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General Instructions :

Read the following instructions carefully and follow them :

(i) This question paper contains 33 questions. All questions are compulsory.

(it)  This question paper is divided into five sections — Sections A, B, C, D and E.

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

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

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

(vi) In Section D - Questions no. 29 and 30 are Case Study-based questions. Each
question carries 4 marks.

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

(viit) 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.

(ix) Kindly note that there is a separate question paper for Visually Impaired
candidates.

(x) Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h =663 x 10734 Js
e=16x10"19C
Uo = 4m x 107" TmA™!
gg= 8854 x 10712 C2 N1 m2

1

47‘580

Mass of electron (m,) = 9-1 X 10731 kg

=9x10° N m? C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-673 x 10727 kg
Avogadro’s number = 6-023 x 1023

Boltzmann constant = 1-38 x 10723 JK~1
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SECTION A

1. A conducting sphere of radius R has a charge Q on it. Which of the
following graphs correctly represents the value of electric field E in the
range 0 < x < o, where x is the distance of the point from the centre of the

sphere ?
A AN
@) = _E\ (B) % :
| |
I |
) L > X O . >X
0 R R X
A A
c) E\ 1) :
I I
I |
O d > X O 1 > X
R * R *
%
2. In an electromagnetic wave, the electric field (E ) and the magnetic field

%
(B ) oscillate along x-axis and y-axis respectively. The wave is

propagating along :
(A) z-axis (B) - z-axis
(C) x-axis (D) - y-axis
3. In a series LCR circuit connected to an ac source of voltage V and
frequency o, the power loss at resonance is :
A) ToL
B) V?/(C)
(©) V*/R

D V2/(oL- 1)
oC
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4. A vy, vy T vy, T T oo, - feroTt el wersT feront ot sttt €,
A) vy >vg> g
B) vg>vx >y
©) vg>rx>rg

(D) Vg >V > Vg
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(A) AUl e ¥ fomor, uwafefes ame ° svame
(B)  Aufeiyres I Ud uv=iciRTs 9@ ST | & 319dTE
(C)  mufefes sre@ H S1eTe ud uvafefen s o fomor
(D) TR SE Td Teefa e ST ST | & forewor

6.  uife Wik shi for H TR STTEAR ST M1 @ | foigsAl A wd B % &= 6 V I T
Sl S ¢ | ST FC ¥ ferat 9y YarTed a1 &1 e 2
€

(A) 20A B) 15A
(C) 10A (D) 05A
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4, If vg, vg and vy are frequencies of X-rays, Gamma-rays and UV rays

respectively, then :
(A) Vg > Vg > vy
B) vg>vx>vy
©C) vg>w>rg

(D) Vg > v > Vg

5. In forward and reverse biased silicon p-n junction, the dominant
mechanisms for the motion of charge carriers are :
(A) diffusion in forward bias, drift in reverse bias
(B) drift in both forward bias and in reverse bias
(C) drift in forward and diffusion in reverse bias

(D) diffusion in both forward and reverse bias

6. Five resistors are joined as shown in the figure. Between the points A
and B, a battery of 6 V is connected. How much current is flowing in arm
FC?

(A) 20A B) 15A
(C) 10A (D) 05A

551712 0 x [P.TO.]
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7. Two infinitely long straight conductors lie along x-axis and y-axis in the
plane of the page. If they carry current I each along +x-axis and +y-axis
respectively, the net magnetic field at a point with position vector

AN A
r_)=(3i+4j)mwillbe:

N
() boli ® Lol
67 12xn
AN /AN
© Mol @ Mol
247 8n
8. The Balmer series of hydrogen atom lies in :
(A) UV region (B) Infrared region
(C)  Visible region (D) Microwave region

9. The focal lengths of the objective and the eyepiece of a compound
microscope are 2 cm and 3 cm respectively. If they are kept 25 cm apart,
the tube length of the microscope is :

(A) 23 cm (B) 22cm
(C) 20cm (D) 30cm
10. In an interference pattern, 10 fringes are obtained over a certain distance

from its central maximum with light of wavelength 480 nm. The number
of fringes obtained over the same distance with light of wavelength

600 nm with be :
A 6 B) 7
) 8 (D) 10

11. Assume that the surface charge density of the Earth is 1 electron
charge/mZ. The potential of the Earth’s surface (radius 6400 km) will be :

(A) -012V B -021V
) +21V D) +12V

12.  Which of the following is also referred to as ‘heat waves’ ?
(A) Gamma rays (B) X-rays
(C) UV rays (D) Infrared rays

551712 Q x [P.TO.]
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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.

