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In every Issuo of Physica For You, 10 challeng’ng problems are proposed in various fopics of JEE (Main end Advanced) / NEET. The detailed solutiona
cf these probloms will be published in noxt issue of Physics For You.
Tho roadars who have soived fivo or more probleme may send their dotalied solutons wih their names and complets address. Tha names of those
who send atisast fiva comect eolutions will be published in the next issue.

Wo hope that cur roaders wil envich thelr problam solving skils throush “Physica Musing” and stand In better siead whia facing the competiivo exams.

PHYSICS §/lI55]\[c]

hysics Musing was started In August 2013 Issue of Physics For You. The aim of Physkcs Musing Is to a.ugrnmt_ﬂn chances of bright studerts
proparing for JEE (Maln and Advanced) / NEET with eddilionel study material,

SINGLE OFTION CORRECT TYPE
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A long horizontal wire AB, which is free Lo move in
avertical plane and carries a steady current of 20 A,
is in equilibrium at a height of 0.01 m over another
parallel long wire CD which is fixed in a horizontal
plane and carries a steady current of 30 A, as
shown in figure. When AB is slightly depressed, it
executes simple harmonic motion. Find the period
of oscillations.

A—<—5B
c + D
(a).0.01s _(b) 0.02s.
/@ oas @oz2s’ |\ T/
/;"r 2 f/A{ solid—conducting sphere—~\ _Stiell
having a chage Q s '

3.

surrounded by an uncharged
concentric conducting hallow
spherical shell. Let the potential
difference between the surface
of the solid sphere and that of
the outer surface of hollow shell be V. What will be
the new potential difference between the same two
surfaces if the shell is given a charge -3Q?

(a) V (b) 2V

(c) 3V (d) 4V

A ball is projected with velocity u, at an angle B
to the horizontal towards a smooth wall which
approach the ball with velocity v, Find the time of
impact.

@ cosP+2v (ucosP +2v)usinp
gl4cosp+v) glucosp+v)
2vusinP (ucosP +2v)usinB
© glucosPp+v) @ g

If voltage Is applied between terminals 1 and 2 when
terminals 3 and 4 are open, the power liberated is

' PHYSICS FORYOU | APRIL'20

5. A uniform bar of length

P, =40 W and when terminals 3 and 4 are connected
to each other, the power liberated is P, = 80 W. If
the same source is connected to the terminals 3 and
4, the power liberated in the circuit when terminals
1 and 2 are open is P, = 20 W. Determine the power
P, consumed in the circuit when the terminals 1
and 2 are connected and the same voltage is applied

between the terminals 3 and 4.
Ry Rz
lo VYA WWWW—————a3
2R 4
f-i“——- !‘I,.-/ ; f ,/ \ JI‘?"
| ’J et [ \/ N .
(a) 20W (b) 40 W
{c) s0W (d) 80 W

2m
< Ja—»
6a and mass 8m lies on a v? c

smooth horizontal table.
Two point masses m and *
2m moving in the same a2
horizontal with speed 2v 6"'
and v respectively, strike i
the bar as shown in the figure and stick to the bar
after collision. Denoting angular velocity about
the centre of mass, total energy and centre of mass
velocity by , E and v, respectively, we have after
collision

(a) ve=0 (b) m=:—:
v Imv?
(c) © 52 (d) E= 5
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6. A particle of mass m moves in a certain plane due
to a force F whose vector rotates in that place witha
constant angular velocity w. Assuming the particle
to be stationary at the moment ¢ =0, then
(a) its velocity as a function of time is

()

(b) its velocity as a function of time is

({5 )

(c) the distance covered by the particle between

(d) the mean velocity over two successive stops
9 3E
T
Two point charges +q and —q are held fixed at
(~d, 0) and (d, 0) respectively of a x-y coordinate
system. Which of the following statements are
correct?

{a} The electric field at all poixm on x-axis has the
| same di.rection -
f(b) Electric ﬁeld at all poims on'y- a.xls is alungr

x-axis P
(c) Work has to be done in brlnging a test dmrgc
from eo to the origin

(d) The dipole moment is 2qd along negative x-axis,

In the shown figure, the coefficient of friction
between the floor and the body B is 0.1. The
coefficlent of friction between the bodies Band A is
0.2. A force Fis applied as shown on B. The mass of
A is m/2 and that of B is m. Which of the following
statements is/are correct?

7.

/

A
B —>F
PPI77777 7777777077777 77777

(a) Both the bodies will move together if F= 025 mg.

(b) The body A will slip with respect to B if
F=0.5mg

(c) The bodies will move together if F = 0.5 mg.

(d) The bodies will be at rest if F = 0.1 mg.

@
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COMPHEHENSION TYPE
A projectile is fired with speed vyat t = 0 on a planet
named ‘Increasing Gravity’. This planet is strange
one, in the sense that the acceleration due to gravity
increase lincarly with time f as g{f) = bf, where bis a
Ppositive constant,

9. Ifangle of projection with horizontal is ©, then the
time of flight is

(@) 6v,5in0 () Zvo sin®
b
© 3—"2;"—” (@ J_

10. If angle of projection with horizontal is 6, then the

maximum height attained is
) IM (b) 4(% sin6)"*
3 Wb 3 ¥
1(2y,sing)*? ,
(0 3 4 (d) None of these

\ 4 4

AII we need to know ahuut BS-VI Fuel

Stunﬁes shuw ‘that vehides zre a malor muu of polIutants mat"c;ue ey
dimate :ha.ngo. Cutting down on vobiqu'ar emission will also result i in
betzer 2ir qua‘ity in cities. In 2 bid to bring down pollution levels, the
Cerrral government has announced that from Apxll 1, 2020, ell wlﬂdu
sold in India should comply with Bharat Stage-W1, or BS-VI emission
standards.

The Bharat Stzge emission standards are the legal limits on the amount
of air pollutants like carbon monoxide and particulate matter that a
vehicle in India can emit. These stancards are tamgeted at making
Improvements in three areas-emission control, fuel effidency and
engine design.

India is currently operating on the BS-IV emission norms. In 2016, the
governmert made a dedision to Jump BS-V and implernent BS-V1 In the
country, While automobile manufactures ate making available vehides
that comply with the new norms, oil companias will have to provide fuel
that meet these standards. BS-VI standard fuel ks said to be the world's
cleanest fue!,

What makes BS-VI fuel better 7

Sulphur content In fuel ls a major cause for cancem, Sulphur diaxide
released by fuel burning is a major poliutant that aflects health as well.
BS-V1 fuel’s sulohur content Is much lower than BS-V fuel. It Is reduced
to 10 mg kg~ max In BS-VI from 50 mg kg™! under BS-IV.

This reduction makes it possible to equip vehicles with better ctaltic
converters that capture pollutants, However, BS-VI fuel Is expected to be
costlier than BS-V fuel. Viehides that are compliant with BS-WI will also
be more expensive.
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GEAR UP(Y

L

(a) 7i N towards the ll.nc charge

@

In a double slit pattern (A = 6000 A), the 1% order
and 10" order maxima fall at 1250 mm and
14.75 mm from a particular reference point. If A is
changed to 5500 A, n!hcr arrangements remaining
the same, position of 10" order maxima will be

(a) 12.25 mm (b) 14.55 mm

(c) 15.50 mm (d) 16.55 mm

Andcclﬁcd:polccomlstsofdnrga:lﬂﬂxlo“c 6.

sepamedbyadzstancenfl.()xll] m. It is placed
near a long line charge of linear charge density
4,0 % 107 C m™ as shown in the figure, such that
the negative charge is at a distance of 2.0 cm from
the line charge. The force acting on the dipole
will be

4+ttt

\3 — '

(b) 6.6 N away from the line charge
(c) 0.6 N away from the line charge
(d) 0.6 N towards the line charge.

A stone is allowed to fall from the top of a tower and
cover half the height of the tower in the last second
of its journey. Find the time taken by the stone to

reach the foot of the tower.
(a) 535 (b) 435
(c) 3418 (d)2s

A particle P of mass m is  Axis
attached to a vertical axis by
two strings each of length

L The particle rotates with
angular velocity @. The tension <
in the two strings are Tyand
T,. Which of the following
options is incorrect?

(a) =1

(b) Ty + Ta = ma*l

(c) 1 = T =2mg

Ty

(d) Lower string will remain taut only if® >
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with Namorical Value Type Quesiions

5. A body cools from a temperature 37T to 2T in

10 minutes. The room temperature is T. Assume
that Newton's law of cooling is applicable. The
temperature of the body at the end of next
10 minutes will be

7 3 4
(a) ET (b) ‘I'T (c) ET @r

For CE transistor amplifier; the audio signal voltage
across the collector resistance of 2 kQ is 4 V. If
the current amplification factor of the transistor is
100 and the base resistance is 1 k€, then the input
signal voltage 1s

(a) 10mV (b) 20mV (c) 30 mV (d) 15mV
A part of circuit in steady state along with the
current flowing in the branches, with valuc of each
mststancaiu shown in ﬁgu.n!. -

;" — u. ' _:’ _,-" o
vyl aQ 3";. ‘sn e
24 )

v J_ VWA

4pF 10

1A

Calculate the energy stored in the capacitor.
(a) 03.51 mJ (b) 0.59 mJ
(c) 0.80 m] (d) 0.1 mJ

. In LCR series circuit, an alternating em.f € and current

i are given by the equations € = 100 sin (100¢) volt,
i=100 sin 1oo:+§ mA.

The average power dissipated in the circuit will be
(@) 100W (b) I0W () 5W (d)25W

. Abeaker contains a fluid of density p kg m™, specific

heat S] kg™ °C! and viscosity 1. The beaker is filled
up to height ., To estimate the rate of heat transfer

per unit area (6 /A) by convection when beaker is



10.

13

14.

(9 1772 % 10™
21 an dcc!ron in a

put on a hot plate, a student proposes that it should

depend on 1y, (-@) and[ !
h Pg
is the difference in the temperature between the

bottom and top of the fluid. In this situation the
correct option for (6! A) is

R
o ()]

SAB
(€) —
Silver has a work function of 4.7 eV. When
ultraviolet light of wavelength 100 nm is incident
upon it, a potential of 7.7 volt is required to stop the
photocelectrons from reaching the collector plate.
How much potential will be required to stop the
photoelectrons when light of wavelength 200 nm Is
incident upon silver?
(Given hc = 12375 ¢V A)
(8) 05V (b) 15V (c) 235V (d) 3.85V

In a plane clectromagnetic wave, the electric field of
amplitude 1 V m™" varies with time in free space. The
average energy density of magnetic field is (m Jm™)
(2)°8.86 % 1072 _— (b) 4.43 x 107!

() 221'x m““

] » where A8 (in °C)

the 3™ orbit to the 2™ orbit, it emits & B: hoton of
mvelength A. When it jumps from the 4™ orbit to
the 3" orbit, the corresponding wavelength of the
photon will be

16 9
(a) '{5'1 (b) 'l_ﬁ-l

For a damped harmonic oscillator of mass 200 gm,
the values of spring constant and da.mplng constant
are respectively, 90 N m”™ ! and 0.04 kgs . The time
taken for its amplitude of vibration to drop half of
its initial value is (Take log,2 = 0.693.)

(a) 70s (b) 1425 (c) 159s (d) 26.65

A cubical block of side a is moving with velocity v
on a horizontal smooth plane as shown in figure.
It hits a ridge at point O. The angular speed of the
block after it hits O is

20 20

M |
Pl Tl fl{li!lffl!l!llflﬂ'o
v 3v J?u_v
— — c) — (d) zero

lnjd.mgcn 2tom jumps from’

15.

16.

17.

A satellite is moving in a circular orbit at a
certain height above the earth’s surface. It takes
526 x 10° s to complete one revolution wlth a
centripetal acceleration equal to 932 m s™%. The
height of the satellite orbit above the earth’s surface
is (Take radius of earth = 6.37 x 10° m)

(a) 70 km (b) 160 km (c) 190 km (d) 220 km
In the arrangement shown
in figure, the block of mass
m = 2 kg lies on the wedge
of mass M = 8 kg. The initial
acceleration of the wedge, if
the surfaces are smooth, is

\Eg -~ 3\’52 -2
(a) T (b) = ms
(c) -;—g-m s2 (d) -zgs-m §2
A ray incident at a point at an angle of incidence of

60° enters a glass sphere of JL = V3 and is reflected
and refracted at the farther surface of the sphere.
The angle between the reflected and refracted rays
at this surface is

(a) 50° (b) 90° (c) 60° (d) 40°

In the figure shown, surface is frictionless and
spring-is-in natural condition. If x), x; andxy’
are/the_maximum compression in spring for—

felastic, completely inclastic and inelastic (e =05) _

lgl

20.

(a) x;>x3> x5 (b) x3 > x3 > x;

(€) x; >x3>x; (d) x> x; > x3

‘Iwo co-axial solenoids are made by winding thin
insulated wu'e over a pipe of cross-sectional area
A = 10 em® and length = 20 em. If one of the
solenoids has 300 turns and the other 400 turns,
their mutual inductance is

(a) 24nx 107 H (b) 24n x 10° H

(c) 48 x 10 H (d) 4.8n x 10° H

The four curves A,, A,, A; and A are shown on pV
diagram. Which of the curves represents adiabatic

process?
N =/
Ay A,
(@ A3 () Ay (c) A (d) A,

PHYSICS FORYOU | APRIL20 |
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21.

22.

24.

/

25.

The equation of motion of a projectile is
3
y=12x- sz.lfthe horizontal component of

velocity is 3 m 57, the range of the projectile (in m)
is. .

(a) 8m (b)16m (c) 12m (d)21.6m
A disk of radius R = 4.8 cm carries a total charge
g = +2.5 nC that is uniformly distributed over its
surface and held in fixed location (Consider the
surface to behave like an insulator) An electron is
initially at rest at a distance of d = 3.0 cm from the
disk along its axis. When the electron is released,
it is attracted toward the disk. The speed of the
electron when it strikes the centre of the disk is
x x 10’ m s™'. The value of x (upto two decimal
point) is .

. In the spring-mass system shown

here, spring of spring constant 100 N
m™! is in its natural length initially.
If the block of mass 1 kg is released
from rest, the maximum power of the
weight of the block (in watt) is

A straight horizontal conducting rod of length
50 cm and mass 50 g Is suspended by two vertical
wircsatitsends.Acun'mtof'SOAIssctup in the
rod through the wires. The magretic field (in teslz)

k

2.

,one should set normal o the conductor such that

thctcnsmninthemrcsismo.;s .(Ta.'keg-’

10ms™?)

A freshly prepared radioactive source of half-life 2
h emits radiation of intensity which is 64 times the
permissible safe level. The minimum time (in h)
after which it would be possible to work safely with
the source is .

@

. (b): Here, A = 6000 A

Between 1% order and 10" order maxima, there are
9 fringes,

Therefore, 9 i = 14.75 - 12.50 =225 mm

22
[1——5~—0,25mm

When waveleng‘t.h is changed to 5500 A, the new
fringe width becomes,

. 3500
B'=22"xp=092%025mm =023 mm
The position of central maxima or zero order
maxima remains the same, which was earlier at
12,50 - 025 = 1225 mm
2. New position of 10® order maxima wonld be
y=1225+ 10§’ = 12.25 + 10 x 0.23 = 14.55 mm

" PHYSICS FORYOU | APRIL20
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(d): The electric field at a distance r from the line
charge of linear density A is given by
A
E=
2nEyr
Hence the field at the negative charge,
_4
. (4.0%10 ){(]?;xs x10°) 3TN G
The force on the negative charge
Fy=(36x10%(20x10%)
=7.2 N towards the line charge
Similarly, the field at the positive charge, ie., at
r=0.022mis
E,=33x10°NC.
The force on the positive charge,
F,=(33x10%) % (2.0x10°%)
= 6.6 N away from the line charge.
Hence, the net force on the dipole=72N - 6.6 N
=0.6 N towards the line charge

(c) : Let the total time taken be n seconds.
Hn

I

£=_l_g'(n_1)2 . - »

J2__2 [~ /\ [/ -

—H '="—'§ gn’ “:_“_(ﬁj""

Using (i) and (if), we get
1 (=17

2° 2

= =2 +1-2n)=>n’-4n+2=0

+4+,/16-8
= n=— —=(2:|:J£)S

Since time is greater than 1 s, therefore

n=(2++2)s=341s

(a): T, cos 30°+ T, cos 30° = ma? (1/25!)
Tl + Tzzmtﬂzl

Ty sin 30° - T sin 30° = mg
T1-Ty=2mg

Solving eqns (i) and (Li),
2T = mw?] - 2mg

As T,>0

s mo’l-2mg>0

2 4

2 '23
T: o> -'i—'

1)
iD)

">



5. (b): According to Newton's law of cooling, 2+1-Ij=0o0r I} =3A

dT and I,+1-2=0 or =1A.
7 - KT-T) Let potential at points A and B be V; and V3
fo dT; _ 1 respectively.
f two cases, at =K(T} -T) an From figure, Vi -3x5-3x1-1x2=Vp
dT: or V4-Vp=V=20V
d—:=K(’E—T,) So, energy stored in the capacitor,
l 2 1 -6 2 —4
U=-CV* =- 10 20)° =8x10
Herc.T;=T,T1=3T+2T=2.5T 5 2><(4x )% (20)"=8x10""]
8. (d)
dT, 3T-21 T .
—=———=— (Given) >
dt 10 10 9. (a):Let % is derived quantity which is derived from
4 -T SAB 1
and T, = Ll s = LU e o three fundamental quantities 11.( )and [—]
2 dt 10 h pg
By using principle of homogeneity of dimensions,
So, —=K@ST-T) N0 R A et S '
10 SAB z
=T (2T+T - —lﬂ]"[ ] ]
and 10 = K( 2 - TJ -(ii) :A Pg
Dividing eqn. (i) by eqn. (i), we get Q biedn rey fanly sl
T (sTT) 5= Mg = T
2T-T' (2T+T’
= ] 2 s
, i P
,'ZT"'T ~T=QT~- T)x—. —— A o - ML) = [M‘L“T“]‘[M"L‘T"]’[Nr'L"r’}’
/) </ \ Oncumpm'ingbmhsidcs*' [ —
’--.3(27‘ 1')or. -IT’ /  \/x+0-z=1l,-x+yi2z=0and-x- 2}-&2: —3
. ‘T' ET T B Onso'.[wngthcsccqns,wcgct x=1,y=1z=0"
’ 2 Q_ SAQ
6. (b):Here,Rc=2k9=20009.Vn=4V adranill i
Re 2000 10. (b): Here, A; = 100 nm = 1000 A and
Voltage gain, A= B —100)(—-200 A2 =200 nm =2000 A
1000 he 12375¢VA
Now, B, =——=——————=12375¢V
Also, A:V—ur‘f‘,:i:i:iv’:ZDm\’ i 71..1 100’0:\
V A 200 100 g e
7. (0): —
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12375 Since no external torque acts on the block, its

and E, —W—GIB'?S eV angular momentum is conserved.
Angular momentum of the block before hitting the
As eV,=E -¢, p
o e(7.7V)=12375-¢ (i) ridge = mv(;)
and eV}=6.1875 - ¢q (i) .
Subracting (ii) from (i), we get g:gg\ﬂﬂ-l'e v :'I;Omenmm of the block after hitting the
(7.7 -Ve ;,6_1 875¢V The moment of inertia, I, of the block about the axis
7.7-V,=6.1875V passing through the point O is I, = I + mr?
or V,=77-6.1875=151V ? (2 3° %
NN O T Rl
12. (c): When clectron jumps from higher orbit to Hence the conservation of angular momentum
lower orbit. then wavelength of emitted photon is gives
_p[L_1 a2 a2 =¥
given by I_ [:f-—;?-] mv(z)-[ama )m or m—“
For transition 3 — 2, 15. (b): As, T =21 M
e R[L _1).5R \ oM
A 22 32) 36 2
and for transition 4 — 3, i (R + b’ (i)
1_ (1 1)_7R C oM
voRlZ-3]" Centripetal acceleration, a = —o- (i)
G 2 2 144 petal accelera on’a—(R+h)z -
2 = 144 144 5h 5\ _ 20A From equations (i) and (ii), we get
ST 7 3% 7 | 2 e -
13. (a) Here, m= 200 gm = 200 x 10'3 Lg’“ﬂ 2 kg /\ K = ~—xa= 5, "6 X %932 /
1 k290N mi, b=004kgsT / \// —4n? i /) /oA / -_’ -
" 'The. -.u'nplnude of the.damped osmll.ator at nny V= [R+h= 6.53x 10 m"- . -
instant ¢ is & h= 6.53)(10 -R= 6.53!10 -637x10"
A(f) = Ag e B2 (i) =0.16 x 10°m = 160 km
where, Ag Is its initial amplitude and b is the 16. (b): If initial acceleration of M towards right is A,
damping constant. then acceleration of m with respect to M down the
Atany instant f = t)5, the amplitude drop to half of incline is
its initial value. N T
From equalion (i), we get (Pseudo mA
4. Age Pl o 1 ~bniam f“:: ; ha/
2 2 ""lgm!ﬁ)'
btysa/12m
or ¢ V2" =2 a=..-'1i.'l+t:mi9)=E (s 06=60°
Taking natural logarithms on both sides, we get 2
bt} Equations of motion:
2m =Iﬂ2 J; 1 3 i
Formmg—+mAX—-T=m|=-A (i)
2min2 _ 2x0.2x0.693 2 2 2
t"z= = =693s=7s
b 0.04

14. (a): The block would start rotating about an axis
passing through the point O.

-l —

0
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NG 1 dx

N+mA?=ng (1) BMI=G.‘=U.
3 - 2
For M.T+N£=MA i) Hence a,=—3(£) =-242=3x@
34!_ 2\ dt 2 2
From equations (1), (il}an.d[ﬁj).A-——‘g 52 _ Y
17. (b) 2u u
18. (c) : For elastic colllsion velocity is interchanged. Range, R = xr =2:73;‘236 =16m
a
1 1 m y
i—mvg =Ekxlz =% =Yo7 22. (1.21)
For completely inelastic collision, 23. (10) : Maximum POWEr, Pyyyx = Mg Vonax
m
mt‘u=2mv=:v=;—° For Vg mg = kxg = ’o=_k£ (1)
v Ut Ti=Up+ T,
1 1 (=AY
Nuw,—ké=—>((2m)xvz=‘.bxz =VDJ§ 1 1
2 2 0=-mgxg+ ~kg + = MVpray
For inelastic collision, 2 2
=05, ~05=2"1 mg [k m )
0—-v, - VM=T ;= I [Usmg(i)l
m m m
v IEI—h& Pm="‘8x3J:=mng—;
womsy | ol : ~
. £\ o~ 7\ — {". e .""
/ Also.nw;%-mv,—mvn { ', S/ [ "1"1“0\) g *",.mw ’_/ .
ay y, \ ,f" / : fa \/ \
/ meeqns W and(ﬂ).v = 3 ' 24 (ﬂ-'l] Here, | = 50 ¢m =50 X 10 m N
m=50g=50%10"kg, I=50A
—ha——’""zﬂxa—"zJ_ J_( ] Tension in the wires is zero if the force on the rod
due to magnetic field is equal and opposite to the
Hence, x> x3> %3 weight of the rod. «
19. (a): Here, A = 10 cm® = 10 x 107 m? = 10 m? m
I =20 cm = 0.2 m, N, = 300, N, = 400 ie, mg=Bll = B=—Hg-
M= BoMiN24
- f Substituting the given values, we get
-3
_ (4nx107)x 300 400x10 g 30X X0 _ o0
L. 02 5 X 50 x 1072
=24nx 10" H 25. (12) : Let safe level activity be A.
20. (a) Initial activity = 64 A.
3 — N _A_ A _1
. (16): =12x=>x*,u, =3ms "}
21. (16): Given, y=12x ¥ 1Ux=3ms Since, — N, Ao - r
dy_pdc 3 de_oo 3 '
e o or [l] =L & n=6
Atx=0,v,=wu,and ¥, =12u, =12x3=36 ms ! 2 ) o
Lo _d(dy)_,d (e ae] T RS
“=alar) %2 2\a) Tr e As T=2h,:. t=12h
¢®
&&&

prvsicsForvou | i < ()



1.

A bank of overhead arc lamps can produce a light
intensity of 2500 W m? in the 25 ft space stimulator
facility at NASA. Find the average momentum
density of a total absorbing surface,

(a) 833 x 107¢ kg m2g!

@) 833x 10 kgm?s™!

(c) 278 kg m2s!

(d) 278 x 10 kg m2s™!

At room temperature, the rms speed of the
moleculcs of a certain diatomic gas is found to be
1930 ms™". The gas s
(a) H, (b) E,

() 0, (@) Cl

In,7a galvanometer —there is ‘a deflection of
10/ divisions per mA. The internal resistance of /
/the galvanomcter is 60 £2. If 2-shunt of 2.5 Q is’

connected to the galvanometer and there are 50
divisions in all, on the scale of galvanometer, what
maximum current can this galvanometer read?

(a) 125 mA (b) 100 mA

(c) 25 mA (d) 250 mA

4. 'The focal length of a convex lens of refractive index

18

1.5 is fwhen il is placed in air. When it is immersed
in a liquid it behaves as a converging lens and its
focal length becomes xf{x > 1). The refractive index

of the liquid is
(a) >3/2 (b) <3/2and> 1
(c) <312 (d) all of these

Three concentric spherical shells have radii
r, 2r and 3r with charges q,, g, and g respectively.
Innermost and outermost shells are earthed. Which
of the following is incorrect?

(@ q+q3=-9; (b) ‘I:'—'—%z
(© =3 @ L__1
q q; 3

If a magnetic material is having magnetic
susceptibility (X) = -1, then the relative magnetic
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permeability (j,) and type of magnetic material is
(a) 0, diamagnetic (b) 2, ferromagnetic

(c) 1, paramagnetic  (d) -1, diamagnetic

In the formula X = 3YZ? X and Z have dimensions
of capacitance and magnetic induction respectively.
What are the dimensions of Y in MKSQ system?
@ M7L'TQY () (MPLrQY

@ MLTQY (d) (MPLPT'Q')

A boat crosses a river of width D from port A to port
B, which are just on the opposite side. The speed of
the water is vy and that of boat is v relative to water.
Assume vg = 2v}y. What is the time taken by the boat,
iflthas to cross the riverdlrectlyon the ABline?

[ 2D \FD f\ ,/ —
\ ['J) ’.' va 3 (b) 2,:,;— \J/ "\___"__,
D D
() m-z' (d) —

5 mole of an ideal gas with y = 7/5 initially at STP

arc compressed adiabatically so that its temperature

becomes 400°C. The increase in the internal energy

of gasin kJ is

(a) 21.55 (b) 41.55 (c) 65.55 (d) 50.55

When a wire of length 10 m is subjected to a force of

100 N along its length, the lateral strain produced is

0.01 x 107>, The Poisson'’s ratio was found to be 0.4.

If the area of cross-section of wire is 0.025 m?, its

Young's modulus is

(@) 1.6x10°Nm2 (b) 25x10""Nm™

(c) 125x 10" Nm™ (d) 16 x 10° Nm™?

A mass of 0.2 kg is attached to the lower end of a

massless spring of force constant 200 N m™, the

upper end of which is fixed to a rigid support.

Which of the following statements is not true?

(a) The frequency of oscillation will be nearly 5 Hz.

(b) In equilibrium, the spring will be stretched by
2 cm.



(c) Ifthe mass is raised till the spring is unstretched
state and then released, it will go down by 2 cm
before moving upward,

(d) If the system is taken to a planet, the frequency
of oscillation will be the same as on the earth.

