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PART Il - PHYSICS

SECTION - | (Total Marks : 24)
(Single Correct Choice Type)

This Section contains 8 multiple choice questions. Each question has four choices (A), (B),
(C)and (D) out of which ONLY ONE is correct.

21.

21.

22.

22.

The density of a solid ball is to be determined in an experiment. The diameter of the ball is
measured with a screw gauge, whose pitch is 0.5 mm and there are 50 divisions on the circular
scale. The reading on the main scale is 2.5 mm and that on the circular scale is 20 divisions. If
the measured mass of the ball has a relative error of 2%, the relative percentage error in the
density is

(A) 0.9% (B) 2.4% (C) 3.1% (D) 4.2%

(C) LC=(0.5/50)=10"2mm
Reading = 2.5 +20 x1072=2.7 mm

p= ——— = (Ap/p)=[(Am/m)+3.(Ad/d)]

=[2+3x(1072/2.7) x 100] = 3.1%
Awooden block performs SHM on a frictionless surface with frequency, v,. The block carries a

charge +Qon its surface. If now a uniform electric field E is switched-on as shown, the the SHM
of the block will be:

—

E

—>

+Qﬂwé

of the same frequency and with shifted mean position
of the same frequency and with the same mean position
of changed frequency and with shifted mean position
of changed frequency and with the same mean position

CCICE

(A) Restoring force remains same, so frequency does not change.
Only mean position shifted rightward by (EQ/ K)
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23. Alightraytraveling in glass medium is incident on glass-air interface at an angle of incidence 0.

23.

24.

The reflected (R) and transmitted (T) intensities, both as function of 6, are plotted. The correct
sketchis

100%

Intensity

Intensity

(A) (B)
100""...,A...,‘.r__._.__.._
—x 100% T ..... /,‘J_
C) D)
F\'_// __H__/
0 , 900 0 ) 90°
(C) for0<6<0, T>R
& 026 T=0, R=100%
Also 6 — 0 T<100 %, R>0%

A satellite is moving with a constant speed ‘V' in a circular orbit about the earth. An object of
mass ‘m’ is ejected from the satellite such that it just escapes from the gravitational pull of the
earth. Atthe time of its ejection, the kinetic energy of the object is

(A) (1/2)mV2 (B) mV? (C) (3/2)mV? (D) 2mV?2

24. (B) (m2/n=(GmM,Ir) = r=(GM,/?)

Now using energy conservation for particle
[(1/2)Mu? - (GM m/r)]=0

1mu2 — m—GMe =
=7 (GMGJ =0

V2

=(1/2)ME2=m2=K.E
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25. Alonginsulated copper wire is closely wound as a spiral of ‘N’ turns. The spiral has inner radius
‘@’ and outer radius ‘b’. The spiral lies in the X — Y plane and a steady current ‘I’ flows through
the wire. The Z-component of the magnetic field atthe center of the spiral is:

~
wNI (b wNI  (b+a
(A) z(b_a)’”(aJ (B) 2(b—a)ln(b—aj
NI (b NI (b
© ‘o2 o oty

25. (A) No.ofturns perunitlength=[N/(b—a)]
No. of turns in thickness dx =[N/ (b— a)]dx

LN
magnetic field B = IdB = 2([)0—78))( X

= (MoNI/2(b—a)] In (b/ a)

26. A point mass is subjected to two simultaneous sinusoidal displacements in x-direction,
x4(t) = A sin of and x,(f) = A sin [ of + (2r / 3)]. Adding a third sinusoidal displacement
X3(t) = Bsin (ot + ¢) brings the mass to a complete rest. The values of Band ¢ are
(A) V2A,(3n/4) (B) A (4n/3) (C) V3A,(52/6) (D) A, (n/3)

26. (B) (x4*+x,) =Asinot+Asin(of+2r/3)
=A[(1/2)sin ot + (V3 /2)cos of] = Assin (ot + (1/ 3)]
Now x; + X, + x5 =0
=  Asin[ot+ (1/3)]=-Bsin (ot + ¢)
- B=A &  ¢=4(n/3)
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27. Which of the field patterns given below is valid for electric field as well as for magnetic field?

(C) . (D) @

27. (C) Electricfield produced by the time varying magnetic field is circular.
For a long straight wire, the magnetic field lines are circles with their centres on the wire.
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28. Aball of mass 0.2 kg rests on a vertical post of height 5 m. Abullet of mass 0.01 kg, traveling
with a velocity Vms~=1in a horizontal direction, hits the centre of the ball. After the collision, the
ball and bullet travel independently. The ball hits the ground at a distance of 20 m and the bullet
at a distance of 100 m from the foot of the post. The initial velocity V of the bullet is:

V m/s
S ~~__
0 20 100
(A) 250 ms™! (B) 250V2ms=!  (C) 400 ms™ (D) 500 ms™!

