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SECTION - A
A thin circular disc of mass M and radius R is rotating in a horizontal plane about an axis passing through its

centre and perpendicular to its plane with angular velocity w. If another disc of same dimensions but of mass
'\% is placed gently on the first disc co-axially, then the new angular velocity of the system is:

4 2 5 3
1) —o 2) —o 3) —o 4) —o»
(1) - (2) 3 3) 2 4 5
2 :
Using angular momentum conservation D ®
Li= Ly :
2 2 M/R?
MR co:[MR N A }0.
2 2 2
MR?  3MR? |
o= (O]
2 4
,_ 20
(D —_——
3

Water boils in an electric kettle in 20 minutes after being switched on. Using the same main supply, the length
of the heating element should be to times of its initial length if the water is to be boiled in 15
minutes.

(1) increased, % (2) increased, % (3) decreased, 3 4 (4) decreased, %

A block is simply released from the top of an inclined plane as shown in the figure above. The maximum
compression in the spring when the block hits the spring is :

e
1)1 m (2) \J6m (3) \/5m (4)2m
4

sin30 = h
10

h=5
using WET
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at max™ compression v =10
Wai = AKE
Worg + Whriction + Wext = 0

mgh + %kxz—fq(2+x)=0

5x 10 x5+ % x 100 x X2 - |:%><5><10(2+X)}=0

250 + 50x2 — [50 + 25x] = 0
250 + 50x?2—-50-25x =0
8x+2x2—x=0
2X2—-x+8=0

X=2

The angle of projection for a projectile to have same horizontal range and maximum height is :
(1) tan'1(2) (2) tan™ (%j (3) tan! (4) (4) tan™ Gj

3

Hmax = Range

u?sin20 u’sin’0
g 29

4 sind cosO = sin’0

Tan6 =4

0 = tan"'(4)

A capacitor has air as dielectric medium and two conducting plates of area 12 cm? and they are 0.6 cm apart.
When a slab of dielectric having area 12 cm? and 0.6 cm thickness is inserted between the plates, one of the
conducting plates has to be moved by 0.2 cm to keep the capacitance same as in previous case. The dielectric
constant of the slab is : (Given o = 8.834 x 1072 F/m)
M1 (2) 0.66 (3)1.33 (4) 1.50
4

Case (i) Case (ii)

«— it is partially filled
capacitor now

0.6m 0.6 0.2
Expression for parallel plate capacitance
€ A

C:

For partially filled capacity

& A

Cd-t+t/k
in both the cases value of d is different
for case (i)
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c - & A
0.6
. A
for case (i) ¢, = —=° =
0.8-0.6+——
K
Now C1 = Cz
€ A & A
0.6 0.2+%
K
06=02+96__3
K 2

A cube of ice floats partly in water and partly in kerosene oil. The ratio of volume of ice immersed in water to
that in kerosene oil (specific gravity of Kerosene oil = 0.8, specific gravity of ice = 0.9):

5 ' Ly Kerosene
FEER e Qil

L » Water

(1)5:4 (2)9:10 31:1 4)8:9
3

Buoyancy force balance weight at equilibrium : -

Fg, +Fg, =mg

We know Specified gravity — Psubstance

<p ker osene = 0.8 p,,
PH,0

Pice = 0.9 py,

PKgV1 + pwd V2 = pice (V1 + V2)g

PKV1 + puV2 = Pice (V1 + V2)

0.8 pw V1 + pwV2=0.9 pwv1+ 0.9 pw V2
V2—-09v=09v;-08w;
01v2=01wv;

Vo2 =V1

Soratio = 1:1

If M, is the mass of isotope 2B, Mp and M, are the masses of proton and neutron, then nuclear binding energy

of isotope is :

(1) (Mo — 5Mj, — 7M,))C? (2) (M, — 12M,)C?

(3) (Mo — 5M;)C? (4) (5M, + 7My — M,)C?
4

2B —— 5proton + 7neutron
(5 mp + 7m, — my)C? = BE

If <, is the permittivity of free space and E is the electric field, then e, E2 has the dimensions :
(1) [M°L2TA] @ [MLT? 3) [MTL3T*A?] 4)[ML2T?]
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Energy per unit volume = % €, E’

J 1
w25

[MLLT?] = g E?

In a hypothetical fission reaction
92)(236 N 56Y141 + 36292 + 3R
The identity of emitted particles (R) is :

(1) y-radiations (2) Electron (3) Neutron (4) Proton
3

ZinLHS=92,Zin RHS =56 + 36 =92

Ain LHS =236

Ain RHS =141 + 92 = 233

So 3 neutrons are released

A long straight wire of radius a carries a steady current I. The current is uniformly distributed across its cross
section. The ratio of the magnetic field at % and 2a from axis of the wire is :

(1:1 (2)3:4 (3)1:4 4 4:1
1
% O\ e

Magnetic field inside wire

HJr  polr G lr

Binside = = 5
2A 2ma

r— a2

Biside = Ho!
4ma

Magnetic field outside (B,) = Mol
2nr

R
2n(2a)

