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General Instructions :
Read the following instructions carefully and follow them :
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This question paper contains 33 questions. All questions are compulsory.
This question paper is divided into five sections — Sections A, B, C, D and E.

In Section A — Questions no. 1 to 16 are Multiple Choice type questions. Each question
carries 1 mark.

In Section B — Questions no. 17 to 21 are Very Short Answer type questions. Each
question carries 2 marks.

In Section C — Questions no. 22 to 28 are Short Answer type questions. Each question
carries 3 marks.

In Section D — Questions no. 29 and 30 are case study-based questions. Each question
carries 4 marks.

In Section E — Questions no. 31 to 33 are Long Answer type questions. Each question
carries 5 marks.

There is no overall choice given in the question paper. However, an internal choice has
been provided in few questions in all the Sections except Section A.

Kindly note that there is a separate question paper for Visually Impaired candidates.
Use of calculators is not allowed.
You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h= 663 x 103*Js
e=16x10"17C
Up=4nx 1077 TmA™!

g0 =8854x 10712 C2 NI m™
1

47[80

Mass of electron (mg) = 9-1 x 103! kg

=9x10° Nm?C32

Mass of neutron = 1-675 x 1072/ kg

Mass of proton = 1-673 X 10727 kg

023

Avogadro’s number = 6-023 x 1 per gram mole

Boltzmann constant = 1-38 x 10_23 JK_1

3 P.T.O.
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SECTION A

1. Two particles A and B of the same mass but having charges q and 4q respectively,

are accelerated from rest through different potential differences V, and Vg such

\Y%
that they attain same kinetic energies. The value of (—Aj is :

Vi
1 1
A - B - © 2 (D) 4
4 2
2. A coil of resistance 20 Q and self-inductance 10 mH is connected to an ac source

of frequency 1000/m Hz. The phase difference between current in the circuit and

the source voltage is :

(A)  30° (B) 60° (C) 75° (D) 45°

3. Isotones are nuclides having :
(A) same number of neutrons but different number of protons
(B)  same number of protons but different number of neutrons
(C)  same number of protons and also same number of neutrons

(D) different number of protons and also different number of neutrons

4. A bulb is rated (100 W, 110 V). It is operated by current of 1.0 A supplied by a
step down transformer. If the input voltage and efficiency of the transformer are

220 V and 0.9 respectively, the input current drawn from the mains is :

1 3 5 4
A —A B) —A © —A O - A
2 8 9 7
5. Which of the following substances has relative magnetic permeability p.>>1?
(A)  Aluminium (B) Copper chloride
(C)  Nickel (D) Sodium chloride

55/S/1 5 P.T.O.
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6. Which of the following statements is correct for alpha particle scattering
experiment ?
(A)  Forangle of scattering 0 ~ 0, the impact parameter is small.
(B)  For angle of scattering 0 = &, the impact parameter is large.
(C)  The number of alpha particles undergoing head-on collision is small.

(D)  The experiment provides an estimate of the upper limit to the size of target

atom.

7. A straight wire of length 1.0 m is placed along x-axis, in a region with magnetic

- AN AN
field B =(31 +2j)T. A current of 2.0 A flows in the wire along +x direction.
The magnetic force acting on the wire is :

(A) 2.0 N, along z-axis (B) 2.0 N, along —z-axis
(C) 4.0 N, along z-axis (D) 4.0 N, along —z-axis
8. The electric field E associated with an electromagnetic wave is represented by

Ey = E sin (kx — ot)
Which of the following statements is correct ?
(A)  The wave is propagating along +x-axis.

(B)  The wave is propagating along +z-axis.

%
(C)  The magnetic field B of the wave is acting along +y-axis.

_)
(D)  The magnetic field B of the wave is acting along —x-axis.

9. A point object is placed in air at a distance of 4R on the principal axis of a convex

spherical surface of radius of curvature R separating two mediums, air and glass.

