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Ans.
Sol.

SOLUTIONS

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 of m

(@) 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.

(b)
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From angular momentum conservation
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Sol.

r? ~ 213 2 1.260

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 (to) of rotation of the stars

can be expressed as
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The density of a liquid is p at the surface. The bulk modulus of the liquid is B. The increase Ap irf the
density of the liquid at a depth h from the surface is (with Ap << p)
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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

(@) 18.3 hour (b) 2.7 hour (c) 550 min (d) 220 min
(@
AV, (At)=Ah
At—[fglll —
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“r) vy

_[ 2x2 J21.25
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e

1.25
=4 x(1.258)? x10% x 19

=4 x1.64 x10*sec
=4 x0.0275 x 10* min
=4 x0.00046 x10*h

=183h

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
(b)

=)= <
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5
V,=72x75 =20m/s
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A rope of mass Mand length L hangs vertically. Time needed for a transverse pulse to trave from its bottom end

to the support is
(a) g (b) g (C)g ()2g
(b)
V71 w7,
T = uxg

vzt
g

When the speaker S, is switched ON, the sound intensity at a point P in a room is 80 dB. But when the speaker
S, 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 S, and S, are simultaneously switched
ON, is (consider the speakers to be incoherent

(@) 165 dB
(b) 86.2 dB
(c) 87.8dB

(d) 88.6 dB

(b)

SL - [101og10 Ii]dB

0

80 = 10log;; ;—1

0

logy, I_l =38
I

1(10%) = I,

[,(10%9) =1,

I, =(10%+ 1089

SL_, = 10log(10° + 10%9) dB = 86.2 dB




8. 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

A

(d) 2n

)
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Ans. (a)
Sol. Fsin® = ma

GM |
? sin® = ma

GM
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9. A block B of mass 0.5 kg moving, on a horizontal frictionless table at 2.0 ms™, collides with a massless

p a n
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(t) of
the block as a function of time t is given by

P

B|—
77777 7 777777

t
(@) 0.25 cos 8t m (b) 0.25sin 8t m (c) 2.50 sin gm (d) 0.50 sin%tm
Ans. (b)
Sol. w= h X 2 =+/32x2 =8red /s
m 0.5
lkA2 =lmv2
2 2
32 xA? = 0.5 x2?
N
64 ** 7 16
A= L 0.25
=7 =02m
x = Asinwt

x = [0.25 sin(8t))m




10.

Ans.

Sol.
11.

Ans.

Sol.

12.

Ans.

Sol.

Which of the following functions does not represent a traveling wave

(@ y=A sin® {n[l —iﬂ (b) y = A e™ cos(kx — wt)
v

(c) y = A sin[(kx)* — (ot)?] (d) y = A cos [(kx — wt)?]

(0

v = A sin[(kx)* - (ot)’]
Two Cannot 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 n, and 1, respectively. Net efficiency n of the combination is given by

My P
@n=mn, +n, Ohn ="
©@n=mn,+mn,(1-m) (dn=m,-—nll-n)
(0

Im = (1=, (1-n,)

Im=1m,-n+nnm,

n=mn,+mn,-nn,

n=mn, +n,(I-n)

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

(@) 2.56 mm (b) 2.61 mm (c) 2.86 mm (d) 4.45 mm
(®)

o

(1x10° +10* x12)r°  10° x?

2

281 289

289
ﬁ[ZZJ r13 = r23

(2.26) r*=1r}
r,=(2.26)"*r,
r,=131x2

=2.62 mm




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

P, (c®-a°-b? P, (a®-b’-¢? P, (a*+b*-¢? P, (c®-a’-b’
DG Prlaay) Ol ae) @7 abc

Ans. (a)

P, P,

l'la+1’1 =N

4r\4 4r\4 4r\4
[PA +;J§na3 +[PA +?j§ﬂ3b3 = [PA +EJ§TCC3

P, (a® + b - ¢¥) = 4r (c-a’-b?)