12. Aphysicist works inalaboratorywhere the magnetic

13.

field is 2 T. She wears a necklace endosing area
0.01 m? in such a way that the plane of the necklace
is normal to the field and is having a resistance
R=0.01 Q. Due to power failure, the field decays to
1 T in time 107 s, then the total heat produced in
her necklace is

(a) 10] (b) 20] (c) 30] (d) 40]

Two radioactive sources A and B of hall lives
1 h and 2 h respectively initially contain the same
number of radioactive atoms. At the end of two
hours, their rates of disintegration are in the ratio of
() 1:4 (b) 1:3 (c) 1:2 (d) 1:1

14. An open pipe is suddenly closed at onc end with

15.

16.

‘(a) Ztllﬁ-lz

the result that the frequency of third harmonic
of the closed pipe is found to be higher by
100 Hz than the fundamental frequency of the open
pipe. The fundamental frequmq.r of the open pipe
s~ 2 —
s b) 300 Hz -
(c] 240Hz f
Inthcgiven circuu. the) pot:ntial differeiice b ctwmn
Aand Bis

10kQ
‘ﬂll' H L
WV ks S0k
B
(@) 0 ) 5V () 1av (d) 15V
In Young’s double slit experiment of equal width

slits, if intensity at the centre of screen is I, then
intensity at a distance of /4 from the central
maxima is (P is the fringe width)

@Wh ®2 ©@h @b
2 4 3

17. Two satellites S, and §; revolve around a planet in

coplanar circular orbits in the same sense. Their
periods of revolution are 1 h and 8 h respectively.
The radius of orbit of S, Is 10* km. When S, is

closest to S;, the speed of S, relative to S, is
(8) nx10°kmh™?  (b) 2n x 10* km h™!
(c) 3tx 10 kmh™? (d) 4nx 10*km h?

(d) sode |/

lg-

/a1
'Fwill depend on displa¢ement as

22. In the circuit shown in figure

24.

A large plane sheet of charge having surface charge
density 5.0 x 107 C m™ lies in the X-Y plane.
The electric flux through a circular area of radius
0.1 m, if the normal to the circular area makes an
angle of 60° with the Z-axis is

[Given :g,=885x 1072 C* N m?

(a) 4.44 x 107 N m?C"!

(b) 333 x 107 Nm?C"!

(c) 222x 107 Nm2C!

(d) 1.11 x 107 Nm?C™!

A block of mass 10 kg is moving in x-direction with
a constant speed of 10 m 57\, Tt is subjected to a
retarding force F=- 0.1x) m™! during its travel from
x=20m to x= 30 m. Its final kinetic energy will be
(a) 4757 (b) 450] (c) 2751 (d) 250])

. When a light of photons of cnergy 4.2 ¢V is

incident on a metallic sphere of radius 10 cm and
work function 2.4 eV, photoelectrons are emitted.
The number of photoelectrons liberated before the
emission is stopped, is :

(e=16x10"Y Cand ——=9x10° Nm?C?)
4ncy

(a) 6.25 x 10° (b) 1.25 x 10'8

(c) 1.25 x 10° (d) 625 x 10'®

A’ force~T acting on 2 body depcud.x on”its’

displacement § as F<' S, The pnwrr deltvered by-

@ s () $? (o & (d) 5

X, =xf=ﬂ. the peak value
of current I is

¥5¥,
2R

© ;—’;

V= V, sin ot

. A man in a balloon nsing vertically with an

acceleration of 4.9 m s> releases a stone 2 seconds
after the balloon is let go from the ground. The
greatest height abave the gruund reached by the
stone is (Take g = 9.8 m s™2)
(a) 147 m (b) 19.6 m
(c) 5.8 m (d) 245m
The twisting couple per unit twist for a solid
cylinder of radius 3 cm is 0.1 N m. The twisting
couple per unit twist, for a hollow cylinder of same
material with outer and inner radius 5 cm and 4 cm
respectively will be
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(a) ,JNm (b) 0455 N m
{c) 091 Nm (d) 1.82Nm

25. Water is in streamline flow along a horizontal
pipe with nonuniform cross-section, At a point
in thc plpe where the area of cross-secuon is
10 cm?, the velocity of water Is 1 m s™ and the
pressure is 2000 Pa. The pressure at another point
where the cross-sectional area is 5 cm?is
(a) 4000 Pa (b) 2000 Pa
(c) 1000 Pa (d) 500 Pa

. Assuming the sun tohave a spherical outer surface of
radius R, radiating like a black body at temperature
£°C, the power received by a unit surface (normal to
the incident rays) at a distance r from the centre of
the sun Is

47R%*ot*
(a) 2 (b)

© 16xR%att R2a(t +273)*
2

; (@ 3
. Excitation energy of a hydrogen like ion in its first
excitation state is 40.8 eV. Energy needed to remove
the electron from the ion in ground state is
(a) 544 eV (b) 136V
(c) .40.8 eV —.(d) 272V

R%o(t +273)*
dnr?

(@ 0V (b) 12V (9 7V (d)3V

29. If wavelength of photon emitted due to transition
of an clectron from the third orbit to the first orbit
in a hydrogen atom is A, then the wavelength of
photon emitted due to transition of electron from
the fourth orbit to the second orbit will be

@ 2 ® Zr @ Tr @

A bcam of cathode rays is subjected to crussed
electric field E and magnetic field B. The fields
are adjusted such that the beam is not deflected.
'The specific charge of the cathode rays is given by
(Take, V = potential difference between anode and
cathode)

2
m”

20

30,

()—()
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31, For the given incident ray
as shown in figure, the
condition of total internal
reflection of ray will be
salisfied if the refractive
index of block will be

G+, 241 \F JE
(a) 2 (b) 2 {c) 3 (d) 5

A body of mass M is dropped from a height kon a
sand floor. If the body penetrates a distance x into
the sand, the average resistance offered by the sand
to the body is

e

32.

oul)  ouf
(c) Mgh+ Mgx (d) Mg( —E]
33. If the charge on a capacitor is increased by 2 C, the

energy stored in it increases by 21%. The original
charge on the capacitor is
(a) 10C (b) 20C {c) 30C (d) 40C

. A cylindrical metallic rod in thermal contact with
two reservoirs of heat at its two ends conducts an
amount of heat Q in time t. The metallic rod is
melted and the material is formed into a rod of half..

8. lnthgpartofadrcull shown in ﬁgm the p pomnﬂa_] / \ the radius of the original rod. What Is the amount

d]]fermce betvieen pcinr.s G.md Hm]l be /

of heat conducted by the new rod, whcn Pplaced in
thermal contact mth the two reservoirs in tinie f1—"

@2 @ T @22 @2

. A metal sphere of radius rand specific heat s is rotated
about an axis passing through its centre at a speed
of v rotations per second. It Is suddenly stopped and
50% of its energy is used in increasing its temperature,
Then the rise in temperature of the sphere is

@) ?!Iz‘uzr2 niy?
8 10r2s 3
(9 Enr‘u’s (d) 5(1::1))

36. The side of a cubical bIockwhenmusu:edwitha
vernier callipers Is 2,50 cm. The vernler constant is
0.01 cm. The maximum possible error in the area of
the side of the block is
(a) +0.01 cm? {b) +0.02 cm®
(c) +0.05 cm’ {d) +0.10 cm’

37. When the angle of projection is 75° a ball falls
10 m short of the target. When the angle of
projection is 45° it falls 10 m ahead of the target.
Both are projected from the same point with the



same speed in the same direction, the distance of
the target from the point of projection is
(a) 15m (b) 30m (c) 45m (d) 10m
38. If the pressure of an ideal gas contained in a closed
vessel increased by 0.5%, the increase in temperature
is 2 K. The initial temperature of the gas is
(a) 27°C (b) 127°C (c) 300°C (d) 400°C
39. Which graph represents the variation of surface
tension with temperature over small temperature

ranges for water?

@ F ® \
‘Temperature Ternperature

(© (4) k
Temperature & Temperature

40. The work done by electric field during the
displacement of a negatively charged particle
towards a fixed positively charged particle is 9 J. As
a result the distance between the charges has been

44. Two coils, a primary of 400 turns and a secondary
of 20 turns are wound over an iron core of length
20mm and cross-section of 2 cmradius. If =800, then
coefficient of mutual induction is approximately
(a) 1.6x10"H () 1.6x10*H
(© 1L.6x10°H (d) 1.6H

. In the Young’s double slit experiment at a point P
on the central bright fringe is such that the intensity

of the point Pis =i time the maximum intensity,

Distance between the slits is d and wavelength is A
Then angular separation of point P is

ey

o) el

L (&):Energydenily =1,

c

1 2500
Momentum density = —-= ————
& 9x10'

=278x 107 kgm2 57!
2. (a) : Mass of the gas molecule

decreased by half. Whatworklsdonebytheelactrlc m = 3KT 3RT _ -
1 fiéld ovet the first half of this distance? N SR N pr / \ /
/1/@ 33 0) 61 () 157\ @91 | / \ /) 3axesix3e [ | L, S
/" 41.Two' long pasallel- al. =  Zaax10T g/
g PAar -wires “carry equal- current 1 6023)(10" 1930)2 -
flowing in the same direction are at a distance Mass of H, molecule=1.66x 10 x2=3.32x 10" kg

2d apart. The magnetic field B at a point lying on
the perpendicular line joining the wires and at a

distance x from the midpoint is
g —Bold gy Holx
n(d? +x%) nd? - x?)
_FUL"_ _liu_{‘_i___
© @ied (@ @ -x?)

42. The nucleus 1oNe® decay by P~ emission. The
maximum kinetic energy of the electrons emitted is
Given : m[mNe”) 22.994466 amu,
m("Na ) =22.989770 amu
(a) 4372 McV (b) 2.472 MeV
(c) 5732 MeV (d) 1341 MeV

43. A body of mass 0.01 kg
executes simple harmonic
motion (SHM) about x =0
under the influence of a force
shown below. The period of
the SHM is
(a) 1.05s (b) 0.52s

(c) 0.25s8

(d) 030s

Thus the gas is hydrogen.
3. (a): As the galvanometer has 50 divisions, current
required to produce full scale deflection is
I =L x50mA =5mA=0005A
U T

=60QandR,=25Q
Let I be the maximum current that the galvanometer
can read.

xI

'Then f! = : _; R‘ &&&
Monthly Test Drive CLASS XIl m
1L () 2. (a) 3. (@ 4. (d)
5. (d) 6. (b) 7. (b) 8. (d)
9. (b) 10. (b) 11, (d) 12, (b)
13. (c) 14. (a) 15. (a) 16. (c)
17. {a) 18. (o) 19. (b)  20. (a,d)
2L (b,c) 22. (abc) 23. (bcd) 24. (ac)
25. (be)  26. (7) 27. (5) 28. (7)
29. (a) 30. (b)
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_(Ry+R), _(60+25)5

T =125mA
4. (b): According to lens maker’s formula.

70055

when the lens is placed in air

1 15 1 1

==y ==
f [1 )[Rx Rz]
‘When the lens is placed in the liquid

()5 s)

x \y R R

where, y = refractive index of the liquid.
Solving eqn (i) and (ii), we get y=

-(i)

we(i)

2+(1/x)

5. (d) : Potential on innermost
shell is zero.

. 1 ‘31 q, ‘h -

' e lr Yo =0
= 6g+34,+2;=0  .()
Potential on outermost shell is zera
. _ 1 |q ‘3’2 9 |-

B

oules
= q1+q2+ﬂ_\—0 ,--’_
/From eqn. (ii), 4; +43=-4;.

—— (h)

, Suhstituting the value of g, fmm ({1) in (l). we gct . _/

69y + 3, + 2(-q, - 95) =0; 4, = -q,/4
Substituting the value of g, from (li) in (i), we get
69y +3(-qy - q3) + 293 =0; q3/9, =3
Substituting the value of g; from (il) in (i), we get
4
6(-g; - g5) + 39, + 29, =0; “b‘='§
Option (d) is incorrect. 3
6. (m): Here, 3 =-1
thenp,=1+%xor p,=1+(-1)=1-1=0
Since, magnetic susceptibility of given material is less than
one, given magnetic material is a diamagnetic material.
7. (b):[X1=[C] = [M'LT°Q]
[2]=[B] = (MT™'Q""]
. (= MR
[z TP
8. (a): To move straight along B
AB,?_BS!.EO-"—‘—VW ’ g..'l oL \'D cos D
s m_ =i‘.v_ —_—— .
Sllla— Vn sz 2
o 0=30° 'y
Time taken to cross the river, A

22

=[M7L*T'QY
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D D _2p
vpeosh  vgoos30° .3
9. (b):Here,n=5,y=7/5T;=0°C, T, =400°C
nRdT _ 5%8.31%(400-0)

t=

dU= =41550 ] =41.55
-] (715)-1 ] K
10. (u)
200

11. t 0= =5Hz

®) 2n 21': 0.2
In equilibrium, kx mg
or x =" 02xi10 =0.01m

200

When mass is raised till the spring is unstretched, the
work =%k:2 =mgx

When the mass is released from the unstretched
position of spring, then total work done

mgx’=(mgx) +%hz =2mgx

or ¥=2x=2x001=0.02m

As v of spring is independent of g so thal the frequency
of oscillation will be the same as that on the Earth.

dé dB ) .
M2 @ise=—T=-AT s A o
i (‘) dt df f 'r,"' \ / _x/ i
=001 f?-—mv, l /NN
) lﬂ 2 ' 2 3 o
_ et (10)° X107
Heat produced = R ool =107
13. (c) : Rate of disintegration =< number of atoms left
N (1 1
A—=]—| =—
In case of source No [ZT 2
In case of source H.£=[l)l=1
Ny \2 2
Ro _No/4_1
" Ry Ny/2 2
14. (a) : For open pipe, in
fundamental mode, m
1 ,
2 vy ¥
~ TFrequency =—=— ‘D,—— (1)
M

For closed pipe, vihrnl:ionln third harmenic,

- O
N A A
3v

‘Fucn-l—— -
et A Y !




3y 2nR, _2mx4x10*
= o (id PR ectiady” BT aiciilind B 1 -1
or V= (ii) 1= 5 710" km h
;- v; =100 (given)  Relative velocity of S, with respect to S, is
Loy _ v=v,-v =(mx 10" -2 x 10*) km h™!
Tl Th =100 o r:lj 100 or v=400! [v| =1 x 104 km h™?
'u1=1=£°'=2001-1z 18. (a) : Here,0 =5.0x 10 Cm™?, r=0.1m, 0 = 60°
21 2 Field due to a plane sheet of charge,
+ Fundamental frequency of open pipe = 200 Hz. g= 9
15. (c) : The forward biased p-n junction does not offer 289 )
any resistance. Flux through arcnlar area,
10x10 .
5 Run= =5kQ &g =EAS cos8= xnr? cos
AB=10+10 "Eo
Total resistance, R = 10 + 5= 15kQ _5.0%107"° x3.14x(0.1)* cos 60°
- -12
Current in the circuit, I=— = ——— =2x107A 2x8.85X10
R 15x10° =444x 107 Nm’C

19. (a): According to work energy theorem,
W=AKE; W=KEz-KE;

Fdx=K.EF—%xm><vz

Current through each arm =§=10"3A
& Vap=10x10*x10%=10V
16. (b) : Let the intensity of individual waves be I, then

Iy=41; 1=5':- Fdsz.E.F—%xl[lxm‘;de=K£.F-5m

—-l" /.'. —— P
Also, Ax dsma - —f /\ Hnwdnns WlFiwurk un planas? al - .

—, J \ ~ | J 5\

e i A 2RAA R /  The' ceniral government has ptmmed aklnes’ upuatim i, Indato
&=EKI=B"'E“1"‘- M"T*I‘-—E— = prt\iﬂeTn!I'g'-:'.'.’."iseMmtopasmws ——
WiFi in airplares lez you use your gedgets with an intemet connection
So required intensity just ke on ground, but with the fight moce turned on.

I'=I+I+2Jf_zms§=21'=%o

mv: GMm = GM

17.():—R—._ 2 =v'="
_2nR 2_ATR* _GM

Also, v= T =2 v= Tz —T

. 2 4R

S TE= GM

If T, and T are the time periods for satellite S; and S,
rapcctivﬂy

G-(3) = el

Here.TI—Ih. T,=8h, R;=10"km
3
R,_:(ﬁr x10%km =4x10*km

4
=21 x10% km h™!

As Inflight WiFl becomes available in more and more alrlines, ever
wonderad how It works at 40,000 feet?

There are two systems of connectivity for inflight WiFi-Air-to-ground and
satellite.

Alr-to-ground system 5 a ground based system that works similar to
mabile data network on cell phones. There are towers that project signals
upwards uniike mobile data towers that projects downwards. Anteninae
fitted benezth the airplanes receive signals from these towers and send
them to an onboard server. The server has @ modem that converts these
signals, thereby providing WiFi to passengers. These towers are connected
to operation centres run by service providers.

In Satedlite based WiFi system, antennae are fitted on the top of airplanes.
Antennae receive signals ficm satellites orbiting the earth, The antennae
need 1o constantly adjust their positions to receive signa's as both the
satellite and the airplane are constanty moving. These satellites are
linkad 1o ground statlons that 2re connected 10 operation centres run by
service providers.

The a'r-to-ground system works seamlessly, unless the airplane ks flying
over a space with no tovzers. In thal @se, satellite WIFl systems @ be
utifised.

Evan though alrlines all over the workd are rushing to previde inflight WIF
senvices Wi in airplanes are slower and expensive than on the ground.
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20 271°
|-0.1xde=K.E.; -500; —0.1[—] = K.E.; -500
20 2 120

-0.1 [M] =K.E.p ~500
KE.p=500-25=475]

20, (c) : Here,
Radius of the sphere, r= 10 cm = 10 x 10~
Work function, ¢g=2.4¢V
Energy of a photon, E= v =42 ¢V
According to Einstein's photoelectric equation
= hu - ¢

ButK__=eV,
where Vj is the stopping potential.
t eVp=hv-d,

eVo=42eV-24eV=18eV
or Vp=18YV
‘The sphere will stop emitting photoelectrons, when the
potential on its surface becomes 1.8 V.
Let 1 be the number of photoelectrons emitted from the
sphere. Then charge on the sphereis g = ne
Potential on the surface of the sphere is

1 g_ 1 =

41&:0 r ‘11[50 r

vl ~Al SV)(lem‘z m)— f..-
(9x1u9Nm1 c-zj(l me"’C)

41:99 B ——
=125x 10°
(c) : As F o< 5", therefore, acceleration, a e §7°
_dv_dvdS_dy sl vd? g3
Tdt dsdt ds’

f
21.

ds

Integrating both sides, we get
¥ oc §3 or yoc S

As P=Fy

. PSP §Borpes’,

i.e. Power is independent of S.

1 1

Substituting the given values, we get

23. (a):Here,a=49ms>,t=25u=0,
s=ut+%at=; s=D+-;-x4.9x(2]’=9.Bm

20
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This is the height from where stone is dropped.
Upward velocity of stone when released,
v=u+at=0+49%x2=98ms"
"The stone will move up till its velocity become zero.
From, v* - +* = 2as
0-(9.8)*=2(-98)¢ - ¢=49m
Maximum height above the ground
=s+5=98m+49m=147m
24. (b) : Twisting couple per unit twist for solid cylinder,
mR*

1] = 2 2 .n{i)
for hollow cylinder, 1, = ﬂ"[i-"zﬂl'l-
n-n
RS S S using (i),
4_ 44
X
=3 (54 —47)_369 =0455Nm
3 81
ol A‘-._.lf__f__. Ay=5ecm?
v

According to equation of continuity,
Ay = A;Vj
A\ { 2 -1 . {
.h —éltl 10cm XIEi=zmé_l-‘ "r' _,r'- S

z‘_
For ahérimn[n] pipe, aa:ordinﬂn choulhs Lheom" i
+£P"f=Pz+EPVz :P;=P1+EP("’1 —vi)

=2000+ 1+ x10? x(12-2%)
(*+ Density of water, p =10* kg m™)
1

=2000-53<103)<3=2000- 1500 =500 Pa

26. (d) : From Stefan's law, energy radiated by the sun
per second, E= AT = o x 4nR?* T
Power reccived per unit area at distance r from the sun,

= B _ ox4mR*xT* _ oR*(t+273)"
4nr? r1
27. (=) : Excitation energy

AE=E,-E, = 1aszz[i-l] 408=13622x>
P’ 2?2 4
or Z=2

So, energy required to remove the electron from ground

state

2
1 ﬁz =13.6(2)% =544 cV

+
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28, (c) : The current G

distribution in a circuit is zA 1A
as shown in the figure,
Let Vg and Vi be the 20 u 5V
potentials at points G and ay a\
= : T fl 3A
o ‘rc '_(ZAJ{4 n)+
IV-2A)2 Q)+(2A)1 Q)=Vy
Vo —8V+3V—-4V+2V=Vy
Vo Vi =7V
1 1 1 9
29, et | By =—
(a) 2 R[l’ 31:|ﬂ1 R
1 1 1 16
i, —=R| —-—|=2NV=—
Agin. 5 [2’ 4=]=’ 3R
'l
Now, M _16 B8R o128,
A 3R 9 27
30. (d): As the electron beam Is not deflected,
then, F, = F,
or Bev=_Ee; or v=§- (1)

As the electron moves from cathode to anode, its
potential energy at the cathode appears as its kinetic
energy at the anode. As V is the potential difference
between the anode and cathode, then potential energy

of the electron at cathode ™= eV. Also klmclll: enerm' of I—-- m,.l =21 rads

‘thc clectron at anode = %m v

- e 7

Anxordmg to law of conscrvation ofcnergy mvz =eV

or v= 14 -{ii)
# eV _E
From equations (i) and (ii), we have .B
e E?
r —_—
m 2vB?
3L (c) :Asr+ip=90%r=(90°-ip)
sini sind5° 1 A5 A
S.I.'D!' ni.u(90" ,C) Im[c .
As p=—1 sinic=2ecosic cpic.d
sinig 2 Jr
or tanic= J_=>sinic=\[;
__ 1 _ B3
or = Gnic V2

32. (b):If the body strikes the sand floor with a
velocity v, then

Mgh= My?

With this velocity v, when body passes through the
sand floor it comes to rest after travelling a distance x,

26
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Let Fbe the resisting force acting on the body. Net force
in downwards direction = Mg~ F
Work done by all the forces is equal to change in kinetic

cnergy
i (z‘-fg’—.l*");l::l?l—%Mv2
(Mg - F)x=-Mgh or Fx=Mgh+ Mgx

F=Mg(1+%)
33. (b) : Energy stored in the capacitor
2
=1 (i)
2.C 2V
Here, '=U+21%of U = U+E =121U
. 1(Q+2)*
f121=0 S (i)
Divide (ii) by (i) we get
121_(Q+2  [l21_Q+2

or
1 Q? 1 Q
or .L1Q=Q+2or (1.1-1)Q=2

2
or 0.10:2 or Q—m—znc
34. ()

35 (a) Moment of inertia of a sphere.
1,/7X1.2 /A N4
l\ineticenmgy EIm =Ex5mr x(Zm))

_4
o = mrtrv?

Half of this energy is converted into heat.
AQ=%:-¢ 4 et ='§rmt:“'r’1.1z
1 AQ

m AT

2 222
< mn*r*v
or aT=2Q-5
ms ms
_an?ry?
5s
36. (c) : Here | = 2.50 cm and Al = 0.01 cm
Since A = P = (2.50 cm)®
AA_, Al AA_
A l A

2.50cm
2x0.01cm 2
=—x(2.50 cm)
2.50cm

=2 x0.01 x 2.50 cm?; = 0,01 x 5 cm?
AA =+0.05 cm?

.ﬂ(l)
Specific heat, s=

(Using (i)

0.0lcm

or



37. (b)
38. (b) : Closed vessel means volume remains constant,

P h_p A_T
T—cnnstam or Ti_Tz or Pz_Tz
Let P and T be initial pressure and temperature of the
gas. Then
P T
P+EP T+2
100

On solving, we get T =400 K = 127°C
39.(b):As Sy = Sy(1-aT7), ie, surface tension
decreases with increase in temperature,

40. (a) : Here, U; = f(':) U,=4ii-(f}2]
U ._.U - g(:q_).[l 2] ._-Q.q— =9 n.(l)
VU2 aneg e rl T amegyr

When negative charge travels first half of distance, i.c.,
r/4, potential energy of the system
Q=) _-Qq 4
41!80 (3r/4) 4naor 3
. Work done = U; - U

Q(_Q] QQf’ 4 Qq ,;('129—;'3*—]"-‘. f.‘

/| 411:&:0:' 4nenr 3 "-4neﬂr 3 3
41, (b)¢ "The ma.gnet!c field due to ﬁmm -

__ml 2
' 2n(d+x) [ 5
Due to second wire .
- l-loi_ Ia AT
2n(d-x)

Both the magnetic fields act in opposite directions.

Bol| 1 1

B=B,-b= 2n [d-x-d-i-x]
|.1.,I[d+.x-—-d+x] Bolx
2n| d*-x* n(d? —x%)
42. (a) : The B~ decay of ;gNe® may be represented as
lQNCn—f llNﬂn + _lﬂo +0"+ Q
Ignoring the rest mass of anti neutrino v~ and electron
are neglected.
Mass defect, Am = m (;,oNe?) — m (;,Na®)

=22.994466 - 22.989770

=0.004696 amu

The disintegration energy Q appears in the form of
kinetic energy,

. ‘/_.

Q=0.004696 x 931 MeV = 4.372 MeV

43. (d): Here,m=0.01 kg
The slope of the F - x graph will give the force constant
k

o Fromgmph,
Slope = k--——4Nm

Time pcnad, T= Zn( 1’0 D =03s

u(b):Aa.M:—P’—‘f—IU—

_ 4rx1077 x 800X 400X20X n(2x107%)?

B 0%

= 16x107*H

45, (c) : Resultant intensity at any point P on the screen
in YDSE is

I=Icos*(0/2)

According to question,
{,,:, =1 cos’($/2)
o 1 n 2n
COS—=—=Cc05s— .\ =—
2 2 3 3
_ & _Ax (2r/3) A . —
J Also —?-ﬂ-—' : = =\ f
[ oA -‘Zu--"'x?' 3\ //

&Hsiﬂe_=§mor 0=sin ! (:;] Y N~
® ¢
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A

NUMERICAL VALUE TYPE QUESTIONS

a change in the collector current from 10 mA to

1. 0.1 m® of water at 80°C is mixed with 0.3 m” of
water at 60 °C. The final temperature (in °C) of the
mixture is

2. The electron in the hydrogen atom jumps from
excited state (n = 3) to its ground state (n = 1) and
the photons thus emitted irradiate a photosensitive
material If the work function of the material is 5.1
eV, the stopping potential (in V) is estimated to be

(The energy of the electron in n™ state
13.6

By = ==c eV)

3. The horizontal range of a projectile fired at an angle
of 15°is 50 m. Il it is fired with the same speed at an
angle of 45°, its range (in m) will be '

4. A 220 V inpul is supplied to a transformer. The

output circuit draws a current of 2.0 A at 440 V. If

the eﬂicuncy of the transformer {s 80%; the current

* transformer is . y _

5. Abodylsmmgforwardandbackwud.

in frequency observed by the body of a source is
2%. The velocity (inm s~ )ofthcbodyis
(Speed of sound is 300 m s~ D)

6. Ancngine pumps water through a hose pipe. Water
passes thmugh the pipe and leaves it with a velocity
of 2m s, The mass per unit length of water in the

pipe is 100 kg m™", The power (in W) of the engine
is

7. In Millikan's oll drop ex}x:rlment, a charged oil
drop of mass 3.2 x 107" kg is held stationary
between two parallel plates Gmmaplrl.byapplymg
a potential difference of 1200 V between them. The
number of electrans the olldropcarryds
(Takeg=10m s™)

8. Ifthevalueofgatthe surface of the earthis 9.8ms™,
then the value of g (iInm s %)at a place 480 km above
the surface of the earth will be
(Radius of the earth is 6400 km)

9. A transistor is aperaled in common emitter
configuration at VC = 2 V such that a change in
the base current from 100 pA to 300 pA produces

7' PHYSICS FOR YOU | APRIL"20
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/13,
{m A) drawn’ by the primary windings of lhcz :

20 mA. The current gain is

10. A proton travelling at 23° with respect to the
direction of a mgn:ﬂsﬁ:ldofstrmgth 2.6 mT
experiences a magnetic force of 6.5 x 107 Y'N. The
speed of the proton is x % 10° m s ~ . The value of
‘%’ is

11. If |@-b|=|@xb|,then angle (in degree) between @
and bwill be .

12, Aateelwiremmm section 3 cm? has elasticlimit

24x10° Nm . The maximum upward acceleration

(in m s7) that can be given to a 1200 kg elevator

supported by this cable wire if the stress is not to

mcdonc-thhdofﬂteda:ﬁcunmn

([hlmg—lﬂms )

Ifa-simple pendulum Is taken to a"place wheté g
\ decreases.by 2%, then fhl.. pcrceutagc lncrcasc i
\time period is /

14.