(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.

13. Assertion (A) : Electron emission from surface of zinc occurs when yellow
light is incident on it.

Reason (R): Energy of a photon of yellow light is more than the work
function of zinc.

14. Assertion (A) : A free neutron is not a stable particle.

Reason (R): It decays into a proton and an electron.

15. Assertion (A) : The ratio of the speeds of the electron in the second to

that in the third orbit in Bohr’s hydrogen atom is %

Reason (R): The speed of the electron in nt? permitted orbit in

hydrogen atom varies proportional to % i.e. vp oc%.

_)
16. Assertion (A) : If B be the magnetic field at a small patch of vector area

%
dS , then the magnetic flux through the patch will be

> >
B .dS.

Reason (R): The magnetic flux is a scalar quantity.

551712 Q 2 [P.TO.]
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SECTION B

17. The frequency of the incident light on a metal surface is doubled. Find
the new value of the maximum Kkinetic energy of the electrons and
comment on its magnitude in comparison to the initial maximum kinetic
energy of electrons. 2

18. A 2:00 m long wire, ABC made of steel (p = 20 x 108 Q m at 20°C)
consists of two parts AB and BC, each of 1:00 m. Part AB has a radius of
070 mm while BC has a radius of 0:35 mm. Find the magnitude of
electric field at a point in part AB and part BC, at 20°C, if a steady
current of 1-54 mA passes through the wire. 2

19. (a) A monochromatic beam of light is travelling from a rarer to a
denser medium. Giving reasons, explain the following :

(i)  Is the frequency of the reflected and the refracted light the

same as the frequency of incident light ? 1
(i1) Does the decrease in speed in denser medium imply a
reduction in the energy carried by the light wave ? 1
OR

(b) (i) The lower half of a concave mirror’s reflecting surface is
covered with an opaque non-reflecting material. What effect
will this have on the image of an object placed in front of the
mirror ? 1

(i1) A lens made of glass of refractive index 1-5 disappears, when
immersed in a trough of liquid. What is the refractive index
of the liquid ?

Give reasons for your answer in each case. 1

20. Calculate the distance of closest approach when an alpha particle of
4-50 MeV approaches in head-on position, a nucleus (Z = 79), stops and
reverses its direction. 2

21. Two identical circular coils A and B of radius 10 cm each are placed
concentrically and mutually perpendicular in XY and YZ planes
respectively. Currents of 1 A and J3 A flow anticlockwise in the coils as
seen from YZ plane. Find the magnitude of the net magnetic field at the
common centre of the coils. 2

551712 @ 2 [P.TO.]
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22. (a)
(b)
23. (a)
(b)
551712

SECTION C

Two infinitely long thin straight wires AB and CD with charge

12 uC

—— a
m

densities — nd +% are lying parallel to y-axis at points
m

(<1m, 0, 0) and (1 m, 0, 0) respectively, as shown in the figure.
%
Find the net electric field E at points P; (- 2m, 0, 0), O (0, 0, 0)

and Py (2m, 0, 0). 3
i 12 uC 12 uC
- ¢ m
m

A

?J
P, [ P,
<> I le—>e"

Im| ,-0 2[1m
A 1
k

OR

Two charges of 8 uC and — 4 uC are located at points (—18 cm, 0, 0)

and (18 cm, 0, 0) respectively.

(i)  Calculate the electrostatic potential energy of the system of
the two charges.