Bl S S
4 (CZ_aZ_bZ) 4

r =

P (a3+b3—cg) _P, A _ad b
a’+b?-c®

14. 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
(@) 324 ms! (b) 332 ms! (c) 340 ms™! (d) 352 ms™!
Ans. (d)
Sol. ,=30+2e ... (1)
3k 23+e
4
% _46+2% ... @)

A—30=1.51-46

0.5L=16
L=32
f=1100
v =352




15.

Ans.

Sol.

16.

Ans.

Sol.

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.

_ |voo
100°C
0
0
(a) T (b) T
0 Y 0 .
X X—>x
100°C 100°C
0 0
(c) T (d) T
0 v 0 y
X—x X—>x
(b)
dt
= _KA_
H dx

dt H 1
LT DR S

dx)] KA A

A decreases

dt
_& increases

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

— . The gas is then expanded at a constant pressure so as to attain back its initial 4 temperature T. Work

4
done by gas during the entire process is

5 3 1
(a) ZnRT (b)ZnRT (C)ZHRT (d) Zero
(b)

Pa

P ......
P/4 f------ :

v 4v >V

_B(4 = 3PV 3nRT

w=g@dv-v=——=—
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Ans.
Sol.

18.

Ans.

Sol.

19.

Ans.

Sol.

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

csrerRfT4 G4TER§R§T4 GanRfT4 GanRfT4
a) — 3 b ——%— o —z d) ——=—
r r 4y 4nr
(a)
Pemitted = 64TER§T4
c4nRiT* _,
recieved = 4751'52 TERE
onRZR’T*

r_2

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

27 27
@a, =q,=gguC (b, =q,= 45 uC
27 27 27
(€)a, = ggrCa,= gy rC da, =a,= ~gyuC
(a)
L] r L] r L] r L]

r=10 cm
201 | (202 _ (2)q, +(2)q2
2t (4r)? r? (3r)?

—_

—_

1 2 q,
1716 %79
6 _ 10q
16 9
=27
150

Capacitor C,=3 pF, C, = 6pF, C, = 4pF and C, = 1uF are connected in a circuit as shown to a battery of
60V. Now if key K is closed, the charge that will flow through K is

¢ , G
] | ] |
11 11
<\
C, | C,
] | ] |
[ b |
+  _
60 V
(@) 90 puC from b to a (b) 60 pC fromb to a
() 30 pC fromatob (d) 150 pC from b to a
(@)
3uF 6uF -
- J TR
+120 -120 -120
+120
+48, |48 | +48 |48 +120, -120] *+34,750
4uF 1uF b
I L I L
| I
60V




20.

Ans.

Sol.

21.

Ans.

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

@) _(2M+m)D? 1022
NPT -~
b _(M+m)D? N
& omar m
M H
>
(2M+m)D D
) g= mHt? Ml__—l
<>
(M+2m)D’
de= mHt?
(C))
m+ 2M
v 2mgH
m + 2M
2mgH
= t
D m+ 2M
2
DY) _ 2mgH
t) m+2M
D_2m+2M_
t2 2mH

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

- Ca

E= ;1 (where ¢ is a constant). The force on the dipole is
cp~ —Cp~

() —5i (b) —2i
X X
cp»

(c) —pl (d) zero
X

(b)

FopdE_ —-p

or X

10



22. A conducting thick spherical shell of radii a and b (b > a) has been charged with uniform surface charge density
-6 C/m?on the inner and +5 C/m?on the outer surface. Then
(@) the net charge on the spherical shell is zero.

2
(b) the radial electric field outside the shellis E = cb >
gl
cs(b2 —a’
(c) a radial electric field E = TP exists outside the shell.
0

(d) there is a net electric charge in the cavity (i.e. in region r < a) equal to 4ns(b?®-a?
Ans. (b)

Sol.

q = o4na®
kodnb®  ob?
E= 2 = 2
r € r

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

(@) the potential at 15 cm from the center is 900 V

(b) the charge on the conductoris 1.5 nC

(

c)
(d) the total electrical energy of the conductor is U = 3.375 nd
Ans. (d)

kQ
Sol. R - 450

kQ
R+r RS

R+r=@
R 300
15

1+—=1.5
R

E=O.5
R

R=30cm
450R

Q=T =15x%x10°C

kQ
E = R - 1500

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

kQ?
U= 2R

U=3.375pud

11



24. A U-shaped conducting wire of mass m = 10g, having length of its horizontal section as ¢ = 20cm, 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 homogenerous field of magnetic induction B=0.1 T as shown. The wire jumps up to a height h
= 3m when a chare 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 q passed through the wire is estimated

to be nearly
X X X X X X
X X X X X X
X X X B X X X
X X X X X X
X X X X X X
~ ﬁ Cd
He [0 |
| |
L
+
(@) 6.85uC (b) 9.80 uC (©2.84C (d) 3.84C
Ans. (d)