Ifacurrentof 5Aina onilnfsclfinductancc?.m!—l
is cut offIn time 0.1 s, the induced emf (in V) In the
coil is .
A potential difference of 20 kV is applied across an
X-ray tube. The minimum wavelength of X-rays
generated (in angstrom) is

[ SOLUmONS |
1. (65): Let T°C be final temperature of the mixture.
According to principle of calorimetry
Heat lost = Heat gained
0.1 x 10 X Syeqrer X (80— T)
=03x10° X Syrater X (T'— 60) =5 T'= 65°C
2. (7):1f v is the frequency of the emitted photon
when electron in an atom jumps from excited state (n
= 3) to ground state (1 =1) is

=136 (-13.6
E=ho= —_—pg—]

B ( 12

If Vi ls the stopping potential, then
eVp=h-¢;=121eV-51eV=7eV or V=

u?sin20

15.

)u 12.1eV

7V

3. (100): Horizontal range, R=



For the same speed, R =< 5in26
Ry _sin2x15° _sin30°
R, sin2x45° sin90°
sin90°
=R =50mXx
or Rz l‘maou m

1

=100
1 m

2

4. (5):Here, V=220V, 1,=24A,V, =440V
n==80%1,=1
n= V'I' or I, = Vd,
VI, * v,
Substituting the given values, we get Ip=5A
5. (3) : Here, body is acting as an observer. According
to the given case, let u be the velocity of the body.

'Ihm.u,-u[ . ]a.m:lu2 u(v-:u]
Au=uz-ulzu2—u
v

So, Exl(m—ﬂxmn =2

g Vdﬂclty
’ ’ Mass’

o '_r_inT'“’" (mokgm“‘)x(zms") mkgs"

Power of engine = KE of water flowing per second
=%mv==-;-xzoo><2’ =400 W

 Tmst /)

7. (10): Since the drop is held stationary, E
o Force on the drop due to electric field

= Weight of the drop
gE=mg or ne%zmg
1200

6x107
32x107° x6x107°

1.6x107*? x1200
8. (8.4) : The value of g on the surface of the earth
is

g=i_‘;‘ where R is the radius of the earth,

The value of g at height h above the surface of the earth is
RZ

8 Reny

anx16x10¥x =32x10M"x 10

ar n=

g=— M L g=
(R+h)

/ '3 \
y - ’ / T[\kinglogarithm lmbmhsid:s wcget \/ !

_9.8m s72x(6400 km)?

2 =84ms>
(6400 km +480 km)
9. (50): Current gain,
Al,  (20-10)mA  10x10™° A

5 —f = = s =50
Al, (300-100)pA  200x107° A

10. (4):Given: 0 =23°,B=26mT =26 x 10T
F=65%10""N

F=gqvBsin®

65x10 "—lsxm"’xvxzsxm X sin23°
=v=4x10°ms"

11. (45}:L¢l6bc the angle between 7 and b.

As |a-b|=|axb| .. abcosﬁ absin0

or tan0=1or O=tan™ (I) 45°

12. (10) : Maximum tension in the wire is

1
T=5><slrmxarea of cross-section

= !x(z.uw’)x(axw") =24x10°N

Ifa ls the maximum upward acoelemtion of elevator,
then T=m(g+a) or 24x 10* = 1200(10 + a)
On solving, we geta = 10 m 572
13. (1) : Time period of a simple pendulum is,
I

AT=2m o N

{
/

logT= 1og'qzs)+ logl——logg

Differentiating it, we get
AT
T =0+ 0"—? (" Iis a constant)

Y 2\ U
2\ 100/ 100

% increase in time period £:tclfm“Lxlﬂ'{lml%
e perioc —p 100

14. (0.1) : Induced emf, e=_%
Here, L=2mH=2x10"H

(final current — initial current)
= e=-L Ar

2x107 (0-
X107 (0-5) =01V
0.1
15. (0.62) ; For X-rays production,

=eV

he
hm.l.n
-34
6.63x1074 x3x10°
a.m_h—‘ T =0624
1.6x1079 x20x10°

®®
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SECTION 1 (Maximum Marks : 12)

This section contains FOUR (04) questions.

Each question has FOUR options, ONLY ONE of these four
opHons is the correct answer.

For each question, choose the correct option corresponding
to the correct answer.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +3 IfONLY the correct option is choser.

Zero Marks : 0 Ifnoneof the options is chosen
Le. the question is unanswered).
Negative Marks: -1 In all other cases,

Ablockufmnsslkglsauamcdtoonemdnfsprmg
of force constant k = 20 N m™". The other end

of the spring is attached to a ﬁxed rigid-support.
/Ihis spring block system is made to oscillate on
7 a'ropgh horizontal surface (1 = 0.04). The initial’

displacement of the block from the equilibirum
position is @ = 30 cm. How many times the block
passes from the mean pusmon before coming to
rest? (Takeg=10ms -2

(a) 11 ) 7 (c) 6 (d) 15

A system consists of a uniform charged sphere
of radius R and a surrounding medium filled by

a charge with charge density p=%.whercuis
a positive constant and r is the distance from the

centre of the charge. "The charge of the sphere for
which the electric field intensity B outside the
sphere 15 independent of ris

(a) nR’a (b) 4nR% (c) 2nR%e (d) 3nR’ov4
In the ﬁgun: shcrwn. 1 %'C
AB is a rod of lcngl.h ﬁ‘—:ﬁ,r*

30 cn and area o Highly
cross-section 1 cm? and mgr,g conducting wire
thermal conductivity

336 SI units. The ends A and B are maintained at
temperatures 20°C and 40°C respectively. A point
C of this rod is connected to a box D, containing
ice at 0°C, through a highly conducting wire of

PHYSICS FOR YOU | APRIL'20

negligible heat capacity. The rate at which ice melts
in the box is

[Assume la:cmhmt of fusion for lcc.!.{— 80calg™]
(a) qugs (b) B4gs™

(c) 20 mg s (d) 40 mg s

A small sphere of mass m = 0.6 kg carrying a
positive charge g = 80 uC is connected with a light,
flexible and inextensible string of length r = 30 cm
and whirled in a vertical circle. If a horizontal
rightward electric field of strength E = 10° N C™!
exists in the space, then the minimum velocity of
the sphere required at the highest point so that it
may just complete thcdrclcwﬂlbc (g m m s")

k'
\ _.(a} greater than 5 m € / /

-l s '. / n\_

~ (b)-approximately 3 -: ms- —

(c) less than 2 m 5!
(d) approximately 5 ms™

Section 2 (Maximum Marks : 32)

This section contalns EIGHT (08) questions.

Each question has FOUR options. ONE OR MORE THAN
ONE of these four option(s) is (are) correct answer(s).
For each question, choose the option(s) corresponding to
(all) the correct answer(s).

Answer to each question will be evaluated according to

the following marking scheme:

Full Marks : +4 If only (all) the correct option(s)
is (are) chosen.

Partial Marks:  +3 If all the four options are correct
but ONLY three options are chosen.

Partial Marks:  +2 If three or more options are corvecl
but ONLY two options are chosen
and both of which are correct,

Partial Marks :  +1 Iftwo or more options are correct
but ONLY one option is chosen and
1 Is a correct option,

Zero Marks : 0 If mone of the options s chosen

(i.e. the question Is unanswered).
Negative Marks: -1 In all other cases.



»  For example, in a question, if (a), (b) and (d) are the B, 'Ihcﬁgurcshowsancncrgys | -
- (11—

ONLY three options corresponding to correct answers, then level diagram for the hydrogen
choosing ONLY (a), (b) and (d) will get +4 marks; atom. Several transitions a:eg | nf wl VTVI
choosing ONLY (a) and (b) will get +2 marks; marked as I, I, 111, ......... . 3,22
choosing ONLY (a) and (d) will get +2 marks; The diagram is only indicative 2 [I
choosing ONLY (b) and (d) will get +2 marks; and not to scale. Which of the £ 1
3:::“5 gﬁ ((':j "“":gg:: :: :;hk following statements is/are correct?
ng Wi
choosing ONLY (d) will get +1 mark (a) g:ol:::iio% in which a Balmer series photon
:ﬁm%m q; ﬁ:"ﬂf:" the question is unanswered) (b) ‘The wavelength of the radiation involved in
. .. . transition Il is 486 nm.
diocsing aryy oty sumblnation of optioms il get —1 vk (c) Transition IV will occur when a hydrogen
5. Theminimum value of I P atom is irradiated with radiation of wavelength
dsothatthereisadark —» Il @ 103 nm., el e e
fringe at O is dyg, the ddo | Transition IV will et the longest waveleogth
distance at which the _.A 0 in the visible portion of the hydrogen spectrum.
next bright fringe Is 9. A tuning fork vibrating with a frequency of 512 Hz
formed is x. Then le—2D Is kept close to the open
D end of a tube filled with
(a) dmin = JAD ) dpm = J— water, as shown in the 17 em
d. 2 figure. The water level in E peservolr
(c) x= “2 (d) x=dmia ;hc mrw:: E;B‘duaﬂy =
gwere en the water
6. A steel rod of length 2, cross-sectional area A and level is 17 cm below the
mass M is set rotating (with angular speed w) in open cnd, maximum 4
S lmm.untal planc-about en axis passing-through ~  intensity-of sound . is . . ' e
4 / ‘the centrc IfY is the Young's modulus for steel, / :he:ud. 'The room Lempemture is ZU“C W’!uch of
* then the cxtcnsion in the length" of the ¢ rod will be / the  following statements is/are correct?’ p
(Assume the rod is uniform) (a) Speed of sonnd in air at room temperature is
360ms™
(2) Mo’P ib) Mo’ (b) Speed of sound inairat0°Cis 336 ms~’,
2YA 6YA (c) Ifthewaterin the tubeis replaced with mercury,
Ma'P Mo then the intensity of reflected sound increases.
(c) A (d) YA (d) Ifthewaterin the tubeis replaced with mercury,

then the intensity of reflected sound decreases.

10. Infigure, R=150£,C=472uF and L=253mH,
The generator provides a sinusoidal voltage of

7. Aslmlghlcopperwl.rcoflcngih 1000 m and cross-
scctional area 1.0 mm? carrics a current 4.5 A.

Assumlngthﬂunnﬁ::d:chunmnﬁpondstoach 75.0 V (rms) and frequency v = 550 Hz

copper atom, (Density of copper = 8.96 X 10°kgm™, i b e d

Atomic mass of copper = 63.5 g, Resistivity of copper R cl 0 ULG

wire=1.69x 10 Q m)

‘Which of the following statements is/are correct?

(a) The time taken by an electron to displace from Which of the following statements is/are correct?
one end of the wire to the other is 4 x 10°s. (2) The rms value of current is 2.49A.

(b) The sum of electric force acting on all free (b) The rms voltages AV, AV are 65 V and
electrons in the given wire is 1 x 10° N. 37.4V respectively.

(c) The time taken by an electron to displace from (c) Average power dissipated in the circuit
one end of the wire to the other is 3 x 10°s. 8933 W.

(d) The sum of electric force acting on all free (d) The rms voltage between points b and c,
electrons in the given wire is 2 x 10° N. AV =153 V.

puvsicsrorvou | i < €])



11. If a planet revolving around the Sun with time
period T, is suddenly stopped in its orbit supposed
to be circular. It would fall onto the Sun in a time

(a) t= -;)T (b) t= _8 JT
2r w
(c) t= ?)T (d) t= ;)T

12. The coordinates of a particle moving in a plane are
given by x(t) = a cos(pf) and () = b sin(pt) where
a, b and p are positive constants of appropriate
dimensions. Then,

(a) the path of the particle is an ellipse.

(b) the velocity and acceleration of the particle
are normal to each other at t = n/(2p).

(c) the acccleration of the particle is always
directed towards the origin.

(d) the distance travelled by the particle in time
interval t = 0 to t = n/(2p) is a.

SECTION 3 (Maximum Marks : 1B)

®  This section contains SIX (06) questions. The answer to
each question is a NUMERICAL VALUE.

®  For each question, enter the correct numerical value of the
answer using the mouse and the on-screen virtual numeric
keypad in the place designated to enter the answer. If
the numerical value has more than two decimal plam.
t:muml'e!rnnnd—of the value to TWO decira! places.

_;,'- /Answer'to cach’question will be ¢valuated nmrdiug ral.-'“ I

4 lhefoﬂuu'lngmurkl’ug scheme:r
Full Marks : 331 ONLY the correctTumerical
value is entered.
Zero Marks : 0 Inall other cases.

13. An observer can see the
top of a thin rod of height h
through a pinhole situated
at the top of beaker as T
shown in the figure. The
beaker height is 3h and
its radius is h. When the E
beaker is filled with a
liquid upto a height
2h, he can see the lower end of the rod. The
refractive index of the liquid is

14. There is a stream of neutrons with a kinetic energy
of 0.0327 eV. The half life of neutrons is 700 s.
Fraction of neutrons that decay before they travel
distance of 10 m is 3.9 x 1077, then the valuc ofpis

. (mass of neutron = 1.675 x 1077 kg)

15. Consider the situation shown in the figure. Mass
of block A is 6 kg and lhalul'bluckBls 12 kg. The
force constant of spring is 50 N m™\. Friction is

o -

3h

fe—2h—>]|

PHYSICS FOR YOU | AR 20

absent everywhere. System is released from rest
with the spring unstretched. When the extension

in the spring is x =-2’-’3-.x,,,
= maximum extension of

spring, I.he speed of block A
(lnms™)is

16. AstceiwimoflcnngmanddlamctcrO.Bmm!s
stretched horizontally between arigid support attached
at its ends. When a load is hung from midpoint of wire,
itlsfoundlhaladepressionoflnanispmduced.lf
Young's modulus for steel is 2 x 10" dyne em™, the
load (in gm-wt) on the wire is

17. A manstandsat top of a towerand throwsaballata
speed of vatan angle 0 to Lhe horizontal. The height
of the tower is ¥*/g and the ball strikes the ground
at a distance of d from the foot of the tower. The
value of 0 (in degrees) for which d is maximum if

=10mstis (Takeg—lﬂmsz)

18. A beam of particle accelerated by a potential
difference of V flies into a
homogeneous magnetic field
applied perpendicular to the
plane of the paper and towards
the observer. The width of the

. magnetic field is OP. In-the’

I.-abs”ncs. of magnetic field, the elcctmn bea.m

" produccs @ spot at a point T on tluorescent screen—
AK, which is at a distance of L, from the edge of
the magnetic field. When the magnetic field is
switched on, the spot moves on to A along the path
OQA. If the induction of the magnetic field is B the
displacement FA (in m) of the spot is

2Vm 3 3

(Take B=1T, —_1 Iy="=m, I,=3"-m)

2
"". COMIC CAPSULE

Don't worry; you
can get a new one
"free of charge.




PAPER - I

SECTION 1 (Maximum Marks : 32)

‘This sectlon contains EIGHT (08) questions.

Each question has FOUR optionts. ONEOR MORETHAN
ONB of these four option(s) is (are) correct answer(s).
For each question, choose the option(s) corresponding

to (all) the correct answer ().

Answer to each question will be evaluated according to

the following marking scheme:

Full Marks : +4 Ifonly (all) the correct option(s)
is (are) chosen.

Partial Marks: +3 Ifall the four options are correct
but ONLY thrce options are
chosen.

Partial Marks: +2 Ifthree or moreoptions are correct
but ONLY two options are chosen
and both of which are correct.

Partial Marks: +1 Iftwo or more options are correct
but ONLY one option is chosen
and it is a correct option.

Zero Marks : 0 If none of the oplions is chosen
(Le. the question is unanswered).

Neguative Marks : -2 In all other cases.

For exarrple, in a question, if (a), (b) and (d) are the ONLY
three options corresponding to correct answers, then

;’chmbvg ONLY (a), (b) and (d) wﬂf;ﬂﬁmrh, _
/" choosing ONLY (a) and (b) will get +2 marks; /

choosing ONLY (c) and (d) will get +2 trnarks;
choasing ONLY (b) and (d) will get +2 marks;
choosing ONLY (a) will get +1 mark;

choosing ONLY (b) will get +1 mark;

choosing ONLY (d) will get +1 mark;

choosingno option (i.e. the questiors is unanswered) will get
0 marks ; and

chovsing any other combination of options will get -1
mark.

Figure shows a triangular prism of refracting angle
90°. A ray of light incident at face AB at an angle 8

refracts at point Q with an angle of refraction 90°,
Which of the following sjarcments is/are correct?

(a) Therefractiveindexofthe prismis J1+sin?0.
(b) The maximum value of the refractive index is

V2.

2. Two long straight parallel

’Ir' :‘;l

(c) Thelight at Q emerges into air if the incident
angle 8 s increased slightly.

(d) Thelight at Q emerges into air if the incident
angle 0 is decreased slightly.

wires are 2m  apar,
perpendicular to the plane %
of the paper (see figure).
‘The wire A carries a current -
of 9.6 A, directed into the
plane of the paper. The wire A%
B carries a current such that v
the net magnetic field of
induction at the point P, at
distance of (10/11) m from
the wire B, is zero,

(a) The current in B is 3A and is directed

perpendicular to the paper outwards.
(b) The magnitude of the magnetic field of

induction at the point Sis 1.3 x 105"

(c) The force per unit length on the wire B is
5.76 x 10N m™.

(d) The magnitude of the magnetic field of
_inductionat point Sis24x 10°T. , _—

'l'hc gap between the plates of a pa.rall(.l plate—,
\/ capacitor is filled with isotropic dielectric whose _
permittivity € varies linearly from g, to £2(€2 > €1)
in the direction perpendicular to the plates. The
area of each plate equals A, the separation between
the plates is equal to d. Then the capacitance of the
capacitor will be given by

)
(10/11) m

(€2 —E1)E0A (e, —g,)e A
® dineyrey  ® ol
Exfoh B +E5)epA
@ = @ oo 10y
4. One mole of a monatomic P/
ideal gas is taken through A B
the cycle as shown in figure.
A — B:adiabatic expansion
B — C: cooling at constant D
c
volume =
C— D:adiabatic v
compression

D —> A : heating at constant volume.
The pressure and temperature at A, B, elc. are
denoted by P4, Tp. Pp, Tp, etc., respectively, If

T = 1000 K, Pg = (2/3)P, and P¢ = (1/3)P4, then
[Given: (2/3)%° = 0.85)

puvsicsForyou | i < €D



(a) thework doneby the gas in the process A— B position and released. Assuming that the system is

is8707. completely isolated from its surrounding, the piston
(b) the heat lost by the gas in the process B— C executes a simple harmonic motion with frequency
is 5298 . 1 MV, 1 Ay
(c) thetemperature Tgis 850 K. (a) P Ep: (b) m VoM
(d) thetemperature T¢is 250 K. -
5. An external magnetic field is decreased to zero, 1 VoMR d 1 1AV
(e 2 (d)
due to which a current is induced in a circular wire 2r A%y 2n Y MV,
loop of radius r and resistance R placed in the field. . E _ 1
This sitwill. it becomexero, 8. Consider t'hree quantities; x = 3= -JE
(a) attheinstant when external magnetic field stops z2=—. H i lenoth of
changing (t = 0), the current in the loop asa and C'R ere 148 the leagth of aire, C s
function of time for t> 0 is given by Joe 2RH0™, the capacitance and R is the resistance. All other
(b) at the instant when B stops changing (t = 0), symbols have standard meanings. Which of the

following statements is/are correct?

. llom (a) x, y have the same dimensions.
t>0isgivenby 20—, (b) x, z have the same dimensions.
(¢) y, 2z have the same dimensions,

the current in the loop as a function of time

(c) the nm: in Wh.l(‘.h current in loop decreases

to 107 I, (from t = 0) for R = 100 Q and (d) None of the three pairs have the same
3n?1In10 dimensions,
r=5ecmisglvenby — 55—s.
(d) the time in which current in loop decreases *  This section contains SIX (06) questions. The answer
t0 107 I (from ¢ = 0) for R=100 Qand r = to cach question is a NUMERICAL VALUE.
) 32 _ ®  Foreach question, cntzrthecnrmmumakalwm:nf
y 5 "-Fﬂ i,’ Ei‘f_.m by 105" 8. /\ = /i theanswer using the mouse and the oft-screen vfmml

. numerical keypad in the place desighated 10 enter the——
\ answer, If the numerical value kas more than two .
decimal places, truncate/round-off the value to TWO

/ 6. A mbe oflengl.h land radlus R carrles a nendy flow/
of fluid whose density is pand viscosity is 7). The
fluid flow velocity depends on the distance r from

2 decimal places.

_r *  Answer to each question will be evaluated according
the axis of the tube as v= vo[l = ] Which of to the following s koo

the following statements is/are correct? Full Marks : +3 If ONLY the correct numerical
(a) The volume of the fluid flowing across the value is entered.

ZeroMarks: 0 In all other cases.
Four point charges + 8 uC, =1 uC,~1uC,and + 8 uC

are fixed at the points —1‘:';—7 m, —Ji—iﬂ&é:ﬂ.
27

section of the tube per unit time Is %u’voﬂz .
(b) Thekinctic energy of the fluid within the tube’s

volnme is %nm‘ pv% .

(c) 'The frictional force exerted on the tube by the and + o m respectively on the y-axis. A particle
fluid is 47envy. of mass 6 x 10~ kg and charge + 0.1 uC moves
(d) The pressure difference at the ends of the tube along the x-direction. Its lPeed at x = + oo is vg. The
e 4nly, least value of vy (in m §7°) for which the particle
R will cross the origin is . Assume that space is
7. An ideal gas enclosed in a vertial cylindrical gravity [ree.
container supports a freely moving piston of mass Given - =9x 10°Nm?*C2
M. The piston and the cylinder have equal cross 4ne,
sectional area A. When the piston is in equilibrium, 10. An ice cube of mass 0.1 kg at 0°C is placed in an
the volume of the gasis Vj and its pressure is Pp. 'The Isolated container which Is at 227°C. The specific
piston is slightly displaced from the equilibrium heat s of the container varies with lemperature T

€D © puysics ForYoU | A0



12.

14.

according totheempirical relation s= A + BT, where
A=100calkg? K'and B=2x 107 cal kg™ K2,
The final temperature of the container is 27°C and
the mass of the container is x x 107 kg. Then the
value of xis . (Latent heat of fusion of water
= 8 x 10' cal kg™, Specific heat of water

=10 cal kg™ K1),

Ascrew gaugehaving 100 equal divisionsand apitch
of length 1 mm is used to measure the diameter of
a wire of length 5.6 cm. The main scale reading is

1 mm and 47 circular division coincides with
the mailn scale. The curved surface area of wire

(in cm?) to appropriate significant figure is

Two cylindrical rollers F
of diameters D and d

respectively rest on a

horizontal plane as shown @
in figure. The diameter of

the larger roller is four times

that of smaller one. The larger roller wound round
with a string is pulled with a horizontal force F.
Assuming that the coefficient of friction is p for all
surfaces of contact, the larger value of p (in 10™ 4L

such that the larger-roller can bc pulled over th: s

.'sma]]cr one is-

A béarn of light has thiee w:ﬁ.relcngt}u 144 A ;

4972 A and 62161\ with a total intensity of
3.6 x 10> W m2 equally distributed amongst the
three wavel:ngtlu The beam falls normally on an
area 1.0 cm? of a clean metallic surface of work
function 2.3 ¢V. Assuming that there is no loss
of light by reflection and that each energetically
capable photon ejects one electron, the number of
photo electrons liberated in two second is x x 10'2,
Then the value of x is

A prism of angle 60° deviates a ray of light through
40° for two angles of incidence which differ by 11°.
The refractive index of the glass of the prism is

Section 3 (Maximum Marks : 12)

This section contains FOUR (04) questions.

Each question has TWO (02) matching lists: LIST-I and
LIST-II.

FOUR options are given representing matching of
elemients from LIST-I and LIST-II. ONLY ONE of these
Jour options corresponds to a correct matching.

For each question, choose the option corresponding fo the
correct maiching.

For each question, marks will be awarded according to

the following marking scheme:

Full Marks : +3 [IfONLY the option corresponding
to the correct matching {s chosen.

Zero Marks : 0 If none of the options is chosen
{1.e. the question is unanswered).

Negative Marks: -1 Inall other cases.

15. Figure gives the x-t plots of a particle executing

lﬁ List T g gives a sitvation in

one-dimensional simple harmonic motion.
X

= = t

Match the statements in List-I with the statements
in ListIL.

List-1 List-1I
Time Signs of position
(x), velocity (v) and
acceleration (a)
(I) Atft=-12s [(P) |x<0,v<0,2>0
(I Att=-035((Q) x>0,v>0,a<0
(I0) Att=03s |(R) [x>0,v<0,a<0
(V) Att=12s [(S) !x<0,v>0,2a>0

(a) I-S, I-R, II—P, IV5Q
(b) IR, O-P IMIQ, IVS o
(0) 155, IR, M-Q VP /N /-~
/(d) 1R, 1158, 15D, IV-Q/

which two dipoles of dipole
moment pi and \rp_; are
placed at origin. A circle of *

radius R with centre at origin
is drawn as shown in figure.
List IT gives coordinates
of certain positions on the circle. Match the statements
in List I with the statements in List I1,
ListI | List I

(I) |Thecoordinate(s)of [(P) |( R 3R
point on circle where ?J_T]
potential is maximum \

(II) |The coordinate(s)of [(Q) | R JER
point on circle where KR
potential is zero \

| (TIT) | The coordinate(s) of |(R) | ¢
point on circle where —-@,‘E]
magnitude of electric . 2 2
field intensity is
1 4p
41:20 R
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(IV) | The coordinate(s) of | (S)
point on circle where
- magnitude of electric
field intensity is

1 2p
4reg R?
(a) 1P LIRS, [II-P, Q, IV-R,S
(b) 1-Q =R, S, M-Q, IVSR.S
() 1-PQ ISR, SII-HQ, IVSR
(d) 1P IR, III-P, Q, IV-S

17.
centre of mass is v.
There is a point P on
circumference of disc
at angle 8. Suppose vp

A disc rolls on ground without slipping. Velocity of

is the speed of this P
point. Match the JZ77777/777777777777
statments in List I with the statements in List II,
List1 List 1I

M |16 = 60° (P) | vp =+2v
() |1£ 6 = 90° (Q lvp=v

(O1) | If 6 = 120° (R) |vp=2y

(V) |1r0 = 180°__— (S)| vp = J_v

{ /@ =P, II5P 18, IV-Q” | 7 |
" (b)ISS, TSR, III-R. v5s
(c) I-Q, II-P, 11158, IVOR
(d)I->R,II=S, [II-Q, IV—=P

/

18. In a photoelectric
experimental
arrangement, light
of frequency f is
incident ona metal
target whose work function is ¢ =
In List I, KE of photoelectron is mentioned
al various locations/instant and in List II,
the corresponding values. Match the statements in

Target

hf13 as shown.

