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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.
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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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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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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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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

55/1/1 Page 13 of 27 P.T.O.
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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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forera & o1 aftmmor o fegm wea hifsw |

Page 18 of 27



E5E
E in
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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(i)

(1)

(i)
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[ 5

-

[

forel aTraTdt 3Tadd & RO FrEhiT & % fofe srE-arad fem
fafaw | 38 fm &1 ST ek B @’ o foRsEft gamRR U,
@ g T yarfed & @ R, F Fg W T &7 & oI g
S I hifoTe | fereft amr ursr & fofw grerehir & <t feom =i
SMTd htd g Irech &3 {ETd Sy |

IS JOIFLH TohEl ATIHeh <hl JAThR HefT H 107 m s—1 h1 a1 €
ieRAT o W@ & | Ife wem hl Bser 10019 m B, O e H
TTGRAT S aTel SR g1 3cUd R 3T <hifoTe |

AT

Jrachid & § feda fopelt amamdl e =t W HR 99 &
foTt =9 gead T | 30 w1 3eoi@ HINT 51 39 5
&1 foem ot fAuffa @ % foe v forn S 2 | 98 wd difse
fSrees 3TaTia I8 91 (1) Afehad, 3R (2) fe1aq g1t 2 |

Qe WY R IR A 3R B A1 H TH-g 8 2-5 cm g W
213 ari @ foulia fegmedt & spww 5.0 A 3 2.5 A uwd
TaTied 8l W@l & | a8 B sl 10 cm OFETE W AR A g ARG o
1 qRATIT GREhierd shIfT |

(1) AR T 3R foad ded o &= a1 3= faRax |

(2) I & fefed v | forgl @ srenl & 9 fofae fom =
bt <rerd faeft et 2
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(a)

(b)

(a)

(1)

(i)

(1)

(ii)

(1)

[ 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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AT
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Mol &l g § ¥ @4 W 39 qaga i ol feufa @
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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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35. TIEM 23e4e U GUH SHEES 3 S HigeE H 9™ I arel YTl
Qs 3 | 38T ITAM R & fashed o &9 H foham Sa1 8 il S8
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e o forell werg BySe IS0 ABC & T %aish T g TohTel fohtom
STfHeTreEd I L @ & |

60°

B C

39 o TMER W FAfaRad st & 3T e

(%) 38 epr1 fortur 1 36 TISH 8 T 3¢ 99 Rfad i |
(@) frsa o g &1 a7 [ HIfT |
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AT
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AT |
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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.

Page 27 of 27



[Series GEFH1/2|

SET ~ 1

OOOOOOOO @ -8 T A ford |
Candidates must write the Q.P. Code
LI ot il poge f o aneverbor

: - hIE
U . Q.P. Code 55/2/1
Roll No. Tl - e F TG

Wifass fosm @)
PHYSICS (Theory)

feiRa o : 3 av2 feFaH 3% : 70
Time allowed : 3 hours Maximum Marks : 70
e / NOTE :
(1)  FUA A H A o 0 - WA TS 23 7 |

Please check that this question paper contains 23 printed pages.

(11)

Y- H gife 81 31 3TR T 71T -7 h1g ol qdemeff Sti-gfeien < J@ -1 W fofd |
Q.P. Code given on the right hand side of the question paper should be
written on the title page of the answer-book by the candidate.

(iii)

AT A L Toh 36 TA-T4 F 35 T ¢ |
Please check that this question paper contains 35 questions.

(v)

AT T T IR TG TE U 8 Tget, IT-YI&TehT H WA 1 HHTh 3G (o1 |
Please write down the serial number of the question in the answer-
book before attempting it.

v)

39 Y- I UG o I 15 Tie o1 w93 fean T 3 | JeA-93 1 foawor gaig 4 10.15
Tl FoRaT ST@ | 10.15 &1 § 10.30 S qeh Tearefl shaet J99-T3 Sl dei 3R 39 3rafy
o SR o IT-YETehT T 1S TR 81 fore |

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.

ﬂmn SN || Pageiof24

P.T.O.



Wﬁi’-ﬂ:
TraferRaa e =t sga gy & afew it 3T Tem iR :
(i) FEIFTITT35 Fo7 & | quft 397 STHTH & |

(i) ¥97 97 99 @S] H [a¥1fo7d 8 — @Us-%, @, T, § FI & |

(iit) @S —F J o7 T&qT 1 T 18 T TglaehcdIT JHR 3 Ub-Tah 3 & To7 8 |
(iv) GUE—TH Jo7 &I 19 T 25 7% g ITIT JHRE1 & §1-81 371 & Jo7 & |
(v) TGI8 —T 4 557 G726 G 30 7 75 IT0T Jhe2 & A-diT 351 & g7 8 |
(vi) @U8—§H J97 G131 G 33 7% 15 I FbR & Uia-Tid ! & F97 3 |
(vii) TUE — & H J97 G&IT 34 T 35 HH TR TR-=R 3% & Fo7 5 |
(viti) F97-97 & GHI [T 781 1637 791 & | FeIf9, Gue-@ & 2 Fv 3, Gue—T & 2 v 7,
GUS-G 3 3 F71 § T GUE-F & 2 F7] H SR 1954 BT I 18I T & |
(ix) Fepcict HTITINT TAT 8 /
¢c=3x 108 m/s
h=6.63 x 10734 Js

e=1.6x10"19C
Ho=4n x 107" Tm A™?

gy = 8.854 X 10712 C2 N1 m—2
_]' 9 2 -2
Ao 9x 10 Nm~ C

g,

AR T GIHH (m.) =9.1 x 103 kg

= 1 GeIHH = 1.675 x 1027 kg
e 1 g9 = 1.673 x 1027 kg
JATERTIET BT = 6.023 x 1023 gfd um o

e 2amh = 1.38 x 1023 JK-!

55/2/1 | ] Page 2 of 24



= E
5

Read the following instructions very carefully and follow them :

General Instructions :

(1) This question paper contains 35 questions. All questions are

compulsory.

(it) Question paper is divided into FIVE sections — Section A, B, C, D

and E.

(iz1) In Section A : Question number 1 to 18 are Multiple Choice (MCQ) type

questions carrying 1 mark each.

(tv) In Section B : Question number 19 to 25 are Short Answer-1 (SA-1) type

questions carrying 2 marks each.

(v) In Section C : Question number 26 to 30 are Short Answer-2 (SA-2) type

questions carrying 3 marks each.

(vi) In Section D : Question number 31 to 33 are Long Answer (LA) type

questions carrying § marks each.

(vit) In Section E : Question number 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.

c=3x 108 m/s

h =6.63 x 10734 Js
e=16x1019C

o = 47 x 10" Tm A1

gy = 8.854 x 10712 C2 N-1 m~2

1
T =9 x 109 Nm?2 (C2
RSO

Mass of electron (m_) = 9.1 x 103l 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 constant = 1.38 x 10723 JK~!
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SECTION - A

The magnitude of the electric field due to a point charge object at a
distance of 4.0 m 1s 9 N/C. From the same charged object the electric field

N
of magnitude, 16 C will be at a distance of

(@ 1Im (b) 2m
(0 3m (d 6m

A point P lies at a distance x from the mid point of an electric dipole on its
axis. The electric potential at point P is proportional to

1

@ = ®
1

© = @ o

A current of 0.8 A flows in a conductor of 40 Q for 1 minute. The heat
produced in the conductor will be

(a) 14454J (b) 1536d
() 1569d (d) 16404J

A cell of emf E is connected across an external resistance R. When current
‘T 1s drawn from the cell, the potential difference across the electrodes of
the cell drops to V. The internal resistance v’ of the cell is

@ (557 )x ® (%57

© E_I R @ (%)R

Beams of electrons and protons move parallel to each other in the same
direction. They

(a) attract each other.
(b) repel each other.
(¢) neither attract nor repel.

(d) force of attraction or repulsion depends upon speed of beams.
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(© 2 (d) 4

fopeft Rereperarareh i @ % foreg ofR g & shAw: B 39K B g frefid § | 39 aa
o Tl <h feum fopeeh agfem & 7

@ B ®) F

© ExB @ BxE

1Y H T ] Tehavft JehTsT 1 <hIg FeRTuT STeT o I8 TR 31Ia oKt Tt 8 | Frferfaa o
¥ M FEfdd 3 3rdatdd feror 3 fore g9 g ?
(a) & TRl Sl (b) =T

(© 3t (d) aures

SIS YhTI gt a1 W fereft Trea o O har § | 39 HTeAT B RIS o1 =Tt 3TR alTeed
A 1.5 x 108 ms 3T 230 nm & | 9T H Tehrel hl a0 3

(a) 230 nm (b) 345 nm

(¢) 460 nm (d) 690 nm

T3 I g TR fohe ST R fmfetiiaa o & fohd 97g <6 I8 § Soide M -3casi =gl
TR ?