(ii) The same system of charges is placed in a region where

electrostatic potential V(r) = é, where A = 9 x 10* V.m.
r

Calculate the potential energy of the system. 3

Find the expression for the induced charge on a surface of a linear
dielectric slab (dielectric constant K) inserted between the parallel
plates of a charged capacitor fully occupying the intervening
region.

Four capacitors, each of capacitance 1 uF are to be connected to
obtain a net capacitance of 0:75 pF. Draw a diagram to show the
required combination. 3

@ 2 [P.T.O.]
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24, (a) The distance of an object from a concave mirror is increased from

th
12 cm to 15 cm. It is observed that the new image becomes (%j

the size of the initial image. Calculate the focal length of the
mirror.

(b) A light ray is incident on the horizontal upper face of a glass cube
making an angle of 45° with the face. While emerging, the ray just
grazes the vertical face of the cube. Find the refractive index of the

glass. 3

25. (a) A diode is connected to 220 V (rms) ac source in series with a

capacitor as shown in the diagram.

o

220V
(rms)

|
LT

=C

o

Find the voltage (rms) across the capacitor.

(b)  Find Vg in the circuit given below. 2

26. (a) A long straight wire carries a steady current I along the positive
y-axis in a three-dimensional coordinate system. A particle of
- N
charge + Q is moving with a velocity v =v_ i . Find the magnitude
and direction of the magnetic force experienced by the particle at
the instant it is at (x, 0, 0).

(b) A galvanometer of resistance 100 Q shows full scale deflection for a
current of 5 mA. Explain how you will convert it into a voltmeter of
range (0 — 1 V). Obtain the value of the resistance required. 3

551712 Q 2 [P.TO.]
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27. A thin convex lens with its two surfaces of radii of curvature R; and R, is
made of a material of refractive p,. A medium of refractive index p; (< py)
surrounds it. Using a ray diagram, derive the Lens Maker’s formula
when a point object placed on the principal axis in front of the surface of
radius of curvature R, produces an image I on the other side of the lens. 3

28. Draw a labelled diagram of a full wave rectifier circuit. State its working
principle and show the input-output waveforms. 3

SECTION D

Questions number 29 and 30 are Case Study-based questions. Read the following
paragraphs and answer the questions that follow.

%
29. A particle of mass m and charge q experiences a force F, in an electric

%
field E and it is directed along the field. When the particle is moving

— - —
with velocity v in a magnetic field B , it experiences a force Fy , that is

. - =
perpendicular to both v and B .
In presence of both fields, the force acting on the particle is the vector

- -
sum of that due to E and that dueto B .

A current-carrying conductor also experiences a force in presence of a
— —
magnetic field. The force dF acting on a current-element Id! is

%
perpendicular to both the current element, and the magnetic field B .
The net force acting on a conductor of a given length is the vector sum of

%
all dFs.

) (a) An electron is moving in a circular path in a uniform

magnetic field of 3-14 x 1074 T. Its period of revolution will

be approximately : 1
(A) 011 pus
(B) 0-28 us
(C) 0014 us
(D) 0024 us
OR
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(@) IS USHT T (5AWH 64 x 10727 kg) 3-14 x 10™° T & THEAH
T &5 H 628 x 10° m/s T T § JARR T F AGHM & | T

EARE IR

(A)  1.00m
(B) 200m
(C) 3:00m
(D) 4-00m

(i) 9l S TS FEHNE (m) F HIE T-HAS (Id?)a@ﬁﬁsrﬁasﬁq
HTHR TS L T AT 8 | G BIS o W, I8 AT Reerfer oL ekt @, it

T9 I T SITel Goehid &l E’wﬁ,a‘rw%:

0 —- ==X
Ll
(A) mgd/ »
I
(B) %j
mg”h
o) I
©) Idll
D) —(ﬂ)f{
mg
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(b)  An alpha particle (mass 6-4 x 10727 kg) moves in a circular

path with a speed of 6-28 x 10° m/s in a uniform magnetic

field of 3-14 x 10~> T. The radius of the pathis: 1
(A) 1.00m
(B) 2.00m
(C) 3:00m
(D) 400m