Sol. j i/Bdt = mv

QB = my/2gh

Q- m,/2gh
- /B

Q~3.84C

25. The electrical conductivity of a sample of semiconductor is found to increase when the electromagnetic radiation
of wave legnth 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)0.50 eV () 0.29
Ans. ()
Sol. AE= ¢ _1240 4oy
ol. Ab="" =480 =V2¢

26. A target of 7Li is bombarded with a proton beam of current 10~* ampere for 1 hour to produce "Be of activity
1.8 x108disintegrations per second. Assumning that bombarding of 1000 protons produces one "Be radioactive
nucleus, the half-life of 7Be is estimated to be approximately

(2) 6887 hour (b) 4332 hour (c) 2407 hour (d) 2195 hour
Ans. ()

Sol. Q=10*x60 x60

10 x60x60

Terio® - 2:25x10%

Number of protons =

Number of nuclei = 2.25 x10%°

A=)\N

12



27.

Ans.

Sol.

28.

Ans.

Sol.

1.8 x108=212.25 x10%

A =8x10%
/n2
te= 5

t,, = 2407 hr

A long straight wire carrying a current i = 10 A and a rectangular metallic loop of dimentions b xc 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 sytstem is nearly

«— o

<—><—p —>

(a) 69 nH (b) 71 nH (c) 139 nH (d) 281 nH
©
(Mol gy o Mo, (bra
o IanCdX 2n ,n[ a j A I
C
_% b+a
M=o ’f“[ . ]=139HH EN

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

L+ it s

©

At half power frequencies

. IR
R +[WL wc) 2R)

1
L-— =R
W wC
1
L-— =-R
W wC
f, =1

13



29. 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

M
S

(a) acceleration of the cylinder is M

(b) force of friction acting on the cylinder is M

F
(c) coefticient of friction needed to provent slipping is at least 3_Mg

2F
(d) minimum coefficient of friction to prevent slipping is _3Mg

Ans. ()
Sol. ©,.=1 _«a

pmg = 3mg

30. Ahydrogen atom (M,, = 1.67 x10?"kg), initially at rest, emits a photon and goes from the excited staten = 5
to the ground state. The recoil speed of the atom is nearly

(@) 4.2 ms™ (b) 4 x10“*ms™ () 2 x102%ms™ (d) 8 x102 ms™!
Ans. (a)
Sol h = he E
ol. N = mv ; 7» ~A
he 13.06 eV
, ~13.06e
v=4.2m/s

31. 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, Band C must belong to the same element
(b) the nuclides A, Band C may belong to the same element
(c) It is possible that A may change to B through a radioactive decay process
(d) it is possible that B may change to C through a radioactive decay process
Ans. (d)

14



Sol.
32.
Ans.

Sol.
33.

Ans.
Sol.

34.

Ans.

Sol.

35.

Ans.
Sol.

A & B isotopes : atomic no. is same
B & C isobars : mass no. is same
Numerical aperture of an optical fibre is a measure of

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

Its light gathering power

Heawy stable nuclei have more neutrons than protons. This is because of the fact that
(@) neutrons are heavier than protons

(b) the electrostatic forces between protons are repulsive

(©) neutrons decay into protons through beta decay

(d) the nuclear forces between neutrons are weaker than those between protons

The electrostatic forces between protons are repulsive

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

(@) 1 cm before the lens (b) 2 cm before the lens
(© 1 cm beyond the lens (d) at none of these
()
E - E . v=21
v 7
1 1 -2 1 -1 2
—_— + _—— —_— —_—— —

1 -7

- 3

v 21
1.1 2 1 12
v, 3 7 v, 3 7
v, =21

213

1015 45115
v,=1

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

(@) 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

(©) cylindrical wave front with its axis coinciding with the principal axis of the mirror.

