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Candidates must write the Q.P. Code
on the title page of the answer-book.
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Please check that this question paper contains 23 printed pages.

e

Please check that this question paper contains 33 questions.

Iv)
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Q.P. Code given on the right hand side of the question paper should be written
on the tltle page of the answer-book by the candidate.
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Please write down the serial number of the question in the answer-book
at the glven place before attempting it.

Ww—wﬁwﬁ%ﬁm 15 Time =1 50 feam = ? | -9 1 faqw gate § 10.15 s
TR @M | 10.15 SN | 10.30 &1 T TOENT hael -9 i Y&t 3TN 39 7T o GRA
I IT-YfTeh! TS TS for@ |

15 minute time has been allotted to read this question paper. The question
paper will be distributed at 10.15 a.m. From 10.15 a.m. to 10.30 a.m., the

candidates will read the question paper only and will not write any answer on
the answer-book during this period.
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(v) GUE — T4 357 G&I7 22 @ 28 0% AY-I70T JFR & Jo7 & | §9%F F57 3 3H!
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(vi) @€ — § F J97 G&IT 29 TIT 30 FT SETTF-3TRT F97 & | 9% 97 4 37
HE I

(vii) GUE — & 7 F57 Ter 31 @ 33 % H-IT0T JHR & J97 8 | §9% 97 5 3
HE
(viis) J¥7-T7 § GG [ 787 1327 7977 & | Ferf, @us-& & 3Rk 37 @S] & o F71
4 1R fadheq _RTT 7T 8 |
(ix) €17 § 3 gidanfem whenfefal & fore veb 37err 3o7-97 & |
(x) Sopoied BT IGNTIATE |
&I HTTH &, 7T [FEciga sifas [Radie] & 1) &7 7T F G 8 -
c=3x 108 m/s
h=6.63x 10734 Js
e=16x10"19C
Ho=4nx 107" Tm Al
g = 8.854 x 10712 C2 N1 m~2

1
e =9 x 109N m?2 C2
TI:SO

T BT GFHF (m) = 9.1 x 10-31 kg,
=M 1 gIHH = 1.675 x 10727 kg.
I T §8HH = 1.673 x 1027 kg.
FTETE T& = 6.023 x 1023 yfq 7 Mt
eawAMH e = 1.38 x 10723 JK-1
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General Instructions :

Read the following instructions very carefully and follow them :

()
(1)
(iii)
(i)
(v)
(v)

This question paper contains 33 questions. All questions are
compulsory.

Question paper is divided into FIVE sections — Sections A, B, C, D
and E.

In Section A : Question numbers 1 to 16 are Multiple Choice (MCRQ) type
questions. Each question carries 1 mark.

In Section B : Question numbers 17 to 21 are Very Short Answer (VSA)
type questions. Each question carries 2 marks.

In Section C : Question numbers 22 to 28 are Short Answer (SA) type
questions. Each question carries 3 marks.

In Section D : Question numbers 29 & 30 are Case Study-Based
questions. Each question carries 4 marks.

(vit) In Section E : Question numbers 31 to 33 are Long Answer (LA) type

questions. Each question carries 5§ marks.

(viit) There is no overall choice given in the question paper. However, an internal

(ix)
(x)

I 55/1/1

choice has been prouvided 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=3x 108 m/s

h=6.63 x 10734 Js

e=1.6x10"1C

Hy=4n x 1077 Tm A~

gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2

Mass of electron (m,) = 9.1 x 103! kg.

Mass of neutron = 1.675 x 1027 kg.

Mass of proton = 1.673 x 10727 kg.

Avogadro’s number = 6.023 x 1023 per gram mole
Boltzmann’s constant = 1.38 x 1023 JK~!
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(a;, qy)

(ay, 43)

A) gy <d3 <4 (B) q3<4q; <dy
©) q; <dgy,<dg (D) gy <dq; <dg

T AR P 3R Q §9H verd & §4 8 | aR P 1 g § 91 Q T oA g THT 9T oIaTg
aeft 3 | Ife aR P 1 9feiy R B, o1 R Q T Ty g
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ToRet TR T 1 cm ST IS WUS x-3787 o STfC T & 7T +x Teum o Ifee 6 ar & g/

0.5 A Serfed & @ & | =8 wew § Frh g 85 B = (0.4 mT) | + (0.6 mT) k#1
I fohT TRAT R | $9 AR o WU T T 9t & —

A) (2} + 3K) mN (B) (=3 + 2k) uN

(C) (6] + 4k) mN (D) (—4] + 6k) uN

fopeft Fugelt § 100 W &, f598 &+ &1 &%t 0.05 m2 8 T 35T Hed TfeId
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(A) 3.0mC (B) 0.30 C

(C) 0.45C D) 1.5C

T 0.016 H Shed i 0.81 m T 31X 0.02 m Brsan &1 919 & will afrforest i
HAeReTHT ST B | 38 TRTTeTshT 3§ i o T gt =Ry

(A) 2592 (B) 2866
(C) 2976 (D) 3140
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SECTION - A

1. Figure shows variation of Coulomb force (F) acting between two point
A : :
charges Wlthﬁ, r being the separation between the two charges (q; q,)

and (q,, q3). If q, is positive and least in magnitude, then the magnitudes

of q;, q, and g4 are such that 1
F
@, a,)
12
(9, a5
A) gy <dq3 <4 B) q3<4dq; <dy
©) q; <dqy,<dg (D) gy <dq; <dg

2.  Two wires P and Q are made of the same material. The wire Q has twice
the diameter and half the length as that of wire P. If the resistance of wire

P is R, the resistance of the wire Q will be 1
R

A R ® 3

© = D) 2R

3. A1 cm segment of a wire lying along x-axis carries current of 0.5 A along

%
+x direction. A magnetic field B = (0.4 mT) j\ + (0.6 mT) k is switched on,

in the region. The force acting on the segment is 1
(A) (2} + 3K) mN (B) (=3j + 2k) uN
(C) (6] + 4k) mN (D) (=4 + 6k) uN

4. A coil has 100 turns, each of area 0.05 m2 and total resistance 1.5 Q. It is
inserted at an instant in a magnetic field of 90 mT, with its axis parallel

to the field. The charge induced in the coil at that instant is : 1
(A) 3.0mC (B) 0.30C
(C) 045C D) 15C

5.  You are required to design an air-filled solenoid of inductance 0.016 H
having a length 0.81 m and radius 0.02 m. The number of turns in the

solenoid should be 1
(A) 2592 (B) 2866
(C) 2976 (D) 3140
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A voltage v = v, sin ot applied to a circuit drives a current 1 = 1, sin (ot + ¢)
in the circuit. The average power consumed in the circuit over a cycle 1s

(A) Zero B) 1, v,cos ¢
(®) % (D) 102\/0 cos ¢

The given diagram exhibits the relationship between the wavelength of
the electromagnetic waves and the energy of photon associated with them.
The three points P, Q and R marked on the diagram may correspond

respectively to :
Energy4

Q

A Wavelength
(A) X-rays, microwaves, UV radiation
(B) X-rays, UV radiation, microwaves
(C) UV radiation, microwaves, X-rays
(D) Microwaves, UV radiation, X-rays

4
A beaker is filled with water (refractive index g) upto a height H. A coin is

placed at its bottom. The depth of the coin, when viewed along the near
normal direction, will be

H H

@ 5 ®
H

© H o

The stopping potential V,, measured in a photoelectric experiment for a

metal surface is plotted against frequency v of the incident radiation. Let
m be the slope of the straight line so obtained. Then the value of charge of
an electron is given by (h is the Planck’s constant.)

(A) mh ® %
h
© = ) —-
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Me : T T@ 13 § 16 T & FUH fau T § — U I AMHLA (A) T GER HT HROT
(R) o1 TohaT TRIT 8 | 39 T%A1 & Tl 3 o1 = fe &1 (A), (B), (C) 3R (D)
T ¥ = hifve
(A) IRYHY (A) 3R HRT (R) SHI T & 3SR (R), ITNheH (A) il TE AT 2 |
(B) AfihuA (A) 3R SRV (R) §HI T &, W SRV (R), b (A) H Tt
T TG 2 |
(C) AfRYA (A) T 7, T ST (R) 36 2 |
(D) R (A) 3SR (R) SHI & FAAA ¢ |
13. FARERUA (A) : e IS 31freh Bl ohl HEAT STell HUST! 1 TRUY =< BIaT &, ol 38
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10. Let 2, kp and A4 be the wavelengths associated with an electron, a proton
and a deuteron, all moving with the same speed. Then the correct relation
between them is
(A) hg>2, >0, B) Le>h, >0y
(©) Ay >Ne>2g (D) he =Ny =2g

11. Which of the following figures correctly represent the shape of curve of
binding energy per nucleon as a function of mass number ?

A i
@) ; ®)
56

A
B.E

B.E.

A .

(©) D)

A A

0 b2 D
[ S
=2 ? N

80
12. When a p-n junction diode is forward biased
(A) the barrier height and the depletion layer width both increase.
(B) the barrier height increases and the depletion layer width decreases.
(C) the barrier height and the depletion layer width both decrease.
(D) the barrier height decreases and the depletion layer width increases.

Note : Question numbers 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 Assertion (A).

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

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is also false.

13. Assertion (A) : It is difficult to move a magnet into a coil of large
number of turns when the circuit of the coil is closed.
Reason (R) : The direction of induced current in a coil with its circuit
closed, due to motion of a magnet, is such that it
opposes the cause.

I 55/1/1 Page 9 of 24 P.T.O. I
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19.

20.
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wﬁwwawﬁ%ﬁumqw% 2 1 39 fog W <feran sma i |
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14. Assertion (A) : The deflection in a galvanometer 1s directly
proportional to the current passing through it. 1
Reason (R) : The coil of a galvanometer is suspended in a uniform
radial magnetic field.

15. Assertion (A) : We cannot form a p-n junction diode by taking a slab of
a p-type semiconductor and physically joining it to

another slab of a n-type semiconductor. 1
Reason (R) : In a p-type semiconductor 7, >> 7, while in a n-type

semiconductor 7, >> 77,.

16. Assertion (A) : The potential energy of an electron revolving in any
stationary orbit in a hydrogen atom is positive. 1
Reason (R) : The total energy of a charged particle is always
positive.

SECTION - B
17. A battery of emf E and internal resistance r is connected to a rheostat.
When a current of 2A is dawn from the battery, the potential difference
across the rheostat is 5V. The potential difference becomes 4V when a
current of 4A is drawn from the battery. Calculate the value of E and r. 2

18. (a) In a diffraction experiment, the slit is illuminated by light of
wavelength 600 nm. The first minimum of the pattern falls at
0 = 30°. Calculate the width of the slit. 2
OR

(b) In a Young’s double-slit experiment, two light waves, each of

. . . : . : A
intensity I | interfere at a point, having a path d1fference§ on the

07
screen. Find the intensity at this point.

19. A transparent solid cylindrical rod (refractive 1ndex$) is kept in air. A

ray of light incident on its face travels along the surface of the rod, as
shown in figure. Calculate the angle 0. 2

20. Prove that, in Bohr model of hydrogen atom, the time period of revolution
of an electron in nth orbit is proportional to n3. 2

I 55/1/1 Page 11 of 24 P.T.O. I
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21. A p-type Si semiconductor is made by doping an average of one dopant
atom per 5 X 107 silicon atoms. If the number density of silicon atoms in
the specimen is 5 x 1028 atoms m—3, find the number of holes created per

cubic centimetre in the specimen due to doping. Also give one example of
such dopants. 2

SECTION - C

22. (a) Two batteries of emfs 3V & 6V and internal resistances 0.2 Q & 0.4 Q
are connected in parallel. This combination is connected to a 4 Q
resistor. Find : 3
(1) the equivalent emf of the combination
(1) the equivalent internal resistance of the combination
(111) the current drawn from the combination
OR
(b) (@) A conductor of length [ is connected across an ideal cell of emf
E. Keeping the cell connected, the length of the conductor is
increased to 2/ by gradually stretching it. If R and R’ are initial

and final values of resistance and v4 and Vd' are initial and final

values of drift velocity, find the relation between (i) R and R
and (ii) v4 and vy.
(11) When electrons drift in a conductor from lower to higher

potential, does it mean that all the ‘free electrons’ of the
conductor are moving in the same direction ?

_)
23. Using Biot-Savart law, derive expression for the magnetic field (B) due to
a circular current carrying loop at a point on its axis and hence at its
centre. 3

24. (a) Show that the energy required to build up the current I in a coil of
!
inductance L is B LIZ. 3

(b) Considering the case of magnetic field produced by air-filled current
carrying solenoid, show that the magnetic energy density of a
. . B2
magnetic field B is R
Ho
25. (a) A parallel plate capacitor is charged by an ac source. Show that the
sum of conduction current (I ) and the displacement current (I,;) has

the same value at all points of the circuit. 3
(b) In case (a) above, is Kirchhoff’s first rule (unction rule) valid at each
plate of the capacitor ? Explain.

I 55/1/1 Page 13 of 24 P.T.O. I
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Bl ST 7, a1 9T quieder STefd & St & (Q = VC) | 39 3TawH Wiskan i srafy J
FTRE T 37T  H T o {1 GRed BT & 1o/ 38 TehR U fohdm SITdT 8 —

q=Q[1 - e VRC]

3 SISTeh ohT JTaehoT H?]T%C (e™¥) = e T YFRT hieh JTATH LRI JTe shi T bl B |
30 YRl R femm hifoe fsm@ R = 20 kQ, C =500 uFaen V=10V
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26. Answer the following giving reason : 3
(a) All the photo electrons do not eject with the same kinetic energy
when monochromatic light is incident on a metal surface.
(b) The saturation current in case (a) is different for different intensity.
(¢) If one goes on increasing the wavelength of light incident on a metal
surface, keeping its intensity constant, emission of photo electrons
stop at a certain wavelength for this metal.

27. (a) Define ‘Mass defect’ and ‘Binding energy’ of a nucleus. Describe
‘Fission process’ on the basis of binding energy per nucleon. 3

(b) A deuteron contains a proton and a neutron and has a mass of
2.013553 u. Calculate the mass defect for it in u and its energy
equivalence in MeV. (mp = 1.007277 u, m_ = 1.008665 u, 1u = 931.5

MeV/c2)

28. (a) Draw circuit arrangement for studying V-I characteristics of a p-n
junction diode. 3
(b) Show the shape of the characteristics of a diode.
(¢) Mention two information that you can get from these characteristics.

SECTION - D
Question numbers 29 and 30 are case study based questions. Read the
following paragraphs and answer the questions that follow.

29. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf V, as shown in figure is known as RC series circuit. 4x1=4
C
[
1

T

Sl“&_“_
\Y

As soon as the circuit is completed by closing key S; (keeping S, open)

charges begin to flow between the capacitor plates and the battery
terminals. The charge on the capacitor increases and consequently
the potential difference V, (= q/C) across the capacitor also increases

with time. When this potential difference equals the potential difference
across the battery, the capacitor is fully charged (Q = VC). During this
process of charging, the charge q on the capacitor changes with time t as
q = Q[1 - R

The charging current can be obtained by differentiating it and using
A (e™¥) = me™~,

Consider the case when R = 20 kQ, C =500 uF and V=10 V.
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(i) FEHS S, wG AU S, Gl & qe T W A 30 & -
A) 5uC B) 5mC
(C) 25mC D) 0.1C

(ii) wRITH TH o fIQ il S, 75 qUT S, Gell Wl § | 319 S, i 5 9T S, I @A
fean g | e W HAfH A R 7

A4) A B) 5mC
(C) 2.5mC (D) 5 uC
(iii) RC o fere fofra gz g -
(A) [ML2T3 A2 (B) [MP°LOT-! A
(C) [M1L2T4A2 (D) [M°LOTA
(iv) Foll S, I AT S, Gell 8 | 5 HhUS o TR Nfckiesh ¥ JalTigd 9r &
A) 2—\1@mA B) e mA
(C) émA (D) 2—1emA
g
(iv) Foll S, o T S, Gell 8 | Wickiees H AT 91 T HRFH 7H 2
(A) 5mA (B) 0.5 mA
(C) 2mA (D) 1mA

30. T 9aa ¥ < g1 § oy UHT URGR YRR HIEAH BT @ fOER hH § %A T I8
3T B M BFT FMMGY, | Thed et I8 o TIg Idfers s+ o 1T 93 o1 31
BW fereel <1 BT < o T Shfieh €9 ¥ hieh Tacl oi8l o [0TT o Heht 3 T 36k
U o 3 TTH L Fehd & | [RHT o8 o Gl Bihd forg Bid @ g “em iy foreg”
e Tl wishd forg) Fad & 31 ST U o o U AR a1 GO o1 o gadl I &l
21 4x1=4
1) Screen

Convex
Lens

Plate on Hidden
Side of Box

Light Box
with Plate
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(i) The final charge on the capacitor, when key S, is closed and S, is

open, 18
A 5uC B) 5mC
(C) 25mC D) 0.1C

(i) For sufficient time the key S, is closed and S, is open. Now key S, is
closed and S, is open. What is the final charge on the capacitor ?

(A) Zero B) 5mC
(C) 2.5mC D) 5uC
(111) The dimensional formula for RC is
(A) [ML2T3 A (B) [MOLOTLA0
(C) [M1L2T4AZ (D) [MOLOTA9

(iv) The key S; is closed and S, is open. The value of current in the
resistor after 5 seconds, is

(A) z—\lﬁmA B) /e mA
() émA (D) z—lemA
OR

(iv) The key S, is closed and S, is open. The initial value of charging

current in the resistor, 1s
(A) 5mA (B) 0.5 mA
(C) 2mA (D) 1mA

30. A thin lens is a transparent optical medium bounded by two surfaces, at
least one of which should be spherical. Applying the formula for image
formation by a single spherical surface successively at the two surfaces of
a lens, one can obtain the ‘lens maker formula’ and then the ‘lens
formula’. A lens has two foci — called ‘first focal point’ and ‘second focal

point’ of the lens, one on each side. 4x1=4
@) Screen
Convex
Lens
Plate on Hidden
Side of Box
Light Box
with Plate
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(i1)

(iii)

(iii)

(iv)

I 55/1/1

IE T gt e W o= FHif | ueh e SHeafer TR a2 T Mo aref 91t
S @ IS o RI< frRu W 2 | 9 fm vt s w1 2 | S 3@
I I YETH TR STAT 8 A1 U TR SHehT aRifrsh Sdfens ST 2 |

frefafaa @ @ ol ¢ w9 gfafera 1 ot fredo w27

T T

(A) (B)
=1 feam T i | e e B 7

(A) I g1 & foT 3TTaE Tea FoMcHs BT 2 |

(B) Toret gt grr s weft 3wt widfena o fou e emTeres iar ? |

(C) 3T9aet oid o foTT 3Tae Ted eMTeHe BT § |

(D) daTEdfdeh 3TN 3c1e Tfaferal o foIu g Ted Fomare giar 2 |

BIRH gl f o fehHl 3Tt <IH 1 IHeh T & o TTraeld o1 GHI WITI H el T
2 | 58 T W hl Bihg gff aft

A f B) 2f
© 1 o) =
3T
Jfe I T (i) H Torre 78 € 20 cm gl R 71 9&) T e § 50 cm 1 g W
2 1 ST 3R 71 o1H <6l wishd gl 8
(A) 10cm (B) 12 cm
(C) 16cm (D) 20 cm

Torell ISl <18 < WU ikd foreg & fore ot gt X, e witdfors & oE
Toetar wiehe fog 0 gll X, 2, A1 oi| 1 %ishe gl 2

@A) XX, B®) X, +X,

X2
© /X, X, (D) X,
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(i1)

(iii)

(iii)

(iv)
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Consider the arrangement shown in figure. A black vertical arrow
and a horizontal thick line with a ball are painted on a glass plate. It
serves as the object. When the plate is illuminated, its real image 1is
formed on the screen.

Which of the following correctly represents the image formed on the
screen ?

(A) (B) ©) )

Which of the following statements is incorrect ?
(A) For a convex mirror magnification is always negative.

(B) For all virtual images formed by a mirror magnification is
positive.

(C) For a concave lens magnification is always positive.
(D) For real and inverted images, magnification is always negative.

A convex lens of focal length f’ is cut into two equal parts
perpendicular to the principal axis. The focal length of each part will
be :

@ f ®) 2f
f f
© 3 ®) 3

OR

If an object in case (1) above is 20 cm from the lens and the screen is
50 cm away from the object, the focal length of the lens used is

(A) 10cm B) 12cm
(C) 16cm (D) 20cm
The distance of an object from first focal point of a biconvex lens is X,

and distance of the image from second focal point is X,. The focal
length of the lens is

@A) XX, B®) X, +X,

X2
© XX, D) X,
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(i1)

()

(i1)

T UE - §
5 uC 3R —1 pC o 31 fog 3TMEY M (=3 cm, 0, 0) 3R (3 cm, 0, 0)

forgaii 0 feorn % | 5 e 1 Foel o e AR E =55 1 s

ferm e 8, AW A = 3% 10° Vi ® | 39 T & & &rwr s <t fdi
Terega St & witerda uftepfera Shifse |

a1y # ferd <) =Tetehl o foret fiehrar W 3¢ 31maer + 80uC @UT — 80uC & S
3ok 1= 16V T fav e S~ a1 2 |

(1) Trepra <t anfiar sma Hifs |

(2) Ife denfE ¥ 9y o TN W IEdTS 3 1 IS WIded Jredy o fen
T 1 2l =TeTohi h sie forea= &1 8T ?

(3) I & =TeToh! T TN 1 giEfdd ek + 160 uC 3 — 160 uC
o fean se a1 =1 e bt anfiar # 18 gfiedd 2 ? 3 Ik
fore s i |

YT

= W@ anferes Miefla @ A, B 3R C W fomm Hifste f578 s <6t freen
R?2 | To/k @i H BT R/10 31 Sehgl Tq <1 716 2 | 39 TMieiid @Il ol
A +6q,—4q TUT 14q HATE feam T & | 39k Hiat Y Tigl ol off seE:
—2q, +8q 3R —10q M= feu MU g | 7 @iedi A, B 31X C % %4l & 3R
T RS @Il o RV Icd foreld &1 <Al qorT ShITT |

3@ T S IER 5 cm Brsa & fopeft 31diea & 5 B WHE - 6 uC
e ferd 8 | fog B 10 cm Gl W TR forg D W 18 31=1 aiemor & 5/ H
Tt Tormed e e e 2 | 38 3tefaa 1 9l & 3few 8 +5 uC e
forg CH forg A o TR TR @ | TR 9 fefart 711 sl witehferd shifsTg |

D

C B A
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(i1)

(i)

SECTION - E

Two point charges 5 nC and —1 uC are placed at points (-3 cm,

0, 0) and (3 cm, 0, 0) respectively. An external electric field

E) =% ¢ where A = 3 x 10° Vm is switched on in the region.

Calculate the change in electrostatic energy of the system due

to the electric field.

A system of two conductors is placed in air and they have net

charge of +80uC and —80uC which causes a potential difference

of 16 V between them.

(1) Find the capacitance of the system.

(2) If the air between the capacitor is replaced by a dielectric
medium of dielectric constant 3, what will be the potential
difference between the two conductors ?

(3) If the charges on two conductors are changed to +160 uC
and —160 uC, will the capacitance of the system change ?
Give reason for your answer.

OR

Consider three metal spherical shells A, B and C, each of radius

R. Each shell is having a concentric metal ball of radius R/10.

The spherical shells A, B and C are given charges +6q, —4q, and

14q respectively. Their inner metal balls are also given charges

—2q, +8q and —10q respectively. Compare the magnitude of the

electric fields due to shells A, B and C at a distance 3R from

their centres.

A charge —6 puC is placed at the centre B of a semicircle of

radius 5 cm, as shown in the figure. An equal and opposite

charge is placed at point D at a distance of 10 cm from B. A

charge +5 pC is moved from point ‘C’ to point ‘A’ along the

circumference. Calculate the work done on the charge.

+§q
D C

|
U:jog
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32. (a)

(b)

33. (a)

(b)
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()

(i)

()

(i1)

()

(i1)

()

(i1)

forelt Sraw Jrehr 8 B 9 V & TRWH S SR st § et 3ER

Y GG HAT R |
R

s Q
7

mmwww%w%wﬁﬁﬁm% |Ifsg P, Q3R R
e % wow 7 grashi & o o 2 7 39 forgatl W grehi &l %
Jmuferes afTon o foreer § 319 ST g Tehd & 7

A A T hIg TTETE! FARRR TSN 379 heg, T hIg Frachid & B 3

HT 2 l%mﬁq%ﬁwwgmﬁam@%\éﬁl

CLE N
Terelt wohmmT graehia & ° feiford fopelt SR amy uTe W SRia 5
et o foIQ 2eeh A= I |

o) CHEET rh 8 B i SR 0 AT V & et A 9 e
TET 2 | 38 AT o1 ol el g ot I1et & TRy ST 2 fSrEeh weresy
3 71l <t feum & fom 61 Iitac g SERhl TIfs 3wl Tieeht 3Melt T8 et
2 1 3EHOT (1) T <hi s a1 (2) TiERavT S SATerdehTed § 9T T 8T ?