(a) wfafeay (b) wfgam

(c) <FefrEm (@) Hifsem

IS BIZSIH WAV n = 5 A n = 1 &A1 H ThHYT LT & | SIS Bl hl TITCET A 7 |
n=5dn = 2 HeIT H HhAU HH T IHd Bl hl auTeey grfl

(a) % A (b) 1—76 A
24 32
(c) Ea A (d) a A
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6. A long straight wire of radius ‘a’ carries a steady current ‘I’. The current is
uniformly distributed across its area of cross-section. The ratio of

. . =2 a =3 . .
magnitude of magnetic field B; at 9 and B, at distance 2a is

@ 3 ® 1
(o 2 (d) 4

= =
7. E and B represent the electric and the magnetic field of an electro-
magnetic wave respectively. The direction of propagation of the wave is

along
@ B b E
© ExB @ BxE

8. A ray of monochromatic light propagating in air, is incident on the surface
of water. Which of the following will be the same for the reflected and
refracted rays ?

(a) Energy carried (b) Speed
(¢) Frequency (d) Wavelength

9. A beam of light travels from air into a medium. Its speed and wavelength
in the medium are 1.5 X 10® ms! and 230 nm respectively. The
wavelength of light in air will be
(a) 230 nm (b) 345 nm
(¢) 460 nm (d) 690 nm

10. Which one of the following metals does not exhibit emission of electrons
from its surface when irradiated by visible light ?
(a) Rubidium (b) Sodium
(¢) Cadmium (d) Caesium

11. A hydrogen atom makes a transition from n = 5 to n = 1 orbit. The
wavelength of photon emitted is A. The wavelength of photon emitted
when it makes a transition from n =5 to n = 2 orbit 1s

(a) % A (b) 1—76 A
24 3
(c) A (d) 72 A
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2

(b) IINTHYF (A) 3SR (R) THT T & IR ST (R), AR (A) 1 T&t e
L

(©) 3TRIHY (A) T & 3R (R) 3R |
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12. The curve of binding energy per nucleon as a function of atomic mass

number has a sharp peak for helium nucleus. This implies that helium
nucleus is 1

(a) radioactive
(b) unstable
(¢) easily fissionable

(d) more stable nucleus than its neighbours

13. In an extrinsic semiconductor, the number density of holes is 4 x 102° m=3.
If the number density of intrinsic carriers is 1.2 X 10 m~3, the number

density of electrons in it is 1
(@ 1.8x%x109m™ (b) 2.4x10m3
() 3.6x10°m™ (d) 3.2x100m™3

14. Pieces of copper and of silicon are initially at room temperature. Both are
heated to temperature T. The conductivity of 1

(a) Dboth increases.
(b) both decreases.
(c) copper increases and silicon decreases.

(d) copper decreases and silicon increases.

15. The formation of depletion region in a p-n junction diode is due to 1
(a) movement of dopant atoms  (b) diffusion of both electrons and holes
(¢) drift of electrons only (d) drift of holes only

Note : In question number 16 to 18, two statements are given — one labelled
Assertion (A) and the other labelled Reason (R). Select the correct answer
to these questions from the codes (a), (b), (¢) 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 and Reason (R) 1s NOT
the correct explanation of Assertion (A).

(¢) Assertion (A) is true and Reason (R) is false.
(d) Assertion (A) is false and Reason (R) is also false.
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16. Assertion (A) : Diamagnetic substances exhibit magnetism.

Reason (R) : Diamagnetic materials do not have permanent magnetic
dipole moment. 1

17. Assertion (A) : Work done in moving a charge around a closed path, in
an electric field is always zero.

Reason (R) : Electrostatic force is a conservative force. 1

18. Assertion (A) : In Young’s double slit experiment all fringes are of equal

width.
Reason (R) : The fringe width depends upon wavelength of light (1) used,
distance of screen from plane of slits (D) and slits separation (d). 1
SECTION - B
19. Briefly explain why and how a galvanometer is converted into an
ammeter. 9

20. (a) How are infrared waves produced ? Why are these waves referred to
as heat waves ? Give any two uses of infrared waves. 2

OR

(b) How are X-rays produced ? Give any two uses of these.

21. In the given figure the radius of curvature of curved face in the plano-
convex and the plano-concave lens is 15 cm each. The refractive index of
the material of the lenses is 1.5. Find the final position of the image
formed. 2

20 cm
22. What happens to the interference pattern when two coherent sources are

(a) infinitely close, and
(b) far apart from each other 2
55/2/1 | — 1| Page 11 of 24 P.T.O.



23.

24.

25.

26.

27.

28.
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23.

24.

25.

26.

27.

28.
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(a) What is meant by ionisation energy ? Write its value for hydrogen

atom. 2
OR
(b) Define the term, mass defect. How is it related to stability of the
nucleus ?

Draw energy band diagram for an n-type and p-type semiconductor at
T>0K. 2

Answer the following giving reasons : 2
(1) A p-njunction diode is damaged by a strong current.

(1) Impurities are added in intrinsic semiconductors.

SECTION - C

(a) Two charged conducting spheres of radii a and b are connected to
each other by a wire. Find the ratio of the electric fields at their
surfaces. 3

OR

(b) A parallel plate capacitor (A) of capacitance C is charged by a battery
to voltage V. The battery is disconnected and an uncharged capacitor
(B) of capacitance 2C is connected across A. Find the ratio of

(1) final charges on A and B.

(1) total electrostatic energy stored in A and B finally and that
stored in A initially.

Define current density and relaxation time. Derive an expression for
resistivity of a conductor in terms of number density of charge carriers in
the conductor and relaxation time. 3

A series CR circuit with R = 200 Q and C = (560/) uF is connected across
an ac source of peak voltage ¢, = 100 V and frequency v = 50 Hz. Calculate

(a) impedance of the circuit (Z), (b) phase angle (¢), and (c) voltage across
the resistor. 3

55/2/1 | — 1| Page 13 of 24 P.T.O.
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30. (a)

(b)

31. (a)

(b)
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29. Define critical angle for a given pair of media and total internal reflection.

Obtain the relation between the critical angle and refractive index of the
medium. 3

30. (a) () Distinguish between nuclear fission and fusion giving an
example of each.

(1) Explain the release of energy in nuclear fission and fusion on
the basis of binding energy per nucleon curve. 3

OR

(b) (@) How is the size of a nucleus found experimentally ? Write the
relation between the radius and mass number of a nucleus.

(1) Prove that the density of a nucleus is independent of its mass
number.

SECTION -D

31l. (a) (1) Use Gauss' law to obtain an expression for the electric field due
to an infinitely long thin straight wire with uniform linear
charge density A.

(1) An infinitely long positively charged straight wire has a linear
charge density A. An electron is revolving in a circle with a
constant speed v such that the wire passes through the centre,
and is perpendicular to the plane, of the circle. Find the kinetic
energy of the electron in terms of magnitudes of its charge and
linear charge density A on the wire.

(111) Draw a graph of kinetic energy as a function of linear charge

density A. 5
OR
(b) (1) Consider two identical point charges located at points (0, 0) and
(a, 0).

(1) Is there a point on the line joining them at which the
electric field is zero ?

(2) Is there a point on the line joining them at which the
electric potential is zero ?

Justify your answers for each case.
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32. (a)

(b)
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(i1) State the significance of negative value of electrostatic potential
energy of a system of charges.

Three charges are placed at the corners of an equilateral
triangle ABC of side 2.0 m as shown in figure. Calculate the
electric potential energy of the system of three charges.

+4.0 uC
A

B C
-4.0 uC +2.0 uC

32. (a) (1) Define coefficient of self-induction. Obtain an expression for
self-inductance of a long solenoid of length /, area of cross-

section A having N turns.

(1) Calculate the self-inductance of a coil using the following data

obtained when an AC source of frequency (%j Hz and a DC
source 1s applied across the coil. 5
AC Source DC Source
S.No.| V(Volts) | T(A) S.No. | V(Volts) | T (A)
1 3.0 0.5 1 4.0 1.0
2 6.0 1.0 2 6.0 1.5
3 9.0 1.5 3 8.0 2.0

OR
(b) (@) With the help of a labelled diagram, describe the principle and

working of an ac generator. Hence, obtain an expression for the

instantaneous value of the emf generated.
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33. (a)

(b)

34. (a)
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33. (a)

(b)
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(i1) The coil of an ac generator consists of 100 turns of wire, each of
area 0.5 m? The resistance of the wire is 100 Q. The coil is
rotating in a magnetic field of 0.8 T perpendicular to its axis of
rotation, at a constant angular speed of 60 radian per second.

Calculate the maximum emf generated and power dissipated in
the coil.

(1) State Huygen’s principle. With the help of a diagram, show how
a plane wave is reflected from a surface. Hence verify the law of

reflection. 5

(1) A concave mirror of focal length 12 cm forms a three times
magnified virtual image of an object. Find the distance of the

object from the mirror.
OR

(1) Draw a labelled ray diagram showing the image formation by a
refracting telescope. Define its magnifying power. Write two
limitations of a refracting telescope over a reflecting telescope.

