 18.3 hour (b) 2.7 hour
(c) 550 min (d) 220 min
Answer (a)
Sol. Time = Volume

Rate of flow of liquid

_ nR*h
AV

_ m(2)? x (1.25) hours

2
1.2><Tc><(1'259j «10~ x 3600

=18.3 hours

24. A police car, moving at speed of 108 km/hour, approaches a truck moving at 72 km/hour in opposite direction.
The natural frequency of the siren of the car is 800 Hz and the surrounding temperature is 27°C. The frequency
heard by the truck driver as the car passes him

(a) Remains unchanged (b) Decreases nearly by 232 Hz
(c) Increases nearly by 231 Hz (d) Decreases nearly by 260 Hz
Answer (b)

-14 -



&
*CER

Sol. Velocity of sound = YRT

= 346.88 m/s

\/1 4x8.3x300x1000
28.97
f=800 Hz

5
Vear :108><§:30 m/s

V, 72x£:20m/s
18

ruck —

f = (M]Xgoo
Vs -V,

car

_366.88
316.88
When car passes

f"= Vs ~Vinex x800 = 326.88 x 800 = 693.86
Vs +V, 376.88

car

x 800 =926.230

Af=—-232Hz

25. Arope of mass M and length L hangs vertically. Time needed for a transverse pulse to travel from its bottom end
to the support is

2L L
@ ,[|— (b) 2 |—
g g
L L
(c) = ) -
g 29
Answer (b)
VPPV IIIIEA
Sol. ——
M
T
i 1
Ix
Mx
T=—2
[ g
v [ = ox
o
dt
L t
ax \/*
—=4/g|dt
rall
2JL = \fgt
t=2 L
g

-15 -
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26. The figure shows a smooth tunnel AB (length = 2/) in a uniform density planet (say Earth) of mass M and radius

R. A small ball of mass m is released from rest at the end A of the tunnel. Acceleration due to gravity at surface
of the planet is g. Time taken by the ball to reach the end B is

Answer (a)

Sol. Time period of oscillation

T:2n\/E
g

Time taken from one extreme to another :%

" t:7t\/E
g

27. When the speaker S1 is switched ON, the sound intensity at a point P in a room is 80 dB. But when the speaker
Sz is switched ON (S is switched OFF), the sound intensity at the same point P in the room is 85 dB. The sound
intensity level (in dB) at the same point P in the room, if the two speakers S1 and S: are simultaneously switched
ON, is (consider the speakers to be incoherent)

(a) 165dB (b) 86.2dB
(c) 87.8dB (d) 88.6 dB
Answer (b)

Sol. Total intensity I =11 + |2

80 =10 log (I—1J
o

85=10 Iog[llJ
IO

L =101log [M]
IO

L=86.2dB

-16 -
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28.

A block B of mass 0.5 kg moving, on a horizontal frictionless table at 2.0 ms-', collides with a massless pan P
(at origin O) and sticks to it. The pan is connected at the end of a horizontal un-stretched (relaxed) spring of force
constant K =32 Nm-" as shown in figure. After the block collides, the displacement x(f) of the block as a function
of time t is given by

P
e 3¢
B|—
AT SERT R S P AT A AR A A A AN 4
(@) 0.25cos 8tm (b) 0.25 sin 8t m
.t LT
(c) 2.50 smg m (d) 0.50 smztm

Answer (b)

Sol. It is a simple harmonic motion

\ﬁ [32
W= _— = —:8
m 0.5
1mv2
Amplitude A= |2 - /0'5X4 - /i
T 32 16
2

:1= 0.25m
4

At t = 0, block is at its mean position
.. x=0.25sin (8f) m

29. Which of the following functions does not represent a traveling wave?
(@) y=Asin’ {7{1‘ —iﬂ (b) y =Ae ™ cos(kx - ot)
v
(c) y= Asin[(kx)z —((Dl‘)z} (d) y= Acos[(kx —mt)zJ
Answer (c)

Sol. For travelling wave

30.