List I with the statements in List IL

: List1 o = LSS

(I) |Maximum KE of (P) |zero
photoelectrons just after
emission from target

(I1) |KE of photoelectrons just  [(Q) | hff3
after emission from target

(IIT) | KE of photoelectron when |(R) |#ff2
they are halfway between
the target and collector

(IV) | KE of photoelectrons as|(S) |2hfl3
they reach the collector

(a)/1oB I5Q IS, VSR /Y /7

/(b 198, [15PQ, NISQR, viss/
(¢) 1P, I-PQRS, NI-PQRS, IVHBQRS
(d) I-8, I-PQR,S, M-PQR,S, IVHPQR,S

SOLUTIONS

PAPER-1
1. (b):Lettheinitialamplitude decreases to a; to the
other side i.e., after the first sweep,
decrease in elastic potential energy
= work done against friction

or %kaz —%kﬂf =pmg(a+ay)

or 2 Ka+a)(a-ap)=pmg(a+ap

2pumg

or

L e LT

(i)

2umg .. i)

k

.. (1)

Adding all the above equations

2mumg ()
k

a—a, =

36
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The block stops when, pmg = ka, or a, umg

Substituting in equation (iv) we get, (21 + ﬂ(—k—) =a

ka __20%x03 _
pmg  0.04X1x10
or 2n=15-1 n=7
2, (c):éEﬁS:-Q—*'g— (i)
where Q' is the charge outside the
sphere.
Q'=[pav == xanra

R rRT

=-11‘n::[§]r =4m(§—%2] =2m(r"—Rz)
R

s = 2+ 200(r —R?)
g

or (2n+1)=

From equation (i), Ep

-



!
J

Q , o of
anr’e, 28, 2r'g,

BP=

2

Eisindependent of r if =0;Q=2nR%a

4Itrzl'.° _. 2rzgﬂ
3. (d):Thermal resistance of AC=——

KA
0.1 10°

= —————=_——=R(suppose)
336x1x10~* 336 Ppose

Thermal resistance of BC= L =2R

3361074
Temperature of C=0°C
20 40 _20
H, =22
TR R

A arc)
2°C[—> Hy ¢

B
Hy4— | 40°C

Ice

oeC
f H=Hy+Hy=2-20%3%6

R 10
_’34‘:“-1344w
7 10° A —
Ratgofme]ung of {ce 45 UV

LH_13a

..L! 22xg0 B° - A0mgs

4. (b):Here, weight, ing=0.6 x 10=6 N (downward)
and electric force, gE =(80 x 107)(10°) = 8 N
(horizontally rightward).
Resultant force P of these two
forcesisat @ [=tan™ (6/8) =37,
with the horizontal as shown
in figure, Hence, tension is
minimum at A, as shown in

figure.
Let critical velocity at A be v,.
Considering free body diagram of sphere at A,

gE cos 37° + mgsin 37° = vy

H
gt r6x 3= 0.6v
5 5 03

or 2¥2=10

or vp=5ms™

As the sphere moves from
A to B, work gE(r cos 37°) is done on the sphere by
the electric field and the gravitational potential energy

increases by mg(r — r sin37°). We can find the required
minimum velocity v, at the highest point B, by using
work energy theorem between points A and B.

Wio = AK

=:~q£rcos$7‘—mgr(l—sin37‘)=%mv’—%mvg
3x0.3x-‘!—6x03[1—§)+1xo.ﬁxs=-'-xo.5v‘

5 5) 2 2
of v=3ms
5. (b,d): There is a dark fringe at O if the path
difference Ax = ABO - AQ'O = @“.whmhu. 1,

2:,3..
Ia P
I |k

2 : |4 O ¢
=zn[1+1d—]-zn—d
2p? D _ D

For minimum value of d, n =0 «—D—

o A_don - }E
S ogm or, dain 3

"The next bright fringe is formed at P if the path difference
=AOP-ABP=0

[oss)
Ax=2D(1+—| =2D
p?

= D+ D' +x*—JD'+d* - JD’+(x d)’ 0_—

(* +d? -’-2::&) \ /([ —

2
6. (d):Let us consider an g0
clement of length dx on half |
portion OA ofthe rod atadistance FIRN
x from the axis of rolation, Since B'-qo;_."
the rod is uniform, mass of the ... e

element

dt = (mass/unit length)dx= [2’: ]dx

Centripetal force acting on this element,

M) 4
qh= (zrd‘]m’ (z:) a

Here, dF is provided by the tension in the rod due to
elasticity.

The tension (F) in half of the portion OA of the rod
at a distance x from its axis of rotation is due to the
centripetal force acting on all the elements from x to
Lie.,

On solving, x=dpy, =

PHYSICS FORYOU | APRIL20
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Ma? | Mo?
)= @2

z
If d§ is the extension in the element of length dx at
position x, then

Fm

stress
[as Y= longitudinal slrd.n]
Extension in half the portion OA (of length I) of
the rod ie.,

Fdx Mo?
s IYA 4YAII (F-£)dx

st () )
T aval 3 4YAIL || 3 6YA
Extension in the entire rod of length 2], i.e.,
_ Mo’
7
7. (byc) : Every copper atom has one free electron.
So, number of electrons per unit volume = number of
atoms per unit volume.

n= NMd where d = density of copper

_ 6.02x10™ x8.96x10’
63.5%107 -

—849x10”e.lactmnperm

J
— /

neAl”_8 49X10% X1 Exlﬂ'“xlo"' xw‘" 6
S ——— =3x10%s

/ r I # \ / ’_' 1
,‘Wekmwf m'Avd-neA \ L

t=

I
Sum of electric forces .
F= (nV)eE = nAle pJ| = nAlep = nlerl

=8.49%x 102 x10° x 1.6 x10™° x 1.69 x 10 x 4.5

=1.03x 105N =1x10°N

B. (a,b,d) :For Balmer series,n; =2, ny=34,
(lower)  (higher)

~ In transiion (VI), photon of Balmer series is

absorbed.

In transition 11

Ey=-34eV,E;=-085eV,AE=255¢V

AE—E l=%;1=486nm

A
Wavelength of radiation = 103 nm = 1030 A

12400 eV A
5 AE=—— "2 o 20ev
1030 A

So difference of energy should be 12.0 eV (approx)
Hencemy=1and m;=3
(-13.6¢V) (-151¢V)

Transition is (V).

snsasnas
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For longest wavelength, energy difference should be
minimum.

So In visible portion of hydrogen atom, minimum
energy emitted is in transition IV,

9. (b,c):Thetube filled with water behaves as a closed
organ pipe of length, L=17ecm=0.17m

v
Asv= "
4L

vap=40L = 4:-:512x017—34s.16m.-,"
,273+20
273
vo=348.16 %X ——-Bﬂﬁma
%93

The resonance will still be observed for 17em length
of air column above mercury. However, due to more
complete reflection of sound waves at mercury surface,
the intensity of reflected sound increases.

10. (a,c,d): The impedance of the circuit is

Z=R+(X, - Xc)
The resistance is R=15.0 Q

The inductive reactance is

xC—_l" : “6130 '-'—-_
/ ‘@wC  2n(550 87 )4.72 pF) '\ [/

The induclive reactance is g’(venby \/ A
X{ ~GL=20(550 §)(25.3nH) =874 Q

The impedance is then
Z=\(1500)* + (87.4Q)-(613Q)) =30.10
Finally, the rms current is

Erms _ (750V)
I =5 = o1y =294
The rms voltages between any two points is given by

(AV)ems = IrneZ’

where Z’ is the impedance between the two points.
When only one device is between the two points the
impedance is equal to the reactance (or resistance) of
that device.

Points| Impedance | Impedance | (AV)m, (V)
Expression | Value (Q)
ab Z'=R Z =150 374
be Z=Xc |z=613 |[153
bd | Z=|X1-Xe| | Z =261 65

The average power dissipated from a capacitor or
inductor is zero; that of the resistor is

Pr=[(AVR)ms] ¥R = (37.4 V)?/(15.0Q) =933 W



11, (b):If the mass of the Sun is M and radius of the

planet’s orbit is r, then as vg = -J(GMIr '
o2 20 T
" GM
e, T8= AT D)

GM
Now, if the planet (when stopped in the orbit) has
velocity v when it is at a distance x from the sun, by
conservation of mechanical energy,

%m{—vf+(—%)=ﬂ-a“:m
i [ dx)z ZGM[r :r]

or | dt=
Iﬂ v 2GM [ (r—x]]
Substituting x = 7 sin® 0 and wlvmglhe RHS.

rsin’0

_[ f e "{ 20] r-2-sin8cos8d0
- f-rm

0
——I (l-coslﬁ)‘iﬁ ——r[B——smza:| =%

1

-;_.' r——r— _ ('ﬂ‘l’) —-—~.\. ) I.-‘-._,__I‘I N 4
= \IzﬁMX 2 e/ P —-(ﬂ]
From eqn. (i) and (ii), t = 4_1\5.]' ie, I= (%JT

12, (a,b,c):x=acospt, y=bsinpt

~vcos” pt+sin pt [a]z_!{b]z

2,7 |
or a_2+b—2=1 It is an equation of ellipse.

x=acospt
2 % = —apsinpt = v, = —ap sinpt
p’cuspt:m,=—ap’mspt
y=Dbsin pt

Q=bpwspr = v, =bp cos pt

2
‘; 4 —bp’sinpt:oa -—bpzsinpt.
l

When t=m/2p,a,=0 mdv,=0.a,=-—bp1, V= -ap
Thus velocity is along negative x-axis,

A\ “h e :.-}:-Z-:
f blﬂ ;-__. = =1~ | I
Jgh U= J; {.58 w

Acceleration is along negative y-axis
Att=t,

F(t)=xi + yj

= acuspt; + bsinpt}

a) = a,? + ay}

= -pzlampti + bd.n_pt}]
= —plxd + yjl= - p%7(t)

yi
Hence acceleration s o m
always directed towards - Eié%
origin. 0 x
At t = 0, the particle is at
(a,0)

At t = 7U(2p), the particle is at (0, b)
Therefore distance covered is one-fourth of elliptical
path. It is not equal to a.

13. (1.58) : When 2h column of liquid is made available,

From theﬁgure sinr= wf;h

14. (6): Kinetic energy ' of ncutmns =0. 0327 eV
or K=0.0327x16x10""7]

or 1m”=00327%x16x10"
2
A 2x0.0327 X1, ﬁxm‘“

16751072
or ¥=00625%x10° or v=025x10"ms!
distance _ 10

velocity  0.25x10*

(1-e™)

or

»  time taken =

or t=4%1075s

- Fraction that decays = EQN—
0

ﬂ.m -3
X410

=1 -—{e 700 ]}=3.95x 10°=396x 107 (Given)
& p=6.
15. (4): Let mass of block A be m, then mass of block
B=2m
At maximum extension in the spring
A= VB =0 (mﬁmMﬂY)
Therefore, applying conservation of mechanical energy,

@
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Decrease in gravitational potential energy of block B =
increase in elastic potential energy of spring.

or mggx, = %b,-f"

or 2mgx,, zkxm k
Xy _2mg
At - o
2%k

Let v4=vg=v(say)

Then, decrease in gravitational potential energy of
block B = increase in elastic potential energy of spring
+ increase in kinetic energy of both the blocks.

mpgx = '% k.!;-l- %(H‘IA-I-MB)VI
or (2m)(g) (Z_T:g ]=%k[2€‘g)}+% (m+2m)v?

v= ZgJSEk=2xlo1 /—3 :SD =

16. (10.25): Length of steel wire () =2 m
Diameter (d) = 0.8 mm
Depression produced in
wire on hanging a load at
mid point=1,0cm
Young’s modulus of steel Tcost /)
/(N £2'x10" dync an -,

/' Let W be the load hung at-mid pomt a.nd T be the’

tension in the string.
Let depressed wire make an angle 8 with the horizontal.
Using geometry,
AC=BC=1BD?+CD?* =J100% + I =1001.00005crm
Extension of wire BD = (CB - BD)
= (100 x 1.00005 - 100) = 0.005 cm.
From figure, resolving tension T in the wirein to vertical
and horizontal components, the horizontal components
balance each other and in vertical direction,
W=2Tsin0
- _ Wx100.005

" 25in6 2xu'Jmu’+1 R

Al 0.005

Stralntuthewire—T 100

Cross sectional area of the wire
==t 2_% 2.2
A=nr 4d ‘(0.0S)c:m

Now, by definition of Young’s modulus,
_Stress TIA_ T W

“Strain | AT AAl 25in0AAl

——=5%10"%cm
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2AsinBAlY _ 2m(0.08)” x0.005x2x10"

= W= =
1 4 x100.005x100x980
= 10.25 pm-wt
17. (30)

1B. (5) : The path OQ of the particle travelled in the
magnetic field B is an arc of the circle of radius R is

given by

()
where m and q are mass and charge of a particle and v
its velocity,

The velocity gained by the Ar

accelerated electron i

%

= Zq;V ...(ﬂ) \ i

m O
where V is the accelerating D« 3 5‘9’1-;;
potential difference. - - e
From equations (i) and (ii), ol I = [
1 [2Vm
R=8V ¢ (i)

The centre of curwh.lrc of the arc OQ lies at O, and
00,=Q0, =
QAisa straight line and tangent to I.he curve at Q.

..("Dlsplncemcnt FA=FM + MA =5 1 n \ / ;’/

/" To ﬁnd;l, ) 1-' 1.\ _r'. ’... ——
n= =FM=0D= 001—01.0 . N’
=R—JR’ -DQ? =R—«JR’ - (iv)
To find y;,
Triangles AQM nnd OlDQ are similar,
AM_DQ _ o el
QM 0D L, ng -1 [k -

Total displacement

FA=y, +y, =(R-,ﬂxz—1,‘-;
1 {2Vm
R=— ’—:1
B
J'sf
Now, FA= 1-"1—— J— =—=—=5m
I___.

PAPER-1I
1. (@, b,c): Let the ray be incident at an angle 6; at
face AB. It refracts at an angle 0, and is incident at an
angle 0, at face AC. Finally the ray comes out at an angle
04 =

L,
,}R’ -



AS*+ SB* = AB?
Magnetic field due to I = B,

=t
- B 2n AS
@ x107)(9.6) e
or = S t=12%x100T
AT ae
Magnetic field due to Iy =
From figure, the normals at faces AB and AC make an Mo Iy b=
angle 90° with each other. B = o (BS)

Hence 03 =90°-6,

107 =
siny = sin(90°—B) =cos By = Jl—sin?B,  ..() of By =T 1B _5yypTy
From Snell's law at face AC, 12
B 1 Since B, and B, are at right angles to each other,

| sin B; = B2=B+ B2

pm =1 w(l) s BP=(12x107)2 4+ (5% 107)?
From Snell's law at face AB, or B =169x (l{‘.""")2 orB=13x107T

1sin6; =pusin0, or B=13x10°T
sin@, = sin®, ..(11) li:ur.xt:u;:n:rI u;ut length on the wire B
From eqpns. (ii) and (jii), we have I 2 ¢ ' i

7
’ sin? @ - @x107)(9.63) _ 6 N m-!
By ) ) 288x 105 Nm
H - (-) We point the x-axis towards right and place

/ The graale.St pouible value-of si:# o is L hetice t’he.f" Asouric 15 be pouitively chazged.

_,r‘ cz!.ut possible value ofpis’ o Sm iv:r:;x L canwrlte. 7 *r,r .
Mme = V2 = 1414 whercaandb:mbedetmnmad ’Fﬂy
”’/féf//’r//// ﬂ

For a given L, if 8, is increased, the angle of refraction  from the bound;_ry conditions. 0
8; Increases, As 8, =90° - 8;, theangle 8; decreases,i.e, 'We have,

the angle of incidence at face AC1s less than the critical g=g atx=0ande=gyatx=4d,
angle for total reflection, hence light emerges into air. e, —¢

If the angle of incidence is decreased, the angle of Thus, €= E1'|‘[ d )x
refraction 8, decreases. So the e By increases. The .

angle of incidence at the 5cconda:t?.:facc Is greater than Nowp ot:n‘t'ial dtﬁ-ﬂ:nu between the plates
the critical angle, so light is reflected at Q. V+-V.--j§-d;=fldr

2. (a, b) : Direction of current in B should be 0 o Eof
perpendicular to the paper outwards then only it will o ad A
cancel out the effect of magnetic field of wire Aat point = e ‘d-""mlﬂg
P, Now, at the point P magnetic field is wo, eo[sl +(F—'Zd—l]x) ©2-8J)E &

,a.rr

£ S 0L,

Bpy =B,

AT 8, Hence, the required capacitance,
bo Ta Mo L s 0A _(g;—E)gpA
2r 2+E 2r lo C:FA__T’.=..._ _é L

11 11 By * = [lné-’-]d

or Ig=1 xmnrl —96xw =3A ' 2 1

B77AT 3 SR T 4, (h.c):GIven:TA=1000K.P,=-3-PA,pc=§pA
Magnetic fieldat § C, 5 .
ZASB = 90° by Pythagoras theorem ﬂ'l.'!--év--i r monoatomic gas.

mvsisrorvou | < (J)



AlongA— B \
-7
1~y Y 1
Py Ty Py

-2 25
or Ty= (mom(%] g unoo)@]

or Tp=1000x0.85=850K

'315 (850 — 1000)=1870]
1 —

3

P.!
AlongB—=C; E - P

.- %, - Pﬂx_ 0K or Te=425K
¢ 'Pn B

* Qgg = nCyAT = (1)[ )('r,_. Ty)

Q,c=;x8.31x(4?5—850)l=—5298]'

5. (a, ¢) : Flux linked with loop due to its own
magnetic field,
o= l-lur m'z) l-loﬂﬂ
Cmfi.ﬂduﬂdﬂ —ﬂ= "—m; = E:-&Eﬁ
g J\ dt "2 dt’/\R ——2R.dt:
fFl ) / / \ |
j'i‘—"-='—j—2-a—”-dt; I= [ 2o\~ /
P T g e

2Rt
Now, 107y = Ie ™™

372 In10

which gives t = 410

6. (b, c,d):LetdV be the volume flowing per second
through the cylindrical shell of thickness dr then,

3
dv = (2mdr)'vo[l—;2—2)=2nvn [r—%}!r

and the total volume,

Let, dK be the kinetic energy, within the above
cylindrical shell. Then

@
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" clcmcm

dK=%(dm)v2 =%(21'l:n'p)v1dr

1 s 2 f°
=-2-(2‘lﬂp]r Vg[l_Rz‘)zdrzﬂIpvg[r—’Ri—"'EE dr
Hence, kinetic energy of the fluid

3 2
2r ,KR29$'0
Rlpvz‘l-[f——'f'k—‘]d = P

Here frictional force is the shearing force on the tube,

exerted by the fluid, which equals —nA:—, where A is

the surface area of tube.
2
Given, v=vo[l—r—]. So i‘fz—z'vn L:

R? dr R
andat r=R,— d’v=_gg,-_l
dr R

Then, viscous force is given by
dv 2y,
dF=-7(2 — = =015
n( rnlv)[drl:H 2nRnl ( 5 ] 4nnly,
Tuking a cylindrical shell of thickness dr and radius r

Viscous force, F= -'q(2rr,r1) d_v

/Let, APbe th:pressuredlﬁ'mnce. then net forceon the

J y 1 J
APm2+21:nIrjv : ,.-J \VA

Butl Sj-lJCEthﬂUWlS stﬂdygfnrﬂ 0

dv
—2rl 2ninr [Zva ]
or AP = r nrtfr_ = R? 2‘3\_“'0

ot 72 R?
7. (d)
_volt
. unitof B _
8 (mby o)t Unitafx= D = oltimetre
metre/sec
= Toetre it of velocity
second

1
y=- =e=vclocitynfl{ght
VMoo

metre
CR fara.d % ohm
_ metre _ metre
"~ coulomb ¥ " ampere X sec

volt ampere

= Te _ unit of velocity
seC

and unit of —

volt
ampere
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2 3] 4re,
Pl
(43
' ('=, ’H':’c._i: iJitIq l_".’. —— I_-',I I|‘ .",- 4 .'I. ;"'
The least value of kinetic encrgy of thé-particle at

S
F

9. (3) : Let the particle be, at some instant, at a point P
distant x from the origin. At this point electric field will
be zero,

Net force towards origin = 2 F' cos f§

Net force away from origin=2 Fcos

For net force at point P to become zero,

27
2

=1 4G, -~ ,%

+8 uC, - %

2Fcosa=2F cosf
2k % (8%1075)x(0.1%107%)cos

(+2)

] -5
_ Zkx(x107)x(01x10)c0sB . 1

infinity should be enough so that particle can reach
at x=+‘]§m because at x=+\E~m net force on it is
zero,

For x>J§m, net force on the partide is repulsive
(towards positive x-axis).

For xc‘Em,nct force on the particle is attractive
(towards negative x-axis).

Let electric potential at x = EmbeV.

. ya2%(9x10°)x(8%107)
5,27
272 _2x(9x109)x(1x10'5)
5 3
Ji*i
or V=27x10'V
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Uslngcnugyccmscmﬂunatngm and x=ece,
qxV+0=0+ émg

or (0.1x10%x(27x10Y) = ; (6% 107Y)y?

or ¥*=9  ..v=3ms
10. (5)
11, (2.6) : Least count of screw gauge
= Piuh = g, =0.01 mm
N 100

Diameter =D=1+(47 x0.01) =147 mm = 0.147 cm
Area of curved surface, § = DI

S=§x 0.147%5.6 = 2.5872 cm?

Round off to two significant digits = 2.6 cm’.

12. (5):Here C; and C, are the centres of the rollers.
OC, is the perpendicular difference between the heights
of centers of cylindrical roller from the ground.

0C=R-r= -}(D-d)

cosa=

e (D—d) 2JdD 0
“\D+d D+d "

Let Ny be the normal reaction between the two rollers
and N; between the smaller cylinder and the horizontal
plane.
The larger cylinder can be pulled over the smaller one
provided the latter neither rolls nor slides.
There will be no rolling provided the sum of the
moments of forces about G, is zero

KN d = uNod; Ny = N,
There will be no sliding provided the sum of resolved
parts of the forces in horizontal direction is zero
HUN; + UN; cos (90 - a) = Ny cos o

UN; + UN; sina=N; cos (AsN;=Ny)
_ COs(X (ﬂ)

R I+sina

n= = (using eqns. (1) and (1))



Hence the necessary condition is that

ung or p ‘E:pzsnn‘l

13. (1.1)

14. (1.52) : The incident PQ is deviated through 40°
and the principle of irreversibility of ray, through
optical system, shows that the SR would also suffer the
same devlation of 40°,

~ The other angle of
incidence causing same
deviation = 40°

ie. e=iywherei;-i;=11°

(given)

Also iy + i = 100°
&y =55° 30" and = 44° 30

sini .
Now, L = E':- Ei:-. where r, =(60°~1,)

_ 5in55°30° _ sin44°30°

sinn,  sin(60°—1)
we first solve this equation for ry and hence find p
0.8241 _ 0.7009

sinr 3

—msrl—lsiurl
2 o

/ Dmdmgbolh ndes in denominator by sin r,. we get

08241 /0709 "0.7009 /
£ 2 -1

sla, — 317 (‘Fm fr-1= ~0.8241

sin, 2 Ot

< cotry =1.559 = r,; =32°40
sin55°30° _ 0.8241

Sp= = = 1.526.

M= n32oa0 05400 2

15. (a) :In SHM, acceleration, a = - w’x
where w is (i.e angular frequency) constant.

-5v-/1§l\/'/\~z7g‘”

Att=-125x<0

The slope of % t is positive, hence v is positive.

Since a = — @, hence a is positive.
Att=-125x<0,v>0,a>0

1-S
At t=-03s,x>0

The slope of x-f is negative, hence v is negative,
Since a =-o%x, hencea <0
Att=-038,x>0,v<0,a<0
I-R

Mag'n.itnda ofdectricﬁeldis -1 /4p/

At t=03sx<0
The slope of x-t is negative, hence v is negative.
Since a = - w’x, hencea > 0
S Att=03s5,x<0,v<0,a>0
I—-P
At t=128x>0
The slope of x-t is positive, hence v is positive.
Since @ = - w’x, hence a <0
o Att=12,x>0,v>0,a<0
IV—-Q

16. (a) : The resultant dipole moment has magnitude

(Jip)’-;-p’ =2p. At an angle 9=hﬂ—l%=ﬁu"

with positivex-direction. Diameter AB is along net
dipole moment and diameter CD
is normal to net dipole moment.

Potential at A(E Q]

maximum 2 2

I->P

Potential is zero at C(ﬂ —%] and D[%,E)
f

Il-—)R,S

\.4me; R (VA

NI
1l — PQ
Magnitude of electric field is —— 2
4::5.0123
ac[«l—n R]mdn[ J_RR]
2 2 '2
IVSRS
17. ()

18. (d) : Maximum kinetic energy of ejected electron
Is given by Einstein's photoelectric equation
Kmax = bf = (hfI3) = 2kf13. As no potential difference
Is applied across target and collector and vacuum is
there in the tube, 50 this maximum KE remains same
at all locations.

For (I), (I} and (IV), kinetic energy of ejected
photoelectrons can be anything from 0 to Ky
(as found for (I)). It remains the same at all locations
(reasoning is same as for above).

®®

@
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PRACTICE PAPER

BiTSAS

1. The rate of cooling at 600 K, if surrounding
temperature is 300 K is R. Assume that the Stefan’s
law holds. The rate of cooling at 900 K is

@) -‘;‘R ®22R @R (@ ga

2. A racing car moving towards a cliff sounds its
horn. The driver observes that the sound reflected
from the cliff has a pitch one octave higher than
the actual sound of the horn. If v be the velocity of
sound, the velocity of the car is

@vN2 ®v2 (v (d)v4
3. Two particles A and B describe S.H.M. of same
~ amplitudegand frequenqr ] along the same straight
/ I.me The ma:imum distanocbctweentwoparﬁdes
3 a. —'I'lu: Init.ial phasc dlﬂ'crmnc between lhc

es is —— s
(a) 2/3  (b) /6 (c) m/2 (d) n/3
4. In the arrangement shown 100
in figure when the switch §;

is open, the galvanometer
shows no deflection for £ = E.

A
When the switch §; Is closed, L
the galvanometer shows no E 5

deflection for g=%. The internal resistance (r)

of 6 V cell, and the emf E of the other baltery are

respectively

(a) 30,8V (b) 20,12V (c) 29,24V (d) 3Q,12V
5. The three resistances A, B and C have values 3R, 6R

and R respectively. When some potential difference

is applied across the network, the thermal powers

dissipated by A, B and C are in the ratio

3R
A R
— [ AMA—
y Cc
B

@ ~
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7.

(b) 2:4:3
(d) 3:2:4
Aboythmwsabaﬂupwardsmthvdodty
u=15ms’! 'I'hcmndimparlsahoﬂmnlal
acceleration of Sms to the left. The angle 6 with
vertical at which the ball must be thrown so that the

(3)234
(c) ¢

ball returns to !hr:buy’s hand is
(Takeg=10ms

() tan” (04) (b) tan™ (0.2)
(c) tan! (0.3) (d) tan™? (0.15)

A thin uniform rod AB of mass M and length L is
hinged at one end A to the level floor. Initially it
stands vertically and is allowed to fall freely to the
floor-in-the vertical plane. The angular velocily -

\ ofﬂ:emd,whenitsendﬂsmkestheﬂonrm[gis—m

"‘-acaeleration duetogravity).. ' / VN

—

@ () ® (%‘f)m
o) e

Name the gate represented by the following circuit.
(2) OR gate A

(b) XORgate 577 y
(c) AND gate
(d) NAND gate

An equilateral triangle of side
length lis formed from a piece
of wire of uniform resistance.
The current I is fed as shown
in the figure. The magnitude
of the magnetic fleld at its |
centre Ois

J—uﬂr

F,

W3l
2nl

(d) zero

(a)

(®)

(© ﬁ



10. One mole of an ideal gas 4
is taken through a cyclic
process as shown in the  2%}----- >
V-T diagram. Which of

the following statements

is true? P

(2) The magnitude of 5
work done by the T—
gas is RTgin2.