(1) The focal lengths of the objective and the eye-piece of a
compound microscope are 1.0 cm and 2.5 cm respectively. Find
the tube length of the microscope for obtaining a magnification
of 300.

SECTION - E

Note : Questions number 34 and 35 are Case Study based questions.

34. (a)

55/2/1

Read the following paragraph and answer the questions.

Consider the experimental set up shown in the figure. This jumping
ring experiment is an outstanding demonstration of some simple
laws of Physics. A conducting non-magnetic ring is placed over the
vertical core of a solenoid. When current is passed through the
solenoid, the ring is thrown off.

| ] Page 19 of 24 P.T.O.



(b)

35. (a)
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Copper Ring
(free to move)

Iron Core |
Switch
g
Coil
+ _
1]
Battery

Answer the following questions :

(1) Explain the reason of jumping of the ring when the switch is

closed in the circuit.

(11) What will happen if the terminals of the battery are reversed

and the switch is closed ? Explain.

(i11) Explain the two laws that help us understand this

phenomenon. 4
OR

(b) Briefly explain various ways to increase the strength of magnetic

field produced by a given solenoid.

35. (a) Figure shows the variation of photoelectric current measured in a
photo cell circuit as a function of the potential difference between the
plates of the photo cell when light beams A, B, C and D of different
wavelengths are incident on the photo cell. Examine the given figure

and answer the following questions :
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Potential Difference

(1) Which light beam has the highest frequency and why ?
(11) Which light beam has the longest wavelength and why ?

(i11) Which light beam ejects photoelectrons with maximum

momentum and why ?

OR

(b) What is the effect on threshold frequency and stopping potential on

increasing the frequency of incident beam of light ? Justify your

answer.
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(1)
(i)
(iii)
(iv)
(v)
(vi)
(vii)

(viii)

(ix)

55/3/1

This question paper contains 35 questions. All questions are compulsory.

This question paper is divided into five Sections - A, B, C, D and E.

In Section A — Questions no. 1 to 18 are Multiple Choice (MCQ) type
questions, carrying 1 mark each.

In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type
questions, carrying 2 marks each.

In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,
carrying 3 marks each.

In Section D — Questions no. 31 to 33 are Long Answer (LA) type questions
carrying 5 marks each.

In Section E — Questions no. 34 and 35 are case-based questions carrying
4 marks each.

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.

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"19¢C
Up=4nx 107" Tm A~
gp =8-854 x 10712 C2 N1 m~2
1

471:80

=9x 107 Nm?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 per gram mole

Avogadro’s number = 6-023 x 1
Boltzmann constant = 1-38 x 10723 JK1
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SECTION A

A -
An electron experi_e;nces a force (16 x 10716 N) i in an electric field E .
The electric field E is:

A A

(@) (10x103 N)] B —(10x103 N)j
C C
A A
(© (1:0x108 ] @ --0x108N)j
C C

Which one of the following is not a scalar quantity ?
(a)  Electric field (b)  Voltage
(c) Resistivity (d)  Power

The current density due to drift of electrons in a conductor is given by :
(symbols have their usual meanings)

(a) neAvy b 2AVd
e
(c) r;\: (d nevy

Which of the following graphs correctly represents the variation of the
magnitude of the magnetic field outside a straight infinite current
carrying wire of radius ‘a’, as a function of distance ‘v’ from the centre of
the wire ?

B B B B
I
|
0 T 0 a T 0 r 0 a r
(a) (b) (c) (d)

|
|
|
|
a a

A particle of mass m and charge q moving with a uniform velocity
A A —> A
V= Vog 1+ Yoy j enters a region with a magnetic field B = B j . After

- A
some time, an electric field E = E; j is also switched on in the region.

The resulting path described by the particle will be :
(a) acircle in x-z plane

(b)  a parabola in x-y plane

(c) a helix with constant pitch

(d)  a helix with increasing pitch
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6. An inductor, a capacitor and a resistor are connected in series across an
ac source of voltage. If the frequency of the source is decreased gradually,
the reactance of :

(a)  both the inductor and the capacitor decreases.
(b)  inductor decreases and the capacitor increases.
(c) both the inductor and the capacitor increases.

(d)  inductor increases and the capacitor decreases.

7. The electromagnetic radiations used to kill germs in water purifiers are
called :

(a) Infrared waves
(b) X-rays
(¢) Gamma rays

(d)  Ultraviolet rays

8. In the wave picture of light, the intensity I of light is related to the
amplitude A of the wave as :

(@ I oA

(b) I « A

(c) I o« A2
1

9. In a single-slit diffraction experiment, the width of the slit is halved. The
width of the central maximum, in the diffraction pattern, will become :

(a)  half
(b)  twice
(¢)  four times
(d)  one-fourth
55/3/1 Page 7 of 23 P.T.O.
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foreht a1g o fow FRied fova (y-o1a W) qen mfaa fafeRton &t emafd (x-31&
W) & T UT% ATeiRad fohm TR ] | UT6 W W T Sl JAUTdT TR Sedei
T TS oh YT ST TOEHA BT

(@) h
h

(b)
(c)

c
2h
C
h
d —
(d) e

H e 2-14 eV i Tohet 91 W TR 6-4 x 1014 Hz 1 TR 39
T 2 | 3cald SAdei-l hl ATeehad i ol I ST :

(a) 025eV
(b)  0-51eV
(c) 1-:02 eV
(d 010eV

TR % Hisd U BESeH & WA I I Juff H Icafld Jehrer i Aferenad
AR AR | AR 1 STII BT 3

(a) —

—

b 2
© 2

11
9
5
7
16
7

(d)
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10. A graph is plotted between the stopping potential (on y-axis) and the
frequency of incident radiation (on x-axis) for a metal. The product of the
slope of the straight line obtained and the magnitude of charge on an
electron is equal to :

(a) h
b 2

(c) —
C
h

(d) 20

11. Light of frequency 6-4 x 10'* Hz is incident on a metal of work function

2:14 eV. The maximum kinetic energy of the emitted electrons is about :

(a) 025eV
(b) 0-51eV
(c) 1:02 eV
(d 010eV

12. The ratio of maximum frequency and minimum frequency of light

emitted in Balmer series of hydrogen spectrum, in Bohr’s model is :

(a) —

—

(c) —

b 2
1
16

11
9
5
7
@
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18. Tttt 39 ardumees o forel fifvad am w soeg 3t foemi i @rgan
15 x 1016 m=3 3 | 9« 38 DEdee smMfuses & mfed fhar S 8, @
forat Tgar sIgeht 4-5 x 1022 m=3 8 It 2 | Hifdd AL=TTeh | sAdel hl
HIgdl (n,) B

(a) 3x105m=3
b)) 5x10" m=3
() 5x109m=3

d  675x1038 m=3

14. It A p-n G e wwaleler srfyd &, 1 -
(a) Uftres fave =e a1 2 |

(b) U fawe varfaa =& gar @ |
(c)  Uftrert fava o AT B |

(d) YR JE&Id: SgEEIH dgehl % %I Bl @ |

15. T Sieedt fama w1 fore) =iss & fofu aofq 39 gepr foram = 2
<t < g%%m

V:VO 0
T
=0 EStSTa;%Q
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13. At a certain temperature in an intrinsic semiconductor, the electrons and
holes concentration is 1-5 x 10'® m=3. When it is doped with a trivalent

dopant, hole concentration increases to 4-5 x 1022 m-3. In the doped

semiconductor, the concentration of electrons (ne) will be :
(@ 3x10°m3
) 5x10" m3
(© 5x10° m3

@  675x10°® m-3

14. If a p-njunction diode is reverse biased,
(a) the potential barrier is lowered.
(b)  the potential barrier remains unaffected.
(c) the potential barrier is raised.

(d)  the current is mainly due to majority carriers.

15. A voltage signal is described by :

v=V forOStsg

=0 forgStST

for a cycle. Its rms value is :

Vo
(a) NG
(b)  V
Vo
(c) 5
@ V2V

55/3/1 Page 11 of 23 P.T.O.
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97 &7 16 T 18 379FHIT (A) K FRT (R) YHR & Y97 & | 31 %97 30 70 § —
7 T #1719 (A) 91 & #1 SRV (R) GRT e 1371 797 & | &8 I A4
13T 1T B1ST (a), (), (c) 3K (d) F & g7 T |
(a) MR (A) 3 SR (R) THT T&l & W SRl (R), 3THAT (A) I
e AT LT 2 |

(b)  SAfNTHAA (A) 3T HRU (R) THI T&l &, T BRI (R), AMMHT (A) i
g SURST gt il g |

(c)  ANTHAH (A) HEl B, =g BRI (R) TAd & |
(d)  IHI (A) TAd g 3 RO (R) ft Tad 2 |

16. 3% g7 (A) : Tl 9a &1 st=afier gty g @ar 2 |

HRU(R):  3YAM L 0 A b [oR[d-STq=ee i AR Agal FHH Tl

g |

17.  37%%97 (A) : <& Trel gareer umwr, a8 #is Tarl 9 yarfed & @ 8,
s g1 shl STl @, A1 3HehT Frehid STELl FR AT Bl Sl
2 |

FRU(R):  Torelt gumeer umw, @ i ot g vaiga 8 @R, w0
TEEH STV 3T TN % A% o THIIT BT B |

18.  37fIg7 (A) - R gY 1 s Tifies 7X st TR |
FRIT (R) : gx T Il shl T&AT 31 2 |

Qs @

19. TS [ 1 s AR Toh ${ & JAThR I A &9 H § | 39 9T hl o B
Irel 9IRT B 3l TR | qiEhad e T 7 | SHE 9 SETed i W)
A 3R 9T B o shegl W Graehl™ &A1 Sl STUTd 1A ShIT, |

20. ‘fooma g’ © 7 A9 § 2 €Y H AT <hIfVU Tk a8 O = 9/ 9
forg gopR i B 1
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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.