d’y _ 2 0%

dt? dx?
For option (c)
Py, 24y
dt? dx?
.. Itis not a travelling wave

Two Carnot heat engines are connected in series such that the sink of the first engine is heat source of the
second. Efficiency of the engines are n1 and nzrespectively. Net efficiency n of the combination is given by

(8) n=ni+n2 (b) m=—112
Ny +My
() n=mi+m2(1-m) (d) n=n1-n2(1-n1)
Answer (c)

-17 -
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Sol
S
[ 17,
(O
[ 1 7,
T,
m= T,
T
M =1-==
T,
T3
T
T3

SMENNFN2—1n1m2

31. An air bubble of radius 2 mm at a depth 12 m below the surface of water at temperature of 8°C, rises to the

surface where the temperature is 16°C. Neglecting the effect of Surface Tension, the radius of the bubble at the
surface is estimated to be

(a) 2.56 mm (b) 2.61 mm
(c) 2.86 mm (d) 4.45 mm
Answer (b)

sol, V1 _F2V2
nLon

P1=Po + pgh
h=12m
P1=22x10%
P2=Po=10°
T1 =281
T2 =289

V, 22 289
Vo 22 289

: 222 _2.26
v, 1 281

]
L, =r(2.26)3

r2=2.61 mm

-18 -
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32. Two soap bubbles of radii a and b coalesce to form a single bubble of radius ¢ under isothermal conditions. If
the external pressure is Pa, then the Surface Tension (T) of the soap solution is

,3_/\(03—a3 b3) p_A(a3+b3—03)
(a) 4 (a2+b2—02) (b) 2 (cz—az—bz)

p (a2+b2—cz) p (cz—az—bz)
(©) 7A(C3_a3_b3) @ TA (a+b-c)

Answer (a)
Sol. P1V1 + P2V2 = P3V3
4T\ 3 4T\, 3 4T 3

Py+— @ +|Py+— |b° =| Py, +—|C
Pl (o B (e T
Pa(a + b3 —c3) = 4T (¢? - b? - a?)
3,13 A3

..T=p_A(a+b —c)
4(02—b2—a2)

33. An open-end organ pipe 30 cm in length and a closed-end organ pipe 23 cm in length, both of equal diameter,
are each sounding their first overtone and both are in unison at 1100 Hz. The speed of sound in air, is estimated

to be nearly

(a) 324 ms™! (b) 332 ms™!

(c) 340 ms™ (d) 352 ms™
Answer (d)

Sol. For open end organ pipe

v

for 1st overtone f = ——
(I, +2e)

For closed end organ pipe

3v

for 1st overtone f =
4(1, +e)

f=1100 Hz

l+2e="
f

Iy +e=—
2 4f

. v=352m/s

34. The figure shows a lagged bar XY of non-uniform cross section. One end X of the bar is maintained at 100°C
and the other end Y at 0°C. The variation of temperature along its length from X to Y in steady state is best
represented by the curve.

-19 -



®
Azlgsh ___ NseP2023

5 100°C

100°C 0

@ (b) I
i — % v K—=> K ¥

100°C 100°C

0 0

(c) T (d) T

0
X —> K& Y OX —> X Y
Answer (b)

Sol. Side of the cross-section varies linearly.
o0 =1lo—XxC
a=(?= (lo— xc)?

Q is same through all cross-section

Q = MK(EO _XC)2
X
ST=T -
K(fy - xc)?

35. An ideal gas (n moles) is initially at pressure P and temperature T. It is cooled isochorically to a pressure g

The gas is then expanded at a constant pressure so as to attain back its initial temperature T. Work done by gas
during the entire process is

5 3

(a) ZHRT (b) ZHRT
(c) %nRT (d) Zero
Answer (b)

Sol. In Isochoric process W= 0
In Isobaric process W = nRAT

To=T
T
T =L
g
W :nR[T—IJ
4
:inRT
4

36. Assuming the Sun to be a spherical body (radius Rs) of surface temperature T, the total radiation power received
by Earth (radius Rg) at a distance r from Sun is

(@) onR2RET* (b) c4nRERET*
2 2
r r
4r? 4nr?
Answer (a)

-20 -
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Sol. Power radiated by Sun = ce4nR3T*

cednR3T*

Intensity at earth = >

4nr

nR2ceRAT*

r2

. Power received by Earth = tR2 x/ =

¢ =1 for sun

3 onRERAT*

r2

37. The figure shows five point-charges on a straight line. Separation between successive charges is 10 cm. For
what values of g1 and g2 would the net force on each of the other three charges be zero?

