Parer-1 Key & SoLuTiOons

PHYSICS

SECTION - |
( SINGLE CORRECT CHOICETYPE)
This section contains 10 multiple choicse questions. Each question has 4 choices (A), (B), (C) and (D) for its
answer, out of which ONLY ONE is correct

1. A small block is connected to one end of massless spring of un—stretched length 4.9 m. The
other end of the spring (see the figure) is fixed. The system lies on a horizontal frictionless
surface. The block is stretched by 0.2 m and released from rest at t= 0. It then executes
simple harmonic motion with angular frequency @ = %rad /s . Simultaneously at =0, a
small pebble is projected with speed v from point P at an angle of 45° as shown in the figure.
Point P is at a horizontal distance to 10 m from O. If the pebble hits the block at = 1s, the
value of v is (take g = 10 m/s?)

- —10m » P

a) J50m/s b) /51m/s ¢)52m/s d) /53 m/s
Ans: A

Equation of SHM y = 4coswr

At y=1 y=02cosa(l) = 0.2003% =0.1m
. Block 1s at a distance Sm
. Range of pebble is R =5m

V' sin90°
= e 3
10

R V2=50 — p =f50m/ s
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In the determination of Young’s modulus LY = nggj by using Searle’s method, a wire of

length L = 2 m and diameter d = 0.5 mm is used. For a load M = 2.5 kg, an extension
[ =0.25 mm in the length of the wire is observed. Quantities d and / are measured using a
screw gauge and a micrometer, respectively. They have the same pitch of 0.5 mm. The num-
ber of divisions on their circular scale is 100. The contributions to the maximum probable
error of the ¥ measurement.

a) due to the errors in the measurements of d and / are the same

b) due to the error in the measurement of d is twice that due to the error in the measurement of /.
¢) due to the error in the measurement of / is twice that due to the error in the measurement of d.
d) due to the error in the measurement of d is four times that due to the error in the measure-

ment of /.
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A small mass m is attached to a massless string whose other end is fixed at P as shown in the
figure. The mass is undergoing circular motion in the x—y plane with centre at O and constant
angular speed . If the angular momentum of the system, calculated about O and P are de-

noted by ﬂu and EP respectively, then







Consider a thin spherical shell of radius R with its centre at the origin, carrying uniform

positive surface charge density. The variation of the magnitude of the electric field |E (f‘)|

and the electric potential V(r) with the distance » from the centre, is best represented by
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Ans:D
1
From centre to surface E = 0, then £ o« —
”
1
From centre to surface V =k, then V' « -
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A bi—convex lens is formed with two thin plano—convex lenses as shown in the figure. Re-
fractive index n of the first lens is 1.5 and that of the second lens is 1.2. Both the curved
surfaces are of the same radius of curvature R = 14 cm. For this bi—convex lens, for an object
distance of 40 cm, the image distance will be

e e T [ ———

a)—280.0cm b) 40.0 cm

d) 13.3 cm
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Two large vertical and parallel metal plates having as separation of 1 cm are connected to a

DC voltage source of potential difference X. A proton is released at rest midway between the
two plates. It is found to move at 45° to the vertical JUST after release. Then X is nearly

a) 1x107°V b) 1x107V ) 1x107°V d) 1x107"¥

Ans :C

mg = Eq
_Ja & Hq
p l 45°
mg
o B8 _ 10V (approx) \

8.  Three very large plates of same area are kept parallel and close to each other. They are con-
sidered as ideal black surfaces and have very high thermal conductivity. The first and third
plates are maintained at temperatures 27 and 37 respectively. The temperature of the middle
(i.e. second) plate under steady state condition is

% 3 4
65 |4 97 \4 97 4 !
Ans:C

cA(T' -T))=cA(T -T)

ery -1 = -(r)' 1= 2 T
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13. For the resistance network shown in the figure, choose the correct option(s).