16.

17.

18.

19.

20.

55/3/1

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

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

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

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

Assertion (A) : The internal resistance of a cell is constant.

Reason (R):  Ionic concentration of the electrolyte remains same during

use of a cell.

Assertion (A) : When radius of a circular loop carrying a steady current is

doubled, its magnetic moment becomes four times.

Reason (R): The magnetic moment of a circular loop carrying a steady

current is proportional to the area of the loop.

Assertion (A): The nucleus ;X 1s more stable than the nucleus gY .

7 .
Reason (R): 3X contains more number of protons.

SECTION B

A wire of length [ is in the form of a circular loop A of one turn. This loop
is reshaped into loop B of three turns. Find the ratio of the magnetic
fields at the centres of loop A and loop B for the same current through
them.

What is meant by the term ‘displacement current’ ? Briefly explain how

this current is different from a conduction current.

Page 13 of 23 P.T.O.
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(%) wa fagra faRew | grig 3 999 a1 & srufeyfa <1 = men e
YR <h ?

HAAAT
(@) wEtE fagra &1 39T Hh (1) 3Tadd guul, de (ii) A oF g
et Tmaet G ST UXTEdA/3T9d e gRIgy |

g W A 3R B % 3TUaHTh HAN: 2 R /2 & | 3 qHI o FAUTS *
foru spifaer i = 2 2

(%) TIHH &I A Sl BT HHH TG Holl A (aaAsTi4 o fa=wor i
T AT T GirT | 9 A1fest (A > 170) & 7T geaqe 9@ |
gig B W F99 St Ui =fFAsT gedl 8 | S AT HhivT |

AT
(@) ¥R ARGl 1 TN HA Y, FESSH WA H ndfl €ATE Haf i
B 1 SR 9o ShIfST |

fortlt pn Gftr e A BEN TR % w99 O fomwr g SR 3weE 9 i
YfHeRISAT ! AT HIT |

frell p-n @Y & 37 U1 A AT HINTT A 38 TS dieedrsti & feseh
% o0 Igeh sH@T 2 | qUi-adT st AR STd-au fosesrt & «ff= favwem
HITT |

Qug 1

TETE | R THUdH ATIRA-HIC &T%hA A & {ohdll @cieh o I T ig
fawa=a V S5 Toham T 8 | (31 ekl I HId Wad ) IlG (a) VRl
AT 3R (b) L =1 3f1an K fean S, b () fogga &7 E, (i) 3f9amg o vy, 3R
(iii) o0 O9cd j T TepR guTiard B 2

FUESA b JTA b FA UYehea d T A g ? a el g
qReATfeTeRTaT, T9H Tedieh sl @RS [ @ 9 30 B hl §&AT Ny 3 N, qer
oS3 1y 3 1y (ry > vp) THA &, & AT Wehed o ToIT otk 9T SHIT |
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21. (a) State Huygens’ principle. How did Huygens explain the absence of
the backwave ? 2

OR

(b) Use Huygens’ principle to show reflection/refraction of a plane wave
by (i) concave mirror, and (ii) a convex lens. 2

22. The refractive indices of two media A and B are 2 and 2 respectively.
What is the critical angle for their interface ? 2

23. (a) Draw a graph showing the variation of binding energy per nucleon
as a function of mass number A. The binding energy per nucleon for
heavy nuclei (A > 170) decreases with the increase in mass number.
Explain. 2

OR

(b) Using Bohr’s postulates, obtain the expression for radius of nth
stable orbit in a hydrogen atom. 2

24. Explain the roles of diffusion current and drift current in the formation of
the depletion layer in a p-n junction diode. 2

25. Explain the property of a p-n junction which makes it suitable for
rectifying alternating voltages. Differentiate between a half-wave and a
full-wave rectifier. 2

SECTION C

26. A potential difference V is applied across a conductor of length / and
uniform cross-section area A. How will the (i) electric field E, (ii) drift

velocity vy, and (iii) current density j be affected when (a) V is doubled

and (b) / is halved (keeping other factors constant) ? 3

27. What is meant by the term ‘mutual inductance’ of a pair of coils ? Obtain
an expression for the mutual inductance of two long coaxial solenoids,
each of length / but having different number of turns N; and N, and radii
ri and ry (rg > 1r7). 3
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(%) ToreEl ofreel @i o AT @ ®E ac @G v = v, sin ot AT 7 |
(i) 9REY | JaTEd 9/, AR (i) G9iE o faara & e =9 o
T | 9T 1 AR ot o = T ATTIRIT HIT |

AT

(@) =g foreft aftay o forefl ac aicear &a & & @ ooft & &8 W& L,
YT C 3R Tfatge R 9414 &, 1 IhuY § 3{Ed 394 Wfh % g
S T HIT | (1) TG SRfvTeh 9ige, 3R (i) qfelg wfatiass
qftuer & fore wifs Tories T <AIRT |

s TeHd fSEehl Hi (%) eV 8, ¥ Hug ¢ Sl qUll bl qulesd

Yferfera hIfST | T9E St a1t fordt Tewt o1 & fofu o8 qesd g g
JHTferd It & ?

(F) 1) Tag FHifse f aft Tifiest & fou i ocg @am g 2 |
i) TrEt =ffFasti{i & T o JURA P Bad AR 39 A HI
e Sl 1 U Wi | 36 I § g sy et |
HAYAT
(@) () TERAEST T H YhUA BV (0) Sl HaAd HHH HEd
Tehifuta Ul <hl &A1 (N) o fa=ior o1 geie & e ster@ (Um)
difeu |
(i) 39 AQ ¥ o S 91 @ Tt <kl geg 4 == hife 31t
fafau for 3 form yepr wmmo) # Tiftep it @ T AR A I § |
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28. (a) An ac source v = v, sin ot is connected across an ideal capacitor.
Derive the expression for the (i) current flowing in the circuit, and
(ii) reactance of the capacitor. Plot a graph of current i versus ot. 3

OR

(b) A series combination of an inductor L, a capacitor C and a resistor
R is connected across an ac source of voltage in a circuit. Obtain an
expression for the average power consumed by the circuit. Find
power factor for (i) purely inductive circuit, and (ii) purely resistive

circuit. 3

29. Calculate the wavelength of de Broglie waves associated with a proton

having (%) eV energy. How will the wavelength be affected for an

alpha particle having the same energy ? 3

30. (a) () Prove that the nuclear density is same for all nuclei.

(ii)) Draw a plot of potential energy of a pair of nucleons as a
function of their separation. Draw two inferences from this
plot. 3
OR

(b) () Draw a graph to show the variation of the number of scattered
particles detected (N) in Geiger-Marsden experiment as a

function of scattering angle (0).

(i1) Discuss briefly two conclusions that can be drawn from this
graph and how they lead to the discovery of nucleus in an
atom. 3
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SECTION D

31. (a) (1) Define electric flux and write its SI unit.

(ii)) Use Gauss’ law to obtain the expression for the electric field

due to a uniformly charged infinite plane sheet.

(iii) A cube of side L is kept in space, as shown in the figure. An

- A
electric field E = (Ax + B) 1 % exists in the region. Find the

net charge enclosed by the cube.

Ay

OR

(b) (i) Define electric potential at a point and write its SI unit.

(ii)) Two capacitors are connected in series. Derive an expression

of the equivalent capacitance of the combination.

(iii) Two point charges + q and — q are located at points (3a, 0) and
(0, 4a) respectively in x-y plane. A third charge Q is kept at
the origin. Find the value of Q, in terms of q and a, so that the

electrostatic potential energy of the system is zero. 5
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32. (a) (1) Write the principle and explain the working of a moving coil
galvanometer. A galvanometer as such cannot be used to

measure the current in a circuit. Why ?

(ii) Why is the magnetic field made radial in a moving coil
galvanometer ? How is it achieved ? 5

OR

(b) (i) Derive an expression for magnetic field on the axis of a current

carrying circular loop.

