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with exclusive and brain storming MCQs
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A neutron with velocity v strikes a stationary
deuterium atom, its kinetic energy changes by a
factor of

15 1 2 8
(@) = (b) = (e) = d) =

16 2 1 9
A statelllite of mass m revolves around the earth
of radius R at a height x from its surface. If g is
acceleration due to gravity on the surface of the
earth, the orbital speed of the satellite is

i ng gR

® Rz ® r=%
2V

3 ox L

(c) gx (d) [R+x

A rubber cord catapult has cross-sectional area
25 mm” and initial length of rubber cord is 10 cm.
It is stretched to 5 cm and then released to groject a
missile of mass 5 g. Taking Y,ypper = 5 % 10° N m™2.
Velocity of projected missile is

(a) 20ms™! (b) 100 m s~

(c) 250 ms™" (d) 200m s

A particle P is projected from a point O with an
initial velocity of 60 m s™' at an angle 30° to the
horizontal. At the same instant a second particle Qis
projected in the opposite direction with initial speed
50 ms™" from a point level with O and 100 m from O.

6.

If the particle collide find the time when the
collision gccurs.

100 m
(b) 0.51s
In figure, a cyclic process
ABCA of 3 moles of an ideal
gas is given. The temperature
of the gas at Band C are 500 K
and 1000 K respectively.
If the work done on the gas in process CA is 2500 |
then find the net heat absorbed or released by an
ideal gas. Take R = 25/3 ] mol 'K™".
(a) 10k] (b) 25k] (c) 25k]  (d) 1.0k]
Two parallel glass plates are held vertically at a
small separation d and dipped in a liquid of surface
tension T, angle of contact 8 = 0 and density p. The
height of water that climbs up in the gap between
the plates is given by

(a) 2.11s (c) 1.52s (d) 1.09s

PA A
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(a) 2T/dpg (b) T/2 dpg
(c) T/dpg (d) None of these

A weightless ladder 20 ft long rests against a
frictionless wall at an angle of 60° from the
horizontal. A 150 pound man is 4 ft from the top
of the the ladder. A horizontal force is needed to
kept it from slipping. Choose the correct magnitude
from the following.

(a) 175 Ib (b) 100 Ib

(c) 120 1b (d) 17.31b

The molecules of a given mass of a gas have root
mean square speeds of 100 m s~ at 27°C and 1
atmospheric pressure. The root mean square speeds
(in m s™") of the molecules of the gasat127°Cand 2
atmospheric pressure is

200 100
sl b) o
(a) 5 (b) 5
400 200
(c) 3 (d) 3

A spherical body of mass m and radius r is allowed
to fall in a medium of viscosity 1. The time in which
the velocity of the body increases from zero to 0.63
time the terminal velocity (v) is called time constant
7. Dimensionally T can be represented by

2

(@) 2 ®) [—6"";”‘]
sl g
m

(c) S (d) None of these

. Figure shows a tube having sound source at one

end and observer at the other end. Source produces
frequencies upto 10000 Hz. Find the frequencies at
which person hears maximum intensity. Speed of
sound is 400 m s,

oam,
10 cm

S 2

(a) 3000 Hz (b) 2500 Hz

(¢) 4000 Hz (d) 4500 Hz

. The collision frequency of nitrogen molecule in a

cylinder containing nitrogen molecule at 2.0 atm
pressure and temperature 17°C. (Take radius of a
nitrogen molecule is 1.0 A)

(a) 32x10°s™ (b) 4.6 x 10°s™!

(c) 46x107°5s7! (d)32x107°s7!

PHYSICS FOR YOU | MAY'20
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13.

A chain of length [ is placed on a smooth spherical
surface of radius R with one of its ends fixed at the
top of the sphere. What will be acceleration a of each
element of the chain when its upper end is released?

It is assumed that the length of chain / < (p% ]

. L) g’i( i)
(a) I(l cosR (b) ] l+cosR

8 L) ﬁ( ” L)
(c) I(H—cosR (d) P 1-cos

R
A train producing
frequency of 640 Hz o
is moving towards
point C with speed \722m
72kmh™". A person
is sitting 1732 m Person

from point C as

shown in figure. Find the frequency heard by person
if speed of sound is 330 m ™.

(a) 540 Hz (b) 660 Hz

(c) 740 Hz (d) 590 Hz

. Two Aluminium rods and a steel rod of equal cross-

section area and equal length [, are joined rigidly
side by side as shown in figure. Initially the rods are
at0°C. Find thelength ofthe rod at the temperature 6
if Young’s modulus of elasticity of the aluminium
and steel are Y, and Y| respectively and coefficient
of linear expansion of aluminium and steel are
o, and o respectively.

@ Io[n 2Y,0, +Y, 0, 9}

Aluminium
Steel
Aluminium

a™ s

@ 10[1 + Y"‘;“ 200, 9}

aTls

et

) I"[l_ 2, -7,

@ Io[l_me}

a ‘s

. Two bodies begin a free fall from the same height at

a time interval of N s. If vertical separation between
the two bodies is 1 m after n second from the start
of the first body, then 7 is equal to

1

(@) +nN ®) N
1 N 1 _N
(c) _N+7 (d) g_N—?
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SOLUTIONS
(d):Let mass of neutron = m
then mass of deuterium = 2m
[ it has double nuclides thus has neutron].
Let initial velocity of neutron = v and final velocities
of neutron and deuterium are v; and v, respectively.

—=v v=0
@ n@m -

neutron deuterium

Applying conservation of momentum

mv + 2m(0) = mv, + 2mv;

= v=v+2 (1)
applying conservation of energy

%mv"' = %mvl2 +%(2m)v%

= V= vf + 21422 -..(ii)
from (i) and (ii), v* = (v - 21/1)2 + 21/2Z

= ¥=v+ 4v32 —4vyy + 2v22

6v22 -4vv =0

2y v
= v =T and "l='§

Now fractional change in kinetic energy

2
1 ) B O
=K'__K[=2mv 2mv|=v 9 _8
K; 13\ v 9
3
mv® _ GmM GM

@: Rex) (Rexy SR

mv’ (GM] R
ml 22

TR+ R (R x)?
o8 2 . B
(R+x) (R+x)

1/2
2 2
or V2= SR =Sv= <R
R+x R+x
(¢) : Young’s modulus of rubber,
Y, F_1 Al

ubber =KXE: F=YA'T

On putting the values from question,
_5x10%%25x107° x5x1072
10x1072
=25x25x 10 = 6250 N
Kinetic energy = Potential energy of rubber

lmv2 =lFAI
2 2

F
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4.

-2
v= |FAL_ [6250x5x107" _ roern
m \ sx107

=25x10=250m s

(d):If the particles collide they must be at the same
point at the same time so as time is an important
consideration we do not use the equation of the
path.

Let t be the time between projection and collision.
For P we use O as origin and the x-axis along OA
given

xp = (60 cos 30°) £ yp = (60 sin 30°) t—-%gtz

For Q we use A as origin and the x-axis along AO
given

Xp = (50 cos o) t, Yo = (50 sin o) t—%g{z
During collision

Xp+ Xg = 100 = (3033 +50c0s) =100 .(3)
Also, yp = yp=> 30=50sin0. = sina:% (i)
Hence, from equation (ii), costt= % = 0=36.9°

Therefore Q is projected at 36.9° to the horizontal.
Then equation (i) gives,
13043 +40) =100 =  =1:09s
‘Therefore the particle collide 1.09 seconds after
projection.
(a):The change in internal p, A
energy during the cyclic
process is zero. Hence, the heat
supplied to the gas is equal to
the work done by it. Hence,
AQ =W+ Wye+ Wey
The work done during the process AB is zero
Wae = Py (Ve - Vp) = nR(Te - Tp)
= (3 mol) (25/3 ] mol™" K™') (500 K) = 12500
As Wy = 2500 ] (given)
AQ =0 + 12500 - 2500 (from (i)
AQ=10kJ
(a) : The meniscus between the
plates has cylindrical shape with

radius r = % The pressure just

inside the meniscus is

1 1 2T
Bj=T|=-+— |=B-=
v-1(2+L)-5-2
Now, P, = Py

2T 2T
s By =| By—=- |+hy h==——
OTO(O d) pg = dog



7.

(d): AB is the ladder, let F be the horizontal force

and W is the weight of man. Let N and N, be

normal reactions of ground and wall, respectively.

Then for vertical equilibrium

W=N,

For horizontal equilibrium N, = F

Taking moments about A

N,(AB sin60°) — W(BC cos 60°) = 0

Using (ii) and AB =20 ft, BC = 4 ft,

we get

F(zoxﬁ)—w(ulJ:o
2 2

_2Wx2_ W

2043 53

=1—5% =10V3=1731b

()
..(i)

(i)

Ny

~1

(a) : Here, let vy = 100 m s
T;=27°C=(27+ 273) K=300K
and Pressure P; = 1 atm,

Now for the same gas at temperature T, = 127°C
= (127 +273) K= 400 K, P, = 1 atm, v;;pg, = %,

at temperature

Using —+ Plvl BBV BTG %300 _3
OV, BT, 400 2
1M 2 1M
Again B = Evl'vnusl andP2_3V Tms;
Vrms, Xﬁ_f;
Vims, V2 R
P, V. 2
vfmsZ =vfmsl ><;f—><vf=(100)2 x2x5
200 -1
v, s

Tms; ='ﬁ m

(d) : None of the expressions has the dimension of time.

. (c) :The sound wave bifurcates at the junction

of the straight and the rectangular parts. The
wave through the straight part travels a distance
dy = 10 cm and the wave through the rectangular
part travels a distance d, = 3 x 10 cm = 30 cm
before they meet again and travel to the receiver.
The path difference between the two waves received
is, therefore
Ad=d,-d) =30 cm-10cm =20 cm

-1
The wavelength of either wave is A= % = 400%
For constructive interference, Ad = ni, where n is
an integer.
ny

Ad

_400

n=2000n
0.2

or, Ad=nrt = v=
v

13.

. (b):Mean free path A=

Thus, the frequencies within the specified range
which cause maximum of intensity are
2000 x 1 Hz, 2000 x 2 Hz

Kyl \/_ ndZA
A= (p=nKzT)
Jind .
(1.38x107%%)(290) —
(1.414)(3.14)(2x10719)?(2.026 x10%)
3KyT _ [3%1.38x1072 %290
Vims T AT sevazeo a2y
28x1.66x10
=51x10°ms™!
collision frequency
v, 5.1x10% 9 —
= o 2R = 46x107s
Aoonaxio”
. (d):Let m be the mass
of the chain of length .
Consider an element of
length dl of the chain at

an angle 6 with vertical,
From figure, dl = Rd6; '
Force responsible for acceleration, dF =
Mass of the element,

(dm)g sin 6;

dm=-'[ﬂd1; or dm=17-.R de
dF:(%Rde)(gsme)=ngRsineda

Net force on the chain can be obtained by integrating
the above relation between 0 to ¢, we have

F_TM

mg |:l —cos—I-]
1 R

. Accelaration, a = CiE gg(l - cosi).
m 1

R
(b) (a)

R R
in949=%[—cosﬂ]g=g[l—cosa]

14.

1 1
. (Q):n =Egn2,y2 =Eg(n—N)2

; yl-yz%glnz-(n—N)zl

= 1=§(2n—N)N [y =yy=1m]
=5 el gll
gN 2 LR
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A particle suspended from the ceiling by inextensible
light string is moving along a horizontal circle of
radius 1.5 m as shown in figure. The string traces a
cone of height 2 m. The string breaks and the particle
finally hits the floor (which is xy plane 5.76 m
below the circle) at point P. Find the distance OP.

An explosive of mass 6 kg is projected at 35 m 5!
at an angle of 60° with the horizontal. At the top
of its flight it explodes, breaking into two parts,
one of which has twice the mass of the other. The
two fragments land simultaneously. The lighter
fragment lands back at the launch point. (i) Where
does the other fragment land? (ii) What is the
energy of the explosion?

my "y

*—
RS

Path of m,
after explosion

H

PHYSICS FOR YOU | MaY 20

A cylindrical pipe of diameter 1 m is kept on a truck
as shown in figure. If the truck now starts moving
with a constant acceleration of 1 m s, the pipe rolls
backward without slipping on the floor of the truck
and finally falls on the road. If the pipe moves a total
length of 4 m on the floor of the truck, what is the
velocity of the pipe in (m s7') relative to the truck
andrelative to ground atthe instant it leaves contact
with the truck? (g =10’ m 5°2).

A glass plate of area A and mass m is hinged along
one of its sides. The speed with which the air should

be blown parallel to its upper surface to hold the

plate horizontal is x ™8 7 Find the value of x.
8pA

[The density of air is p]

A wire carrying current i has the configuration
shown in figure.

Two semi-infinite straight sections, each tangent to
the same circle, are connected by a circular arc, of



angle 0, along the circumference of the circle, with
all sections lying in the same plane. What must 0
(in rad) be in order for B to be zero at the center of
circle?

An ac ammeter is used to measure current in a
circuit. When a given direct current passes through
the circuit, the acammeter reads 3 A. When another
alternating current passes through the circuit, the
ac ammeter reads 4 A. Then find the reading of
this ammeter (in A), if dc and ac flow through the
circuit simultaneously.

A bimetallic strip consisting of a brass strip and a
steel strip, each of length 1 m and each of thickness
0.5 cm is clamped at one end as shown in figure.
Calculate the depression to the nearest integer (in
cm) of the free end when it is heated by 100°C.

[Take : 0y, = 11 x 1070 K 0 =19 100K ]

I

A rod made of glass, refractive index 1.5 and of
square cross-section, is \
bent into the shape shown

in figure. A parallel beam

of light falls normally on

the plane flat surface A.
Referring to the diagram

dis the width of a side and

R is the radius of inner A B
semicircle.  Find  the

maximum value of ratio d/R so that all light entering
the glass through surface A emerges from the glass
through surface B.

A plane light wave of wavelength A = 6000 A falls
normally on the base of a biprism
made of glass (n = 1.52) and
refracting angle o = 30°. Behind n

the biprism (see figure) there isa o
plane-parallel plate with the

[S]

. A system consists of two

space filled up with benzene (n” = 1.50). Find the
width of a fringe on a screen placed behind this
system.

identical cubes, each of mass
3 kg, linked together by a
compressed weightless spring

k=1000N m!

of force constant 1000 N m™.

The cubes are also connected
by a thread which is burnt at a
certain moment. At what minimum value of initial
compression X, (in cm) of the spring will the lower
cube bounce up after the thread is burnt through?

SOLUTIONS
Let the string breaks when the particle is 1.5 m right
of point O and direction of its velocity v is along
y-axis.
Tsin0=""" and T cosd = mg

-
v=\/grtan0

Now time to reach the floor,

2h,
p=f—2
g
. Before it hits the floor,
Ay=vt =, [2h,rtan®

"
where tanf=—

hy
2 2
Ay= thr— = Zxﬂx(]'—S) =Em=3.6m
\} m N2 s

Its position from O, when it hits the floor
=15i+3.6]

or =015  +(3.6)" =39m

(i) Just before the explosion the projectile has
velocity components v, = v cosd, v, = 0 and is at the

topmost point of its trajectory.

From conservation of momentum along x-axis, we
(as V’ly = v’z), =0)
Fragment m, will land back at the initial launch

ot .
have Mv, =mv'|_+ myv',,

point if v/, .= -v_. Therefore,

PHYSICS FOR YOU | maY 20



(ii)

.
” My, -my' Mamg o Mim
%= = %= o
m, m, m,

Time taken by m, to reach the ground

oo [H Y
8 i

Distance covered during this time

ol ofm M+my Vux.VL._sz+m,R
m, g m, 2

Coordinate of second fragment,

x=§+d:§+[M]£:ﬂR

2 m, )2 m,
6_(s)
==X $in60° =162 m
4 981
The energy of the explosion is
1 iy L o 1o 2mM
AE:E”’]"x +Em2v2x _EMVX = m'Z Vox

2x2X%6
=22 (35¢0830°)° =5512]
Let @ be the acceleration of CM in reference frame
of truck and o be its angular acceleration about an
axis through its CM as shown in figure.

(Pseudo-force)

i
Equations of motion in reference frame of truck are
ma, —f=ma

il 00
m
L,:E:lL:ﬂ (i)
I EmR2 MR

Rolling constraint a = Ro. ... (i)
Solving equations (i), (ii) and (iii), we get

=

2 2
a=—g,=—()=—ms~
3%=300=3

Displacement of CM of cylinder in reference frame
of truck is s = 4m in time ¢ given by
S=la,2 =l(g),2 or t=\12=23s

2 23
The linear velocity of the cylinder in reference frame
of truck is

PHYSICS FOR YOU | MaY 20

v, =at =(E) 3 =ims'l (towards left)
3 V3

Velocity of truck after time t,

vp=agt= 23=23ms™!

Hence at the moment the cylinder leaves the truck,

its absolute linear velocity [ground reference frame],

(rightwards)

v=23ms"
Jmax = #mg
V=v,—vp %-2\/5=—72_3-m 57!
or V= %m 57! (rightwards)
Applying Bernoulli’s equation up and down the
plate %pvZ = -'%g-

e 2mg _ [2mgx18
pA pAx18
6 I | M s
18pA 18pA
Moi

Magnetic field at O due to wire 1 is, El = ﬁ (o]
44
and that due to wire 2 is

B= ol

4nR
Magnetic field at the 77
centre due to circular {

= Mol
2nR

0= B=5+5=

I
arc subtending angle 6 %
at the centre is given by

If B,=0=B+B, =0=B=-B,_
o Mg =_w[£)®
2mR 2R\2m

=E=E(i)=,l=i=9=2md
2nR  2R\2m T 2.