L 20

a) The current through PQ is zero b) I, =34

c¢) The potential at S'is less thanthatat 0. d) 1, =24

Ans:A,B,C,D

L =—=3

4

12
I,=—x%3 _

g =24
V,=V

F o
= alsoVg =V,

14. A person blows into open — end of a long pipe. A s a result, a high — pressure pulse of air
travels down the pipe.When this pulse reaches the other end of the pipe,
a) a high — pressure pulse starts travelling up the pipe, if the other end of the pipe is open
b) a low — pressure pulse starts travelling up the pipe, if the other end of the pipe is open
c) a low — pressure pulse starts travelling up the pipe, if the other end of the pipe is closed
d) a high — pressure pulse starts travelling up the pipe, if the other end of the pipe is closed
Ans:B,D
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/]l" Incident pressure pulse

i Reflected pressure pulse
Open end
At open end pressure should not change pressure wave will get phase change as =
/, [ncident pressure pulse

P °
~

—— — — — — -

Reflected pressure pulse

v

Closed end

Atenclosed end pressure wave will get reflected without phase change

15. A cubical region of side @ has its centre at the origin. It encloses three fixed point charges,
—q at (0,—a/4,0),+3q at (0,0, 0)and —¢ at (0,+a/4,0). Choose the correct
option(s).

hz

o

X .

a) The net electric flux crossing the plane x = 4+ /2 is equal to the net electric flux crossing

the plane y=—¢/2

b) The net electric flux crossing the plane y =+q /2 is more than the net electric flux crossing

the plane y=—a/2.

X : : o g A
c¢) The net electric flux crossing the entire region is o
0

d) The net electric flux crossing the plane 7 = 4+4 /2 is equal to the net electric flux crossing

the plane x = +¢4/2
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Ans:ACD

a a
— Net flux passing the plane x = +E and X = D) issame 1~
I

/
=-

. 4
— Net flux through cube is o
0

a a | )C-'-—q
— Flux through plane z = 5 and X = 7 issame T, X

SECTION - 1lI
(INTEGER ANSWER TYPE)

1 -

.3
L

This section contains 5 questions. The answer to each question is a single digit integer, ranging from 0 to 9
(both inclusive).

16.

Ans

3

A lamina is made by removing a small disc of diameter 2R from a bigger disc of uniform
mass density and radius 2R, as shown in the figure. The moment of inertia of this lamina

about axes passing through O and P is 7, and 7, , respectively. Both these axes are perpen-

I
dicular to the plane of the lamina. The ratio I_P to the nearest integer is
0

I, =%[,07{(21?)2](2}?2)—[%(pr:Rz)Rz +(p7{R2)R2]
=8prR* —%pm‘?4

:Epn}z“ - By i
2 2
1 ¢ 1

1o =[ Sane2ry (4 2R |-[ S s besie| s

=8MR’ +16 MR* —[%MRE}

24— lyre =37 2
2 2

#13
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A circular wire loop of radius R is placed in the x - y plane centered at the origin O. A square

17,
loop of side a(a << R) having two turns is placed with its center at ; = /3R along the axis of
the circular wire loop, as shown in figure. The plane of the square loop makes an angle of
2
45° with respect to the z - axis. If the mutual inductance between the loops is given by 2,,,{: R
then the value of p is
z
45°
2 |
V3R
R ﬁ\
~, 5
0 4
P,
Ans:7
.2
¢ B nuf) 27[1R aZ L ( - 2)
i 4 22 2
[R2 +(V3R) ]
M #U R 1 ﬂ az
BT
18. A cylindrical cavity of diameter a exists inside a cylinder of diameter 2a as shown in the

figure. Both the cylinder and the cavity are infinetely long. A uniform current density J flows

N
along the length. If the magnitude of the magnetic field at the point P is given by 17 Mo

then the value of N is

2
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Ans: 5
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19. A proton is fired from very far away towards a nucleus with charge Q =120e, where e is the

Ans:

electronic charge. It makes a closest approach of 10 fm to the nucleus. The de Broglie wave-

length (in units of fm) of the proton at its start is:

(take the proton mass, m, =(5/3)x107"kg: H/e=4.2x10""j.S /c;

=9x10"m/ F; Lfm=10"m)

4re,
7
2 2

9x10° x 120e __ P

10x107"  2m,

9 2[5 27
Ox10"x120x2xe (—]XIO

P 3

10x107"

_3><2><e><10_” _3x2xe
107" 10

42x107°
6
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20. Aninfinitely long solid cylinder of radius R has a uniform volume charge density p.Ithasa
spherical cavity of radius R/2 with its centre on the axis on the cylinder, as shown in the
figure. The magnitude of the electric field at the point P, which is at the distance 2R from the

23pR
axis of the cylinder, is given by the expression 7, . The value of k is
0

Ans: 6