(ii) Write any two points of difference between a diamagnetic and

a paramagnetic substance. 5

33. (a) (i) Draw a ray diagram showing the formation of a real image of
an object placed at a distance ‘v’ in front of a concave mirror of
radius of curvature ‘R’. Hence, obtain the relation for the

image distance v’ in terms of u and R.

(i1)) A 1:8 m tall person stands in front of a convex lens of focal
length 1 m, at a distance of 5 m. Find the position and height

of the image formed. 5

OR

(b) () Draw a ray diagram showing refraction of a ray of light
through a triangular glass prism. Hence, obtain the relation
for the refractive index (p) in terms of angle of prism (A) and

angle of minimum deviation (&,,).

(11) The radii of curvature of the two surfaces of a concave lens are
20 cm each. Find the refractive index of the material of the

lens if its power is — 5-0 D. 5
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SECTION E

A beam of electrons moving horizontally with a velocity of 3 x 107 m/s
enters a region between two plates as shown in the figure. A suitable
potential difference is applied across the plates such that the electron
beam just strikes the edge of the lower plate.

T

—> 1cem

fe— 3 ecm —3|

Answer the following questions based on the above :

(a)
(b)
(c)

(c)

How long does an electron take to strike the edge ?
What is the shape of the path followed by the electron and why ?

Find the potential difference applied.
OR
Find the magnitude and direction of the magnetic field which

should be created in the space between the plates so that the
electron beam goes straight undeviated.

Diffraction of light is bending of light around the corners of an object
whose size is comparable with the wavelength of light. Diffraction
actually defines the limits of ray optics. This limit for optical instruments
is set by the wavelength of light. An experimental arrangement is set up
to observe the diffraction pattern due to a single slit.

Answer the following questions based on the above :

(a)

(b)
(c)

(c)

How will the width of central maximum be affected if the
wavelength of light is increased ?

Under what condition is the first minimum obtained ?

Write two points of difference between interference and diffraction
patterns.

OR

Two students are separated by a 7 m partition wall in a room 10 m
high. If both light and sound waves can bend around obstacles, how
is it that the students are unable to see each other even though they
can converse easily ?
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(1)
(i)
(iii)
(iv)
(v)
(vi)
(vii)

(viii)

(ix)

55/4/1

This question paper contains 35 questions. All questions are compulsory.

This question paper is divided into five Sections - A, B, C, D and E.

In Section A — Questions no. 1 to 18 are Multiple Choice (MCQ) type
questions, carrying 1 mark each.

In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type
questions, carrying 2 marks each.

In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,
carrying 3 marks each.

In Section D — Questions no. 31 to 33 are Long Answer (LA) type questions
carrying 5 marks each.

In Section E — Questions no. 34 and 35 are case-based questions carrying
4 marks each.

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.

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"19C

Up=4nx 107" Tm A~

gp = 8854 x 10712 C? N1 m~2
1

4
me

=9x 109 Nm?2C2

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

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

Boltzmann constant = 1-38 x 10722 JK!
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SECTION A

1. Two charges q; and q, are placed at the centres of two spherical
conducting shells of radius r; and r, respectively. The shells are arranged
such that their centres are d [ > (r; + ry)] distance apart. The force on q,

due to qq is :
1 949 1 q.9
(a) 1 22 (b) 112 5
dneg d 4neg (d-1p)
(c) Zero (d) 1 1199 5
4neg [d — (1] + 19)]
2. An electron enters a uniform magnetic field with speed v. It describes a

semicircular path and comes out of the field. The final speed of the
electron is :

(a)  Zero (b) v (c) 5 (d) 2v

3. The magnetic field lines near a substance are as shown in the figure. The
substance is :

— -
~—

(a)  Copper (b) Iron (c) Sodium (d) Aluminium
4., The figure shows variation of current (I) with time (t) in four devices P,
Q, R and S. The device in which an alternating current flows is :
I/\ P
/ Q
R

N

(a) P (b) Q ) R (d S
55/4/1 Page 5 of 27 P.T.O.
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(b) X I 8 3 X =R

(c) Xﬁgﬁ@%\?ﬁ'{XL=\/§R

(d) X e § 3 X =R
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The electromagnetic waves used in radar systems are :
(a) Infrared waves (b)  Ultraviolet rays

(c) Microwaves (d) X-rays

In a Young’s double-slit experiment, the fringe width is found to be B. If
the entire apparatus is immersed in a liquid of refractive index p, the
new fringe width will be :

(a) B (b) up © B @ -
H B

Photons of energy 3:2 eV are incident on a photosensitive surface. If the
stopping potential for the emitted electrons is 1-5 V, the work function for
the surface is :

(a) 15eV (b) 1:7eV (c) 32 eV (d) 47eV

Which of the following statements is not true for nuclear forces ?

(a)  They are stronger than Coulomb forces.

(b)  They have about the same magnitude for different pairs of nucleons.
(c) They are always attractive.

(d)  They saturate as the separation between two nucleons increases.

The direction of induced current in the loop abc is :

a®b

X > y
I
(a) along abc if I decreases

(b)  along acb if I increases
(c) along abc if I is constant
(d)  along abc if I increases

An ac voltage v = v sin ot is applied to a series combination of a resistor

R and an element X. The instantaneous current in the circuit is

I =1 sin (ot + %). Then which of the following is correct ?

(a)  Xis a capacitor and X = J2 R
(b)  Xis aninductor and X; =R

(c) X is an inductor and Xj = J2 R
(d)  Xisacapacitor and X =R

Page 7 of 27 P.T.O.
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15.
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qigy § I8 1 YR 3R Yatfad 9 @

ED ‘ 100 O

[
0.5V
(a) Ul I, 0 A (b)  UYElEh IFE, 0 A

(c) ufelRies I=E, 5 mA (d) UvaleReEs 9=EE, 2 mA

R R
4

Yo7 &1 16 & 18 3714%e (A) 3R BRI (R) ¥R & Y97 & | 51 %97 15T T & —
o T @) STHIT (A) 9T G B BRI (R) ZRT 37fd 13547 7971 & | d& I 14
139 1T #igl (a), (b), (c) 3R (d) § & G7T FIT |
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(a)  SANTHAA (A) 3 SO (R) T Fal & 3N HRU (R), AMHAT (A) i
g SIRSIT hdl & |

(b) 3R (A) 3R HROT (R) SHI HEl &, g SR (R), AR (A) i
g AT 78T T B |

(c) AU (A) Hal B, g SR (R) T & |

(d)  3fReE (A) A & 3R HRU (R) H T 7 |
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11. A plane wavefront is incident on a concave mirror of radius of curvature
R. The radius of the refracted wavefront will be :
R R
(a) 2R (b) R () — (d) —
2 4
12. A proton and an alpha particle have the same kinetic energy. The ratio of
de Broglie wavelengths associated with the proton to that with the alpha
particle is :
1
@ 1 (b) 2 © 242 @ 5
13. The potential energy of an electron in the second excited state in
hydrogen atom is :

(a) —34eV (b) —3:02eV (¢) —1-51eV (d) —-6-8eV

14. The difference in mass of /X nucleus and total mass of its constituent
nucleons is 21-:00 u. The binding energy per nucleon for this nucleus is
equal to the energy equivalent of :

(a) 3u (b) 35u (¢) 7u d 21u

15. The threshold voltage for a p-n junction diode used in the circuit is 0-7 V.
The type of biasing and current in the circuit are :

ED ‘ 100 O

05V
(a)  Forward biasing, 0 A (b)  Reverse biasing, 0 A
(c) Forward biasing, 5 mA (d) Reverse biasing, 2 mA

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.

55/4/1 Page 9 of 27 P.T.O.
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19.
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16. Assertion (A): When three electric bulbs of power 200 W, 100 W and

50 W are connected in series to a source, the power
consumed by the 50 W bulb is maximum.

Reason (R): In a series circuit, current is the same through each bulb,
but the potential difference across each bulb is different.

17. Assertion (A) : A current carrying square loop made of a wire of length L
is placed in a magnetic field. It experiences a torque
which is greater than the torque on a circular loop made
of the same wire carrying the same current in the same
magnetic field.

Reason (R): A square loop occupies more area than a circular loop,
both made of wire of the same length.

18. Assertion (A) : In ‘n’ type semiconductor, number density of electrons is
greater than the number density of holes but the crystal
maintains an overall charge neutrality.

Reason (R): The charge of electrons donated by donor atoms is just
equal and opposite to that of the ionised donor.

SECTION B

19. Two identical dipoles are arranged in x-y plane as shown in the figure.

Find the magnitude and the direction of net electric field at the origin O. 2
04
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20. Write two differences between the emf and terminal potential difference
of a cell. What is the most important precaution that one should take

while drawing current from a cell ? 2

21. A small magnetised needle P is placed at the origin of x-y plane with its
magnetic moment pointing along the y-axis. Another identical

magnetised needle Q is placed in two positions, one by one.