(1) HAHEE HId FTEId & ? Hd SATThI0T e bl Y01 ohid o AT 3TehT
BT e 1 & 7

(2) S T HIdl % YehTel helldisg T8l 8ld 8 | SARedT shifa |
TR 96 9 1.20 m 1 g0 W Tk gL & 0.1 mm Gl W & T =aferm i
wi § | 3 fafal | fRE gy w19 ¥ 600 nm qUIeEd w1 SR
I HLETE |
(1) ¥c R Fehead! Sehictt Safdentor ks o sfi= fohH1 g BrTT ?
(2) U TIHehiel fhst shi ivfia =ierE (319 #) Fa i |

g
UMY S g fIfgu | 18 Afad aadet auT el 39 o W 3T9ad
HLA & 3N 3T FUEfdd B At 2 | 3l 3R 3atad aUmn i IR
Eierent SISy |
TorelT Te A | 3T I3 TR G 15 em s <6 forelt hier (3TderHTe
1.5) sl TiT Tig gRI AYaad BidT & | Tohtor @ Eieest a9 aret 3Afad
gfafers <t fufa e il |
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32. (a) (1) A proton moving with velocity V in a non-uniform magnetic

(b)

33. (a)

(b)

I 55/1/1

(i1)

()

(i1)

()

(i1)

()

(i)

field traces a path as shown in tlﬁe figure.

s
7
P
The path followed by the proton is always in the plane of the
paper. What is the direction of the magnetic field in the region
near points P, Q and R ? What can you say about relative
magnitude of magnetic fields at these points ?
A current carrying circular loop of area A produces a magnetic
field B at its centre. Show that the magnetic moment of the loop

. 2BA \/A

1S .

Ho T
OR

Derive an expression for the torque acting on a rectangular
current loop suspended in a uniform magnetic field.

_)
A charged particle is moving in a circular path with velocity V in a

N
uniform magnetic field B. It is made to pass through a sheet of
lead and as a consequence, it looses one half of its kinetic energy
without change in its direction. How will (1) the radius of its path
(2) its time period of revolution change ?

(1) What are coherent sources ? Why are they necessary for
observing a sustained interference pattern ?

(2) Lights from two independent sources are not coherent. Explain.

Two slits 0.1 mm apart are arranged 1.20 m from a screen. Light of

wavelength 600 nm from a distant source is incident on the slits.

(1) How far apart will adjacent bright interference fringes be
on the screen ?

(2) Find the angular width (in degree) of the first bright fringe.

OR

Define a wavefront. An incident plane wave falls on a convex

lens and gets refracted through it. Draw a diagram to show the

incident and refracted wavefront.

A beam of light coming from a distant source is refracted by a

spherical glass ball (refractive index 1.5) of radius 15 cm. Draw

the ray diagram and obtain the position of the final image formed.
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(ii) T8 J57-97 9id @Us] § fa9iford 8 — @Us-, &, 7, § TAT&F |
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HE |

(v) @UE — T § ¥o7 G 22 @ 28 % Tg-ITT YR & ¥o7 8 | JAF Fo7 8 3HHl
HE |

(vi) @UE — § 7 97 G&IT 29 TIT 30 3G eIIT-3TERT I57 & | Yo9b 97 4 3hl
HE I
(vii) GUE — & § I97 &7 31 T 33 7% §1i-IT0T IJHR & J97 & | I9%F J97 5 bl
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(viiy) Jo7-T7 5 T8 [y 751 1327 71977 & | TEif, @us-& 3 fARFT 37 @S] & P& Tl
H 3R faeheq 131 TaT 8 |
(ix) &7 G 1o GIZaIeT 7eef & fo7a T 37e7 Fo7-7 & |
(x) Scpeict & ITTTARITE |
c=3x 108 m/s
h =6.63 x 10734 Js
e=16x10"19C
Hy=4m x 1077 Tm A~!
gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2
TESO

T I geHH (m,) = 9.1 x 10731 kg.
g 1 gFAH = 1.675 x 10727 kg.
e o1 g = 1.673 x 10727 kg.
JAENTIGT T AT = 6.023 x 1023 yfdq 719 At
SiegemH e = 1.38 x 10723 JK-1

I 55/1/2 Page 2 of 24 I



(=] =]
5T

General Instructions :

Read the following instructions very carefully and follow them :

()
(1)
(iii)
(i)
(v)
(v)

This question paper contains 33 questions. All questions are
compulsory.

Question paper is divided into FIVE sections — Sections A, B, C, D
and E.

In Section A : Question numbers 1 to 16 are Multiple Choice (MCRQ) type
questions. Each question carries 1 mark.

In Section B : Question numbers 17 to 21 are Very Short Answer (VSA)
type questions. Each question carries 2 marks.

In Section C : Question numbers 22 to 28 are Short Answer (SA) type
questions. Each question carries 3 marks.

In Section D : Question numbers 29 & 30 are Case Study-Based
questions. Each question carries 4 marks.

(vit) In Section E : Question numbers 31 to 33 are Long Answer (LA) type

questions. Each question carries 5§ marks.

(viit) There is no overall choice given in the question paper. However, an internal

(ix)
(x)

I 55/1/2

choice has been prouvided 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=3x 108 m/s

h=6.63 x 10734 Js

e=1.6x10"1C

Ho=4m x 1077 Tm A~

gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2

Mass of electron (m,) = 9.1 x 103! kg.

Mass of neutron = 1.675 x 1027 kg.
Mass of proton = 1.673 x 10~27 kg.
Avogadro’s number = 6.023 x 1023 per gram mole

Boltzmann’s constant = 1.38 x 1023 JK-!
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feu U @ o 9% @S qHiava g1 i HEUd @ @ | R o1 Q Wi fafir gei
A, B, C 3R D W 71fd ef 718 2 | fope vy o S1gfer stemt W tfeshan sl foam
87

95V
20V
15V
10V
A) A (B) B
© C D) D
s 1L 3R B ¢ ok fordfl O <1 gfeqtia R 2 | 99 vered o ffafaa o @ fore ar

1 TR o T 2
A) TAPRTHAEE AT AR (B) THH BIs o orems 31 ar
(C) THH TTE 1 ¢ T P& ar (D) | @i o1 311eft Brsen 1 an

ToREt TR T 1 cm ST IS WUS x-3787 o STfC T & 7T +x Teum o Ifee 6 ar & g/

0.5 A Serfed & @ & | 28 wew §f Frh g 85 B = (0.4 mT) | + (0.6 mT) k1
IR TR TRIT R | 39 R % WUE W HIET 9 & —

A) (2] + 3K) mN (B) (=3 + 2k) uN

(C) (6] + 4k) mN (D) (—4] + 6k) uN

8 15 mm qAT 300 i T et Hugeft S 30 mT & Frarehia & T 36 YehR T T
2 T Pugelt 1 a1 Frahia & i e o oreed &1 | & 6 el bl ThenH §9 |
T BT 20 ms H I L T T 3R Fh & TohEmH €9 § 40 ms H 30 mT T SR
T | Ffe S gHY 3Ue § URd emf AT e, ﬁ(ezﬁFﬁ eﬂefﬂﬂ'ﬂ%—

@ 5 ® 1

©) 2 D) 4
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SECTION - A

1. In the figure curved lines represent equipotential surfaces. A charge Q is

moved along different paths A, B, C and D. The work done on the charge
will be maximum along the path 1

25V
20V
15V
10V
A) A B) B
© C D) D

2.  The resistance of a wire of length L and radius r is R. Which one of the

) . : . : R
following would provide a wire of the same material of resistance 9 ? 1

(A) Using a wire of same radius and twice the length
(B) Using a wire of same radius and half length

(C) Using a wire of same length and twice the radius
(D) Using a wire of same length and half the radius

3. A1 cm segment of a wire lying along x-axis carries current of 0.5 A along

%
+x direction. A magnetic field B = (0.4 mT) j\ + (0.6 mT) k is switched on,

in the region. The force acting on the segment is 1
A) (2] + 3K) mN (B) (=3j + 2k) uN
(C) (6] + 4k) mN (D) (=4 + 6k) uN

4. A circular coil of diameter 15 mm having 300 turns is placed in a magnetic
field of 30 mT such that the plane of the coil is perpendicular to the
direction of magnetic field. The magnetic field is reduced uniformly to zero
in 20 ms and again increased uniformly to 30 mT in 40 ms. If the emfs
induced in the two time intervals are e; and e, respectively, then

the value of e,/e,is 1
1

@ 3 ®) 1

C) 2 D) 4
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3T 0.016 H 3R 1 0.81 m ol 37 0.02 m Frean ot arg & vl wieferst i

INTHETT ST B | 38 TRATITRT § B <h! T B =TfeT
(A) 2592 (B) 2866
(C) 2976 (D) 3140

WWW@RWV:\/O sin ot @W%@W?&Wﬁ%i=% sin (ot + ¢)
YaTfed Bid) & | Uk =5k 3 39 qRuy A 3ieq v @ud & —

A I~ B) iyv,cosd
1,V 1,V
(®) 02 . (D) 02 % cos )

forpa-greehia ween § g&n qun & X-fpwn o (@t faia #) 89 arer sifvremefores
Uftedq 1 fefetiad § @ 9 a1 98l FEqu S @ 2
LI qaeed &Gl
(A) HEUNEGETE TR I IREd Tl
(B) HRUNEGE TR B e glg BT @
(C) dfgeria AN e  ESIANT R
(D) WRUNSHAE  SGACE IS TR Tl

Q1 TR 1 3R 2 H W =T FHAA: v, HR v, (> v,) § | TR ehT TeRET foRTur <l
HIH] oh 3TUYS T Y01 ST TUEdH o 78 STt g1 =iy

(A) W‘l’ﬁwsin—l(:—jﬁaﬁsﬁm
(B) me:an‘rﬁw(:os—l(:—jﬁaﬁam
(C) W‘Z’ﬁwsm—l(:—jﬁaﬁam
(D) W‘z’ﬁwcos—l(:—jﬁaﬁam

15 FId GRT 5.0 x 101 Hz 3R 3N &0l 3.31 mW 1 Thavll Jehrl a1
HAT 7 | 38 G gRT A1Eaq gl Aehvg Icasid g1 a1t WIeiT shi T 8

(A) 106 (B) 102

(C) 10 (D) 102
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You are required to design an air-filled solenoid of inductance 0.016 H

having a length 0.81 m and radius 0.02 m. The number of turns in the

solenoid should be
(A) 2592 (B) 2866
(C) 2976 (D) 3140

6. A voltage v = v, sin ot applied to a circuit drives a current i = i, sin (ot + ¢)

in the circuit. The average power consumed in the circuit over a cycle 1s

(A) Zero B) 1, v,cos ¢
1y Vo 1y v
© 5 (D) ~5 " cos

7. Which one of the following correctly represents the change in wave

characteristics (all in vacuum) from microwaves to X-rays
electromagnetic spectrum ?

Speed Wavelength Frequency
(A) Remains same Decreases Remains same
B) Remains same Decreases Increases
(©) Increases Increases Decreases
(D) Remains same Increases Remains same

8.  The speed of light in two media ‘1"’ and ‘2" are v, and v, (> v,) respectively.

For a ray of light to undergo total internal reflection at the interface of

these two media, it must be incident from

. . Vi

(A) medium ‘1’ and at an angle greater than sin-! (V—J
2

VZJ

(B) medium ‘1’ and at an angle greater than cos™! (—
. Vi

(C) medium ‘2" and at an angle greater than sin™! .
2

. \2)
(D) medium ‘2’ and at an angle greater than cos™ (V—J
2

9. A source produces monochromatic light of frequency 5.0 x 10 Hz and the

power emitted is 3.31 mW. The number of photons emitted per second
the source, on an average is

(A) 10'6 (B) 102
(C) 100 D) 1020
I 55/1/2 Page 7 of 24
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10. =1 fe=m o1 I A1 STRE G ST % o % §9 H SE-Sel id e o a5k
61 T 3Tl 1 T T R 2

A i A i
A) ; ®) |
56

I
1
56

B.E

B.E

B, LE.
(©) D)

80 A éO A
11. €IS p-n TiY SIS HAUTCIh SFTGd BlaT &
(A) TiferRT 31 g 3TN BTE &R 6 F1STE M1 H gfg Bt 2 |
(B) Tfereht <l ST | glg qe SRt TR Al TS H i &l & |
(C) Tftrent <1 FaTg 3T BTE T i =TS THT H HH BT & |
(D) Tiferept 1 g | HHft qen greft TaX Y =ers § gig aret @ |
12. WH SHISC 99H 916 9 e forehl s, Feret Tieia 37X forelt ¢t & Teg aures
THHL: Do, A, TT 4y B | 6 S qUTeeA! o o< el 6o @ —
(A) xd>xp>xe B) xe>xp>xd
©) 1y>ne >Ny D) A =2, =0y

>

e : T TEA 13 T 16 H € o U mu § — Uk 1 AR (A) T GEL BT B

(R) oieeT TopaT T 8 | 39 T o T&l 3T b1 419 feu &1 (A), (B), (C) IR D) T &

Wsﬁﬁm:

(A) IRYHY (A) TR FHRT (R) SHI T & 3BT (R), 3TNheH (A) il TE AT 2 |

(B) fihud (A) 3R SRV (R) §HI T &, W SRV (R), b (A) H Tt
T TR 2 |

(C) AfRYA (A) T 7, T ST (R) 36 2 |

(D) 7R (A) 3SR (R) SHI & FAHE § |

13. AP (A) : T3S sy H fordt fer wem o ufehuur wia fohet soeeia
ferferst St eTcHes B 2 |
RO (R)  : Toreft i o6ur 1 et Sl |ea & eATersh Bt & |

I 55/1/2 Page 8 of 24
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10. Which of the following figures correctly represent the shape of curve of

11.

12.

binding energy per nucleon as a function of mass number ?

BE. f\ e | /|
A i i
@ ; ®) ;
i A i A
56 56
© ; ®) ;
: A : A
80 80

When a p-n junction diode is forward biased

(A) the barrier height and the depletion layer width both increase.

(B) the barrier height increases and the depletion layer width decreases.
(C) the barrier height and the depletion layer width both decrease.

(D) the barrier height decreases and the depletion layer width increases.

Let 2, kp and A4 be the wavelengths associated with an electron, a proton

and a deuteron, all moving with the same speed. Then the correct relation
between them is

(A) hg>2, >0, B) Le>h,>2y

(©) Ay >Ne>2g (D) he =Ny =2g

Note : Question numbers 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)
(B)

(©)
D)

13.

I 55/1/2 Page 9 of 24 P.T.O. I

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

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

Assertion (A) is true, but Reason (R) is false.

Assertion (A) is false and Reason (R) 1s also false.

Assertion (A) : The potential energy of an electron revolving in any
stationary orbit in a hydrogen atom is positive.

Reason (R) : The total energy of a charged particle is always
positive.
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14.

15.

16.

17.

18.

19.

20.

21.

IR (A) : ' Tt p-ThR & elETees & forel @i &1 fhHft TR &
AT o TohHt T T Wifdes &9 & gt [hH] p-n AT 318 $i
T T2 HLHhd & |

FROA(R)  : Toreft p-&R & Aef=mess # 7, >> 7, B @ S n-HR
ST H 7, >> 77, BA12 |

ARH (A) : Toret Heaiier # foeiuu 3ud varfed aw & FIHATIT 81 @ |
SO (R)  : Torelt ieammdfien 1 et wehaa Bre graehia & 4 fefea g ? |

FORYT (A) : ST HIE ek Bl o AT el HUSHH! 1 TRAY 5= Bl B, df 36
e sh1 AR Teret <rareh oAl TTfel ShUMT whid e § |

SROT (R)  : raeh hi T o hRUT HuSel forent aftuy oig 7, o Uit gma i foum
39 YehR Bt B Toh o8 greres b1 mife b1 feigr ot B

Qg -d

TE e B B = p] 309 % Fem i 3t Ry @ 2 | s Rl @1 seerm it
et femeft Terel % for 37w w1 e Sg T A 2 |

(a) Torada & feret g & 3t 1 600 nm e & Yebrar grT H foham e B |
e e 1 Tgen e 0 = 30° U= 7 | ferdt <Al Fiers aftehicra i |
YT
(b) & Teret TgTerll ST i Q1 e i, T Sk <hl <fferdl I 2, G o 38 fog R

wﬁwmwﬁ%ﬁmuww% 2 1 39 fog W <fteran wma i |

Tkl FASAT R 1 M1 3T I8 hid (TSI 1.5) 3l 91 T I HLal @ | 91g H 39
I8 § R/2 gt W feurg foreft fomg wia & wehTer 39 U8 W U W1 § | 9 a1 wfafes <l
e 3 wepfa Ima HifT |

TR o gIggS Ty Shi fehelt sheaT | Tohefl Soiaeia ol il — 3.4 eV R | SHHT BV
HaT F1d sHIfTT |

Tereft p-TehR o Si-31¢TeTeh 1 AT Teh TfHseh THTY] Ut 5 x 107 Rafererta wwmm]
SR Iffa (wifed) st SR T 7 | Afe g o fafereia st o sen wH e
5 x 1028 wemTe] i wefie 7, o Hred (31fhseT) g 9 § wid om adiviet ffa gett
(Torerti) <1 T TTa ShIfSTT | 55 ek oh 3T9THSeh o1 Teh Seraun o iy |
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14. Assertion (A) : We cannot form a p-n junction diode by taking a slab of
a p-type semiconductor and physically joining it to
another slab of a n-type semiconductor. 1
Reason (R) : In a p-type semiconductor 7, >> 7, while in a n-type

semiconductor 7, >> 7,.

15. Assertion (A) : The deflection in a galvanometer 1s directly
proportional to the current passing through it. 1
Reason (R) : The coil of a galvanometer is suspended in a uniform
radial magnetic field.

16. Assertion (A) : It is difficult to move a magnet into a coil of large
number of turns when the circuit of the coil is closed. 1
Reason (R) : The direction of induced current in a coil with its circuit
closed, due to motion of a magnet, is such that it
opposes the cause.

SECTION - B
17. Show that E) = p? leads to Ohm’s law. Write a condition in which the
Ohm’s law is not valid for a material. 2

18. (a) In a diffraction experiment, the slit is illuminated by light of
wavelength 600 nm. The first minimum of the pattern falls at
0 = 30°. Calculate the width of the slit. 2
OR

(b) In a Young’s double-slit experiment, two light waves, each of

. . . : . : A
intensity I, interfere at a point, having a path d1fference§ on the

screen. Find the intensity at this point.

19. A spherical convex surface of radius of curvature R separates glass
(refractive index 1.5) from air. Light from a point source placed in air at
distance R/2 from the surface falls on it. Find the position and nature of
the image formed. 2

20. The energy of an electron in an orbit of Bohr hydrogen atom is —3.4 eV.
Find its angular momentum. 2

21. A p-type Si semiconductor is made by doping an average of one dopant
atom per 5 X 107 silicon atoms. If the number density of silicon atoms in
the specimen is 5 x 1028 atoms m™3, find the number of holes created per
cubic centimetre in the specimen due to doping. Also give one example of
such dopants. 2

I 55/1/2 Page 11 of 24 P.T.O. I
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22. (a) 3V 3N 6V H Q defmt, e s gfedia shae: 0.2 Q 3T 0.4 Q &, Td
T & | 98 TIeH 4 Q o forefl wferierss & Taifera 8 | Td hifse
(i) EIISH &1 gl emf
(i) EIISH T o 3T=AHeh T
(iii) HISE G o T aw
T
(b) (1) TS [ HIHE Tedh emf E & fFHl A G s U A aifa 2 1 8 &
TAIA T&d §U 39 aTeteh i FR- 4R Eiwet 38eh! araTTg i 21 fepam T & |
Ife gt 3R 31fam Ufater < 71 R 3R R’ 991 3968 o o YRR 3R
Hiwm 7H vy vy 7, @1 (@) R SR AT (i) vy 3R vy 6 = qe9 71
I |
(i) & TRl =TTt H SAFHT T IUaTE i & 3= favia i 3R BT 8, a9
TH! %1 98 31 @ Toh =Teteh o |t ‘o soteagi Ok g1 ToR W iawe § 7

23. (a) Toret gTETE HUSTH o Fraehia repl <ht aftmen <o e gHent ST Ares foifan |
(b) &FABA 1.5 x 10~2 m?3 3R 60 % 6T I Fvsel fomd 2A 9/ Yartad & & 8
Topelt Sreatert aot & wElt 7 | ot &fos grehi &9 § W@ W W98 0.12 Nm 9a-
T ST STHT A & | 39 FrEehIT & H HUSa! ohl 35h S o qHd: 90°h
IV T EOTd HUH T IH W HRRA Fe1- 37501 0.05 Nm & 1T 8 | Jreehid &

ST TIHTOT 1T ShITT |

24. T AR THIE IRATTRISAT S, 3R S, W o= Hifve 5w wieh 6l v ltg [ (>> 1)
Wﬁﬁlﬁrlﬁ(rz (r2>r1)§ |ﬁ9ﬁwm@%ﬁaﬁwm n13ﬁ1n2
2 | AICATIeTRT S, o @& IRATICTRT S, % 3= SWehed M, % foTQ =iorh e
IS | 78 <9ige 7% My, = M,

25. (a) forsl TmT=R ufsert GuTie 1 fRet ac 1d gr1 ST feram T 2 | 9fe gwiisy fop
= gr (1) 3R AT 9r (1)  FW 1 7 99 % Teieh forg W g/ e
AR
(b) T ITSFd THT (a) H Ter@® o1 wgent fam (Tftr fem) genfea i a2 ufgept
TAY B ? AT IV |

I 55/1/2 Page 12 of 24



[
Eﬁ:ﬁ ~

SECTION - C

22. (a) Two batteries of emfs 3V & 6V and internal resistances 0.2 Q & 0.4 Q
are connected in parallel. This combination is connected to a 4 Q
resistor. Find : 3

(1) the equivalent emf of the combination
(1) the equivalent internal resistance of the combination
(111) the current drawn from the combination

OR

(b) (@) A conductor of length [ is connected across an ideal cell of emf
E. Keeping the cell connected, the length of the conductor is

increased to 2/ by gradually stretching it. If R and R’ are initial
and final values of resistance and v, and Vd' are initial and final
values of drift velocity, find the relation between (i) R and R
and (ii) v4 and vy.

(11) When electrons drift in a conductor from lower to higher

potential, does it mean that all the ‘free electrons’ of the
conductor are moving in the same direction ?

23. (a) Define magnetic moment of a current-carrying coil. Write its SI unit.

(b) A coil of 60 turns and area 1.5 x 10~ m? carrying 2A current lies in a
vertical plane. It experiences a torque of 0.12 Nm when placed in a
uniform horizontal magnetic field. The torque acting on the coil
changes to 0.05 Nm after the coil is rotated about its diameter by 90°,
in the magnetic field. Find the magnitude of the magnetic field. 3

24. Consider two long co-axial solenoids S; and S,, each of length [ (>>r,) and
of radius r; and r, (r, > r;). The number of turns per unit length are n,
and n, respectively. Derive an expression for mutual inductance M, of
solenoid S; with respect to solenoid S,. Show that M,; = M,. 3

25. (a) A parallel plate capacitor i1s charged by an ac source. Show that the
sum of conduction current (I ) and the displacement current (I;) has

the same value at all points of the circuit. 3

(b) In case (a) above, is Kirchhoff’'s first rule (junction rule) valid at each
plate of the capacitor ? Explain.

I 55/1/2 Page 13 of 24 P.T.O. I



S0
E_%é (a) Torsft yepTeftar Scutoieh eTel o foTw Fieft fava Vo6 wetd o &9 & smafoa fafeon
1 IR v 1 T Gifaw | Fe fava o 3181 T 3190eH o 911 9 1 =41 96
T ST Hehcl B 7 3
(b) TS 1 80 eV o Tohdl geierala T (1) TeT T (i) ¢ Sivell auTeed Uiehfetd
I |

27. (a) Tt p-n Al SIS & V-1 AR o1 3T hid o fo¢ giuy aeen gife | 3
(b) Tereht SIS < SATHcTETfoTRI ST 3TTeh{d ST |
(c) 3 ATeTTEAfOTehi & ST € YEATE IR UTH & Hehdll & ST Ieehd iU |

28. (a) Tordl wrfires 1 ‘goomm &fa’ 3R ‘Teod ol <l aieaTyT feifaw | se St uid
~faA3TTa o IR W forgued wsRe’ 1 9vi HifT | 3
(b) Toreft T H Wk Wieh 3R Teh =g & T 35T go9HH 2.013553 u B | 35
fore gemmm afd u B qer 35t 9t ged MeV H aitesfad Sife |
(mp =1.007277 u; m = 1.008665 u, 1u =931.5 MeV/c2)

g - |
TR HEAT 29 TAT 30 HH- R TR T4 & | T+ THThi i g a1 A= Ty Tg
T % ITHE |
29. T Yaoll oi¥ <l Y81 & Ty UET IREEl YeRTiiieh I Bl @ fieent %A § %A T I8
FTL T FA1 FMMRT, | Tohed it I8 o fofg fifara s o e g3 1 g
BH fereel <1 BT < o T Shfieh ®9 ¥ hieh Tael i8] o (07T ©iF Heht 3 T 38k
U o F3 FTH L Fehd & | TRHT o8 o Gl BihH forrg Bid & g “em sy foreg”
aer “faci wieh fog’ Sad & 3R 38 Teh oI o Teh 3R T GHU ¥ o gall AR 2T
21 4x1=4
1) Screen

Convex
Lens

Plate on Hidden
Side of Box

Light Box
with Plate
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26. (a) Draw a plot of frequency v of incident radiations as a function of
stopping potential V| for a given photo emissive material. What
information can be obtained from the value of the intercept on the
stopping potential axis ? 3

(b) Calculate : 1) the momentum and (i1) de Broglie wavelength, of an

electron with kinetic energy of 80 eV.