2uc g, 1uC g, 2uC

<) o ° ® ®
<>
10 cm
27
a = = —— C
(@ g,=q, 80“
27
b = = — C
(b) g,=q, 40“
27 27
(c) a 80 ul g, 80“
27
d = = — —— C
(d) 91=9, 40H
Answer (a)
Sol.2uC g, 1pC g, 2uC
o ° ® [6) ®

Force on 1 uC to be zero.

22 L4 % 2

27 (1 1 (27
S.g1=Q2
Force on 2 uC to be zero.

g 1 Q2+2

22 3 g2

o3
(

Ej__ﬁ
%9 )" 16
W 2
1 80“

-21-
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38. Two equal blocks, each of mass M, hang on either side of a frictionless light pulley with a light string. A rider of
mass m is placed on one of the blocks (as shown). When the system is released, the block with rider descends
a distance H till the rider is caught by a ring that allows the block to pass through. The system moves a further

distance D taking time t. In such a situation, the acceleration due to gravity is

m
M H
>
D
m[]
<>
(2M + m)D? (M + m)D?
a = b T e
(@) 2mHt? ®) g 2mHt?
(2M + m)D (M +2m)D?
c == 77 d S S e el
© g mH#2 d) g o
Answer (a)
Sol. Acceleration of blocks = = Lg
(2M + m)

.. velocity after descending H

. 2mgH
(2M + m)

After that velocity is constant

D=t
D? = 2mgH 12
(2M + m)
_ (2M + m)D?
2mHt?

39. A very small electric dipole of dipole moment p lies along the x axis (i.e. p= pf) in a non-uniform electric field

E= Ef (where c is a constant). The force on the dipole is
X

cp = cp =
a) —i b) ——i
@ = ®) -3
©) P (d) Zero
X
Answer (b)
dE
Sol. F=p—
pdx
_ pi(zj
dx \ x
_ pC:
F= —X—Zl

-22 -
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40. A conducting thick spherical shell of radii @ and b (b > a) has been charged with uniform surface charge density
—c C/m? on the inner and +c C/m? on the outer surface. Then

(a) the net charge on the spherical shell is zero.

2
(b) the radial electric field outside the shell is E = %
gor
2 2
(c) aradial electric field E = G(b—za) exists outside the shell.
gof

(d) there is a net electric charge in the cavity (i.e., in region r < a) equal to 4nc(b? —a?)
Answer (b)
Sol. Total Charge = 4no(b? —a?)

cb
gof

Electric field outside =

Charge in the cavity = 4nca?

41. A spherical conductor is charged up to a potential of 450 V. The potential outside, at a distance 15 cm from the
surface, is 300 V. Then

(a

(b

The potential at 15 cm from the centre is 900 V
The charge on the conductor is 1.5 nC
(c

(d

)
)
) The electric field just outside the surface is 150 N/C

) The total electrical energy of the conductor is U = 3.375 pnJ

Answer (d)

1Q

Sol. = =450 ..(1

1 Q

— = -300 ..(2
4ne, R+0.15

:M:LS:w:OE:R:%cm
R R

—, Q-290x0.30 » g
9x10°

-9
1.Q g 409, 15x10

E
4ney R? 0.3?