(d) plane wave front perpendicular to the reflected beam

()

15



36.

Ans.

Sol.
37.

Ans.
Sol.

38.

Ans.

Sol.

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

CANY
AY f \'/ 3t af
0
> X
(@) & = 2 (b) &= 3 (€& = 4f dg=o0
(a)

I:OO;I

1 af ; 1, : 3f

2 3
During the processes of annihilation of a stationary electron of mass w,, with a stationary positron of equal mass,

a radiation is emitted. The wavelength of the resulting radiation is

h 2h

Mo
m,C (®) m,c

©H .

(@)

()
E =2mC?= 2hv
hv = mc?

hc 2
7 = mOC

hc

2
m,c

h

m,C

}\,z

}\,z

The convex surface of a concavo-convex lens of refractive index 1.5 and radii of curvature Ri = 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

(@) 40 cm (b) 32 cm (c) 16 cm (d) 8 cm
(0
1 -1 1 1
—==(15-1) | —+—|=—
P )(4o+20) 80
1 2.1
feq fL fM
_2_2 _-2-8

80 20 80
f =-8cm
eq
x =16 cm

16



39. Two balls are projected from the top of a cliff with equal initial speed w. One starts at angle 6 above the
horizontal while the other starts at angle 0 below. Difference in their ranges on ground is

u? tan® u?sin 20 u?sin 20 u? cos20
(b) C d ——
g 2g g g

(a) 2

Ans. ()

Sol.

u?sin20
g

40. 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 ms2. Choose the correct option

(a) Net force on th rope AB is 24 N
(b) Tension at the midpoint of the rope AB is 48 N 5kg
(c) Force Fis 20N A
(d) Force F is 60 N 2 kg
Ans. (b)

R, -R

1 2

F

3 kg

Sol. F ) =2x2.19 F 21:2.19m2

net’rope

—
95]

=4.38N

5Kg
F-100 = (5+3+2) x2.19

F=10x%x2.19 + 100 2XKg

M

F=1219N

F-T-60=(5+1) x2.19 3Kg

1219-60-6x2.19=T
1219-1314-60=T

T=4876 N =49N T

17



41.

Ans.

Sol.

42.

Ans.

Sol.

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 T, and T, in string AP and BP are

A
08 1 m
1.6 m
T,
1m
J B
(@ T,=15.86 N T,=10.97 N (b) T,=15.86 N T,=3.04 N
(©T,=794N T,=3.03N (dT,=T,=5.48N
(©
T, cos 0 + T, cos 6 = mw?r

T, sin6-T,sin 6 =mg

mw?r

T1 * T2 ~ cosH
mg
T,-T,= sin 0

2
lel mwT mg
2| cosB “sin®

1({mw’r mg
T,=5 .

2\ cos® sin®
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 traveled by the moving
particle in time t is

1 1 1 1
8Pt? |2 4pt3 )2 8Pt? \2 8Pt% |2
o S o (5o 0 o (5
(d)
P = Fv = constant
P = mav
P
= [ =dt
j v dv j - d

18



43.

Ans.

Sol.

44.

Ans.

Sol.

2 m
2ot
m

o _ [zt

dt m

jdx;/ﬁjt” dt
m

P et

“Vm 3 \9m
2

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 2R
(@ 3 (b) 5 ©R d =

(@)

GMm

l GM _GMm
R 2 2R  R+h

3GMm GMm
4R R+h
R+h=L—15
3
R
3

A can is 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?). Moment of inertia of this closed can about

its vertical axis of symmetry is

(@) nR3 o(h + 2R) (b) rR3 o(h + R) (c) tR® o(2h + R) (d) 2rR3 o(h + R)
(0

R? ) R?
I=627RH 5 + 20mR 5

19



45.

Ans.

Sol.
46.

Ans.

Sol.
47.

Ans.

Sol.

48.

Ans.

Sol.