(b) Work done by gas is VoT.
(c) Net work done by the gas is zero.
(d) Work done by the gas is 2RTgln2.

11. A magnetic needle lying parallel to a magnetic field
requires W units of work to turn it through 60°.
What is the torque needed to maintain the needle
in this position?

V3

Q3w W (©) =W (d) 2w

12. In an interference experiment using waves of same
amplitude, path difference between the waves at a
point on the screen is A/4. The ratio of intensity at
this point with that at the central bright fringe is
(2) 1 (b) 0.5 (c) L5 (d) 2.0

13. A ball of 'mass 0.2 kg is thrown vertically upwards .
by applying a-force by hand./If the hand moves /
/0.2 m while applying the force and the ball goes up’

to 2 m height further, find the magnitude of the

force. (Take g= 10 ms™?)
() 16N (b)) 20N (¢) 22N (d)4N

14. A slab of material of dielectric constant K has the
same area as the plates of a parallel plate capacitor

but has a thickness G—] d, where dis the separation

of the plates. The ratio of the capacitance C (in the
presence aof the dielectric) to the capacitance G,

(in the absence of lhedielecttir:] is
3K 4K
()ﬁ (b)-‘ ()—S(d)

15. A pure inductor uf25 mH is connected to a source
of 220 V. Given the frequency of the source as
50 Hz, the rms current in the circuit is
() 7A (b)) 14A (c) 28A (d) 42A

16. When light of wavelength 400 nm is incident on the
cathode ofa photocell, the stopping potential recorded
is 6 V. If the wave of the incident light is increased to
600 nrm, then the new slopping potential is
(a) 103V (b) 242V (c) 497V (d) 3.58V

17. Suppose speed of light (c), force (F) and kinetic
energy (K) are taken as the fundamental units, then
the dimensional formula for mass will be
(@ [Ke7] () (KE?] () (K] (d) [Fc™]

18. A gas bubble frum an explosion under water
oscillates with a time period T, depends upon static
pressure p, density of water p and the total energy
of explosion E. Find the expression for the time
period T. kis a dimensionless constant.

(l) T=@_5f6p"2£"3 (b) T= “?—079”2EU3
(C) T=b_5!6 IBEHZ (d) T=h’-—“? |J3EH2-

19. A vessel contains oil (densxty 08 g cm™) aver
mercury (density = 13.6 g cm>). A uniform sphere
floats with half its volume immersed in mercury
and the other halflnoll. The density of the material
of spherein g cm™ is
(a) 33 (b) 6.4 (c) 72 (d) 12.8

20. A sand bagof mass M'is suspended by a rope. A bullet

of mass m is fired at it with speed v and gets embeded
in it. The loss of kinetic encrgy of the system is

Mmv? My
@ 2orem ®) Soaem)
mv?
© 5o @ SMam

21 Consld.er two containefs A and B conulnlng«—ﬂ
/identical gases at lhe same_pressure, volume and _
temperature. The gas In container A is compressed
to half of its original volume isothermally while
the gas in container B is compressed to half of its
original volume adiabatically. The ratio of final
pressure of gas in Bto that of gasin A is

(a) 211 (b) [%]7_l

1 YV 1 ¥
= | 2=
© [1—1) @ [T-l)

22. Soap water drips from a capillary, When the drop
breaks away, the diameter of its neck is 1 mm.
The mass of the drop is 0.0129 g. Find thc surface
tension ofsoagymtr.r (Take g=9.8 ms" )

(a) 129 107N (b) 312 x 10'3 Nm*
() 403x10°Nm™! (d) 586x10>Nm™

23. In a galvanometer 5% of the total current in the
circuit passes through it. If the resistance of the
galvanometer is G, the shunt resistance S connected
to the galvanometer is

(a) 19G (b)% (© 206 (d) 2—‘;
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24. A uniform chain of mass m and length ! is lying on
a table with i of its length hanging freely from

the edge of the table. The amount of work done in
dragging the chain on the table completely is
W™ H" 0% @
25. A needle placed 45 cm from alens formsanimagc
on a screen placed 90 am on the other side of the
lens. Its focal length and the size of image if the size
of the needle is 5 cm are respectively
(a) -30cm, 10cm (b) +30cm,-10cm
(c) -20cm, 15cm (d) +20cm,-15cm

26. The three stable isotopes of neon mNem. vat:2
and 1oNe?2 have respective abundances of 90.51%,
0.27% and 9.22%. The atomic masses of the three
isotopesare 19.99 u,20.99 uand 21.99 u respectively.
The ave atomic mass of nean is

(a) 11.18u (b) 15.18u (c) 20.18u (d) 10.18u

27. The electric field (in N C ') in an electromagnetic
wave is given by E = 50 sin w(t - x/c). 'Ihccnc:gy
stored in a cylinder of cross-section 10 cm? and
length lﬂﬂcmalongthcxaxiswﬂlbe
(a) 55% 10712 (b)11x10'“1
(©) 22x1071] (d) 33x 107

_"8 AfurkAhas&equ;:;cyz% morethmthe standard
/|| /fork and B has a frequency 3% less-than the/

frequency of same standdrd fork. The forks A a.nd B

when sounded together produced 6 beats s™.. The
frequency of fork A is

(a) 1164 Hz (b) 120 Hz

() 1224 Hz (d) 238.8 Hz

29. The plane face of a planoconvex lens Is silvered.
If p be the refractive index and R, the radius of
curvature of curved surface, then the system will
behave like a concave mirror of ra.dlus of curvature

@R Oy @, @ [’““]

30. The work function of a wrlain metal is
3.31 x 107" J. Then, the maximum kinetic energy
of photoelectrons emitted by incident radiation of
wavelength 5000 A is
(a) 248V (b) 0.42eV (c) 2.07eV (d) 0.82eV

31. A diode having potential difference 0.5 V across
its junction which does not depend on current, is
connected in series with resistance of 20 Q across
source. If 0.1 A current passes through resistance,
then what is the voltage of the source?

(a) 15V () 20V (c) 25V (d)5V

@
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32. An object initially at rest explodes into three
fragments A, B and C, The momentum of A is Pi
and that of B is /3 Pj where P is positive number.

The momentum of C is
(a) (1+ V/3) Pin a direction making 120° with A
(b) 2 P in a direction making 150° with A
(c) 2 Pin adirection making 150° with B
(d) (1 + +3) Pin a direction making 150° with B.
33. A block of mass 5 kg slides )
down on an inclined plane
of inclinaton 30° from a 10m
heightof 10 m from ground. _<
The coefficient of friction
between the block and the inclu:ted plane is 0.5,
Find the work done by friction on the block.
(a) 2503 ] () -250,3 ]
(c) 5007 (d) -5007
34. The velodity displacement Y
graph of a particle moving
along a straight line is ™
shown. The most suitable
acceleration-displacement x
graph will be "
44

(c] E— 4

35. What is the tension in a rod of length L and mass M at
a distance y from F}, when the rod is acted on by two
unequal forces F| and F, (<F;) as shown in figure.

pe—L s
1 1
(a) Fy () Fi-F,

© ﬂ[{-)-”’z[l-f) @ F(l—y)-f}’z(i)

36. Imagine a light planet revolving around a massive
star in a circular orbit of radius r with a period of
revolution T. If the gravitational force ofattra.cltuu
between planet and the star is proportional to
then the relation between T and r will be

(@) Te<r2 (b) TP PP () T3 r* (d) T2
37. If the sh:ar modulus of a wire material is

59 x 10 dynecm then the potential energy of

a wire of 4 x 10 cm in diameter and 5 cm long
twisted through an angle of 10, is



Fy

J

.r

(a) 1.253x 107127 ®) 2x 107127
() 1.00x 107127 (d) 0.8x107'%]

38. Alift is moving down with acceleration a. A manin
the lift drops a ball inside the lift. The acceleration of
the ball s observed by the man in the lift and a man
standing slationary on the ground are respectively
() gg () ag-a (c)g-ag (dag

39. The fundamental frequency of a dlosed organ pipe
of length 20 am is equal to the second overtone of
an organ pipe open at both the ends. The length of
organ pipe open at both the ends is
(2) 120cm (b) 140cm (c) 80cm (d) 100 cm

40. On observing light from three different stars P, Q
and R, it was found that intensity of violet colour
is maximum in the spectrum of P, the intensity
of green colour is maximum in the spectrum of R
and the intensity of red colour is maximum in the
spectrum of Q. If Tp, T and Tj are the respective
absolute temperatures of P, Q and R, then it can be
concluded from the above observations that
(a) Tp(TR<TQ (b) Tp(TQ(TR
(c) Tp> TQ >Tx (d) Tp>Tr> TQ

[ SOWmONS |
L (a): Rnteofcoollngispmpmﬁonalto(?" :rt,).
aspchtd'anslnw — i
/R _got—300f -'_'__'-_ ey
R” 600*—3004— 7 —
_9*-3* _3*¢'-1 _s0_16 _16 16p
6i-3t afi-y 15 3
2. (0
3. (a):y =asinotand y;=asin (0f+6)
yz—y1=aJ§ a sin (0t + 6) — a sin 1
az2aces @O (0+0)-wt
=2acos(wt+06/2)sinB/2
For maximum value, cos (0t +6/2) =1
J3a=2asin0/2
or sin812=-~3-=sin1—: or 9=E or 3=?_"
2 ) 3 2 3 3
4. (b): When S;isopen: 100
Assume resistance of AB =R s
Resistance of wire per ItV y
unit length. Hojrwim—
x=§; i=E MR '(l)f:
L R A2 cC_ B

L2
Now in AC, E Rl _gv J-i—{p];—-(.}___.l
E=12v R L2

‘When §; is closed :
V= ExRySE_SE_5x12__,
R L 12 12 12
= 6-Iir=5; :6—(1% r=5 =r=2Q
5. (C) H 3R %’
A R
e
1
3
ay. 4
Thermal power in A, PA=(?] 3R=§12R
IV, 2
Thermal powerin B, Py =(3] 5R=-512R

Thermal power in G, Pc= I*R.
PA:PB:PC=-;—I2R:§IZR:IZR=4:2:3
6. (c):Here,u,=uoosﬁ=lScosB
u,=usinf=15sin0
Time of flight of the ball is
_2uy _2x15c080 _

8 ..(1)
g 10
The boy will catch the ball if in time T, duplaccmmtof

, t.he ba]l in hnrizantx.l d.irection shou.ld n.l.sn he zera. So-
/ 0 uxT"" ﬂxTz -'r .’I __.f' \ _a' ,-f

e iV}
2(15:&10)'_10';‘”9
mecqns. (i) and (ii), 3 cos0=108in0
or tan=2=03 or B=tan”'(03)
7. (d) : As the rod is hinged at one end, its moment
of inertla about this end is I:ﬁz

3
Total energy in upright position =
striking the floor

MgLI

2

» ﬂ.‘
or T_—’

T

total energy on

2
Im +0= ;M‘Lmz

_ g

=73 L

8. (b) : Outputof OR gateis A + B, Output of NAND
gateis A-B

Now, Y=(A+B)-A-B=(A+B)-(A+B)
IfA=1andB=1,thenA+B=1and A+B=0
So,Y=0

IfA=0and B=0,thenY=0

IfA=1and B=0,thenA+B=1; A+B=1

or MW=
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So,Y=1
IfA=0andB=1,thenY=1
So, the given combination is XOR gate.

9. (d): The magnetic field
induction at O due to current
through PR is
B 2173, . .
=22 rin30°
B, e +sin30°)

=|-1021

47 3r
It is directed outside the paper.
The magnetic field induction at O due to current
through PQR is
B, =2x%u—:_3)[ain30°+sin 30%=
Ttis directed inside the paper.
Resultant magnetic field induction at Ois By - B, =0

10. (a) : In the process AB and A
CD, volume is constant, DL . B
Therefore, no work is done, T i

\'/
Wps =RTyIn (ﬁ v
Vo >

To_ 2T
0. 279

Bo2t
4 3r

>

= Wm=RTQ].ﬂZ

Wac= RQT; in zlf’;"];zmlng \ —

U 7 | \\ " \
/ Total work doite by thegas ' © "\ .~
W=WDA+WB(:=RTDIII.2- Toln2=-RTglnz
|W|=RTg In2

11. (a) : In case of a dipole in a magnetic field,
Workdone, W= MB(cos0; - cosb,)

Torque, T=MBsin 0 ; 8, = 0° and B, = 60°

. W=MBﬂ—m58)=2Mlenzg

r=MBsinB=2MBsing msg

%:mt[-g-),or =W cot30°=3W
12. (b): Aslp=I1+ L+ 2‘“'112 cos §

Here, ¢=2—fx%=g,fl=fz=j

Ip=T+1+21 cosy=21
At the central bright fringe, I' = 41

Ip 21

R

I' 4r 03
13, (b) : Let v be the velocity given by hand and k be
the height to which the ball goes.

® -
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%mvz =mgh (i)
If F is the force applied by the hand as it moves through
0.2 m, then -;-.mv2+Fxo.2=mg(h+2) (1)

Using eqn. (i); mgh + Fx 0.2 =mgh + mgx 2

P= '“g:z =10mg =10x0.2x10=20 N

14. ()
15. (c) : Here, L=25mH=25x10"H
V=50 Hz, Vi =220 V
The inductive reactance is

22
X, =21'|:1.1L-_-2x7x50x25x10“3ﬂ

'The rms current in the circuit is
Ve 220

XL 2x%2x50x25xm“3
16. (c) : AsKpex=hv-¢p

=2BA

I

%

he he
or eV;:,:I—(JB or W’EE'_

e
s AV =(Vp) = (Vo)

el fe_Sof | he Q| kel 11
A\ e ed; e/ elN Al / f -

_66x10* x3x10° [4 S T
1.6x10717 ax10” 6x1077
(Vo)2=(Vg)1 -1.03=6-1.03=497V
17. (a)
18. (a) : Time period, T o< p"pr’ or T =kp°pb£‘
k 18 a dimensionless constant.
According to homogeneity of dimensions,
LHS=RHS = [T] = [ML T34 ML) (ML T2
[T] s [M¢+5+C]IL—E—35+ZC] [-I-—'ZAI—ZC]
Comparing the powers, we obtain
a+b+c=0:-1-3b+2c=0;-29-2c=1
5 1 1
On solving, eta=—"-,b==,c=~
n solving, we get a g 5 c 3
19. (c) : Weight = Buoyant force

f LY
] =1.03V—

\'4 v
meg=_p 8+ Paitg
2+“8 2 N
Piig T Poil
pm=- 2 U "/Lfﬂﬂ.ﬂ'r

20. (a) : According to law of conservation of linear
momentum, mv={M+m) V



or V=mv/(M+m)
Initial KE of the system = > my?

Final KE of the system =—12—(M+ m)V"z
1 (mv)?

_(M+ )(MmT‘E(MmJ

2 1 (ﬂrw)z B m Mv?
2(M+m) 2(M+m)

21. (a) : For isothermal compression of gas A,

For adiabatic compression of gas B,
\
ppen (L) <21p = T 2A
7 E”

22. (c) : When the drop breaks away from the
capillary, weight of the drop = force of surface tension

acting on it due to capillary, e,
= L. 1
mg=(rD)XT or T =D (1)

Here,m=0.0129 g = 129x10“‘kg g=98ms>,
D-lmm—l[l m

Loss of KB =Em v

=21

e

meeqn W\ - f\ — /

/ 129x10'5 9.8 ms =) / | e

( — @%,—2—-40;35619.‘3'}%1“1' /
3.14X10 ' —

23. (b): As shunt is a small resistance S in parallel

with a galvanometer (of resistance G) nsshuwnm figure.

(1-16)8=1I5G
C;GG © (a-ig S Y
= ——l G
(I-Ig) I I
5
> 16
5 100 G
Ig=——1 . §=-100___
Here, 1 =100 .5 19
I->1
100

24. (c) : Mass of [i] length of the chain = %
The weight of this part of the chaln acts as its CG which
is at a distance [1memthe edge of the table.

i (3

32
25. (b): Here,u=-45cm, v=+9cm

1 11 1 1 1+2
sing ens formula, f e

/

f=+30cm
tu? o B, N
Magnification, m= B u or T
l.o. hl=5cm1

~  Sizeof image, by =~ 10cm

26. (c) : The masses of three isotopes are 19,99 u,
20.99 u,21.99 u.
Their relative abundances are 90.51%, 0.27% and 9.22%.
& Average alomic mass of neon is

_ 90.51%19.99+0.27 X 20.99+9.22X21.99

(90.51+0.27 +9.22)
27. (b) : Energy contained in a cylinder
U = average energy density x volume

=%Eogngf

= ;x[B.BleO'“Jx{SO)zx(lelO")xl: L1x107y
28. (c) : Let v be frequency of standard fork. The
frequency of A, v, ='D+-1§d'u

and the frequency of B, vg =v- i-;—du

According to question, Uy —vg=6
2
100

The fmqu::ncy ofdA [<_ |/ \/!

vy =[ o2 120+ix120 =1224 Hz
100 100

29. (b) : For planoconvex lens (without its plane
surface silvered)
R

L 1_1)_p-1
) - D( ] R = k-0

‘Whenanobject is placed in front of the planoconvex lens
with Its plane face silvered, light rays are : (i) refracted
at the convex surface (ii) reflected at the silvered surface
and (iii) refracted again at convex surface, If F is the
effective focal length of the combination, then

1 1 1 1 2 (as fiy =)

—=—+—+—=—
F f fm I 1t
=£—‘-= R

2 2u-1) =
Radius of curvature of the concave mirror =2F = -(‘—-_n
30, (b) : Here, work function, ¢o=3.31 x1079]
Wavelength, A = 5000 A = 5000 x 10710
Energy of the incident photon,

or
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=20.18u

[u-i-—-u)-(u-iu):,ﬁ:o V=120Hz
/ 100 )7/ /\ [/



phe_ 6.63x107* x3x10°

A 5000x10710

Acmrdlng to Einstein’s photoelectric equation
-$p=398x10""%]-331x107"]

0.67x107"°
1.6x10°1

=398x107"9)

Kinax =

=067 x10°7°] = eV=042¢eV

31. ()

3% (c) : Here P,=Pand P,= 3P
*.  Resultant momentum ofA and B
P=(P2+P?= P2+ (3P =2P

Itisalong OC'. 3“{_._' c

As is clear from ﬁgure Y4

2 g 5C’ _ OA )r_(/_'b_l_x
~OB" 0B T‘ T A

or 6=30° ¢ ¥

As the object was Initially at rest, the vector sum of

linear momenta of A, B and C must be zero. Therefore,

momentum of C = 2 P along OC opposite to OC', It

makes an angle with B= ZYOC
= ZLYOX' + £ZX'0C = 90° + 60° = 150°

BC

33. (b): lnAABGmnBO'-AC . _

’:l-l—o-or:l(}:mm___‘ / [
/ Fri:t:lnnalfurceisa:ﬂng A/ 'hiu“‘ ’* oV’

an the block. g

Jf = pmg cos 30° h=10m

V3 503 «““e &
-l.':o.5><5><10><2 P A B

Work done by frictional force on the block, Wy= fx AC
X cos 180°

_ -503
4

34. (a)
35. (d) : Here,asitis clear in figure, net force on the rod
F=(F-F,)

e
F, 3 T T Fy

2 %20=-25043 ]

L

Acceleration of rod, along Fy

£=(_Fl__F12 (i)
M M M

Mass of part AB of the rod = (I)y

Let T be the tension in the rod at B.
Equation of motion of part AB of the rod is

(54
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_. .M ﬁ-rz]
Fy-T= =gt T2
1 ma L"’[ M

Fi-T=(F-F) % or T=F-(F, 'Fz)i
T=F,(1-y/L) + F5(y/L)
36. (b) : Force of gravitation on the planet

= Centripetal force
kr*? = mry? = mr(z;T
e

37. (a): To twist wire through the angle db, it is
necessary to do the work dW =1d9

10 n
d 0=100=10y T __T_
an 10°=% 180 1080 ™
nr*0 do 4g2
w=[Srdo = j:" -““:r =1253x 10712]

38. (c) : When the ball dropped, its acceleration is g
as is observed by a man standing stationary on the
ground. Now the man inside the lift has downward
acceleration g, the acceleration of the ball as observed
by this man will be g - a.

39. (a): For closed organ pipe, fundamental

/Frequency s given by v, = "’«if —f
' I‘-or open organ \pipe, ﬁmdmenul frequmx:yls given by

“""zr
overtone of open organ pipe

» » 31'
v=3v, = V=—

Accarding to question, v, =V

Y_¥ o r=6l=120am
2r

4l
40. (d) : According to Wein's displacement law
AT = constant ()]
For star P, intensity of violet colour is maximum,
For star Q, intensity of red colour is maximum,
For star R, intensity of green colour is maximum.

ond

Also, 2., > 7‘2 >Ay
Using equation (i), T, < T < T,,; Ta< Tr< Tp
L 24
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""“‘@> SCIENCE BEHIND

LEAP YEAR

Why it’s a Leap Year and why Our Great-grandparents Skipped One of Them

February 29 is a date that comes approximately once every four years. Approximately, not exactly,
for there are exceptions to the leap year’s cycle of four years.

Rules and exceptions -
Leap years are 2ways multiples of four - 2016, 2020, 2024 - bul a year that
is a multple of four Is not always a leap year. There are exceptions, such as
1900 ard 2100, bath multiples of four, yet neither a leap year.

A year ending with 00 Is obviously a multple of four, but is usually not a
leap year. These are the exceptions. But again, there
are exceptions 1o such exceptions. For example, 2000
ended with 00 but rema'ned a leap year. As a result,
many people alive today - excent some who are very
young - are likely to spend their Rfetimes without |

skipping a leap year. Out ancestors skipped a lezpyear || 2 3 4 8
in 1900, while our descendants will skip ore In 2100,

S M T W

Our solar calendar is supposed to reflect one orbit of Earth around the
Sun. This helps In anticipating the seasons, maintaining crop cydes, setting
school schedules, ete.

Earth takes 365 days and a few hours to orbit the Sun, which is why a
year is usually 365 days long. The actual period of the orhit Is dose to (nat
exactly) 365 days and 6 hours, which means that the calendar yearis about 6
hours shorter than the actual solar year. To compernsate, we have leap years.
The leap year was introduced by scholars engaged by fullus Caesar In 46 BC,
and made more predise from 12 AD, The reasoning went thus: if the calendar
year Is 365 days long, it is missing 6 hours. These & hours keep adding up,
year after year. By the end of 4 years, the ca'endar years will have missed a
total of 24 hours, or one full day. So, why not add an extra day once every
four years, the scholars reasoned.

Thus, the Ju'lan calendar had a year that was usually 365 days long, with a
366" day added onrce every four years. It appeared to make sense. Only, it
was never going to work in the long run.

This is because 365 days and 6 hours Is an approximation. It is a very small
approximation, but even these tiny errors were going to add up one day.

Theerrors pileup
To be more precise than earlier, Earth completes one orbit In 365 days, 5
hours, 48 minutes and 46 seconds. However, with three years of 365 days

[ 9999999999992
FEBRUARY 2020

9 101 113N

2nd one leap year of 366 days, the average length of a year In the Jullan
calendar was 365 days and 6 hours. This was longes, if ever slightly so, than
365 days, 5 hours, 48 mirutes ard 46 seconds.

In effect, the leap year formula was 2n overcompensation. Leap years were
introducedibecause the calendar year was short, but they ended up making
the average walendar year longer than the solar year. The
difference: a smafl matter of 11 minutes and 14 seconds,
Minute by minute, secord by second, the errors plled up,

L year after yea, century after century. In the 16 century,
. it was calculated that the calendar years unsil then had

Shlms accumulated 10 extra days. In 1582, Pope Gregory Xl
B

ordered a drastic compensation by dropping 10 days from.

What € the reastaing bebinid the rule for leap years, | v o f o /B "t calendat, and October 4 that ycar was follovied by
lnul:epthmwm'm'e.udmemepﬁomlnm g u,u :F' 4 o, nm____ ~Cctober 15 the very next day. I

Ev.ceptms? g/ - '__ J— ! ' ——The need was lor fu'ther refoim, so that lhe minutes -~

Why have leap years and seconds would not accumulate again in the future. The obvious thing

to do was to reduce some leap years-about ane leap year every century.

And the cbvious candidates were the years eading with 00. But if all

“00 years” ceased to be leap years, calculations showed, it would result

in another over-compensation. Therefore, some "C0 years™ needed 1o

remain leap years.

Evertually, the reform led to the Gregorian calendar, which we follow today.

The formula:

» Avyearthat ks a mutiple of 4 Is a leap year; except:

= A year ending with 00 is not a leap year; except:

® A "00 year” In which 00 Is preceded by a muttiple of 4 (1600, 2000,
2400 etc) remalns a leap year.

That ks why 1900 and 2100 are not lezp years, but 2000 ks ane.

Isthatit, finally?

It can never be perfect. We try to dodk the Earth's orbit predsely down to
the last second, yet we follow a calendar with a whole number of days. The
calendar today is about 26 seconds off from Earth's orbital period, which
&dds up lo one full day In 3,320 years.

There have been propesals for a future comection - remove a leap year once
every 4,000 years, or once every 3,200 years. Years 3200 and 4000, hawever,
are still a long way away. As of 2020, not everyone is bothered.

Courtesy : he indian Express
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Time allowed : 3 hours Maximum Marks : 70

GENERAL INSTRUCTIONS
(i) ‘This question paper comprises four sections-A, B, Cand D.
(ii) ‘There are 37 questions in the question paper. All questions are compulsary.
(ill) Section A : Q. no. 1 to 20 are very short-answer type questions carrying 1 mark each.
(iv) SectionB: Q. no. 21 to 27 are short-answer type questions carrying 2 marks each.
(v) Section C: Q. no. 28 to 34 are Jong-answer type questions carrying 3 marks each.
(vi) Section D: Q. no. 35 to 37 are also long answer type questions carrying 5 marks each.
(vii) There is no overall choice in the question paper. However, an internal chaice has been provided in two questions of one
mhmwmsdtmmb,mequﬁﬂmuﬂhrumubmdlﬂthnhmcqwﬂmofﬁwmda Youl:lzvctn
, almmptcnlyoneufthcchodocslnsud:quuum { / [ f - /
/ (v:iﬂﬂmmscpamtcmsuummmghmwiﬂuachucﬁmmdquuﬁon. whmvemmmrj' ' , \/ J
(ix) Use of calculators and lo lables is not permitted. - =y b
(x) You may use the following values of physical constants wherever necessary.
c=3x10"ms ' ; h=663%103]s;e=16x10"7C;py=4nx107 Tm A!;2,=8854 x 10" 12CIN-! m~2

é =9 x 10° N m? C-2; Mass of electron (m,) = 9.1 x 103! kg ; Mass of neutron = 1.675 x 10-7 kg ;
Mass of proton = 1.673 x 1077 kg ; Avogadro's number = 6,023 x 10 per gram mole ; Boltzmann constant = 1.38 x 1072 J K™

ST W (<) Most part of the mass of the atom and its

; positive charge are concentrated at its centre.
Note s Sclect the most appropriate aption from those (d) The stability of stom was established by the

given below cach question. modal,
1. Photons of energies 1 eV and 2 eV are successively reased
incident on a metallic surface of work function 3 gyh?ntg:::‘nlg power caclescapecan bein
0.5¢V. The rallo'ofldnctlc energy of most energetic (a) wavelength of light (b) diameter of objective
photoelectrons in the two cases will be (c) length of the tube
@1:2 (@®)1:1 (c) 1:3 (d) 1:4 (d) focal length of eyepiece.
2. Which of the following statements is not correct 4, ‘The magnetic dipole moment of a current carrying
according to Rutherford model? coil d:egsn not depend upon
(a) Most of the space inside an atom is empty. (a) number of turns of the coil
(b) The electrons revolve around the nucleus (b) cross-sectional area of the coil
under the influence of coulomb force acting (c) current flowing in the coil
on them. (d) material of the turns of the coil.