surface —

= 1500 N/C

2
Electrical energy of the conductor =

nggR

= 3.375 uJ
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42. Capacitors C1 =3 uF, C2 =6 uF, C3 =4 uF and C4 = 1 uF are connected in a circuit as shown to a battery of 60
V. Now if key K is closed, the charge that will flow through K'is
C, C,
| —2 1
11 \ 11
G XX @
[ | | | 1
11 |
b
+ —_
60V
(@) 90 uC from b to a (b) 60 uC frombto a
(c) 30uCfromatob (d) 150 uC from b to a
Answer (a)
Sol. 3 F 6 uF
a
| | ] |
11 11
+— +—
| —— |
4pF b 1uF
L
60 V
Q1=3x30=90uC
Q2=6x30=180pC
.. charge flown from switch
=180-90=90 uC
From b to a
43. The electrical conductivity of a sample of semiconductor is found to increase when the electromagnetic radiation
of wave length just shorter than 2480 nm is incident normally on its surface. The band gap of the semiconductor
is
(a) 1.96 eV (b) 1.12 eV
(c) 0.50eV (d) 0.29 eV
Answer (c)
sol. £, = ¢
A
_1240eV - nm
2480 nm
=0.5eV
44. A U-shaped conducting wire of mass m = 10 g, having length of its horizontal section as ¢ = 20 cm, is free to
move vertically up and down. The two ends of the wire are immersed in mercury for proper electrical contact.
The wire is in a homogenous field of magnetic induction B = 0.1 T as shown. The wire jumps up to a height
h =3 m when a charge q, in the form of a current pulse, is sent through the wire. Considering that the duration
of the current pulse is very small compared to the time of flight, the charge g passed through the wire is estimated
to be nearly
(a) 6.85uC xxxxx xxxxx
(b)98OHC XXKXKXBXXXXX
(c) 2.84C x[Fxox XXX
(d) 3.84C € { >
Answer (d) Hg t|j t'j
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Sol. Magnetic force F = i/B

45.

= impulse = _[(iéB)dt
= B[ idt

= B/q = Mv

= v:%:\mgh

= q —MJZQh

B

10

1000
__1000 57 70%3
01x02 V<

:%J@:Jﬁzs.mc

A direct vision spectroscope has been designed to obtain dispersion without deviation by arranging alternate
inverted thin prisms of crown glass (refractive index p, = x/§) and flint glass (p, = \/5) with refracting angle
6rint = 3°. The refracting angle Ocrown Of the crown glass prism is

(a) 3.0° (b) 4.5°
(c) 5.3° (d) 6.0°
Answer (c)

Sol. For no deviation,

46.

(W=1A= (W= DA
= (V2 -1)0ggyn = (V3 -1)3

= Ocrown = 5.3°

Continuous and characteristic X-rays are produced when electron beam accelerated by a high potential
difference of V volt (say) is made to hit the metallic target such as Molybdenum in a modern Coolidge tube. Let
Amin be the smallest possible wavelength of continuous X-rays and A, be the maximum wavelength of the
characteristic X-rays. Then

(@) AL« increases with increase in V (b) AL« decreases with increase in V
(c) Amin increases with increase in V (d) Amin decreases with increase in V
Answer (d)

Sol. Since AL« is characteristic, it will be independent of V.

47.

Also, A, = :—\i

While performing an experiment for determining the focal length of a concave mirror by u-v method, a student
recorded the given sets of the positions (in cm) of the object and the corresponding image on the bench as (12,
51), (18, 54), (30, 50), (48, 34), (42, 42) and (78, 98). She used an optical bench of length 1.5 m and the mirror
is fixed at the 90 cm mark on the bench. The maximum acceptable error in the location of the image is 0.2 cm.
The reading (observation) that cannot be obtained from experimental measurement and has been incorrectly
recorded, for a mirror of focal length = 24 cm, is

(@) (18, 54) (b) (30, 50)
(c) (48,34) (d) (78, 98)
Answer (d)
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Sol. The co-ordinates (x, y) must satisfy

., 1 1
90-x 90—y 24

48. A parallel beam, of 6.0 mW radiation of wavelength 200 nm and of area of cross-section 1.0 mm?2, falls normally
on a plane metallic surface. If the radiations are completely reflected, the pressure exerted by the radiations on
the metallic surface is estimated to be

(a) 1x105Pa
(b)

(c) 2x10°Pa
(d) 4x105Pa

Answer (d)

