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General Instructions :

Read the following instructions carefully and follow them :

Q)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viit)
(ix)

(x)

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 =6-63 x 1034 Js
e=16x10"1C
Ug = 47 X 107" TmA™!
gg= 8854 x 10712 C2 N1 m2

1

TCSO

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

=9x 109N 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 per gram mole

Boltzmann constant = 1-38 x 10723 JK~1

~55/3/3~[] ANV 3 J P.T.O.
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SECTION A

A plane electromagnetic wave travels through a medium and the

magnetic field associated with it is given by

B=5x108sin(3x101%t-150%) T
where x is in metres and t is in seconds.

The velocity of the wave is :
(A)  2:0x108 ms!
(B) 45x107 ms!
(C) 35x10" ms!
(D)  25x108 ms1

A ray of monochromatic light travelling in air is incident on a glass slab
and is partly reflected and partly refracted. Both the reflected and
refracted lights will have :

(A) same wavelength (B) same frequency
(C)  same intensity (D) same speed

When the forward bias voltage in a semiconductor diode is changed from
0-8 Vto 10 V, the forward current changes by 2-:0 mA. The forward bias
resistance of the diode will be :

(A) 200Q B) 175Q

(C) 100Q D) 125Q

A square loop of side L lies in the x-y plane in a magnetic field

_)
B= B0(2/i\ + 33\ + 41/;), where B, is a constant. The magnetic flux

through the loop is :
(A V29 B2 (B) 4B(L2
(C) 3ByL2 (D) 2ByL2
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5. An electric dipole with dipole moment
1—3>= (254 x 10728 C.m) (2-00/i\ + 3-003'\) is placed in an electric field
E) = (1000%)?. An external agent turns the dipole until its electric
dipole moment is B: (254 x 10728 C.m) (- 3'00li\ + 2'003). The work

done by the agent is :

(A  254x1072°J (B) 127x107%J
©)  1:02x1072J (D) 229x10726J
6. A thin plano-convex lens and a thin equi-concave lens are kept coaxially

in contact as shown in the figure. Assuming both the lenses are made of
glass of refractive index u, and R is the radius of curvature of each curved
surface, the focal length of the combination is :

L
M/\
R R
A — B) -—-
p—1 n—1
2R 2R
©c — (b -
p—1 n—1
7. If the given figure, V) is the potential barrier across a p-n junction in an
unbiased condition. Which of the following statements is correct ?
1
2
3

(A) Curves 1 and 3 both correspond to forward biasing of p-n junction.

(B)  Curve 3 corresponds to forward biasing and Curve 1 corresponds to
reverse biasing.

(C)  Curve 1 corresponds to forward biasing and Curve 3 corresponds to
reverse biasing.

(D)  Curves 1 and 3 both correspond to reverse biasing.
~55/3/3~[] PAARMAAMAAMAAAMAAAMANA 7 ° P.T.O.
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11.

12.

e

If ry and ry are the radii of atomic nuclei of mass numbers 64 and 27

r
respectively, then the value of [—1] is:

Ty

A 1 (B)

§|[\'D [GCRITN
~J

3
(C) 1 (D)

A ray of yellow light undergoes total internal reflection when it is
incident at the interface of two media. This ray is successively replaced
by the ray of blue, green and red lights. Which of the following
statements is true if the angle of incidence is same in all cases ?

(A) Total internal reflection occurs for blue light only.
(B)  Total internal reflection occurs for red light only.
(C) Total internal reflection occurs for both green and blue lights.

(D)  None of them will undergo total internal reflection.

The ratio of the de Broglie wavelengths associated with the electron
revolving in the first and third orbits in hydrogen atom is :

A 2 (B)

Cc 3 (D)

Lo DN

Radiation of wavelength 200 nm is incident on a photosensitive surface of
work function 4-2 eV. The kinetic energy of fastest photoelectrons emitted
from this surface will be close to :

(A) 35eV B) 30eV
(C) 25eV (D) 2:0eV

The phase difference between the two superimposing waves that give rise
to a bright spot in a Young’s double-slit experiment is (n is an integer) :

(A)  2nm (B) 2nn+g

(C) 2nm+ g D) 2nm+m

~55/3/3~[] ANV 9 J P.T.O.
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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) :
Reason (R) :

14. Assertion (A) :

Reason (R) :

15. Assertion (A) :

Reason (R) :

16. Assertion (A) :

Reason (R) :

Nuclear forces are always attractive.