Case 1: at(a, 0) with its magnetic moment pointing along x-axis.
Case 2 : at (0, a) with its magnetic moment pointing along y-axis.
(a) In which case is the potential energy of P and Q minimum ?
(b)  In which case is P and Q not in equilibrium ?

Justify your answers. 2

22. (a) What is a displacement current ? How is it different from a
conduction current ? 2

OR

(b) Write any two characteristics of an electromagnetic wave. Why are
microwaves used in radar systems ? 2

23. The figure shows VI2n

versus % graph for photoelectrons emitted from a
surface where v_ is the maximum speed of electrons and A is the
wavelength of incident radiation. Using this graph and Einstein’s
photoelectric equation, obtain the expression for Planck’s constant and

work function of the surface. 2

A S
A Y
> =
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27.
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Draw the graph showing the variation of binding energy per nucleon with
mass number A of nuclei (2 < A < 170). Use this graph to explain the

release of energy in nuclear fission. 2

(a) Obtain an expression for electrostatic potential energy of a system
of three charges q, 2q and —-3q placed at the vertices of an

equilateral triangle of side a. 2

OR

(b) Two small conducting balls A and B of radius r; and r, have

charges q; and gy respectively. They are connected by a wire.

Obtain the expression for charges on A and B, in equilibrium. 2

SECTION C

Two circular loops A and B, each of radius 3 m, are placed coaxially at a
distance of 4 m. They carry currents of 3 A and 2 A in opposite directions

respectively. Find the net magnetic field at the centre of loop A. 3

(a) The figure shows the variation of induced emf as a function of rate of
change of current for two identical solenoids X and Y. One is air
cored and the other is iron cored. Which one of them is iron cored ?
Why ?

emf{
N

I
O at

(b)  Obtain an expression for self-inductance of a long solenoid of length

L and cross-sectional area A having N turns. 3

Page 15 of 27 P.T.O.



28.

29.

55/4/1

2
feret 200 V 3T 50 Hz &% ac @1d @ it T 30 Q &1 I3 Ufaliesh 3R
250 uF &1 mearfa weifsa 3 1 1) afy B gm, 3R (i) gfdess 3ik

i & a0 W dieedr urq uierfora hIfT | (iii) ST 39 Sleedisl
S I | Sl dieear ¥ ek g 2 I B, O 3H ST
et hifse |

AT

foret ooft LCR uftger, e R=20Q, L =2H 3 C = 50 uF 8,
gi@Ed! ST o 200 V o ac GId § GIAIVA fRAT T & | TTAG
feafa & (i) gm0 1 3EmW, AR (i) Th U =6 H INUY I TAEFARG
3NEd ok =1 2§ 2 (iii) ToTie o 90 w fawe urq uitesfad i |

()  UHA Tt o HRO foadd H ug o el fomg ox ugl sehr aw
& ol HATFM 5n g | A HIfT foh 590 forg W =mehich S
ST SrerEn el s wat |

(i) Uha &l & 4 & < 3If=ss 0 @ fofad o
(T3 9ok d) o 8 3Ifass I i o T y=ies fort bl =g
(a) &1 B =(ET 2

(iii) Uehd T2 <k faada Ged O dierar faawor =1 ure difem |
YT
(i) dﬂés%aﬁ%;-%ﬁmﬁnﬁssz-ssf%,aﬁsle;ﬁtszaqﬁ@

¥ gyl rgER @ ffaf § | P o aidt o faareht sufaertor %
T gt (S,P — S, P) S1d <hIfT |

P
Sq

Sy

Page 16 of 27



28.

29.

55/4/1

(a)

(b)

(a)

(b)

El__%%

[=]
: : 250 : :
A resistor of 30 Q and a capacitor of —— pF are connected in series
T

to a 200 V, 50 Hz ac source. Calculate (i) the current in the circuit,
and (ii) voltage drops across the resistor and the capacitor. (iii) Is
the algebraic sum of these voltages more than the source voltage ?
If yes, solve the paradox. 3

OR

A series LCR circuit with R = 20 Q, L = 2H and C = 50 uF is
connected to a 200 volts ac source of variable frequency. What is
(i) the amplitude of the current, and (ii) the average power
transferred to the circuit in one complete cycle, at resonance ?
(iii) Calculate the potential drop across the capacitor. 3

(i) In diffraction due to a single slit, the phase difference between
light waves reaching a point on the screen is 5m. Explain
whether a bright or a dark fringe will be formed at the point.

(ii) What should the width (a) of each slit be to obtain eight
maxima of two double-slit patterns (slit separation d) within
the central maximum of the single slit pattern ?

(i1i) Draw the plot of intensity distribution in a diffraction pattern
due to a single slit. 3

OR
(i) In a Young’s double-slit experiment SS, — SS; = %, where S;
and S, are the two slits as shown in the figure. Find the path
difference (SoP — S;P) for constructive and destructive

interference at P.
P

Sq

So
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(ii)) What is the effect on the interference fringes in a Young’s
double-slit experiment, if the monochromatic source S is

replaced by a source of white light ? 3

30. Briefly explain Geiger-Marsden experiment. Show the variation of the
number of particles scattered (N) with scattering angle (0) in this
experiment. What is the main conclusion that can be inferred from this
plot ? 3

SECTION D

31. (a) () Define mobility of electrons. Give its SI units.
(i1) A steady current flows through a wire AB, as shown in the
figure. What happens to the electric field and the drift velocity

along the wire ? Justify your answer.

A

(iii) Consider the circuit shown in the figure. Find the effective

resistance of the circuit and the current drawn from the

battery. 5
10 Q
10Q
BY — | 140
30 Q % 10 Q
OR
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(b)

(a)

(b)

(1)

(i1)

(iii)

(1)

(i1)

(1)

El__%%

Define electrical conductivity of a wire. Give its SI unit.

High current is to be drawn safely from (1) a low-voltage
battery, and (2) a high-voltage battery. What can you say

about the internal resistance of the two batteries ?

Calculate the total energy supplied by the batteries to the

circuit shown in the figure, in one minute. 5

10 4V 2.0

6 Q
10V T

AV
3Q

Draw a ray diagram to show how the final image is formed at
infinity in an astronomical refracting telescope. Obtain an

expression for its magnifying power.

Two thin lenses L; and L,, L; being a convex lens of focal
length 24 cm and Ly a concave lens of focal length 18 cm are
placed coaxially at a separation of 45 cm. A 1 cm tall object is
placed in front of the lens L, at a distance of 36 cm. Find the

location and height of the image formed by the combination. 5

OR

Explain the working principle of an optical fibre with the help

of a diagram. Mention one use of a light pipe.
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(i)

(1)

(i)

(iii)

(1)

(i1)

(iii)
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60° o IV G IYdd Hidl & | I8 foror greq fUsw 9 gfida:
Tl 2 | 39 TeH o fou =am fa=em s (6 31k fsd &
UeTel T YIS A i | A 39 fem w1 ot ° gar oo

S, A 5, T FAT TG G ? 39 I gfee FHIT |

St & fordl freea w1 ww gro wifed fomam mm 2
F1-dUg IR <hl TERAT ¥ AT hifiw for wifeq fsreed <hi

=TeTehdl U T THT T2 |

frdt pn @l s O wftafera @ wfseamett 6t dféea =amen
IR |

frdt p-n Gfr sAE & BET TR FH S W (1) wklew
TEA, 3N (2) UTEef3eh SREE 1 =1 YT 92T 2

AT
RgY @ I FEEA ¥ p-n T TSI o TN A Tohelt Ui
T fesesrt it fspafafer Y waw & smen Sifs |
foret p-n @Y sE W1 V - 1 Afenafires difew | s fifse
5 SRt & I Afvaew 38 fhe yepr foseshtor & fou 3o
T & |
e 3T fafcreria <t STeres ataqT a7 | fR e forgatiedt
3R fafeTshia s1d=ereh @i 8 ?
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(ii)) A ray of light is incident at an angle of 60° on one face of a
prism with the prism angle A = 60°. The ray passes
symmetrically through the prism. Find the angle of minimum
deviation (5,) and refractive index of the material of the
prism. If the prism is immersed in water, how will & be

affected ? Justify your answer. 5

33. (a) () A germanium crystal is doped with antimony. With the help of
energy-band diagram, explain how the conductivity of the

doped crystal is affected.

(ii) Briefly explain the two processes involved in the formation of a

p-n junction.

(iii) What will the effect of (1) forward biasing, and (2) reverse
biasing be on the width of depletion layer in a p-n junction

diode ? 5

OR

(b) (1)  With the help of a circuit diagram, briefly explain the working

of a full-wave rectifier using p-n junction diodes.

(i1)) Draw V — I characteristics of a p-n junction diode. Explain
how these characteristics make a diode suitable for

rectification.