27. (a) Draw circuit arrangement for studying V-I characteristics of a p-n
junction diode. 3
(b) Show the shape of the characteristics of a diode.

(¢) Mention two information that you can get from these characteristics.

28. (a) Define ‘Mass defect’ and ‘Binding energy’ of a nucleus. Describe
‘Fission process’ on the basis of binding energy per nucleon. 3

(b) A deuteron contains a proton and a neutron and has a mass of

2.013553 u. Calculate the mass defect for it in u and its energy

equivalence in MeV. (mp = 1.007277 u, m = 1.008665 u, 1u = 931.5

MeV/c2)

SECTION -D

Question numbers 29 and 30 are case study based questions. Read the
following paragraphs and answer the questions that follow.

29. A thin lens is a transparent optical medium bounded by two surfaces, at
least one of which should be spherical. Applying the formula for image
formation by a single spherical surface successively at the two surfaces of
a lens, one can obtain the ‘lens maker formula’ and then the ‘lens
formula’. A lens has two foci — called ‘first focal point’ and ‘second focal

point’ of the lens, one on each side. 4x1=4
@) Screen
Convex
Lens
Plate on Hidden
Side of Box
Light Box
with Plate
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(i1)

(iii)

(iii)

(iv)

I 55/1/2

ARG ¥ il et W formR ShifSTu | Ush shTeit Heater it 9T Teh Tt aredt Jidt
st W1 hig & Toh Wi WU fru TR 2 | 98 fem R wifd s a1 2 | o 39
I Rl YEIH ToraT ST @ A1 U¢ TR SHehT aTEdfereh Sfdfers sHd1 8 |

fr=fafgd § @ s 9¢ o s yfdfars o1 g2 fegor s 22

(A) (B) ©) )

=1 feam T i | e e B 7

(A) I UV 3 T ST Fed ROTTcH BT 2 |

(B) Toreht gt grr s weft 3wt widfena o fou e emTee giar 2 |
(C) Iradet o8 & foTT 3Tae= Ted &TcH BT 2 |

(D) daTEdfdeh 3R 3c1e Tfaferal & o g Ted Fumare giar 2 |

HIhH gl £ o ToFEll 3T <18 I 36k A A& o THFeEd o SHIE WRTH H Sh1eT T/
2 | 38 Tk W 6l BIhg gff Bt

A) f B) 2f

f f

© 3 ®) 3
ST

aﬁ‘sﬁ?ﬁw(i)ﬁﬁwﬁﬂﬁzo cmaﬁmwuﬁﬁwﬁ 50 cmsﬁﬁﬁ‘T{
2 1 3T R T i <t wiend gl B

(4) 10 cm (B) 12cm

(C) 16cm (D) 20 cm

et St S % o e g & e o g8 X, e i 1 9 ¥
fieta e forg 8 1 X, 2, 1 o b1 Wb 0

@A) XX, B®) X, +X,

X2
© XX, D) X,
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(i1)

(iii)

(iii)

(iv)

I 55/1/2

Consider the arrangement shown in figure. A black vertical arrow
and a horizontal thick line with a ball are painted on a glass plate. It
serves as the object. When the plate is illuminated, its real image is
formed on the screen.

Which of the following correctly represents the image formed on the
screen ?

(A) (B) ©) )

Which of the following statements is incorrect ?
(A) For a convex mirror magnification is always negative.

(B) For all virtual images formed by a mirror magnification is
positive.

(C) For a concave lens magnification is always positive.
(D) For real and inverted images, magnification is always negative.

A convex lens of focal length f’ is cut into two equal parts
perpendicular to the principal axis. The focal length of each part will
be :

A f B) 2f
© 1 o 1
OR
If an object in case (1) above is 20 cm from the lens and the screen is
50 cm away from the object, the focal length of the lens used is
(A) 10cm B) 12cm
(C) 16 cm (D) 20cm

The distance of an object from first focal point of a biconvex lens is X,
and distance of the image from second focal point is X,. The focal
length of the lens is

@A) XX, B®) X, +X,

X2
© XX, D) X,
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30. | 4x1=4

o o e s, R RC Ao ahoer s 3, 3 e o 3 25 g C, Ry R
1 HIEe T emf V o6 1S SGRI ol GRS & | (S, 31 Gl W& 8Y) it S, a4
ST T AT Ut B AT 2 G i FeNiE <Al afgentati 31k et o it & sfie smaw w1
a8 TR B ST & | HET W 37a9 H gig ardt & IRomEaed g91ie o Bl R foavarr
V. (= g/C) ¥ &5  H1Y glg Bl & | e Ig forwa=i sledl o i o s vt o sk
Bl ST 7, a1 9T quiedur STefd & St & (Q = VC) | 39 3TawH Wishan i srafy d
TS T 3761  H T o6 {1 GRed BT & 197 38 TehR U foham ST & —
q=Q[1—e VRO

30 ST I e w% (€M) = me™¥ T YINT Hleh JTAL TR YT <hl ST Hebell & |

30 YRt R feem hifee fsmm R = 20 kQ, C =500 uFaem V=10V

(1) FEHS S, wE AU S, Gl & q T W (o 3T & -
A) 5uC B) 5mC
(C) 25mC D) 0.1C

(ii) wRITH TH o fC ol S, 75 qUT S, Gell Wl § | 319 S, ol 5 74T S, I @A
Tz mn 2 | wurfe W Sifow ST R R 7

A) 3 (B) 5 mC
(C) 2.5mC (D) 5 uC
(iii) RC o fere fofra gz g -
(A) [ML2T3 A2 (B) [MP°LOT-! A
(C) [M1L2T4A2 (D) [M°LOTA
(iv) Foll S, I AT S, Gell @ | 5 HehvS o TR Nfckiesh ¥ JalTied 9m &
A) 2_\1@mA B) e mA
(C) émA (D) 2—1emA
Y
(iv) Foll S, < T S, Gell 8 | Wickieres H AT 91 T HRFH 7H 2
(A) 5 mA (B) 0.5mA  (C) 2mA (D) 1mA
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30. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf V, as shown in figure is known as RC series circuit. 4x1=4

i

So <
>~

N
SIX_“_

vV
As soon as the circuit is completed by closing key S; (keeping S, open)

charges begin to flow between the capacitor plates and the battery
terminals. The charge on the capacitor increases and consequently
the potential difference V, (= q/C) across the capacitor also increases

with time. When this potential difference equals the potential difference
across the battery, the capacitor is fully charged (Q = VC). During this
process of charging, the charge q on the capacitor changes with time t as
q = Q[1 — e ¥RC]

The charging current can be obtained by differentiating it and using

A (e™¥) = me™~,
Consider the case when R = 20 kQ, C =500 uF and V=10 V.
(i) The final charge on the capacitor, when key S, is closed and S, is

open, 18
A 5uC B) 5mC
(C) 25mC (D) 0.1C
(i) For sufficient time the key S, is closed and S, is open. Now key S, is

closed and S, is open. What is the final charge on the capacitor ?

(A) Zero B) 5mC
(C) 2.5mC D) 5uC
(111) The dimensional formula for RC is
(A) [ML2T3 A7 (B) [MOLOT-1A0
(C) [M1L2T4AZ (D) [MOLOTA9

(iv) The key S; is closed and S, is open. The value of current in the
resistor after 5 seconds, is

(A) Z—\I/EmA B) Ve mA  (C) émA D) z—lemA

OR
(iv) The key S, is closed and S, is open. The initial value of charging
current in the resistor, 1s
(A) 5mA (B) 0.5 mA (C) 2mA (D) 1mA
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32. (a)
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()

(i1)

()

(i1)

()

(i1)

g -

(1) HAHEE HId FTEId & ? Hd SATThI0T e bl Y&IUT ohid o AT 37ehT
BT ST T & 7

(2) < Gl % TehTe SheATag T 8id & | SR shifay |

TR 96 9 1.20 m 1 g0 W Tk gL & 0.1 mm gl W & Tt =aferm i

wi 2§ | 3 fafal | R gy v €19 ¥ 600 nm qUIeEd T SR
I R @2 |

(1) w6 R fHeread! =wehict sfoertor s o sftar fepaft gft @Rt 2
(2) TEA =HehTA kst Bl shiviia =erE (37 H) FId shife |
JAYAT

UMY s g fafgu | 18 Afad aade auT el 39 o T 3Taad
HLA & 3N 3T FUEfdd B At 2 | 3mufad 3R 3vatad aumn i IRE
et gItET |

TorelT TE A | 3T I3 TR G 15 cm B 6 forelt hi=r (3TdercHTe
1.5) 1 Tt i gRT AYafdd BT 2 | fohiur 3 Eieeht & aTel 3Afad
Tfarfera < et wme hifs |

5 uC 3R —1 pC o 31 fog &Y HAM: (=3 cm, 0, 0) 3R (3 cm, 0, 0)
gl oo & 1 7 s el e P AA B =53 191 g
frm e 8, FWTA = 3% 10° Vi ® | 39 T & & &rur s <t fdi
ferga St © wfterd aftesfera hifsa |

a1y H fErd Q) =Teterl o foret fiehrar W A 31EeT + 80uC @UT — 80uC B S
3ok 1= 16V T fIvaT=R S~ a1 2 |

(1) Trepra <t anfiar sma it |

(2) Ife denfa ¥ 9y & T W IEdTS 3 1 i WIdEd Jredy o fen
T 1 2 =TeTohi b sie forea= =1 81T ?

(3) I g9 =TeToh! T AT 1 gREfdd ek + 160 pC 3 — 160 uC
oY fearm ST o feer hl ariear | g giedy g ? 31 Ik
forw s i |

YT
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31. (a)
(b)
32. (a)

I 55/1/2

()

(i1)

()

(i1)

()

(i1)

SECTION - E

(1) What are coherent sources ? Why are they necessary for
observing a sustained interference pattern ?

(2) Lights from two independent sources are not coherent. Explain.

Two slits 0.1 mm apart are arranged 1.20 m from a screen. Light of
wavelength 600 nm from a distant source is incident on the slits.

(1) How far apart will adjacent bright interference fringes be
on the screen ?

(2) Find the angular width (in degree) of the first bright fringe.
OR

Define a wavefront. An incident plane wave falls on a convex
lens and gets refracted through it. Draw a diagram to show the
incident and refracted wavefront.

A beam of light coming from a distant source is refracted by a
spherical glass ball (refractive index 1.5) of radius 15 cm. Draw
the ray diagram and obtain the position of the final image formed.

Two point charges 5 nC and —1 uC are placed at points (-3 cm,
0, 0) and (3 cm, 0, 0) respectively. An external electric field

2 A A ) ) . .
E =21 where A = 3 x 10° Vm is switched on in the region.

Calculate the change in electrostatic energy of the system due
to the electric field.

A system of two conductors is placed in air and they have net
charge of +80uC and —80uC which causes a potential difference
of 16 V between them.

(1) Find the capacitance of the system.

(2) If the air between the capacitor is replaced by a dielectric
medium of dielectric constant 3, what will be the potential
difference between the two conductors ?

(3) If the charges on two conductors are changed to +160 uC
and —160 uC, will the capacitance of the system change ?
Give reason for your answer.

OR
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33. (a)

(b)
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()

(i1)

()

(i1)

()

(i1)

o @ enferes Mefie @e A, B 3 C W fomm shifsre {5 yedies 1 s
R?2 | TRk @i H BT R/10 31 Sehgl 9T 1 71G 2 | 39 TMieiid @Il ol
hURT: +6q,—4q dqAT 14q311%|5[ﬁZITTI'€IT% | 39eh fiaR bl Tiet bl off sHsT:
—2q, +8q 3R ~10q 3= feu T 2 | 39 @Al A, B 31 C % %=l § 3R
T RS @Il o RV Icd forgld &= <Al qorT ShIfT |

3@ # gt 3ER 5 cm Brson & et sweiga 3 &g B WK — 6 uC
3o ferd 8 | fog B 10 cm Gl W TR forg D W h1E 31=1 aiemor & 5/ H
T fertTeiier e feord & | 39 S1eiga <t ufifer & 3few i€ +5 uC e
forg CH forg A <1 SR T & | TR O fefart 711 sl witehferd shifsTg |

D

C B A

Forell SEET SR 8 B A V @ TR 1 S e 1§ gwie ER

Y GG HAT R |
R

N Q
=

mmwww%w%wﬁﬁﬁm% Ifsg P, Q3R R
e % wow 7 grashi & o o w2 7 39 forgatl R greh el %

JTufeTes giHToT o foreer & 319 I g Tehd & 7
B A T hIg TTETE! FARRR TS 379 heg, T hIg Frachid & B 3

2GR l%mﬁq%ﬁwwgmﬁam@%\éﬁl

CLEN
Torelt wohmmT graehia & ° feifad fopelt SR amT uTer W SRia 5
et o foIQ 2eeh A= I |

o) CHEET rh 8 B b ST 0 AT V & et A 9 e
TET 2 | 38 AT o1 i el g it I1et & TRy et 2 TSreeh ety
3 71l <t faum & fom 61 Iitac g SEehl TIfs Sl Tieeht 3Melt T8 et
2 1 3E T (1) T <hi B a1 (2) TiERavT S SATerdehTed § 9T T 8T ?
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33. (a)

(b)

I 55/1/2

(i1)

()

(i1)

()

(i1)

Consider three metal spherical shells A, B and C, each of radius
R. Each shell is having a concentric metal ball of radius R/10.
The spherical shells A, B and C are given charges +6q, —4q, and
14q respectively. Their inner metal balls are also given charges
—2q, +8q and —10q respectively. Compare the magnitude of the
electric fields due to shells A, B and C at a distance 3R from
their centres.

A charge —6 puC is placed at the centre B of a semicircle of
radius 5 cm, as shown in the figure. An equal and opposite
charge is placed at point D at a distance of 10 cm from B. A
charge +5 pC is moved from point ‘C’ to point ‘A’ along the
circumference. Calculate the work done on the charge.

g —6a
B

D C A

_)
A proton moving with velocity V in a non-uniform magnetic

field traces a path as shown in tllale figure.

N Q
=

P
The path followed by the proton is always in the plane of the
paper. What is the direction of the magnetic field in the region
near points P, Q and R ? What can you say about relative
magnitude of magnetic fields at these points ?

A current carrying circular loop of area A produces a magnetic
field B at its centre. Show that the magnetic moment of the loop

. 2BA \/A

1S .

Ho T
OR

Derive an expression for the torque acting on a rectangular
current loop suspended in a uniform magnetic field.

_)
A charged particle is moving in a circular path with velocity V in a

N
uniform magnetic field B. It is made to pass through a sheet of
lead and as a consequence, it looses one half of its kinetic energy
without change in its direction. How will (1) the radius of its path
(2) its time period of revolution change ?
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HE |

(v) @YE — T 7 397 G 22 T 28 % Tg-ITIT JHR & Fo7 8 | JAF Fo7 3 3HH]
HE |

(vi) GUE — § 7 o7 G&IT 29 TIT 30 G eIFT-3TERT I97 & | Yodh 97 4 3hl
HE |
(vil) GV — & § I97 &7 31 T 33 7% e-IT0T JHR & J97 & | I9%F J97 5 bl
HE |
(viii) Jo7-T7 § T8 [y 781 1527 77977 & | TEif, @us-& @ JfaRFT 37 @S] & P Tl
B 371 aseq Rar 1T 8 1
(ix) &7 & 1o GIEaIerd Ternefn & fo7e U 37e7 Fo7-97 & |
(x) Scpeict & FTTTARITE |
c=3x10%m/s
h=6.63 x 10734 Js
e=16x10"19C
Hy=4m x 1077 Tm A~!
gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2
TESO

FAHH 1 59 (m,) = 9.1 x 10731 kg.
L 1 gFAH = 1.675 x 10727 kg.
e o1 gemE = 1.673 x 10727 kg.
AT ST = 6.023 x 1023 gfe 71 Hiet
SlegemH e = 1.38 x 10723 JK-1
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General Instructions :

Read the following instructions very carefully and follow them :

()
(1)
(iii)
(i)
(v)
(v)

This question paper contains 33 questions. All questions are
compulsory.

Question paper is divided into FIVE sections — Sections A, B, C, D
and E.

In Section A : Question numbers 1 to 16 are Multiple Choice (MCRQ) type
questions. Each question carries 1 mark.

In Section B : Question numbers 17 to 21 are Very Short Answer (VSA)
type questions. Each question carries 2 marks.

In Section C : Question numbers 22 to 28 are Short Answer (SA) type
questions. Each question carries 3 marks.

In Section D : Question numbers 29 & 30 are Case Study-Based
questions. Each question carries 4 marks.

(vit) In Section E : Question numbers 31 to 33 are Long Answer (LA) type

questions. Each question carries 5§ marks.

(viit) There is no overall choice given in the question paper. However, an internal

(ix)
(x)

I 55/1/3

choice has been prouvided 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=3x 108 m/s

h=6.63 x 10734 Js

e=1.6x10"1C

Hy=4n x 1077 Tm A~

gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2

Mass of electron (m,) = 9.1 x 103! kg.

Mass of neutron = 1.675 x 10727 kg.

Mass of proton = 1.673 x 10~27 kg.

Avogadro’s number = 6.023 x 1023 per gram mole
Boltzmann’s constant = 1.38 x 10723 JK~!
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1.

gug —<h

g Y Q 9 TRufa ot for 2 | Topeft 31— 311awT o i 30 319w o fehe oot form
o ferfr & e o o TR 8 | i fe T i | U HATe Q W gl ¢ ok e o w9 H
AT q o oI0T <hl Hel FET0T Shiar 8 ?

(A) 1¥ (B) 11

r —> r —

1 ! C
(©) D)

r —> r —

T gere @ ¢ A A 3R B 1 IrETSal 1 AT 1:2 AT ek BISATSAT T 3191
2:3 8 | AfE 3¢ fepelt Ao § wTRel & WA fopar T2 & A1 S SoaR1 o TUETE T ol

U
U BHT” B
A) 2 (B)

© 3 D)

O|00 N

ToRet TR T 1 cm T IS WUS x-3787 o STfC T & 7T +x Teom o Ifee 6 ar & g/

0.5 A Serfed & @ & | 58 wew § Frh g 89 B = (0.4 mT) | + (0.6 mT) k#1
I foheT TAT R | $8 AR o WU T T 9t & —

A) (2} + 3K) mN (B) (=3 + 2k) uN

(C) (6] + 4k) mN (D) (—4] + 6k) uN

fereft aTTest et 1 wufies 3R fgdiaes uefor § % <t T w1 31T 20 : 1
2 | If¢ 39 Trawimt Al mfies Fueet T fohel §1d ¥ 240 V ac ST fham ST qe
3Gk TTd & TR WX 6.0 Q &1 fatieres Faifsa s feam ST af S it g |id § o
Tt e Rt

(A) 4.0 A (B) 3.8A
(C) 0.97 A (D) 0.10 A
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SECTION - A

A charge Q is fixed in position. Another charge q is brought near charge Q
and released from rest. Which of the following graphs is the correct
representation of the acceleration of the charge q as a function of its
distance r from charge Q ?

T T
a a
(A) (B)
r— T —
T T
a a
(©) D)
r— T —

Two conductors A and B of the same material have their lengths in the
ratio 1:2 and radii in the ratio 2:3. If they are connected in parallel across

v

a battery, the ratio U—A of the drift velocities of electrons in them will be -
B

A) B)

D)

N DN
O|00 D=

(©)

A 1 cm segment of a wire lying along x-axis carries current of 0.5 A along

%
+x direction. A magnetic field B = (0.4 mT) j\ + (0.6 mT) k is switched on,
in the region. The force acting on the segment is

A) (2] + 3K) mN (B) (=3 + 2k) uN
(C) (6] + 4k) mN (D) (—4] + 6k) uN

The ratio of the number of turns of the primary to the secondary coils in
an ideal transformer is 20 : 1. If 240 V ac is applied from a source to the
primary coil of transformer and a 6.0 Q resistor is connected across the
output terminals, then current drawn by the transformer from the source
will be -

(A) 40A (B) 3.8A

(C) 097A (D) 0.10A
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10.

3T 0.016 H 3R 1 0.81 m ol 37 0.02 m Frean ot arg & vl wieferst i

INTHETT ST B | 38 TRATITRT § B <h! T B =TfeT
(A) 2592 (B) 2866
(C) 2976 (D) 3140

%{ﬁqﬁqamsﬁmv:vg sin ot @W%@W?&Wﬁ%i=% sin (ot + ¢)
YaTfed Bid) & | Uk sk 3 39 qiuy A 3ied v @ud & —

A A B) 1i,v,cosd
1,V 1,V
(®) % (D) 02 0 cos )

et ffeRtot <t qerT o wal o fotu, X-foptt S1feres grferen it & aifer X-fomtott
/ feptot

(A) i gl et fafeRwT i sgha @ 1 8 © |

(B) o atreed g fafertl oAt airesd @ wH B 2 |

(C) ot oy o =ret wraT ferfentoti <61 ariem stftres gl @ |

(D) it ol Bt & g qei ferferor fergga—<rarehia i €t @ |

Toreht Uresft ga (3T9edHTh n) ¥ Su1s H a9 fop) 3ht i deft T IS Tohir 1
forg &1d To4a 2 | 38 59 % I8 o 79 &RI%el § SohIRT |1 o1 SRIRT +I1d L ekl 7, I8
SAHeT & —

nH? nH?
@ 41 B i
H? H?
© Jo D) Giv 1)

SR e 2.1 eV o Toreht uere o @ fohu TTu fereht wepmer-forea o s o et fava
HIAM 2.5 V IR ST 2 | Icaid BIEisri1 shi Aferehan fast 3t 8 -

A) 04eV B) 2.1eV
©) 2.5eV D) 4.6eV
€ hIS p-n TIY SIS HAUTCIh SATYd BT & af

(A) TTereRT 1 =g 3TN G TR <Al F1STE GHI H Jfg B & |
(B) Tfereht <l S | glg qe BT TR <l TS | i &l & |
(C) Uftrept <1 Samg 3T Tt T bl AIeTE AT | T BT 2 |
(D) Tiferept 1 g | HEft qen greft TaX Y =ers # gig are ® |
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You are required to design an air-filled solenoid of inductance 0.016 H
having a length 0.81 m and radius 0.02 m. The number of turns in the
solenoid should be 1
(A) 2592 (B) 2866

(C) 2976 (D) 3140

6. A voltage v =v, sin ot applied to a circuit drives a current i = i, sin (ot + ¢)

in the circuit. The average power consumed in the circuit over a cycle 1s 1
(A) Zero B) 1, v,cos ¢

iy Vo iy Vo
© 5 (D) ~5 " cos

7. X-rays are more harmful to human beings than ultraviolet radiations
because X-rays - 1
(A) have frequency lower than that of ultraviolet radiations.
(B) have wavelength smaller than that of ultraviolet radiations.
(C) move faster than ultraviolet radiations in air.
(D) are mechanical waves but ultraviolet radiations are electro-magnetic
waves.

8. A point source is placed at the bottom of a tank containing a transparent
liquid (refractive index n) to a depth H. The area of the surface of the

liquid through which light from the source can emerge out is 1
nH? nH?

@ oy ® G-
nH? nH?

© Fo= O e )

9. In a photoelectric experiment with a material of work function 2.1 eV, the
stopping potential is found to be 2.5 V. The maximum kinetic energy of

ejected photoelectrons is 1
(A) 04eV B) 2.1eV
(C) 25eV (D) 4.6eV

10. When a p-n junction diode is forward biased 1

(A) the barrier height and the depletion layer width both increase.
(B) the barrier height increases and the depletion layer width decreases.
(C) the barrier height and the depletion layer width both decrease.
(D) the barrier height decreases and the depletion layer width increases.
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THHIL: Do, A, TT 4y B | 6 S qUTeeA! o el el 6oy @ —
(A) Ag>2, >0, B) Le>h,>2y
©) 2> >y D) A=k, =2g

12. = fan o1 S 91 3G G ST % o % ®9 H S9-Sel Jid Jaad o a5k
61 T 3Rl 1 T HaT R 2

A i A !
@ ; ®) ;

A A
56 56
A ! A |
© ; D) ;
: A : A
80 80

e : T TS 13 T 16 T < o U T § — Uk 1 AR (A) T GEL BT BRI
(R) o1 TohaT TRIT & | 39 T3A1 & Tl 31U o1 = feu &1 (A), (B), (C) 3R (D)
T § = hifve

(A) IRYHYT (A) TR FHRT (R) SHI T & 3BT (R), 3TNheH (A) il TE AT 2 |

(B) AfhuA (A) 3R SRV (R) §HI T &, W SRV (R), b (A) H Tt
AT TG 2 |

(C) ANRYA (A) T 7, T ST (R) 36 2 |

(D) MR (A) 3SR (R) SHI & FAHA § |

13. AT (A)  : &F Tl p-uoR & Il % fhdt wie @1 fREt n-TeR %
eI o fondl Toiw & ifess ®T 4 Sigeht fohHl p-n T SIS i T&HT &1 o Hehd
g
FROA(R)  : Toreft pS&R & Adf=mes # 7, >> 7, BT @ A& n-SHR
SedaTereh | m, >> neﬁ?ﬂﬁl

14. PP (A) : T3S Ty H foreft fer e o ufehuur wia fohet sl
ferferst St eTcHes B 2 |
SROT (R)  : Toreft afda o6t 1 et o1l |ea & EATeHeh Bt & |
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12.