Net current I=3+4\2sinot

(3+42sinot)dt

Now I, = =5A

T



" [Ah=R(1-cos0)

X b = R[2sin*(0/2)]
= R(0%)/12
0,
L,=[R+i~)9=100(l+19x10‘°x100) ()
L, =(R—i]6=100(1+11x10‘°x100) (i)

Subtracting equation (ii) from (i),
0/2=100(8 x 10%) = 0 = 16 x 102 = 0.16 rad

R
By geometry of figure, Ah= @ =8cm
Figure shows three rays 1, 2, 3 incident on plane
face A. We can see that angle of incidence at curved
surface is least for ray 3. If ray 3 reflects at the curved
surface, then all the rays will reflect as their angle of
incidence is greater than angle 0.

Normal

123
Hence the required condition is 6, > 0,
_12
critical “. 3 R
from geometry of figure, we have, sin0, = TR
+

critical

As sin0

So sin n 6 > sinf,
R > 2 or i < L Therefore (1] ==
d+R 3 R 2

We will first determine

the deviation produced

by the system. From

the figure, we see that P,
nsino. = n' sin®’,

n'sin" = 1-sin6"". - oo R
Now, deviation of ray & af
=(0"-0)+ (0" -0")

critical

maximum

In the given figure.
0+90°+6"+90°-0'=180° = 0"=0-q.
Since angle o is smal, 0', 0, 0" are also small.
no=n'0" and n'0"=0"".
Solving 0', 6" and 8" in terms of &, B’ = ﬁ, o,
n

’
n n—n

0"=—a-o=——0a and
n n

n—n'
7

B =H? a=(n—n")o.

8=1,(x—a+(n—n’)a—[£,a—a]:(n—n’)a
n \Hn

If the source is at a distance a, then
d (distance between virtual sources)
=2ad =2a(n-n")at.
D = a + b, where b = distance of screen from the
system.
_ Ma+b) _AM1+b/2)
p= 2a(n—n)o " 2(n—n")a
For plane wave oL — e,
A 6000x107""
T 2(n-n)a 2(1.52-1.50)x30X7/180
=0.2864 mm.

B

. Let x be the elongation in the spring when it returns

back.
L.t Liged
-Z-kx‘,:Ekx +mg (x+x,)

On solving, we get

kx =-mg % (mg - kx,) = -2mg + kx,
(Ignoring negative sign)

And also lower block will bounce up if
kx > mg =>-2mg + kx; > mg

So, x(,=3—r:g—=>xu=9cm

e
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with exclusive and brain storming MCQs
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Practicing these MCQs help to strengthen your concepts and give you extra edge in your NEET preparation

Two positively  charged

NAY I
infinitelylongwires (A; >4,) 5 =
are placed parallel to each 1 > x
other at x = —-a and x = +a
as shown in figure. Find the r=a i=d
x - coordinate of a point at
which electric field is zero.

A+, )a A X, )a
@ ((AI_—A;_ ® ((Al +)\.))
1 2 1 2
(© 2(A }‘2)“ () (A +2y)
(}‘l+)"2) (A =2y)a

A parallel plate capacitor is filled by a dielectric
whose relative permittivity varies with the applied
voltage according to the law p, = oV, where
o.=1pervolt. Thesame (but containing no dielectric)
capacitor charged to a voltage 156 V is connected in
parallel to the first non-linear uncharged capacitor.

Determine the final voltage across the capacitors.
(@ 12V (b) -10V
(e -15V (d) -20V

PHYSICS FOR YOU | MAY ‘20

3.

A copper wire of length I and radius r is nickel
plated till its final radius is 2r. If the resistivity of
the copper and nickle are p. and p,, then find the
equivalent resistance of wire.

3040, | ! potp, ) !
) :
PPy T PP, |mr

( PP, JL @ [pﬁpn)%

3p +p, |nr’ 3p.p, |mr

The maximum intensity in Youngs double slit
experient is I. Distance between the slits is d = 54,
where A is the wavelength of monochromatic light
used in the experiment. What will be the intensity
of light in front of one of the slits on a screen at a
distance D = 10d?

(@) I (b) 2I,

() Iy/4 (d) I,/2

A hydrogen like atom of atomic number Z is in an
excited state of quantum number 2#. It can emit a
maximum energy photon of 204 eV. If it makes a



transition to quantum state 1, a photon of energy
40.8 eV is emitted. The value of # will be

(@ 1 (b) 2

() 3 (d) 4

The displacement current flows in the dielectric
of a capacitor when the potential difference across
its plate

(a) is increasing with time

(b) is decreasing with time

(c) has assumed a constant value

(d) both (a) and (b).

The half life of a particle of mass 1.6 x 107° kg is
6.9 s and a stream of such particles is travelling with
the kinetic energy of a particle being 0.05 eV. The
fraction of particles which will decay when they
travel a distance of 1 m is
(a) 0.1 (b) 0.01

(c) 0.001 (d) 0.0001

Two  parallel  vertical

metallic rails AB and CD A Re G
are separated by 1 m. * & = >
They are connected at the
two ends by resistances R; [ 1

and R, as shown in figure. & A 3
A horizontal metallic

bar of mass 0.2 kg slides x X x x
without friction vertically 5 X D

down the rails under the
action of gravity. There is a uniform horizontal
magnetic field of 0.6 T perpendicular to the plane
of the rails. It is observed that when the terminal
velocity is attained, the power dissipated in R; and R,
are 0.76 W and 1.2 W respectively. Find the terminal

velocity of the bar.
(a) 1m R (b) 2ms
(c) 05m st (d) 5m st

IfE,=200 V,R=25Q,
L=0.1HandC=10"F
and the frequency (v)
is variable, then the
current at v = 0 and
v =cowill be respectively
(a) 0A,8A

(c) 8A,8A

(b) 8A,0A
(d) 0A,0A

. A thin prism P with angle 4° and made from glass

of refractive index 1.54 is combined with another
prism P, made from glass of refractive index 1.72 to

—

. A particle of charge 1 uC

. In the following circuit,

produce dispersion without deviation. What is the
angle of the prism P,?

(a) 6° (b) 3° (c) 4°

(d) 9°

and mass m = 1 g starts
moving from origin at
t = 0 under an electric field
of 10> N C™' along x-axis
and magnetic field of 10 T
along the same axis with

the velocity of v= 20}' m s~ as shown, the speed

of the particle at the time of 20\/3 s will be

(a) 20ms™" (b) 40ms"
(c) 10m s7! (d) None
A common emitter amplifier has a voltage gain of

50 and current gain is 25. The power gain of the
amplifier is

(a) 500 (b) 1000 (c) 1250 (d) 100

. The combination of two bar magnets makes 10

oscillations per second in an oscillation magneto-
meter when like poles are tied together and
2 oscillations per second when unlike poles are
tied together. Find the ratio of the magnetic
moments of the magnets:
11
ST
(a) o 5
19 13
= d) —
11 & 10

& 2

(c)

. In a black body radiation at certain temperature

T), the wavelength having maximum intensity of
radiation equals 9000 A. When the temperature is
increased form T to T, the total radiation increases
16 times. The peak radiation at T, is found to be
capable of ejecting photoelectrons. The maximum
kinetic energy of the photoelectrons is the same
as the energy of photon that one gets when one of
electrons in the M-shell of hydrogen atom jumps
to L-shell. What is the work function of the metal ?
(a) 1.32eV (b) 0.32eV

(c) 0.88eV (d) 6.63eV

+20V
the value of 8 is 200. Find 5.0kQ

the value of Vg, when (4
I =2.5mA. The transistor is (Q
in active cut off or saturation N i
state.
(@ 12V (b) 15V

(¢) 17V (d) 11V
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SOLUTIONS

1.

8}

(b): Let coordinates of P are (x, 0).

The distance of point P from wire 1 = (a + x) and

from wire2=(a-x)
- E=E

o 2kAh, 2kA,

T @+x) (a-x)
Ala-x)=2y(a+x)
M@= hix = Aga + hpx
(A =Az)a= (A + Ay)x

_ (i =%ya
(A +24,)

(a) : From conservation of charge
=>CV (C+aViC) Vy
= V/ + V- 156 0

CV (C+C)Vy

Vf+V[ V=0
Vi=12volt
1
:R=p—
(c) ‘A

Resistance of
copper wire

1
Rey=Pes
Resistance of nickle wire

=n2n? -l = 3
i
3nr?
Both wires are connected in parallel. So equivalent

Ryi= Pn

resistance R = —aRni_ _ [Py L,
Re, + Ry, 3P +p, Jurt

(d): Path difference Ax = E

Here, y = %=% and D =104 = 50A

(54
S50Ah) 4
n A m
Corresponding phase difference ¢ = ——x—=—
A4 2
I=1 coszg =1l cos® o =l—’J
2 4] 2

(b): Let ground state energy (in eV) be E;
Then from the given condition

E,,-E, =204¢eVor E—’,—E, =204 eV
4n”
1
= E,[——l) 204 eV ()
an’
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N

-
e

-

and E,, - E, =40.8 eV

E E (
-Z1l-F
o’ .

From equation (i) and (ii),

3
= ) =408 eV o)
7

T
an® =5=n=2
S
4n’
do AdE
(d): I =€y— =€, ——; ip# 0 whenevel
D= =f =i

This will possible when potential difference across
a capacitor varies.

(d):Speed of charge particle, v= 2K o 10*ms!
m
W _ s B, =hdt=nx 1
dt dt
= @xl(ﬂ =107t
9

(a) : The rod will acquire terminal velocity only when
magnetic force Fy, = BIl due to electromagnetic

induction balances its weight, i.e., BIl = mg, i.e.,
_02x98_98
0.6x1 3
Now if € is the emf induced in the rod,
exI=P=P;+P, soe= 070120 ooy

(9.8/3)
Now as this € is generated due to motion of rod with
terminal velocity in the magnetic field, i.e.,

0.6
€=Bvyl sovp=—= =ims!

€
Bl 0.6x1

(d)

. (b): In case of thin prism 8 = (u -1)A, when two

prisms are combined together,
8=8+8,=(W-1)A+ (' ~1)A’
For producing dispersion without deviation
8=0,ie, (W-1)A"=-(u-1)A or
PO L= N

az-n >~
So the angle of the other prism is 3° and opposite
to the first.

qE

. (b):AsvE =V} 4 V)= (—1) +(20)°

2
6 3
- {wmﬁ] +(20)% = 1600
107

v=40ms"



12. (¢) : AC power gain is ratio of change in output

power to the change in input power.
AC power gain

_ Change in output power _
" Change in input power

NG "
({5 2o

Bu=25 Ay=50
Now, AC power gain = A, x f3,. = 50 x 25 = 1250

AV, XA,
AV, xAi,

sl U__ BH _ 1 [, +M,)By
L+,
1 ,)B,
and V;= — , where M, > M,
m +1,
o v MM,
U§ M, -M,
o DM MM -M) M,
’ (M, +M,)=(M,-M,) M,
_100+4 13
or,

T 100-4 12

14.

T4
(c):T—§=16 = T,=2T,

’ AT
Yh=,T) =k= ,}‘ =4500 A
he 12400 124 2
B e
%, 4500 45

2
Now according to question maximum kinetic
energy of electron,

Koy =136 (i—sl) =19eV

hc 124

0= e == ~19=088 ¢V

7»
d):B=
Ig= % = ;0—0 =0.0125mA
Applying Kirchhoff’s law to base emitter loop,
Vg = Vo= IR
=20-(25x10) x(5x10) =75V
Ve = Vi - IgRy
=20-(0.0125x 10~ )X(IZOX 105 =185V
Vo= (Vg - Vep) = (185-7.5) = 11V
@@
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Turpentine oil is flowing through a tube of length

L and radius r. The pressure difference between the

two ends of the tube is p; the viscosity of the oil is

p(rZ - xz)
4vL

oil at a distance x from the axis of the tube. From

this relation, the dimensions of viscosity 1 are

@ [ML'T) (b) [MLT™']

() [ML*T™) (@ (ML)

A body of mass 5 kg, initially at rest, explodes and
breaks into three fragments of masses in the ratio
1:1: 3. The two fragments of equal.masses fly off
perpendicular to each other, each with a velocity of
21 ms". The velocity of heavier fragment is

(a) 65m 57! (b) 7m st

(c) 9.87ms! (d) 11.5ms™!

A weightless spring of length 60 cm and force
constant 100 N m ™" is kept straight and unstretched
on a smooth horizontal table and its ends are rigidly
fixed. A mass of 0.25 kg is attached at the middle of
the spring and is slightly displaced along the length.
The time period of the oscillation of the mass is

given by n= »where v is the velocity of

L Ll ™ ™
(a) £ (b) 0° (<) 5 ° (d) 200 s
A ball is bouncing down a flight of stairs. The
coefficient of restitution is e. The height of each
step is d and the ball descends one step for each
bounce. After each bounce it rebounds to a
height h above the next lower step. The height
is large enough compared with the width of
step so that the impacts are effectively head-on.
The relationship between hand d is

@ h=— ®) h=—L;
1-e” 1+¢

—€
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d
h=—1o0
© 1+e

The binding energy per nucleon of ;B'%s 8 MeV
and that of ;B'" is 7.5 MeV. The energy required to
remove a neutron from ;B! is

(Mass of electron and proton are 9.11 x 10! kg
and 1.67 x 10727 kg respectively.)

(a) 2.5 MeV (b) 8.0 MeV
(c) 0.5MeV (d) 7.5 MeV
A point charge -q of Q

mass m_is_released with
negligible speed from a
distance 3R ‘on the axis
of a fixed uniformly
charged ring of charge Q
and radius R. Find
out its velocity when it reaches the centre of the

ring. [Here k= -41—]

TE

0
@ [k ) fﬂ © [ <d)‘jE
mR mR mQR mq

A parallel plate capacitor is made by stacking n
equally spaced plates, connected alternatively. If the
capacitance between any two plates is x, then the
total capacitance is

(a) nx (b) nix (d) (n-1)x
Two unlike charges of the same magnitude Q are
placed at a distance d. The intensity of the electric
field at the middle point of the line joining the two
charges is

(©) n’x

(a) zero (b) -&2
4me,d

6Q 4Q
() ——3 (d) 3
ame, d dme,d”



9.

14.

-
v

A rod of length L and mass M is bent to X,
form a semicircular ring as shown in
figure. The moment of inertia about XY is

. MI? ML“
(a) —
m?
MI? ZML
L=y ’

. The transverse displacement equation of a string

clamped at its both ends is given by
y(x, ) =0.06 sin [ 2?11 x] cos(120nt)

where x and y are in m and ¢ in s. The length of
the string is 1.5 m and its mass is 3 x 10~ kg. The
tension in the string is

(a) 324N (b) 648N (c) 832N (d) 972N

. Two parallel beams of light of
wavelength A, inclined to each other at o
angle 0 (<<1), are incident on a plane S
at nearly normal incidence. The fringe
width will be

A 2h A .
(a) % (b) ) (c) = (d) 2A sin®

. An object of height 1 .cm.is kept. perpendicular

to the principal axis of a convex mirror.of radius
of curvature 20 cm. If the distance of the object
from the mirror is 20 cm then the distance (in cm)
between heads of the image and the object will be

@ B ®) (21

() % (d) None of these

. The wavelength of the first Balmer line caused by a

transition of electron from the n = 3 level to n = 2 level
in hydrogen is A,. The wavelength of the line caused
by an electronic transition from n=5ton=3is

]28
@ 25, 0 =h, © S @ o

Two cars are movmg in the same direction with a

speed of 30 km h™'. They are separated from each
other by 5 km. Third car moving in the opposite

direction meets the two cars after an interval of

4 minutes. What is the speed of the third car?

(a) 35kmh™' (b) 40kmh™'

(c) 45kmh™! (d) 75kmh™'

. Starting from rest, a body slides down a rough

inclined plane of inclination 45° in twice the time

jor

18.

20.

21.

22.

it takes to slide down the same plane in the absence
of friction. The coefficient of friction between the
body and the inclined plane is

(@) 0.75 (b) 033  (c) 0.25 (d) 0.80

. The relation 3t= \E +6; describes the displacement

of a particle in one direction where x is in metre
and t in second. The displacement, when velocity is
zero, is

(a) 24m  (b) 12m

() 5m  (d) zero

7. Three particles, each having a mass of 100 gram, are

placed on the vertices of an equilateral triangle of
side 20 cm. The work done in increasing the side of
this triangle to 30 cm is (G = 6:6 x 107" N m* kg ™)
(a) 33x107''] (b) 33x1072]

(c) 99x107?] (d) 66x 107

The temperature of a radiating body increases by
30%. Then, the increase in the amount of radiation
emitted will be approximately

(a) 185% (b) 285% (c) 325%
A wedge of mass M fitted
with a spring of stiffness
constant k, is kept on
a smooth horizontal
surface. A rod of mass m
is kept’ on the wedge
as shown in the figure. System is in equilibrium and
at rest. Assuming that all surfaces are smooth, the
potential energy stored in the spring is

(d) 245%

@ mg” tan® @ (b) m’g tan® 0
2k 2k

© ngztanzﬂ @ ngztanze
2k k

Two symmetrical double convex lenses A and B

have same focal length, but the radii of curvature

differ so that Ry = 0.9 Rp. If py =1.63, find pp.