_ K

4ra

Biside = Ho!
47ma

SoB:1=B:=1:1
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Least count of a vernier caliper is mcm. The value of one division on the main scale is 1 mm. Then the

number of divisions of main scale that coincide with N divisions of vernier scale is :
2N -1 2N -1 2N -1

1) | —— 2) (2N -1 3) | —— 4) | ——=

()(ZNJ ) (2N 1) ()( ; j ()(ZONJ

3
(i) LC = IMSD — 1VSD

x 10 mm = 1mm - 1VSD

20N

1VSD = 1—i mm = M mm
2N 2N

(i) N (VSD) = x MSD
N(Mj mm = x(lmm)
2N
2N -1
X=——

2

A diatomic gas (y = 1.4) does 100 J of work in an isobaric expansion. The heat given to the gas is :
(1) 1507 (2) 25017 (3)4901J (4) 350

4

Isobaric, diatonic, work done = 100J

AQ = nCy AT

(7Rj pv=nRT
=n| — |AT
2 pAy = nrAT = work done

AQ :%nRAT

AQ = gwork done

AQ:%XlOO

700
AQ =—
Q 2
AQ =350
Heat we need to give to the gas.

A given object takes n times the time to slide down 45° rough inclined plane as it takes the time to slide down
an identical perfectly smooth 45° inclined plane. The coefficient of kinetic friction between the object and the
surface of inclined plane is:

1) V1-n? ) 1—n—12 (3)1-n @) 1—n—12
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lets find a:
mg sind — umg cos6 = ma;
a1 = gsin® — ngcoso

1
Have S, =0+ Eazt2

Now no friction so
a2 = gsind
giventhat S; =S,

1 1
Ea‘ltlz = Eaztz2

=_2
a

VR
F"l,—'-
N L
N
|
[<5)

2 gsin6®

h gsin6—pugcoso
2 1

=1—u><|
[~ 6 =45 given]

1

S>p=1-—

n n

A coil of negligible resistance is connected in series with 90 Q resistor across 120 V, 60 Hz supply. A voltmeter
reads 36 V across resistance. Inductance of the coil is :

(1) 0.76 H (2) 0.286 H (3) 2.86 H (4) 0.91 H
1
36 = Ims R oV
6= 20 R

«,Xi +R? V1

— T WA
R=909336=m L R = 90Q
JXE +90°

X, = 286.18
ol = 286.18

286.18 ()
L= _/

376.8 120V, 60Hz
=0.76 H
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There are 100 divisions on the circular scale of a screw gauge of pitch 1 mm. With no measuring quantity in
between the jaws, the zero of the circular scale lies 5 divisions below the reference line. The diameter of a wire
is then measured using this screw gauge. It is found that 4 linear scale divisions are clearly visible while 60
divisions on circular scale coincide with the reference line. The diameter of the wire is :

(1) 4.60 mm (2) 3.35 mm (3) 4.65 mm (4) 4.55 mm
4
P=1mm,N=100

least count C = P _imm

N 100
C=0.01 mm
The instrument has a positive zero error
e=NC=5x0.01
=0.05 mm
Main scale reading is 4 x (mm) = 4mm
Circular scale reading is 60 x 0.01 =0.6 mm
Observed reading is R, =4 + 0.6

=4.6 mm

So True reading =R, —¢
=4.6-0.05
=4.55 mm

The position of the image formed by the combination of lenses is:
fi=10cm fo=—10cm f=30cm

L AN N
\

<« 30om —><—5m—><——10cm—>

(1) 30 cm (left of third lens) (2) 15 cm (right of second lens)
(3) 15 cm (left of second lens) (4) 30 cm (right of third lens)
4

Here we will use lens formula three times, for lens 1

u=-30,f=10

1 1 1

v ou f

i—izi:vl =15cm

v, —-30 10

For 2" lens u = 10, f =10
V2 — o0

Uz — —00
vz — +30 cm

A proton and an electron have the same de Broglie wavelength. If K, and K. be the kinetic energies of proton
and electron respectively, then choose the correct relation :
(1) Ko = Ké® (2) Kp = Ke () Kp > Ke (4) Kp <Ke
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Wave length of e~ and proton are same
PZ
KE =—
2m
KE oc i
m
KE, |\/|p
KE M
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A plane progressive wave is given by y = 2cos2w(330t — x) m. The frequency of the wave is :

(1) 340 Hz (2) 165 Hz
3

y =2c0s 2n (330 t —x)m
® =330 x 21

o = 6607

we know =

o = 2xnf

_ Q)

“2n

_ 660m

C 2n

f=330 Hz

f

f

(3) 330 Hz (4) 660 Hz

Two satellite A and B go round a planet in circular orbits having radii 4R and R respectively. If the speed of A

is 3v, the speed of B will be:

1)6v (2 12v

3) gv @)3v
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Given below are two statements :

Statement (I): The mean free path of gas molecules is inversely proportional to square of molecular diameter.
Statement (11): Average kinetic energy of gas molecules is directly proportional to absolute temperature of gas.
In the light of the above statements, choose the correct answer from the options given below :

(1) Statement I is false but Statement 11 is true

(2) Both Statement | and Statement |1 are true

(3) Statement I is true but Statement 11 is false

(4) Both Statement | and Statement 11 are false

2
1
State — 1 : Mean free path A = ———
P \/Endzn
usingd =2r
1
A ——
4J27r’n
A o iz

r
3
State — 2 : E:EkT
EocT

SECTION - B

An alternating emf E = 110+/2 sin 100t volt is applied to a capacitor of 2uF, the rms value of current in the
circuit is mA.