Let 2, kp and A4 be the wavelengths associated with an electron, a proton
and a deuteron, all moving with the same speed. Then the correct relation

between them is 1
(A) hg>2, >0, B) Le>h, >0y
©) Ay >Ne>2g D) x, = Ay =g
Which of the following figures correctly represent the shape of curve of
binding energy per nucleon as a function of mass number ? 1
BE. | B.E. |
i A i
@) | ®) |
56 56
i A i
(© | (D) |
80 80

Note : Question numbers 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)
(B)

(©)
D)

13.

14.

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

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

Assertion (A) is true, but Reason (R) is false.

Assertion (A) is false and Reason (R) is also false.

Assertion (A) : We cannot form a p-n junction diode by taking a slab of
a p-type semiconductor and physically joining it to
another slab of a n-type semiconductor. 1
Reason (R) : In a p-type semiconductor 7, >> 7, while in a n-type

semiconductor 7, >> 7,.

Assertion (A) : The potential energy of an electron revolving in any

stationary orbit in a hydrogen atom is positive. 1
Reason (R) : The total energy of a charged particle is always
positive.
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16.

17.

18.

19.

20.

21.

22.

FHOHYT (A) : ST HIE Ak Bl o WA el HUSHH! 1 TRAY 5= Bl B, df 36
e sh1 IR Teret <rareh whl 7Tl ShUMT whic el § |

SRUT (R)  : Sraeh hl T o HRUT FuSel forent aftwy &g 7, o Uit gm i feam
39 YehR Bt B Toh o8 Treres b1 mife b1 feig ot B

R (A) : Toret Heariier # foeuu 3ud varfed am & FIHATIT 81 g |
SO (R)  : Torelt Tieammiiet 1 puseht wehaae Bre grahia &m 4 fefea g 2 |

Qg -@
emf E 97 3= TfeY v & n Ha@dq ol o1 90ft T gaifq fepam mn 8 | se # 98
T AT 2 6 g1 8 X 3R Y’ Seshita gadnati § wited 8 | 97 X o Rl W favara
aftenferd sHifSTT |
(a) Taad= & Tt v & T3 7 600 nm TR & YehTy g0 WeHH foham T 2 |
Tererd= Se =1 ugen s 0 = 30° W ugar 7 | far i =erE ufterferd i |
AT
(b) & Tepelt TgTerl srRmT i g1 et i, s ek <hl <fferel [ 2, G o 38 fohg R

wﬁwwwﬁ%ﬁumqw% 2 1 39 fog W <feran sma i |

Teret ISt & o ST Hetehl oh! THM ashal BT 17 cm 8 | 9 § g9 89 W 39 o
1 HIshE gl ST hIIY, | ==l 3R AT o1 U AT 1.5 3N 1.33 2 |

BIZGISH THTY] % SR-HIge H g Soldeid Snoll &R —1.51 eV & —3.40 eV T TshH0
AT 2 | ZHehT hefT <t Brsen o ufterdy uftesfera Hifore | Freraw sraen o soiereia 1 e
Hism 053421

Tereft p-TehR o Si-3TEITeTeh hl AT Teh TdfHseh TuTY] Ut 5 x 107 Rrfererta wwmm]
SR Iffya (wifed) st s T 7 | Afe T o fafereia qeh o wen wHe
5 x 1028 TeETY] i wefiex 7, o Hied (3TafisvT) g T § wid =m a=diviet ffda gett
(forerti) <t T 1A ShIfNTT | 35 ek ok 3T9THSIh o1 Teh Seraun i difT |

gug -1
(a) 3V 36V H < seft, e st gfedia shae: 0.2 Q 3 0.4 Q &, Td &
T & | 98 TIeH 4 Q o forefl wferierss & Taifera 8 | T hifse
(i) EISH &1 g emf
(i) EIISH T o 3T=AHeh T
(iii) HISE G o TR Ew

YT
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15. Assertion (A) : It is difficult to move a magnet into a coil of large
number of turns when the circuit of the coil is closed. 1
Reason (R) : The direction of induced current in a coil with its circuit
closed, due to motion of a magnet, is such that it
opposes the cause.

16. Assertion (A) : The deflection in a galvanometer 1s directly
proportional to the current passing through it. 1
Reason (R) : The coil of a galvanometer is suspended in a uniform
radial magnetic field.

SECTION - B
17. n identical cells, each of e.m.f. E and internal resistance r, are connected
in series. Later on it was found out that two cells X’ and Y’ are connected
in reverse polarities. Calculate the potential difference across the cell X'. 2

18. (a) In a diffraction experiment, the slit is illuminated by light of
wavelength 600 nm. The first minimum of the pattern falls at
0 = 30°. Calculate the width of the slit. 2
OR

(b) In a Young’s double-slit experiment, two light waves, each of

. . . : . : A
intensity I | interfere at a point, having a path d1fference§ on the

07
screen. Find the intensity at this point.

19. A double convex lens of glass has both faces of the same radius of
curvature 17 cm. Find its focal length if it is immersed in water. The
refractive indices of glass and water are 1.5 and 1.33 respectively. 2

20. An electron in Bohr model of hydrogen atom makes a transition from
energy level —1.51 eV to —3.40 eV. Calculate the change in the gadius of its
orbit. The radius of orbit of electron in its ground state is 0.53 A. 2

21. A p-type Si semiconductor is made by doping an average of one dopant
atom per 5 X 107 silicon atoms. If the number density of silicon atoms in
the specimen is 5 x 1028 atoms m3, find the number of holes created per
cubic centimetre in the specimen due to doping. Also give one example of
such dopants. 2

SECTION - C

22. (a) Two batteries of emfs 3V & 6V and internal resistances 0.2 Q & 0.4 Q
are connected in parallel. This combination is connected to a 4 Q
resistor. Find : 3
(1) the equivalent emf of the combination
(1) the equivalent internal resistance of the combination
(111) the current drawn from the combination

OR
I 55/1/3 Page 11 of 24 P.T.O. I
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23.
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(b) (1) TS [ HIHE Adh emf E S fFHl A G s U A aifa 2 1 8 &
T TEd §U 39 aTeteh i FR- 4R Eiwet 38eh! aeaTTg i 21 fepam T & |
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Hiwm 7H vy I vy 8, a1 (@) R’ SR AT (i) vy 3R vy 6 = qe9 T
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T 1 I8 379 2 R =reres o Tft ‘g soteagi’ U € T O nfem € 2

i i qui s R o e e R, R T e A R, A g
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_____ NN I
(a) il 251 B,
(b) i el I,

(¢) fore &7 E Fa ifv |

WWLCRW@@E;WV:\/HI sin ot T ac GId G 8 | ol 3R@
EifT | 39T ITART hich UL ST TfTaer quUT 9RT 3R ST dieedl o se Hetl<l

o foTQ =itk g <hifsru |

(a) Toreh T ufgent Garha i forell ac &1 g STefvra fora e 2 | afe evifse fs
= ar (1) 3R foedmd 9 (1)  FW 1 7 99 % T forg W qHH
BATR |

(b) T ITSFd THT () H Ter@i® o1 wgett Fam (@ Fom) genfea i a2 ufgent
TAY B ? AT I |
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(b) (@) A conductor of length [ is connected across an ideal cell of emf
E. Keeping the cell connected, the length of the conductor is

increased to 2/ by gradually stretching it. If R and R’ are initial
and final values of resistance and v, and Vd' are initial and final
values of drift velocity, find the relation between (i) R and R
and (ii) v4 and vy.

(11) When electrons drift in a conductor from lower to higher

potential, does it mean that all the ‘free electrons’ of the
conductor are moving in the same direction ?

23. A particle of charge q is moving with a velocity v at a distance ‘d’ from a
long straight wire carrying a current T as shown in figure. At this

9
instant, it is subjected to a uniform electric field E such that the particle

keeps moving undeviated. In terms of unit vectors /i\, 3\ and 1/%, find - 3

V——& y

L)

i d

>

(a) the magnetic field _B),

(b) the magnetic force PT;, and

(¢) the electric field E), acting on the charge.

24. An ac source of voltage v = v, sin ot is connected to a series combination

of LCR circuit. Draw the phasor diagram. Using it obtain an expression
for the impedance of the circuit and the phase difference between applied
voltage and the current. 3

25. (a) A parallel plate capacitor is charged by an ac source. Show that the
sum of conduction current (I ) and the displacement current (I,;) has
the same value at all points of the circuit. 3

(b) In case (a) above, is Kirchhoff’'s first rule (unction rule) valid at each
plate of the capacitor ? Explain.

I 55/1/3 Page 13 of 24 P.T.O. I
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26. (a)

(b)

27. (a)
(b)
(c)

28. (a)

(b)
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AT h SR W Torgue YehH’ 1 JUH HIT | 3
Topeft gt o U WiTH 3TN ek =g § qUT U g 2.013553 u B | 35
fore gemmm afd u B qer sEeRt et ged MeV 8 aitefard ife |

(mp =1.007277 u; m = 1.008665 u, 1u =931.5 MeV/c2)

gUg-§
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4x1=4

Screen

Convex
Lens

Plate on Hidden
Side of Box

Light Box
with Plate
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26. (a) Mention any three features of results of experiment on photoelectric
effect which cannot be explained using the wave theory of light. 3

(b) In his experiment on photoelectric effect, Robert A. Millikan found

the slope of the cut-off voltage versus frequency of incident light
plot to be 4.12 x 10715 Vs. Calculate the value of Planck’s constant
from it.

27. (a) Draw circuit arrangement for studying V-I characteristics of a p-n
junction diode. 3
(b) Show the shape of the characteristics of a diode.
(¢) Mention two information that you can get from these characteristics.

28. (a) Define ‘Mass defect’ and ‘Binding energy’ of a nucleus. Describe
‘Fission process’ on the basis of binding energy per nucleon. 3

(b) A deuteron contains a proton and a neutron and has a mass of

2.013553 u. Calculate the mass defect for it in u and its energy

equivalence in MeV. (mp = 1.007277 u, m_ = 1.008665 u, 1u = 931.5

MeV/c2)
SECTION - D

Question numbers 29 and 30 are case study based questions. Read the
following paragraphs and answer the questions that follow.

29. A thin lens is a transparent optical medium bounded by two surfaces, at
least one of which should be spherical. Applying the formula for image
formation by a single spherical surface successively at the two surfaces of
a lens, one can obtain the ‘lens maker formula’ and then the ‘lens
formula’. A lens has two foci — called ‘first focal point’ and ‘second focal

point’ of the lens, one on each side. 4x1=4
@) Screen
Convex
Lens
Plate on Hidden
Side of Box
Light Box
with Plate
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(A) (B) ©) )

=1 feam T i | e e B 7

(A) I UV 3 T ST Fed ROTTcH BT 2 |

(B) Toreht gt grr s weft 3wt widfena o fou e emTee giar 2 |
(C) Iradet o8 & foTT 3Tae= Ted &TcH BT 2 |

(D) daTEdfdeh 3R 3c1e Tfaferal & o g Ted Fumare giar 2 |

HIhH gl £ o ToFEll 3T <18 I 36k A A& o THFeEd o SHIE WRTH H Sh1eT T/
2 | 38 Tk W 6l BIhg gff Bt

A) f B) 2f

f f

© 3 ®) 3
ST

aﬁ‘sﬁ?ﬁw(i)ﬁﬁwﬁﬂﬁzo cmaﬁmwuﬁﬁwﬁ 50 cmsﬁﬁﬁ‘T{
2 1 3T R T i <t wiend gl B

(4) 10 cm (B) 12cm

(C) 16cm (D) 20 cm

et St S % o e g & e o g8 X, e i 1 9 ¥
fieta e forg 8 1 X, 2, 1 o b1 Wb 0

@A) XX, B®) X, +X,

X2
© XX, D) X,
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Consider the arrangement shown in figure. A black vertical arrow
and a horizontal thick line with a ball are painted on a glass plate. It
serves as the object. When the plate is illuminated, its real image 1is
formed on the screen.

Which of the following correctly represents the image formed on the
screen ?

(A) (B) ©) )

Which of the following statements is incorrect ?
(A) For a convex mirror magnification is always negative.

(B) For all virtual images formed by a mirror magnification is
positive.

(C) For a concave lens magnification is always positive.
(D) For real and inverted images, magnification is always negative.

A convex lens of focal length f’ is cut into two equal parts
perpendicular to the principal axis. The focal length of each part will
be :

A f B) 2f
© 1 o 1
OR
If an object in case (1) above is 20 cm from the lens and the screen is
50 cm away from the object, the focal length of the lens used is
(A) 10cm B) 12cm
(C) 16cm (D) 20cm

The distance of an object from first focal point of a biconvex lens is X,
and distance of the image from second focal point is X,. The focal
length of the lens is

@A) XX, B®) X, +X,

X2
© XX, D) X,
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30. | 4x1=4

—

s/\_“_
o 1 i e e, Ry RC Aol afer vt 3, 3 Rt afer 3 5 et C©, R
1 WIEe T emf V o6 1S 3G sl G & | (S, 31 Gl T&d 8Y) Foit S, hi o<
S WX ufuer qut &1 AT B 9T 9o Feie shi afgeha 3t 3l w6 <l 3 s saw
A8 TR B ST § | HETE W 37a9 H gig 2t & TRommEasd 991ie o Bl R fovar=r
V., (= ¢/C) ¥ Tua % =1 g Bt ¥ | 79 7 fervarat 9ed 3 Rl 3 <t fervwameat 3 swen
Bl ST 7, a1 9 quieder STefd &1 St & (Q = VC) | 39 3TawH Wiskan i srafy J
FTRE T 37T o | T o6 {1 GRea BT & 1o/ 38 TehR i fohdm SITdT & —
q=Q[1—e VRO

30 S I FaheH am%c (€M) = me™ T TN Hleh TR TR T <hl ST Hebell B |

38 et R e hifee fS@ R = 20 kQ, C =500 uFaem V=10V

() S S, I AU S, Gell 8 T« [T T Al Ao 8 —
(A) 5puC (B) 5mC
(C) 25 mC D) 0.1C

(ii) wRITH TH o fC Fil S, 95 qUT S, Gell Wl § | 319 S, i 5 7T S, &l @A
e T 8 | e W 3ifom em R g ?

A) = (B) 5 mC
(C) 2.5mC (D) 5 uC
(ili) RC o feru fofra gz g -
(A) [ML2T3 A2 (B) [MP°LOT! A9
(C) [M1L2T4A2 (D) [M°LOTA?
(iv) Foll S, I AT S, Gell 8 | 5 HehUS o TR Nickiesh ¥ JalTiad 9m &
(A) 2_\1@mA B) e mA
(C) émA (D) 2—1emA
g
(iv) Foll S, o< T S, Gell 8 | Wickiees H T 91 1 HRFH 7H 2
(A) 5 mA (B) 0.5 mA (C) 2mA D) 1mA
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30. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf V, as shown in figure is known as RC series circuit. 4x1=4

¢

s
—
s/\_“_

v
As soon as the circuit is completed by closing key S; (keeping S, open)

charges begin to flow between the capacitor plates and the battery
terminals. The charge on the capacitor increases and consequently
the potential difference V, (= q/C) across the capacitor also increases

with time. When this potential difference equals the potential difference
across the battery, the capacitor is fully charged (Q = VC). During this
process of charging, the charge q on the capacitor changes with time t as
q = Q[1 — e ¥RC]

The charging current can be obtained by differentiating it and using

A (e™¥) = me™~,

Consider the case when R = 20 kQ, C =500 uF and V=10 V.
(i) The final charge on the capacitor, when key S, is closed and S, is

open, 18
(A) 5uC B) 5mC
(C) 25mC (D) 0.1C

(i) For sufficient time the key S, is closed and S, is open. Now key S, is
closed and S, is open. What is the final charge on the capacitor ?

(A) Zero B) 5mC
(C) 2.5mC D) 5uC
(111) The dimensional formula for RC is
(A) [ML2T3 A7 (B) [MOLOT-1A0
(C) [M1L2T4AZ (D) [MOLOTA9

(iv) The key S; is closed and S, is open. The value of current in the
resistor after 5 seconds, is

1 1 1
@ 3 7s mA  (B)\emA (O N mA (D) 55 mA
OR
(iv) The key S, is closed and S, is open. The initial value of charging

current in the resistor, 1s
(A) 5mA (B) 0.5 mA (C) 2mA (D) 1mA
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32. (a)

(b)

I 55/1/3

()

(i1)

()
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e shror @ifSre |

T

@ W enferes Mefla @iet A, B 31t C W fomm Hifse {58 udss <t B
R?2 | To/k @i H BT R/10 31 Sehgl T <1 716 2 | 39 TMieiid @Il ol
hURT: +6q,—4q dAT 14q311%|5[ﬁZITTI'€IT% | 39k fiaR b1 Tiet bl off HsT:
—2q, +8q 3R —10q MW MW & | 9 @i A, B 31k C % %5l § 3R
T R S @Il o RV Icd foregfd &= <l qorT ShITT |

Page 20 of 24



31. (a)
(b)
32. (a)
(b)

I 55/1/3

()

(i1)

()

(i1)

()

(i1)

SECTION - E

(1) What are coherent sources ? Why are they necessary for
observing a sustained interference pattern ?

(2) Lights from two independent sources are not coherent. Explain.

Two slits 0.1 mm apart are arranged 1.20 m from a screen. Light of

wavelength 600 nm from a distant source is incident on the slits.

(1) How far apart will adjacent bright interference fringes be
on the screen ?

(2) Find the angular width (in degree) of the first bright fringe.

OR

Define a wavefront. An incident plane wave falls on a convex

lens and gets refracted through it. Draw a diagram to show the

incident and refracted wavefront.

A beam of light coming from a distant source is refracted by a

spherical glass ball (refractive index 1.5) of radius 15 cm. Draw

the ray diagram and obtain the position of the final image formed.

Two point charges 5 nC and —1 uC are placed at points (-3 cm,
0, 0) and (3 cm, 0, 0) respectively. An external electric field

2 A A ) ) . .
E =21 where A = 3 x 10° Vm is switched on in the region.

Calculate the change in electrostatic energy of the system due

to the electric field.

A system of two conductors is placed in air and they have net

charge of +80uC and —80uC which causes a potential difference

of 16 V between them.

(1) Find the capacitance of the system.

(2) If the air between the capacitor is replaced by a dielectric
medium of dielectric constant 3, what will be the potential
difference between the two conductors ?

(3) If the charges on two conductors are changed to +160 uC
and —160 uC, will the capacitance of the system change ?
Give reason for your answer.

OR

Consider three metal spherical shells A, B and C, each of radius

R. Each shell is having a concentric metal ball of radius R/10.

The spherical shells A, B and C are given charges +6q, —4q, and

14q respectively. Their inner metal balls are also given charges

—2q, +8q and —10q respectively. Compare the magnitude of the

electric fields due to shells A, B and C at a distance 3R from

their centres.

Page 21 of 24 P.T.O. I



i
e [n]

(i1)

33. (@) ()

(i1)

(b) @

(i1)

I 55/1/3

3@ T S FER 5 cm Brsan & fopeft 31diea & 5 B W HE - 6 uC
3TTeT ferd 8 | fog B 10 cm gl W & forg D W 18 31=1 aimr & 5/ H
Tt Toramed e e e 2 | 38 3Tefaa 1 9l & 3few 18 +5 uC e
forg CH forg A < TR TR & | TR O fefart 711 Sl witehferd shifsTg |

+§q
D

[seX

C A

Forell SEET SR G B A V @ TR 1 S i 1§ gwie IER
9 GG HLAT R |
R

s Q
=

P
TS G =l T 0¥ Hed FAS haad @ A 2 | g P, Q 3 R %
e % wow 7 grashi & o o 2 7 39 forgatl W grehi &l %
AT feFeh TiToT < foreer 3 31T @1 g Hehd B 7

A A T hIg TTETE! FARR TS 379 g, T hIg Frachid & B 3
W%l%W%WWWW%\E%l

YT

Terelt wopmmT graehia & § feifard fopelt SR amT oty W SRia 5
et o fIQ 2eeh A= I |

o) CHEHT rh 8 B 3 b TR 0 A V & et A 9 e
TET 2 | 39 AT o1 ol el g 1 I1et & TRy et 2 fSrEeh woresy
3 71l <t feum & fom i Iitac g SERhl 7T Sl Tieeht 3Tt T8 et
2 1 3EHOT (1) T <hi s a1 (2) TRERavT S SATerdehTer § 9T T 8T ?

Page 22 of 24



(1) A charge —6 puC is placed at the centre B of a semicircle of

33. (@) (@)
(i1)

(d) @
(i1)

I 55/1/3

radius 5 cm, as shown in the figure. An equal and opposite
charge is placed at point D at a distance of 10 cm from B. A
charge +5 pC is moved from point ‘C’ to point ‘A’ along the
circumference. Calculate the work done on the charge.

+§q
D C

|
U:jog

A

_)
A proton moving with velocity V in a non-uniform magnetic
field traces a path as shown in the figure.
R

s
7
P
The path followed by the proton is always in the plane of the
paper. What is the direction of the magnetic field in the region
near points P, Q and R ? What can you say about relative
magnitude of magnetic fields at these points ?

A current carrying circular loop of area A produces a magnetic
field B at its centre. Show that the magnetic moment of the loop

. 2BA \/A

1S .

Ho T
OR

Derive an expression for the torque acting on a rectangular
current loop suspended in a uniform magnetic field.

_)
A charged particle is moving in a circular path with velocity V in a

N
uniform magnetic field B. It is made to pass through a sheet of
lead and as a consequence, it looses one half of its kinetic energy
without change in its direction. How will (1) the radius of its path
(2) its time period of revolution change ?
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8T v Bl, T [HEaiiiaa Sifaes [Haares! & Tl &1 3991 H G &

c=3x108 m/s

h =663 x 10734 Js

e=16x10"12C

Wo = 47 x 10" Tm AL

gy = 8854 x 10712 C2 N1 m2

1

471:80

ST T GoIHM (my) = 9-1 x 10731 kg

=9x 109 Nm?2 C2

=g I GoI9H = 1-675 x 10727 kg
TIei 1 geaHH = 1-673 x 10727 kg
TG AT = 6023 x 1023 ufa 7 dia

Sleea M Hadmeh = 1-38 x 10723 JK1
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General Instructions :

Read the following instructions carefully and follow them :

(i)
(ii)
(i1i)
(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=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Ug = 4m X 107" Tm AL
gp = 8854 x 10712 C? N1 m~2

1

4
me,

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

=9x 109 Nm?2C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-:673 X 1027 kg
Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK!

11-55/1/1 3 P.T.O.
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SECTION A

1. A thin plastic rod is bent into a circular ring of radius R. It is uniformly
charged with charge density A. The magnitude of the electric field at its
centre is :

(A) A (B)  Zero (®)) . (D) *
2e,R 4ne R 4eo0R
0
2. Ten capacitors, each of capacitance 1 pF, are connected in parallel to a

source of 100 V. The total energy stored in the system is equal to :

A 1072%J (B) 1073J
(C) 05x107°J (D) 50x1072J
3. Consider the circuit shown in the figure. The potential difference between

points A and B is :

12V 10
———MMA—
A 0-5Q B
MM
6V
(A 6V (B) 8V (C) 9V (D) 12V
4., A loop carrying a current I clockwise is placed in x — y plane, in a uniform

magnetic field directed along z-axis. The tendency of the loop will be to :

(A) move along x-axis (B) move along y-axis
(C)  shrink (D) expand
5. A 10 cm long wire lies along y-axis. It carries a current of 1.0 A in

—> A A
positive y-direction. A magnetic field B =(5 mT)j — (8 mT)k exists in

the region. The force on the wire is :
AN A
(A (0-8mN)i (B) - (0-:8mN)i
A A
(C) (80mN)i (D) -(@0mN)i
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10.

11.
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SEN I E; = E( sin (kz — ot)

8911 : E,=E,

A1 : E, = Egsin kz

FAIV : E, =Ecos kz
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A 1 (B) IV (C) 1I (D) III
TAFLA 1 I8 HhHUI, TTEh G FTEQISH AT o T H AL 3vft <l gadl
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(A) ne=27¥n;=3 (B) np=3d9Tn; =4
(C) ng=2dYqTn; =4 (D) neg=2dAqTn; = oo

(A)
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(A)  Ge % SITcTeh <h! GLaAT faehd & 9 2 |
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T 31U 8

@A 3 B) 9 (C)

1 1
3 (D) =
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10.

11.

A galvanometer of resistance G Q is converted into an ammeter of range
0 to I A. If the current through the galvanometer is 0-1% of I A, the
resistance of the ammeter is :

G G

-~ 2 0 G
999 1000

¢ 6 o Y% o

(A) =
1001 1001

(B) (©)

The reactance of a capacitor of capacitance C connected to an ac source of
frequency o is X’. If the capacitance of the capacitor is doubled and the

frequency of the source is tripled, the reactance will become :
X 2 3

(A) 3 (B) 6X (C) gX (D) EX

In the four regions, I, II, IIT and IV, the electric fields are described as :
RegionI : E; =E(sin (kz — ot)

Region II : E; =E,

Region III : E; = E( sin kz

Region IV : E; = E( cos kz

The displacement current will exist in the region :

A 1 (B) IV (C) 1I (D) III

The transition of electron that gives rise to the formation of the second
spectral line of the Balmer series in the spectrum of hydrogen atom
corresponds to :

(A) n¢=2 and n;=3 (B) np=3 and n;=4
(C) ng=2 and n; =4 (D) ng=2 and n; =

Ge is doped with As. Due to doping,

(A)  the structure of Ge lattice is distorted.