(@17 ()16 ()15 (d)4/3

The length of a potentiometer wire is I. A cell of emf

E is balanced at a length I/5 from the positive end of

the wire. If length of the wire is increased by I/2, at

what distance will the same cell give a balance point?
3 3 4

® 5 © 5 @ g

A wire of length 50 cm moves with a velocity of

300 m min™", perpendicular to a magnetic field. If

the emf induced in the wire is 2 V, the magnitude of

the magnetic field in tesla is

(a) 0.8 (b) 5 (c) 0.4

2
Rt
@ 15

(d) 2.5
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23.

24,

25.

26.

27.

28.

29.

20

A particle of mass m is kept at rest, at a height 3R
from the surface of earth of radius R and mass M.
The minimum speed with which it should be
projected, so that it does not return back, is (g is
acceleration due to gravity on the surface of the earth)

1/2 R 1/2

@ (%) ®) (g;)
z_g 1/2 (%)l/l

© ( R) @ (%

When 1 kg of ice at 0°C melts to water at 0°C, the

resulting change in its entropy, taking latent heat of
ice to be 80 cal g™ is

(a) 273 cal K! (b) 8% 10* cal K

(c) 80cal K™ (d) 293 cal K™

The Young’s double slit experiment is performed

with blue and green light of wavelengths 4360 A

and 5460 A, respectively. If X is the distance of 4
maximum from the central one, then

(a) X(blue) = X(green) (b) X(blue) > X(green)
X(blue) _ 5460
X(green) 4360

A body, projected horizontally with a speed u from

the top of a tower of height h, reaches the ground

at a horizontal distance R from the tower. Another

body, projected horizontally from the top of a tower

of height 4h, reaches the ground at horizontal

distance 2R from the tower. The initial speed of the

second body is

(a) u (b) 2u

(c) 3u (d) 4u

Two bulbs of power 40 watt and 60 watt, and rated
vol(age 240 V, are connected in series across a
potential difference of 420 V. Which bulb will work
above its rated voltage?

(a) 40W (b) 60 W

(c) Both (a)and (b) (d) None of these

From a certain apparatus, the diffusion rate of
hydrogen has an average value of 28.7 cm® s™'. The
diffusion of another unknown gas, under the same
conditions, is measured to have an average diffusion
rate of 7.2 cm® 5™\, The unknown gas is

(a) H, (b) F,

(c) O, (d) Cl,

A charged particle moving in a uniform magnetic
field penetrates a layer of lead and thereby loses one
half of its kinetic energy. How does the radius (r) of
curvature of its path change?

(c) X(blue) < X(green) (d)
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31.

3

33.

34.

35.

0.

-

2.

w

@

(a) The radius increases to r\/E.
r
(b) The radius reduces to —.
2
(¢) The radius remains the same.
(d) The radius become /2.

A uniformly wound coil of self inductance
1.2 x 107* H and resistance 3 Q is broken up into
two identical coils. These coils are then connected in
parallel across a 6 V battery of negligible resistance.
The time constant for the current in the circuit is
(neglect mutual inductance)

(a) 0.4x107%s (b) 02x107%s

() 05x107"s (d) 0.1x107s

The angle of a prism is 60°. When light is incident at
an angle of 60° on the prism, the angle of emergence
is 40°. The angle of incidence i for which the light
ray will deviate the least is such that

(a) i<40° (b) 40° < i<50°

(¢) 50°<i<60° (d) i>60°

A particle of mass m is fixed to one end of a massless
spring of spring constant k and natural length
The system is rotated about the other end of the
spring with an angular velocity o, in gravity free
space. Thefinal length of spring is

mw’l, mw?l,
—_ 0 B) sl
(a) (b) rr—
2
mo
© —Ko () "’2
k—mw k+me

Angular width (0) of central maximum of a
diffraction pattern for a single slit does not depend upon
(a) distance between slit and source

(b) wavelength of light used

(c) width of the slit (d) frequency of light used

A radioactive nucleus is being produced at a
constant rate of ¢ per second. Its decay constant is A.
If N are the number of nuclei at time ¢ = 0, then
maximum number of nuclei possible are

A
@ ONZON @ SN
An o particle is moving along a circle of radius R
with a constant angular velocity ®. Point A lies in the
same plane at a distance 2R from the centre. Point
A records magnetic field produced by o particle. If
the minimum time interval between two successive
times at which A records zero magnetic field is ¢, the
angular speed , in terms of t is



36.

37.

38.

39.

40.

2w 27 3n L
(a) Y (b) ey (c) % (d) Y

Ahorizontal rod of length 1 m s rotated about a vertical
axis, passing through one of its ends. The number of
revolutions per second at which the rod breaks is
(Breaking stress of material of rod = 3 x 109 Nm™
and density of material of rod = 6000 kg m ™)
(a) 1000 rps (b) 318.2rps
(c) 159 rps (d) 259 rps
The figure shows three circuits with identical
batteries, inductors and resistors. Rank the circuits
according to the time for the current to rise to 30%
of its equilibrium value after the switch is closed.

R

R R
R
'|' LE1 ]’ L82 ]’ LE3
(@ 1>3>2 (b) 3>1>2
(€) 3>2>1 d 1>2>3

Consider atoms H, He', Li** in their ground
states. If Ly, L, and L, are magnitudes of angular
momentum of their electrons about the nucleus
respectively, then

@) Li=Ly=L; (b) L, ¥1,> Ly

(c) Li<Ly<Ly (b) Ly>Ly> Ly

There exists a uniform magnetic and electric field
of magnitude 1 T and 1 V m™", respectively, along
positive y-axis. A charged particle of mass 1 kg and
charge 1 C is having velocity of 1 m s along x-axis
and is at origin at t = 0. Then the coordinates of
particle at time 7 seconds will be

(a) (0,1,2) (b) (0, -1%/2,-2)

© @722 (d) (0,7%2,2)

Electrons in an oscilloscope are deflected by two
mutually perpendicular oscillating electric fields
such that at any time, the displacements due to

them are given by x = A cos ot, y = A sin [mr+g].

Then the path of the electrons is

(a) astraight line having the equanon x=y
(b) acircle having the equation x* + y* = A?
(c) an ellipse having the equation

=Byt yt= AT
(d) an ellipse having the equation

2 2
X -xytyt="
2P 1

41. A vessel of height 2d is half-filled with a liquid
of refractive index 2 and the other half with a
liquid of refractive index n. (The given liquids are
immiscible). Then, the apparent depth of the inner
surface of the bottom of the vessel (neglecting the
thickness of the bottom of the vessel) will be

) =" ) dontV2)
din+2) Tz
) Van (@ nd
din++2) d+2n

42. A wire of length [ is moving with a constant velocity

v oina magnetic field. A potential difference
appears across the two ends if
@7 ® ¥ || B
(c) 1 T || B B (d) none of these

43. A 5 W source emits monochromatic light of
wavelength 5000 A. When placed 0.5 m away, it
liberates photoelectrons from a photosensitive
metallic surface. When the source is moved to a
distance of 1.0 m, the number of photoelectrons
liberated will be reduced by a factor of
(a) 8 ()16 (o) 2 (d) 4

44. The pressure of water in a pipe when the tap xs closed
and open‘are 4.5 x 10 N.m™ and 4.0 x 10° N m™
respectively: With the open tap, the velocity of
water flowing out is
(Take density of water = 10° kg m™ )
(@ 5ms’ (b) 10ms!
(c) 15ms (d) 20ms”

45. The electric field of an electromagnetic wave is
given by E = (50 N ("’) sin o (f - x/c).
The energy contained in a cyclinder of cross-section
10 cm? and length 50 cm along the x-axis is
(a) 5.5%107] (b) 5.5x 107" ]
(©) 5.5x107%] (d) 5.5x1077]

SOLUTIONS
[ML'T2) (1)
LT[

2. (c) : Since 5 kg body explodes into three fragments
of masses in the ratio 1: 1: 3, hence masses of the three
fragments will be 1 kg, 1 kg and 3 kg, respectively. The
magnitude of resultant momentum of two fragments
each of mass 1 kg, moving with velocity 21 m s in
perpendicular direction is 212 kgm s

According to law of conservation of linear momentum,

3xv=212 or v=21V2/3=7V2=987ms"

L (d): [nl= =ML'T™]
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3. (a): Given K = 100 N m'; When a mass (m) of
0.25 kg is attached at the middle of spring, it will work
as the combination of two equal springs in parallel, each
of force constant k = 2K =2 x 100 =200 N m*
Total force constant of system,

K =k+k=200+200=400 Nm™

m 025 =
i i ,T=27|:,—=21t"—=—s
Time period, v 3 =35

4. (a) : The ball falls a distance h from its highest
(rest) position and rebounds to a distance (h - d).

1
Vinitial = (Zgh)z  Viinar = [2g(h - )]
— Viina =0
\' 0

initial

(Velocity of stairs is zero)

d

Thus, the coefficient of restitution, e=

or EZ

=h—;d or ez=1—£ or ?:1—32 or h=

h 1 1-¢?
5. (a) : Total binding energy of st nucleus, =10 x 8
=80 MeV

Total binding energy of ;B'' nucleus, = 11 x 7.5 = 82.5 MeV

Energy required to remove newtron from sB'' nucleus

=82.5-80=2.5MeV

6. (a) : As potential due to

uniformly charged ring at its fixed

axis (at distance x) is =
kQ

VR 457

So, potential at point A due to ring

V=

kQ kQ
V= f——on=—
R+3R? 2R
So, potential energy of charge —q at point A
PE,= _I;R?q Potential at centre B, V, =£Q

—k
So, potential energy of charge -q at point B P.E., = %

Now by law of conservation of energy
PE.; +KE,=PE,+KE,
“kQq  ,_%Qa 1 > 2 _kQq

—t-mv® = v =
2R R 2 mR

So, velocity of charge —q at point B, vz,{ﬂlg
m

7. (d) : As the plates are connect alternately, positive
plate of all (n - 1) capacitors are connected to one point
and negative plate of all (n - 1) capacitors are connected
to the other point, i.e., all the (1 - 1) capacitors are joined
in parallel. Therefore, total capacitance C, = (n - 1) x.

@
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8. (b): Q@ (&) -0
4 d se Ei aEs B
5 5 3 5 3
The magnitude of electric field due to charge at the
poimAisI:‘/,\=|E|=L Qz =;£
ane, (d 4me, d
5
The magnitude of elecltric field due to charge at the
P°““B‘SEB—|E|‘F€O o
5

The resultant electric field at point C due to two charges

is E, JE + E 4 2EE cos 0°
=Vap? =2E=—L- g
ane, d
9. (a) : Arodoflength L is bent to form a semicircular
ring of radius R,
. TMR=L or R=—
n

resultant —

(E* + E* +2E%)

Mass of semicircular ring = Mass of rod = M

1
Moment of inertia about XY = 5 (MR?)
2 2
=4y (&J ML
2 \n) on?
10. (b) : The given equation is
y(x,1)=0.06 sin ( ZTnx ] cos(120mt)

Comparing it with y(x, t) = 2 a sin kx cos w t
@
A
and 0 =120m or 2mv=120morv =60 Hz=60s"
Velacity of wave, v = VA = (60 s") (3m)=180ms"
Mass per unit length of the string,

31072 ky
p=22" 8 %102 kgm™!

1.5m

Velocity of transverse wave in the string,

T , T
v=—or V==
1 i

T= (180ms"')? (2x 102 kgm™') =648 N

d/2
s
051 dp2|6/
o, el

2]
11. (¢) : tan—=——
2 D
2

2
weget.k:T“ or or A=3m

or T= vzp

0=i ¢s tang——g)
D 2 2

AD A
= P%
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12. (a) : 114
v u
_ 1 1 3
— =t
10 (-20) 20
20
v=+—cm
2
v 3 1
hy=——Xhy=——2—X1=—
U0 (2073

The distance between heads of the object and image is

AC= (BC)2+(AB

2
=, 20+— ¥ % "6404

1
z'_z 21 9
13, (b): 22 Ls__u=£=,xz_125x
2. 1 1 1 1 ¢4

3? 5% 9 25
14. (c) Relative velocity between either car (1<l or 2")
and 3™ car = u + 30 where u = velocity of 3" car
Relative displacement = 5 km
Time interval = 4 min

5 &
u+30=zkmmin 12
= u=45kmh™
15. (a) : N

mgsing,

mgcos

45°

Let acceleration in 1% case is a; and that in second case is a,.

1 1 4 i
Now, Eaztl =5al(2r)2 = a, =Il (i)
Clearly, a, = mgsing_ gsin® (i)
o= mg sin®—mg cos0 = gsin6-uig cosO (i)
m

From (i), (ii) and (iii), we get u = 0.75.
16. (d) : 3t=\3x+6 x=3(t-2)*

dx
v=—=06(t—2

— 6(t—2)
Whenv=0=1t=2s
Att=2s5x=0
17. (b) 18. (a)

(24 PHYSICS FOR YOU | MAY 20

19. (c) : For m, N cos 0 = mg
For M, N sin 0 = kx

So, tane—ﬁz - g ting
mg k

So, potential energy stored in the spring is
1 o = (mg tan 0
2 2k

20. (@) s +=(@-D| -

=T f R R,
1
—=(1.63— l)( ] (u —l)( J
¥ * Ry
Ry 0.63

—1=0.63x—E="220.7 or puy=17
s Ry, 09 M

21. (c) : Infirst case, potential gradient, k = E/l, where E
is the emf of the battery in potentiometer circuit. As per

question
_M_EI_E
Vs 175 s w
Insecond case, length of potentiometer wire =1+ o
Potential gradient, k" = E E R 2H xI'
372 3 3l

Where 1" is the niew balaricing length

2 xl''= l"3—1 (- E =E)
5 3l 10 h

22. (a) : When a wire of length I moves with velocity
v, perpendicular to a magnetic field B, the induced emf
is produced. The magnitude of induced emf is given by
le] = Bly
Given : [ = 50 cm = 0.5 m, v = 300 m min~
lej=2V.

olel_
v 05%5

1 1

=5ms’

=0.8 tesla

2GM
®R+h)

(. h = height of the object from earth’s surface)
Here, h = 3R

_[26M__ [aM _ gk
¢ V(R+3R) V2R 2
24. (d) : Heat required to melt 1 kg ice at 0°C to water
at0°Cis
Q= e Lice = (1 kg) (80 cal g™")
= (1000 g) (80 cal g") 8 x 107 cal
Q_8x 10* cal
T (273K)

23. (a) : Escape speed is given by v,

Change in entropy, AS = =293 cal K™!



25. (¢) : Fourth maxima will be at X = 4f.
4\D
X=—-
E d

as ;"green 2 }"blue'
= Byreen > Bowe = X(Green) > X(Blue)
X(blue) _ 4360

Also, ————=——
X(green) 5460

2 2 2
gx gR gQ2RY
26. (a) : y==—, h=2—, 4h=2""—0Or uy=u
Y0 "R 2u? !

Uy
_ (240)° (240
27. (a) : Ryg) = 20 e =gy
Since they are in series
11740
R, = 2402[—+—}=—
=240 40 601 24

420x24 42 _ 21
240x240 240 120
Potential difference across 40 watt bulb
A " 240 %240
120 40
Potential difference across 60 watt bulb = 420 - 252 =168 V.
Since potential difference across 40 watt bulb is greater
than 240 V, so it will work aboveiits rated voltage:

28. (c) : According to Grahami's law of diffusion,

2
Ao 1My My=ML
r M, r

where r; and r, are the diffusion rates of gases.

(28.7)*
.28

Current =

=252V

M, =2x =31.78=32u

This is the molecular mass of oxygen gas (O,).

29. (b) : Radius of given charged particle,r = 2mE | Bg
Radius of given charged particle after losing half ofl(tli
kinetic energy is ; =+/2m(E/2) / Bq (i)
From eqn. (i) and (ii), =r/ \/E

30. (a) : HereR=30,L=12x10"H

When the coil is broken up into 4 )
two identical coils, each coil
will have resistance (R/2) and RI2 L2

inductance (L/2). These coils
are connected in parallel across
6 V as shown in figure. As the 6V
resistances are in parallel, their

equivalent resistance is

1 1 1 , R
—=——+—— or R'=—
R (R/2) (R/2) 4

Astheinductancesarein parallel, R 2
its equivalent inductance is
1 1 1 ,
—=——— ==
L (L/2) (L/2) 4
The equivalent circuit is shown L——
in the figure. 6V

’ -4
Time constant, T= L/ = M = £ = ﬂ
R (R/4) R 3

=04x107*s
31. (b) : For minimum deviation, i = e
A
n=p=
2
r=ry=30°

For minimum deviation, i should lie between 40° to 50°

32, (¢) t kx =mw? (I +x) O—Tuu000——=""
or kx=mw’ Iy + mo’x ey —>
or (k- mod)x=mew? Iy o )0’ kx i
_ mo’l I+ x——»

. 2
k—moy mmzlo Ky
Final length = [y + x =1, + Z -

—mw?  k—mo?
33. (a): Angular width of central maximum
B_2xD _24

D aD a
Hence, 6 does not depend upon D, i.e., distance between
slit and source.
34. (a) : Maximum number of nuclei will be present
when rate of decay = rate of formation

AN=0 = N=%

35. (b) : Point A shall record zero magnetic field (due
to a-particle) when the o-particle is at position
P and Q as shown in figure.
The time taken by o particle
to go from Pto Qis

t=== ==
(0]

36. (c) : The centrifugal force due to rotation of rod
will act at the centre of gravity of rod, i.e., at length /2
from the fixed end of rod.