22
e - Eo_ 11042 2uF
AN RN/ 1

Erms = 110v
lrms = Eoms _ E s ©C

¢ (=)
=110x 100 x 2 x 10® \”/
=22x10° A

The coercivity of a magnet is 5 x 10 A/m. The amount of current required to be passed in a solenoid of length
30 cm and the number of turns 150, so that the magnet gets demagnetised when inside the solenoid is A.
10

Length of solenoid (¢) = 30cm

No. of turns(n) = 150
H=5x10® A/m

We know n = %

| = ﬂ

n
_ 5x10°x0.3
T 150
| = @

150
1=10A
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Small water droplets of radius 0.01 mm are formed in the upper atmosphere and falling with a terminal velocity
of 10 cm/s. Due to condensation, if 8 such droplets are coalesced and formed a larger drop, the new terminal
velocity will be cm/s.

40

2
Vi= —gr’(p-0)
9m

Vt oc r?
Radius double so terminal velocity 4 times

Two slits are 1 mm apart and the screen is located 1 m away from the slits. A light of wavelength 500 nm is
used. The width of each slit to obtain 10 maxima of the double slit pattern within the central maximum of the
single slit pattern is x104 m.
2

10nD
y=—re

o

a,
ds

If the net electric field at point P along Y axis is zero, then the ratio of is , Where x =

8
N

P,
i
;

;

+qn 2 cm 3rm ~—(13

4 E.cos0,

- 53
o 3 —s

E>Cos0: = k%cos 0,
r

20 20

_kQ, 4
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kQ,
20

= E3c0s37
= Qs
r2
_kQ; 4 y
= <3 7
25 5
_ 4kQg
© 125 X
Equation (1) — (2) By default
kQ, _ 4kQ,
520 125
Q, 8

Q; 55

(1)

cos 37

g,

A heater is designed to operate with a power of 1000 W in a 100 V line. It is connected in combination with a
resistance of 10 Q2 and a resistance R, to a 100V mains as shown in figure. For the heater to operate at 62.5 W,
the value of R should be Q.

\ B | heater
100
AW
R
100V
5
2
P= V_
R
2
625=
10 «75V—>
V =25V B " C
eater
Rated power
10Q

2
Po= 2 —WWW—

R
_ Ve
s *100V e
_(100)2
~ 1000
R =10Q
10
_ _10R_
10+R
10=2R
R =50

= ;—: (Resistance ratio = Voltage ratio)
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An object of mass 0.2 kg executes simple harmonic motion along x axis with frequency of [Ej Hz. At the
T

position x = 0.04 m the object has kinetic energy 0.5 J and potential energy 0.4 J. The amplitude of oscillation
is cm.
6

%k(0.04)2 =04

%kAZ =0.4+05

0.04\* 4
A 9

(%J_Z
A ) 3
2A = .12

A=0.06m
A =6cm

A circular table is rotating with an angular velocity of o rad/s about its axis (see figure). There is a smooth
groove along a radial direction on the table. A steel ball is gently placed at a distance of 1 m on the groove. All
the surfaces are smooth. If the radius of the table is 3 m, the radial velocity of the ball w.r.t. the table at the time

ball leaves the table is X 2 ® m/s, where the value of x is

2
at some instant of time particle is at x (location A)
mm?x = force

F

Now acc" = —
m

_ me’x
m

oo _ dX 0) L] C)/A"—>
OX= V&

3 Vv
mzjxdx = Ide
1 0

3 v
2| X2 V2
o | —| =|—
2 2
L 0

®?8 =V?
V= 2\/500
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59. A body of mass M thrown horizontally with velocity v from the top of the tower of height H touches the ground

at a distance of 100 m from the foot of the tower. A body of mass 2M thrown at a velocity % from the top of

the tower of height 4H will touch the ground at a distance of m.
Sol. 100

R=100m
Sx=Uxt+0 R =100m
100 = Vt

100=v |21 (D)

g

(i)
2m
Ox V/2

Same as equation (1) so R =100
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60. A potential divider circuit is connected with a dc source of 20 V, a light emitting diode of glow in voltage 1.8
V and a zener diode of breakdown voltage of 3.2 V. The length (PR) of the resistive wire is 20 cm. The minimum
length of PQ to just glow the LED is cm.

20V

Sol. 5

V32V

20V 2

Vpp=32+138
Vpo =5V
And
Ver = 20V(given)
20V
20cm

Now x({ =5V

f/=5cm
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