28. (D) Time offlightafter collision for both are
t=~(2h/g)=1sec
g Ve = (100/1) =100 ms™1
Vi =(20/1)=20 ms™1
From conservation of Linear momentum

Mpunet Ubuttet = UMpuniet * Vouttet) * (Mpan X Vean)]
= Upyret=V~= [(0.01 x100) + (0.2 x 20)]/ 0.01 =500 ms™!
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SECTION -1l ( Total Marks : 16)
(Multiple Correct Answers Type)

This section contains 4 multiple choice questions. Each question has four choices (A), (B),
(C) and (D) out of which ONE OR MORE may be correct.

29. Which of the following statement(s) is / are correct ?

(A) Ifthe electric field due to a point charge varies as r25 instead of -2, then the Gauss law
will still be valid

(B) The Gauss lawcan be used to calculate the field distribution around an electric dipole

(C) Ifthe electric field between two point charges is zero somewhere, then the sign of the two
charges is the same

(D) The work done by the external force in moving a unit positive charge from point A at potential
V, to point B at potential Vigis (Vg—V,)

29. (CD) For point charge, flux for a sphere if point charge is placed at the centre

= 1 9 x 47r? A ; c
" Are, () [According to question]

£ (q/g)

So Gauss law is not valid.

Electric field due to a dipole is not radially symmetric.

So Gauss law application does not give field distribution.

For electric field to be zero, directions of electric field must be opposite and equal in
magnitude. This occurs only if sign of both the charges is same.

Wext.agent _ Welc.field — UB y UA N VB '
q(=1)  q(=1)

A-B
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30. Athin ring of mass 2 kg and radius 0.5 m is rolling without slipping on a horizontal plane with

30.

31.

31.

velocity 1 ms™1. A small ball of mass 0.1 kg, moving with velocity 20 ms=1 in the opposite
direction, hits the ring at a height of 0.75 m and goes vertically up with velocity 10 ms=1.
Immediately after the collision.

10m/s

the ring has pure rotation aboutits stationary CM
the ring comes to a complete stop

friction between the ring and the ground is to the left
there is no friction between the ring and the ground

(AC) Applying CLM horizontal direction : [(0.1 x 20)— (2% 1)]=2 VCoMn.ng
= . VCoM ring =0 ]
Using CAM about contact point :

L +L

CCICrE

particle initially (2) ring initially (Q)

= Lring finally + Lpa_rti_c[e finally (2) . . .
From given data, initial angular momentum is anticlockwise.

L".ng finally is anticlockwise .
Hence friction on the ring acts leftward to oppose rotation.

A series R—C circuit is connected to AC voltage source. Consider two cases; (A) when Cis
without a dielectric medium and (B) when Cis filled with dielectric of constant4. The current /5
through the resistor and voltage V/; across the capacitor are compared in the two cases. Which
of the following is / are true ?

(A) 14:>1B, (B) 145<I1B, ©) VAC> VBc (D) VAC< VBc

1 2
(BC) Zfor 1Stcase, Z, = R? + (j
C

1
R+
(kee)
B A
S.OZB<ZA _SO’IR>/ R
Since, Vsou_rce is same
VResistance increases for B.

decreases for B.

Zfor2"case, Zg =

VCapacitor
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32. Two solid spheres A and B of equal volumes but of different densities d, and dg are connected

by a string. They are fullyimmersed in a fluid of density d. They getarranged into an equilibrium
state as shown in the figure with a tension in the string. The asrrangement is possible only if

(&)
(&)
(A) dp<de (B) dg>dg (C) dy>de (D) dp+dg=2dg
32. (ABD) Considering the F.B.D.
T=Vg (de—d,) and T=Vg(dg—dg)
For both conditions, T>0
= dg>d, and dg>d,
Equating tension, 2dg=dg+d,
SECTION- Il (Total Marks 24)
(Integer Answer Type)
This section contains 6 questions. The answer to each of the questions is a single-digit integer,
ranging from 0 to 9. The bubble corresponding to the correct answer is to be darkened in the
ORS.

33. Atrain is moving along a straight line with a constant acceleration ‘a’. Aboy standing in the train
throws a ball forward with a speed of 10 ms™1, atan angle of 60° to the horizontal. The boy has
to move forward by 1.15 minside the train to catch the ball back at the initial height. The accel-
eration of the train, in ms=2, is

33. (5) Letubethe speed ofthe train at the time when boy throws the ball.

Time of flight = [(2 x 10 sin 60°)/g] =3 sec

St,a,n ut:+(1/2) at?
ba\/ = ut; A 10 cos 60 te Span— Strain = 1-19
3u+5\/3 V3u- (3/2) a=1.15 = a=5ms2
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34. Two batteries of different emfs and different internal resistances are connected as shown. The
voltage across ABinvolts is

6V 10
— —W—
A
o— -5,
BV 20
| VW
34. (5) |IfVisp.d.across A& B, iy is current through 1Q & i, is current through 2Q, then
V=6+i=3+2I -..(i)
=i =V-6&i,=[(V-3)/2]
Also iy +i,=0 ...(ii)
.. V=5V

35. Water (with refractive index = (4 /3)) in atank is 18 cm deep. Oil of refractive index (7 / 4) lies on
water making a convex surface of radius of curvature ‘R = 6 cm’ as shown.Consider oil to act as
thin lens. An object ‘S’ is placed 24 cm above water surface. The location of its image is at X’ cm
above the bottom of the tank. Then X’ is