As the object is moved towards the surface, the image formed is :
(A)  always real

(B)  always virtual

(C)  first virtual and then real

(D) firstreal and then virtual

55/S/1 7 P.T.O.
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10.

11.

12.

An electron makes a transition from orbit n = 2 to orbit n = 1, in Bohr’s model of

hydrogen atom. Consider change in magnitudes of its kinetic energy (K) and

potential energy (U).
(A) Kincreases and U decreases (B) K decreases and U increases
(C) Both K and U decrease (D) Both K and U increase

Which of the following statements is mot true for a p-n junction diode under

reverse bias ?

(A)  The current is almost independent of the applied voltage.

(B)  Holes flow from p-side to n-side.

(C)  Electric field in the depletion region increases.

(D) n-side of the junction is connected to +ve terminal and p-side to —ve

terminal of the battery.

A parallel plate capacitor is charged by a battery. The battery is then disconnected
and the plates of the charged capacitor are then moved farther apart. In the

process :

(A)  the charge on the capacitor increases.

(B)  the potential difference across the plates decreases.
(C)  the capacitance of the capacitor increases.

(D) the electrostatic energy stored in the capacitor increases.

Questions number 13 to 16 are Assertion (A) and Reason (R) type questions. Two

statements are given — one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer from the codes (A), (B), (C) and (D) as given below.

55/S/1

(A)  Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

(C)  Assertion (A) is true, but Reason (R) is false.
(D)  Both Assertion (A) and Reason (R) are false.

9 P.T.O.
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H
13.  Assertion (A) : The current density ( J ) at a point in a conducting wire is in the

_)
direction of electric field (E ) at that point.

Reason (R) : A conducting wire obeys Ohm’s law.

14.  Assertion (A) : The torque acting on a current carrying coil is maximum when it

is suspended in a radial magnetic field.

Reason (R) : The torque tends to rotate the coil on its own axis.

15.  Assertion (A) : Although the surfaces of a goggle lens are curved, it does not

have any power.
Reason (R) : In case of goggles, both the curved surfaces are curved on the
same side and have equal radii of curvature.
16.  Assertion (A) : Nuclear fission reactions are responsible for energy generation in
the Sun.

Reason (R) : Light nuclei fuse together in the nuclear fission reactions.

SECTION B

17.  Two halves of a silicon crystal (A and B) are doped with arsenic and boron

respectively, forming a p-n junction in it. A battery is connected across it as

shown in the figure.

(a) Will the junction be forward biased or reverse biased ? Give reason.

(b)  Draw V-I graph for this arrangement. 2

55/S/1 11 P.T.O.
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20.
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A long straight horizontal wire is carrying a current I. At an instant, an alpha

particle at a distance r from it, is travelling with speed v parallel to the wire in a
direction opposite to the current. Find the magnitude and direction of the force
experienced by the particle at this instant.

A point light source rests on the bottom of a bucket filled with a liquid of
refractive index pu = 1.25 up to height of 10 cm. Calculate :

(a) the critical angle for liquid-air interface
(b)  radius of circular light patch formed on the surface by light emerging from
the source.

State Huygens principle. Using it draw a diagram showing the details of passage

of a plane wave from a denser into a rarer medium.

(a) A cell is connected across an external resistance 12 Q and supplies 0.25 A
current. When the external resistance is increased by 4 Q, the current
reduces to 0.2 A. Calculate (1) the emf, and (i1) the internal resistance, of
the cell.

OR
(b) Two point charges of 3 uC and 4 pC are kept in air at (0-3 m, 0) and

(0, 0.3 m) in x-y plane. Find the magnitude and direction of the net electric
field produced at the origin (0, 0).

SECTION C

: 6 : . : :
A small circular loop of area — cm? is placed inside a long solenoid at its centre

such that its axis makes an angle of 60° with the axis of the solenoid. The number
of turns per cm is 10 in the solenoid. The current in the solenoid changes
uniformly from 5 A to zero in 10 ms. Calculate the emf induced in the loop.