(B)  the number of conduction electrons increases.
(C)  the number of holes increases.

(D)  the number of conduction electrons decreases.

Two beams, A and B whose photon energies are 3-3 eV and 11:3 eV
respectively, illuminate a metallic surface (work function 2:3 eV)
successively. The ratio of maximum speed of electrons emitted due to
beam A to that due to beam B is :

1

A 3 B) 9 (©) (D)

1
9
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12. The waves associated with a moving electron and a moving proton have
the same wavelength A. It implies that they have the same :

(A) momentum (B) angular momentum

(C)  speed (D) energy

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)  Assertion (A) is false and Reason (R) is also false.
13. Assertion (A) : In photoelectric effect, the kinetic energy of the emitted

photoelectrons increases with increase in the intensity of
the incident light.

Reason (R):  Photoelectric current depends on the wavelength of the
incident light.
14.  Assertion (A) : The mutual inductance between two coils is maximum
when the coils are wound on each other.
Reason (R): The flux linkage between two coils is maximum when
they are wound on each other.
15. Assertion (A) : Two long parallel wires, freely suspended and connected
in series to a battery, move apart.
Reason (R): Two wires carrying current in opposite directions repel
each other.
16. Assertion (A) : Plane and convex mirrors cannot produce real images

under any circumstance.

Reason (R): A virtual image cannot serve as an object to produce a
real image.

11-55/1/1 9 P.T.O.



17.

18.

19.

20.

21.
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17.

18.

19.

20.

21.
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SECTION B

Find the temperature at which the resistance of a wire made of
silver will be twice its resistance at 20°C. Take 20°C as the

reference temperature and temperature coefficient of resistance of silver

at 20°C =40 x 103 K1,

(a)  Monochromatic light of frequency 5-0 x 10 Hz passes from air
into a medium of refractive index 1-5. Find the wavelength of the
light (i) reflected, and (ii) refracted at the interface of the two

media.

OR

(b) A plano-convex lens of focal length 16 cm is made of a material of
refractive index 1.4. Calculate the radius of the curved surface of

the lens.

An object is placed 30 cm in front of a concave mirror of radius of
curvature 40 cm. Find the (i) position of the image formed and

(i1) magnification of the image.

Consider a neutron (mass m) of kinetic energy E and a photon of the

same energy. Let A and }\p be the de Broglie wavelength of neutron and

the wavelength of photon respectively. Obtain an expression for Ay .
p

Plot a graph showing the variation of current with voltage for the

material GaAs. On the graph, mark the region where :
(a)  resistance is negative, and

(b)  Ohm’s law is obeyed.
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SECTION C

22. A cube of side 0-1 m is placed, as shown in the figure, in a region where
- A
electric field E =500xi exists. Here x is in meters and E in NC-1.

Calculate : 3
(a)  the flux passing through the cube, and
(b)  the charge within the cube.

X

W b4

23. (a) Define ‘current density’. Is it a scalar or a vector ? An electric field
%
E is maintained in a metallic conductor. If n be the number of

electrons (mass m, charge —e) per unit volume in the conductor

- —
and 7 its relaxation time, show that the current density j = o E,
2
where o = [ﬁJ T. 3
m
OR

(b)  What is a Wheatstone bridge ? Obtain the necessary conditions
under which the Wheatstone bridge is balanced. 3

24. A proton with kinetic energy 1:3384 x 10714 J moving horizontally from
north to south, enters a uniform magnetic field B of 2:0 mT directed
eastward. Calculate : 3
(a)  the speed of the proton
(b)  the magnitude of acceleration of the proton
(c) the radius of the path traced by the proton
[Take (q/m) for proton = 1-0 x 108 C/kg]
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25. An inductor, a capacitor and a resistor are connected in series with an
ac source v =vp, sin ot. Derive an expression for the average power
dissipated in the circuit. Also obtain the expression for the resonant

frequency of the circuit. 3

26. (a) “The wavelength of the electromagnetic wave is often correlated
with the characteristic size of the system that radiates.” Give two
examples to justify this statement.

(b) @) Long distance radio broadcasts use short-wave bands. Why ?

(i1))  Optical and radio telescopes are built on the ground, but

X-ray astronomy is possible only from satellites orbiting the
Earth. Why ? 3

27. Write the drawbacks of Rutherford’s atomic model. How did Bohr remove

them ? Show that different orbits in Bohr’s atom are not equally spaced. 3

28. (a) State any two properties of a nucleus.
(b)  Why is the density of a nucleus much more than that of an atom ?

(c) Show that the density of the nuclear matter is the same for all
nuclei. 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 lens is a transparent medium bounded by two surfaces, with one or
both surfaces being spherical. The focal length of a lens is determined by
the radii of curvature of its two surfaces and the refractive index of its
medium with respect to that of the surrounding medium. The power of a
lens is reciprocal of its focal length. If a number of lenses are kept in
contact, the power of the combination is the algebraic sum of the powers

of the individual lenses.

11-55/1/1 15 P.T.O.
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(1) A double-convex lens, with each face having same radius of

curvature R, is made of glass of refractive index n. Its power is : 1
2(n-1) (2n —1)

A —_— B

(A) R (B) R
(n—1) (2n -1)

C D

(®)) oR (D) oR

(i1)) A double-convex lens of power P, with each face having same
radius of curvature, is cut into two equal parts perpendicular to its
principal axis. The power of one part of the lens will be : 1

@A) 2P B) P  (C) 4P D =

(i1i) The above two parts are kept in contact with each other as shown
in the figure. The power of the combination will be : 1

\
Ji

(A) 5 (B) P (C) 2P (D)

| g

(iv) (a) A double-convex lens of power P, with each face having same
radius of curvature, is cut along its principal axis. The two
parts are arranged as shown in the figure. The power of the

combination will be : 1
(A) Zero B P
©) 2P D) g

OR

(b)  Two convex lenses of focal lengths 60 cm and 20 cm are held
coaxially in contact with each other. The power of the

combination is : 1
(A) 66D (B) 15D
1 1
C —D D) —D
©) T (D) 30
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30.
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Junction Diode as a Rectifier :

The process of conversion of an ac voltage into a dc voltage is called
rectification and the device which performs this conversion is called a
rectifier. The characteristics of a p-n junction diode reveal that when a
p-n junction diode is forward biased, it offers a low resistance and when it
is reverse biased, it offers a high resistance. Hence, a p-n junction diode
conducts only when it is forward biased. This property of a p-n junction
diode makes it suitable for its use as a rectifier.

Thus, when an ac voltage is applied across a p-n junction, it conducts
only during those alternate half cycles for which it is forward biased. A
rectifier which rectifies only half cycle of an ac voltage is called a
half-wave rectifier and one that rectifies both the half cycles is known as
a full-wave rectifier.

(1) The root mean square value of an alternating voltage applied to a

\Y
full-wave rectifier is Tg Then the root mean square value of the

rectified output voltage is :

@a 2 (B) 0
\/E \/§
2V, v

c =9 D) -

RN N

(i1)  In a full-wave rectifier, the current in each of the diodes flows for :
(A)  Complete cycle of the input signal
(B)  Half cycle of the input signal
(C)  Less than half cycle of the input signal
(D)  Only for the positive half cycle of the input signal

(111) In a full-wave rectifier :
(A) Both diodes are forward biased at the same time.
(B) Both diodes are reverse biased at the same time.

(C)  One is forward biased and the other is reverse biased at the
same time.

(D) Both are forward biased in the first half of the cycle and
reverse biased in the second half of the cycle.



(iv) (%) Topsll 1d-au fgseshill W 50 Hz 3T 6l i TAmEd! aleed]
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IV oh1 TS & | a1 Ta <t IR g :

(A) 100 Hz (B) 50 Hz
(C) 25Hz (D) 150 Hz
CREI

M@ T T AR S5 fmadt fhelt p-n TfY SRITE W AT
o T B | wicie Ry, o Rl W i i qg=m il

+5V o—> o
Ry,

-5V

] ﬂ
(A)
(B) -10 VU

(©) —5VU
+5Vﬂ
(D)
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(iv) (a) An alternating voltage of frequency of 50 Hz is applied to a
half-wave rectifier. Then the ripple frequency of the output

will be : 1
(A) 100 Hz (B) 50 Hz
(C) 25Hz (D) 150 Hz
OR
(b) A signal, as shown in the figure, is applied to a p-n junction
diode. Identify the output across resistance Ry, : 1
+5V o—> o
S R Ry
_5V © °

) ﬂ
(A)
B) -10 VU

(C) —5VU
+5Vﬂ
(D)

11-55/1/1 21 P.T.O.
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1)

(i1)

(1)

(i1)

(1)

(i1)
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31. (a)

(b)

32. (a)
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(1)

(i1)

(1)

(i1)

(1)

(i1)

SECTION E

Derive an expression for potential energy of an electric

%
dipole E) in an external uniform electric field E. When is

the potential energy of the dipole (1) maximum, and

(2) minimum ?

An electric dipole consists of point charges — 1:0 pC and
+ 1:0 pC located at (0, 0) and (3 mm, 4 mm) respectively in

: 2 1000 V\~ . .
x —y plane. An electric field E = 1 is switched on

m

%
in the region. Find the torque t acting on the dipole.

OR

N
An electric dipole (dipole moment ﬁ) = p1i), consisting of

charges — q and q, separated by distance 2a, is placed along
the x-axis, with its centre at the origin. Show that the

potential V, due to this dipole, at a point x, (x >> a) is equal

—> A
to 1 . p-1
4me x2

0

Two isolated metallic spheres S; and S, of radii 1 cm and

3 cm respectively are charged such that both have the same

charge density (g X 10_9) C/m?. They are placed far away
T

from each other and connected by a thin wire. Calculate the
new charge on sphere S;.

A resistor and a capacitor are connected in series to an ac
source v = v sin wt. Derive an expression for the impedance

of the circuit.

When does an inductor act as a conductor in a circuit ? Give

reason for it.

23 P.T.O.
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(iii)

(1)

(i1)

(iii)

1)

(i1)

foreht faga oima it SAfYRedmT 110 V de 3R 11 A fof[@ 9w
T o T <l T8 B | I 37 7 i 220 V, 50 Hz & ac &id
o ool 7 fopelt pugeht o A1 SeIfera foham Sram 8, df pugett
Tehed HTd <hIRT |

AT

fort 3=l TTEwIER &1 TMIRd M@ Wit IGh HRIBR]
fagma =1 avia Hifse | e arafas Tasi @ 2R a9t S
BT & Tehgl di9 ShRUT shl AT ShioTY |

i3 IRl T fhet f aieedt o1 3= dieear # ufafda
AT & | R T8 Holl TV R 1 Ioddod Hdl 8 ? RSN

I |

foret IRl g i erfies 3R fgdiaes Pusferi o wi i
TE&T AN 200 3R 3000 & | WUfEs Fusct & ¢ T FHewm
dieedl 90 V& | aiehfetd i

(1) oo pueeht & i W fola dieear

2) g fgdfores Fueelt o amr 2.0 A B, @ wufies Fuseft
Sl

Shis Tehrar fohtor fopelt PISITepR 5w & ot 8 | STTUad whiv
1 e Iv1 forg YehR fo=mor shtar 8 2 UT% g1 <9Iist | 3Ad:
~JaH fer=e shiv aRATNG iU |

s Thrw fortor fism o A & el fiisT & wh 319ades was
R AN U Hieh vl § W fo=fera gt & | fag i
fip frem % et %7 aTgadE no S AT 5

sin A
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(b)

33. (a)
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(ii)

(1)

(i1)

(iii)

(1)

(i1)

An electric lamp is designed to operate at 110 V dc and
11 A current. If the lamp is operated on 220V, 50 Hz
ac source with a coil in series, then find the inductance of

the coil.

OR

Draw a labelled diagram of a step-up transformer and
describe its working principle. Explain any three causes for

energy losses in a real transformer.

A step-up transformer converts a low voltage into high
voltage. Does it violate the principle of conservation of

energy ? Explain.

A step-up transformer has 200 and 3000 turns in its
primary and secondary coils respectively. The input voltage

given to the primary coil is 90 V. Calculate :
(1)  The output voltage across the secondary coil

(2)  The current in the primary coil if the current in the

secondary coil is 2-:0 A.

A ray of light passes through a triangular prism. Show
graphically, how the angle of deviation varies with the angle

of incidence ? Hence define the angle of minimum deviation.

A ray of light is incident normally on a refracting face of a
prism of prism angle A and suffers a deviation of angle 9.

Prove that the refractive index n of the material of the prism
sin (A + d)

1S given by n =
g y sin A

25 P.T.O.
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(iii)

(1)

(i1)

(iii)

forel fsH & dard o1 Suadaie V2 2 | Ife fsw o sgede
I 60° 7, o 1A HINT

(1) | o= o, qe

(2) 39 I |

AT

BFH H faga faRan | g a9aa @ et adi 958
IV | T YA B 8 | TEIEH! qUETcid aUTm sl T&ET i |
Y 3TRW 1 IFANT hish, g hHIFNT foh Tarda iUl 3T hivl
% SR BT & |

YhTN o hAl-Hdg Gld I BId 3 2 1 ¢ Wdd Hifedd
FHAT-Heg Gid & T § H H ohd & ? AT iU |

a1 @ Tgfer v o fopelt wohrwr 49t g, oed @ auiee, w
A qUIGES 520 nm ! qUT g@l 3@ qUIGES A I 8, & WH
ifaeRtor e 3cad a7, T 31ema adte=d it Tqd e T
F1a qiTeed St g=m e b % TuTdt g | A 1 HH HId IR |
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(iii)

(1)

(i1)

(iii)

The refractive index of the material of a prism is /2. If the
refracting angle of the prism is 60°, find the

(1)  Angle of minimum deviation, and
(2)  Angle of incidence.
OR

State Huygens’ principle. A plane wave is incident at an
angle i on a reflecting surface. Construct the corresponding
reflected wavefront. Using this diagram, prove that the

angle of reflection is equal to the angle of incidence.

What are the coherent sources of light ? Can two
independent sodium lamps act like coherent sources ?

Explain.

A beam of light consisting of a known wavelength 520 nm
and an unknown wavelength A, used in Young’s double slit
experiment produces two interference patterns such that the
fourth bright fringe of unknown wavelength coincides with
the fifth bright fringe of known wavelength. Find the value
of A.
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General Instructions :

Read the following instructions carefully and follow them :

(i)
(ii)
(i1i)
(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=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Ug = 4m X 107" Tm AL
gp = 8854 x 10712 C? N1 m~2

1

4
me,

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

=9x 109 Nm?2C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-:673 X 1027 kg
Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK!

11-55/1/2 3 P.T.O.
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SECTION A

1. A thin plastic rod is bent into a circular ring of radius R. It is uniformly
charged with charge density A. The magnitude of the electric field at its
centre is :

A A A
A B Z C D
(&) 26,R (B) Zero © 4ne R D) R
2. A charged sphere of radius r has surface charge density . The electric

field on its surface is E. If the radius of the sphere is doubled, keeping
charge density the same, the ratio of the electric field on the old sphere to
that on the new sphere will be :

1 1
A 1 (B) 5 C) — (D) 4
3. A student is asked to connect four cells, each of emf E and internal

resistance r, in series. But she/he connects one cell wrongly in series with
the other cells. The equivalent emf and the equivalent internal resistance
of the combination will be :

(A) 4E and 2r (B) 4E and 3r
(C) 3E and4r (D) 2E and 4r
4., A piece of wire bent in the form of a circular loop A carries a current I.

The wire is then bent into a circular loop B of two turns and carries the
same current. The ratio of magnetic fields at the centre of loop A to that

of loop B will be :
1
A — B) 16
(A) T (B)
1
C) 4 (D) —
5. A 10 cm long wire lies along y-axis. It carries a current of 1.0 A in

—> A A
positive y-direction. A magnetic field B = (6 mT)j — (8 mT)k exists in

the region. The force on the wire is :
@  (©8mN)i B - O8mN)i
© (80 mN)i D) - (B0 mN)
11-55/1/2 5 P.T.O.
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11.

11-55/1/2 7 P.T.O.

A galvanometer of resistance G Q is converted into an ammeter of range
0 to I A. If the current through the galvanometer is 0-1% of I A, the
resistance of the ammeter is :

(A) G G 0 G

& G ©) G
999 1000

Q (D) — Q

B -
®) 1001 1001

A conducting circular loop is placed in a uniform magnetic field
B = 50 mT with its plane perpendicular to the magnetic field. The radius
of the loop is made to shrink at a constant rate of 1 mm sl At the
instant the radius of the loop is 4 cm, the induced emf in the loop is :

(A) muv (B) 2muVv

(C) 4mnuV (D) 8muVv

The electric and magnetic fields of electromagnetic waves are :
(A) In the same phase and perpendicular to each other.

(B) In the same phase and not perpendicular to each other.

(C) Not in the same phase but are perpendicular to each other.

(D)  Neither in the same phase nor perpendicular to each other.

Two beams, A and B whose photon energies are 3-3 eV and 11-3 eV
respectively, illuminate a metallic surface (work function 2:3 eV)
successively. The ratio of maximum speed of electrons emitted due to
beam A to that due to beam B is :

1 1

A 3 B 9 (C) (D)
The waves associated with a moving electron and a moving proton have
the same wavelength A. It implies that they have the same :

(A) momentum (B) angular momentum

(C)  speed (D) energy

Ge is doped with As. Due to doping,

(A)  the structure of Ge lattice is distorted.

(B)  the number of conduction electrons increases.
(C)  the number of holes increases.

(D)  the number of conduction electrons decreases.
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12. The transition of electron that gives rise to the formation of the second
spectral line of the Balmer series in the spectrum of hydrogen atom
corresponds to :

(A) n;=2 and n;=3 (B) ng=3 and n;=4
(C) ng=2 and n;=4 (D) ng=2 and n;=-oo

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) Assertion (A) is false and Reason (R) is also false.

13. Assertion (A) : Plane and convex mirrors cannot produce real images
under any circumstance.

Reason (R): A virtual image cannot serve as an object to produce a
real image.

14. Assertion (A) : Two long parallel wires, freely suspended and connected
in series to a battery, move apart.

Reason (R): Two wires carrying current in opposite directions repel
each other.

15. Assertion (A) : In photoelectric effect, the kinetic energy of the emitted
photoelectrons increases with increase in the intensity of
the incident light.

Reason (R):  Photoelectric current depends on the wavelength of the
incident light.
16. Assertion (A) : The mutual inductance between two coils is maximum

when the coils are wound on each other.

Reason (R): The flux linkage between two coils is maximum when
they are wound on each other.
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SECTION B

17. Two batteries of emfs 6 V and 3 V and internal resistances 0-8 Q and
0-2 Q respectively are connected in series to an external resistance R, as
shown in figure. Find the value of R so that the potential difference

across the 6 V battery be zero.

6V 3V
+||_ +Il_
I’ I’
———AMAW———
R

18. Consider a neutron (mass m) of kinetic energy E and a photon of the
same energy. Let A and }\p be the de Broglie wavelength of neutron and

the wavelength of photon respectively. Obtain an expression for M .
p

19. (a) Monochromatic light of frequency 5-0 x 10! Hz passes from air
into a medium of refractive index 1-5. Find the wavelength of the
light (i) reflected, and (ii) refracted at the interface of the two
media.

OR
(b) A plano-convex lens of focal length 16 cm is made of a material of
refractive index 1-4. Calculate the radius of the curved surface of

the lens.

20. An object is placed 30 cm in front of a concave mirror of radius of
curvature 40 cm. Find the (i) position of the image formed and

(i1) magnification of the image.

21. How does the conductivity of an intrinsic semiconductor vary with

temperature ? Explain. Show the variation in a plot.

2

11-55/1/2 11 P.T.O.



Qs T

22. H fomg AN Qp, Q T Qg, x — y T H A fog3l (- d, 0), (0, 0) AR
(d, 0) W ferd & | Qq 3T Qg HHEY & qAT Qq THICHS 7 | MW Qq ! Tepfd
3R A &1 &l dlieh 34 AT o e ohl fedfast 1l 3 & 2

23. (F) ‘gm0 g i IRWTNG HINC | =1 Ig Afgw 7 A1 Afgw ? fopelt a1q &
ATt | his Taed-ad TE) ST TGT T & | Ifc 39 =T & Iid Tehish
AAT U SAFHl (G m, AEW —e) I TG n g aAAl
3qeh1 fasnf=r e ¢ B, @1 I8 <wis¢ fh 9 = ?:aﬁ%,aﬁ

2
o= (%Jr% |

AAAT

(@) =feed uq fopd ®ad & ? SICH Hg o Gge o [og ATEvdeh I
T HITT |

24, U B Freh 1 rachid MO 25 JT-1 8 | I8 forefl 032 T & wohedM
rehid & <l fen # wifgd @ |

(%) e Bl AW A foran T HE AT HITTT IR Rk et i () &
&1 o & rfrerrsre, e (i) & 1 feen & faudia @ifea fon S

(@) ITH TR (i) AN (i) § Freeh T TA-3TEO] o1 § ?
25. 3@ H S TS g FUSfe™i P 3R Q & Fae W fo=m Hifsw | 519 Fuseft P
4 feom = @ietd a1 ¢ A &,  Fusell Q ' ft ey yanfzd 7t 2 |
(%) zuw ffga aftgen i = Fifvu |
(@) 37 Tl Hehi I Ieci@ hIT 1 W Fusel! Q H Icqa gy Mt et & |

()  FSeht Q § °wI i fewn 1 Ioorg HIT S1a Fueelt P H 9T Yartga &l
Tl 8 A1 (i) R¥ gfg Bl 8, AT (ii) R ¥ 1 Il & |

B %

11-55/1/2 12

—_
4

>~



22.

23.

24.

25.

SECTION C

Three point charges Q;, Qo and Q3 are located in x — y plane at points
(—d, 0), (0, 0) and (d, 0) respectively. Q; and Qg are identical and Qg is
positive. What will be the nature and value of Q; so that the potential

energy of the system is zero ?

(a)

(b)

Define ‘current density’. Is it a scalar or a vector ? An electric field
%
E is maintained in a metallic conductor. If n be the number of

electrons (mass m, charge —e) per unit volume in the conductor
and t its relaxation time, show that the current density

> > 2
j =o E, where o = [ﬁ]r.
m

OR
What is a Wheatstone bridge ? Obtain the necessary conditions
under which the Wheatstone bridge is balanced.

A bar magnet of magnetic moment 2-5 JT7! lies aligned with the
direction of a uniform magnetic field of 0-32 T.

(a)

(b)

Find the amount of work done to turn the magnet so as to align its
magnetic moment (i) normal to the field direction, and (ii) opposite
to the field direction.

What is the torque on the magnet in above cases (i) and (ii) ?

Consider the arrangement of two coils P and Q shown in the figure. When
current in coil P is switched on or switched off, a current flows in coil Q.

(a)
(b)

(c)

11-55/1/2

Explain the phenomenon involved in it.

Mention two factors on which the current produced in coil Q
depends.

Give the direction of current in coil Q when there is a current in
the coil P and (i) R is increased, and (ii) R is decreased.

P Q
.

@a

—_
g

|t
+1'—

~
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26. Write the drawbacks of Rutherford’s atomic model. How did Bohr remove

them ? Show that different orbits in Bohr’s atom are not equally spaced. 3

27. (a) “The wavelength of the electromagnetic wave is often correlated
with the characteristic size of the system that radiates.” Give two
examples to justify this statement.

(b) @A) Long distance radio broadcasts use short-wave bands. Why ?

(ii)  Optical and radio telescopes are built on the ground, but

X-ray astronomy is possible only from satellites orbiting the
Earth. Why ? 3

28. (a) Write two characteristic properties of nuclear force.

(b)  Draw a plot of potential energy of a pair of nucleons as a function
of their separation. Write two important conclusions that can be
drawn from the plot. 3

SECTION D

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

29. Junction Diode as a Rectifier :

The process of conversion of an ac voltage into a dc voltage is called
rectification and the device which performs this conversion is called a
rectifier. The characteristics of a p-n junction diode reveal that when a
p-n junction diode is forward biased, it offers a low resistance and when it
is reverse biased, it offers a high resistance. Hence, a p-n junction diode
conducts only when it is forward biased. This property of a p-n junction
diode makes it suitable for its use as a rectifier.

Thus, when an ac voltage is applied across a p-n junction, it conducts
only during those alternate half cycles for which it is forward biased. A
rectifier which rectifies only half cycle of an ac voltage is called a
half-wave rectifier and one that rectifies both the half cycles is known as
a full-wave rectifier.

11-55/1/2 15 P.T.O.
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1)

(i1)

(iii)

(iv)

11-55/1/2

The root mean square value of an alternating voltage applied to a

A

full-wave rectifier is R Then the root mean square value of the

rectified output voltage is :

(A) 0 (B) (?
'\/E \/§
2 VO 0

c 20 D) O

© V2 o) 2+/2

In a full-wave rectifier, the current in each of the diodes flows for :

(A)  Complete cycle of the input signal

(B)  Half cycle of the input signal

(C)  Less than half cycle of the input signal

(D)  Only for the positive half cycle of the input signal

In a full-wave rectifier :
(A) Both diodes are forward biased at the same time.

(B) Both diodes are reverse biased at the same time.

(C)  One is forward biased and the other is reverse biased at the

same time.

(D) Both are forward biased in the first half of the cycle and

reverse biased in the second half of the cycle.