A direct vision spectroscope has been designed to obtain dispersion without deviation by arranging alternate

inverted thin prisms of crown glass (refractive index p, = J2) and flint glass (Mz -3 ) with refracting angle

0,,,= 3°. The refracting angle 6__  of the crown glass prism

crown

(@) 3.0° (b) 4.5° (c)5.3° (d) 6.0°

©
(u-DA,=(u-1) A

1

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 modem Coolidge tube. Let
2. be the smallest possible wavelength of continuous X - rays and A, be the maximum wavelength of the
characteristic X- rays. Then

(@) A increases with increase in V (b) A,  decreases with increase in V
(c) A, increases with increase in V (d) »_, decreases with increase in V
(d)

A, decreases with increase in V

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)
GV

1,11

v u f

u=-(90-x)

v=-(90-x)

f=-24

A parallel beam, of 6.0 mW radiation of wavelength 200nm and of area of cross-section 1.0 mm", 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

(@) 1 x10°Pa (b) 2 x10° Pa (c) 2 x107° Pa (d)4x10°Pa
(@

21
pressure = = = 4 %107 pas cal
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49.

Ans.

Sol.

50.

Ans.

Sol.

A2
ANY NUMBER OF OPTIONS 4, 3, 2 or 1 MAY BE CORRECT
MARKS WILL BE AWARDED ONLY IF ALL THE CORRECT OPTIONS ARE BUBBLED.
In the circuit shown, the current in the 8Q resistance across G and H is i = 0.5 ampere. The ammeter is ideal.
The internal resistance of the cellis 0.8 Q. Choose correct option(s).

A 20 C 20 E 2Q G
W ANV AN
cell
20 6Q 8Q
Ammeter
AN\

B 20 DY F o0
(a) Reading of the ammeter is 1.5 ampere
(b) Potential difference across A and His 13V
(c) Potential difference across C and Fis 9 V

(d) The emf of the cell is 24 V

(a,b,c,d)
20 Cc 2Q 15A 20
AN AMAA
2.5A 1A 1A 0.5A
— 60 2
0.8Q 120
NNV AN\ T5A AN\
20 20 : 20

In an experiment with Lummer Gehrecke plate, the two coherent beams of light, caused by multiple reflections
inside the transparent plate of refractive index p=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 wavelength 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?

—_ % P
Transparent
Plate | Q
(@) 416.67 nm (b) 555.56 nm (c) 625.00 nm (d) 666.70 nm
(a,b,c)
AX =n\

5000 x10? = nA

5000

n

A= nm
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51. Two identical transparent solid cylinders, each of radius 10 cm and refractive index p = /3, 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 h, = 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 h, 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 mirror is h =18.7 cm

(b) the ray enters the second cylinder B at a height h, = 0.1 m

(c) the separation between the axes of the two cylinders A and Bis x = 31.54 cm

(d) the angle of incidence on the plane mirror midway between the two cylinders is 6 =30°

Ans. (a,b,c,d)

Sol.

sin2a = psino

2cosa=p

a=30°
52. Intheworking 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.

Ans. (a,b,c)
Sol. Diffusion current dominates when the junction is forward biased
Drift current dominates when the junction is reverse biased

Depletion region width decreases with increase in forward bias voltage.

22



53. 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) = 0 at x = 0
Choose correct option(s).
A
6 4
4
2 ]

v

_2
—4
6.

@Ux)=0atx=0,x=3andx =6
b) Ux) = 2x2-12xfor2<x <4
OUx)=-x*+12x-40ford4<x<6
dAtx=3,Ux)=-10J

Ans. (c,d)

Sol. Work doneby F from
x=0tox=3is 10J

AU=-W__
U-0=-10
U =-10
for2<x<4
F=-4x+12
dU = —Fdx

U=2x2-12x + ¢
U=2x2-12x+ 8

ford <x <6
F=2x-12
U=12x-x*+c
atx=4;U=-8

U=12x —x*-40

54. A deuteron of mass M moving at speed v collides elastically with an a - particle of mass 2M, initially at rest. The
deuteron is scattered through 90° from initial direction of its motion with speed V,while the a- particle is
scattered with speed Vo at an angle 0 from the initial direction of motion of deuteron. Then

(@) 6 =30°
Vv = v
(b) Va N&
v

2
(d) a fraction 3 of energy of deuteron is transferred to o particle

Ans. (a,b,c,d)
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55.