Two point charges of 10 uC and 20 uC are located at points (— 4 cm, 0, 0) and

(5 cm, 0, 0) respectively, in a region with electric field E = BX where
r

A =2 x 105 NC*!' m? and Tis the position vector of the point under
consideration. Calculate the electrostatic potential energy of the system.

3

13 P.T.O.
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24.

25.

26.

55/S/1

(b)

The radius of a conducting wire AB uniformly decreases from its one end

A to another end B. It is connected across a battery. How will (i) electric
field, (ii) current density, and (iii) mobility of electrons change from end A
to end B ? Justify your answer in each case.

OR

Two large plane sheets P; and P, having charge densities + ¢ and - 3 &

respectively are arranged parallel to each other as shown in the figure. Find

%
the net electric field (E ) at points A, B and C.

In photoelectric effect experiment, show the variation of

(a)

(b)

photocurrent with collector plate potential for a given surface for different
intensities of incident radiation. Do the curves meet at any point ? If so,
why ?

photocurrent with intensity of radiation incident on a surface keeping the
frequency and plate potential fixed.

Explain the following, giving proper reason :

(a)

(b)

(©)

During charging of a capacitor, displacement current exists in the

capacitor. But there is no displacement current when it gets fully charged.

The frequency of microwaves in ovens matches with the resonant

frequency of water molecules.

Infrared waves are also known as heat waves.

15 P.T.O.
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27. A galvanometer is converted into a voltmeter of range (0 — V) volt using a resistor

of 9900 Q. If a resistor of 4900 Q is used, the range becomes half, i.e.

\Y%
(0-— ?) volt. Calculate :

(a) resistance of the galvanometer

(b) resistance required to convert it into a voltmeter of range (0 — 2V) volt. 3

28. (a) A ray of light is incident on a surface separating air from a denser medium
A of refractive index py. It is then made incident on the parallel surface of
another medium B of refractive index p, at the same angle of incidence. If
the angle of refraction in the two media are 30° and 35° respectively, then

in which one of the two media (A or B) will light travel faster and why ?

(b)  The intensity of the two interfering waves in Young’s double slit

experiment is I, each. Find the intensity at a point on the screen where

path difference between the interfering waves is (i) %, and (i1) % 3

SECTION D

Questions number 29 and 30 are case study-based questions. Read the following paragraphs

and answer the questions that follow.

29.  Dipoles, whether electric or magnetic, are characterised by their dipole moments,
which are vector quantities. Two equal and opposite charges separated by a small
distance constitute an electric dipole, while a current carrying loop behaves as a
magnetic dipole. Electric dipoles create electric fields around them. Electric

dipoles experience a torque when placed in an external electric field.

55/S/1 17 P.T.O.
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(1)

(ii)

(iii)

(iv)

3 e ferera fepet o, ol seeh R ot d g aoe & s g i

+ q ST €, x-y qe1 H 39 Foh sHARed foham € foh 5o sRoTmelet 7e-forg

O T S TIT TS hART: gt (d, 0) 31 (0, d) T ford € | 5 Forobrer 7 ot

g st 2

(A —qd(i+]) B) qd(i+])

© qd(i-7) D) qd(j-1)

2a@ﬁ{$ﬁﬁﬂ—qﬁ(+qm%aﬁmﬁ%ﬁ%waﬁ

r (>>a) % (1) Torelt forg ST Seeh ser ot feora ©, e (2) Torelt foreg T fergarcli

T W Reerd 2, W Forerd-&r o qiHTOT AT B SR E, © | ad (E—lj e
2

1

1
A - B) - © 2 (D) 4
4 2

5.0 x 1078 Cm faga st =1 =0 forerd fega forelt W& wrawr & wan @ et forelt
faw T 70T e Rre-a 3BT WA 1.0 x 103 N/C # | 39 &1 T e B
1 fog St P& g 3002 | 99 a0 FRg TR T Set- STt o i
2