%
(i1) A current-element (Id/ ) of mass per unit length (m) is held in air
as shown in the figure. After withdrawing the support, it will

remain suspended in its position, when subjected to an external

_)
magnetic field B equal to : 1
&
0 ,m—eX
L di
A
(A) mgdl
I
FAN
®B) —£j
I
mg”
[6) T —-1
(C) T
N
D) —(I—dljk
mg
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Gii) 1S AR BT v = (6 x 106 m/s)i & weh U &1 F 797 aheart & 7 wh
ST 8B = (0.5 G); U U Free-aa B e ¥ | 4R 98 o e
%ﬁmﬁawré:wi@ﬁawqtaﬂm@m%ﬁﬁ)aw%:

(A) (120 gjl/;
C

(B) —(300 ﬁjﬁ
C
N N

C - .

©) (600 Cj ;

(D) —(150 %jll\

(iv) IS RUMCHe TR fohelt Tohe™ el &1 ]? EREER RIS S EIEEN|

FLATR |
X X X X X
X X X X X —
—y B ‘
24 FHITST o THAA §
X X X X X
X X X X X

T .

(A) o forett forrer o e a9 @ =erm
(B) SRR 9 9 =i

(C)  STEIITTRR T W =er

(D) et gor
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A
(iii) A charged particle enters with a velocity v = (6 x 10% m/s)i in a

- A —
region of magnetic field B = (0-5 G)j and an electric field E . If

%
the particle goes straight undeviated in the region, then E equals: 1

(A) (120 gjl/;
C

(B) —(300 ﬁjf{
C
N N

. N2

©) (eoo Cj ‘

(D) —(150 %)?

_)
(iv) A negative ion enters a region of uniform magnetic field B as

551712

shown in the figure. 1
X X X X X
X X X X X —
~—Y B into the plane
% 1 % & % of the paper
x X X X X

It will :

(A)  go straight, undeviated

(B)  describe a circular path

(C)  describe a semicircular path

(D)  describe a helical path
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30. S foRel ST % USSR SUIR ST % R gt e €, A 36w soiee St
BId & | I8 UREET JehRT-fod TTe FEAT & | TSI § 59 T hi Same
forTeRTuT ST ShUT-SIehfer €A H T BT S i EETuT 3= o1 ST ik sh | SohTsT o6
T RHEIT o STTUR W 36 T 3h1 AT el hl ST Tohel| & |

(i) 99 foRet I53 W 500 nm TR T TR STAT SITAT & A7 BT ST AT Hl
e favia 0-40 V 9T SITAT & | 58 T h13-%ai &, ST -

(A)  120eV
(B) 148eV
(C) 2.08eV
(D) 648eV

(i)  forelt arrq o foru smmfaa fafereor <t smafa (v) wa @ fed fova (V)
ST I Ueh SRSl Bl © | /I S o0 T B SHHRT: 36 W@ 2l Jurar O
Vo-378T 0 37819 o 0T © | AT SATSECTS o6 TehTe-Tare[d WTel arelt Jertor o

SR [Ej FAE:

~ o

A) v
® L
Yo
©) ey
V,
Yo
@

(iii)  Terelt fow T seRTeT HaEt waTel % for Teed e bt A feft AT R
(A) T % FHE-He W
(B)  ufca forforor o qiaed W
(C)  3Tmafera forfomtor sht disrat W
(D) e <R fava W
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30. When radiation of suitable frequency is incident on a metal surface,

electrons are emitted from the surface. This phenomenon is called

photoelectric effect. Einstein explained this phenomenon considering the

particle nature of radiation and using the law of conservation of energy.

Wave theory of light could not explain this phenomenon.