The nuclear force between protons and neutrons in a
nucleus is a weak force.

Photoelectric current depends upon the intensity of the
incident radiation.

Stopping potential is independent of the intensity of the
incident radiation.

In a Wheatstone bridge circuit, if we interchange the
position of the cell and the galvanometer, the balance

... P .
condition — = R remains unchanged.

so balance condition remains same.

Q S
P_R_Q_P
S R

The cylindrical soft iron core in a moving coil
galvanometer only makes the magnetic field radial and
does not affect the strength of the magnetic field.

In a moving coil galvanometer, the plane of the coil is
always perpendicular to the magnetic field.

SECTION B

17. Write any two points of difference between intrinsic and extrinsic
semiconductors.

18. Explain the terms mass defect and binding energy. How are they

related ?

%EI

m
i

=]

2
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22,

23.
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19.

20.

21.

22.

23.

Light of frequency 5-0 x 10'# Hz is incident on a metal surface. If the
maximum speed of photoelectrons emitted is 6:63 x 10° ms~1, calculate
the threshold frequency for the surface.

(a) In the given figure, a steady current I flows through the circuit
when points A and C are connected by a wire of negligible
resistance. Find the potential difference between points B and C.

Bi=6V | Ey=4V
‘A°_4___4”F____f?e__4hF___T_‘(3
10 3Q

OR

(b) A battery of emf 21 V and internal resistance 3 Q is connected to a
resistor. If the current in the circuit is 3 A, find :

(1) the resistance of the resistor.
(i1)  the terminal voltage of the battery.

In Young’s double slit experiment, the central maximum is bright in the
interference pattern obtained on a screen. What will happen when :

(a)  light waves emitted out of slits S; and S, have an initial phase
difference of m radian ?
(b)  one of the slits is closed ?

Justify your answers.

SECTION C

- -

(a)  Depict the variation of electric field (E ) and magnetic field (B )
with respect to the direction of propagation of an electromagnetic
wave. Write their two important characteristics.

(b)  Show that 1
VeoHo

free space.
A ray of light is incident at angle of 45° on one face of a prism with an
equilateral triangular base. If it passes symmetrically through the prism,
find the :

(a)  angle of minimum deviation for the prism, and

gives the velocity of an electromagnetic wave in

(b)  refractive index of the material of the prism.

[=] 3=
=
=

4
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24, With the help of circuit diagrams, briefly explain the forward biasing and

the reverse biasing of a p-n junction diode.

25. (a)

(b)

26. (a)

(b)

Establish the relation between drift velocity of electrons (vq) and

electric current (I) in a conductor.

How is vg affected when the length of the conductor is doubled,

keeping the voltage applied across the conductor constant ?

A circular coil of 30 turns and radius 8:0 cm carrying a current of
6 A is suspended vertically in a uniform horizontal magnetic field
of 1:0 T. The field lines make an angle of 30° with the plane of the
coil. Calculate the magnitude of the external torque that must be
applied to prevent the coil from turning. What would happen if the
circular coil is replaced by a planar coil of irregular shape that

encloses the same area, keeping other parameters unchanged ?
OR
An alpha particle (mass 64 x 10727 kg and charge 3-2 x 10712 C)

having 8:0 MeV energy, enters a region of a uniform magnetic field
of 0-5 T. If the field is directed perpendicular to the velocity of the
particle, find the radius of the circular path described by the
particle. Mention the condition under which the particle in this

region (i) describes a helical path, and (ii) goes straight undeviated.

27. State Faraday’s law of electromagnetic induction. Briefly describe two

methods for producing induced emf.

28. A deuterium nucleus and an alpha particle approach a target nucleus

separately in head-on position. Find the ratio of their distance of closest

approach to the nucleus, when both have :

(a)
(b)
~55/3/3~[]

the same velocity, and

the same momentum.
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=
=
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SECTION D

Questions number 29 and 30 are Case Study-based questions. Read the following

paragraphs and answer the questions that follow.

29. Capacitors are manufactured with certain standard capacitances and
working voltages. However, these standard values may not be the ones
that are actually needed in a particular application. Two or more
capacitors can be grouped in series or in parallel to achieve desired
capacitance and voltage. When connected in series, the total capacitance
decreases while the voltage rating increases, whereas in parallel
connections, the total capacitance increases and maintains the same
voltage rating. A capacitor stores energy in the electric field between its
plates and stored energy is proportional to the square of the voltage and
capacitance U = %CVZ, where symbols have their usual meanings.
5Q A

1
6 uF
3V = {r 100

Two capacitors, one of 3 uF and the other of 6 uF, are connected in series

in the circuit as shown in the figure, for a long time.