Maximum centrifugal force, Fyy = m? (1/2)
=Alpx4amvixi2=2AP 7 pV’ (i)
Fpax = breaking stress x area of cross-section = 3 x 10° x A

...(ii)
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From eqn. (i) and (ii)
2APTpvP=3x10°xA
3x10 3x10°
= = [ =159rps
\/ 2wPn’p Jz x 1% (3-142)% x 6000 =
37. (b) : The growth of current in LR circuit is given by
I=Iy(1-&"')
where 7 is the time constant, I, is the maximum value

of a current
Also,t=L/R

R
For circuit 1
1, = LIR; I=],1—e ™™ L
30 ( Rt
5 IO = ]0 l1—e TL Circuit 1
sk =
or e L =07 or (%J:ln(o.ﬂ or tl=0436%
In circuit 2, resistances are connected in series
Rg¢=2R R
=t L . 1=(-e™)
Rg 2R
0 Rt ‘
— = L
= 100 lo=lp(-e ) Circuit 2
_2Rny IR
e L =07or ‘—In(07),. 036( J
L 2R
In circuit 3, resistances are connccted in parallel
n R, o T Lk
o Rp= g = RP
- 1=10(|-e’3"1)- —10
R
=Ip(l-¢ 2L ) Circuit 3
_Rg
e 2L =07 or( Rt ):In(0.7) or 13=0.36[2—L)
2L R

— _I .
. _2r,,r2_511 L >h >t

h
38. (a) : Angular momentum, L = ;—" i.e. same for all.

39. (d) : The particle will move in x

a non-uniform helical path with

increasing pitch as shown in figure.

Its time period will be 7

T=—=2ns x
qB
Changing the view, the particle ¢ [0}
seems to move in a circular path
2m

in (x-z) plane as shown.

¢}
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After 7t seconds, the particle will be at point P. Hence x
coordinate will be 0.
For linear motion along y-direction.

2
Y=o+ m? = ym="" andoP=2m
2m 2

2
Hence, the coordinates are[o, %,2]

40. (d) : x=A cos wt, y = A sin (ot + 11/6)

y= Asin(mt o g) = A[sinmt cos—76E +cos i sin —;E:I

=A|:£sin(nt+lcosmt}
2 2

1

22
=ﬂ[\/§(l—coszmt)m+cosu)r] =i \/5 1-x— +i
2 N 2 A

2_)’_i=\/§[1_"_

VR 2
Squaring both sndes, o T+ :— 2 3(1 = X—J
> 34 ; .
Xyt -xy= T which is equation of an ellipse.
Realdepth _d

41, by p=——F—F—=
Apparent depth ~ x

Dueto irst iquid, V2= or 5, ==

ue to nrst hiquid, X] 1 \/Z
And due to the second liquid, n=— or x, =ﬂ
Xy “on

. Total apparent depth = x; + x, = —d—+ 4

N
dn+ \5)
m2
42.(d): 167 || Torif v || B orif T’ || B
is zero. Hence, potential difference is zero.
43. (d)

Total apparent depth =

then 40
dt

2<Pclosed = Pogen)
p

5
4:0x109 o

1.2
4. (b): Paosea = Popen*'i‘“’ 3v=

2(4-5x10°—
10
45. (c) : Total energy contained in cylinder

=, X volume = (%eoEg)x(Al)
=%x(8.85x 10712)x(50)° X (10X 10~) x (0.50)

=55x107"] >4
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Section 1 (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (a), 1b) (c) and (d). ONE

OR MORE THAN ONE of these four options is(are) correct.

For each question, darken the bubble(s) corresponding to all

the correct option(s) in the ORS.

For each question, marks will be awarded in one of the

following categories :

Full Marks : +4 |If only the bubble(s) corresponding
to all the correct option(s) is(are)
darkened.

+1 For darkening a bubble corresponding
to each correct option, provided NO
incorrect option is darkened.

Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : -2 In all other cases.

For example, if (a), (c) and (d) are all the correct options

for a question, darkening all these three will get +4-marks;

darkening only (a) and (d) will get +2 marks; and darkening (a)

and (b) will get -2 marks, a@s a wrong option is also darkened.

Partial Marks

Ifthe gravitational force between A and B (masses 2m
and 3mrespectivelyand separated by a distance 2d) is
1 unit, the force between C and D (of masses 3m and
4m respectively with separation 3d) will be between
(a) 0and 0.5 (b) 0.5 and 1.0
(¢) 1.0and 1.5 (d) 1.5 and 2.0

The moment of inertia of a rectangular lamina
ABCD about O, along an axis perpendicular to the
lamina, passing through the centre of mass O is
_ a+b?
12

. The moment of inertia

c

(a) about an axis perpendicular to the plane, passing
through B is greater than that through O but
smaller than that through H

(b) about an axis perpendicular to the plane, passing
through B > through F > through O

L

(c) will be same if this had been a thick block

(d) I, is always greater than I, and I, because
L=I+1, :

A boy of 40 kg is standing on a boat of mass 120 kg

ata distance of 20 m from shore. He slowly moves in

the direction of the shore on the boat by 8 m. Then

(a) the distance of the boy from the shore is now 14 m

(b) the boat moves back, thus disturbing the
position of the centre of mass

(c) the centre of mass of the boat remains at same
position but the boy has moved forward

(d) the centre of mass of the boat and the boy
remains at the same place.

In'the arrangement shown

in figure all surfaces are

smooth. Select the correct ()

alternative(s). o

(a) For any value of 6
acceleration of A and
B are equal.

(b) Contact force between the two blocks is zero
if my/mp = tan6.

(c) Contact force between the two is zero for any
value of m, or mp.

(d) Normal reactions exerted by the wedge on the
blocks are equal.

In figure shown, the wires P,Q, are made to slide on
the rails with same speed of 5 cm s, In this region,
a magnetic field of 1 T exists. The electric current in
the 9 Q resistance is

9Q
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(a) zero if both wires slide toward left

(b) zero if both wires slide in opposite directions
(c) 0.2 mA if both wires move toward left

(d) 0.2 mA if both wires move in opposite directions

A uniform cylinder of length L and mass M having
cross-sectional area A is suspended, with its length
vertical, from a fixed point by a massless spring,
such that it is half-submerged in a liquid of density
p at equilibrium position. When the cylinder is
given a small downward push and released, it starts
oscillating vertically with small amplitude. If the
force constant of the spring is k, the frequency of
oscillation of the cylinder is

12 12
() i{—""’“’g] b) i(—k”"g]

il M 2l M
2 2
© l(k+p—KL] @ L[km gLJ
2n M 2n Apg

Oxygen gas is made to undergo a process in which
its molar heat capacity C depends on its absolute
temperature T as C = T. Work done by it when
heated from an initial temperature T, to a final
temperature 27T;, will be

3T

2
(d) none of these

(a) 40.T¢ (b)-(aT, =R)

() GoT,- 5R)%

Section 2 (Maximum Marks : 15)

®

This section contains FIVE questions.

The answer to each question is a SINGLE DIGIT INTEGER
ranging from 0 to 9, both inclusive.

For each question, darken the bubble corresponding to the
correct integer in the ORS.

For each question, marks will be awarded in one of the
following categories :

Full Marks :  +3 If only the bubble corresponding to the
correct answer is darkened.
Zero Marks : 0 In all other cases.

A steel tape is placed around the earth at the equator
when the temperature is 0 °C. What will be the
distance (in km) between the tape and the ground
(assumed to be uniform) if the temperature of the
tape rises to 30°C? (Neglect the expansion of the
earth. Take Oy = 11 x 10°°°C™")
The electric potential between a proton and an
electron is given by v =, In(L 5
o
constant. Assuming Bohr’s model to be applicable,

where r; is a

PHYSICS FOR YOU | MAY ‘20

10.

joot

the variation of r,, with n is given by r, e n, n being
the principal quantum number. Find the value of k.

A ball weighing 15 g is tied to a 5 gr—1ocm o
string 10 cm long. Initially the \ I
ball is held in position such that o IN
the string is horizontal. The ball is e

now released. A nail N is situated
vertically below the support at a
distance L. The minimum value of L (in ¢cm) such
that the string will be wound round the nail is

'
i

. A point source § is placed at the bottom of different

layers as shown in figure. The refractive index of

bottom most layer is p,. The refractive index of any
Moy

4n—-18

other upper layer is u(n) =ly—

wheren=1,2, ...

ArayoflightstartsfromthesourceSas
shown. Total internal reflection takes
place at the upper surface of a layer
having n (minimal value) equal to

. A proton has kinetic energy E = 100 keV which is

equal to that of a photon. The wavelength of photon
is A3 and that of proton is Ay. The ratio A,/A,; is given

by c,[2m,, E~'" Find the value of .

Section 3 (Maximum Marks : 18)

This section contains SIX questions of matching type.

This section contains TWO tables (each having 3 columns and
4 rows).

Based on each table, there are THREE questions.

Each question has FOUR options (a), (b), (c), and (d). ONLY ONE
of these four options is correct.

For each question, darken the bubble corresponding to the
correct option in the ORS.

For each question, marks will be awarded in one of the following

categories :

Full Marks : +3 If only the bubble corresponding to
the correct option is darkened.

Zero Marks : 0 If none of the bubbles is darkened

Negative Marks : -1 In all other cases

Answer Q.13, Q.14 and Q.15 by appropriately
matching the information given in the three columns
of the following table.

A mercury lamp is a convenient source for studying
frequency dependence of photoelectric emission,
since it gives a number of spectral lines ranging from
the UV to the red end of the visible spectrum. The
energy level diagram of mercury is shown in the figure.
Assume ground state energy is 0 eV.
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10.44 eV
8.85eV
7.70 eV
6.68 eV
5.43 eV
4.87 eV
= 4.66 eV

(ground state) n=1——————10
In our experiment with rubidium photocell, some lines
from mercury source were used. The rubidium has
work function of 2.01 eV. The given matrix has three
columns in which column 1 contains wavelengths
of line used, column 2 contains the transition states
from which the spectral lines contained in column
1 had been obtained and column 3 lists the stopping
voltages measured in our experiment.

T =T =x= =

LI T [ VI 1 1

W Ul NN

+—R—>

Hemispherical bowl Square frame

The figure shows the position of bodies at t = 0.

All the four objects has mass m and dimensions of the
objects are described in the figure.

The table shown below contains three columns in
which column 1 describes the rigid body, column 2
gives the coordinates of centre of mass of the bodies at
the given instant and column 3 contains the value of
moment of inertia of bodies about y-axis. All the data
in table is kept in random order

Column 1 Column 2 Column 3
() 3626A |(i)) n=5ton=3 |[(P)0.82V Column 1 Column 2 | Column 3
() 5714A |(i) n=7ton=5 |(Q 141V — - R 5
() 6850 A_|(iii) n=6ton=3 | (R)OV 1)} Semicircular disc off i [—,R) ) ZmR>
(IV)4381A |(iv)n=7ton=4 |(5)016V didimeter 2R 6 3
13. For which of the following combinations, the |(II) Triangular plate of 5
photoelectron has maximum velocity equals to heightEand base |(ii) (0,0) (Q) ZmR?
537x10°ms™'? R 2 4
(a) (D) (iv) (S) (b) (1N A1) (P) - g
NP H 1 2
© (V) (i) ($) (-1V) (i) (P) A\ e o (m)[ Rﬂ) oy TR
14. For which of the following combinations, photon 3n 3
emitted by mercury lamp will be fully absorbed by |(1y) Square frame made R R
rubidium photocell? of four identical rods |(iv) (_'0) (S) n
(a) (1) (i) (R) (b) (1) (ii) (Q) of length R 24

(c) (I1) (i) (R) (d) (1) (iv) (8)

15. For which of the following combinations, photon

striking the photocell has energy 5.472 x 107" J?

(a) (T) (iii) (P) (b) (IV) (iii) (P)

() () (iv) (Q) (d) (IV) (iv) (Q)
Answer Q. 16, Q.17 and Q. 18 by appropriately
matching the information given in the three columns
of the following table.

A student takes four different rigid objects having
continuous mass distribution. He rotates the objects
about y-axis as shown in the figure.

Y
X
d5
Ll ” Y
[
0| R 2
Semi-circular disc %,

Triangular plate
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16. Which of the following combinations is correct, for
the object whose axis of rotation passes through its
centre of mass?

(a) (IV) (ii) (R) (b) (1V) (ii) (P)
(c) (1) (iv) (S) (d) (I1) (i) (S)

. If all the object have same rotational kinetic energy,
then which of the following combinations will have
maximum angular velocity?

(a) (1) (iii) (Q) (b) (1) (iv) ()
() (IM) (i) (S) (d) (1v) (ii) (R)

. Ifa point of mass m is added to the origin (O) of each
rigid point, then in which of following combination
the centre of mass of new system will not lie on x-axis?
(a) (II) (iv) (P)

(b) (1) (iii) (Q)
(c) (IV) (iv) (R)
(d) (1) (i) (8)

1

~

1

ke
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Section 1 (Maximum Marks : 21)

This section contains SEVEN questions.

Each question has FOUR options (a), (b), (c) and (d). ONLY
ONE of these four options is correct.

For each question, darken the bubble corresponding to the
correct option in the ORS.

For each question, marks will be awarded in one of the
following categories :

Full Marks +3 If only the bubble corresponding to the
correct option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : -1 In all other cases.

A uniform ball of radius r rolls without slipping
down from the top of a sphere of radius R. The
angular velocity of the ball when it breaks from the
sphere is

b 10g(R+7r)

5¢(R+7)
(@)  |J=—— —e—
YN 171
© 5¢(R ; r) () lOg(R2+ r)
107 7r

A cubicblock of sideais connected
with two similar vertical springs
as shown. Initially, bottom surface
of the block of density p touches
the surface of the fluid of density
2p while floating. A weight is £ >
placed on the block so that it is
immersed half in the fluid, find
the weight.

@ a[§+ang) (b) alk + a*pg)

2
(c) a[k +%pg]

A point mass m is released
from rest at a distance of 3R
from the centre of a thin-
walled hollow sphere of radius
R and mass M as shown in
figure. The hollow sphere is
fixed in position and the only force on the point
mass is the gravitational attraction of the hollow
sphere. There is a very small hole in the hollow
sphere through which the point mass falls as shown.
The velocity of a point mass when it passes through
P at a distance R/2 from the centre of the sphere is

(@ §<k+a2pg>

5GM

) —_—

2GM
@) \J—
3R 3R

(@ (oM @ (M

24R 3R
The deceleration experienced by a moving motor
boat, after its engine is switched off is given by
dv/dt = —kv’, where k is constant. If v, is the
magnitude of the velocity of the boat when engine
is switched off, the magnitude of the velocity at a
time ¢ after the engine is switched off is
(a) vo/2 (b) v

Kt @ Y%
J2vEkt +1

A smallsphereis given vertical velocity of magnitude
vo=>5ms ' and it swings in a vertical plane about
the end of a massless string. The angle 0 with the
vertical at which string will break, knowing that it
can withstand a maximum tension equal to twice
the weight of the sphere, is

() vpe™

l=2m

v

(a) cos_](§] (b) cos‘lti)
(c) 60° (d) 30°

A coaxial cable is made up of two conductors. The
inner conductor is solid and is of radius R, and the
outer conductor is hollow of inner radius R, and
outer radius R;. The space between the conductors
is filled with air. The inner and outer conductors
are carrying currents of equal magnitudes and in
opposite directions. Then the variation of magnetic
field with distance from the axis is best plotted as

4 ' + @ a0 i
B

@ ‘\\\

© il

==

r—
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7

When 100 V dc is applied across a solenoid, a
current of 1.0 A flows in it. When 100 V ac is
applied across the same coil, the current drops to
0.5 A. If the frequency of the ac source is 50 Hz, the
impedance and inductance of the solenoid are

(a) 200 Q and 0.55 H (b) 100 Q and 0.86 H
(c) 200Q2and 1.0H  (d) 100 Q and 0.93 H

Section 2 (Maximum Marks : 28)

@

This section contains SEVEN questions.

Each question has FOUR options (a), (b), (c) and (d). ONE

OR MORE THAN ONE of these four options is(are) correct.

For each question, darken the bubble(s) corresponding

to all the correct option(s) in the ORS.

For each question, marks will be awarded in one of the

following categories :

Full Marks : +4 If only the bubble(s) corresponding
to all the correct option(s) is(are)
darkened.

Partial Marks: +1 For darkening a bubble

corresponding to each correct
option, provided NO incorrect
option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.
Negative Marks : -2 In all other cases.
For example, if (a), (c) and (d) are all the correct options
for a question, darkening all these three will result in +4
marks; darkening only (a) and (d) will result in +2 marks;
and darkening (a) and (b) will result in <2 marks, as a wrong
option is also darkened.
Two balls A and B thrown with speeds u and /2,
respectively. Both the balls cover the same horizontal
distance before returning to the plane of projection.
If the angle of projection of ball B is 15° with the
horizontal, then the angle of projection of A is

(L L[ 1
(a) sin [8) (b) 2sm (8)

Lan1( L Lgaf X
(c) 3sm (8) (d) 4sm (8)

In shown figure, a small w=0
block is kept on slab of mass

— ¥ .
M. Then ENESE

(a) the acceleration of m 1

with respect to ground is F/m.
(b) the acceleration of m with respect to ground
1S Zero.
(c) the time taken by m to separate from M is
2lm
E
(d) the time taken by m to separate from M is
2IM
T
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10.