(1)

(i1)

(iii)

551712

The stopping potential of photoelectrons is found to be 0-40 V when
light of wavelength 500 nm is incident on a surface. The work

function of the surface is close to :

(A) 1-20eV
(B) 148eV
(C) 2:08eV
(D) 648eV

A graph between the frequency of incident radiation (v) and
the corresponding stopping potential (V) for a metal is a straight

line. Let o and B be the value of the slope and the value of the
intercept on the Vj-axis respectively. Then, according to Einstein’s

photoelectric equation (gj is:

A) v
® L
Y0
©) e
v,
-0
@)

The saturation current for a given photosensitive material depends
on :

(A)  work function of the material

(B) wavelength of the incident radiation

(C) intensity of the incident radiation

(D)  collector plate potential
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(iv)

31. &)
@)
()
@)
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F) 3-8 eV Insll 1 g BIeH 1-8 eV HE-Hhed o Tohel 53 9T 3T ¢ |
T3 § IcAfSId Soiai sh STTerehad it 3wt g1t -
(A) 32x107°J
B) 16x107°J
©) 125x10719g
(D) 24x10718J
areraT
@) ot gehTer Tat I53 T - 2:21 eV R | 39 T53 % foIw et
SICINEIRIEE
(A) 48 x10™ Hz
B) 53x10™ Hz
©) 1.9x10Y Hz
D) 1.2x10% Hz

Qs s

forelt srearardl & (ac) €19 @ S8 2vfishd LCR dftaer =t wicarer o foTg thsit
HTE T SYANT ileh STk cq~ hITST | 38 IR H SIS § 1 dq1eqd & ?
39 i shl STATET ST o6 o sisten wred hifor |

T Sliegar SR == 9T W st gt qeh Jedrerd! 9w (ac) o HEROT 6 &
gifart fafaa |

areraT
ot SITed O (ac) A T FEel T 500 B T X TEHT AWM
25 cm x 100 cm 2 | @R B = 04 T % UTHEAM Feehid & H
60 Xfeam T Tehe o 1T ST & <[warsh o &l od gai o st e S 2 |
fe e |fed T 1 IRkig 250 Q &, T THEHeH HiTT :

(D) S et e rfemad e
(II)  shecit H STo 91T 3 Bl & 3 &07 Shaed| § TSI Tl S

SATETRIE SET o Gl ISTeXT SITSIC | $TH STHEK 1 90 | fohE JhR T@T
ST & 2 Ha § AT i |

© -




(iv) (a) A photon of 3-8 eV energy is incident on a surface of work
function 1-8 eV. The maximum kinetic energy of the electron
emitted from the surface will be : 1

(A) 32x1012g
B) 16x101PJ
C) 125x1012g
D) 24x10718g

OR

(b)  The work function of a photosensitive surface is 2-21 eV. The
value of threshold frequency for the surface is : 1

(A) 48x10"™ Hz
(B) 53x10* Hz
C) 19x10%¥ Hz
(D) 12x 10 Hz

SECTION E

31. (a) Using a phasor diagram, derive an expression for the impedance of
a series LCR circuit connected to an ac source. What is meant by
resonance in this circuit ? Obtain expression for the resonant
frequency of this circuit. 3

(b)  Write two disadvantages of transmitting ac over long distances at
low voltage and high current. 2

OR

(a) An ac generator consists of a coil of 500 turns and size
25 cm x 100 cm. It is rotated at an angular speed of 60 rad/s in a
uniform magnetic field B = 0-4 T between two fixed pole pieces. If
the resistance of the circuit, including that of the coil, is 250 Q,
calculate :

(D the maximum current drawn from the generator
(II)  the flux through the coil when the current is zero 3

(b)  Give two examples of commercial generators. How is rotation of
armature achieved in them ? Explain briefly. 2
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32. ()
@)
(%P)
@)

33. ()
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1S ZhT FSEH 1.00 m F=TS ok ST W © SHeh! dedl | Ueh BIT Sied sosl Tl
TRIT 2 | SIS o U3 T 98 &ABeT JTA hITSTC Forarer sieet o JehTeT Scdfsid i |
STl ST FTaaTioh (4/3) © |

10 cm 1Y gl o Il T % A 15 em 1 gl 0 IS 9] @t @ |
et ST 388 10 cm T g T FHIETT TG TF Il G407 @ TR E | A 39
TS g e Sifom wicifofer Tl sReq) o STt 2, q 35t 3o AT ks gl
Fra hifSTe | fertor 3 gy wfdfsisr fAmior gwrise |