2 x10%Pa

sol. =2
c

6x107°

-6
= 2x X107 Nym2
3x108

=4 x 105 Pa

A-2

ANY NUMBER OF OPTIONS 4, 3, 2 OR 1 MAY BE CORRECT
MARKS WILL BE AWARDED ONLY IF ALL THE CORRECT OPTIONS ARE BUBBLED

49. A metal rod of mass m and length ¢ slides on frictionless parallel metal rails of negligible resistance. A resistance

R is connected between the rails at their ends as shown in the figure. A uniform magnetic field B is directed into
the plane of paper perpendicular to the plane of rails throughout the space. The rod is given an initial velocity vo
(towards right). No other force acts on the rod. Then

B "
-Bit
(@) v(t)=vee ™
R
(b) The rod stops after traveling a distance x = —H;Z;Z

(c) The total energy dissipated in resistance is %mvg i.e. half of the initial kinetic energy

(d) The total charge that flows in the circuitis q = %

Answer (b & d)
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Sol. ¢ = Blv
= Forceonrod =—-i/B=— % /.B
_B%?  _mdv
R at
2,2
= ﬂ:—B ! dt
v mR
B2/2t

-B2¢%t
ax =
= —=ve ™
dt
B2:%t

_ 1 mvgR
DAY T
mR
Also, iR = Blv [ e=iR)]

= jidt:%jvdt

_BL px =
R B¢

= Optionsb &d

50. The magnetic field B =2x107° sin{n(0.5x103x +1.5x10" t)}] T represents a plane electromagnetic wave

travelling in space with x in meter and ¢ in second. The correct statement(s) are
(a) The wave length of the wave is 4.0 mm and its frequency is 75 GHz
(b) The energy density associated with the wave is nearly = 316 uJ/m3

(c) The electric field vector is £ = —6000 sin[n(o.5 x10%x —1.5x10"" t)}l% Vm™!

(d) The electric field vector is E = 6000 sin[n(O.S x10%x +1.5x10" t)]/% vm™

Answer (a & d)

Z

Sol. 5 g
E v
1 A A A
ExB=v
~990°
[—— y
B
X

k=nx05%x10= %=500TC

X:Lm=4mm
250

Aslo® =nx 1.5x 10" =2rf= f=75 GHz
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Bf  4x107"° 3

Energy density p = = J/m
2uy  2x4mx1077

=102 0m® =159 pim?
2n

Also, E=[2x107® ><3><108]Sin[7c{0.5><103x +1.5x10"" t}]l? N/C

= optionsa &d

51. The force F(x) acting on a body of mass m changes with position x (in meter) as shown. It is given that the
potential energy U(x) =0atx=0
Choose correct option(s).

F(N)

A

ot x(m)
4T
6T

a) Ux)=0atx=0,x=3andx=6

b) U(x)=2x3-12xfor2<x<4

)

(
(

(c) Ux)=-x®+12x—-40for4<x<6
(d) Atx=3,U(x)=-10J
Answer (d)
Sol. F-—9Y
dx
= dU=-Fdx
X X
= [dU=[-Fdx
0 0

= Ux)= TF dx
0
[2,4]: F=-4x+12
= U(x)=—{8+f(12—4x)dx}
2

= [8+12(x—2) —2(x2— 4)] = 2x2 — 12x + 8
[4,6]:F=3x—18

= U:—{8+

D —

(3x— 18)dx]

:—[8+%(x2—16)—18(x—4)}

=—§x2+18x—56
2

Ux=3)=2(3)2-12(3)+8=18-36+8=-10J
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52. A deuteron of mass M moving at speed v collides elastically with an o-particle of mass 2M, initially at rest. The
deuteron is scattered through 90° from initial direction of its motion with speed Vy while the a-particle is scattered
with speed V. at an angle 6 from the initial direction of motion of deuteron. Then

(a) 6=30°
b -V
(b) V, 7
(c) Vd:%

(d) A fraction % of energy of deuteron is transferred to o particle

Answer (a, b, c & d)