1) The total capacitance of the circuit is : 1
(A)  6uF (B) 3uF
(C) 9uF (D) 2uF

(i1))  The current in the 10 Q resistor is : 1
(A) 03A (B) 06A
(C) 02A (D) o

~55/3/3~[1] VAN 17 o P.T.O.



(iii) forgall A wd B o dfie favaiat @ -
A) 2V (B) 03V
(C) 02V D) 3V
(iv) (F) 6 uF oTiar & Hemies i il W AR H A R ;
(A)  6ucC (B) 4puC
(C) 12uC (D) 8uC
3TUAT
(@) T HTiEl o Sffe o TR i foreg PO s foa S | sad i #
NI :
(A) =g Uit
(B) e SIT@t
(C) yufEfda wit

(D) U= S TR T BT ST

30. foerd-&= E i fremme +q HTIRT o H01 W forggd-&= 1 o § ook oIt ot § |
IO gHeh! Tl Sell Uiaidd aidl & | $H Yo, ST ohig STTTSTd hoT foheft
b & B 3 IR ot & e ot 39 W ot ot 2 | PRy 39 gt et o R
SR 0T H ATV Sk 8 B G 3 ciad @t | 37 7 ST w
ST il ol qRETdd &l oL Gkl | &1 STTERIT ol 1 T 2 W o= hifsie ek
ZSIH AT m Td %,waﬁm—qwﬂq%lﬁﬁﬁﬁmﬁwﬁwﬁﬁw
V o a caied R Stram @ e 9 K T K, TSt 3heit 9T 3 ofd @ | {5 o T
A & AT R S e B dEdT S T eI & 3k AT ohT e fawm &

T E |
(i) wﬁwﬁawﬁﬁ%w[%)wm%:
2
1 1
(A) o (B) 1
C 4 D) 1

~55/3/3~[] WAMAAAAAAMAMAANNAA 18 °

_,l‘%lil

~ ﬁnlil

=



[=]
=
=

Erzd
(iii)) The potential difference between point A and B is : 1
A 2V (B) 03V
€ 02V (D) 3V
(iv) (a)  The value of charge on the plates of the 6 uF capacitor is : 1
(A) 6uC (B) 4uC
(C) 12uC (D) 8uC
OR
(b)  The wire between two capacitors is cut at point P. The
current in the circuit will : 1
(A) increase
(B) decrease
(C) remain the same
(D) first increase then become stable
-

30. A charged particle +q in an electric field E experiences a force in the
direction of the electric field. As a result, its kinetic energy changes.
Similarly, the charged particle also experiences a force when it moves in
a magnetic field E But this magnetic force is perpendicular to both
velocity v of the charged particle and the magnetic field ]g), so it cannot
change the kinetic energy of the charged particle. Consider two charged
particles 1 and 2 of masses m and % having charges — q and +2q
respectively. They are accelerated from rest through the same potential
difference V and acquire kinetic energy K; and K,. Then they enter in a
region of uniform magnetic field ﬁ perpendicular to their velocities.

1) The ratio of their kinetic energies (%j is : 1
2
1 1
(A) 5 (B) 1
C 4 D) 1
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(i) 3Tk T T TR aelt ot Brsamet &1 ST [;—1] 2
2

A) iz B) 2

(®) (D) 2

DO | =

(i) 7RI 1T 2 SR AT B = Bok A9 v, =v i W v, =v,1 @
REMETGEAIE
(A) ST T gfeoTTerd fowmm o gikeoT ST
(B) QT ahuT arHTad T o ufshmor st

(C) U 1 =fequmerd fewm & uferAor sum Sefer o1 2 amEd fesm §
TTGROT ST

(D) T 1 JMEd e | gfeRaur e S wur 2 efeunead fesm A
TiGRAT SR

(iv) () 3 HOT 1 7 IRGHAT hTet 4 s BT, T 0T 2 T THEHHIT Shied B :