JAAqAT
YeRTST oh SRl TS faard | e Shifsru |
31 TS, ShTT A, ToFTH Seieh 3hi e 1 8, Ue 98 SATTaRoT 9e- it et
& | 3 Toigat ot TenTaT st cfferdl F1d shIfSIC STl ol o STETRII o H b
affer iR (1) %% (i) %%I

= o Tt e 4, fEfet @ D gl v e ve o b v <ht Sirelt € | 7/ Uferq
foram e 2 T afe v w5 em TafET &t 3T @ At B, o ke <iers §
0-03 mm WS &1 STl 8 | 2f ferfeart o ot g 1 mm =, A1 S TohmeT o
TG T qHhe hITSTT |

Te ST ATCTeh ol TS [, ST &%al A T Ufoie R 8 | 36 R
o off foreriat v o & | et i o6t 38 =rersh ot oers i T o A
STl 8 | ek fed 379 ITK shl ST hitTT fop

(1)  TcTeh § a1 oht STUATE <Tet U T 9T 9T |
(i)  =Tcieh o TfARIe 9T r TT 92T |
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32.

33.

(a)

(b)

(a)

(b)

(a)

551712

A small bulb is placed at the bottom of a tank containing water to a
depth of 1-00 m. Find the area of the surface of water through
which light from the bulb can emerge from. The refractive index of

water is (4/3).

An object is placed at a distance of 15 cm from a convex lens of
focal length 10 cm. On the other side of the lens, a convex mirror is
placed coaxially at a distance of 10 cm from the lens. If the image
formed by this combination coincides with the object itself, draw

the ray diagram and find the focal length of the convex mirror.

OR

Differentiate between interference and diffraction of light.

Two coherent light waves, each of intensity I, produce interference
pattern on a screen. Find the intensity at a point at which the path

difference between them is (i) %, and (ii) %

In a Young’s double-slit experiment, fringes are obtained on a
screen placed at a distance D from the slits. It is observed that if
the screen is moved 5 cm towards the slits, the fringe width
changes by 0-03 mm. If the distance between the slits is 1 mm,

calculate the wavelength of the light used.

A potential difference V is applied across the ends of a cylindrical
conductor of length [, area of cross-section A and resistance R. It is
gradually stretched till its length is tripled. How will (i) the drift
speed of electrons in the conductor, and (ii) the resistance of the

conductor be affected ? Justify your answers.
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@) fewmeufy s #, foigett B ud D 3 sfter forvariat 3 Hifor |

A +{:_ B
1V,2Q
+ -—
2V: 20 == —4V,3Q
- +
20Q
1 |
D - 14 C
3V,2Q
3YUAT

() fogd-ares 9 (emf) E U HATafeh TfoRIe r o Uk det i qiEdt Sfale R o
Teh TTrereh & STST T/ & | U7 ST shifefy :

() it R & @rer afay § o (1) 3 gited a9 o fofg, 37t
(i) R %91 9 o {40 o = fasaiat d ufted ewni & fog |

@) Torelt o sheelt s gfag 25°C W 100 Q R 1025°C W 120 Q ¥ |

(i) 425°C T 39 TIre T A F1d IS | (i1) ATIIRE o B o &9 H 36
Tfetrer | g1 9T IREd okl 2914 o foTT urws sAreifaa Shifsia |
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(b)  In the given circuit diagram, find the potential difference between

points B and D.

A i B
1V,2Q
+ -—
2V, 20 == =.4V,3Q
— +
2Q
'l
D =14 C
3V,2Q
OR

(a) A cell of emf E and internal resistance r is connected across a
resistor of variable resistance R. Draw a plot showing the variation
of (i) the current (I) in the circuit with R, and (ii) the terminal

potential difference of the cell with R.

(b)  The resistance of a heating coil is 100 Q at 25°C and 120 Q at
1025°C. (i) Find its resistance at 425°C. (ii) Draw a plot showing

variation of its resistance as a function of increase in temperature.
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