12.

Two metallic rings A and B,
identical in shape and size but
having different resistivities p 4
and pj, are kept on top of two
identical solenoids as shown
in the figure. When current I is switched on in both
the solenoids in identical manner, the rings A and B
jump to heights h, and hp, respectively, with i, > hp.
The possible relation(s) between their resistivities
and their masses m 4 and myis(are)

(a) py> pgand my=my
(b) py < pgand my=my
(€) ps> ppand my > my

(d) ps < pgand my < my

. A choke coil of resistance 5 Q and inductance 0.6 H

is in series with a capacitor of capacitance of 10 uF.
If a voltage of 200 V is applied and the frequency
is adjusted to resonance, the current and voltage
across the inductor are I and Vj, and across the
capacitor are I and V.

(a) Iy =40 A (b) Vp=98kV

(c) V; =9.8kV (d) V; =19.6 kv

An ideal gas undergoes
the cyclic process. shown

in.a graph below. % '

(@) T,=T, % Vdy

(b) T,>T, & !
ViVy

() VaVe=VpVu

Vi Ve
(d) VoV = ViV

Volume (V)

. Two parallel resistance rails are connected by an

inductor of inductance L at one end as shown in
figure. A magnetic field B exists in the space which
is perpendicular to the plane of the rails. Now a
conductor of length land mass m is placed transverse
on the rail and given an impulse / [
toward the rightward direction. Then L % !

choose the correct option(s).

(a) Velocity of the conductor is half of the initial
velocity after a displacement of the conductor

’ 3L
d= ==
4B’ Pm

(b) Current flowing through the inductor at the
instant when velocity of the conductor is half
3

of the initial velocity is i=4/——
4L




(c) Velocity of the conductor is half of the initial
velocity after a displacement of the conductor

3721
d=
B*Pm

(d) Current flowing through the inductor at the
instant when velocity of the conductor is half
3
mL
14. Energy density E (energy per
unit volume) of the medium at a
distance r from a sound source
varies according to the curve
shown in figure. Which of the
following are possible?
(a) The source may be a point isotropic source.
(b) If the source is a plane source then the medium
particles have damped oscillations.
(c) If the source is a plane source then power of
the source is decreasing with time.
(d) All of these

of the initial velocity isi=

Section 3 (Maximum Marks : 12)

. This section contains TWO paragraphs.

. Based on each paragraph, there are TWO questions.

= Each question has FOUR options (a), (b), {c) and (d). ONLY
ONE of these four options is correct.For each question,
darken the bubble corresponding to the correct option in
the ORS.

+  For each question, marks will be awarded in one of the
following categories :

Full Marks :  +3 If only the bubble corresponding to the
correct option is darkened.
Zero Marks : 0 In all other cases.

PARAGRAPH 1

A 500 g teapot and an insulated thermos are in a 20 °C
room. The teapot is filled with 1000 g of the boiling
water. 12 tea bags are then placed into the teapot. The
brewed tea is allowed to cool to 80 °C, then 250 g of
the tea is poured from the teapot into the thermos. The
teapot is then kept on an insulated warmer that transfers
500 cal min~" to the tea. Assume that the specific heat
of brewed tea is the same as that of pure water, and
that the tea bags have a very small mass compared
to that of the water, and a negligible effect on the
temperature, The specific heat of teapot is 0.17 ] g‘lK“1
and that of water is 4.18 ] g'K ™', The entire procedure
is done under atmospheric pressure. There are 4.18 |
in one calorie.

15. Aftertheteaisadded to the thermos, the temperature
of the liquid quickly falls from 80 °C to 75 °C as it

reaches thermal equilibrium with the thermos flask.
‘What is the heat capacity of the thermos?
(a) 95K (b) 147K
() 957K (d) 878 J K

16. If, after some of the tea has been transferred to the
thermos (as described in the passage), the teapot
with its contents (at a temperature of 80°C) was
placed on the insulated warmer for 5 minutes,
what would be the temperature at the end of this
5 minutes period (Assume that no significant heat
transfer occurs with the surroundings)?
(a) 80.7 °C (b) 82.5°C
(c) 83.2°C (d) 95.2°C

PARAGRAPH 2

It is assumed that an electron is revolving round the
proton in a circular path. However, both are revolving
round their centre of mass. This is a two body problem.
The energy of the hydrogen atom or any one electron
system is normally given as

E,,:—%ml,cza n_z
where m, is the rest mass of the electron, o is a
Sommerfield fine structure constant.
dr1 1
At = —,
4me, he' 137
If both the particles are revolving about their centre of
mass, m, is replaced by the reduced mass pu where
1 1 1 1 1 1
—=—+— or, —=—+
wom, m, [
17. As the mass of the hydrogen nucleus is different
from that of deuterium (D) and tritium (T) but
having the same Z,
(a) the energy levels for H and D are not the same
(b) the energy levels are different and therefore
different isotopes can be distinguished
(c) the energy levels are different but the difference
is very small to be observed
(d) none of these.

™o

18. If an electron is caught in the orbit of a positron
(having a charge ¢*, mass = m,)
(a) the energy of the ground state is E; = -13.6 eV
(b) observed frequencies will be higher than that
for H
13.6 eV

(c) the energy of the ground state is E; = —

(d) the frequencies of lines observed will only be
thrice of that for H.

@
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SOLUTIONS
PAPER - 1

1. (b): The gravitational force between A and B is

4?2 42 wff

The gravitational force between C and D is

e GBmYAm) _ 12Gm*> _ 4 Gm®

. (id)

(3dy? 9d* 3 d&*
Divide (ii) by (i), we get
F.3 or F'= §F
F 9 9

But F =1 unit (given) . F’= g %1 unit = 0.9 unit

2. (b, ¢, d) : (b) The parallel axes theorem gives that
I= Ip+ M(OB)* is having the greatest value compared to
O,F, G, H, E.

(c) For block also it is valid.

(d) For this rectangular lamina it is valid but not valid
for a sphere, thin cylindrical rod etc. The perpendicular
axes theorem is not always valid. It depends on the
shape.

3. (a,d) : Let the centre of mass of boat is at x m from
the shore. The given situation isishownin figure

20m

Y

Centre of mass of the system is at
_ 40%20+120xx _ 800+120x
oM = =
40+120 160
Now, boy starts moving towards the shore, so the boat
will move backward, say, a distance y.

8m 20-8+y

x+y

(124 y)40+120(x+ y)

& 160

Since there is no external force acting on the system,
Tom = Tem

800+120x (12+y)40+12(x+y)
160 160

woy=2m

So, boy is now 14 m from the shore and centre of mass

of system will remain at same place.

,

Now, 1tm
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4. (ax):a, =apg=gsind
If the surface is smooth, contact force between the two
is zero.
5. (byc) : Each wire can be replaced by a battery whose
emfis equal to Blv = 1 x 4 x 107 x 5 x 107

=20x 107V
The polarity of the battery can be given by Fleming’s
right hand rule. When both wire move in opposite
direction, the circuit diagram looks like as shown in
figure (i).
The effective emf of the two batteries shown in the
diagram is zero.
So, choice (b) is correct and choice (d) is wrong.
When both wires move towards left, the circuit diagram
looks like as shown in figure (ii) shown.

=
N

ﬁ’ <+—32R
o~

(i) (ii)

«—3 2R

Effective emf of two batteries shown is E (=20 x 107 V)

and internal resistance is 1 Q.

Hence, current in the circuit is

L 20%107*
10

Hence, choice (c) is correct and choice (a) is wrong.

i =0.2mA

6. (b) : When the cylinder is given a small push
downwards, say x, then two forces start acting on the
cylinder trying to bring it to its mean position.
Restoring force = - (upthrust + spring force

F=-(pAxg + kx)
= Ma = -(pAg + k)x, where a is the acceleration of
cylinder
_(pAg+k)

M

on comparing with standard equation for SHM i.e.
a = -w’x, where © is the angular frequency we have

& _[pAg+k]"2 o U=L[M}m
M

2l M
7. (€:C=Cy+ W
where W' is the work done by the gas per mole per unit
rise in temperature. So W' = oT - Cy = a.T - (5R/2)

or a

e
aw=[war= | (aT—?)dT =(3u1;,—5R)521
Ty
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9. (1):Given: V=V, m(iJ
o

Potential energy U = eV

or U=eV01nL d—U:eVo(rﬁJ LS

T dr r)n
Ve

or lforce[:‘z—0
r

This force provides the necessary centripetal force.

2
ﬂ=ﬂ or v= % ..(1)

r r m

h
By Bohr’s postulate, mvr= 14
2n

(i)
From (i) and (ii),

nh eVy nh
——=,]— or

2nmr m

h 1 <
or r=|— Xn S hesn. o
2n \| meV;,

10. (6) : For string to be wound around the nail,
v2,/5gr = v2 JSg(IO- L)

Now %mv2 =mg(10) = V= 2¢(10)

\J28.10 2 /5g(10~L)

= 20g=5g(10-L) = 20=50-5L
= 5L230 = L=6
Lyin=6cm.
11. (4) : Total internal reflection can happen only when
W (n) < W

= WUy -

min

Ko
4n—-18

Ko )
< =
n-18 M7 s

<0 or >0

= 4n-18>0 = n>%=4.5

The minimum integral value of n satisfying the
inequality is n = 5.

Total internal reflection can happen when light is
going from 4" to the 5" layer or on the upper layer of
4™ layer, since 5 < 1.

= Required answer is n = 4.

he
E

12. (2) : For photon, E=:—c or A= w(d)
2

>¢)
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2
My Vp

=

For proton kinetic energy K =

2
P

=m2 2
or 2m,K=myv, or 2m,K=p

2
or 2myK ={%] , by de Broglie equation
1

K =K. = energy E.
h

- h -
o Al_ ’ZmpK {ZmPE

From (i) and (ii),

J2m,E X 2m
h=£x Ly Ay S i 2m, xE7V2

<...(i)

N E h N VE

n=2
13. (d) 14. (a) 15. (c)
Let us start calculating from the given transitions
(column 2)
(i) n=5ton=3
Energy of photon emitted
hvy = Es - E3=6.68 - 4.87 = 1.81 eV
Wavelength of emitted photon
M =(w) A =6850 A

1.81

Since hv, < ¢ (p=2.01eV)
Hence no electron will be emitted, all the energy of
the photon is absorbed by the photocell. So stopping
potential, V; =0

(IIT) (i) (R) is correct combination for Q. 14.
(i) n=7ton=5
Energy of emitted photon,
hv, = E; - Es = 8.85-6.68 =2.17 eV
Wavelength of emitted photon,

AZ:@}FSHM
217

Maximum kinetic energy of emitted photoelectron
=hv,-$=2.17-201=0.16eV

So, stopping potential photon, V, =0.16 V
(iii)n=6ton=3

Energy of emitted

hvy = Eg— E3=7.70 - 4.87 = 2.83 eV

12400
hy=—— A=
i A=4381A
hv, —
vy =0 L =(2.83-2.01)V=0.82V
e

(ivyn=7ton=4
hvy=E; - E;=8.85- 543 =342 eV



A= 12400 3 seaeh
342

V,=141V
Now, for maximum velocity of emitted photoelectron,

Vimax = 5.37 X 10°ms™.

eV=KUE,

max

1
= MV =131x 1077 ] =0.82 eV

So, correct combination for Q.13 is (IV) (iii) (P)

If energy of photon striking electron is 5.472 x 107" J,
then

hv = 3.42 eV which is same as case (iv)

So, correct combination for Q.15 is (I) (iv) (Q).

16. (a) 17. (o) 18. (b)

(I) For semicircular disc, centre of mass lies at point A.

4R
Coordinates of centre of mass [ R,E) P

Moment of inertia about axis passing through A,
. m Z
parallel to y-axis = =7 |

Moment of inertia about y-axis

= m—RZ +mR? =3 mR?
4 4
If a point mass m is placed at O then
centre of mass will shift toward origin
but will not lie on any of axis.
(I) (iii) (Q)

(I1) Triangular plate has centre

&=

oe—5E—2n
k]

R
of mass at B(g,R] , i.e., centroid.

W m(Ri2 _ mR®
Moment of inertia about O = L % = ";—4
(1) Hemispherical bowl has
cenl’:e of mass lie at C on x-axis, L)
C(;.O) 2R
Of £

2
Moment of inertia of bowl is ;mRZ

about y-axis.

(IV) Square frame has centre of mass at origin i.e., (0, 0).

Moment of inertia of one rod about y-axis

m( R m{R)Z 2

PR e o] (V3[4 R

4[12] 412 i

_m_Rz[;l)_m_Rz ° i
FRSTAY AT —_

Moment of inertia of frame about y-axis
o 4xmR? _ mR?
12 3
For square frame axis of rotation passes through centre
of mass.
(IV) (ii) (R) is the correct combination for Q. 16.
If the bodies has same rotational kinetic energy

1. 2 1
K==In" = we—F
2 N

then angular velocity will be maximum if moment of

inertia is least:

For triangular plate the angular velocity is maximum.

(II) (i) (S) is the correct combination for Q. 17.

If a mass m is added to origin then the centre of mass

will shift towards origin. In the case of semicircular disc

and triangular plate the centre of mass will not lie on

Xx-axis.

So, (I)(iii)(Q) is the correct combination for Q. 18.
PAPER- 1

mv?
(R+1)

1. (b): =mg cosb, (i)

1

mgh:%mszrEImz

mg(R+r)(1-cos0) = %mv2 +émv

h=(R+r)(1-cosb)}

(i)

=1mvz ¢
10
From eqpn. (i) and (ii)
o, R
7 (R+1)
g(l—cose) =cos0

Substituting in eqn. (i)

v=Jg(R+r)cose=‘ gg(R+r)

and 0 = Yoe —IOg(R;- )
r 17r

2. (b): Let W, be the weight placed on block
Initially, W - 2kx =0 55 (1)
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Finally W’—2k[x+§)—a~a~§(2p)-g=0 (i)

Here, W' = W+ W,
. W+ Wy-2Kx -
From egn. (1)

Wy=ka+a® pg~a(k+u pg)-

Ka-a pg=0 [From eqn. (ii)]

3. (d): Inside the spherical shell, V is constant, so
speed of point mass is also constant.
From energy conservation,

~GMm _mv’> _GMm
3R 2 R
v GM[. 1] _GM _2 4GM
—=——|l-Z|=—XZ or v=,—
2 R 3] R 3 3R
4. (d): Hereﬂ=—kv or ﬂ=-kdl i)
dt v

At t =0, the velocity of the boat is V.
By integrating both side of eqn. (i).

j" il =[! ke

v
or [—L] =—kt or —L+L=—kr

»? vy 2?2 Zv0

2
or ¥=—0_ o y= 0
L+2vgkt 2wkt +1

5. (b): v?=v +2glcosB ...(i)
2

T =mgcosO+ LL

T = 2mg (Given)

m;
2mg = mgc056+ﬂ (v3 +2glcosb)
{using (i)}

% c:os():l = 9=cos_'(l)
4 4

6. (¢):From Ampere’s
circuital law, the field at the
axis is zero. From x = 0 to R,
the field increases linearly as e
the current enclosed increases. Ry Ry Ry
From x = Ry to R, and from x = R, to R;, the field
decreases hyperbolically but with different slopes as the
media are different. Hence, the required graph is (c).

=210 1500
I 1

de

d
B

7. (a): Fordc:

6]
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Forac: Z = [R? + (2mvL)?]'?
€
=t 10 _s000
L. 05

or 200 = [(100)% + (100mL)}]"?
On solving, we get L = 0.55 H
8. (b): Since horizontal range for both balls are same
(u/2)sin30° _u*
g g 8g
sin20=— or 0= -sm l(i)
2 8

*sin20 B

9. (b,d) : Acceleration of slab of mass M, a =(£J
Using Newton's equation of motion, M
F Ml

=t=

l=—— iy

F

10. (b, d) : The magnetic flux is changing at the same
rate for both the solenoids.

o

The induced emf,e =—— is the same for both the

rings. However, the resistance of A has to be lower, if
the masses of the rings A and B are the same, because
the repulsion is more for ring A i.e., iyiA is more. The
resistance is less, the current is more (b).
Itis also possible that p 4 is less-than p; and the mass of
the ring m, is also smaller.

(d) is also correct.

11. (a,b,c) : The frequency

f— \ / 5 =65Hz
m\IC 27t 06><10x10“

The current at resonance is I = ﬁ =40A

Since coil and capacitor are connected in series, to
current across them will be same, i.e., 40 A.

The voltage across inductor, V= IO\IRZ +(L)?

= 40252+ (0.6 X 2m X 65)° = 9.8KV

5
Voltage across capacitor, V; = . AU 9.8kV
®wC  2mXx65
12. (b,c) : For adiabatic process ‘bc’.

TV = TV

For adiabatic process ‘da), T, V™" = T, V!
Multiplying eqns. (i) and (ii), we get
TV V) = Ty TV V!