*For Complet2 Analysis of CBSE Board Physics Paper 2020 & Important Fres Resources Visit blog,pembloday.com
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5. [Fora glass prism, the angle of minimum deviation
will be smallest for the light of
(a) red colour (b) blue colour
(c) yellowcolour (d) green colour

6. A biconvex lens of glass having refractive index

147 is immersed in a liquid. It becomes Invisible
and behaves as a plane glass plate, The refractive

index of the liquid is
(a) 1.47 (b) 1.62
(c} 1.33 (d) 1.51

7. The resistance of a metal wire increases with
increasing temperature on account of
(a) decrease in free electron density
(b) decrease in relaxation time
(¢} increase in mean free path
(d) increase in the mass of electron

8. An electric dipole placed in a non-uniform electric
field can experience
(a) aforce but not a torque
(b) atorque but not a force
(c} always a force and a torque
(d) neither a force nor a torque

9. Ifthe net electric flux thmugh a dnscd a'urfa:c is ;

/zero, then we can infer-.

~ (a) 'nomet charge is endosea by thc surfacc /

(b) uniform electric field exists within the surface

(c} electric potential varies from paint to point
inside the surface

(d) charge is present inside the surface

10. Kirchhoff's first rule at a junction in an clectrical
network, deals with conservation of
() energy (b) charge
(c}) momentum (d) both energy and charge

Note: Fill in the blanks with appropriate answer.

11. A ray of light on passing through an equilateral
glass prism, suffers a minimum deviation equal to
the angle of the prism. The value of refractive index
of the material of the prism is

12. According to Bohr's atomic model, the

circumference of the electron orbit is always an
multiple of de Broglie wavelength.

OR

In B-decay, the parent and daughter nuclei have
the same numberof

13. The number of turns of a solenoid are doubled
without changing its length and area of cross-
scction. The self-inductance of the solenoid will
become times,

14. Laminated iron sheets are used to minimize
currents in the core of a transformer.

15. The magnetic field lines are by a
diamagnetic substance.

Note : Answer the following.

16. Why cannot we use Si and Ge in fabrication of
visible LEDs?

17. The variation of the stopping Vv,

potential (Vp) with the My
frequency (v) of the light
incident on two different
photosensitive surfaces M, G >

and M; is shown in the figure.
Identify the surface which has greater value of the
work function.

18. How does an increase in doping concentration
affect the width of depletion layer of a p-n junction
diode?

19. 'lhenudcnrmdiusuf”Al ix36ﬂzrmi. Flnd the.

\ ‘.nuc.lear:adius of “Cu [/ \ / /

\ {

) — 0R — 7 \ .-\__' L "

A proton and an electron have equal speeds. Flnd
the ratio of de Broglie wavelengths associated with
them.

20. How is displaccment current produced between

the plates of a parallel plate capacitor during
charging?

21. Two long straight parallel

wires A and B separated

byadistanced, carryequal
current I flowing in same
direction as shown in the

figure.

(a) Find the magnetic field at a point P situated
between them at a distance x from one wire.

(b) Show graphically the variation of the magnetic
field with distance x for 0 < x < d.

22. Using Bohr's atomic model, derive the expression
for the radius of n'® orbit of the revolving electron
in a hydrogen atom.
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OR
(a) Write two main observations of photoelectric
effect experiment which could only be
explained by Einstein's photoelectric equation.
(b) Draw a graph showing variation of

photocurrent with the anode potential of a
photocell.

23. Define wavefront of a travelling wave. Using
Huygeans princlple, obtain the law of refraction ata
plane interface when light passes from a rarer toa
denser medium.

OR
Using Icns maker's formula, derive the thin lens
formula = for a biconvex lens.

v u

24. Explain the principle of working of a meter bridge.
Draw the circuit diagram for determination of an
unknown resistance using it.

25. Explain the term 'depletion layer' and ‘potential
barrier' in a p-n junction diode. How are the (a)
width of depletion layer, and (b) value of potential
barrier affected when the p-n junction is forward
biased?

26. N small conducting liquid droplets, each of radius r,

Are charged to'a potential V each, These droplets /
/ coalesce-to'form a single large-drop without any’

charge leakage. Find (ie polential of the Lirge drop.

27. Define activity of a sample of a radioactive
substance. The value of the disintegration constant
of a radioactive substance is 0.0693 h-1. Find the
time afler which the activity of a sample of this
substance reduces to one-half that of its present
value,

SECTION-C

28. In a single slit diffraction experiment, light of
wavelength A illuminates the slit of width ‘a’ and
the diffraction pattern is observed on a screen.

(2) Show the intensity distribution in the pattern
with the angular position 6

(b) How are the intensity and angular width of
central maxima affected when
(1) width of slit is increased, and
(ii) separation between slit and screen is
decreased?

29. With the help of a simple diagram, explain the
working of a silicon solar cell giving all three basic
processes involved. Draw its I-V characteristic.

€ © Ppursicsroryou | L0

30.

3L

32,

/33,

34,

A resistor R and an inductor L are connected in

series to a source V= Vj sin @t. Find the

(a) peak value of the voltage drops across R and
across L

(b) phase difference between the applied voltage
and current. Which of them is ahead?

(a) Write the expression for the speed of light in
a material medium of relative permittivity e,
and relative magnetic permeability pi.

(b) Write the wavelength range and name of the
electromagnetic waves which are used in
(i) radar systems for aircraft navigation, and
(ii) Earth satellites to observe the growth of
the crops.

(a) Two cells of emf E; and E, have their internal
resistances ) and ry, respectively. Deduce an
expression for the equivalent emf and internal
resistance of their parallel combination when
connected across an external resistance R.
Assume that the two cells are supporting each
other.

(b) In case the two cells are identical, each of emf
E=5YV and internal resistance r=2 Q, calculate

. voltage across the external resistance R= IDQ

(a) Write an expressionof/ magnet.ll: momcnt

| associated with a current (J) ‘carrying dm‘l‘f .

ol of radius r having N turns. e

(b) Consider the above mentioned coil placed in
YZ plane with its centre at the origin. Derive
expression for the value of magnetic field due
to it at point (x, 0, 0).

OR

(a) Define current sensitivity of a galvanometer.
Write its expression.

(b) A galvanometer has resistance G and shows
full scale deflection for current L.
(i) How can it be converted into an ammeter
to measure current upto Iy(fy > Ip)?
(il) What is the effective resistance of this
ammeter?

The nuclcus”’ Y, initially at rest, decays into
% X by emitting an a-particle
235 2 Y— 5 BIx+ ZHe + energy.

'The binding energies per nucleon of the parent,
nucleus, the daughter nucleus and a-particle are
7.8 MecV, 7.835 MeV and 7.07 MeV, respectively.



Assuming the daughter nucleus to be formed
in the unexcited state and neglecting its share
In the energy of the reaction, find the speed
of the emitted a-particle. (Mass of o:-particle
=6.68 x 107 kg)

35. (a)

(b)

()

Derive the expression for the torque acting

on the rectangular current carrying coil of

a galvanometer. Why is the magnetic field

made radial?

An a-partide is accelerated through a potential

difference of 10 kV and moves along x-axds, It

enters in a region of uniform magnetic field

B =2 x 1073 T acting along y-axis. Find the

radius of its path.

(Take mass of a-particle = 6.4 x 107 kg)
OR

With the help of a labelled diagram, explain

the working of a step-up transformer. Give

reasons to explain the following :

(i) 'The core of the transformer is laminated.

(1i) Thick copper wire is used in windings.

A conducting rod PQ of length 20 cm and

(ii) If this telescope is used to view the Moon,
find the diameter of the image formed by the
objective lens. Given the diameter of the Moon
is 3.5 x 10° m and radius of lunar orbit is
3.8 x10% m.

OR

(a) An object is placed in front of a concave

mirror. It is observed that a virtual image is
formed. Draw the ray diagram to show the
image formation and hence derive the miror
equation l=-l—+~l-.

f uwvy

(b) An object is placed 30 cm in front of a plano-

convex lens with its spherical surface of radius
of curvature 20 em. If the refractive index of
the material of the lens is 1.5, find the position
and nature of the image formed.

37. (a) Using Gauss law, derive expression for electric

field due to a spherical shell of uniform charge
distribution o and radius R at a point lying at
a distance x from the centre of shell, such that
(i()0<x <R, and

(i) x>R

(b)
resistance 0.1 Q rests on two smooth parallel
 raile of negligible resistance AA" and CC. It
/) canslide on the rails and the arrangement is /

]
|

! __(pursiti'i:m'ad between the poles of a permanent '/

(b) An electric field is uniform and acts along

/ ..#xdirection in the region of positive x.Jtis"

/| also uniform with the same magnitude but..
/ acts in -x direction in the region of negative x.
" ““Ihe value of the field is E = 200 N C! for

36. (a)

magnet producing uniform magnetic field
B=0.4T. The rails, the rod and the magnetic
field are in three mutually perpendicular
directions as shown in the figure. If the ends A
and C of the rails are short circuited, find the
(1) external force required to move the rod

with uniform velocity v= 10 cm s~ and
(ii) power required to do so.

x> 0and E=-200 N C-! for x < 0. A right
circular cylinder of length 20 cm and radius
5 cm has its centre at the origin and its axis
along the x-axis so that one flat face is at
x =+10 cm and the other is at x = —10 cm.
Find :

(i) The net outward flux through the cylinder.
(ii) The net charge present inside the cylinder.

x x P x =
3 OR
x @ POv (a) Find the cxpression for the potential energy
B X N of a system of two point charges g, and g,

XC x Q X
Draw the ray diagram of an astronomical
telescope when the final image is formed at
infinity. Write the expression for the resolving

power of the telescope.

(b) An astronomical telescope has an objective

lens of focal length 20 m and eyepiece of focal
length 1 em.

(i) Find the angular magnification of the
telescope.

located at 7 and 7, , respectively in an external
electric field E.

(b) Draw equipotential surfaces due to an isolated

point charge (-g) and depict the electric feld
lines.

(c) Three point charges +1 uC, -1 pC and +2 puC

arc initially infinite distance apart. Calculate
the work done in assembling these charges at
the vertices of an equilateral triangle of side

10 cm.
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SOLUTIONS

1. (c) :Given¢=05¢eV
v M =Kpxt ¢
& Koy =16V -05eV=05¢eV
Kz, =2V -05eV=15eV
From (i) and (i)
Ko, _1
Kaw, 3
2. (d): The stability of atom was not established by
this model.

3. (b) : As resolving power = % » where D is the
diameter or aperture of the objective lens. Increasing D
increases the resolving power.
4. (d): Magnetic dipole moment of a current carrying
coil does not depend upon the material of the coil
5 (a):Asdp=(u-1)A

" Hblue 2 Pyellow > Hgreen > Bred

&M:»Bm >5,,,Wm:-5,,,mll

6. (a)
7. (b) : In melals, decrease in the value of relaxation

time T with rise in temperature causes res:istmty and
thus resistance Lo increase.” A

/ 8. Q) : Since the’ electﬂc-dlpolr. is plac:d in-a non-

(@)
i)

/ uriform /deciiic field it experiences both’ fome and

torque.

9. (a) : Ifthe net electric flux through a closed surface
is zero, then it can be concluded that there is no net
charge enclosed by the surface.

10. (b) : The junction rule states that, at any junction,
the sum of currents entering the junction is equal to the
sum of currents leaving the junction. It represents the
conservation of charge.

11. As angle of prism is equal to angle of minimum
deviation.

A=d,
m(_xﬁ_&,,,) sm(sumo
= 2 = 2
nfg) ol
2 2
_an 500 [+ A = 60° for equilateral prism]
s~V

12. According to Bohr's postulate,
angular momentum, L= ::

@
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/Work funetion, § = hvg p

4

/ Hm DOM ;> Vony» thus ¢-V > ‘?M J .

or 2:r|:r=£!~'-=n7|. [ hlp=2)

my
Thus the circumference of the electron orbit is always
an integral multiple of de Broglie wavelength.

OR

In fi-decay, the parent and daughter nuclei have the
same number of nucleons.

X AV + Je4v
13. Initially, self inductance, L = pon?Al
Given,n=2n,l=landA=A
& L' = po(2n)?Al
From (i) and (i),

L'=4L
Thus self inductance increases by four times.
14. Laminated iron sheets are used to minimize eddy
currents in the core of a transformer.
15. The magnetic field lines are repelled by a
diamagnetic substance,
16. The semiconductor used for fabrication of visible
LEDs must have at least a band gap of 1.8 eV because
spectral range of visible light is about 0.4 mm to 0.7
mm, i.e., about 3 ¢V to 1.8 eV, But Si and Ge have band
gaps less than 1.8 eV.
17. Here surface M, has grmavalmofworkfnnct!on.

()
i)

18. Incmulng the doping concenlmlloa dccmsm the.~
width of the depletion region of a p-n junction diode.
19. As nuclear radius, R = RyA!?

For f{Al, 3.6 fermi = Ry(27)? = Ry = 1.2 fermi

». For §#Cu, R=1.2 x (64)1° = 4.8 fermi

OR
vk b Loa = E aaa,-
P my mP?P m‘,"'e
A, m m 1
P {3 e
v,=V,;—=—t=—f =
Given ¥y = Ve, T, 1836m, 1836

20. Displacement current is produced due to time-
varying electric field across the capacitor and is given
by 3

la=ty— —
21. (a) : At P, according to nght hand thumb rule, field
due to A is upwards and due to B Is downwards

P B

AIO--------———---—Q
i

- d

LY
Cd




F g
J

Mol 1
Bp= 2n [x (d-x)]

E[d —Zx]
nxld-x
(b) The variation of magnetic field with distance x is
shown in graph.

dn

22. Radius of n'* orbit of
hydrogen atom : In H-atom,
an electron having charge —e
revolves around the nucleus
of charge +e in a circular
orbit of radins r, such that
necessary centripetal force Is provided by the
electrostatic force of attraction between the electron
and mucleus.

wli)
From Bohr’s quanl.lmtiun condition

nh /\
xmvr:-— or y=—— v
2k / /2Rmr- - A\

Usmg equmon‘(il) In (i), weget” .~ I

[,.h]’ 1 & meR 1 &
m- =—— or
2rmr 4ney T

n*h?

agmi? Angg T

Eo )
nme’ (

where n = 1, 2, 3, ... is principal quantum number.

Equation (iii), gives the radius of n** arbit of H-atom.

OR

(2) On the basis of experiments on photoelectric effect,
three observed features are

(i) The emission of photoelectrons takes place only
when the frequency of the incident radiations Is abave
a certain critical value called threshold frequency vy,
which is characteristic of that metal emitting electrons.
Above threshold frequency vy, maximum kinetic
energy with which photoelectrons are emitted is directly
proportional to frequency v of incident radiation.

(ii) The maximum kinetic energy with which a
photoelectron is emitted from a metallic surface is
independent of the intensity of light and depends only

upon its frequency.

ar r=

_ = BC= ?1‘
o 'T_.-..:(i,i) J.’;

(b) For a given frequency, Photoelectric current
Photoelectric current 4 {ntensity
varies  with  anode h
potential is as shown In h
graph. -Vo Amd:pm:rntlal

23. Wavefront : The continuous locus of all the particles
of a medium, which are vibrating in the same phase is
called 2 wavefront.

Snell's law of refraction : Let PP’ represents the surface
separating medium 1 and medium 2 as shown in figure.

, Incident
wavefront (Rarer)
1{vy)
: i
P A r C 1 4
T (Denser)
+—Refracied wavefront
2 medium 2 (1)

Let v, and v, represents the speed of light in medium 1
and medium 2 respectively. We assume a plane
wavefront AB propagating in the direction AA incident
on the interface at an angle i. Let t be the time taken by
the wavefront to travel the distance BC.
_ [ distance = speed x time].
In ordér to determine the,.shape of the /refracted
wavefront, We draw a sphcre of rad:us Vof fiom the
point A inthe stcond medium (the speed of the wavein—
second medium is v,).
Let CE represents a tangent plane drawn from the point
C. Then, AE = vt
» CEwould represent the refracted wavefront.
In AABC and AAEC, we have
BC_wt _AE v
shni=jc™ac ™ =l ac
where { and r are the angles of incident and refraction
respectively.
. sin: vlf AC suu ..
sinr  AC vzt sinr vy

If ¢ represents the speed of light in vacuum, then

A.E T'zt_

—and =f S y=Soandv,==
W= M= Ya 1= i LT
whencp.. and |, are the refractive indices of medium 1
and medium 2.

sini ¢/, sini |, _
-~ linr—cipz dnr-—ﬁ:&msini—u;slnr
This is the Snell's law of refraction.
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OR
Medium on two sides of lens is different.
Image I; formed by the first ™ W

refractory surface behaves
as object for the second
refracting surface. A/
For 1* refractory surface
[l B O Y B .
v, u R, o (i)
For 20d refractory surface o B _Ha—ly
v v—t R,
Neglecting ¢ for thin lenses,
By M _Ha—ly
v v R (i)
From eqn. (i) and (i),
By By (—iy) Gy —iy)
vy u R, R,
If medium on both sides of lens is same,

M = Hy = p, (Refractive index of surroundings)

1 (B )21

L4 u ;-l-‘ R, Rz

o 3= (1) ;) st
1.1.'1'-' & "t

f e — \

W u ¥ 2o DN =\ 7 /

24. Metre bndgc lt isthe sunplcsl pmcncnl app]Icahon
of the Wheatstone bridge that is used to measure an
unknown resistance,

Principle : Its working is based on the principle of
Wheatstone bridge.

When the bridge is balanced, 6 = E

Measurement of unkmown resistance
by a metre bridge.
‘Where unknown resistance, S=w
25. Depletion layer : The small region in the vicinity
of the junction which is depleted of free charge carriers
and has only immobile ions is called the depletion layer.

@
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Potential barrier : Due to accumulation of negative
charges in the p-region and positive charges in the
n-region, a potential difference sets up across the
junction, This acts as a barrier and is called potential
barrier Vg which opposes the further diffusion of
electrans and holes across the junction.

{(a) In forward biasing the width of depletion layer is
reduced and

(b) the external applied field is able to overcome the
strong electric field of depletion layer.

26. Let g be the charge on cach droplet.

Then V=Li
dme, r
Volume of big drop = N x valume of small drop
4 3 _ wudo
31!R —Nx3ﬂr ,
where R is the radius of the big drop.
=R=NWy
mdQ Ngq, where Q is the charge of bigger drop
-~ Potential of larger drop,

(i)

(1)

o 1 Q_ 1 Ng N
Vi= N v-
4meg R 4meg NV3, mV‘NmV
27. The rate of decay of a radioactive substance is called
rtl1|e:u:tnrltyc:rfﬂm.! 5ubstance. S ;e
, R— dN  /\ /[ f,-”
. = [/ \

Its Slunrmbecq'md (Bq)ordhu:tegmhompermmd
Given A =0.0693 h~}

Let at time ¢, the activity of the sample of this substance
reduce to half of its present value, then R = Roe™M

Ry _p o
or —*=Ry

Teking natural logarithm on both sides

= 2=£1.r

28. (a) : The intensity pattern on the screen is shown in
the given figure.



(b) The angular width of central maximum is given by

28, —& w(i)

wherea 15 the slit width and ry is the wavelength of light.
(1) From equation (i), it follows that 28, s l

Therefare, as the slit width is increased, lhe width of
the central maximum will decrease and the intensity of
central maxima will increase,

(ii) From equation (i), it follows that 26, is independent
of D. So the angular width will rernain same when the
separation between slit and screen is decreased and the
intensity will increases.

29. Principle : A solar cell works on the principle of
photo voltaic effect according to which when light
photons of energy greater than energy band gap of a
semiconductor are incident on p-n junction of that
semiconductor, electron-hole pairs are generated which
give risc to an emf.

Generation of emf : Three basic processes are involved
in the generation of emf by a solar cell when solar
radiations are incident on it. These are:

(i) The generation of electron-hole pairs close to the
junction due to incidence of light with photo energy hv=> E.
(li) The separation of electrons and holes due to the

electric field of the depletion region. So, c!cctmns gre

/ sweptto n-side and holes to p-side. | P
(i) The  electrons reaching,” " d
the n-side are collected by

the front contact and holes L hu‘H}g
reaching p-side are collected
by the back contact. Thus,

p-side becomes positive and P "
n-side become negative giving
rise to a photovoltage. Depletion layer

When an external load Ry is connected as shown in
figure, a photocurrent I; begins to flow through the
load.

V-I characteristics of solar cell
() VI curve is drawn

in the forth quadrant, (open clrcuit

because a solar cell does voitage)

not draws current but A >
Voc v

supply current to the load.

(1i) In V-I curve, the point

A indicates the maximum
voltage Vocbeingsupplied  Ticl
by the given solar cell (m?m

when no current is being

drawn from it. Ve is called the open circuit voltage.

/

(iii)In V-I curve, the point B indicates the maximum
current Igc which can be obtained by short circuiting
the solar cell without any load resistance. Igc is called
the short clrcuit current.
30. (a) : Peak value of voltage drop across R,

Vr=Ip

Vo __ WV

JRix? R+l

VWR  __ Y%
R+’ V1+o2/R?
Peak value of voltage drop across L

Vo Gl VoL
JRralE IR+l

(b) Phase difference, uu:ub=9;;é = ¢=tan“'(-%['-)

where I=

.e VR =

Here the voltage exceeds the current.
31. (a) The speed of electromagnetic wave in a medium
1

Isv=—p=

T
where 1 and e are permeability and permittivity of the
medium rc.spccﬁvcly

JE I e

'JPn'Ii €€, Jl"'r ~ ARV Y Sl
(b} (i) Microwaves (A = 01mtol mm) are stb!e for——
radar system used in aircraft navigation.

(ii) Infrared waves (A = 1 mm to 700 nm) are used in
Earth Satellites to observe growth of crops.

32. (l) : Here, I= I, +f1

By,
Let V = Patential difference I /(8
between Aand B _ 1 iR
For cell E,, A B
V=E -Iiry h
- B
= 1,=g1—v R

N

Similarly, for cell B, 1,= 52~V
]
Putting these values in equation (i)

I:El__v+§3___v

n n

;=[§1+ﬁz]_v(1+l)

h n nn

or V= (}_31’2"'_31_'1]_ I (__"1‘_’2_]
'i‘l'rz r.l+r1
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Comparing the above equation with the equivalent
circuit of emf 'E,q’ and internal resistance ‘rq' then,

V=Ey-Irg ()
Then
ng‘lr!‘*'Elrl md r =,_'EL
ntn ntn

(b) Given E;=E;=E=5V
andry=r;=r=20Q, and R=10Q

_Ey 5 s
n"“m"“an_lonlz"ﬁ

-~ Voltage acrms the cxtzmal resistance,
V=IR= —xlO———4.55A

33. (a) The magnetic moment assodiated with a current (I)
carrying circular coil of radius r having N turns, is given
by, M = NIA = NI 2.

(b) Magnetic field al a distance x from the centre of the

Q
ring due to element dl, dB =%m

dBcosB

Smcc. nn,glc hmm:n di nndr'is 90° 'I'hc companmt’
dBcosD will get cancelled diie to symmetry —

B=[dBsin0= ["" idr}s[nﬁ)

Here, r and O are constants and sﬂr19=E
B= j&u.f_‘”[E} [Roid T
dn 2\ r 4 p?

. . 2
=Eﬂ_5 djzp_ﬂﬁ %R =&Um;
4’: rSI dﬂr!( ) zra

Putting r = (R? + 22)V2, we get B=

RoNiR?
2R? +x%)?
OR
(a) Current sensitivity: It is defined as the deflection of
coll per unit current flowing in it, Le.,

HolR?
AR +22)

For Nturns, B=

S=—-=—

I k

(b) (i) A galvanometer can be converted intoan ammeter
of given range by connecting a suitable low resistance §

(64
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called shunt in parallel to the given galvanometer, whose
I
value is given by $=[]—.__—‘T—]G where I is the current for
i

full scale deflection of galvanometer, I is the current to
be measured by the galvanometer and G is the resistance

of galvanometer.

-u‘?a Ammeter
I YY)
- - ﬂ:‘\ -
Iy, &/ 2
(ii) Effective resistance, R, =- GS
G+S

34. Given 2°Y —— !X + {He + energy

Since share of energy of daughter nucleus can be
neglected,
A-4
KE of @ particle = (_]—(')Q

Now Q= (231 x7.835+4x 7.07) -235x 7.8
=5.165 MeV

-, m—(231)5 165%1.6 X106 X107 = L oV
235 2 )
5.165 msxl.mn‘ x107Y / ,f‘

235 ﬁ.eaxm"*' /! L

y= l.55x 10" msL.

35. (a) Refer to answer 84, Page no. 117 (MTG CBSE
Champion Physics Class 12).

Magnetic field is made radial in moving coll
galvanometer so that the plane of the coil always lies in
the direction of the magnetic field.

(b) GivenAV=10x10*V=10'V,B=2x 10T
Since the charge is accelerated through V,

Velocity = [248V )
m
Now when it enters 2 magnetic field,
2
gvB= " Y mJ?qAV [2mAV
r 9B ¢BY m 1{ Bg

For a-particle, g=2e,m =64 x 107 kg
| 2x64x107%7 x10*
(2%107%)? x2x1.6x1071?

OR

(») Refer to answer 66 (i), Page no. 178 (MTG CBSE
Champion Physics Class 12).

=10m




252 212, 2
| By
ii)P=

R (it

36. (a) Refer to answer. 100, Page no. 229, (MTG CBSE
Champion Physics Class 12),

(b) (i) F=—=

(b) (i) Angular magnification, m=—2

(if) B=mxa; D’'=0.01 x tanf ¢
OR
(a) Refer to answer 14, Page no. 215 (MTG CBSE
Champion Physics Class 12).
(b) Using lens maker’s formula,

=== I)[ L] Osxl..l = f=40cm

« —R 20 40

Now using thin lens formula,

11,11 1 =v==120cm

37. (a) Refer to answer 53, Page no. 17 (MTG CBSE
Champion Physics Class 12).

(b) (i) Net flux, ¢=[EA+[E.A

Jf",_ E.f—"_

'l"'l
! | e -
AVany" U
¢ ! P
\ .
X

i
i
i

(ii) The net charge enclosed, g

tigo

OR
(2) Potential energy of a

system of two charges in e AL D)
an external field ‘,a" (%
Wi=q (Va=-0)=q,V, '."; "
=19 ) - {
T i BEE VR
Wy=q,Vp+ é%
Total work done in assembling the configuration of two
charges in an electric field is
W=W,+W,
(b) For an isolated charge the
equipotential  surfaces  are
concentric spherical shells and the 7
separation between consecutive
equipotential surfaces increases in
the weaker electric field.
(c) Wy =0. q=+1puC
1 a9, *Nivem
B amE, 1 10cm
__1 -1x10™" gy +=2p 92=14C
" ATEp-10%107 s S5 Wem B~
\ i ] [ »~ /
T Ixax102/ 7 ixyxio
We=r — 5 -
o 10x10 4re, 10x10

.~ Total work done, W= W, + W+ W
@
(For complete solutions, refer to MTG CBSE Champian Physics Class 12)
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1. A body of mass 6 kg is hanging from
another of mass 10 kgasshownin figure. 47
(l'nmomnbimtloninbemgpulled upby

/ alstring with an acceleration of 2m 574~

The tension Ty s (g=10ms?) ¢
(s) 240N (b) 150N Eia
(c) 220N (d) 192N

2. A spherical soap bubble of radius 1 cm is formed
inside another bubble of radius 3 cm. The radius
of a single soap bubble which maintains the same
pressure difference as inside the smaller and
outside the larger soap bubble is
(a) 0.75cm (b) 0.75m (c) 7.5cm (d) 75m

3. Ifthelengthofasimple pendulum is comparable lo
I.hendiu:ofthcﬁuth the period of the pendulum

(a) T=2r M) T= 21:J—
_1.+i
.L R

r1 1
(c) T= 2:1'. = (d) T=2x 'R
2 4

4. A player throws a ball upwards with an initial speed
30 m 5”!, To what height does the ball rise and after

PHYSICS FOR YOU | APRIL'20
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s‘

7‘

\/ (c) 201 )m, 65

how long does the ball return to the player’s hands?
(Tak=g= IOms'zmdncglectair res{stxm:c)
(a) 45m, 68 (b) 45m, 31
(d) 20m,3s\

Thcralioofudilufl?arthtoanothcrplnnethﬂB
and the ratio of their mean densities is 4/5, If an
astronaut can jump to a maximum height of 1.5 m
on the Earth, with the same effort, the maximum
height he can jump on the planet is
(2) Im (b) 08m (c) 05m (d) 125m
Heat is supplied to a diatomic gas at constant
pressure. The ratio of AQ: AU: AW is
(a) 5:3:2 (b) 7:5:2
{c) 2:3:5 (d) 2:5:7
A drcular disc of radius R is removed from a
bigger circular disc of radius 2R, such that the
circumferences of the discs coincide. The centre of
mass of the new disc is aR from the centre of the
bigger disc. The value of ot is

1

1 1 1
(a) 1 ®) 3 © 3 @ ¢
A ball is allowed to fall down with initial speed u

from a height of 10 m. It lases 50% kinetic energy
afler striking the floor and reaches to the same



10.