(A)  2.5x10° Nm (B) 5.0 x 10 Nm

(C) 1.0x10~*4Nm (D) 2.0 x 10~ Nm

(a)  TTEGISH W] H g S (et e % =R ST = v § e
AT AT T H TIGHHT T 8 | $H SoIag o Frashid Tg3d STt

T IRHTTR -
(A) 4devr (B) 2evr
©) l evr (D) l evr
2 4
AT
(b) ST 5.0 cm % IHR UM & 2.0 A hiT 91T VaTfea & & & | 36 omer §
el Trershi faga STt ot aieEm 2
(A)  1.0x 103 Am? (B) 5.0x 1073 Am?
(C) 1.0x102Am? (D) 5.0 x 1072 Am?
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(ii)

(iii)

(iv)

Two identical electric dipoles, each consisting of charges —q and +q
separated by distance d, are arranged in x-y plane such that their negative
charges lie at the origin O and positive charges lie at points (d, 0) and
(0, d) respectively. The net dipole moment of the system is :

AN A
(A)  —qd(i+]) B) qd(i+j)
AA AA
(©)  qd(i-}j) D) qd(j-1)
E, and E, are magnitudes of electric field due to a dipole, consisting of

charges —q and +q separated by distance 2a, at points r (>> a) (1) on its

axis, and (2) on equatorial plane, respectively. Then E_l is
2
1 1
(A) i (B) N ©) 2 (D) 4

An electric dipole of dipole moment 5.0 x 108 Cm is placed in a region
where an electric field of magnitude 1.0 x 103 N/C acts at a given instant.
At that instant the electric field E) is inclined at an angle of 30° to dipole
moment ? The magnitude of torque acting on the dipole, at that instant
is :

(A)  2.5x10° Nm (B) 5.0 x 10 Nm

(C) 1.0x10"4Nm (D) 2.0x 1079 Nm

(a) An electron is revolving with speed v around the proton in a

hydrogen atom, in a circular orbit of radius r. The magnitude of
magnetic dipole moment of the electron is :

(A) 4devr (B) 2evr
1 1
(C) —evr (D) —evr
2 4
OR

(b) A square loop of side 5.0 cm carries a current of 2.0 A. The
magnitude of magnetic dipole moment associated with the loop is :

(A)  1.0x 1073 Am? (B) 5.0x 1073 Am?
(C)  1.0x102Am? (D) 5.0x 1072 Am?
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30.  ac FI dc H ufafid e ot wiskam i fewertor e € o g9 Wi 1 e areft Iin
! fewarit) ed € | ST forelt @ty Srite W 1S ac et emTenes stefss warar g
I TS FUCRIF SRYT & ST & 99T Y U JaTed Sidl & | SRUMcHe STeish
T a4, SIS g SrEfed 8 ST § 37 3EH i 9 Yarted Tel sl |
30 TR ac et 1 Ao & ST | p-n G SRS 1 39T 1ef-ad fewehrt

I Qo fawehrdt o &9 H foham ST Eehar 2 |
()  fewwwuitae § sig-am/8 soa SHeR/ameR 2
it D2
N N
(€ =ov )
B1 }32
(A) HaAB, (B) a4 B,
(C) By 3R B, 3 (D) AdA B, IARTL B,
(i) (a) 3T H qol-a fowenrt aftaer quriar w2 | fefa atmey | € erite
Dlw?ﬁﬂ?ﬂ:{%:
V; v,
I\IDl
L~
/ N\ _ ) A/B\/C\/D
= @ %é % 0
N R VO
I/ID2
(A) A,D B) AC
(C) B,D (D) B,C

arraT
(b) Tt aref it fewarrt s fFrfq B @
(A) o Sftfent o1 wanfefymn (B) TR T gaq
(C) Mt & a1y uHiehE (D) TRt SR Had
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30. The process of converting ac into dc is called rectification and the device used is
called a rectifier. When ac signal is fed to a junction diode during positive half
cycle, the diode is forward biased and current flows through it. During the
negative half cycle, the diode is reverse biased and it does not conduct. Thus the
ac signal is rectified. The p-n junction diodes can be used as half-wave and
full-wave rectifiers.