(iii) Carbon and silicon have the same lattice structure. Then why

is carbon an insulator but silicon a semiconductor ? 5
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&
SECTION E
Electrostatics deals with the study of forces, fields and potentials arising
from static charges. Force and electric field, due to a point charge is
basically determined by Coulomb’s law. For symmetric charge
configurations, Gauss’s law, which is also based on Coulomb’s law, helps
us to find the electric field. A charge/a system of charges like a dipole
experience a force/torque in an electric field. Work is required to be done

to provide a specific orientation to a dipole with respect to an electric
field.

Answer the following questions based on the above :

(a) Consider a uniformly charged thin conducting shell of radius R. Plot

%
a graph showing the variation of |E| with distance r from the

centre, for points 0 <r < 3R.

(b) The figure shows the variation of potential V with 1 for two point
r

charges Q; and Qg, where V is the potential at a distance r due to a

point charge. Find &
Q)
\Y
Q1
Qo
60°
30°
O >
T
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(¢) An electric dipole of dipole moment of 6 x 10~/ C-m is kept in a
uniform electric field of 10* N/C such that the dipole moment and

the electric field are parallel. Calculate the potential energy of the
dipole. 2

OR

(c) An electric dipole of dipole moment 5) is initially kept in a uniform

: = —> . : = o
electric field E such that p is perpendicular to E . Find the

amount of work done in rotating the dipole to a position at which E)

%
becomes antiparallel to E . 2

The lens maker’s formula is useful to design lenses of desired focal
lengths using surfaces of suitable radii of curvature. The focal length also
depends on the refractive index of the material of the lens and the
surrounding medium. The refractive index depends on the wavelength of

the light used. The power of a lens is related to its focal length.

Answer the following questions based on the above :

(a) How will the power of a lens be affected with an increase of
wavelength of light ? 1

(b) The radius of curvature of two surfaces of a convex lens is R each.
For what value of u of its material will its focal length become equal
toR? 1

(¢) The focal length of a concave lens of u = 1-5 is 20 ¢cm in air. It is

completely immersed in water of p = % Calculate its focal length in
water. 2

OR

(c) An object is placed in front of a lens which forms its erect image of
magnification 3. The power of the lens is 5 D. Calculate the distance

of the object and the image from the lens. 2
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Read the following instructions very carefully and follow them :

General Instructions :

(1) This question paper contains 35 questions. All questions are

compulsory.

(it) Question paper is divided into FIVE sections — Section A, B, C, D

and E.

(i11) In section — A : question number 1 to 18 are Multiple Choice (MCQ) type

questions carrying 1 mark each.

(iv) In section — B : question number 19 to 25 are Short Answer-1 (SA-1) type

questions carrying 2 marks each.

(v) In section — C : question number 26 to 30 are Short Answer-2 (SA-2) type

questions carrying 3 marks each.

(vi) In section — D : question number 31 to 33 are Long Answer (LA) type

questions carrying § marks each.

(vit) In section — E : question number 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.

c=3x 108 m/s

h =6.63 x 10734 Js
e=16x1019C

o = 47 x 10" Tm A1

gy = 8.854 x 10712 C2 N-1 m~2

1
T =9 x 109 Nm?2 (C2
RSO

Mass of electron (m_) = 9.1 x 103l 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 constant = 1.38 x 10723 JK~!
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SECTION - A

1. An electric dipole of length 2 c¢cm is placed at an angle of 30° with an
electric field 2 x 10° N/C. If the dipole experiences a torque of 8 x 1073 Nm,

the magnitude of either charge of the dipole, is 1
A) 4uC B) 7uC
(C) 8mC D) 2mC

2.  Two long parallel wires kept 2 m apart carry 3A current each, in the same
direction. The force per unit length on one wire due to the other is 1
(A) 4.5 x 107 Nm™, attractive (B) 4.5 x 107" N/m, repulsive
(C) 9x 1077 N/m, repulsive (D) 9 x 107 N/m, attractive

3.  Which of the following has its permeability less than that of free space ? 1
(A) Copper (B) Aluminium
(C) Copper chloride (D) Nickel

4. A square shaped coil of side 10 cm, having 100 turns 1s placed
perpendicular to a magnetic field which is increasing at 1 T/s. The

induced emf in the coil is 1
A) 0.1V B) 05V
(C) 0.75V D) 10V

5.  Which one of the following electromagnetic radiation has the least
wavelength ? 1
(A) Gamma rays (B) Microwaves
(C) Visible light (D) X-rays

6. In a Young’s double-slit experiment, the screen is moved away from the
plane of the slits. What will be its effect on the following ? 1
(1) Angular separation of the fringes.
(1) Fringe-width.
(A) Both (1) and (ii) remain constant.
(B) (1) remains constant, but (i1) decreases.
(C) (1) remains constant, but (i1) increases.

D)
55/5/1

Both (1) and (i1) increase.
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(A) hcA
(C) Ahe

and 125 is
64

A) 195

© 2

(A)
(B)
(©)
D)

10. The

have the highest energy.

(A)

The energy of a photon of wavelength A is

(B) hc/r
(D) Ahle

B)

D)

During the formation of a p-n junction :

diffusion current keeps increasing.
drift current remains constant.

SIS

—

The ratio of the nuclear densities of two nuclei having mass numbers 64

both the diffusion current and drift current remain constant.

diffusion current remains almost constant but drift current increases
till both currents become equal.

diagram shows four energy level of an electron in Bohr model of
hydrogen atom. Identify the transition in which the emitted photon will

II

v

I
I

(C) TII

particle momentum with its associated de-Broglie wavelength ?

(A)

©)

55/5/1

p/

N

III

~

> A

p/

N

> A

B)

IT

D) 1V
11. Which of the following graphs correctly represents the variation of a

B)

D)

p/

N

p/
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12. The capacitors, each of 4 uF are to be connected in such a way that the

effective capacitance of the combination is 6 pF. This can be achieved by
connecting 1

(A) All three in parallel
(B) All three in series

(C) Two of them connected in series and the combination in parallel to
the third.

(D) Two of them connected in parallel and the combination in series to
the third.

13. Which of the following statements about a series LCR circuit connected to
an ac source is correct ? 1

(A) If the frequency of the source is increased, the impedance of the
circuit first decreases and then increases.

(B) If the net reactance (X; — X) of circuit becomes equal to its
resistance, then the current leads the voltage by 45°.

(C) At resonance, the voltage drop across the inductor is more than that
across the capacitor.

(D) At resonance, the voltage drop across the capacitor is more than that
across the inductor.

14. According to Huygens principle, the amplitude of secondary wavelets is 1
(A) equal in both the forward and the backward directions.

(B) maximum in the forward direction and zero in the backward
direction.

(C) large in the forward direction and small in the backward direction.

(D) small in the forward direction and large in the backward direction.

15. The radius of the nth orbit in Bohr model of hydrogen atom is proportional

to 1
@) n? ® -
© n ®) +
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Note: In question number 16 to 18 two statements are given — one labelled
Assertion (A) and the other labelled Reason (R). Select the correct
answer to these questions from the codes (a), (b), (¢) and (d) as given

below :

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

(B) Both Assertion (A) and Reason (R) are true and (R) 1s NOT the
correct explanation of (A).

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

16. Assertion (A) : The resistance of an intrinsic semiconductor decreases
with increase in its temperature. 1

Reason (R) : The number of conduction electrons as well as hole increase
In an intrinsic semiconductor with rise in its temperature.

17. Assertion (A) : The equivalent resistance between points A and B in the
given network is 2R. 1

Reason (R) : All the resistors are connected in parallel

2R
———— A ————
2R 2R
Ao——f\g/ﬁ/v——'vvw AN B

AAA
2R

18. Assertion (A) : The deflecting torque acting on a current carrying loop is
zero when its plane is perpendicular to the direction of magnetic
field. 1

Reason (R) : The deflecting torque acting on a loop of magnetic moment

m in a magnetic field B is given by the dot product of m and B.
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feafa | 58 et o1 wfmmr e sifreham € @ 2 77 quise R ww A fag ¥, A T,
T TTfd T T 38 oA gRT 39 W TS A T2 Fehan AT 2 |
JreraT
(b) forefl sl TR AB # IS G I Yerred 21 & & | 39 R o TR gl d TR geadH
m 37 ST q T DTS HUT G T GITT AR S ¥V A TA9H 7 | 6 60T g ST

Toru ST 1ot o1 o ToTU =2ioteh Wt <hifoTT ofi 35eh! femm 1 Ieorg hifsu |
B
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SECTION - B

19. Draw a graph showing the variation of potential energy of a pair of
nucleons as a function of their separation. Indicate the region in which
the nuclear force is (a) attractive and (b) repulsive. 2

20. (a) How will the De Broglie wavelength associated with an electron be
affected when the (1) velocity of the electron decreases ? and
(11) accelerating potential is increased ? Justify your answer. 2
OR
(b) How would the stopping potential for a given photosensitive surface
change if (1) the frequency of the incident radiation were increased ?
and (i1) the intensity of incident radiation were decreased ? Justify
your answer. 2

21. Identify the electromagnetic wave whose wavelengths range is from about
(a) 10712m to about 108 m.
(b) 1073 m to about 107! m. 2
Write one use of each.