Sol.
o e °
M "4 2M
Initial
Final
MV = 2MV,, cosO ()]
MVy = 2MV, sind ... (i)
Vcosd = Vu+ Vygsind [-e=1] ..(iii)
V =2V, cos6 .
= . = 2V, c0s20 =V, + 2V, sin?6
V, =2V, sinB
= 2c0s20 = 1 + 2sin%0
= 2c0s26 =1
= 26=60°=6=230°
74
= V, =—
NG
%4
V,=V =—
d o \/g
1 2
—2MV;
Fraction = 21— =2 1 = 2
> M- V2 3 3

= Options a, b, c, &d
53. Two plane progressive waves travelling on a string as
Y1 = 2.5 x10-3 sin(30x — 420¢)
Y2 = 2.5 x10-3 sin(30x + 420¢)
Superimpose to produce a standing wave. The variables x and y are in meter and t is in second. Then
(a) The equation of resultant standing wave is y = 5 x10-2 cos(30x) sin(420¢)
(b) The equation of resultant standing wave is y = 2.5 x10-2 sin(30x) cos(420t)
(c) The antinode closestto x =0.25 mis at x=0.262 m
(d) The amplitude of oscillation of particle at x = 0.17 m is 4.63 mm
Answer (c & d)
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Sol.y=y1+y>

54.

=

=

=

= 2.5 x1073 [2 sin(30x) cos(420t)]
=5 x1072 sin(30x) cos(420¢)
For antinode, sin(30x) = +1

T
30x=(2n-1—
( )2

I
60

@n—-1)2 =1 = n=2.88= Forclosest, n =3
60 4

x=(2n-1)

x=0.262m
A(x=0.17m) =|5x1072 sin(30x0.17)| m = 4.6 mm

Options c & d

Two moles of nitrogen in a container, of negligible thermal capacity, are initially at 17°C. The gas is compressed
adiabatically from an initial volume of 120 liter to 80 liter. The correct option(s) is/are

(a) Initial pressure of the gas is nearly 40.2 kPa

(b) Final temperature of the gas is nearly 68°C

(c) Work done by the gas is 2.12 kJ

(d) The internal energy of the gas increase by 2.12 kJ
Answer (a, b & d)

Sol.

=

=

PV' = constant (1)
PV = nRT ..(ii)
P;x (120 x 10-%) = 2 x 8.314 x 290
P. = 40.2kPa
Tvi-t=¢
(290) (120)25 = (T7) (80)25
3 2/5

T, = 290(§j K = 68°C
w DRI =Tl —2x8314 o0 5 1ok

y—1 2

5

AU=-W=+212kJ
Options (a), (b) & (d)

55. A small dipole is placed at the origin with its dipole moment P :pf oriented along x axis. E and V, are

respectively, the electric field and potential at point A(x, y). The observations at the Point A(x, y) which is at a
large distance r from the origin, show that

(@)

(c)

1 p(2x* —y?) (b) E. = 1 p(x*=2y?)
“ Ane re “ Ane re
0 0
1 3pxy 1 Pr
E, = 4ne, 1’ (d) V= 4ne. r°
0 0

Answer (a, c & d)
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Sol. o PN

—3
EL
E, = 1 p5|3ne
4ne, r
= Ex= E1cosb — Ezsind
o %[2cosze—sin29]
4ne, r
1 p Xty
= |25 %
4ne, r re.r
1 p 2 2
= | 2Xx° —
4ng, re [ Y J
Ey = E1sin6 + E2cos6
S %[ZSinecoseJrsinecose]
4ne, r
_ 1 p|3xy
4ng, r® | r?
_ 1 3pxy
dng, r°
1 pcos®6_ 1 pr
V= 2 - =
4ne, r 4ne, r

= Optiona,c, &d

56. Two equal positive charges +Q each lie on y axis at (0, a) and (0, —a). The electric field strength E at a point
(x, 0) satisfies:

1 2Qa
Ameg (x2 4 g2)2

(a) E=

(b) for large values of x (i.e., x >> a), the electric field E o al

X2
a
(c) forx>0, Eis maximumatx = —
V2
. . : 1 2Q
(d) for x>0, E is maximum at x = 0 and is equal to —
ne, a

Answer (b & c)
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Sol.