(1) Which bulb/bulbs will glow in the given circuit ? 1
0 102
™ ™~
(€ = 3
B, B,
(A) Bjonly (B) B, only
(C) Both B and B, (D)  Neither B nor B,
1) (a) A full-wave rectifier circuit is shown in the figure. The contribution
in output waveform from junction diode D is : 1
V.
1
D
N
L1
/N
\Y < )
S @ ©
N A%
LIRS o
2 o
(A) AD B) AC
() B,D (D) B,C
OR
(b) The output in a half-wave rectifier is : 1
(A) unidirectional without ripple (B) steady and continuous
(C) unidirectional with ripple (D) steady but discontinuous
55/S/1 21 P.T.O.




31.

55/S/1

(iii)

(iv)

(a)

(b)

p-n HF¥I SRS # p-Feteh W 3TN n-FeTeh T TGEEAH TG ST B8 ;

(A) TR, SHHH (B) FHM, A
(C) &, & (D) &, TR
Afe HY-qET femarRT T SR 50 Hz B, T qUi-aiT Suehid 3 AT gt -
(A) 25Hz (B) 50 Hz
(C) 100 Hz (D) 200 Hz
us e

(i) 5% il for hed € 2 SoUHM m qUT A& q & el v ot fere)
fovarar v g form @ cafid forar man 2 | 36 o @ g ¢ S
qaTeed o fou =2isieh g hifsTg |

(i)  3.315 mW T wife o FeRelt @@ ST 5.0 x 1014 Hz aR @1
TehUf TehTST Sca=T fohalT TIT © | Iitehford shifete ;

(1) 39 oI G0 H BIEH 31 St
(2)  HId g I BehvS Icafsid BIaHT shl T

AT

(i) S AT 1 Scer@ shITeTY T TTEGISH Y] % ST o Higel 3
nell SHETT o SIFE ohl FHll oh (A STk Fcq= shifoIg |

(i) | oC =T T s e o (Mo ) aferer i |
fmmn e

m ( lgC) =12.000000 u
(o)
()

n|] =1.008665u

o -

m
m

1.007825 u
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31.

55/S/1

(iii)

(iv)

(a)

(b)

In a p-n junction diode, the majority charge carriers on p-side and on
n-side are, respectively :

(A) electrons, electrons (B) electrons, holes

(C)  holes, holes (D) holes, electrons

If the frequency of the half-wave rectifier is 50 Hz, the frequency of
full-wave rectifier is :

(A) 25Hz (B) 50Hz
(C) 100Hz (D) 200Hz
SECTION E
(1) What are matter waves ? A particle of mass m and charge q is

accelerated from rest through a potential difference V. Obtain an

expression for de Broglie wavelength associated with the particle.

(i)  Monochromatic light of frequency 5.0 x 1014 Hz is produced by a

source of power output 3.315 mW. Calculate :
(1)  energy of the photon in the beam

(2)  number of photons emitted per second by the source
OR

(1) State Bohr’s postulates and derive an expression for the energy of

electron in nth orbit in Bohr’s model of hydrogen atom.

.. T . 12
(i1)  Calculate binding energy per nucleon (in MeV) of 6C .

Given :

m ( lgC) =12.000000 u

n] =1.008665 u

0
1

)
)

1
m
m |, 1.007825u
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32.  (a)

(b)

55/S/1

(ii)

(1)

(ii)

THifRd @ T wREAT & fFHt ac S it SRty i e
FHifere | foret efor t* W T faanaet (emf) & fotw =ister grw Hifsre |

IS TFIT, T Afest IR XX Rer T@m @ 1 369 3.0 A 9T SETed
W R | A § T STHER 36 qR X'X % UIE IS SR e
MNPS, Sl ofsit 2l walg 10 cm & 797 fS6@ 1.0 A 9 Yerrfed &
W7, W & | 39 IR & HRO I W @ AT A Trelshid a9
afeeTor 7R femm e hifs |