ViVa=VaVe
Since adiabatic expansion leads to cooling,
So, Ty > T,

di
13. (a,b) : L £ =Byl
dt v

Idi:ﬂfvdl " ()
L L
F=ma or, —iBl:mv?
BYPx dv Y o2
or, — =mv— or, ——— xdx:J- vdy
L dx mL
0 o
BPd> -3}
or ———=—-24
2mL 8

. J 3°L
Since,vy=— = d=

*"m 4B%Pm

o .. Bl ’ 3L ’312
Putx—dmeqn.(l).l-T 4lezm— AT

14. (a,b) : Due to propagation of a wave the energy
density at point is given by E = I/v

where I is intensity at that point and v is wave
propagation velocity.

It means energy density E is directly proportional to
intensity I.

If power emitted by a point source is P then intensity at

a distance r from it is equal to

P gl

4mr T

Hence, the shape of the curve between I and r will also
be same as that given in figure of the question.

Hence, option (a) is correct.

If the source is a plane sound source then intensity
at every point in front of the source will be same if
damping does not take place. But if damping takes place
then the amplitude of oscillation of medium particles
decreases with distance. Hence, the intensity decreases
with the distance from the source. In that case, the curve
between I and r may have the same shape as shown in
the figure given in the question. Hence, option (b) is
also correct.

Ifthe source is a plane source, intensity at every point of
the source will be the same. But if power of the source
is decreasing with time, intensity will also decrease
with time. But at any in instant, intensity at every point

=

in front of source will be same. Therefore, the energy
density at every point in front of source will also be
same, though it will decrease with time. Hence, option
(c) is wrong.
15. (c): 250 g x 4.18 x (80 - 75) = (ms)(75 - 20)
(ms)=95] Kt
16. (c): As rate of heat transfer from warmer
=500 cal min™'
In 5 min heat transferred = 2500 cal
2500 x 4.18 = (750 x 4.18 + 500 x 0.17)A0
= AB=324
Therefore, final temperature = 83.24 °C.

17. (¢) : The correction for reduced mass is very small
for hydrogen and its isotopes because even in hydrogen,
the mass of the proton is about 1857 times the mass
of the electron.
MMy, -1857m,
=—Ft =t — faoyy,
my+m, 1858, £
It is only slightly less. it = 0.999m, = m,.
Unless very high resolving power instruments are used,
one cannot distinguish between the spectra of H and D
orHand T.
| m,-m, _m,
18. (¢)+In the case of positronium, ft=——"-"-=—+
m,+m, 2
as the positron has the same mass as the electron.
1, .22
Therefore, E, = mSMe 0 for normal H-atom.
2

For positronium,

B =-£(ﬂcz)a2.z_2=_'3_~ﬁL
L ) n? 2
13.6 eV
== 2 .

®®
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In Young’s double slit experiment, the intensity at a
point is (1/4)™ of the maximum intensity. Angular
position of this point is

(@) sin™' (M/d) (b) sin”'(A/2d)

(c) sin”'(/3d) (d) sin™'(A/ad)

Two radioactive materials X; and X, have decay
constants 5A and A respectively. If initially they have
the same number of nuclei, then after what time the
ratio of the number of nuclei of X, to that X; will be
1/e?

1

(a) 7 (b) e/n (d) e

A train approaching a railway platform with a speed
of 20 m s~ starts blowing the whistle. Speed of sound
in air is 340 m s™'. If the frequency of the emitted
sound from the whistle is 640 Hz, the frequency of
sound as heard by person standing on the platform is
(a) 600 Hz (b) 640 Hz

(c) 680 Hz (d) 720 Hz

A block of mass M is held against a rough vertical
wall by pressing it with a finger. If the coefficient
of friction between the block and the wall is @ and
the acceleration due to gravity is g, calculate the
minimum force required to be applied by the finger
to hold the block against the wall ?

(c) A

(a) uMg (b) Mg/ (c) ug/M  (d) Mg
See the electrical circuit R
shown in this figure. MWW
Which of the following i g "l
equations is a correct

ion for it? iy
equation for it? & AMAAA
(a) &g—iprs—& —ijry =0 n £

(b) =&y~ (ij+ i) R+irn=0
(c) & —(ii+i) R+ijry=0
(d) & - (ij+ i) R-iyr; =0
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10.

—

A solid cylinder of mass 20 kg and radius 20 cm
rotates about its axis with an angular speed 100 rad s ™",
The angular momentum of the cylinder about its
axis is

(a) 40]s (b) 400 s

(c) 20]s (d) 2007] s

Two long and parallel straight wires A and B
are carrying currents of 4 A and 7 A in the same
direction are separated by a distance of 5 cm. The
force acting on a 8 cm section of wire A is

(@) 3x10°N (b) 6x10°N

() 9x10°N (d) 12x10°N

A particleds projected at 60° to the horizontal with
akinetic energy K. The kinetic energy at the highest
point is

(a) Kr2 (b) K (d) K4

For a given lens, the magnification was found to be
twice as larger as when the object was 0.15 m distant
from it as when the distance was 0.2 m. The focal
length of the lens is

(a) 1.5m (b) 0.20 m

(c) 0.10m (d) 0.05m

The isothermal diagram of a gas at three different
temperatures T}, T, and T3, is shown in the given
figure. Then

(@) T,<T,< T4
b) T)<T,>Ts
(€ T)>T,>T;
(d) T)>T,<T;

(¢) zero

. An electric charge of 8.85 x 10"'"% C is placed at the

centre of a sphere of radius 1 m. The electric flux
through the sphere is
(@) 02NC'm?
() 03NC'm?

(b 0.INC ' m?
(d) 0.0INC 'm?



. Speeds of two identical cars are u and 4u at a

specific instant. The ratio of the respective distances
at which the two cars are stopped from that instant is
(a) 1:1 (b)1:4

(c)1:8 (d)1:16

. The primary and secondary coils of a transformer

have 50 and 1500 turns respectively. If the magnetic
flux ¢ linked with the primary coil is given by
0 = (g + 4, where ¢ is in weber, { is time in second
and ¢y is a constant, the output voltage across the
secondary coil is
(a) 90V

(c) 220V

(b) 120V
(d) 30V

. Two pendulums differ in lengths by 22 cm. They

oscillate at the same place so that one of them makes
30 oscillations and the other makes 36 oscillations
during the same time. The lengths (in cm) of the
pendulums are
(a) 72and 50
(c) 50and 28

(b) 60 and 38
(d) 80 and 58

. A body moving with some initial velocity and

having uniform acceleration attains a final velocity
v m s ! after travelling x m. If its final velocity is
v=180 - 7x, find thé acceleration of the body.
(@) -35ms7 (b)= 7:ms7>

(&) -15ms? (d) -30ms?

. A proton and an o.-particle are accelerated through

a potential difference of 100 V. The ratio of the
wavelength associated with the proton to that
associated with an o.-particle is

(@) 2:1 (b) 2:1
1
(c) : (d) —=:1
232:1 %7
. The figure shows the energy g
levels of certain atom. When
5E/3

the electron de-excites from
3E to E, an electromagnetic ———F
wave of wavelength A is

emitted. What is the wavelength of the
electromagnetic wave emitted, when the electron

de-excites from % to E?

3A

(a) 34 (b) 2% (¢) Sh (d) 5

. If P, Q, R are physical quantities, having different

dimensions, which of the following combinations
can never be a meaningful quantity?

21.

22.

23

24,

25,

w =2 (b) PQ-R
P —0?
© 2 @ =)

. The ionization energy of the electron in the hydrogen

atom in its ground state is 13.6 eV. The atoms are
excited to higher energy levels to emit radiations
of 6 wavelengths. Maximum wavelength of emitted
radiation corresponds to the transition between

(a) n=3 ton=1states(b) n=2 ton=1 states
(c) n=4 ton=3states (d) n=3 ton=2 states

. The following logic circuit represents

X :D p
Y 0
(a) NAND gate with output O =X + Y
(b) NOR gate with output O0=X+7Y
(c) NAND gate with output 0 = XY
(d) AND gate with output O=X. Y
Three charges are placed at the Q
vertex of an equilateral triangle
as shown in figure. For what

value of Q, the electrostatic
potential energy of the system is

zero? e M
(a) -q (b) g/2
(c)..-29 (d) -g/2

If three molecules have velocities 0.5 kms™, 1 km s~
and 2 km s™, the ratio of the rms speed and average

speed is
(a) 215 (b) 1.13
(c) 0.53 (d) 3.96

A hollow pipe of length 0.8 m is closed at one end. At
its open end a 0.5 m long uniform string is vibrating
in its second harmonic and it resonates with the
fundamental frequency of the pipe. If the tension in
the wire is 50 N and the speed of sound is 320 ms™",
the mass of the string is

(a) 5g (b) 10g

(c) 20g (d)40g

A convex lens of refractive index 3/2 has a power
of 2.5 D in air. If it is placed in a liquid of refractive
index 2, then the new power of the lens is

(a) -125D (b) -1.5D

(¢) 125D (d) 1.5D

Consider two rods of same length and different
specific heats (c;,¢,), thermal conductivities (K;,K,)
and area of cross-sections (A},A,) and both having
temperatures (T}, T,) at their ends. If their rate of

®
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26.

27.

28.

29.

30.

o

loss of heat due to conduction is equal, then

(a) KA, = GA, (b) KA, /e, = KyAyle,

(0) KyA; = KA, (d) KA /ey = KyAqle,

A circuit area 0,01 m” is kept inside a magnetic field
which is normal to its plane. The magnetic field
changes from 2 T to 1 T in 1 ms. If the resistance of
the circuit is 2 Q. The rate of heat evolved is

(a) 5]s" (b)50) s~
(c) 0.05]s" (d)0.5] s
An ideal monatomic

gas is taken around
the cycle ABCDA
as shown in the P-V
diagram. The work
done during the cycle
is given by

(a) 1/2PV

(b) PV

(¢c) 2PV

The imaginary angular velocity of the earth for which
the effective acceleration due to gravity at the equator
shall be zero is equal to

(Take g = 10 m s~ for the-acceleration duerto grayity
if the earth were at restand radius of earth equal to
6400 km.)

(a) 1.25% 10 rad s
(c) 3.75x 10 rad s™*

(d) 4 PV

(b) 250 x 107 rad s™"
(d) 5.0x 107 rad s™!

Which one of the following is v,-T graph for
perfectly black body? v, is the frequency of
radiation with maximum intensity. T is the absolute
temperature.

(a) A il B

(b) B 2 = b

(e) C

(d) D TK)

Two particles X and Y having equal charges, after
being accelerated through the same potential
difference enter a region of uniform magnetic
field and describe circular paths of radii r; and r,
respectively. The ratio of the mass of X to that of Yis

172
(a) [.’.J ®) ('—zj
r hi
2
© (’—1] @ [L‘J
n "
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31

32.

34;

35.

36.

. The circuit has two oppositely connected ideal

diodes in parallel.
What is the current
flowing in the circuit?
(a) L71 A

(b) 20 A

(c) 231 A =

(d) 133 A -

An electrical device draws 2 kW power from ac
mains voltage 223 V(rms). The current differs lags

20 2

in phase by ¢ =tan™" (—%) as compared to voltage.

‘The resistance R in the circuit is
(a) 15Q (b)20Q
(c) 25Q (d) 302

. An explosion blows a rock into three parts.

Two parts go off at right angles to each other,
first part of 1 kg moves with a velocity of 12 m s~
and second part of 2 kg moves with a velocity of
8 m s~ If the third part flies off with a velocity of
4m s, its mass would be

(a) 3kg (b) 5kg (c) 7kg (d) 17kg

Arbeam of lightof wayelength 600 nm from a distant
source falls on a single slit 1.00 mm wide and the
resulting diffraction pattern is observed on a screen
2 maway. The distance between the first dark fringes
on either side of the central bright fringe is

(a) 1.2cm (b) 1.2 mm

(c) 24cm (d) 24 mm

‘The frequency of electromagnetic wave which is best
suitable to observe a particle of radius 3 x 107 cm is
of the order of

(a) 10°Hz (b) 10" Hz

(c) 10" Hz (d) 10" Hz

A 5V battery with internal resistance 2 Q and 2 V
battery with internal resistance 1 Q are connected
to a 10 Q resistor as shown in the figure.

— El()ﬂ =22V
s 1Q

The current in the 10 & resistor is
(@) 027 AP, toP,  (b) 0.27 AP, to P,
(c) 0.03 AP toP, (d) 0.03 A P,to Py
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37.

38.

39.

40.

A wire suspended vertically from one of its ends
is stretched by attaching a weight of 200 N to the
lower end. The weight stretches the wire by 1 mm.
Then the elastic energy stored in the wire is

(a) 027 (b)10] (c) 207 (d) 0.1]

The rise in the water level in a capillary tube of
radius 0.07 cm when dipped vertically in a beaker
containing water of surface tension 0.07 N m is
(Take g = 10 m s >and angle of contact of water with
beaker = 0°)

(a) 2cm  (b) 4cm (d) 3cm

In the magnetic meridian of a certain place the
horizontal component of earth’s magnetic field is
0.25 G and dip angle is 60°. The magnetic field of
the earth at this location is

(a) 050G (b) 0.52G (¢) 054G (d) 0.56 G

The force F acting on a
particle moving in a straight wls
line is shown in figure. What 4
is the work done by the force Z
on the particle in the 1% 1
meter of the trajectory?
(a) 57 (b) 10]

(c) 1.5ecm

F(in N)

0 12
(c) 15]

3 4 x(inm)

(d) 25]

SOLUTIONS

1.

o

(c) :Intensity at any point in Youngs double slit

experiment,
I=1I Z(Q) Si =il
max €O°| > T Nei™
I ¢
Zmax _ 32 Q
IR
or cosf‘i=l or $_E
2 2 2 3
R 277[ = % , where Ax is the path difference
or Ax=Z‘-
3

Path difference, Ax = $,Q = d sinf
d sinQ = L or sinf) = o or G:Sin"[i]
3 3d 3d
(a): X; = Noe ™5 X, = Noe 2!
X 8
TS B AL+ At serl — oAt
X3

PIDTI S ——
(M —2y) (GA=2) 4
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(c) : Here, speed of source (i.e. train), v, =20 m s7!
Speed of sound in air, v = 340 m 57"

Frequency of the source, vy = 640 Hz

The frequency heard by the person standing on
the platform is

V' =,
V=vg
640 x 340
=6 240|008 iz
340-20 320

(b):Let F = Minimum force applied by finger to
hold the block

Mg = weight of block. I

f = friction force on the block
Normal reaction, N = F F
s f=uUN=pF (i)

Also, f= Mg La(ii)

(As block does not move)

From equation (i) and (ii), Mg = puF

Mg

= p=-M
@ iw :
i+
.E_'f—-_lfl . i i
iy i
o L *"z—c

Applying Kirchhoff’s rule to the loop ABFE,
€ - (i + )R- ijry =0
For loop EFCD, €, — iyry - &) + ijr; =0
For loop ABCD, (i} + i))R - €5 — ipr; = 0
Only option (d) is correct.
(a) : Here, M = 20 kg
R=20cm=20x 107 m,®=100rad s
Moment of inertia of the solid cylinder about its
axis is
2
Angular momentum of the cylinder about its axis is
L=1Io=(04kgm?®) (100rads')=40]s
(c):Here,I, =4 A, I, =7 A
d=5cm=5x10"m,/=8cm=8x10"m
po Mo 210 _107 x2x4x7
dm d 5x107
=89.6x 107 N=9x10°N

=0.4kg m?

x8x1072



_

—
¥

(d):Initial K.E, K= %mvz

Velocity at the highest point = Horizontal

component of v = v cos60°= 4 )
K.E. at the highest point =%m[—) s

(c) : Here my = 2m;,
A |
f-0.15 f-0.20
2/-0.30 = f - 0.20 or f= 0.10 m.

or

. (¢) : The given diagram shows that the curves move

away from the origin as temperature increases.

. (b): According to Gauss's law,
the electric flux through the sphere is
~13
G 885X107C o N2

€ 885x10°7CIN'm™

. (d):Forfirstcar:u=u,a=-a,v=0

Asv? - u? = 2as
3 2
Vout= 2(-a)s; ors, =ul2a

For second car : u =4u,a=-a,v=0

C
2 2a,  a

Hetice, 5% N I\ ¢

s, 2a 8u 16

. (b): Flux linked with the primary coil,
O =g + 4t de
Voltage across primary, V, = d0_ 0+4x1=4V
Voltage across secondary, dt
Vv, :-IL.V 100 0y
N, P50

. (a)
. (a): v=1/180 = 7x , where x is the distance.

2
v =180 - 7x

For a hody travelling with uniform acceleration,

Vo=l = 2ax is valid. By inspection one can say

u”=180,2ax=-7x. .. a=-3.5ms"

(c) :For a particle accelerated through potential
difference V, ). = h

n \2mqV

1

Ay = S A, = ===
}L" V2meV % axamx2exv 242 7
P

Lo2/2:1

2

7 SE/3
E

18.

19,

20.

21.

22.
23.

w

24,

25,

From figure,

he

X 3E-F=2E -0 58

he 2 .
—=Z_p=2fF .
A3 B i
Divide (i) by (ii), we get

%: 3 or A’=3A

(a) : Physical quantities having different dimensions
cannot be added or subtracted.

As P, Q and R are physical quantities having
different dimensions, therefore they can neither be
added nor be subtracted. Thus, (a) can never be a
meaningful quantity.

©: n(n—l)=6

n-n-12=0 4
(n-4)(n+3)=0orn=4 :3
Maximum wavelength — 2
corresponds to lowest i
energy (E; — E;).