11.

12.

13.

height after collision. What is the value of u?
(a) 28 ms™! (b) 7ms!
(c) 14ms™ (d) 35ms™

In an experiment of simple pendulum, the errors

in the measurement of length of the pendulum (L)

and time period (T) are 3% and 2% respectively.

The maximum percentage error in the value of
L

T—! is

(a) 5% (b) 7%  (c) 8% (d) 1%

A motor cycle starts from rest and accelerates along
a straight path at 2 m 572 At the starting point of
the motor cycle there is a stationary electric siren.
How far has the motor cycle gone when the driver
hears the frequency of the siren at 94% of its value
when the motor cycle was at rest?

(Speed of sound =330 ms™").

(a) 49m (b) 98m (¢) 147m (d) 196m
A light particle moving horizontally with a speed
of 12 m s7! strikes a very heavy block moving in
the same direction at 10 m s The collision is one
dimensional and elastic. After the collision, the
partldc will

—

{a} move at 2 ms Linits onginal direction
(b) moveat 8 m s inits original direction
(c) moveat8 ms™ oppositetoits original direction
(d) moveat12ms™ opposite toits original direction.

Two particles A and B are projected with same
speed so that the ratio of their maximum height
reached is 3 : 1. If the speed of A is doubled
without altering other paramcters, the ratio of the
horizontal ranges attained by A and B is

(@) 1:1 (b) 2:1  (c) 4:1 (d) 3:2
Two metallic rods PQ and QR of different
materials are joined together at the junction Q as
shown in figure, It is observed that if the ends P
and R are kept at 100°C and 0°C respectively, the
temperature of the junction Q is 60°C. There is
no loss of heat to the surroundings. The rod QR is
replaced by another rod QR’ of the same material
and length (QR = QR). If the area of cross-section
of QR’ is twice that of QR and the ends P and R’
are maintained at 100°C and 0°C respectively, the
temperature of the junction Q will be nearty

100*C 60°C

I—I:n'lc
P Q R
100 °C 0'C

I ]|
P Q e

(a) 29°C (b) 33°C (c) 60°C (d) 43°C

14. Three particles, each of mass

m gram, are situated at the
vertices of an equilateral l
triangle ABC of side ! cm as 4
shown in figure. The moment
ofinertia ofthe systern aboutaline AX perpendicular
to AB and in the plane of ABC, in gram cm? will be

@) %mﬁ ®) %mlz © %mﬂ (d) 2mP

m B

15. An engine has an efficiency of 1/6. When the
temperature of sink is reduced by 62 °C, keeping
temperature of source constant, its efficiency is
doubled. Temperature of the source is
(a) 37°C (b) 62°C (c) 99°C (d) 124°C

SOLUTIONS
1. (d):Here,a= 2ms™? AT
’I'hcﬁ_jccbndy diagram of 6 kghlncL ¥
\/ Is s shown in figure (a)._ /x|
Thé equation of motion of 6 kg block Is iy
T,-6g=6a e
=6(g+a)=6(10+2)=72N (a)
The free body diagram of 10 kg block is as shown
in figure (b). .
The equation of motion of 10 kg !
b]ock s
10
-10g-T,=10a k
T1=10(a+g)+ T, wg T
=10(2+10)+72 (b)
=120+72=192N

2. (a):Pressure outside the bigger drop = P,

Pressure inside the bigger drop =P,
Radius of bigger drop, r, =
Excess pressure =P, — Py = ﬁ— %

h
Pressure inside small drop = P,
Excess pressure =P, - P, =;_£=4—IS

2
Pressure difference between inner side of small
drop and outer side of bigger drop

rvsicsrorvou o O (@)
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/

._ f(a) Allhehighestpomt,velodty Hzcru
* Usingg, v = 1 -24:3 ') /

g =25, 45168
This pressure difference should exist in a single
drop of radius r.

45 _16S
- .=..-.. orr
r 3

3. (a):The weight of the bob acts towards the centre

of the earth, Restoring torque, T==rx F==ABX

=§cm=0.75cm

m

=ft=-mgLaln(ﬂ+¢}=-mgL(B+¢) (1)

From figure, Z6=R ot

9+¢=e(1+-g] =8(1+%) ..(ii)
2

gLB(1+L)

Here, u=30m s ,a-——g-—mms .s—H
v=0ms"
» (0)-(30*=2x(-10)xH
H=45m
Let ¢t be the time taken by the ball to reach the
maximum height.
Using v=u+at = 0=30-10x¢6{=3s
Neglecting air resistance,
Time of ascent = Time of descent
Therefore, time taken by the ball to return to the
playerd hand=t+t=2t=2x38=65

5. (b):Here, — R, ==t =—sh =15m; h =?

R, 3p, 5

KE, of person = PE, at the maximum height to
which he can jump.

. mgh, = mgh, .
G.
or mGR“;'hn=m R’P hy
4
;ﬂ'—ﬂg c"c ; pphp
or mG 2 2
I 7
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Asenu‘gylost in collision is 509-6, ﬁnal\'elodtyls —e

10,

v= (lD-J-)J- =20ms”

or R,p,ﬁ =RyPphy,

p! xh
P "p

or hp

(b)

(b):In figure, O is the centre of
circular disc of radius 2R and mass
M.C, is centre of disc of radius
R, which is removed. If o is mass
per unit area of higger disc, then

—x4x1.5 0.8m
3 5

M =n(2R)’o .
Mass of disc removed, M, =TLR=O'=IM
Mass of remaining disc, M, = M- M,
M- M3y

4 4

Let centre of mass of remaining disc be at C, where
0G=x
As M, xOC, = M, x 0C,

g-‘-“-JR:-@-I-::; x=8-=aR oo =1
4 4 3 3
{¢) :To reach same height of 10 m after collision,
velocity after collision =, /2 gh

=42x10x10 =10v2 ms™

_.,--._‘

= Velocity of ball onstx!klng N

From v* -« = 2gh ; (20)* - ¥ =2 x 10 x 10,
u=+/200=10y2 =14,14 ms™!
(b) : As the error in measurement of length, L and

time period, T are 3% and 2%.
Maximum percentage error in the value of L/ T%.

[M‘ MT)xmo 3%+2X%2%=7%

+ p—
L T

(b):Here, the source (electric siren) is at rest and

the observer is moving away from the source

viv-v,)

v'=

o ”
whc:evist.hcspecdofthcmund
v’ 94
=2 2 Yo 094=1-Y
v 100 v 4=1 v

=1-0.94=0.06

=0.06v=0.06x330= 198ms
vV =u? _ (19.8) -(0)*
2a  2x2

t]n“c:i

r. Distance covered, s=
=08 m




u.

12.

13.

() :Here, u, =12m s, 4,=10ms™! Since both rods QR and QR’ are made of same
Let v, be velocity of the light particle after collision material, therefore
Y= (mmy ‘"'z)”1+ 2myk, (i) s Kow=Kar

U ommy  mymy Agqr=2Aqz (Given)
Given : m, << m, Loy = Loy (Given)
m, can be ignored compared to m, Substituting these values in eqn (iii), we get
From equation(i), we get 2(100 - 60)(6 - 0) = (60 - 0)(100 - 0)
Vi ==ty + 24 80(6) =60 (100-0) or 80=600-60
Substituting Ihe values, we %ﬂ 148 = 600

vy=-12ms? +2(10ms™) 600

=8 m s in Its original direction B:W-IIS"C
(c):Here, —=% or H,=3H, = (')'megiur:'m

sin30°=—_=
ru’me 3uzam8 smB_g cA 1
2g 2g sin’@, 1 CN =1sin30° = -
Itis true if, = 60° and 8, = 30° 2
When speed of A is doubled, then horizontal range

Moment of inertia of the

2 ) ) system about the given axis is
g = 2 Sn@X60Y) _4utsin120°_4u'sinl® [ gy (021 mylD? + mc (CNY?
g g b 4 ) !z 5
- Rz_uzsiu(?.x.‘rﬁ“)_uzsmﬁﬂ“ . R _4 =0+ mi ”’(E] =am
g 4 R, 1 1
(d) :In the first case, 15. (c):Here 111——,112—-2><—
;O NEE— SO A g— p A [T : o AN L
' '-—m N QA—A\ / \ | - I L/ B
Sirice the rods are connected in series; thérefore 1',__"1___'3'3.,_3..'_;::5_ or T _5h, S
rate of heat i.e., heat current is same. 6 T,'T, 6 276
- Hm=HaR . (Tz "62)
. KpoApo(100-60) _ KopAqr(60-0) Agn, Ty =1-—
Lpg - 1 n,-62) (1,-62)
K 2y (s0-0) har 2%+ =1~ (% =1-1=2
or %= A“’;ﬂ:‘?ﬁm ) o) 6 g T 33
5
mthcggmndpcgm 3T, - 186 = 2T);3X 2T, —186=2T,
100°'C 8 o'C 0.5T,=186; T, = 372 K =372 - 273 =99°C
5 Q[ R-:l ®®
lxtﬁislhetemperamreofthcfuncﬁm Monthly Test Drive CLASS X1 [V-\NSW=C8N {3
ﬁmf (“;‘ ";;‘d"f*‘ A (6-1) L © 20 3 0 4 @
Cat a1 QR QX 5 () 6. (d) 7 (© 8 (@
Lpg Log 9. (a) 10. (0 1. @ 12 (0
Kpa _ AQR'LPQ 10-0) () 13.(0) 4. () 15 () 16 (0
Kox  ApqLop (100-6) 17. () 18. ) 19, () 20, (ad)
Divide eqn. (i) by (ii), we get 21. (be)  22. (a.c) 23. (bcd) 24. (a,d)
Kor _ Aqr Low (60-0)(100-0) L) B-@bd 26 (3) 27. (9) 28. (§)
Kor  Aqw Lor(100-60)(0-0) 2. () - ()

rvsicsrorvou | @ ()
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I A 5. Two partices are in SHM along same line with

It

o,

@

/ ﬂmetzkmbythestonctu rem:hthcgroundls

Only One Option Correct Type

A body is projected vertically from the Earth mth
a velocity equal to half the escape velocity. What is
the maximum height attained by the body?

R
@R BR @3 @)
A balloon rises from rest on the ground with

constant acceleration g/8. A stone is dropped when
__lht. hal.loon has riscn toa hcigbt H m. Then th

@ 2Jg/H ) 2/gH
(c) 2JHIg (d) 22gH

An open pipe is in resonance in its 2" harmonic

/s'

Time Taken : 60 Min.

same amplitude 2 and same time peried T. At
tlmcf:O.part!dcllsat+§ and moving towards

positive x-axis. At the same time particle 2 is at - %
and moving towards negative x-axis. Find the time
thnﬁlcyvﬁllcollidc

() = (b) = () =

A pmjecﬂle I.s tlm:wn with ,ruﬂlml vdodty—“
V(@$+b)ms™. Obtain & relation between dand b~
for its range of projection to be twice the maximum

@ =

height reached by it
(ﬂ) a=2b (b) b=a
(c) 3b=2a (d) b=2a

with a tuning fork of frequency v). Now it is o, machine gun fires 360 bullets per minute, with

closed at one end. If the frequency of tuning fork
is increased slowly from v, then again a resonance
is obtained with a frequency v,. If in this case the
pipe vibrates in n'™ harmonic, then

3 5
(a)u=5,uz=z'ul (b) n=51v,= ke

3 9
(c)”=3'“2=zul (d] ﬂ=3,uz= zﬁ’

In a Carnot engine, the temperature of reservoir is
927°Candthat of sinkis 27 °C. Ifthe work done by the
cngim:whcnluranafershcatfromrcsmroirm sinkis

a velocity of 600 m s™. If the power of the gun is
5.4 kW, mass of each bullet is

(@) Skg () 05kg () 5g (d) 05g

A disc of mass m and radius R has a concentric
hole of radius r. Its moment of inertia about an axis
through its centre and perpendicular to its plane is

@ ;mR-  ®) mE -

(© % m(R + ) (@) % m(R + )

12.6 x 10° ], the quantity of heat absorbed by the 9. Theradii of the two columns of U-tube are ry and r,.

engine from the reservoir Is
(a) lsaxlo‘] (b) 4x10°]
(¢) 7.6 x 10°] (d) 42x10°]
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When a liquid of density p (angle of contact is 0°) is
filled in it, the difference of liquid level in two arms
is h. The surface tension of liquid is



pghnn, pgh(r; —1)
(a} 2, -1) (b) 201,

2Ar, -1) g _pgh
@ pghnr, = 2(r, =1;)

10. A sphere of diameter 7 cm and mass 266.5 g floats
in a bath of a liquid. As the temperature is raised, the
sphere just begins to sink at a temperature of 35 °C.
If the density of the liquid at 0 °C is 1.527 g cm™, the
cocfficient of cubical expansion of the liquid will be.

(Neglect the expansion of the sphere.)
(a) 0.0082 °C™* (b) 0.000082 °C™!
(c) 0.00082 °C™! (d) 082°Cc’!

11. If there is a positive error of 50% in the measure-
ment of speed of a body due to fault in speedometer,
then the error in the measurement of kinetic
energy is
(a) 25% (b) 50% (c) 100% (d) 125%

12. In an isobaric process of an ideal gas, the ratio of
heat supplied and work done by the system is

(a}"—“ ®y © i @ 1

. 1
/\ /J

e

/ Assmiun and. ReasonType P

-

/ Dmbm Inthe fnﬂcm'lng quasﬂms astalememclasarﬂon

is followed by a statement of reason. Mark the correct choice as:

(8) If both assertion and reason are true and reason Is the
comect explanation of assartion,

(b) Ifboth assertion and reason are true but reason Is not the
comect axplanation of assertion.

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

(d) If both assertion and reason are false.

13. Assertion : Moment of inertia depends on mass
and size of the body and also on axis of rotation.
Reason : Moment of inertia of a body is same,
whatever be the axis of ratation.

14. Assertion : It is better to wash the dothes in cold
soap solution,
Reason : The surface tension of cold solution is
more than the surface tension of hot solution.

15. Assertion : The first derivative of a vector of
constant magnitude (either zero or a non-zero) is
perpendicular to the vector itself,

Reason : Scalar product of two vectors obeys
commutative law.

Only One Option Correct Type
16. Awheelof momentofinertia2.5kgm?hasan initial
angular velocity of 40 rad s'. A constant torque of
10 N m acts on the wheel. The time during which
the wheel is accelerated to 60 rad 57" is
(a) 48 (b) 65 (c) 5s (d) 258
17. Two cars A and B cross a point P with velocities
10m s~ and 15 m s . After that they move with
different uniform accelerations and the carA
overtakes B with a speed of 25 m s™\. What is
velocity of B at that instant?
(a) 20 m ¢! (b) 25ms™
(c) 30ms™! (d) 40ms™

18. Three discs A, B and C having radii 2, 4 and 6 cm

respectively are coated with carbon black. Wavelengths
for maximum intensity for the three discs are 300,400
and 500 nm respectively. If Q,, Qg and Q are powers
emitted by A, B and C respectively, then
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(a) Q4 will be maximum
(b) Qg will be maximum
() Q¢ WiIl be maximum
(d) Qu=Q3=Q¢

19. Cuﬁinammtufmidmlgasismntamcdma
closed vessel. The vessel is moving with a constant
velocity v, The molecular mass of gas is M. The
rise in temperature of the gas when the vessel is

suddenly stopped is (y = Cp/Cy)
Mvi(y-1) Mvi(y-1)
(@) 2R(y+1) ® 2R
M2 My
© Ran @ e
More than One Options Correct Type

20. A particle of mass m is attached to a light string of
length J, the other end of which is fixed. Initially
the string is kept horizontal and the particle is
given an upward velocity v. The particle is just
able to complete a circle. Which of the following
statements is/are correct?

(a) The string becomes slack when the particle
reaches its highest point.
(b) The velocity of the particle becomu zero at lhe

highest point. —_—

/ : V4 (C) Thc lunctic energy of the ball i.n lnithl posiﬁun

was _ Loy = gl

(d) The particle again passes through the initial
position,

21. Aparticeisprojected from a point P with a velocity
v at an angle 8 with horizontal. At a certain point
Q it moves at right angles to its initial direction.
Which of the following statements are correct?
(a) Velocity of particle at Q is v sin0
(b) Velocity of particle at Q is v cot®
(c) Time of flight from P to Q (v/g) cosecd
(d) Time of flight from P to Q (v/g) secB

A student uses a simple pendulum of exactly

1 m length to determine g, the acceleration due

to gravily. He uses a stopwatch with the Jeast

count of 1 sec for this and records 40 seconds for

20 oscillations, For this observation, which of the

following statements are correct?

(a) Error AT In measuring T, the time period, is
0.05 seconds.

(b) Error AT in measuring T, the time period, is
1 second.

" PHYSICS FORYOU | APRIL20
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(c) Percentage error in the determination of
g is 5%.

(d) Percentage error in the determination of
gis 2.5%,

23. The potential energy curve for interaction between
two molecules is shown in figure. Which of the

following statements are correct ?
Ua

D

(a) The molecules have maximum attraction for
r=0A,

(b) The molecules have maximum kinetic energy
for r = OB.

(c) The intermolecular force is zero for r = OB.

(d) For the gaseous state, the depth BD of the
potential energy curve is much smaller than K T.

Two blocks A and B of masses

5 kg and 2 kg, respectively,

connected by a spring of force

constant = 100 N m™ are

. placed on an inclined plane -

| ,of inclination 30° as shown in ﬁgura The system
“Is /released-from rest. Which ‘of the following.—

statements are correct?

(a) There will be no compression or elongation in

the spring if all surfaces are smooth.

When lechnology seems always a boon fo human
civlization

As COVID-19 comtinues to spread widely and daim lives is a reminder
of the power of infections diseases, this world of technological power
is also better equipping us to handle public health emergendies to
mitigate the spread of this virus. from Facebook by generating maps
that displays populatlon density, demographics, and travel pattems,
enabling researchers to decide where to send supplies to Isracli stant-
ups are working on washable, reusable masks embedded with antivirl
and antibacterial agents that could prove more cffective than disposable
masks. Several healthcare companies have updated their algorithms to
create chatbots that help saeen users for the virus before they visit a
haspital or Cinic. The idea behind is to help patients identify the symptoms
eatlier and reduce unnecessary visits. At Les Angeles-based Dimer UVC
Innavations, develops the GermFalcon germ-kifling robot aimed at
sanitizing airplanes. GermFalcon robot was specifically created to improve
alrplane hygiene, using ultvaviolet-C (UVC) light to kill viruses, bacteria,
and “superbugs on surfaces and in the susrounding air”. The GermFalcon
is also designed 1o navigate an airplane @bin, with strategically placed
UVC lamps that n expese all high-touch surfaces to the UVC light



(b) there will be elongation in the spring if A is
rough and B is smooth.

(c) Maximum elongation in the spring is 35 cm if
all surfaces are smooth.

(d) There will be elongation in the spring if A is
smooth and B is rough.

Which of the following statements are correct

regarding base and derived quantities?

(a) All quantitics may be represented dimensionally
in terms of the base quantities.

(b) A base quantity cannot be represented
dimensionally in terms of the rest of the base
quantities,

(c) The dimension of a base quantity in other base
quantities is always zero.

(d) The dimension of a derived quantity is never
zero in any base quantity.

Numerical Value Type
Gravitational acceleration on the surface of a planet

V6

Is s where gis the gravitational accelerationon

the surface of the carth. The average mass density
__of the pl.inet is* ; “times that of the carth. If the /

escape speed on the surfnce of the earth is taken to
be 11 km s~*, the éscape speed on the siirface of the
planet (in km 57*) will be .

A manstanding ona trolley pushes another identical
trolley (both trolleys are at rest on a rough surface),
5o that they are sct in motion and stop after some
time. If the ratio of mass of first trolley with man to
mass of second trolley is 3, then find the ratio of the
stopping distances of the second trolley to that of
the first trolley is . (Assume coefficient
of friction to be the same for both the trolleys)

A cylindrical vessel of height 500 mm has an
orifice (small hole) at its bottom. The orifice

26.

27,

is initially closed and water is filled in it upto
height H. Now the top is completely sealed with
a cap and the orifice at the bottom is opened.
Some water comes out from the orifice and the
water level in the vessel becomes steady with
height of water column being 200 mm. The fall
in height (in mm) of water level due to opening
of the orifice is___. [Take atmospheric pressure
= 1.0 x 10° N m™, density of water = 1000 kg m™
and g = 10 m 572 Neglect any effect of surface
tension.]

Comprehension Type

Aboat is travelling In a river with a speed 10 m s along
the streamn flowing witha speed 2 m 571, From this boat,
a sound transmitter is lowered into the river through a
rigid supporl. 'The wavelength of the sound emitted from
the transmitter inside the water is 14.45 mm, Assume
that attenuation of sound in water and air is negligible.
Temperature of the air and water = 20° C; Density of
river water = 10° kg m™; Bulk modulus of the water
= 2,088 X 10° Pa; Gas constant R = 831 J mol™ K
Mean moleciilar mass of air =-28.8 X 107 kg mol 5
(‘,Jf‘,,fnr:ﬂr— 14. { .’ \ J A
29. What will be the fn:quency detected by a receiver

kept inside the river downstream?

(a) 1.005x10°Hz  (b) 1.007x10° Hz

(©) L009%x10°Hz  (d) 1.002x 10° Hz

30. The transmitter and the receiver are now pulled up
into air. The air is blowing with a speed 5m s™ in
the direction oppoasite the river stream. Determine
the frequency of the sound detected by the receiver.
(a) 1.06 x 10° Hz (b) 1.01 x 10° Hz
(©) 1.09% 10° Hz (d) 1.03x 10° Hz

® @
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base mode is 0.96, the base current is

1
bl.okly 7 -~

1. In the Bohr model of a m-mesic atom, a -meson () LM
" of mass'm; and of the same charge as the electron /% /20 /. /\ /
/' is in.a circular orbit of radius rabout the nucleus/ /oy 11 V7)) (1 mA\ A B
with an orbital angulir momentum /27, 1f the 20 " S 24 g
radius of a nucleus of atomic number Z is given by

’l /"

> r 4

4. In a single slit diffraction experiment, first

R=1.6x10""*Z'°m, then the limit on Z for which
7-mesic atoms might exist is

minimum for A, = 660 nm coincides with first
maxima for wavelength A;. Then A, is

(Given ggh’/nm, ¢ = 0.53 A and m,/m, = 264) (a) 220 nm (b) 330 nm
(a) <105 (b) > 105 (c) 440 nm (d) 660 nm
(c) <37 (d) >37 The current sensitivity of a moving coil
2. The equivalent capacitance for the network shown galvanometer is increases by 35 %, when its
in the figure is 100 pF resistance is increased by a factor of 3. The voltage
1200 {| sensitivity of galvanometer changes by a factor
(@) ==p G (a) 35% (b) 45%
®) 1000 F 400 pI* 400 pF (c) 55% (d) None of these
a7 G Aoy Find the potential 6m o)
1800 "ml PF l' difference  between (+4) . AN
() =~ PF cl‘ thepoints Eand Fin  |[*  °  Hlim
1300 the figure given below. D E
@ 3 PF Assume E and F are  *472 +ai2
3. Inacommon emitter configuration of a transistor, the midpoints of AB
the voltage drop across a 500 Q resistor in the and DC respectively.

74

collector circuit is 0.5 V when the collector supply
voltage is 5 V. If the current gain in the common

' PHYSICS FOR YOU | APR1"20

(a) (1.2 x 10%) volt
(c) (1.5 x 10%) volt

(b) (1.8 x 10°%) volt
(d) (3 x 10°g) volt.
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7.

10,

A conducting ring of radius 1 m is placed in a
uniform magnetic field B of 0.01 T oscillating with
frequency 100 Hz with its plane at right angle to B.
What will be induced electric field?

(@) tVm’ (b) 05V m™!

(¢) 10V m™ (d) 62V m™

An electromagnetic wave in vacuum has the
clectric and magnetic fields Eand B, which are
always perpendicular to each other. The direction
of polarization is given by X and that of wave
propagation by k.Then

(a) X||Bandk||(BxE) (b) X||E andk||(ExB)
(c) X||B andk||(ExB) (d) X||Eandk||[(BxE)
The magnification produced by an astronomical
telescope for normal adjustment is 10 and the
length of the telescope is 1.1 m. The magnification,
when the image is formed at least distance of
distinct vision is

(a) 6 (b) 14 (c) 16 (d) 18
Thehalf-life of radium is 1620 yr and its atomic weight
is 226 g mol™. The number of atoms that will decay
from its 1 g sample per second will be (Avogadro's
number N, =6.023 x 102 atom per mole)

() 3.61%10°Bg __ (b) 361x10%Bq [
(c) 3u x1o‘5 'Bq (d) 3. 1xlu“Bq

11.

A particle of mass m and charge q moving with
wvelocity v enters Region I | Regionll | Regionlll

region Il normal [ x x x
to the boundary o S
as shown in the o> X X X X
figure. X x x x
Region IT has Al R

a uniform magnetic field B perpendicular to the
plane of the paper. The length of the region 1T ia I.
Choose the correct choices.
(@) The particle enters region ITI only if its velocity
qB
y>i—
m
(b) The particle enters region III only ifits velocity
glB
vei—
m
(c) Pathlengthoftheparticlein region Ilis maximum
when velocity v= L

m
(d) Time spent in region II is same for any velocity
v as long as the particle returns to region L

12. A series RCcircuit is connected to AC voltage source.
Consider two cases; (A) when Cis without a dielectric
medium and (B) when C is filled with dielectric of
constant 4, The current I through the resistor and
voltage V. across the capacitor are compared in the
two cases. Which of the following are true?

@ A>T (b) In<Iy
@ VAsvE (d) Vg<Ve

13. The distance between a light source and photoelectric

cell is 4. If the distance is decreased to d/2 then

(a) the emission of electron per second will be four
times.

(b) maximum Kinetic energy of photoelectrons will
be four times.

(c) stopping potential will remain same.

(d) the emission of electrons per second will be
doubled.