(A) 1s

B) 2s

(C) 4s

(D) 8s
AT

(@) AT 1 TH 2 % faq St & 7 p, T p,, B, A -

(A p;= p—22
(B)  P=py

©) py=2py
(D) p;=4p,y
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(i1)  The ratio of the radii of the circular paths described by them [:—IJ
2
is : 1
1
@ = (B) 2
©) 1 (D) 2
2
—> A
(iii) Suppose particles 1 and 2 enter the magnetic field B = Byjk with
velocities ;)1 = Vlli\ and \7)2 = Vzli\. Then : 1
(A)  both particles revolve clockwise
(B)  both particles revolve anticlockwise
(C) particle 1 revolves clockwise while particle 2 revolves
anticlockwise
(D) particle 1 revolves anticlockwise while particle 2 revolves
clockwise
(iv) (a)  If period of revolution for particle 1 is 4 s, then for particle 2,
the period will be : 1
(A 1s
B) 2s
(C) 4s
(D) 8s
OR
(b)  If the value of momentum for particles 1 and 2 are p, and
Py, then : 1
p
A =2
(A py 9
(B)  p=py
(C) py=2p,y
(D) py =4p,
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Qs e

81. (%) () R ashar Brsan o forell SO el g5 & | ueh forg fefer oo 2
geferer fFmior goia o forg foor ST sMTgT aer Aream & ST9edHi n
TS R o9&l foiet gl () T wferfsisr gl (v) o sff=r ety oo shifer |
(i) 20 cm i g 6 Tl I T8 HT ST hleh @ H 30 cm T gl
T Tt forelt o ot fifeler ST T € | 39 Widfeier ol ferfa 3 Sehfa
T I | 5
JrraT
@ @) f T f, BFE g0 % A A AR S wHTed: 9k § W@ R |
quwdaﬁwlmaaﬁ%maﬁww@ﬁm
(i) 550 nm TTE T Th GETTd TehIeT fohtor a1 fete S, 3R S, & da T
ead Ifad gt ®, S @ Tcdsh il <iers 142 x 1076 m & s
1-1 mm T gt o feord € | Rtz o aet & 2-2 m g Rord T Bhia W
FTeAT T TSI bt femms i € |
qiehleTd ST :
D BhSehr=nes |
(I) R SATeRaH & THL 3T (TeL) hsT T 3l |
(III) 7o 9L SYHIT Shl T H il T ST af T 21T | 5

32. (%) () T d OA TS OB #u: o foirg MMeM Q; T Q, o Il foheft forg
WW%@HWVﬁ%%WﬁWW@WW%I
el r 39 31 forg ATerwT 4 39 g A gh s alaan 2 |

A A

!

0]

60° .
30° & L
r

B
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31. (a)

(b)

32. (a)

~55/3/3~[]

(i)

(i1)

(i)

(i1)

(i)
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SECTION E

A point object is kept in front of a convex spherical surface of
radius of curvature R. Draw the ray diagram to show the
formation of image and derive the relation between the
object and image distance (u and v) in terms of refractive
index n of the medium and R.

A convex lens of focal length of 20 cm is used to form the
image of an object placed 30 cm away from the lens. Find the
position and nature of the image formed.

OR
Two thin converging lenses of focal length f; and £, are
placed coaxially in contact. Derive expression for the focal
length of the combination.

A beam of coherent light of wavelength 550 nm is incident

normal to the plane of a pair of two slits S; and S, each of

width 12 x 107 m separated by 1-1 mm. Dark and bright

fringes are observed on a screen 2-:2 m away from the plane

of the slits.

Calculate :

(D fringe width.

(I) distance of the second dark fringe from the central
maximum.

(II1) what will happen when the entire apparatus is
immersed in water.

In the figure, OA and OB show the variation of electric

potential V at a point due to two point charges Q; and Q,

with 1 respectively. Here r represents the distance of the
r

point from the two point charges.