(b): The given logic circuit represents a NOR gate
with output O=X+Y.

(d): Electrostatic potential energy of the system of
charges is Q

U=;[g+ﬂ+ﬁ]

dneg| a @  (a
! 2 *
Tngga 220+ 7] il @ e
Given, U=0=2Qq+4*=0 = Q=-q/2
(b)
(b): For hollow pipe, fundamental frequency is
for_ 320
4 4x08
For string in 2nd harmonic,

£=L I_l\ﬁzL [50x05
INu I1\m 05 m

Equating and solving, we get m = 0.01 kg = 10 g
(a):Peos (u-1)

U=

Pj=-0.5P,=-05x25=-125D
Q_Q
t

(a): Given:

t
o KALT) Koy (5-T,)
1 1

or KjA| = KA,

PHYSICS FOR YOU | MAY 20



27.

28.

29.

30.
a1.

32.

33,

o

. (b):Induced emf, e= ::D——‘:(BA)
~A(B,-B;) -001(1-2)
- t T
£=001x10°=10V
10 PR

V=IR or I=—
2

Rate of heat evolved = I°R = (5)3 x2=50] sh
(b): Work done = Area of the loop ABCDA
=(2P-P)(2V-V)=PV

(a) : The effective accelerauon due to gravity at the
equator is ¢’ = g - Rw*

As per question, g’ =0

o=

Substituting the given values, we get

10 2
= LSS —x107rads' =125x 10" rads™
6400 x 10" m 8

(¢) : According to Wien's displacement law

AT = b, where b is the Wien’s constant.

In terms of frequency, £T=b or v, = Zop
v,y b

Hence, the (v,,-T) graph is a straight line.

(c)

(b):No current flows through diode D becauseitis

reverse biased. Only diode D, conducts because it

is forward biased.

=K=_£Z_=2‘o A
R 2+4
v 2
(b):As,P=ﬂ;z=ﬁ (223 =250
7 P 2000
.= X, 3
tan¢=%=—z XC—X,_=—%R.
As, Z* = R* + (X - X))?
3 2
(257 =R* + (—ZR
25 R
625=R*+> R =
6 16
}8:%:400 = R=20Q

(b): py+ P, + Py =0 or Ps=—(p, +P,)
mgyy :VP12+P§ [
V(x12)° +(2x8)’

4

PiLpl
or  my= =5kg
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35.

36.

37.

38.

39.

. (d)

. (d): Distance between the first dark fringes on either

side of central maxima = Width of central maximum

_ 2DA _2x2X600x10™°

d 1.00x107*

=24x107° m =24 mm
(a) : Let A be the radius of the particle then

A=3x10%x10°m=3%x10"m
Frequency of electromagnetic wave,

¢ 3x10°

Thus to observe the particle, the freguency of wave
should be more than 10" Hz i.e 10'° Hz or smaller
value of wavelength.

(d): Applying Kirchhoff’s law for the loops

x=¥
AP,P,CA and P,BDP,P,, one gets
-10y-2x+5=0 = 2x+10y=5
+2-1x-y)+10y=0

= 2x-22y=4

From eqns.(i).and (ii),

G DS

(D)
..(if)

= ,v=LA=O.03AfromPZ to By.

1
(d) : Elastic potential energy = — X FxAL

=Ex200x(1x10‘3)—0 1
(a) : Rise of a liquid in a capillary tube,
2% (007N m)x1

T (0.07 %1072 m)(10° kg m )10 ms2)
=2x102m=2cm

H
(a) : Here, Hp = 0.25 G and cosd= B—E

E
.. the magnetic field of earth at the given location is

He 0% 4506
cos60°  1/2

Bp=

Mnnthly Test Drive CLASS XII NS =00 (3

6.

11.
16.
21.
26.

) 2 (b 3 (@ 4 () 5 (b
(@ 7. () 8 (0 9 (o 10.(c)
(b) 12. (b) 13. (d) 14. (d) 15. (b)
(b) 17. (b) 18 (b) 19. () 20. (abc)
(bd) 22. (bd) 23. (a,cd) 24. (9) 25. (2)
(3) 27. (@ 28 () 29. (d) 30. (a)
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Only One Option Correct Type

Two identical containers A and B have frictionless
pistons. They contain the same volume of an ideal
gas at the same temperature. The mass of the gas in
Ais my and that in B is mp. The gas in each cylinder
is now allowed to expand isothermally to double
the initial volume. The change in the pressure in
A and B, respectively, is AP and 1.5.AP. Then

(a) 4my=9my
(c) 3my=2my

(b) 2my =3mp
(d) 9my =4my
The maximum height reached by projectile is
4 m. The horizontal range is 12 m. The velocity
Uis (g is acceleration due to

(a) 5g/2 (b) 3g/2

© alz (@ ém

A bucket full of hot water cools from 75 °C to 70 °C
in time T, from 70 °C to 65 °C in time T, and from
65 °C to 60 °C in time Tj, then

(@) T'=T,=T; (b) T;>T,>T;

() T)<Ty<Ts d) T\>T,<Ts

An observer standing on a railway crossing receives
frequencies 2.2 kHz and 1.8 kHz when the train
approaches and recedes from the observer. Find
the velocity of the train (speed of sound in air is
300ms™).

(a) 10ms™! (b) 20ms™!

() 25ms™ (d) 30ms™!

of projection in m s~

gravity)

leduct one mark for wrong answer.

Time Taken : 60 min

The velocity of a body falling freely under gravity
varies as g'h, where g is the acceleration due to
gravity and h is the height. The value of a and b
respectively are
11 1 1

@23 2" 2

11 1 1
© =33 272
A cubical‘block of wood 10 cm along each side
floats at the interface between an oil and water with
its lowest surface 2 cm below the interface. If the
heights of oil and water columns are 10 cm each
and p; = 0.8 g cm ™, find the mass of the block.
(a) 840g (b) 940g (c) 1040g (d) 1500 g
A block is lying on the horizontal frictionless
surface. One end of a uniform rope is fixed to the
block which is pulled in the horizontal direction by
applying a force F at the other end. If the mass of the
rope is half the mass of the block, the tension in the
middle of the rope will be
(a) F (b) 2F13  (c) 3F/5
Figure shows a uniform solid
block of mass M and edge
lengths a, b and ¢. Its moment
of inertia about an axis through
one edge and perpendicular

(d) 5F/6

(as shown) to the large face of D
the block is
s M
@ Mz ® M@ 417
3 4
M s o Mzep
(c) = (a”+b%) (d) ]2(41 )

PHYSICS FOR YOU | MaY ‘20 @



What should be the lengths of steel and copper
rods respectively so that the length of steel rod is
5 ¢cm longer than copper rod at all temperatures?
[a for copper = 1.7 x 107 °C™" and « for steel =
L1x107°°C™].

(a) 14.17 cm, 9.17 cm
(c) 17 cm, 12 cm

(b) 19¢m, 14 cm
(d) 9.17 cm, 4.17 cm

. Four moles of hydrogen, 2 moles of helium and

1 mole of water vapour form an ideal gas mixture.
What is the molar specific heat at constant pressure
of mixture?

16 23
a) — b
(a) 7R (b)

7R
2% &) =2
()7R

R
T

. A stone is dropped into a well and its splash is heard

after an interval of 1.45 s. Find the depth of top
surface of water in the well. Given that the velocity
of sound in air at room temperature is 332 m s\,
(@) 5m (b)) 1Im (c) 20m  (d) 30m

. A mass M is lowered with the help of a string by a

distance h at a constant acceleration g/2. The work

done by the string will be
Mgh _Msh
(a) 2 (b) 2
3Mgh 3Mgh
DN En Vgm'a il
(c) = (d) )
Assertion & Reason Type

Directions : In the following questions, a statement of
assertion is followed by a statement of reason. Mark the
correct choice as :

o)

. Assertion

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion.

(b) If both assertion and reason are true but reason
is not the correct explanation of assertion.

(c) If assertion is true but reason is false.

(d) If both assertion and reason are false.

: If the earth suddenly stops rotating

about its axis, then the acceleration due to gravity

will become the same at all the places.

Reason : The value of acceleration due to gravity is

independent of rotation of the earth.

. Assertion : The force of friction is dependent on

normal reaction and the ratio of force of friction
and normal reaction cannot exceed unity.

Reason : The coefficient of friction can be greater
than unity.

PHYSICS FOR YOU | MAY 20

15.

Assertion : The time of flight of a body becomes n
time the original value if its speed is made n time.
Reason : The range of the projectile becomes n
times when speed becomes n times.

JEE MAIN / JEE ADVANCED

Only One Option Correct Type

16. A block of mass m = 2 kg is moving with velocity

vy towards a massless unstretched spring of force
constant k = 10 Nm™'. Coefficient of friction
between the block and the ground is p = é

>V

«—lm-—

Find maximum value of vy, so that after pressing
the spring, the block does not return back but stops

there permanently.
(b) V42 m st

(a) V2 ms™
(c) Vioms™ (d) V64 ms™

. A U-shaped tube contains a liquid of density p and

it is rotated about the left dotted line as shown in
the figure. Find the difference in the levels of the
liquid column. -

o’?
2/2¢g
0’
28
2077
g
2202
g

(a)

(b)

(c)

(d)

. The molar heat capacity C for an ideal gas going

through a process is given by C =%, where a is a
C
constant. If Y= EP— the work done by one mole of
v

gas during heating from T, to ) T, will be
(a) aln(n)

1
® Tham

-1
© a In(n)—[%)RTo

(d) aln(m) - (y-1) RT,



19. A particle performs SHM in a straight line. In the
first second, starting from rest, it travels a distance
aand in the next second it travels a distance b in the
same direction. The amplitude of the SHM is

(@) a-b (b) ZaT—b_
2

(c) % (d) None of these

More than One Options Correct Type

20. A driver in a stationary car blows a horn which
produces sound waves of frequency 1000 Hz
normally towards a reflecting wall. The sound
reflected from the wall approaches the car with a
speed of 3.3 ms ™.

(a) The frequency of sound reflected from wall and
heard by the driver is 1020 Hz.

(b) The frequency of sound reflected from wall and
heard by the driver is 980 Hz.

(c) The percentage increase in frequency of sound
after reflection from wall is 2%.

(d) The percentage decrease in frequency of sound
after reflection from wall is 2%.

0

. Two cities A and B are connected by a regularbus
service with buses plying in either direction every T
seconds. The speed of each bus is uniform and equal
to vy, A cyclist cycles from A to B with a uniform
speed of v.. A bus goes past the cyclist in T second
in the direction A to B and every T; second in the
direction B to A. Then

(a) T1=—VL (b) TZ=—V’L
Vb+V[ V=V,

v I’

© 1=-2L @ G=—2—
V=iV v+,

22. A double star is a system of two stars of masses m
and 2m, rotating about their centre of mass only
under their mutual gravitational attraction. If r is
the separation between these two stars then their
time period of rotation about their centre of mass
will be proportional to

3
(@ r2 (b) r
1
2

@ m?

I

(c) m

23. 5 kg of steam at 100 °C is mixed with 10 kg of ice at
0°C. Then (Given Sy, = 1 cal g" °C,Lp=80calg” 2
Ly =540 cal g")
(a) equilibrium temperature of mixture is 160 °C
(b) equilibrium temperature of mixture is 100 °C

(c) at equilibrium, mixture contains l3§kg of
water

(d) at equilibrium, mixture contains 1% kg of
steam

Integer Answer Type

24. The value of Y = Cp/Cy is 4/3 for an adiabatic process
of an ideal gas for which internal energy U= K+ n PV.
Find the value of n (K is a constant).

25. A block of mass m = 2 kg is resting on a rough
inclined plane of inclination 37° as shown in figure.
The coefficient of friction between the block and
the plane is p = 0.5. What minimum force F
(in N) should be applied Fy
perpendicular to the plane on the
block so, that the block does not slip 37

on the plane? l:sin A

26. A-horizontal force F=14-N acts
at the centre of mass of a sphere
of mass m = 1 kg. If the sphere
rolls without sliding, find the
frictional force (in N).

\ “\ thG
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Comprehension Type 30. Column I gives some systems whose moment of
inertia are listed in column IT about the shown axis.

A monatomic ideal gas of two moles is taken through a
Match column T with column IL.

cyclic process starting from A as shown in figure with

V! V4 = 2. Temperature T at A is 27 °C Column I Column IT
Vi
@) py SMR?
v (P)
4 11
- Uniform rod of
A mass M and
v,l-- length R
i
T T (®) R
27. The temperature at B, Ty is M Q MR?
fa) 600K (b) 450K Uniform semicircular 12
(c) 400 K (d) 900 K ring of mass M. Axis
is perpendicular to its
28. The work done during the process A — B is plane.
(a) 1200 R (b) 1500 R
(c) 1600 R (d) 1000 R » "
Matrix Match Type € ‘w' ® 13MR?
i o il
29. A block of mass m is stationary with k Uniform triangular 8
T,, plate of mass M

respect to a rough wedge as shown
in figure. Starting from rest in time t,

work done by various force'is given A (B) ) S MR?
in the columns. Match the column I G ® 8
with column II. (g = 10 m §2, &

m=1kg,u=2ms'2,t=4s).

Uniform disk of initial

Column I Column IT mass M from which a
circular portion of radius

(A); By gravity ®) 144] Ris then removed. Axis is
(B) By normal reaction Q) 32] perpendicular to its plane.
C) By fricti R 160
) i " 4 B & ®
(D) By all the forces ( J @ Q R P 5
A B C D ®) Q P s R
(a) P Q S R © s P R Q
or @ oo
(9 R
@ R P $ Q *9
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MIND
BLOWING

A long glass tube of length L, sealed at both ends,
contains a small column of mercury (density = p)
of length 'a' (a << L) at its middle and air at pressure
P on both sides. The tube is fixed horizontally. If
the mercury column gets a small displacement, the
time period of its oscillations would be (assuming
that the air on the sides undergoes isothermal
expansion or compression):

(a) m[pLa/P)'? (b) 2n[pLa/P]"?

(c) m[2pLalP)"? (d) m[pLa/2P]"?
Figure shows two capacitors in q
series. The rigid center section uI:[Eh Vo
oflength ‘b’ is movable. The area —l—_]ZVU"-‘S"’
of each plate is S. If the voltage difference between
the plates is maintained constant at.Vj,. The change
in stored energy if the center section is removed is

V2, V2
@) Se Vya () SeVib
2bla—b) 2a(a—b)
Se,Vib SeVja

00 d 00
© a(a—b) @ bla—b)

Current I flows around the wire frame along the
edges of a cube as shown in figure. Point P is the
center of the cube. The incoming and outgoing
wires have orientation toward P. Then,

s

(a) the magnetic field at P is toward +y direction
(b) the magnetic field at P is toward -y direction
(c) theunitvectorof magneticfield at Pis —% (; - }‘)
2

1JOLYMPIAD
PROBLEMS

(d) the magnitude of magnetic field P is —4\5’;"1 .
An elasticized conducting band is around a
spherical balloon (Figure).

Its plane passes through B
the center of the balloon.
A uniform magnetic field
of magnitude 0.04 T is
directed perpendicular to
the plane of the band. Air Conducth
X N onducting
is let out of the balloon at band

100 cm® 57! at an instant /l\

when the radius of the

balloon is 10 cm. The induced emf in the band is
(a)- 15V (b) 25uV  (c) 10uV  (d) 20 uV
The speed of a projectile at its highest point is v;
and at the point half the maximum height is v,.
Yoy \/g , then find the angle of projection.

v, 5

If

(a) 45° (b) 30° (c) 37° (d) 60°

A block of mass m is projected up with a velocity

v along an inclined 3
plane of angle of
inclination 0 = 37°.
The coefficient of
friction between
the inclined plane
AB and block is
W(= tan 0). For A
what value of v, the
block moves in a
circular path form Bto C?

(a) %5%5 3gR (b) L%‘EESV"S\MgR

(c) J4gr<v, < % (d) 2gR2v, 2, %gR

PHYSICS FOR YOU | MAY ‘20 (53]
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In a cylindrical water

tank there are two small I
holes Q and P on the wall 0

at a depth of h from the

upper level of water and ! I
at a height of h, from the

lower end of the tank,

respectively, as shown in the figure. Water coming
out from both the holes strike the ground at the
same point. The ratio of h, and h, is

(a) 1 (b) 2 (c) >1 (d) <1

A planet is in a circular orbit about a massive
star. The star undergoes a spherically symmetric
explosion in which one percent of its mass is
suddenly ejected to a distance well beyond that
of the planet's orbit. Find the eccentricity of the
new orbit of the planet assuming that the planet is
unaffected by the explosion.

(a) 0.001 (b) 1.01 (¢) 0.01  (d) 0.05
Due to a vertical temperature gradient in the
atmosphere the index of refraction varies. Suppose
index of refraction varies as n = ng/1+ay where
ng is the index of refraction at the surface and
a=20x10° m™. A person of height h = 2.0 m
stands on a level surface. Beyond what distance he
cannot see the runway?

(a) 2100m (b) 2500 m (€) 2000 (d) 1500m

. A small ball attached with one end of an inextensible

thread is moving in a vertical circle. Ratio of its
maximum to minimum velocity is 2 : 1.

Calculate acceleration of the ball at the moment
when velocity of the ball is directed vertically
downward. (g =10 ms™).

@ 109 ©) £4i09 © %\/ﬁ (@) 2gV109

SOLUTIONS

;

o

(a):

(L-a) (L-a)

PV, =

P,V,
o e

x)A

PHYSICS FOR YOU | MaY 20

3.
4.