X« 3A

>\(

1

YT

e o Torgra-erersh Seor o Rl o Seete hIfST de o % e
1 IwI fAfay | forell Fueett & w-Wehed o [T geh! STt
HTET QAT HTEHH i FIeherdT o Yai H ssfeh ITH shifelg |

TRt 220 V 2T Gt ST % ac TR % @rer 20 7 T 20 Q F
iR, 80 pF T LTI TT 50 mH T ST SAC © | ST SATf Al
AR 38 9R9d FT I (FAh) AN & TR 8, a1 Tiehierd
i ;

(1) S S rofrer st

()  ufwy 6 gfdemer
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32. (a)

(b)

55/S/1

(1)

(ii)

(1)

(ii)

With the help of a labelled diagram, explain the working of an ac
generator. Obtain the expression for the emf induced at an instant
‘1.

A long, straight horizontal wire X'X is held stationary and carries a
current of 3.0 A. A square loop MNPS of side 10 cm, carrying a
current of 1.0 A is kept near the wire X'X as shown in the figure.
Find the magnitude and direction of the net magnetic force acting
on the loop due to the wire.

, 3A
X — =~ X

>\(

1
OR

State Faraday’s law of electromagnetic induction and mention the
utility of Lenz’s law. Obtain an expression for self-inductance of a

coil in terms of its geometry and permeability of the medium.

A resistance of 20 Q, a capacitance of 80 uF and an inductor of
50 mH are connected in series. This combination is connected
across a 220 V ac supply of variable frequency. When the
frequency of supply equals the natural frequency of the circuit,

calculate :
(1) angular frequency of supply

(2) impedance of the circuit
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33. (a)

(b)
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(ii)

(1)

(ii)

Torell TTTefr gUelt o STMgyaeh qoT SR =l sl STfWehed T id
Go foht &1 9 STl shi S H @ STl @ 2 fohet grelt sh SAreeiT
T o fore 30 feufa & =istes e Shifve S9 3ifaq gfdfors s=a ™
AT R |

TS TS Tortur forelt wreTg PrysiTenit firsH o Teh Weteh TT 45° o whI00
T AT Ll & ST IS0 & FHIHA: TSI @ | Tienferd hifs :

(1)  Tsu g Sca ferre o
) o0 % ueref 1 "adais

AT

Toh T3t o forad e o garor o foru forefl W Tomamerarta =1 9ot
ST |

= faw g ST H R SR 1S THIS o (AdadHie 1.50) foret
U U7 o Tereh O et 5o o1 R o WFh H 1T © | IS BT 8
TSTahT 1ok i o e 3187 W 2, 3787 % AF(G ST T FT 36
SRR FHTANTST 31 STt & o G5 31 1eh 1 3T fciforrar g3 ot feufa
TE S | T E g3 AT AT W 45.0 em TS ST § | S 5 A
FTHL T SRINT Sh eI ToFaT ST @, 1 7% 38 30.0 em TS ST & | 5
T ST JTd hITT |
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33. (a)

(b)

55/S/1

(1)

(ii)

(1)

(ii)

What are the two main considerations for designing the objective
and eyepiece lenses of an astronomical telescope ? Obtain the
expression for magnifying power of the telescope when the final

image is formed at infinity.

A ray of light is incident at an angle of 45° at one face of an
equilateral triangular prism and passes symmetrically through the

prism. Calculate :
(1)  the angle of deviation produced by the prism

(2) the refractive index of the material of the prism

OR

Describe a simple activity to observe diffraction pattern due to a

single slit.

The figure below shows an equiconvex lens (of refractive index
1.50) in contact with a liquid layer on top of a plane mirror. A small
needle with its tip on the principal axis is moved along the axis
until its inverted image is found at the position of the needle. The
distance of the needle from the lens is measured to be 45.0 cm.
When the liquid is removed and the experiment is repeated, the new

distance is 30.0 cm. Find the refractive index of the liquid.
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