(a)  An alternating voltage of frequency of 50 Hz is applied to a

half-wave rectifier. Then the ripple frequency of the output

will be :

(A) 100 Hz (B) 50 Hz

(C) 25 Hz (D) 150 Hz
OR

17
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(b) A signal, as shown in the figure, is applied to a p-n junction

diode. Identify the output across resistance Ry, : 1
N
+5V o L O
S N Ry
o, O
-5V

) ﬂ
(A)
B) -10 VU

(C) -5

L
-

(D)

30. A lens is a transparent medium bounded by two surfaces, with one or
both surfaces being spherical. The focal length of a lens is determined by
the radii of curvature of its two surfaces and the refractive index of its
medium with respect to that of the surrounding medium. The power of a
lens is reciprocal of its focal length. If a number of lenses are kept in
contact, the power of the combination is the algebraic sum of the powers

of the individual lenses.
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(1) A double-convex lens, with each face having same radius of

curvature R, is made of glass of refractive index n. Its power is : 1
2(n-1) (2n -1)
A —_— B
(A) R (B) R
©) (n-1) D) (2n-1)
2R 2R

(ii1) A double-convex lens of power P, with each face having same
radius of curvature, is cut into two equal parts perpendicular to its

principal axis. The power of one part of the lens will be : 1

@A) 2P B) P  (C) 4P D) g

(iii) The above two parts are kept in contact with each other as shown

in the figure. The power of the combination will be : 1

\
)\

P p
(A) 2 (B) P (C) 2P (D) 1

(iv) (a) A double-convex lens of power P, with each face having same

radius of curvature, is cut along its principal axis. The two
parts are arranged as shown in the figure. The power of the

combination will be : 1
(A) Zero B P
(C) 2P (D) g

OR

(b)  Two convex lenses of focal lengths 60 cm and 20 cm are held
coaxially in contact with each other. The power of the

combination is : 1
(A) 66D (B) 15D
1 1
C —D D —D
© 15 (D) 80
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1)

(i1)

(ii)
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31. (a)

(b)

11-55/1/2

(1)

(i1)

(iii)

(1)

(i1)

(iii)

SECTION E

A ray of light passes through a triangular prism. Show
graphically, how the angle of deviation varies with the angle

of incidence ? Hence define the angle of minimum deviation.

A ray of light is incident normally on a refracting face of a
prism of prism angle A and suffers a deviation of angle 9.

Prove that the refractive index n of the material of the prism
sin (A + 9)

is given by n =
1S 8t Y sin A
The refractive index of the material of a prism is /2. If the

refracting angle of the prism is 60°, find the
(1)  Angle of minimum deviation, and
(2)  Angle of incidence.

OR

State Huygens’ principle. A plane wave is incident at an
angle i on a reflecting surface. Construct the corresponding
reflected wavefront. Using this diagram, prove that the

angle of reflection is equal to the angle of incidence.

What are the coherent sources of light ? Can two
independent sodium lamps act like coherent sources ?

Explain.

A beam of light consisting of a known wavelength 520 nm
and an unknown wavelength A, used in Young’s double slit
experiment produces two interference patterns such that the
fourth bright fringe of unknown wavelength coincides with
the fifth bright fringe of known wavelength. Find the value
of A.

5
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32. (a)

(b)

33. (a)

11-55/1/2

(1)

(i1)

1)

(i1)

(1)

(ii)

Derive an expression for potential energy of an electric

9
dipole E) in an external uniform electric field E . When is

the potential energy of the dipole (1) maximum, and

(2) minimum ?

An electric dipole consists of point charges — 1:0 pC and

+ 1:0 pC located at (0, 0) and (3 mm, 4 mm) respectively in
2 (1000 V) A

x —y plane. An electric field E = 1 is switched on
m

in the region. Find the torque t acting on the dipole.

OR

A
An electric dipole (dipole moment 5) = p1i), consisting of

charges — q and q separated by distance 2a, is placed along
the x-axis, with its centre at the origin. Show that the

potential V, due to this dipole, at a point x, (x >> a) is equal

—> A
1:01.E
4me x2

0

Two isolated metallic spheres S; and S, of radii 1 cm and

3 cm respectively are charged such that both have the same

charge density (Z x 10_9) C/m?2. They are placed far away
T

from each other and connected by a thin wire. Calculate the
new charge on sphere S;.

A resistor and a capacitor are connected in series to an ac
source v = v sin wt. Derive an expression for the impedance

of the circuit.

When does an inductor act as a conductor in a circuit ? Give
reason for it.
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(iii)

(1)

(i1)

(iii)
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(b)

11-55/1/2

(ii)

(1)

(i1)

(iii)

An electric lamp is designed to operate at 110 V dc and
11 A current. If the lamp is operated on 220V, 50 Hz
ac source with a coil in series, then find the inductance of

the coil.

OR

Draw a labelled diagram of a step-up transformer and
describe its working principle. Explain any three causes for

energy losses in a real transformer.

A step-up transformer converts a low voltage into high
voltage. Does it violate the principle of conservation of

energy ? Explain.

A step-up transformer has 200 and 3000 turns in its
primary and secondary coils respectively. The input voltage

given to the primary coil is 90 V. Calculate :
(1)  The output voltage across the secondary coil

(2)  The current in the primary coil if the current in the

secondary coil is 2-:0 A.
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c=3x108 m/s

h =663 x 10734 Js

e=16x10"12C

Wo = 47 x 10" Tm AL

gy = 8854 x 10712 C2 N1 m2

1

471:80

ST T GoIHM (my) = 9-1 x 10731 kg

=9x 109 Nm?2 C2

=g I GoI9H = 1-675 x 10727 kg
TIei 1 geaHH = 1-673 x 10727 kg
TG AT = 6023 x 1023 ufa 7 dia

Sleea M Hadmeh = 1-38 x 10723 JK1
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General Instructions :

Read the following instructions carefully and follow them :

(i)
(ii)
(i1i)
(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=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Ug = 4m X 107" Tm AL
gp = 8854 x 10712 C? N1 m~2

1

4
me,

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

=9x 109 Nm?2C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-:673 X 1027 kg
Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK!
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SECTION A

1. A thin plastic rod is bent into a circular ring of radius R. It is uniformly
charged with charge density A. The magnitude of the electric field at its
centre is :

A A A
A B Zero C D
& 2e4R ® © 4ne)R ) 4g9R

2, Three small charged spheres X, Y and Z carrying charges + q, — q and + q
respectively are placed equidistant from each other, as shown in the
figure. The spheres Y and Z are held in place. Initially X is also held in
place, but is otherwise free to move. When X is released, the path
followed by it will be :

X
A‘__—_:::._\_\ _____ +C
B* R
\
D
o o
Y Z
A A (B) B C) C (D) D
3. In a uniform straight wire, conduction electrons move along + x direction.

— -
Let E and j be the electric field and current density in the wire,

respectively. Then :

- -
(A) E and j both are along + x direction.
- -
(B) E and j both are along — x direction.
- —
(C) E is along + x direction, but j is along — x direction.
- —

(D) E is along — x direction, but j is along + x direction.

4., Two charged particles, P and Q, each having charge q but of masses m;

and my, are accelerated through the same potential difference V. They

%
enter a region of magnetic field B (L v ) and describe the circular paths

of radii a and b respectively. Then (EJ is equal to :
my
2 2
b
@ 2 B) 2 (©) (3) (D) (9)
b a b a

11-55/1/3 5 P.T.O.
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10.
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A galvanometer of resistance G Q is converted into an ammeter of range
0 to I A. If the current through the galvanometer is 0-1% of I A, the
resistance of the ammeter is :

(A) G G 0 G

& G ©) G
999 1000

Q (D) — Q

B -
®) 1001 1001

A 10 cm long wire lies along y-axis. It carries a current of 1.0 A in

- A
positive y-direction. A magnetic field B =(56 mT)j — (8 mT)lli\ exists in

the region. The force on the wire is :
JAN N
(A (0-:8mN)i (B) - (0-:8mN)i

(©) (80 mN)i D) — (80 mN)i

The primary and secondary coils of a transformer have 500 turns and
5000 turns respectively. The primary coil is connected to an ac source of
220 V — 50 Hz. The output across the secondary coil is :

(A) 220V -50Hz (B) 1100 V-50 Hz

(C) 2200V -5Hz (D) 2200 V-50Hz

The first scientist who produced and observed electromagnetic waves of
wavelengths in the range 25 mm — 5 mm was :

(A) J.C. Maxwell (B) H.R. Hertz

(C) J.C. Bose (D) G. Marconi

The waves associated with a moving electron and a moving proton have
the same wavelength A. It implies that they have the same :

(A) momentum (B) angular momentum

(C)  speed (D) energy

Two beams, A and B whose photon energies are 3-3 eV and 11-:3 eV
respectively, illuminate a metallic surface (work function 2:3 eV)
successively. The ratio of maximum speed of electrons emitted due to
beam A to that due to beam B is :

@) 3 B) 9 ©) o 1

1
3
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11. The transition of electron that gives rise to the formation of the second

spectral line of the Balmer series in the spectrum of hydrogen atom

corresponds to :

(A)
(C)

ng=2 and n;=3 (B) ng=3 and n;=4
ne=2 and n; =4 (D) np=2 and nj=-

12. Ge is doped with As. Due to doping,

(A)
(B)
(C)
(D)

the structure of Ge lattice is distorted.
the number of conduction electrons increases.
the number of holes increases.

the number of conduction electrons decreases.

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)

(B)

(C)
(D)

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

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

Assertion (A) is true, but Reason (R) is false.

Assertion (A) is false and Reason (R) is also false.

13. Assertion (A) : Two long parallel wires, freely suspended and connected

in series to a battery, move apart.

Reason (R): Two wires carrying current in opposite directions repel

each other.

14. Assertion (A) : Plane and convex mirrors cannot produce real images

under any circumstance.

Reason (R): A virtual image cannot serve as an object to produce a

11-55/1/3

real image.
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15.

16.

17.

18.

19.

20.

21.
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15.

16.

17.

18.

19.

20.

21.

Assertion (A) : The mutual inductance between two coils is maximum
when the coils are wound on each other.

Reason (R): The flux linkage between two coils is maximum when
they are wound on each other.

Assertion (A) : In photoelectric effect, the kinetic energy of the emitted
photoelectrons increases with increase in the intensity of
the incident light.

Reason (R):  Photoelectric current depends on the wavelength of the
incident light.

SECTION B

A uniform wire of length L and area of cross-section A has resistance R.
The wire is uniformly stretched so that its length increases by 25%.
Calculate the percentage increase in the resistance of the wire.

An object is placed 30 cm in front of a concave mirror of radius of
curvature 40 cm. Find the (i) position of the image formed and
(i1) magnification of the image.

Consider a neutron (mass m) of kinetic energy E and a photon of the
same energy. Let A and )\p be the de Broglie wavelength of neutron and

the wavelength of photon respectively. Obtain an expression for Ay .
p

(a)  Monochromatic light of frequency 5-0 x 10 Hz passes from air
into a medium of refractive index 1-5. Find the wavelength of the
light (i) reflected, and (ii) refracted at the interface of the two
media.

OR

(b) A plano-convex lens of focal length 16 cm is made of a material of
refractive index 1.-4. Calculate the radius of the curved surface of
the lens.

Differentiate between ‘diffusion current’ and ‘drift current’. Explain their
role in the formation of p-n junction.

2

11-55/1/3 11 P.T.O.
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22,

23.

24.

25.

SECTION C

An air-filled parallel plate capacitor with plate separation 1 mm has a
capacitance of 20 pF. It is charged to 4-0 uC. Calculate the amount of
work done to pull its plates to a separation of 5 mm. Assume the charge
on the plates remains the same.

(a)  Define current density. Is it a scalar or a vector ? An electric field
9
E is maintained in a metallic conductor. If n be the number of

electrons (mass m, charge —e) per unit volume in the conductor
and 71 its relaxation time, show that the current density

— — 2
j =o E, where o = [ﬂ}c.
m

OR
(b)  What is a Wheatstone bridge ? Obtain the necessary conditions
under which the Wheatstone bridge is balanced.

2

A circular coil with cross-sectional area 0-2 cm“ carries a current of 4 A.

It is kept in a uniform magnetic field of magnitude 0-5 T normal to the
plane of the coil. Calculate :

(a) the net force on the coil.
(b)  the torque on the coil.

(c) the average force on each electron in the coil due to the
magnetic field. The free electron density in the material of the coil

is 1028 m=3.

(a) Draw the graphs showing the variation of the following with the
frequency of ac source in a circuit :

(1) Resistance
(i1)  Capacitive reactance

(111) Inductive reactance

(b)  Can the voltage drop across the inductor or the capacitor in a
series LCR circuit be greater than the applied voltage of the ac
source ? Justify your answer.

3
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26. (a) State any two properties of a nucleus.
(b)  Why is the density of a nucleus much more than that of an atom ?

(c) Show that the density of the nuclear matter is the same for all

nuclei. 3

27. State the three postulates of Bohr’s theory of hydrogen atom.
A hydrogen atom de-excites from level n to level (n — 1). Show that,
according to Bohr’s theory, the frequency of radiation emitted v = %, for
large values of n, where a is a constant. This result exactly agreerzls with
that obtained from classical physics — one of the successes of Bohr’s

theory. 3

28. (a) “The wavelength of the electromagnetic wave is often correlated
with the characteristic size of the system that radiates.” Give two
examples to justify this statement.

(b) @) Long distance radio broadcasts use short-wave bands. Why ?

(ii))  Optical and radio telescopes are built on the ground, but
X-ray astronomy is possible only from satellites orbiting the
Earth. Why ? 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 lens is a transparent medium bounded by two surfaces, with one or
both surfaces being spherical. The focal length of a lens is determined by
the radii of curvature of its two surfaces and the refractive index of its
medium with respect to that of the surrounding medium. The power of a
lens is reciprocal of its focal length. If a number of lenses are kept in
contact, the power of the combination is the algebraic sum of the powers

of the individual lenses.

11-55/1/3 15 P.T.O.
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\
)\

P P
o B P (C) 2P (D) 1

(A)

iv) (%) &mar P& el 3vaa o, e gl warent 61 ashar B
IO 8, I 34 G&T AW o 3T ¢ YN § HIHL g1 Wl
I NG T T ITER FaeAd T3l T g | 39 FAH hl &Har

FILi
A) T B) P
©) 2P D) g

AT

(@) 60 cm 3 20 cm BIHE g % 3l ITA €l i Th-ga & GFFh
o HH1eIq: W@ T 8 | 39 TN ohl &HAT B ¢

(A) 66D (B) 15D
1 1
() ED (D) %D
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(1) A double-convex lens, with each face having same radius of

curvature R, is made of glass of refractive index n. Its power is : 1
2(n-1) (2n -1)
A —_— B
(A) R (B) R
©) (n-1) D) (2n-1)
2R 2R

(ii) A double-convex lens of power P, with each face having same
radius of curvature, is cut into two equal parts perpendicular to its

principal axis. The power of one part of the lens will be : 1

@A) 2P B) P  (C) 4P D) g

(iii) The above two parts are kept in contact with each other as shown

in the figure. The power of the combination will be : 1

\
)\

P P
(A) 2 (B) P (C) 2P (D) 1

(iv) (a) A double-convex lens of power P, with each face having same

radius of curvature, is cut along its principal axis. The two
parts are arranged as shown in the figure. The power of the

combination will be : 1
(A) Zero B P
©) 2P D) g

OR

(b)  Two convex lenses of focal lengths 60 cm and 20 cm are held
coaxially in contact with each other. The power of the

combination is : 1
(A) 66D B) 15D
1 1
C —D D) —D
(C) T (D) 30
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Junction Diode as a Rectifier :

The process of conversion of an ac voltage into a dc voltage is called
rectification and the device which performs this conversion is called a
rectifier. The characteristics of a p-n junction diode reveal that when a
p-n junction diode is forward biased, it offers a low resistance and when it
is reverse biased, it offers a high resistance. Hence, a p-n junction diode
conducts only when it is forward biased. This property of a p-n junction
diode makes it suitable for its use as a rectifier.

Thus, when an ac voltage is applied across a p-n junction, it conducts
only during those alternate half cycles for which it is forward biased. A
rectifier which rectifies only half cycle of an ac voltage is called a
half-wave rectifier and one that rectifies both the half cycles is known as
a full-wave rectifier.

(1) The root mean square value of an alternating voltage applied to a
\Y
full-wave rectifier is Tg Then the root mean square value of the
rectified output voltage is :
\' V2
@ 2 B) 2
J2 J2
2V, Vo
© =2 D) —=
J2 242

(i1)  In a full-wave rectifier, the current in each of the diodes flows for :
(A)  Complete cycle of the input signal
(B)  Half cycle of the input signal
(C)  Less than half cycle of the input signal
(D)  Only for the positive half cycle of the input signal

(111) In a full-wave rectifier :
(A) Both diodes are forward biased at the same time.
(B) Both diodes are reverse biased at the same time.

(C)  One is forward biased and the other is reverse biased at the
same time.

(D) Both are forward biased in the first half of the cycle and
reverse biased in the second half of the cycle.



(iv) (%) Topsll 1d-au fgseshill W 50 Hz 3T 6l i TAmEd! aleed]

11-55/1/3

I oh1 TS & | a1 Ta <t Ifeh s gef

(A) 100 Hz (B) 50 Hz
(C) 25Hz (D) 150 Hz
CREI

M@ T T AR S5 fmadt fhelt p-n TfY SRITE W AT
o T B | wicie Ry, o Rl W i i qg=m il

+5V o—> o
Ry,

-5V

] ﬂ
(A)
(B) -10 VU

(©) —5VU
+5Vﬂ
(D)
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(iv) (a) An alternating voltage of frequency of 50 Hz is applied to a
half-wave rectifier. Then the ripple frequency of the output

will be : 1
(A) 100 Hz (B) 50 Hz
(C) 25Hz (D) 150 Hz
OR
(b) A signal, as shown in the figure, is applied to a p-n junction

diode. Identify the output across resistance Ry, : 1

+5V O r1\/|‘| O

S N By,
o O
-5V

) ﬂ
(A)
B) -10 VU

(C) —5VU
+5Vﬂ
(D)

11-55/1/3 21 P.T.O.
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31. (a)

(b)

11-55/1/3

(1)

(i1)

(iii)

1)

(i1)

(iii)

SECTION E

A resistor and a capacitor are connected in series to an ac
source v = v sin wt. Derive an expression for the impedance

of the circuit.

When does an inductor act as a conductor in a circuit ? Give

reason for it.

An electric lamp is designed to operate at 110 V dc and
11 A current. If the lamp is operated on 220V, 50 Hz
ac source with a coil in series, then find the inductance of

the coil.

OR

Draw a labelled diagram of a step-up transformer and
describe its working principle. Explain any three causes for

energy losses in a real transformer.

A step-up transformer converts a low voltage into high
voltage. Does it violate the principle of conservation of

energy ? Explain.

A step-up transformer has 200 and 3000 turns in its
primary and secondary coils respectively. The input voltage

given to the primary coil is 90 V. Calculate :
(1)  The output voltage across the secondary coil

(2)  The current in the primary coil if the current in the

secondary coil is 2-0 A.
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(i1)

1)

(i1)

1)

(i1)
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32. (a)

(b)

33. (a)
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(1)

(i1)

(1)

(i1)

(1)

(i1)

Derive an expression for potential energy of an electric

9
dipole E) in an external uniform electric field E . When is

the potential energy of the dipole (1) maximum, and

(2) minimum ?

An electric dipole consists of point charges — 1:0 pC and
+ 1:0 pC located at (0, 0) and (3 mm, 4 mm) respectively in

: 2 1000 V& . :
x —y plane. An electric field E = 1 is switched on

m

in the region. Find the torque t acting on the dipole.

OR

A
An electric dipole (dipole moment ﬁ) = p1i), consisting of

charges — q and q, separated by distance 2a, is placed along
the x-axis, with its centre at the origin. Show that the

potential V, due to this dipole, at a point x, (x >> a) is equal

S A
to 1 . P.-1
471:80 X2

Two isolated metallic spheres S; and S, of radii 1 cm and

3 cm respectively are charged such that both have the same

charge density (g X 10_9) C/m?2. They are placed far away
T

from each other and connected by a thin wire. Calculate the
new charge on sphere S;.

A ray of light passes through a triangular prism. Show
graphically, how the angle of deviation varies with the angle
of incidence ? Hence define the angle of minimum deviation.

A ray of light is incident normally on a refracting face of a
prism of prism angle A and suffers a deviation of angle 9.

Prove that the refractive index n of the material of the prism
sin (A + 9)

is given by n =
g Y sin A
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(iii)

(1)

(i1)

(iii)

forel fsH & dard o1 Suadaie V2 2 | Ife fsw o sgede
I 60° 7, o 1A HINT

(1) | foa=re o, q

(2) 39 I |

AT

BFH H faga faRan | g a9aa @ et adi 958
IV | T YA B 8 | TEIEH! qUETcid aUTm sl T&ET i |
Y 3TRW 1 IFANT hish, g hHIFNT foh Tards iUl 3T hivl
% SR BT & |

YhTN o hAl-Hdg Gld I BId 3 2 1 ¢ Wdd Hifedd
FHAT-Heg Gid & T § H H ohd & ? AT iU |

a1 @ Tgfer v o fopelt wohrwr 49t g, oed @ auiee, w
A qUIGES 520 nm ! qUT g@l 3@ qUIGES A I 8, & WH
ifaeRtor e 3cad a7, T 31ema adte=d it Tqd e T
F1a qiTeed St g=m e b % TuTdt g | A 1 HH HId IR |
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(b)

11-55/1/3

(iii)

(1)

(i1)

(iii)

The refractive index of the material of a prism is /2. If the
refracting angle of the prism is 60°, find the

(1)  Angle of minimum deviation, and
(2)  Angle of incidence.
OR

State Huygens’ principle. A plane wave is incident at an
angle i on a reflecting surface. Construct the corresponding
reflected wavefront. Using this diagram, prove that the

angle of reflection is equal to the angle of incidence.

What are the coherent sources of light ? Can two
independent sodium lamps act like coherent sources ?

Explain.

A beam of light consisting of a known wavelength 520 nm
and an unknown wavelength A, used in Young’s double slit
experiment produces two interference patterns such that the
fourth bright fringe of unknown wavelength coincides with
the fifth bright fringe of known wavelength. Find the value
of A.
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 35 questions. All questions are compulsory.
(it)  This question paper is divided into five Sections - A, B, C, D and E.

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viit) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x10%m/s
h =663 x 10734 Js
e=16x10"1C
Wy = 47 x 107" Tm AL
gg = 8854 x 10712 C2 N1 m~2

1

4
me

=9x10° N m?2 C2

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

Mass of neutron = 1-675 x 10727 kg

Mass of proton = 1-673 x 1027 kg

023

Avogadro’s number = 6-:023 x 10“° per gram mole

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

1. A point charge situated at_) a distance ‘r’ from a short electric dipole on its
axis, experiences a force F . If the distance of the charge is ‘2r’, the force
on the charge will be :

F F F F
a — b) — c) — d —
(a) 16 (b) g (c) 1 (d) 2

2. For a metallic conductor, the correct representation of variation of

resistance R with temperature T is :

R A RA RA RA

@ @ ® o)

1] Q Q [&]

g g = =

3 / 3 3 3

[#2] wm w w

Q Q Q Q

a1 ax ot o e

+—>T T - T T
Temp. Temp. Temp. Temp.
(a) (b) (c) (d)

3. The potential difference across a cell in an open circuit is 8 V. It falls to
4 V when a current of 4 A is drawn from it. The internal resistance of the
cell is :

(a) 4Q (b) 3Q (c) 2Q d 10
4, A steady current flows through a metallic wire whose area of

cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a

function of ‘A’ can be shown by :

Vd vd va 1 vd
K /
A A A A
(a) (b) (c) (d)
5. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.
(d) attracted by the north pole and repelled by the south pole.

55/1/1 Page 5 of 27 P.T.O.