P(L-a)
P (L-a-2x)
Again applying P, V, = P3V,

P[L-H)A=(L;a+x]AP,’
2 2 .

,__P(L—a)

*" (L-a+2x)

Bopie P(L—a) P(L-a)

©7 [(L-a)-2x)] [(L-a)+2x]

AP= 4P(L- a)x . F=APA= 4PA(L - a)x’
[(L—a) - [(L-a) 4x‘]

(4P _ _2m _ Lpu "
Lpa Lpa T L p

(b): Let 'd," be the distance between the two upper

plates and 'd,' be the distance between the two lower
plates

di+dy=a-b d.tfﬂ—b_"‘"n

E(,S € S dzt

d d

1 2
GE, Se, _ Sg,
C o d +d, a-b
As € ois mdependent of dy and d,
energy stored is independent of position of
centre section

Gy=

net. =

2 2a-b
If centre section is removed, energy stored
NAA Se,Vib
u':lL;Au=u—u'= 00
2 a 2(a—b)a

(a)
(d

4
radiusis r, V= — 77’

: Volume of the balloon at any instant, when

Time rate of change of volume,
dv dr
= F
n
Time rate of change of radius of balloon,
a1 dv
dt  4nr’ dt
Flux through rubber band at the given instant,
0= B(nr?)
o

Induced emf=-2=— £ (Bn?) =
nduced em! 5 t(n)

oy
— 2Tt a



1 dv']_ B dV

=B\ —5— |=————
gz (47"' dt

2r dt

As volume of the balloon is decreasing, &, is
negative. dt

Ejnduced = - % x (=100 x 107°) =20 uV
(d): v; = vy cos P = u cosB
3
Y1
i ile

H/2
0

0= (vysin B)* - 2g(H/2) = vi=v} -gH

Also 2= 2
vy 5
From above v; = Egﬁ,vz = ’_S_g_li
3 3
=Y sin" 0 = gl 2gH cf)s’()
2g v,
2gH 2gH x3
or tan’0= gz or tan’0 = S
v, 2gH

1
or tanB= 43 or 0= 60°

3
(b): In triangle PQX, % = tanf = Z =1

For contact not to be lost at B

m
0-N=—o

mg cos| R
VZ

= v< JgRcosH ()

From Bto C,AK+AU=0

= N=mgcosd - mT >0

(%mvf —%mvz] +mg(R - R cos®) =0

= vy =v} + 2gR(1 - cosB) (i)

From A to B, a = g sinf + pg cos0

= gsin 0 + (tan 0)g cosd
= a=2gsin
sy Pyl tBSIOR
tan®
= = vg — 4gR cosb ...(iii)

From Egs (i) and (iii),
Vg - 4gR cosB < gR cosd or vg < 5¢R cosd
= v&SSgR[%) =4gR = vy <\Ja4gR  ..(iv)
From Eqs (ii) and (iii),
v+ 2gR[1 - cosB] = v§ - 4gR cos®
= vi=vg-2gR-2gR cosd

Now to reach at C, v; >0
or v -2gR-2gRcos0>0

= v2 \J2gR(1+cos0)
= = \[2gR(1+4/5 :v(,z,ﬂ% (V)

From (iv) and (v) % Vgt ’4gR

(a) : The two streams strike at the same point on
the ground.

R, =R,;=R
ity = vty (i)
Where v, = velocity of efflux at Q = \/(2gh,)

and v, = velocity of efflux at P = f[2g(H =h,)]

t; = time of fall of water stream through Q is

_ [(H=R)
g

t, = time of fall of the water stream through
pe [

g
Putting these value in Eq. (i), we get
(H = hy)hy = (H = hy)hy or[H~(hy + hy)][hy ~ hy) =0
H = hy + h; is irrelevant because the holes are at two
different heights. Therefore, hy = hy or hy/h, =1
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(¢) : Before explosion orbital velocity of the planet
172
isvg= [G—M-] . The planet's position and velocity
%

immediately after explosion are not affected. The
process is sudden, infinitesimal in time, therefore
it would require infinite velocity and acceleration
to change position and velocity of planet. At the
instant of explosion planet is moving tangentially,
it is nearest point of the new orbit. In order to find
farthest distance we have to apply conservation of
angular momentum and energy.

mvgry = mvyry

= (1)
i

1, GMm_1_, GM'm

SIVgi= s

2 ) n

GMm GMm 1 (v ) GM'm

GMm _GMm 1 %5 | GMin

21 o2\ 4

GMm_GM'm _ GMnr, _ GM'm @

2o bl "

Now we have to solve the above expression.
Consider

M a and L

M C 1 2a

Equation (2) reduces to 1 - 2a = ——?
or bX1-2a)+2ab-1=0

or (b-1)[b(1-2a)+1]=

1
Since b # 1, we must have b= ——
2a-1
Nowrg=a(l -e); ry=a(l +e)
where a is semi-major axis and ¢ is the eccentricity.

—‘-b [l+e]

A l—e
(i)
b+1

-a

On substituting expression for b, we get e = &
e=0.01

(c): As refractive index is changing along

Y-direction, we can assume a number of thin layers
of air placed parallel to X-axis. Let O be the distant
object just visible to the man. Consider a layer of air
ata distance ‘y’ from the ground. Let P be a point on
the trajectory of the ray. From figure, 6 = 90 - i.

The slope of tangent at point P is

tan 0 = dy/dx = coti. Y, Trajectory of
From Snell's law, light ray
nsin i = constant
At the surface n = n
and i = 90° AP
nosin 90° = n sin i ’(—) = ’°x9 - X
‘l1+u )sin i
dy
smt——— = coti= ——=lay
J1+ay dx J_
JJ dy J' dx = x= 2\/;
0
On subsmutmg y=20manda=2x10"°m"", wehave

2
Kivan =2 W = 2000 m.

. (b): Let a ball of mass m be

moving in a vertical circle
of radius r, as shown in
figure. Velocity of the ball is
minimum when ball passes
through highest point A and
maximum when it passes
through the lowest point C.
Let velocity of ball at A be v, then that at C will be
equal to 2v,

According to law of conservation of energy.
KEatC—KEa\tA + Loss of energy from A to C

5 m(Zvo)Z E mvg + mg(Zr)
== Nt =_
0 3gr ig 3gr +2gr 38
Velocity of the ball is directed vertically downward
when the ball passes through B. Let velocity at this point
be v. Then according to law of conservation of energy.
K.Eat B=K.EatA + loss of energy from A to B
L2
—my
2
mg=ma,ortangentialacceleration, L
a, = g normal or centripetal
acceleration,

v 10

aG=—==8

r
Net acceleration at ball of B will
be equal to the vector sum of
these two.

a= \a +a —“\/W

PHYSICS FOR YOU | maY 20

1
= -Z-mv(z, +mg(r)

3
=
4,...§...
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Only One Option Correct Type
Wavelengths of photons — n=3
in transitions having serial — : n=2
numbers 1, 2, and 3 of a ! 3

—. n=1

hydrogen like atom are A,,
Ay and Aj respectively. Then, mark the correct
option.

4
(@) hy=2y+ A (b xl=.k3 2
Ay Ay

A+ A
(©) Ay= i‘ kzl (d) A=Ay - As

For an AC circuit, the voltage applied is
€ = g, sin wt. The resulting current in the circuit

. . s S
is I =1, sm(mt - —] . The power consumption in
2

the circuit is given by

I,
(a) COTO (b) zero
I,
© E"T“’ (d) Ve, Iy

In Young's double slit experiment, the two slits act
as coherent sources of equal amplitude a and of
wavelength A. In other experiment with the same
set up, the two slits are sources of equal amplitude
a and wavelength A, but are incoherent. The ratio
of intensity of light at the mid point of the screen in
the first case to that in the second case is

(a) 2:1 (b) 1:2

(c) 3:4 (d) 4:3

PHYSICS FOR YOU | MAY ‘20

Time Taken : 60 min
The given circuit It is equivalent to
(a) OR gate
(b) AND gate

A

Y
(c) NOR gate
(d) NAND gate
A conducting rod moves
with constant velocity v |[€—"—
perpendicular to the long,
straight’ wireé | carrying” a 1/ 1 —>
current I'as shown 'in_the l
figure. The emf generated
between the ends of the rod is
L vl b wovll
(a) o ®) S0
vil
© 2ugvll (d )
nr 4nr
Iftwo dielectrics are placed r =
in a parallel plate capacitor L K 3
as shown. Then, find *|4 f s
the equivalent dielectric ) ; Al
constant of the system
K| +K, 2
a) K,=—7+= b) K,, =
®) Ky 2 () Keg K +K,
1
c) Koy =K + K d) K, =
(c) eq 1 2 (d) eq K, +K2

If refractive index of material of a prism with prism

angle A is p=coté, then angle of minimum
deviation will be
(a) 180°-A
(c) 180°-3A

(b) 180° - 24
(d) 180° - 4A



Four charges each with charge +q are placed at the

four corners of a square of side /, a charge 4 is

at centre of the square. Force on the charge at the

centre due to other charges is (where K =1/4mg,)

2 J24*

@ XL (b) k24
I I

2
(©) zero ) KZ—‘/IE—'L
A charged particle moves in a magnetic field
B=10i with initial velocity & = 5i + 4j . The path
of the particle will be
(a) straight line
(c) helical path

(b) circle
(d) None of these

. A light beam, E = 100 [sin(w;t) + sin(w,t)] V m!

with®; =5x 10" rad s and 0, =8 x 10" rad s,
falls on a metal surface of work function 2.0 eV.
Maximum kinetic energy of emitted photoelectrons is
(a) 3.20eV (b) 1.5eV (c) 3.27eV (d) 2.1eV

. The electric field part of an electromagnetic wave

in a medium is represented by E, = 0 ;

E, =2-5N ¢t cos[(ln x10°rad s_l) t

£ {rx107md m")x]

E. = 0. The wave is

(a) moving along the x-direction with frequency
10° Hz and wavelength 100 m

(b) moving along x-direction with frequency
10° Hz and wavelength 200 m

(c) moving along - x direction with frequency
10° Hz and wavelength 200 m

(d) moving along y-direction with frequency
21 x 10° Hz and wavelength 200 m

. 90% of the active nuclei present in a radioactive

sample are found to remain undecayed after 1 day.
The percentage of undecayed nuclei left after two

days will be

(a) 85% (b) 81%

(c) 80% (d) 79%
Assertion & Reason Type

Directions : In the following questions, a statement of
assertion is followed by a statement of reason. Mark the
correct choice as :

(a)
(b)

If both assertion and reason are true and reason is
the correct explanation of assertion.

If both assertion and reason are true but reason is
not the correct explanation of assertion.

(c)
(d)
13.

If assertion is true but reason is false.

If both assertion and reason are false.

Assertion : If a rod has a resistance 4 Q is turned
into semicircle, then its resistance along its
diameter is 1.0 €.

Reason : On bending a rod, its length decreases
and hence resistance decreases.

. Assertion : Charge never flows from a condenser of

higher capacity to the condenser of lower capacity.

Reason : Direction of flow of charge is determined
by the difference in charge in the two condenser.

. Assertion : When radius of a circular wire carrying

current is doubled, its magnetic moment becomes
four times.

Reason : Magnetic moment depends on area of the
loop.

JEE MAIN / JEE ADVANCED

16.

Only One Option Correct Type

There is a stream of neutrons with a kinetic energy
of 0.0327 eV. If the half-life of neutrons is 700 s,
what fraction of neutrons will decay before they
travel a distance of 10 m?

Given, mass of neutron= 1.676 x 107> kg.

(a) 48x 107 (b) 39x10°°

(c) 84x107° (d) 23x10°°

. A thin circular ring of area A is held perpendicular

to a uniform field of induction B. A small cut is
made in the ring and a galvanometer is connected
across the ends such that the total resistance of the
circuit is R. When the ring is suddenly squeezed
to zero area, the charge flowing through the
galvanometer is
2
W B m 2 g4
A R

(¢c) ABR  (d) =
R

. A ray of light enters a rectangular glass slab of

refractive index /3 at an angle of incidence 60°. It
travels a distance of 5 cm inside the slab and emerges
out of the slab. The perpendicular distance between
the incident and the emergent rays is

(a) 5J3em

() SJE cm
2

(b) %cm

(d) 5¢m
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19.

20.

21.

®

An electromagnetic wave of frequency v = 3.0 MHz

passes from vacuum into a dielectric medium with

permittivity € = 4.0. Then

(a) wavelength is doubled and the frequency
remains unchanged

(b) wavelength is doubled and frequency becomes
half

(c) wavelength is halved and frequency remains
unchanged

(d) wavelength and frequency both remain

unchanged.

More than One Options Correct Type

A charged particle enters

e}

into a region which offers

a resistance against its P

motion and a uniform

magnetic field exists in the

region. The particle traces

a spiral path as shown in figure. Which of the

following statements are correct?

(a) Component of magnetic field-in the plane of
spiral is zero.

(b) The particle enters the region at Q.

(c) If magnetic field is outward, then the particle is
positively charged.

(d) If magnetic field is outward, then the particle is
negatively charged.

Two circular coils P and

1 L

Q are fixed coaxially and g
carry currents I} and I,
respectively as shown in

3 y P Q

figure. Mark the correct

options.

(a) If I, = 0 and P moves towards Q, a current
in the same direction as I, is induced in Q

(b) If I; = 0 and Q moves towards P, a current in
the opposite direction to that of I, is induced
in P.

(c) WhenI; #0and I, # 0 are in the same direction
then the two coils tend to move apart.

(d) When I, #0and I, #0are in opposite directions
then the coils tends to move apart.

PHYSICS FOR YOU | MAY ‘20
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23.

24,

25.

The minimum value of
d so that there is a dark
fringe at O is dy;,. For

the value of dy, the A 0
distance at which the
next bright fringe is D D
formed is x. Then

o AD
(@) dpin =VAD () diyi = 2
(c) x="0in (d) x = dyy

A cubical region of side z
a has its centre at the
origin. It encloses three
fixed point charges,

-q at (0,—7“,0),+3q
at (0, 0, 0) and -¢ at

[0, + %,0), Choose the correct option(s).

a
(a) The net electric flux crossing the plane x = +E
is equal to the net electric flux crossing the
plane x = 58,
2

(b)-The netelectric flux crossing the plane y = +§

is more than the net electric flux crossing the

1 y £
ane =R
P 2
(c) The net electric flux crossing the entire region
is i
€

(d) The net electric flux crossing the plane z = Fi
is equal to the net electric flux crossing the
plane x = +£

2

Integer Answer Type

A square loop of side @ = 6 cm carries a current
I=1 A. Calculate magnetic induction B (in uT) at
point P, lying on the axis of loop and at a distance
x =17 cm from the center of loop.

A solid sphere of radius R has a charge Q distributed
in its volume with a charge density p = k7, where
K and a are constants and r is the distance from its
centre. If the electric field at r = R/2 is 1/8 times
that at r = R, find the value of a.



26. A silver ball of radius 4.8 cm is suspended by a Column I Column I1
thread in a vacuum chamber. Ultraviolet light of

wavelength 200 nm is incident on the ball for some (A) At B before pasting (P) Bright fringe

time during which a total light energy of 1.0 x 1077 ] transparent paper . of f)rder ?0
falls on thegsurface. Assumging thatg():n the average, (B) At O, before pasting (Q) Bright fringe
one photon out of ten thousand photons is able to transparent papler uf'order ‘_262
eject a photoelectron, find the electric potential (C) At P, after pasting the (R) Bright fringe
(in x 107" V) at the surface of the ball assuming transparent paper of order 62
zero potential at infinity. (D) At O, after pasting the (S) Bright fringe
Comprehension Type transparent paper of order 280
In a mixture of H - He" gas (He" is singly ionized () g g (S: g
He atom), H atoms and He" ions are excited to their b) Q R S P
respective first excited states. Subsequently, H atoms © P Q S R
transfer their total excitation energy to He" ions (by @ s P Q R
collisions). Assume that the Bohr model of atom is
exactly valid. 30. Column I shows the state of motion of a charged
27. The quantum number n of the state finally particle. Column IT shows the possible combination
populated in He* ions is of electric field and magnetic field under which the
(a) 2 (b) 3 (c) 4 @ 5 path in column I is possible. Match column I with
28. The wavelength of light emitted in the visible column IL.
region by He ions after collisions with H atoms is Column I Column IT
(a) 6.5x 10/ (b) 5.6x107m (A) Charge  at  rest (P) E=0,B=0
(©) 46x107m () 40x107 m experience a force.
Matrix Match Type > (B) A charge in amotion (Q) E#0,B#0
29. In Young’s double-slit experiment, the point source goes undeviated “with
S is placed above the central axis as shown in same velocity.
figure and the interference pattern was obtained. (C) A charge in motion (R) E=0,B#0

Now he pasted a transparent paper of thickness
0.02 mm and refractive index 1.45 in front of slit
S, and again obtained the pattern. Column II
contains the nature and order of fringe and

goes undeviated with
varying speed.
(D) A charged particle (S) E#0,B=0

Column I contains positions on the screen. If undergoes helical
2 = 500 nm, then match column I with column II. motion.

A B C D

" P () QS PQR QS QR

S'ngm 20 mm _lm g (b) PR RS QR RS

fe (PR QS QR QS

) dQ PS RQ QS

I m 2m ©®
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