A A
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I) A Q T Q, 3! Yah(d shl T&=H HIfST |

D (%j A TR 2 S T e i e A |

2

(ii) a%@aﬁm-zucwwc%a%wﬁgmmﬁ =%? J
X

AT fog3f (- 30 cm, 0) T (30 cm, 0) W W@ ¥, &
A =9x10° Nm? C™! g | 38 a1 fomamg i feer-sega feafas it
T I | 5

HYAT

@) () I AATS b ST AR B, S T Aot o HHR — L
TH 3\ &, ek SR A, r g W, T GEL o GHIAL, FeAtaRd: T
& | Toh I T GO okl fel $ohTS TTaITS O SIIG ST aTed s1et 2l el
TS qICHTOT T shifsT |

(i)  r, Frean 3 forelt 12, Eree, FTere el Y Q ST YaTH fohar T # |
IE U Hohgl, TTeTeh, Mol wier & oy @ fraeht stiafer Brsar r, v
Wﬁw%%ﬁ'{wq{— 3q3‘I'|an%l
A 3 ST 3 e T oG ST 29 T 2, T J1a A

(D x Frear & fordll dersl TMATRR, TMSHR I83 @ TSI aTet &
HNETE (FA), ST (1) x < 17 TAT(2) 11 < X < T,

(ID) %58 x T T Frga-&m, 9 (1) x > 15, T (2) 17 <X < Ty

(IID) (1) T, TAT (2) T I F ATANH T55 T IS 3T
T | 5
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(b)
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(i1)

(1)

(ii)

D Identify the nature of the two charges Q; and Q,.

(II) What is the value of [%j ? Justify your answer.
2

Two point charges — 2 uC and 5 uC are placed at (- 30 cm, 0)
and (30 cm, 0) respectively in an external electric field

%

A A 5 9 =1 1 .
E = — 1, where A =9 x 10° Nm# C™~. Find the electrostatic

X
potential energy of this configuration.
OR

Two infinitely long straight wires having linear charge
densities — A and 3\ are held vertically parallel to each
other, distance r apart in free space. Find the nature and
magnitude of the force/length exerted by one wire on the

other.

A small hollow conducting sphere of radius r; is given a
charge Q. It is surrounded by a concentric conducting
spherical shell of inner radius ry and outer radius rg, having

charge - 3q.
If a point charge 2q were kept at the centre, find :

D the electric flux through a concentric spherical
Gaussian surface of radius x for (1) x < ry, and

(2) ry{ <x<r,.

(IT) electric field at a point distant x from the centre for

(1) x>rg,and (2) r; <x <y,

(III) surface charge density on the inner surface of
(1) sphere, and (2) shell.

%EI

m
i

=
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33. &)

@)
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(1)

(ii)

(1)

(i1)

s

T YehTST Sicel Ud Ueh Hed Shecll Sk 2I0MshA § foret aftara-ia st
& JeTad] & (ac) G € SIS MU E | Foe hi Sifed U -1 THTe I
SCH

(D) el | AR i T B Tl i ST 2, qo
(II) &Y T AT T FH FoRaT T 2

HO I o GHT 1 qoh AT | 78 W A fop Swiera Teleh wehor o
3 T H his UiEd- 8] fohaT ST 8 |

%ﬁa%avﬂmLCRtr&wﬁ,%aﬁR:mog,L:éHw
T

C= % uF ®, Searadt dieedr V = 280 sin (1007 t) iee o7TE TS R |

V2 = 1-4 T, afierad ifere -

1)  afer it gfqarer |

(I) i ¥ Jafed S aTeft 9T 3T a-HTe-e H1H |

(IIT)  wfwer sh rferet 70T | 5

HYAT

ST o 90 1 e faRau qur e Shifse o a7 el e e
T STTE AT 2 |

TS 1 ot &t fetfa |

forelT el H T T A 0-6 s 7 8-0 A 9 Secta 20 A R ST 2 |
afe Fecft # Uit wrex for. A 9 (emf) 50 V&, A el o Tiehed
T YRR shifTT | 5
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33. (a)

(b)
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(i)

(i1)

(i)

(i1)

e

A light bulb and an open coil inductor are connected in series

across an ac source of variable frequency. How will the glow
of the bulb be affected when :

D an iron bar is inserted inside the coil, and
(II) the frequency of the source is decreased ?

Justify your answers. Assume that in each above case other

factors remain unchanged.

An ac voltage V = 280 sin (1007 t) volt is connected across a

series LCR circuit in which R = 400 Q, L = 5 H and

C= % uF. Taking V2 = 14, calculate : "

(I)  impedance of the circuit.

(I)  rms value of current that flows in the circuit.

(IIT) power factor of the circuit. 5

OR

State Lenz’s law and explain that it follows the law of

conservation of energy.

Write the dimensional formula for self-inductance.

The current in a coil changes from 8:0 A to 2:0 A in 0:6 s. If

an average emf induced in the coil is 50 V, calculate the

self-inductance of the coil. 5
ARV 27 .