(e
" . x‘.).(‘_)

+Q] .

KQ

dng (Va® + x*)

E = 2EoCos0 = 2
_ 2QxK

X
for large E o« — o x* (a << X)
X

for max % =0
ax

1 3 x2x  _
(@ +x%)2 2 (@ +x*)"?

a’+x2-3x2=0

x= 2
NG
= (b &c)
57. In the circuit shown, the current in the 8 Q resistance across G and H is i = 0.5 ampere. The ammeter is ideal.
The internal resistance of the cell is 0.8 Q2. Choose correct option(s).

20 20 20)
A C E G
| MWW AW MWW
cell —— | "
120
% § 60 8Q2
7 Ammeter T 7
AMAN—LO-MW——WWA—

B 20 D 20 F 20 H
(a) Reading of the ammeter is 1.5 ampere (b) Potential difference across A and His 13V
(c) Potential difference across Cand Fis 9V (d) The emf of the cell is 24 V

Answer (a, b, c, d)
25 15 g 05
G
Sol. > > >
1
y 1A 6 12
15 F H

VEGHF=12 % 0.5 =6 volt
ler=1A
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58.

Vep=15%x2+1x6+1.5x%x2

=12 volt
VacpB=25x2+1x12x25x2+25x%0.8

=5+12+5+2

=24

VCF=2x15+1x6=9V
VAH=25%x2+15%x2+05x%x10
=5+3+5=13 __(B)

In an experiment with Lummer Gehrcke plate, the two coherent beams of light, caused by multiple reflections
inside the transparent plate of refractive index u = 1.54, reach the points P and Q on the screen. The net path
difference between the two beams reaching either at P or Q is Ax = 5000 nm. Which of the wavelengths in the
visible range (A = 390 nm to A = 780 nm) is/are most likely to produce a constructive interference (a maximum)
at the point P as well as at Q on the screen?

_)_E’\ =
LV AY

Transparent
Plate

(€)

(a) 416.67 nm (b) 555.56 nm
(c) 625.00 nm (d) 666.70 nm

Answer (a, b, ¢)

Sol. For constructive interference,

59.

AX = nA
=5000=nx
- X:SOOO am

n
= Allowed A are:
5000 5000 5000

, m.....,
7 8 12

Two identical transparent solid cylinders, each of radius 10 cm and refractive index p :\/5, lie horizontally

parallel to each other on a horizontal plane mirror with a separation x between their horizontal axes. A ray of light
is incident horizontally on the cylinder A at a height h above the plane mirror so as to emerge from this cylinder
at a height h1 = 0.1 m above the plane mirror. The ray emerging out from the first cylinder A is reflected from the
horizontal plane mirror to enter the second parallel cylinder B at a height h2 and then this ray emerges out of the
second cylinder, parallel and in-line with the original incident ray. The correct statement(s) is/are:

(a) The height h above the plane mirroris h = 18.7 cm
(b)
(c) The separation between the axes of the two cylinders A and Bis x = 31.54 cm
(d)

The ray enters the second cylinder B at a height h2=0.1m

The angle of incidence on the plane mirror midway between the two cylinders is 6 = 30°
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Answer (a, b, c, d)
Sol.

sina =+/3sin0® . (1)
o =260 .. (2)
= 2c0s0=+/3

= 6=30°

g

=h=R+Rsin20 = 10{1+7

=18.66 cm
x=R+2Rcota+R = 2R{1+i}
V3
=31.54 cm
Angle of incidence for plane mirror = 90 — o = 30°
60. In the working of a p — n junction
(a) Diffusion current dominates when the junction is forward biased
(b) Drift current dominates when the junction is reverse biased
(c) Depletion region width decreases with increase in forward bias voltage
(

d) The electric field in the depletion region depends on the number of ionized dopants rather than the dopant
density

Answer (a, b, ¢)
Sol. (a) Diffusion > drift because of density difference
(b) Drift > diffusion because of high electric field
(c) Depletion region decrease with increase in forward bias voltage
(d) Dopantis not ionized but because of density difference, they diffuse

a Qa Q
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