55/1/1

[ 5

-

=
s JATRR HUSH! STEehl AT 8:0 cm & T NTEH 40 W §, 70 HEATeR =™
¥ i@ 22 e iy Qwvs 4 FONT = @ 3-0 x 10-2 T GRATT % R
THEHH &fdel greehi &9 § YU R T 7 | 39 Fusel § UG SAfereRan
a4 s (emf)%:

(a) 012V (b) 015V
(c) 019V d 022V

3@ H forelt SARIAR =Teteh PSRQ 1 gnan T 8 fomd wifomme e PQ =1
gfeig 4’ & a9 PSRQ 1 UieY 3U&oia & | & PQ &1 97 v & T s STl
2l Ui fa.a1. 9 (emf) =1 giwmor F=fefaa § @ forg ot fsft 787 a2 2

X X X X_X X
S I

X

h
>3
e

M

X

—>

X X

X X

X X X X
X X X X

X XX X
X X X X

X X
44—
X X
X X

<
L
.~

XXXTXXX

x@xxxx*‘dxl

X

X X X X X X
< X >

(a) g & (B) b) ()
(¢ gfay (r) @ PQH s

foreft g =1 ety = hi Ufshan |, U 6l dfgehisli & 9 3qd
ﬁ'@ﬁ%ﬁ%

dog 1 dég
@) Ho—g~ b w
dog 1 dog
©  fog S

0

TEl Tdlohi o G 319 & |

®IRE g f” % foRHl stada guul o fog fore 3T 38eh amedfaes gidfers
1= <hl =[Faw gl Bl 2
(a) A (b) f
() 2f (d) 4f
Page 6 of 27




[ 5

-

e
6. A circular coil of radius 8:0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 20 rad s! in a uniform horizontal
T

magnetic field of magnitude 3.0 x 1072 T. The maximum emf induced in

the coil is :
(a) 012V (b) 015V
(c) 0-19V d 022V
7. Figure shows a rectangular conductor PSRQ in which movable arm PQ

has a resistance ‘r’ and resistance of PSRQ is negligible. The magnitude

of emf induced when PQ is moved with a velocity ¥ does not depend on :

®OX ¥ XK OX X NMX X
S L P
X Tx X X X X X |[Xx X M
XIx |IX X X X X [|x X
AN vV 4—
1% I x % X X [[¥ X%
XIxX [[X X X X X |[[x x N
X xR X X X X X J% X
< X >
. g oD
(a) magnetic field (B ) (b)  velocity (v )
(c) resistance (r) (d) length of PQ
8. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
do 1 do
(a) py—= (b) — &
dt Ho dt
do 1 d¢
(c) g)—& @ ——=£
0 4t g, dt
where symbols have their usual meanings.
9. For a concave mirror of focal length ‘f’, the minimum distance between
the object and its real image is :
(a)  zero (b) f
(c) 2f (d)  4f
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]

BISGISH THTY] AT TR fan ofawen | fohefl BiciH i STaeiya hidl &
S 38 n = 5 T G I L <l 3 | 38 BISH ol auTeed 8 :

(a) 975 nm (b) 740 nm

(c) 523 nm (d 95 nm
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2 | i Yfauy & g w fofa dicedr & faw @&t faemes g

V"‘ V A
(a) (b)

N\,

t

\_/
V VA
(c) ]/\ /\ (d)

t'}
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10. The radius of the nt! orbit in Bohr model of hydrogen atom is

proportional to :

@ = b L
n n
() n2 d n

11. Hydrogen atom initially in the ground state, absorbs a photon which

excites it to n = 5 level. The wavelength of the photon is :
(a) 975 nm (b) 740 nm
(c) 523 nm (d 95 nm

12. The mass density of a nucleus of mass number A is :
(a)  proportional to Al/3

(b)  proportional to A?/3

(c) proportional to A3

(d) independent of A

13. An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

V% \Y
(a) (b)
N\, ,
\_/ t
V V A
(c) ]/\ /\ (d)
t)
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n-YhR % Sih HI-SUE JANG H, FeH U8 hl dofl B 3R 3l Sl &R Epy
o o9 =AU sl hI Bl B

(a) 10eV
(b) 1eV
(c) 01eV
(d 001eV

Yo7 &1 16 & 18 3I14%e (A) 3K BRI (R) ¥R & Y97 & | 51 %97 15T T & —
o T @ 7B (A) 9T G ®1 BRI (R) ZRT 37d 1547 7971 8 | T8 I 1
/2% 1 BT (a), (b), (c) 3K (d) T § GFH oY |

16.

55/1/1

(a)  ITYHI (A) 3 SR (R) THT Tal & 3 SR (R), AR (A) hI
g TeAT Rl © |

(b)  SANTHAA (A) 3T HRU (R) THI T&l 8, T BRU (R), AMMHe (A) i
& AT 7T S § |

(c)  ANTH (A) Tl 3, T SR (R) TeAd 7 |
(d) IHI (A) TAd g 99T R (R) Ht Tid 2 |

3fFeT (A) : 9 Topet I i B i fopelt T FrahT & H @1 T &,
ql & QT 39 B o Hd gifed & It @ |

HRU(R): W Toh T T8 ¢ |
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14. When an intrinsic semiconductor is doped with a small amount of
trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.
(d) dopant atoms become donor atoms.

15. In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band Eq and the donor energy level Ey, is of the order of :

(a) 10eV
(b) 1leV
(c) 01leV
(d 0-01leV

Questions number 16 to 18 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) Assertion (A) is false and Reason (R) is also false.

16. Assertion (A): When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R): Copper is a paramagnetic substance.

55/1/1 Page 11 of 27 P.T.O.
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ot e F H AT V= (30 x 105 m/s) 1 & 39 & § vl e w2
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17. Assertion (A): The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.

18. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold
frequency.

SECTION B

A
19. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A A
region in which magnetic field B =[04T) i +(0:3T) j] exists.

A A N
Calculate the acceleration of the particle in the region. i, j and k are

unit vectors along x, y and z axis respectively and charge to mass ratio

for alpha particle is 4-8 x 107 C/kg. 2

20. Consider an induced magnetic field due to changing electric field and an
induced electric field due to changing magnetic field. Which one is more

easily observed ? Justify your answer. 2

21. (a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction. 2
OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons. 2
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Two coherent monochromatic light beams of intensities I and 41
superpose each other. Find the ratio of maximum and minimum

intensities in the resulting beam. 2

The ground state energy of hydrogen atom is — 13-6 eV. What is the
potential energy and kinetic energy of an electron in the third excited
state ? 2

(a) Differentiate between intrinsic and extrinsic semiconductors. 2
OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the
plot of V — I characteristic of a silicon diode. 2

Briefly explain how the diffusion and drift currents contribute to the
formation of potential barrier in a p-n junction diode. 2

SECTION C

(a) Twelve negative charges of same magnitude are equally spaced and
fixed on the circumference of a circle of radius R as shown in Fig. ().
Relative to potential being zero at infinity, find the electric potential
and electric field at the centre C of the circle.

(b) If the charges are unequally spaced and fixed on an arc of 120° of
radius R as shown in Fig. (ii), find electric potential at the centre C. 3

@) (i1)
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How does the resistance differ from impedance ? With the help of a
suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot.

OR

Find the condition for resonance in a series LCR circuit connected
to a source v = v, sin ot, where o can be varied. Give the factors on
which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit.

A long solenoid of radius r consists of n turns per unit length. A current

I = I sin ot flows in the solenoid. A coil of N turns is wound tightly

around it near its centre. What is :

(a)
(b)

the induced emf in the coil ?

the mutual inductance between the solenoid and the coil ?

How does Einstein’s photoelectric equation explain the emission of

electrons from a metal surface ? Explain briefly.

Plot the variation of photocurrent with :

(a)

(b)

(a)

(b)

collector plate potential for different intensity of incident radiation,
and

intensity of incident radiation.

Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet
region, visible region and infrared region.

OR

Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two
features. Why do lighter nuclei usually undergo nuclear fusion ?

3
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SECTION D

31. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(ii) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii) Two charges A (charge q) and B (charge 2q) are located at
points (0, 0) and (a, a) respectively. Let 1 and J be the unit
vectors along x-axis and y-axis respectively. Find the force

A /AN
exerted by A on B, in terms of i and j. 5

OR

(b) (i) Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(ii1) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5
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State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current ‘I’. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~1. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit.

OR

Derive an expression for the force acting on a current carrying
straight conductor kept in a magnetic field. State the rule
which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and

(2) minimum.

Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 5-0 A and 2-5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.

(1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.
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(i1)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors using

Kirchhoff’s rules.
a . b R c
A 4
1 Ry =500
E=60V —+
rd
r=10Q e
h g f

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ry ? 2
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Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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15 minute time has been allotted to read this question paper. The question
paper will be distributed at 10.15 am. From 10.15 a.m. to 10.30 a.m., the

students will read the question paper only and will not write any answer on the
answer-book during this period.
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(iii)
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59 J97-97 4 35 397 & | @ ye7 1fAard & |
T8 Y9797 Giel U1 # [AyifGd 8- &, &, T, 90 & |

GUE & 7 J97 G 1 & 18 % Tglaehedid (MCQ) R & Uh-Uh 3 & J97 & |
GUE & 97 &7 19 T 25 % 377 TG-ITIT (VSA) THR & §1-31 371 & Fo7
&/

GUE T 5 97 G&IT 26 @ 30 7% TY-IF0T (SA) IR & diA-did 35 & J97 8 |

@UT T J97 &7 31 G 33 T -3 (LA) YR & Gia-gie 3+l & T & |
GUE T § 97 &7 34 TIT 35 HH-3TERT TR-TR 371 & Jo7 & |

J97-97 § GHY [aheq 787 1397 77 8 | TeIf9, @vs @ & 2 Y991 4, GUS 7T & 2 oI
H, GUS 7 % 3 o 4 aq @S & & 2 Yo 7 AR [aHcT T JIEe 177 7T

g1
dopeict & ITIT dfedd 8 |
Yifass 3] & HEicEd qm, SavTsal 37ar ITT & :
c=3x10%m/s
h=6-63x1073*Js
e=16x10"17C
Up=4nx 107" Tm A~

gy =8-854 x 10712 C2 N1 m=2
1

4
me

=9x10° N m?2 C2

gL 1 GoIHM (my) = 9-1 x 103 kg

=IZH 1 geIHH = 1-675 x 10727 kg

T bl geIqqH = 1-673 x 10727 kg
JTENTIET T&AT = 6-023 x 1023 gfeq I W (per gram mole)

SleaHH Hadmeh = 1-38 x 10723 JK 1
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General Instructions :
Read the following instructions very carefully and strictly follow them :
(i) This question paper contains 35 questions. All questions are compulsory.

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

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viii) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Uy = 47 x 107" Tm AL
gy =8-854 x 10712 C? N1 m~2
1

47580

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

=9x10° N m?2 C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-673 X 1027 kg
Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK1

55/1/2 Page 3 of 27 P.T.O.



55/1/2

[ 5
Ol

«us

SEAEI I H UH-gHL o HHIY Ud HHI-R FEYd g HGEH JeehR HUSiord
A 3R B H waW fewn # gl werled 1 W | Al 51 Fusiri & st i gl
foa g =y h S, ar

(a) AY 9w S¢it 3 BH °w welt

(b) CFI Pusicrdl A R BH g =9t |

(c) QI Ppusierdl A R BH g se |
(d) TFl pushert A IR BH 90 T0H W |

forelt gutfa =t e & 6 gfsken |, wais 1 gighen & &9 399
ﬁ@ﬁ%@?ﬁ%

dog 1 dég
(a) HOT (b) E T
dog 1 dog
(c) 20t (d) .

0

el Idiepl & T 31 B |

fopell forar 3R wipE gt £ Tl 3T oW G & I8eh adforeh fdfors o

sT< <hl SHH-H-HH gl 2 :
(a) f (b) 2f
(c) 3f (d) 4f

7 eV Al 1 hIs BIEH 3-75 eV il B & [h8l 9T o I8 T ST Hdl
7 | Tt fowa g -

(a) 1-75 eV (b) 2:45 eV
(c) 3-25 eV (d) 375eV

BISGIN TRHTY] {91 AR Ty sraeen | fopefl ®iei &l 1aeiiiNg il &
ST 38 n =5 T deh AN HL <dT 8 | 39 B hl qieed 2 :

(a) 975 nm (b) 740 nm

(c) 523 nm (d 95 nm
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SECTION A

1. Two identical circular coaxial coils A and B, arranged in vertical planes
parallel to each other, carry currents in the same direction. If the
distance between the coils is decreased at a constant rate, the current :
(a) increases in A and decreases in B.

(b)  decreases in both A and B.
(c) increases in both A and B.
(d) remains same in both A and B.

2. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
d¢ 1 do
(a) py—= b) — &
dt Ko dt
do 1 do
(c) g—= @ — &
0 dt g, dt
where symbols have their usual meanings.
3. The minimum distance between an object and its real image formed by a
convex lens of focal length fis :
(a) f (b)  2f
(¢ 3f (d) 4f
4. A photon of energy 7 €V is incident on a metal surface having the work

function of 3-75 eV. The stopping potential is :
(a) 1.75eV (b) 2.45eV
(c) 325eV (d 375eV

5. Hydrogen atom initially in the ground state, absorbs a photon which
excites it to n = 5 level. The wavelength of the photon is :

(a) 975 nm (b) 740 nm
(c) 523 nm (d) 95 nm
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fopet oo ShY aHTy] HeE o el st 2 2
(a) TR | =M hl T&T

(b) T | eI 3TN Soiarei-l hl Hol T&l
(c)  HTIYeh T WIHI sl T

(d) I § UieHi 3R =gl i Ha a&

Jdieesl 1 IS ac G1d A0 § fohell p-n TfY SRS 3R AlS JlaUgs ¥ AN
3 | dre ghity & & o frid aieedt o o =& foeped g

VL\ VW
(a) (b)
/AN .
NS :
\% V4
(c) ]/\ /\ (d)
t e

forell afcrashia ered i fopelt B8 Traeh o TR AUAT S0 g o Tehe AT
TR | I8 9o

(a) I gal gra Slaepiyd feham SITarm |

(b) I gal G SATh(Ya fehalT AT |

(c) IR ga g UfehiNa qm SHAvT ga g STTehiSa fohal SO |

(d) 3T ga g ER{Yd qT S ga gRT fdehia fehal ST |

o o [N aN

s JATHR FUSH! TEehl BISAT 8:0 cm g dA EH 40 H 7, 3 FETER
= % wf: 22 e s dwve B FoT T A 30 x 1072 T A %
fopet wehamT Afas greehia & | ool R @ ] | 39 Pusclt J AN 3tfirehan
fa.a1. 9 (emf) % :

(a) 012V (b) 015V
(c) 0-19V (d 022V
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6. The atomic number of an atom represents :
(a) number of neutrons in nucleus.
(b)  total number of protons and electrons in the atom.
(c) number of protons in nucleus.

(d)  total number of protons and neutrons in nucleus.

7. An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

V% \Y
(a) (b)
N\, ,
\_/ t
V V A
(c) ]/\ /-\ (d)
t)

c+

t

8. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.

(d) attracted by the north pole and repelled by the south pole.
9. A circular coil of radius 8-0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 25 rad s~! in a uniform horizontal
T

magnetic field of magnitude 3-0 x 10~2 T. The maximum emf induced in

the coil is :
(a) 0-12V (b) 0-15V
(c) 0-19V (d) 0-22V
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11.

12.

13.
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SERETE S PEIRCACORET RELRIE mﬁmwlﬁuﬁ%mw
7, @ :

(a) 391 SfaUy ¢ SaT @ |

(b) I8 p-ThR JeATAD & T 8 |
(c) 3T rdaTers H Uk goiaei faadi (81) @ 31fees g 8 |
(d) HTeh (STMH) THIY AT IHT] S IAMd 2 |

n-YhR % Sih HI-SUE JANG H, FeH U8 hl qofl B 3R 3l Sl &R Epy
o o9 =AU i hIE BT B

(a) 10eV
(b) 1eV
(c) 01leV
(d 001eV

fopdl u1g o IR, f9Ehl FITEA-HRE H1 &% (A) T & 8 g R 9
R o5 @1 7, ¥ #15 wrRl 9/ yaitEd & W R | A’ %o & §9 H U
SR o UG o (v,)) o TRHATOT <Rl ST ST Hehell & :

A A

(a) (b) (c) (d)

HI b G TR aRi o GEAHMI ol I 1 : 3 TAT 3Tehl A=Al ol
UG 5: 3% | 31 AR o UfIen sl ATd B :
(a) 1:3 (b) 2:5
(c) 2:3 (d 3:5
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10. When an intrinsic semiconductor is doped with a small amount of

trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.

(d) dopant atoms become donor atoms.

11. In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band E¢ and the donor energy level Eyy is of the order of :

(a) 10eV
(b) 1leV
(c) 01eV
(d 0-01eV

12. A steady current flows through a metallic wire whose area of
cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a

function of ‘A’ can be shown by :

vd vd vq 4 vd /

A A A A

(a) (b) (c) (d)

13. The masses of two cylindrical wires of copper are in the ratio of 1 : 3 and

their lengths are in the ratio of 5 : 3. The ratio of their resistances will be :
(a) 1:3 (b) 2:5
() 2:3 d 3:5
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14. T=afafRga @ 9 w95 fed) T il ITcdshdr & 99 & {:IT%T foaur <1 @&l

frefuq st 2 2

(ZSNE AN N DY

(a) (b) (c) (d)

15. el oy fagd foga & & W 388 v gt | fed is fog stmaw F ael &l
IS HAT 2 | ARG AW H g 2 7, A &Y g IHS FoRAT I AT
o BT

(a) E (b) E
16 8

(c) E (d) E)
4 2

97 &7 16 T 18 3797 (A) 3K HRI (R) IHR & J97 8 | 51 %97 30 70 § —
7 T #1379 (A) 9T &R F1 SRV (R) GRT Hied 1371 797 & | &8l 3¢ 714
13T T BT (a), (b), (c) IR (d) § T FFHT 7T |

(a) AMMHAT (A) 3T SR (R) AT Tl & W SR (R), AR (A) I
g ST LAl 2 |

(b)  AfTHA (A) 3T HRUT (R) THI T& &, T RV (R), AT (A) H
& SR gt il g |

(c) AR (A) HEl B, T BRI (R) TAd 7 |
(d) IHIT (A) TAd g 9T HRT (R) Hf Td 2 |

16.  37YHY7 (A) : Torelt qUT % foheel @1 Teirgati o st shetl=at S 211 2 |
HRO(R):  Torell a0 & &t forg &ld @ &9 gt W BId 8 3R 39 TR

9 hdl § Sl id 3 |
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14. Which one of the following is the correct representation of variation of
conductivity of a conductor with temperature ?

Z N N

(a) (b) (c) (d)

15. A point charge situated at a distance ‘r’ from a short electric dipole on its
axis, experiences a force F) If the distance of the charge is 2r’, the force
on the charge will be :

F

(a) — (b)

(c) (d)

po|H=| oo

|y

Questions number 16 to 18 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) Assertion (A) is false and Reason (R) is also false.

16. Assertion (A): The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.
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HRU(R): W Toh TR g9 8 |
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() A9 IR g sreETehi & ot fader hifsre |

AT
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SAMTATEIUTeRT R AT Hid o T gigy syoeen difhw | fafersne
TS & V — I 31firernerites <1 i@ Jefia hifse |

fope YeT O H AT V= (30 x 105 m/s) 1 & 3@ & § wafa fea w2
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1 o qfRferd T | 1, eiR k U x, y 3N z 378 & I THhh
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(@) Tret guaa foeqa-grasha aon & faga o gresh &= & qimmn
A B, 3R B, 7 | foga & ok grahia &9 & ot ocal o1 19T
S T |
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17. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold

frequency.

18. Assertion (A) : When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R):  Copper is a paramagnetic substance.

SECTION B

19. Briefly explain how the diffusion and drift currents contribute to the

formation of potential barrier in a p-n junction diode. 2
20. (a) Differentiate between intrinsic and extrinsic semiconductors. 2
OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the
plot of V — I characteristic of a silicon diode. 2

21. An alpha particle is projected with velocity v = (3:0 x 10° m/s) /1\ into a
region in which magnetic field E) =[(04T /1\ +(0-3T) 3\] exists.
Calculate the acceleration of the particle in the region. /1\ , 3\ and /1\< are
unit vectors along x, y and z axis respectively and charge to mass ratio
for alpha particle is 4-8 x 107 C/kg. 2

22. A plane electromagnetic wave propagates in vacuum along x-axis.

(a) Give the direction of electric field and magnetic field vectors.

(b) Ep and Bj are the magnitudes of electric and magnetic fields
respectively in a plane electromagnetic wave. Find the ratio of
energy densities of electric field and magnetic field. 2
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(a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction. 2

OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons. 2

A double-convex lens of power 4 D is manufactured from a glass of
refractive index 1:5. What is the radius of curvature of each face of this

lens if both faces have the same radius of curvature ? 2

Calculate the wavelength of the second line of Lyman series in a

spectrum of hydrogen atom. (Take Rydberg constant, R = 1-1 x 107 m™1) 2

SECTION C

(a) Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet

region, visible region and infrared region. 3

OR

(b) Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two

features. Why do lighter nuclei usually undergo nuclear fusion ? 3

The threshold wavelength for a metal is 3315 A. What should be the
wavelength of light incident on the metal surface so that the maximum

kinetic energy of the emitted photoelectrons be 1-25 eV ? 3
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28. The primary and the secondary coils of an ideal step-down transformer
consist of 650 and 25 turns respectively. When the primary coil of this
transformer is connected to 240 V mains, the current in the primary coil

is 1.5 A. Calculate : 3

(a) the voltage across the secondary coil
(b) the current in the secondary coil

(c) the average power delivered to the output circuit

29. (a) How does the resistance differ from impedance ? With the help of a

suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot. 3

OR

(b) Find the condition for resonance in a series LCR circuit connected

to a source v = v, sin ot, where o can be varied. Give the factors on

which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit. 3

30. A 100 pF capacitor is charged by a 12 V battery.
(a) How much electrostatic energy is stored by the capacitor ?

(b) The capacitor is disconnected from the battery and connected in
parallel to another uncharged 100 uF capacitor. What is the

electrostatic energy stored by the system ? 3
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SECTION D

State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current T. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~L. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit.

OR

Derive an expression for the force acting on a current carrying
straight conductor kept in a magnetic field. State the rule
which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and

(2) minimum.

Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 5-0 A and 2-5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.

(1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.
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(i1)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5

3 cm
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33. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(i1) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii)) Two charges A (charge q) and B (charge 2q) are located at
A /AN

points (0, 0) and (a, a) respectively. Let i and j be the unit

vectors along x-axis and y-axis respectively. Find the force

A /AN
exerted by A on B, in terms of i and j. 5

OR

(b) () Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(i1) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +¥2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors wusing

Kirchhoff’s rules.
a . b . c
v
vi R2 = 50 Q
E=60V =
d
r=10Q [€
.j R3 = p'Q) O
h g £

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ry ? 2
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Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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General Instructions :
Read the following instructions very carefully and strictly follow them :
(i) This question paper contains 35 questions. All questions are compulsory.

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

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viii) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Uy = 47 x 107" Tm AL
gy =8-854 x 10712 C? N1 m~2
1

47580

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

=9x10° N m?2 C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-673 X 1027 kg
Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK1
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SECTION A

In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band E¢ and the donor energy level Ey is of the order of :
(a) 10eV (b) 1eV

(c) 01leV (d 0-01eV

A steady current flows through a metallic wire whose area of
cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a
function of ‘A’ can be shown by :

v vq vq 4 V4
N /
A
(b)

A A A
) (c) (d)

(a

An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

Vl/\ \Y
(a) (b)
N\, R
Y t
V V A
(c) ]/\ /\ (d)
t>

Hydrogen atom initially in the ground state, absorbs a photon which
excites it to n = 5 level. The wavelength of the photon is :

(a) 975 nm (b) 740 nm
(c) 523 nm (d) 95 nm

oy

1
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(c) 0-19V d 022V

&1 AT S ST HEATST 1 I 8 : 18 | $Toh ATMHhIA Tl hl STATA
R
(a) 8:1 (b) 4:1
() 2:1 d 1:1
Page 6 of 27



[ 5

-

Gl
5. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
do 1 d¢
(a)  py—= (b) — &
dt Ko dt
do 1 do
© gg—E @ ——k
0 at g, dt
where symbols have their usual meanings.
6. In an experiment, photons of energy 7-5 eV are incident on a metal

surface. Electrons emitted from the metal surface are stopped by an
electrode at a potential of — 4-5 V w.r.t. the metal. The work function of

the metal is :

(a) 30eV (b) 45eV
(c) 7-5 eV (d) 12:0 eV
7. A circular coil of radius 8:0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 25 rad s~! in a uniform horizontal
T

magnetic field of magnitude 3-0 x 1072 T. The maximum emf induced in

the coil is :
(a) 0-12V (b) 0-15V
(c) 0-19V (d) 0-22V
8. Two nuclei have their mass numbers in the ratio of 8 : 1. The ratio of

their nuclear densities is :
(a) 8:1 (b) 4:1
() 2:1 d 1:1
55/1/3 Page 7 of 27 P.T.O.
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9. A point charge situated at a distance ‘1’ from a short electric dipole on its
%
axis, experiences a force F . If the distance of the charge is ‘2r’, the force

on the charge will be :

(a) E (b) E)
16 8

(c) E (d) E)
4 2

10. The number of electrons flowing through a conductor per second is

3-3 x 10%°. The current flowing through the conductor is :
(a) 20A (b) 34A
(c) 4-8 A d 53A

11. When an intrinsic semiconductor is doped with a small amount of

trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.

(d) dopant atoms become donor atoms.

12. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.

(d)  attracted by the north pole and repelled by the south pole.
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Which of the following pairs of media has the least value of critical

angle ?
(a) Glass to air (b) Glass to water
(¢) Diamond to water (d) Diamond to air

A bar magnet is dropped in a hollow metallic cylinder along its vertical
axis. The acceleration of the falling magnet will be :

(a)  zero (b) equaltog

(c) lessthan g (d) greaterthang

The correct graph showing the variation of the resistance (R) of a
cylindrical metal wire as a function of its radius (r), keeping its length

and temperature constant, is :

R R[ R[ \ R[\
) (b) (d)

(c)

(a

Questions number 16 to 18 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.

55/1/3

(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) Assertion (A) is false and Reason (R) is also false.

Page 11 of 27 P.T.O.
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16. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold

frequency.

17. Assertion (A) : When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R):  Copper is a paramagnetic substance.

18. Assertion (A) : The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.

SECTION B

19. The radii of curvature of the faces of a double-convex lens are 20 cm and

30 cm. Its power is % D. What is the refractive index of the glass of the

lens ? 2

20. Briefly explain how the diffusion and drift currents contribute to the
formation of potential barrier in a p-n junction diode. 2

A
21. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A A
region in which magnetic field B =[04T) 1 +(0:3T) j] exists.