Ans.

Sol.

56.

Ans.

Sol.

mv = 2m v_cos 0
mv, = 2mv_sin 6

%mv2 =5 mv? +%2mv§
vV =

Two plane progressive waves travelling on a string as
y, = 2.5 x107?sin (30x — 420t)
y, = 2.5 x107?sin (30x + 420t)
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 isy = 5 x 10-3cos (30x) sin (420 t)
(b) the equation of resultant standing wave is Y =2.5 x 10-3sin (30x) cos (420 t)
(c) the antinode closest to x =0.25 misat x = 0.262 m
(d) the amplitude of oscillation of particle at x = 0.17 m is 4.63 mm
(c.d)
y =5 x10723sin 30x cos 420t
A =5x1073sin 30x

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
()

(c) Work done by the gasis 2.12 kJ
(d

(a,b,d)

TVr!= constant

290 (120)°4=T (80)°4

Final temperature of the gas is nearly 68 °C

The internal energy of the gas increases by 2.12 kJ

T=68C option (b)
PV =nRT
P =40.2 KPa option (a)

24



AU =nCV AT = 2 57R(68 -17)

= 2120 J option (d)
AQ =AU +w
AU +w =0
o=-2120J

57. Asmalldipole is placed at the origin with its dipole moment P = pj 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

2 2 2 2
o E -] p(2x” - y*) b E. =] p(x* —=2y*)
& 4re, r° * dne, r°
1 3pxy 1 Pr
E = oPXy V= Ltid
(c) By 4, i (d) 4re, 3

Ans. (a,c,d)

Sol. kPsin®

_ 2Kpcos®0  KPsin® 0

E
X rB r3
2Kpx* Kpy* K
= EX - psy =—5p (2x%—y?) option (a)
r r r
3Kp sinBcos 6
E=—"——75—"—
v r

3Kpxy .
== option (c)

kp.t
V= rsr option (d)

goll

58. 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:

E_ 1 2Qa
(a) 4re, (x2 +a’ )3/2

1
(b) for large values of x (i.e x >> a), the electric field E « Z

. . a
(c) forx > 0, E is maximum at x = —

NG

1 2Q
(d) for x > 0, E is maximum at x = 0 and is equal to KSO?
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Ans. (b,c)

Y
+Q ®
Sol. > X
+Q [ ]
E = &Xm X>>a
(a2 + xz)
K2 K2
E- X?X - X—ZQ option (b)

R a
Eis max at X = ﬁ = ﬁ option (c)

59. 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
v_ (towards right). No other force acts on the rod. Then

¢ @ fl=

B /
~Br,
(a) v(t) = v,e ™
mv,R
(b) the rod stops after traveling a distance x = BQ—EZ

1
(c) the total energy dissipated in resistance is 7 mv; i.e. half of the initial kinetic energy

mv,

B¢

(d) the total charge that flows in the circuit is q =

Ans. (b,d)

Sol.

‘B —Bv*¢*

‘m  mR

dv -B?/%v

dt  mR

tdv ¢ B#?
a&_ J' _

dt

Vo

_B%%t
V= VO e mR
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B%At

= Bvse Ry
R
By, ¢ B mv
= | idt=—"% mR = —0
Q= [idt=—p] e Br
vdv _ —B*%y
dx mR
B%r2%x mv,R .
Vo= IR X;X = BZEZ option (b)

60. The magnetic field B =2x107°sin {ﬂ (0.5 x10°x +1.5 x 1011’[)}]"1" represents a plane electromagnetic wave

travelling in space with x in meter and t in second. The correct statement(s) are

(@) 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 pd/m?

(c) The electric field vector is E = —6000 sin [n (0.5 x10°x =1.5 x 10“t)}1§Vm‘1

(d) The electric field vector is E = 6000 sin [n (0.5x10°x +1.5x10"t)k Vm-l}

Ans. (a,d)

Sol. c=

k=05x103n=

A =0.004 m
c=1\

f=75x%x10° option (a)

C=

| m

E, = CB, = 6000 option (d)

1
U: EEO E(Z)
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