Numerical Valua Typa

14. Two bulbs 40 W and 60 W rated voltage 240 V are
connected in series across a potential difference of
420 V. The polentlal difference (in V) across 60 W
bulbis

15. A cylindrical vessel, whose diametcr nnd height.

. both™are equal to 30 cm,is "
\ Jplaccdonahorizontalsurfncc
" and-a-small particle P-is
placed in it at a distance of | -
5.0 cm from the center. An .
eye is placed at a position
such that the edge of the bottom is justm'blc. The
particle Pis in the plane of drawing. The minimum
height (in cm) up to which water should be poured
in the vessel to make the particle P visible is R

(Take, refractive index of water = % )

L. (c) : Angular momentum, mvr= % w(i)
2
Centripetal force, '"‘" i; i)
From eqns (i) and (u)

_ gtk
m,e’z m, e’ m,.;

-10 15
_053x107"" _ 20010 M _oeq
264Z VA m,
Since r cannot be less than nuclear ndlus.
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1
r>1.623 %10 m or M= 'hl —xﬁﬁﬂmn 440 nm

1
200x107% ~15 73
or S5 —>16x107°23 5. (J:Given I, =1, + I
3 100 ll}O
= Z<(2102J' 37 Initial voltage sensitivity, V, = B
2 (a): C,=C,=100pFK 100 pF I
C,=Cy= 460 pF —J:I New voltage sensitivity, V=%
Capacitors C, and C; are =00 xﬁ—ﬁ‘:
connected in series, i PO X % decrease in voltage sensitivity
Equivalent capacitance —ﬁ_l 9
Tl 12 oy BV oo 20 woommss
C’” 400 400 400 P v, =TV, '
Capacitars C, and C’ are in parallel & i
Their equivalent capacitance (ﬂ:(_ﬁ'm_’(*'ﬂ
C" =C’+C, =200+100=300 pF LB A [ i
Capacitors C” and C, are connected in series D F cl
Equivalent capacitance, +4/2 +g2
inﬁ_‘ 1,1 DE =CE=J(AE}? +(AD)? =3 +(4 =5m
C, C” C, 300 400 Potential at E,
1_7 . 1200 =Liiﬂ2—‘?f_2]
(—:;'—ﬁ . CQ_TFF VE 61‘:[-‘.0 AE BE DE CE
3. (d)sHere,Ro=500 2. IR;= 05, R [9 W9.902, qu] [2‘! &'] -
/) Ne=sVia=0s6 S\ T 0 [ /N fAmll 375 s Al 3/ 7
C | /asiré=05v N A\ 7 |/ \ arfpr=faDy +(DFY'; Jc4>‘+<s>’=5m
o 05V [I.SV- _ - - POI(:BUAIG.{F | S
o-o =- o - = 03 »
¢~ 3, ~s00 1x10°A=1mA o [ a2 412
The current gains o and P are related as e 4megy AF" BF DF " CF
B D05 g -L[g,‘hﬂ% e!_2] [
1-a 1-096 4megl5 5 3 0 3 ) 4nme
The base current is 5,
1 (2,9 % 9 _L[‘- 1
IB='I£='I%A'='1_{M " Ve-Ve= 4 3'5 5 3) amyl375
2 2 9
4. (c):Position of minima in diffraction pattern is 'Isﬂmo'ﬁ"g“m Xq=12x10% volt
n by, dsin® = nA, 1 1
Ig:i::ﬂrg{mlnimanfl,,wehm 7. @)=H¢mf=1m-5=0-01n‘=;=ﬁs
dd
dsin®, =(1)A, or sin31=% Induced e.m.f, | el—EI"
Position of maxima in diffraction pattern is given _BA_Br’ _o0lxmfty?
bﬁdmon"_;‘n;, t ot (_1)
-~ F 1
o veciength a, Induced dectricfield, £ =8= £ - %
dsin@, == 9, =— Ir X
O:=5h or smb=o) =05Vm"
The two will coincide if, 8, = 6, 8. (b
or sin@, =sin@, .. t" 3:;" 9. (b):Let f, and f, be focal lengths of objective and
eye piece respectively.
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For normal adjustment, 7
Magnification of the telescope, m = ):

and length of the telescope, L=f, + f,
Here,m=10andL=1.1m

m=% or £ =10f i)

and L1 =f,+£ (i)
From eqns. (i) and (ii), we get f,= 1 mand f,=0.1m
When the image is formed at least distance of
distinct vision D (= 25 cm), then
0.1m ]
14

Jofy L) 1M
"= D) 0im| T ozsm
10. (2) : Rate of chanpe of radioactive nuclel,
dN
(-5)»
B _ 0.693
T T, 1620%x365x24X60X60

6.023x107
226

and N=

. [ dN) 0.693%6.023x10”
P! 1620x365x24x60x60x226
[ A\ =361x10“’3q

4 u. (..c. d) : The velocity of ﬂleparndelsnonnalwthe

magnetic field and the magnetic field is uniform, so
the particle will follow a circular path. The radius of
the circular path is

my
N
For the partide to enter region I11
R>lor ™51

qB

For path length of particle in
region 1I to be maximum
I=R or '.|'=fl’;’l“E
The time spent in region I is
(= B _Tm

o qB'
which is same for all the velocities for which the

charged particle returns to region I.
1 )
wC

XXX

12. (b,c):Incase A
Impedance of the circuit is, Z, = (RJ’+(

13.

/14,

15.

eV oAl v

Incase B

' 2
- A =’=+(L]
1mpedanccot'thearcultls, Zg=4R 200
ikz 1’ +1

4mC

We conclude that 17 <17, Vc >vE

(a, c) « Intensity of light, Joc--
Also, I o< N (Number of pholons per second)

Nel
r!

Hence, number of emitted electrons will be four

times,

According to Einstein’s photoelectric equation,
KE,..=eV,=hu-¢

Here, v remains constant hence stopping potential

(V,) will remain same.

(168) + Resistance of 40 W bulb, RsnL—’i'n —

\ 2\ / / —
\ "Rcsista.ncenfGOWbulb Rg“@&‘g)*" L
When buIbsuemsEnc:. the effective resistance
(240) 21
R=R,+R, = Y ot
1754 g 120
Pal.eutlal diﬂ:'mmce across 60 W bulb
x(}m) =168V
120 60
(26.7) : If we pour water
in vessel, refraction ;
will take place at air Aiis'
and water interface. 7
B Vem

Applying Snell's law at = e o
A, weget

1xsin45"=§ain8

atlnli:i tan@

ik
= InAAPM, tanfB="
3 h 10

V3
Hence, water should be poured upto height 26.7 em
to make the particle P visible, e

@
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Only One Option Comrect Type

In a Young's double-slit experiment, bichromatic
light of wavelengths 400 nm and 560 nm is used.
‘The distance between the slits is 0.1 mm and the
distance between the plane of the slits and the
screen is 1 m. The minimum distance between two
successive regions of complete darkness is

(ﬂ) 4mm (b) 56mm (c) 14mm (d) 28 mm

/A rectangular loop of sides 25 cm and 10 cm

carrying a current of 15 A is placcd with its longcr
side parallel to a long straight conductor 2.0 cm
apart carrying a current of 25 A. What is the net
force on the loop?

(a) 7.8x 107N (b) 66x 107N

(c) B2x 107N (d) 54x10™*N

If the binding energy of the electron in hydrogen
atam is 13.6 ¢V, the energy required to remove the
electron from the first excited state of Li™™ is

(a) 30.6eV(b) 13.6eV(c) 34eV (d) 68eV
An observer is 4 m from an isotropic point light
source whose power is 500 W, The rms value of
electric field due to the source at the position of
observer is

(a) 126 Vm™ (b) 156 Vm™

(c) 256 Vm™! (d) 306 Vm™

The refracting angle of a prism is A and refractive
index of the material of prism is cot(%] The

angle of minimum deviation will be
(a) 180° -3A (b) 180° + 3A
(c) 90°-3A (d) 180°-24
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6.

7.

Time Taken ; 60 Min.

Consider a magnetic dipole kept in the north to
south direction. Let P, P,, Q,, Q, be four points at
the same distance from the dipole towards north,
south, east and west of the dipole respectively. The
direction of the magnetic field due to the dipole are
the same at

(2) Pyand Q, (b) Qand @,

(c) Pjand Q, (d) P,and Q,

In a transformer, number of turns in the pruna.rr-
coil are 140 and that in the’ sccondu.ty coil are 280, __

) ’1fcunﬁltmpnmarycnxlls4A lhcnthatmthe

9.

secandary coil is i
(@) 4A () 2A (c) 6A (d) 10 A.

In a photoemissive cell, with exciting wavelength
A, the fastest electron has speed v, If the exciting
wavelength is changed to 3A/4, the speed of the
fastest emitted electron will be

2 12
(a) less than v[:—] (b) v(;]

3\ 42
(c) 1{4] (d) greater than 1{3)
If K, and K, are maximum kinetic energies of
photoelectrons emitted when lights of wavelengths

A, and A, respectively incident on a metallic
surface and A = 3A,, then

wns(8) o)

(c) K; =2K, (d) K;=2K,
There is 2 non-uniform magnetic field in a region

given by E:Bo(l-rxﬂ)z.ﬁksqmloop of edge
I and carrying current I is placed with its edges



¥
F,
§

/

parallel to the x-y axis. The magnitude of the net
magnetic force experienced by the loop is

(a) BIl  (b) ByIl () 2ByIl (d) ByIlr2
Two radioactive nuclei P and Q in 2 given sample
decay into a stable nucleus R. At time t = 0, number
of P species are 4 N; and that of Q are N, Half-life
of P (for conversion to R) is 1 minute whereas that
of Q is 2 minutes. Initially there are no nuclei of R
present in the sample. When number of nuclei of P
and Q are equal, the number of nuclei of R present
in the sample would be

(2) %‘! ®) 2N, (0 3¥,  (d)

11.

9N,

2
A copper rod of length 20 cm and cross-sectional
area 2 mm? is joined with a similar aluminium rod
as shown in figure below. Find the resistance of the
combination between theends. Resistivity of copper
=17 x 10" 2 m and resistivity of aluminium

12.

=26x10"Qm.

(a) 2424mQ Copper

(b) 1.028mQ ()

(c) 3.012mQ Q

(d) 4009 m A Alominium
.. Assertion & Reason Type

/MDirections : In the following questions, & statament of asseron /

I3 followed by a staternent of reasan. Mark tha correct chokee as ;

(a) If beth assertion and reason dre true and-reason Is the

correct explanation of assertion.

(b) i both assertion and reason are true but reason is not the

comect explanation of assertion.

(c) Massertion s true but reason Is false.

(d) M both assertion and reason are false.

13, Assertion : The conduction current and
displacement current together has the property of
continuity.

Reason : The conduction current is same as
displacement current when source is only d¢ and
not ac.

14. Assertion : The fringe obtained at the centre of
the screen is known as zeroth order fringe, or the
central fringe.

Reason : Path difference between the waves from
S, and S,, reaching the central fringe (or zero order
fringe) is zero.

15, Assertlon:y,, - T graph for a diamagnetic material
is a straight line parallel to T-axis.

Reason : Susceptibility of a diamagnetic material
is not affected by temperature.
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16,

17.

18.

/

19,

@

Only One Option Correct Type

Figure shows two identical S
parallel  plate  capacitors y. A B_
connected to a battery through [ A
a switch S. Initially, the switch

is closed so that the capacitors are completely
charged. The switch is now opened and the free
space between the plates of the capacitors is filled
with a dielectric of dielectric constant 3. Find
the ratio of the initial total energy stored in the
capacitors to the final total energy stored.

(@) 2:3 (b)3:2 (c) 3:5 (d)5:3.

A wire of resistance R carries a current I. The
power lost to the surroundings is A (0 -0,). Here,
A is a constant, O is temperature of the resistance
and 0, is the temperature of the atmosphere. If the
coefficient of linear expansion of the wire is o The
strain in the wire is

2 I’R
W 5 ®
(c) aMR (d) 2 AIR

Imagine an atom made up of a proton and a
hypothetical particle. of double the mass of

the cl:ctran but having the same r.ha.rgc as the /
/ electron. Apply the Bohr atom model and Gonsider/

all possible trarititions of this hypothetical particle
to the first excited level. The longest wavelength
photon that will be emitted has wavelength A [in
terms of the Rydberg constant R for the hydrogen
atom] equal to

® o ®) o

18 4
© 37 (d) 3x
In the figure, CP represents a wave front and AO
and BP, the corresponding two rays. Find the

condition on B for constructive interference at P
between the ray BP and the reflected ray OP.

(a) cosl]=% R
A
(b) cosB—dd
A
(<) secB—cmB—d
(d) sccﬂ—cos9=%
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20.

21.

22.

23.

More than One Options Correct Type

The breakdown in a reverse biased p-n junction

diode is more likely to occur due to

(a) large velocity of the minority charge carriers if
the doping concentration is small.

(b) large velocity of the minority charge carriers if
the doping concentration is large.

(c) strong electric field in a depletion region if the
doping concentration is small.

(d) strong electric field in the depletion region if
the doping concentration is large.

In the given circuit, the AC source has (v =100 rads™.

Consider the inductor and capacitor to be ideal.

Which of the following statements are correct?

(2) thecurrent throughthe ~ 109»¢ 1A
circuit, I'is 0.3 A. 1 ™

(b) the current through the l Y T
drcuit, [is03VZ A. | &

(c) the voltage across 100 20V

Q resistor = 10J2 V.
(d) the voltage across 50 £2 resistor = 10 V.
A radioactive sample has initial concentration N,
of nuclei. Which of the fnllowl.ng statements are -
correct? /

.:"(a'.) the number of undmyed nudm presem inthe

sample decays exponentially with time

(b) the activity (R) of the sample at any instant
is directly proportional to the number of
undecayed nuclei present in the sample at that
time.

(c) the number of decayed nuclei grows exponentially
with time.

(d) the number of decayed nuclel grows linearly with
time.

A luminous point object is placed at O, whose image

is formed at I as shown in figure. Line AB is the

optical axis. Which of the following statements are

correct?

(2) If a lens is used to obtain :
the image, then it must be ~“7—
a diverging lens and its i
optical center will be the
intersection point of line AB and Of

(b) If a lens is used to obtain the image, then it
must be a converging lens and its optical center
will be the intersection point of line AB and OF

0



24,

(c} If a mirror is used to obtain the image, then the
mirror must be concave and the object and image
subtend equal angles at the pole of the mirror.

(d) I'is areal image.

A particle of charge —q and mass m enters a

uniform magnetic field B (perpendicular to paper
inwards) at P with a velocity v, at an angle o and
leaves the field at Q with velocity v at an angle f} as
shown in figure. Which of the following statements
are correct?

27.

interference paltern formed
by two becams obtained
after one reflection at cach
plate is
A Bohr hydrogen atom undergoes a transition
n =5 to n = 4 and emits a photon of frequency v.
Frequency of circular motion of electron in n = 4

-
_ X X xB8 orbit is v,. The ratio v/v, Is found to be 18/5m.
E;; (:—i p??/'vn Thevalueof mis ______.
=Y X x x
\ ve B 28. A drcular wire loop of radius R
(c} PQ= 2mygsin '\S x x X is placed in the x-y plane centered
Bq at the origin O. A square loop of
(d) particle remains in the * X X side a (@ << R) having two turns is
field for time ¢ = 2", placed with its center at z=+3R
along the axis of the circular wire loop, as shown
25. Figure shows a balanced in figure. The plane of the square loop makes an
‘Wheatstone bridge. angle of 45° with respect to the z-axis. If the mutual
Which ntfs the fnlln‘\:tv;ng inductance between the loops Is given by Mz
iﬂ) If ;?s s;:h;l..;rm then the valueof pis .
increased, the . " Cumprehenslon Type ¢
current in the
/1 2/ Apmm of an angle 30° 2nd refrnct:ve lndex u, = \F-—
gr::ncnf;jﬂﬁﬂ. TN /' is'shown in the figure. | g ——
(b) If P is slightly increased, the current in the E:ct;gcﬂ;itheﬁlfnnﬂ :sefracﬁvi
galvanometer flows from A to C. indexjt,=22. A monochromatic
(c} If Q is slightly increased, the current in the light of wavelength A = 550
galvanometer flows from Cto A. OfwAvEIengLl A = oot I
falls on the face AB at an angle
(d) If Q is slightly increased, the current in the of incidence of 60°
galvanometer flows from A to C. ’
29. Theangle of emergence of light will be
Numerical Value Type (@ 0°  (b)30° () 45°  (d)60°
26. A narrow monochromatic beam of light of intensity ~ 30. The minimum value of thickness ¢ so that intensity
Iis incident on a glass plate as shown in figure. of emergent ray is maximum is
Another identical glass plate is kept close to the (a) 100 nm (b) 125 nm
first one and parallel to it. Each glass plate reflects (¢) 75nm (d) 50 nm
25% of the light incident on it and transmits the ®®
remaining,
Keys are publisked in this issue. Search now! ©
/ Check your score! If your score Is
SEI.FCHECK, [>9%0% IﬂtﬂlEmmll You are well prepared fo take the challenge of final exam.
No. of questions attempted ...... 50-75% J| GOOD WORK ! You tan score good In the final exam.
No. of quaﬁm comrect ... 1"“* SATISFACTORY | You need to score maore next time.
Marks scored In percentage ...... < 60% || NOT SATISFACTORYI Revise thoroughly and strengthen your concepts.
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SOLUTION SET-80
1. (b) : Applying KVL to the circuit, then
% . 9
“-+-~-+IR=E
C, C

Differentiating this equation, we get
1 a’qo+l dq+R L

w (1)

Co dt dt
dl  dt GC . .
or I —R C (where, Cq= C:; = (i)
) ﬂl,dr £ d"
Integrating eqn. (ii), we get , f[ T== RC
IE)=TI,e"" (i)
where I, is the initial current.
3
Now run+g:-=a = L=r 00 W)
Substituting eqn. (iv) in eqn. (iil), we get
I(f) [E (q:; fco)] -chq .
/ 2. _."(-') :Consider a coaxial cylmder as a Gaussmn
/" surface, then = o/ A
g,(2nrL)E = (2nRL)0 or E= —R" v(d)
According to Newton's second lns\r,

7 _ o RS "
R —--c[ ) v(ii)
Where, m, is the mass of clectron and e is the clectronic
charge.

From law of conservation of energy,
%m,v% —eVp=—¢V, «. (1)
av Ryo _ dV
E=-2 . 2 -_F7
dr gr dr
On integrating both sides, we get
v=-omrsc cee(iV)
&
Also, v, =—%Ian+C ..(¥)
From equations (iii), (iv) and (v), we get
4y = [PEROI 1R)
oM,

Q@
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/< chargereach!ng per unit tlmc_ p AN\ [

3. (c) :Leth be the height of water level in the vessel
at instant ¢ which decreases by dh in time dt.

Rate of flow of water through the capillary tube

ve-a(2)

(i)
4
From Poiseuille’s formula, Vn% i)
The hydrostatic pressure at depth h is P = pgh
From (i) and (ii), we get dtu_SNA ‘ih

= [dtm _gm ’rdk 8nlA h‘h
rogrim b mpgrt Ry
4. (a):Let the number of electrons at a distance 'x'
be n, then the increase in number of electrons per unit
length is

()

Jefoce {3}
n=11ge™ . (1)

Hence number of electrons reaching other plate per

unlt time ls nge™,
Electronic current at opposite plate

dn
il

nq._,n.

/ - J

or I=m=en°e [7 | g" \ / /
Here, =, Adr) and n=(igAdx)e™

So, I=Im=]m,Ac“‘dx = I=mfA( -

Hence, I—'—'—"“"( e _1)

5. (5.86) : From Newton's ) |

second law, :r,f‘

T qz v’ (i) mdeB

M + mg — ] _1 = — s [ ]

“Eﬂl g AT,

At the topmost point, T, = 0 oy - u

e a2 mgvE

o omg— = (i)

4me,l 4

From principle of energy conservation,

Energy at the lowest point = Energy at top most point
1
Emu"‘= %mﬁ-}-mg{lf)onr’:u’-‘ig!

2
From eqn. (ii), v* = gi— y q

ml

..(iii)
vu(lv)

Prom equations (iii) and (iv), using m = 2 x 10-3 kg

weget, =586 ms!



/

6. (8.26) : From equation y = ax?,
hy=1x(-2=4dmandhz=1x(1)’=1m

Let v be the velocity at point B.

From energy conservation between points A and B,

we get, mgh, = mgh, +-:-;'-mv2
v=,J2g(h, —hy) = J2X10(4 = 1) =2J15 ms™

dy
ﬁz
sinB=—2—-and cosB:—l—

Slope of the path at B is E=2a.t=ta.nﬁ
V5 V5 l

Let t be the time of flight of ball from B to C. The
vertical displacement of ball is 1 m. So

o tan@=2 (v x=1, a=1)

1 1
—h=vt——gt?; ~1=vsin0t - —gt* = =152
Vy zgr Vs 23! = s

~ The horizontal distance travelled is 526 m
oW D=2+1+526=826m

7. (70) : Total power, P = P, + P, + P,

As the end caps are placed
symmetrically relative to the
source, P, = P,.

Thus, Py=P - (P, + P)) = P-2P,
From ﬁgurt. power flow tk thraugh
rlng [ A_\/ N

1 28 I |
P, = 7= x [27:(1 - cos)] =E[1 _ﬁ]

& PB=P- ZXP[

h ]= Ph
Vi +4R | i 4 4R?

0.1%2
= P,=0.07 W =70 mW,

) V@2 +40)

8. (6.3) : As initially torque about P is zero, angular
momentum of the system is conserved.
o mvx2L=Io i)
HereI=I +1, + 1,
2 1 2
I=miL, +L,) +M,[£L+(£e.+;, ) :|+M‘ L
12 \2 4 3
Substituting the given values, we get I = 0.09 kg m?

Thus, 0.05 X vx 1.2 = 0090 = 0= 3V 4
Now due to angular velocity ® the system A
will rotate and kinetic energy of rotation will
be converted into potential energy. I
Ly L, A
AU=mgh+Myg|L, += [+ Mg
2 2 Tyl

'Heal taksn I:y upper comparlmenl =nCp AT
/ 22%2 Toa=—a00) [~ /"

AU=0.081x98]

By conservation of mechanical
cnergy (after collision), we get
%Imz =AU =0.081%9.8 ]

= v=63ms!

9. (d):Suppose final temperature of gases = T
Heat rejected by gas in lower compartment

= nC,AT =2x %R(?OO -T) e (D)

Heat received by gas in upper compartment,
= nCp AT (as piston is movable, so pressure is constant)

=2x % R(T - 400) (1)

From eqn. (i) and (ii), T=490 K

10. (d):Let equilibrium temperature of the gases in
the two compartments = T

Pressure of the gases in each compartment is constant
and same.

Heat given by lower compartment = nC, AT
=2x£R(700-T) we (i)

/sl

From eqn.-(3) and (if), T=5wx = v N
In isobaric process, work done by gas, AW = nRAT
For lower compartment, AW, = - 350 R

For upper compartment, AW, = 250 R

Net work done by gases to attain equilibrium
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YU ASK
WE ANSWER

Do you have a question that you just can’t get answered?
Use the vast expertise of our MTG team to get to the bottom
of the question. From the serious to the silly, the controversial
to the trivial, the team will tackle the questions, easy and tough.
The best questions and thelr solutions will be printed in this
column each month.

1. Suppose a current-carrying wire has a cross-
sectional area that gradually becomes smaller along the
wire, so that the wire has the shape of a very long cone.
How does the drift speed of electrons vary along the
wire?

— Sachin, Chennal

Ans, Every portion of the wire is carrying the same
amount of current—otherwise, charge would build
up or disappear somewhere along the wire. Thus

for cquaﬁanI—Am—Q =nqv,,Atohesaﬂsﬁed.asth:

rruss-.secuunal area’ decreases, the’ drift speed. st
/ increase to inaintain the conslant carrent. This iricreased/

drift speed is a result of the electric field lin€s in the wire
being distributed over a smaller area, thus increasing
the magnitude of the field, and, in turn, increasing the
electric force on the electrons,

2. How can the total energy of an atom be negative?
For that matter, how can any energy be negative?

- Soumya Das (W.B.)
Ans. The way the total energy of an atom, and in fact
other energies, can be negative is through an arbitrary
choice of the zero point for potential energies. The
electrostatic potential energy between charged particles
is arbitrarily chosen to be zero when the particles are
scparated by an infinite distance. When two particles
having opposite signs, such as the electron and proton
in a hydrogen atom, are at finite distance apart, the
potential energy is less than zero, or negative. If they
are sufficiently close, the magnitude of the negative
potential energy may exceed the positive kinetic energy,
making the total energy negative.
3. You set up two oscillating systems, a simple
pendulum and a block hanging from a vertical spring.

@
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You carefully adjust the length of the pendulum so that
both osdillators have the same period. You now take the
two oscillators to the Moon. Will they still have the same
period as each other? What happens if you observe the
two oscillators in an orbiting space shuttle?

— Santosh (Bikar)

Ans. The block hanging from the spring will have the
same period on the Moon that it had on the Earth
because the period depends on the mass of the block
end the force constant of the spring, ncither of which
have changed. The period of the pendulum on the Moon
will be different from its period on the Earth because
the period of the pendulum depends on the value of g.
Because g is smaller on the Moon than on the Barth, the
pendulum will oscillate with a longer period.

In the orbiting space shuttle, the block-spring system
will oscillate with the same period as on the Barth
when it is set into motion, because the period does not
depend on gravity. The pendulum will not oscillate at
all. If you pull it to the side from a direction you define
as “vertical® and release it, it stays there. Because the
shuttle is in free-fall while in orbit around the Earth, the
effective gravity is zero, and there is no restnnng force

an Ihcpcndnlum , - A\
T4l i is-a-common obs::rvation that as'a l:ght bu]b"'

ages, it gives off less light than when dew. Why?
- Rubby Yadav (Bihar)

Ans. There are two reasons for this, one electrical
and one optical, but both are related to the same
phenomenon occurring within the bulb. The filament
of a light bulb is made of a tungsten wire that, in old
light bulb, has been kept at a high temperature for many
hours. These high temperatures cause tungsten to be
evaporated from the filament, decreasingits radius. From
R = pl/A, we see that a decreased cross-sectional area
leads to an increase in resistance of the filament. This
increasing resistance with age means that the filament
will carry less current for the same applied voltage. With
less current in the filament, there is less light output, and
the filament glows more dimly.

At the high operating temperature of the filament,
tungsten atoms leave the surface of the filament, much
as water molecules evaporate from a puddle of water.
These atoms are carried away by convection currents in
the gas in the bulb and are deposited on the inner surface
of the glass, In time, the glass becomes less transparent
because of this tungsten coating, which decreases the
amount of light that passes through the glass. PON
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Readers can send solutions ot editor@mtg.in or post us with their complete address by 10°* of
every month to get their names published in next issue.
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DOWN ACROSS

1. Anelectronic device that receives a signal and retransmits it. (8) 1 The process of communication across space without using wires (5)
2. The harmonic metion in which amplitude decreases over 5. Adisturbance that moves through a medium (4)

time (6, 8, 6) 6. Anastronomical unit of distance (6)
3. Anyfrequency greater than the fundamental frequency of asound (B) 8. A nudide that undergoes radicactive decay (6)
4. Splitting of heavy nucleus into two or more small fragments (7)  11. An optical illusion caused by total internal reflection in the air (6)
7. The force directed along the ine jaining the chject and the origin (7) 12 Ratio of magnetic flux density and applied external magnetic field

8. Vectors which are scalar multiples of one another (8) strength (8, 12)

9. Substance in which stress and straln are not proportional (9) 15. Avariable resistor, used to control voltage (8)

10. Unit of electric dipole moment (5) 18. Distanceivelodty! (4)

13. Device used to fine spray liquids (8) 19. Molecules with identical formulas but distinct structures (6)

14. Atoms with same atomic number but different mass number (7) 20, Unit of pressure (4)

16. Perpendicular force acting on 2 surface (6) 21, Alogic gate in which output is obtained only when both Inputs are
17. The force exerted by a string when it Is subjected to pull (7) high.(3) &0
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