A A AN
Calculate the acceleration of the particle in the region. i, j and k are

unit vectors along x, y and z axis respectively and charge to mass ratio

for alpha particle is 4-8 x 107 C/kg. 2

22. The ground state energy of hydrogen atom is —13:6 eV in Bohr model. An
electron makes a transition from an energy level of —1-51 eV to that of
—3:4 eV. Calculate the wavelength of the spectral line emitted. 2
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(a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction.

OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons.

Identify the part of electromagnetic spectrum which is :

(a) next to the lowest frequency end of the visible part of

electromagnetic spectrum, and
(b) produced by bombarding a metal target by high energy electrons.

Give one use of each of them.

(a) Differentiate between intrinsic and extrinsic semiconductors.

OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the

plot of V — I characteristic of a silicon diode.

SECTION C

An ac voltage v = v, sin ot (v, = 310 V and f = 50 Hz) is connected to a
pure capacitor of capacitance 15 pF. Calculate (i) the reactance of the
capacitor, and (ii) the amplitude of the current. Write the expression of

current through the capacitor as a function of time.
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(a) Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet
region, visible region and infrared region. 3

OR

(b) Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two

features. Why do lighter nuclei usually undergo nuclear fusion ? 3

Three point charges Q; (=15 pC), Qg (10 puC) and Qg (16 uC) are located
at (0 cm, 0 cm), (0 cm, 3 cm) and (4 cm, 3 cm) respectively. Calculate the

electrostatic potential energy of this system of charges. 3

(a) How does the resistance differ from impedance ? With the help of a
suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot. 3
OR

(b)  Find the condition for resonance in a series LCR circuit connected
to a source v = v, sin ot, where o can be varied. Give the factors on
which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit. 3

A particle is associated with a de Broglie wave of wavelength 1-2 nm. The
kinetic energy of the particle is made four times. Calculate the new value
of the wavelength of the wave. 3

SECTION D

(a) (1) (1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.
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(ii)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5

3 cm
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32. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(i1)) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii) Two charges A (charge q) and B (charge 2q) are located at
A A
points (0, 0) and (a, a) respectively. Let i and j be the unit

vectors along x-axis and y-axis respectively. Find the force

A A
exerted by A on B, in terms of i and j. 5

OR

(b) () Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(ii) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +/2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5

55/1/3 Page 21 of 27 P.T.O.



33.

55/1/3

1)

(i)

1)

(i1)

[ 5

-

[
fore aTraTdt Tadd & RO FrEehiT & % fofe Srn-amad fem
fafaw | 38 fm &1 ST ek B @’ o foRsEft gamRR U,
@ g T yarfed & @ R, F Fg W T &7 & oI g
Sk I <hifore | fepeft amr ursr & fofu grerehiar & <t feom =t
ST hd BT Treeh & @ Eife |

HIS Solag fohell ATIHS h1 FATRR Hell § 107 m s—1 Hl a1 &
AT T T 8 | Ife ke H B 10010 m 7, O e |
UTGRAT T Tl SR g 3cUd 9T T <hifT |

AT

Trechia &9 | fovm fopelt aeTdl @Y =Teieh W SRRd 9d o
foTu. =Ieteh Fodd ST | 38 f7m &1 3eor@ Hhifvie A1 39 5
1 femm =1 faff@ & % T ST fohen ST 2 | 9% 34 Gie
s 3Taild 98 o1 (1) Aferehad, 3R (2) Fetaq g 2 |

3l o HiY GHT dR A AR B 91 § ThgE ¥ 2-5 cm gl W
g | 31 aui ¥ faufiq feemsti # s 50 A 3R 25 A €W
aTfed & W E | T8 B 10 cm T8 W IR A g UG 5t
%1 IRATT FTERITd HIT |

Page 22 of 27



33.

55/1/3

(a)

(b)

(1)

(i1)

1)

(i1)

[ 5

-

Gl
State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current ‘I’. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~1. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit.

OR

Derive an expression for the force acting on a current carrying
straight conductor kept in a magnetic field. State the rule
which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and

(2) minimum.

Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 50 A and 2.5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors using

Kirchhoff’s rules.
a . b C
v
1 R2 = 50 Q
E=60V
d
§ Rl = ].O Q
r=10Q =
h g f

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ro ? 2
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Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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General Instructions :

Read the following instructions very carefully and strictly follow them :

.55/1/1

(1) This question paper contains 12 questions. All questions are
compulsory.

(it) This question paper is divided into three sections — Section A, B and C.

(iti) Section A : Q. Nos. 1 to 3 are of 2 marks each.

(tv) Section B : Q. Nos. 4 to 11 are of 3 marks each.

(v)  Section C: Q. No. 12 is a case study based question of 5§ marks.

(vi) There is no overall choice in the question paper. Howeuver, internal choice
has been provided in some of the questions. Attempt any one of the
alternatives in such questions.

(vit) Use of log tables is permitted, if necessary, but use of calculator is not
permitted.
c=3x 108 m/s
h=6.63 x 10734 Js
e=16x10"19C
Hy=4mx 1077 T m AL

g, = 8.854 x 10712 C2 N1 m2

1
1 =9x 109N m?2 C2
g,

Mass of electron (m_) = 9.1 x 10731 kg

Mass of neutron = 1.675 x 10~27 kg
Mass of proton = 1.673 X 1027 kg
Avogadro’s number = 6.023 x 1023 per gram mole

Boltzmann constant = 1.38 x 10723 JK-!
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SECTION - A

Draw energy band diagrams of n-type and p-type semiconductors at

temperature T > OK, depicting the donor and acceptor energy levels.
Mention the significance of these levels.

(a) Draw the graph showing the variation of the number (N) of scattered
alpha particles with scattering angle (0) in Geiger — Marsden
experiment. Infer two conclusions from the graph.

OR

(b) Plot suitable graphs to show the variation of photoelectric current with

the collector plate potential for the incident radiation of
(i)  the same intensity but different frequencies v, v, and v, (v, <v, <v,)

(i) the same frequency but different intensities I, I, and I; I, <1, <I5)

Write the characteristics of a p-n junction which make it suitable for
rectification.

SECTION - B
Define the term — Distance of closest approach. How will it be affected, for
an a - particle, if kinetic energy of the particle is doubled ?

A point source in air is kept 24 cm in front of a concave spherical glass
surface (aug = 1.5) and radius of curvature 60 cm. Find the nature of the

image formed and its distance from the point source.

Calculate the energy released in MeV in the following reaction :
M+ H— jHe +n
. 2
Given : m(lH) =2.014102 u
m(3H) = 3.016049 u

m(3He) = 4.002603 u
m, = 1.008665 u

Explain with the help of a suitable diagram, the phenomenon on which an
optical fibre works. Mention any two uses of optical fibres.

.55/1/1 5 P.T.O.
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8. (a) A parallel beam of light of wavelength 600 nm is incident normally
on a slit of width 0.2 mm. If the resulting diffraction pattern is
observed on a screen 1 m away, find the distance of 3
(1) first minimum, and
(i1) second maximum, from the central maximum.
OR
(b) A thin equiconvex lens of radius of curvature R made of material of

refractive index p, is kept coaxially, in contact with an equiconcave
lens of the same radius of curvature and refractive index p, (>p,).
Find :

(1) the ratio of their powers, and

(i) the power of the combination and its nature.

9. Photoelectrons are emitted from a metal surface when illuminated with
UV light of wavelength 330 nm. The minimum amount of energy required
to emit the electrons from the surface is 3.5 x 10719 J. Calculate : 3
(1) the energy of the incident radiation, and

(i1) the kinetic energy of the photoelectron.

10. State the working principle of an LED. Write any two important
advantages and two disadvantages of LED. 3

11. (a) (1) Monochromatic light is incident on a surface separating two
media. The frequency of the light after refraction remains
unaffected but its wavelength changes. Why ? 3
(il) The frequency of an electromagnetic radiation is 1.0 x 10!! Hz.
Identify the radiation and mention its two uses.

OR
.55/1/1 7 P.T.O.
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(b) (@) Trace the path of a ray of light PQ which is incident at an angle
1 on one face of a glass prism of angle A. It then emerges out
from the other face at an angle e. Use the ray diagram to prove

that the angle through which the ray is deviated is given by /8
=/Zi+ Le—- LA,

(i) What will be the minimum value of & if the ray passes
symmetrically through the prism ?

SECTION - C
CASE STUDY

12. The principle of superposition is used to understand the phenomenon of
interference of light waves. The principle states that at a particular point,
the resultant displacement produced by a number of waves is the vector
sum of the displacements produced by each wave. Light waves from two
coherent sources produce interference pattern. Thomas Young devised a
way to obtain two coherent sources using two identical pinholes (S, and

S,) illuminated by a single monochromatic pinhole source S. Using these

sources in his experiment known as Young’s double slit experiment,
Young studied the interference pattern. The pattern consists of alternate
bright and dark fringes. The distance between two successive bright or
dark finges depends on the distance between S, and S,, the distance of the

screen from the plane of S;S, and the wavelength of light used. 5

I.  Consider the following waves :
(i) y,=asinot
(i) y,=asin 2ot

(ii1) y;=a sin 2ot + ¢)

. . T
(iv) y,=asin|4ot + B)
Which pair of the waves coming from two sources S, and S, will

produce interference ?
(A) (@) and (i1) (B) (@1) and (ii1)
(C) (1) and (iv) (D) (@v) and @)

.55/1/1 9 P.T.O.
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IV.
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ﬁb‘fiﬂIﬁsﬁﬁwﬁﬁﬁiﬁ@gm:ml,mzﬁm3§,ﬁ:ﬁ%ﬁmw
I I TE B 7
A) o,>0,>0,
B) o,>w,>o0,
©€) o,>0;>0,

D) o;>0,>o0,

711 3 fg-fordf s & afe faf-gerea 0.8 mm & 7o =afaeeor ¥ faftar S, 3
S, % a1 ¥ 50 cm g W fRrd ¢ W 3 Bar 2 | 3fe worm wmehieh et i
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III.

IV.
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Two light waves of the same intensity I, each, having a path

difference of A/4, emanating from two coherent sources, meet at a
point. The resultant intensity at the point will be
(A) Zero B) I,

© 21, D) 41,

Vandana performs Young’s double slit experiment by using orange,
green and red lights successively. If the fringe widths measured in
the three cases are ®;, ®, and ©; respectively, then which of the

following is correct ?
A) o,>0,>o0,

B) o,>w,> 0,
©€) o,>0;>0,

D) o;>0,>o0,

In a Young’s double slit experiment, the slit separation is 0.8 mm
and the interference pattern is obtained on a screen kept 50 cm from
the plane of the slits S, and S,. If the first bright fringe is formed 0.4

mm from the central maximum, the wavelength of light used is
(A) 480 nm (B) 560 nm
(C) 640 nm (D) 680 nm

Consider the effect on the angular separation of the fringes in a

Young’s double slit experiment due to the following operations :

(1) the screen is moved away from the plane of the slits,

(i1) the separation between the two slits is increased till fringes are
observed.

Which of the following options is correct ?

(A) It remains constant in both cases.

(B) It decreases in both cases.

(C) It remains constant in (i) but decreases in (ii).

(D) It decreases in (i) but remains constant in (ii).
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General Instructions :
Read the following instructions very carefully and strictly follow them :

(1) This question paper contains 12 questions. All questions are
compulsory.

(it) This question paper is divided into three sections — Section A, B and C.

(iti) Section A : Q. Nos. 1 to 3 are of 2 marks each.

(tv) Section B : Q. Nos. 4 to 11 are of 3 marks each.

(v)  Section C: Q. Nos. 12 is a case study based question of § marks.

(vi) There is no overall choice in the question paper. Howeuver, internal choice
has been provided in some of the questions. Attempt any one of the
alternatives in such questions.

(vit) Use of log tables is permitted, if necessary, but use of calculator is not
permitted.
c=3x 108 m/s
h=6.63 x 10734 Js
e=16x10"19C
Hy=4mx 1077 T m AL

g, = 8.854 x 10712 C2 N1 m2

1
1 =9x 109N m?2 C2
g,

Mass of electron (m_) = 9.1 x 10731 kg

Mass of neutron = 1.675 x 10~27 kg
Mass of proton = 1.673 X 1027 kg
Avogadro’s number = 6.023 x 1023 per gram mole

Boltzmann constant = 1.38 x 10723 JK-!

.55/1/2 3 P.T.O.
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SECTION - A

1. Explain the formation of depletion layer and barrier potential in a p-n
junction diode. 2

2. Draw energy band diagrams of n-type and p-type semiconductors at
temperature T > 0K, depicting the donor and acceptor energy levels.
Mention the significance of these levels. 2

3. (a) Draw the graph showing the variation of the number (N) of scattered
alpha particles with scattering angle (0) in Geiger — Marsden
experiment. Infer two conclusions from the graph. 2

OR
(b) Plot suitable graphs to show the variation of photoelectric current with
the collector plate potential for the incident radiation of

(i)  the same intensity but different frequencies v,, v, and v, (v, <v, <v;)

(i) the same frequency but different intensities I, I, and I, I, <1, <I)

SECTION - B

4. Explain with the help of a suitable diagram, the phenomenon on which an
optical fibre works. Mention any two uses of optical fibres. 3

5. Ultra-violet light of wavelength 200 nm from a source is incident on a
metal surface. If the stopping potential is —2.5 V, (a) calculate the work

function of the metal, and (b) How would the surface respond to a high
intensity red light of wavelength 6328 A produced by a laser ? 3

6. (a) A parallel beam of light of wavelength 600 nm is incident normally
on a slit of width 0.2 mm. If the resulting diffraction pattern is
observed on a screen 1 m away, find the distance of 3
(1) first minimum, and
(i1) second maximum, from the central maximum.

OR
.55/1/2 5 P.T.O.
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(b) A thin equiconvex lens of radius of curvature R made of material of
refractive index p, is kept coaxially, in contact with an equiconcave

lens of the same radius of curvature and refractive index u, (>p,).
Find :
(1) the ratio of their powers, and

(i) the power of the combination and its nature.

7. (@) (1) Monochromatic light is incident on a surface separating two
media. The frequency of the light after refraction remains
unaffected but its wavelength changes. Why ? 3

(il) The frequency of an electromagnetic radiation is 1.0 x 10!! Hz.
Identify the radiation and mention its two uses.

OR

(b) @) Trace the path of a ray of light PQ which is incident at an angle
1 on one face of a glass prism of angle A. It then emerges out from
the other face at an angle e. Use the ray diagram to prove that

the angle through which the ray is deviated is given by £§ = £i
+ Le— ZA.

(1) What will be the minimum value of & if the ray passes
symmetrically through the prism ?

8. State the working principle of an LED. Write any two important
advantages and two disadvantages of LED. 3

9. (a) Sketch the energy level diagram for hydrogen atom. 3

(b) Find the ratio of the longest and the shortest wavelength in Lyman
series in hydrogen atom.

10. Find the two possible positions of an object kept in front of a lens of + 5.0
D, so that the image formed in both cases is four times magnified. 3

.55/1/2 7 P.T.O.
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11.

12.

Calculate the energy released in MeV in the following reaction :
M+ H— jHe +n

Given: m(*H)=2.014102 u
mG)H) =3.016049 u

4
m(2He> =4.002603 u
m = 1.008665 u

SECTION - C
CASE STUDY

The principle of superposition is used to understand the phenomenon of
interference of light waves. The principle states that at a particular point,
the resultant displacement produced by a number of waves is the vector
sum of the displacements produced by each wave. Light waves from two
coherent sources produce interference pattern. Thomas Young devised a
way to obtain two coherent sources using two identical pinholes (S, and

S,) illuminated by a single monochromatic pinhole source S. Using these

sources in his experiment known as Young’s double slit experiment,
Young studied the interference pattern. The pattern consists of alternate
bright and dark fringes. The distance between two successive bright or
dark finges depends on the distance between S, and S,, the distance of the

screen from the plane of S;S, and the wavelength of light used.

I.  Consider the following waves :
(i y,=asinot
(i) y,=asin 20t

(iii) y;=a sin (2ot + ¢)

@iv) y,=asin (403‘5 + %)

Which pair of the waves coming from two sources S, and S, will
produce interference ?

(A) (1) and (ii) (B) (i) and (iii)

(C) (ii1) and (iv) (D) (@v) and @)

.55/1/2 9 P.T.O.
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A) o,>0,>0, B) o, >0,> o,

©€) o,>0;>0, D) o;>0,>o0,
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II.

III.

IV.

.55/1/2

Two light waves of the same intensity I, each, having a path

difference of A/4, emanating from two coherent sources, meet at a
point. The resultant intensity at the point will be

(A) Zero ® I,
© 21, @ 41,

Vandana performs Young’s double slit experiment by using orange,
green and red lights successively. If the fringe widths measured in
the three cases are ®;, ®, and ®; respectively, then which of the

following is correct ?
A) 0,>0,>0, B) o, >o0,> o,

©€) o,>0;>0, D) o;>0,>o0,

In a Young’s double slit experiment, the slit separation is 0.8 mm
and the interference pattern is obtained on a screen kept 50 cm from
the plane of the slits S, and S,. If the first bright fringe is formed 0.4

mm from the central maximum, the wavelength of light used is
(A) 480 nm (B) 560 nm
(C) 640 nm (D) 680 nm

Consider the effect on the angular separation of the fringes in a
Young’s double slit experiment due to the following operations :

(1) the screen is moved away from the plane of the slits,

(11) the separation between the two slits is increased till fringes are
observed.

Which of the following options is correct ?

(A) It remains constant in both cases.

(B) It decreases in both cases.

(C) It remains constant in (i) but decreases in (ii).
(D) It decreases in (i) but remains constant in (i1).

11
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(1)

(ii)
(it1)
(iv)
©)
(vi)

This question paper contains 12 questions. All questions are
compulsory.

This question paper is divided into three sections — Section A, B and C.
Section A : Q. Nos. 1to 3 are of 2 marks each.

Section B : Q. Nos. 4 to 11 are of 3 marks each.

Section C: Q. No. 12 is a case study based question of 5§ marks.

There is no overall choice in the question paper. Howeuver, internal choice
has been provided in some of the questions. Attempt any one of the

alternatives in such questions.

(vit) Use of log tables is permitted, if necessary, but use of calculator is not

.55/1/3

permitted.

c=3x 108 m/s
h=6.63 x 10734 Js
e=16x10"19C
Hy=4mx 1077 T m AL

g, = 8.854 x 10712 C2 N1 m2

1
1 =9x 109N m?2 C2
g,

Mass of electron (m_) = 9.1 x 10731 kg

Mass of neutron = 1.675 x 10~27 kg
Mass of proton = 1.673 X 1027 kg
Avogadro’s number = 6.023 x 1023 per gram mole

Boltzmann constant = 1.38 x 10723 JK-!

3 P.T.O.



g —<h

1. (a) TISTR-HMEST T Thivi v (0) & T Tehifid 3TehT Ul shi g (N) 1
fereror g =rern 7w St | 38 7T @ g fsen fepifery |
Ut
(b) Tmafaa faferwen o fore T wre fava 3 @ yeprer-fora e w1 oo g & fog
ﬁﬁm@ﬁﬁ?
) ﬁﬁﬂ”ﬁﬁwmwﬁmmﬁﬁvl,vzﬁ(%(vl<v2<v3)
(i) fofertll 31 g sTafa g fofdm disrard 1, 1, iR I, 0, <1, < I,)

2. AN srefuTeres IR Ul stefeeres & o9 faved Fifsre | safu ford) sugs) sremers
Hn, #n,, @ 75 foga sgEfm g g | =4 7

3. <A1 3R AT T 1 A S guammHE T > 0K W n-¥shR 37 p-YehR & Ae=Tereh]
% o1l U TR I | 39 TR % HEed 1 Seei@ T |

Qg -«

4. (a) GOOanWﬁWWWOQmm?ﬁ@%EﬁW%ﬁW
ST AT BT 8 | Al ToTHT e T o1 o 1 m g T frd g W
fopan ST 2, it Shg SFaEm @

() wum Ffes 6 gl aan
(i) Tocfrar 3fam it g sma Hifsm |
e
(b) TSI (1, b TG H ST SHAT AT R 1 HI3 Tac FHTA 8 ST |,
(>u,) % T THT Brsa1 % oRHt aHTEae o o SHTE SFeh H @1 T R | A
Hifsra
(i) 9 Tl T FTAIST T AT, TR
(i) 39 I TASH T &I 3T IHh! THfd |
.55/1/3 4




5
(=]
SECTION - A

1. (a) Draw the graph showing the variation of the number (N) of scattered
alpha particles with scattering angle (0) in Geiger — Marsden
experiment. Infer two conclusions from the graph. 2

OR

(b) Plot suitable graphs to show the variation of photoelectric current with
the collector plate potential for the incident radiation of

(i) the same intensity but different frequencies v,, v, and v; (v, <v, <vy)

(i) the same frequency but different intensities I, I, and I; I, <1, <I)

2.  Distinguish between intrinsic and extrinsic semiconductors. Although in
an extrinsic semiconductor n, # n;, yet it is electrically neutral. Why ? 2

3. Draw energy band diagrams of n-type and p-type semiconductors at
temperature T > 0K, depicting the donor and acceptor energy levels.
Mention the significance of these levels. 2

SECTION - B

4. (a) A parallel beam of light of wavelength 600 nm is incident normally
on a slit of width 0.2 mm. If the resulting diffraction pattern is
observed on a screen 1 m away, find the distance of 3

(1) first minimum, and
(i1) second maximum, from the central maximum.

OR

(b) A thin equiconvex lens of radius of curvature R made of material of
refractive index pl is kept coaxially, in contact with an equiconcave

lens of the same radius of curvature and refractive index p 2 (> ul).
Find :

(1) the ratio of their powers, and

(i) the power of the combination and its nature.

.55/1/3 5 P.T.O.
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5.  Define the term — Distance of closest approach. How will it be affected, for
an o - particle, if kinetic energy of the particle is doubled ? 3

6. Using Huygen’s principle, for a plane wavefront incident on a plane
reflecting surface, draw the reflected wavefront. Hence prove laws of
reflection. 3

7. The de-Broglie wavelength associated with an electron is 0.30 nm.
Calculate : (a) the speed, and (b) the kinetic energy (in eV), of the electron. 3

8.  Calculate the energy released in MeV in the following reaction : 3
*H+°H— jHe+n
Given: m(*H)=2.014102 u
m(3H) = 3.016049 u

4
m(2He> =4.002603 u
m = 1.008665 u

9. (a) (1) Monochromatic light is incident on a surface separating two
media. The frequency of the light after refraction remains
unaffected but its wavelength changes. Why ? 3
(i) The frequency of an electromagnetic radiation is 1.0 x 10!! Hz.
Identify the radiation and mention its two uses.
OR
(b) (@) Trace the path of a ray of light PQ which is incident at an angle
1 on one face of a glass prism of angle A. It then emerges out
from the other face at an angle e. Use the ray diagram to prove
that the angle through which the ray is deviated is given by

L6=Li+ Le— LA.
(i1) What will be the minimum value of & if the ray passes
symmetrically through the prism ?
M 7 P.T.O.
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10. State the working principle of an LED. Write any two important
advantages and two disadvantages of LED. 3

11. For a glass prism of refractive index \/g, the value of angle of minimum
deviation & is equal to the angle of prism A. Find the angle of prism A.
How will the angle & be affected if the prism were immersed in water ? 3

SECTION - C
CASE STUDY

12. The principle of superposition is used to understand the phenomenon of
interference of light waves. The principle states that at a particular point,
the resultant displacement produced by a number of waves is the vector
sum of the displacements produced by each wave. Light waves from two
coherent sources produce interference pattern. Thomas Young devised a
way to obtain two coherent sources using two identical pinholes (S, and

S,) illuminated by a single monochromatic pinhole source S. Using these

sources in his experiment known as Young’s double slit experiment,
Young studied the interference pattern. The pattern consists of alternate
bright and dark fringes. The distance between two successive bright or
dark finges depends on the distance between S, and S,, the distance of the

screen from the plane of S;S, and the wavelength of light used. 5

I.  Consider the following waves :
@i y,=asinot

(i) y,=asin 20t

(iil) y;=a sin 2ot + ¢)

. . T
(iv) y,=asin (40)’5 + 2)
Which pair of the waves coming from two sources S, and S, will

produce interference ?
(A) (1) and (ii) (B) (i) and (iii)
(C) (i) and (iv) (D) (@v) and ()
.55/1/3 9 P.T.O.
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Two light waves of the same intensity I, each, having a path

difference of A/4, emanating from two coherent sources, meet at a
point. The resultant intensity at the point will be

(A) Zero ® I,
© 21, @ 41,

Vandana performs Young’s double slit experiment by using orange,
green and red lights successively. If the fringe widths measured in
the three cases are ®;, ®, and ®; respectively, then which of the

following is correct ?
A) 0,>0,>0, B) o, >o0,> o,

©€) o,>0;>0, D) o;>0,>o0,

In a Young’s double slit experiment, the slit separation is 0.8 mm
and the interference pattern is obtained on a screen kept 50 cm from
the plane of the slits S, and S,. If the first bright fringe is formed 0.4

mm from the central maximum, the wavelength of light used is
(A) 480 nm (B) 560 nm
(C) 640 nm (D) 680 nm

Consider the effect on the angular separation of the fringes in a
Young’s double slit experiment due to the following operations :

(1) the screen is moved away from the plane of the slits,

(11) the separation between the two slits is increased till fringes are
observed.

Which of the following options is correct ?

(A) It remains constant in both cases.

(B) It decreases in both cases.

(C) It remains constant in (i) but decreases in (ii).
(D) It decreases in (i) but remains constant in (i1).
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