35. (2) Refraction atoilsurface (1/uy)+ (uq/vq)=[(H4—1)/R]
= (1/24)+[(7/4)/v,]=[((7/4)-1)/6] =v,=21cm

Refraction at water surface : u,=-21cm
S(11=21)+[(473)/(714)](1/v,)=0
= Vv, = 16 cm (from water surface) S x=18-16=2cm

36. Asilver sphere of radius 1 cm and work function 4.7 eV is suspended from an insulating thread
in free-space. Itis under continuous illumination of 200 nm wavelength light. As photoelectrons
are emitted, the sphere gets charged and acquires a potential. The maximum number of
photoelectrons emitted from the sphere is A x 10Z (where 1 < A < 10). The value of ‘Z is

36. (7) (KE)pax= Eincident— W=1(12.42/2)eV-4.7eV=1.51eV
& Maximum potential acquired (when maximum no. of photoelectrons emitted)
Vo = [K(ne) /1] S/unit & (KE) pyax = €V'max

=n=(15/14.4) x 107

max
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37.

37.

38.

38.

A series R — C combination is connected to an AC voltage of angular frequency
o = 500 radian s~1. If the impedance of the R — C circuit is R V(1.25), the time constant
(in millisecond) of the circuit is

(4) Z2=R?+ X2 = R2(1.25)=R2+[1/(0C)?]
= R2/4=[1/(500 C)?| = (RC)2=1[4/(500)3]
= RC=(1/250)s=4ms

A block of mass 0.18 kg is attached to a spring of force-constant 2 Nm~!. The coefficient of
friction between the block and the floor is 0.1. Initially the block is at rest and the spring is
un-stretched. An impulse is given to the block as shown in the figure. The block slides a distance
of 0.06 m and comes to rest for the first time. The initial velocity of the block in ms=1is V= N/10.

Then Nis
= W\—E

@) (1/2)mVR=(1/2)Kx®+ fx
= (1/2)x (18 x 102)V2 = (1/2) x 2 x (6 x1072)2 + (18 x10-2) x 10 x 10~1) x (6 x 1072)
= 2= (144 / 900) — (N/10) = (12/30) = N=4
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Section - |V (Total Marks : 16)
(Matrix-Match Type)

This section contains 2 questions. Each question four statements (A, B, C and D) given in
Column | and five statements (p, g, r, s and t) in Column Il. Any given statement in Column |
can have correct matching with ONE or MORE statement(s) given in Column Il. For example, if
for a given question, statement B matches with the statements given in g and r, then for the
particular question, against statement B, darken the bubbles corresponding to g and rin the
ORS.

39. One mole of a monatomic ideal gas is taken through a cycle ABCDA as shown in the P-V
diagram. Column Il gives the characteristics involved in the cycle. Match them with each of the
processes given in Columnl.

P
3P

>
- Lo

4

H 1 ID
0 1V 3V ov Y
Columnl Columnli
(A) ProcessA—B (p) Internal energy decreases.
(B) ProcessB— C () Internalenergyincreases.
(C) ProcessC—>D () Heatislost.
(D) ProcessD — A (s) Heatis gained.
(

t

~

Work is done on the gas.

39. (A) > (p,rt); B) > (p,r); (C)—(a,s); (D)= (nt)
A—>B: —IBC=TlaswellasV({)
= internal energy (¥) as well as work is done on the gas.

also, AQ=nCp. AT : (-ve) = (p, r, t) is correct.
B>C: —>ICC=AW=0,AT:-ve = internal energy decreases.
also, AQ=nC,,. AT : (-ve) = (p, r) is correct.

C—-»>D: —IBE V()
— work done by the gas. also T(T) = internal energy Increases.
also, AQ=nCpAT: (+ve) = (q, s)is correct.

DoA: —>T,=Tp=AT=0 = AU =0 V({)=work done on the gas.
We have, AQ=AW+ AU, = AQ=(-ve)+0=(-ve)
= (r, t) is correct
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40. Column I shows four systems, each of the same length L, for producing standing waves. The
lowest possible natural frequency of a system is called its foundamental frequency, whose
wavelength is denoted as ,. Match each system with statements given in Column Il describ-
ing the nature and wavelength of the standing waves.

Columnl Columnli
(A) Pipe closed atone end (p) Longitudinal waves
0 L
(B) Pipe open at both ends (q) Transverse waves
0 L
(C) Stretched wire clamped
at both ends (N 2A=L
N f
QO Lv
(D) Stretched wire clamped
at both ends and at mid-point (s) Ap=2L
N ‘
\10 1\ LY
L2
(t) Ap=4L

40. A—>(p,t),B—>(p,s), C —>(q,s), Do

Longitudinal standing wave also, (A
Longitudinal standing wave also, (A,
Longitudinal standing wave also, (A
Longitudinal standing wave also, (A,

=L= As=4L=(p,1t)is correct
=L=  As=2L=(p, s)is correct
=L= As=2L=(q,s)is correct
2)+ (Al 2)=L=r=L=(q,r)

o0Ow>
il
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