22. Depict the orientation of an electric dipole in (a) stable and (b) unstable
equilibrium in an external uniform electric field.
Write the potential energy of the dipole in each case. 2

23. (a) Write the expression for the Lorentz force on a particle of charge q
9

moving with a velocity V in a magnetic field B. When is the

magnitude of this force maximum ? Show that no work is done by

this force on the particle during its motion from a point ?1 to point ?2 ) 2
OR

(b) A long straight wire AB carries a current I. A particle (mass m and

charge q) moves with a velocity V, parallel to the wire, at a distance

d from it as shown in the figure. Obtain the expression for the force

experienced by the particle and mention its directions. 2
B

Ia
T Particle

@
v
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24. Tt feu 7o oo & R W sty favar=R &1 S T R fer e ® | e

25.

26.

(1) ST shT Tiaiietar 3R (i1) TeTeh H TRI-E-ca feh JehT THTfeId BRI 7 3T 3T
AR EEAIE

Q1 FuEferai C, 3R C, %l Toh GER o SHIhI Hehe T@T 1 & | 3TN H GRITT STTAR FUeert
C, H Yafed 9mr I, % |1 Fusell C, § Uag qrachid Tl ¢, foreror &<dm 8 | 371d
Hifore -

b, (wh)
15 A

.l

10 A

5_

0 : : — 1, (4)
9 4 6

() 39 SHALAT T I Y01, 3R

dI
(i) C,FUseh H 100 V emfﬁﬁawﬁ%mmqﬁaﬁqqﬁa(d_;)

g - T

(a) ISR ‘u, o TRl WM H HeRU AT IS HHAA GO fhEl HHdet I8 W

FTITH 10T (i) ST BT TG HAT & | AT 1y (1y > py) AT b TR HIEm
H Yo TR |
Tocfiores TRt 1 TS0 T&FT ST ITAN hich HUATad qiiTehT QAT | 30 TR
TIeT o 37T oh T2 ST TeITIH hITTT |

AYAT

(b) ETSE AT T ITAF hih I§ CUISY, b 15 a1 et I8 & FohH TR Tl
B B | 39 YR UXEAH 9 T ST TeTaH shifT |
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24. The potential difference applied across a given conductor is doubled. How

25.

will this affect (1) the mobility of electrons and (ii) the current density in

the conductor ? Justify your answers.

Two coils C, and C, are placed close to each other. The magnetic flux ¢,

linked with the coil C, varies with the current I, flowing in coil C,, as

shown in the figure. Find

@)

(11)
26. (a)

(b)
55/5/1

rd

(I)2 (Wb)/
15 1

10 A

5_

0 : : —> 1, (4)
2 4 6

the mutual inductance of the arrangement, and

dI
the rate of change of current (d_tlJ that will induce an emf of 100 V

in coil Cz-

SECTION - C

A plane wave-front propagating in a medium of refractive index ‘u,’
is incident on a plane surface making an angle of incidence (). It
enters into a medium of refractive index p, (uy > p,).

Use Huygen’s construction of secondary wavelets to trace the
retracted wave-front. Hence verify Snell’s law of refraction.

OR

Using Huygen’s construction, show how a plane wave is reflected

from a surface. Hence verify the law of reflection.

I — | Page 15 of 24 P.T.O.
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27. et gl X 3 To0 W aig 220 V 3hi Semawd! dieedl SIOIH ! T & | 39 qRug &
0.22 A =h! 9T JanTfed Bl & S SR Sieedl d el /2 a7 uge B | 9« 3t
Aicedt ol Forell 311 I Y o TRl W STTorgerd foparm ST 2, aiae 8§ 9 9o &l ©
3R T IR el bl &l hetl H 2l & |
(i) lFaai X 9 Y o a0 Tl qen (i) o1 qfwy § X 3R Y @1 Joft § Ffera s
U dieedl Sl ST oAl SITaT & a1 TRu H Jatted 9 qiehfofd Shifsu |

28. fortlt ac S <t wrifaf & qenga frgra @1 Seom@ hifse | goeht wrifafer 1 de o
U I 3R ING emf & qTeetiines g & foTu Sistes aed shifse |

29. (a) TorEl 91 FHUSHH TeaHHIe i g FUTEAT § ghg FhH JHR h 571 Tehall &, THH]
TEq § ol HIfT |

(b) 1E AeaRndiet I, arT o for i Smm g goiian 2 1 g8 (0 — V) wie %
FreeHiet § afafdd e & fore ufedar R, 1 @@ (0 — 2V) afer % Seerfier §
itEfd e % forg gfodie R, 3 STTeReehal 21 & | 36 NedHiHiet o1 Tfale Frd
I |

30. (a)

(b)

31. (a)

55/5/1

@
(11)

@
(i1)

@

(i1)

IoTe 1 Tehead gl 3TR Hag WTee o o= fased i |

I 3.95 MeV TSt Holl bl whIg Ul 0T Z = 79 o fehdl ek i 3R
WA AT 8, 38T & 3T AU fesm Ichitd ohiat 8, 1 SWHA i fehean
Tl Treif hifse |

YT
BTSN T o SR HISH oh i SIS 1 Seoi@ hITT |
S % BISGIS WA 1 GO HET H TIGHAN Hd el ST 1 v
TR F7q ST |

yig -9
fopeft fergga &1 <t e & arefiw faa o ox fopefl wq % o soteei fopm
TR ITHA T UTed hid &, $Heh! SATEAT hITT | 39 Yh R 3Heh [T SHoTeh
ITed ST |
fereft sl & 2oft ° o W g1 =Tersh Il A 3R B W fomm hifse fes
TE T § 90g 9ee = 8 | AR A H Solagql 1 §&1 9 ar B i
AT H 1.5 A1 8 | TR A § Sl o 319678 97 3R a1 B ¥ goiareqi &
31T ST T AT T I |

AYAT
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27. An alternating voltage of 220 V is applied across a device X. A current of

0.22 A flows in the circuit and it lags behind the applied voltage in phase
by n/2 radian. When the same voltage is applied across another device Y,
the current in the circuit remains the same and it is in phase with the
applied voltage. 3
(1) Name the devices X and Y and,

(1) Calculate the current flowing in the circuit when the same voltage is
applied across the series combination of X and Y.

28. State the basic principle behind the working of an ac generator. Briefly
describe its working and obtain the expression for the instantaneous
value of emf induced. 3

29. (a) Briefly describe how the current sensitivity of a moving coil
galvanometer can be increased.

(b) A galvanometer shows full scale deflection for current Ig. A resistance
R, is required to convert it into a voltmeter of range (0 — V) and a
resistance R, to convert it into a voltmeter of range (0 — 2V). Find the
resistance of the galvanometer. 3

30. (a) () Differentiate between ‘distance of closest approach’ and ‘impact
parameter’.
(1) Determine the distance of closest approach when an alpha
particle of kinetic energy 3.95 MeV approaches a nucleus of
Z.= 179, stops and reverses its directions. 3
OR
(b) (1) State three postulates of Bohr’s theory of hydrogen atom.
(1) Find the angular momentum of an electron revolving in the
second orbit in Bohr’s hydrogen atom. 3

SECTION -D
31. (a) (1) Explain how free electrons in a metal at constant temperature
attain an average velocity under the action of an electric field.
Hence obtain an expression for it. 3
(1) Consider two conducting wires A and B of the same diameter but
made of different materials joined in series across a battery. The
number density of electrons in A is 1.5 times that in B. Find the
ratio of drift velocity of electrons in wire A to that in wire B. 2

OR
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32. (a)

(b)

33. (a)

(b)

55/5/1

4
2
() s T fSEhT emf (E) 3R Aies Ifa0e (r) 3 foret gitad! oirg gfate
R) & fai g @i 2 1 () R 3 (i) e | &1 (1) o 91 e dieedt V
o fereror =1 g & o7 T STreifga hifse |
(i) o T, TS I T emf E T 3T=aieh Ifee 2r, 3r 3T 61 &, Iwd H
foreft wfeieres R @ 9afra @ | ffefga o foe ssemes area hifsre

(i) Ifta | yafed €, 3R (i) qe 9 & ol W e favamm

foret p-n A% SIS & (1) 3 TREA IR (1) IvE IEEE § V-1 31firereiioes s
AT HH o T qiuey g Teifgd hifse | foret [t s/e o1 wedl
V-1 srfiremerfies ©ifaw | fi= fou mu vel 1 g8 # 9o Hifs

(1) 37 Tef3meh SToee T STeaHeae (3TCTT) STesh 3d: &9l

(1) T Tefaeh IrEa ° ¥o dieed
AYAT

p-n Ff SHETE s T wftferd < Hecaqel yshai % A TR | iy sma
TgrEd & ot fepentdt & w9 § forelt |t srie <hi shrifafy 1 smen hifse | sash
fraft 3 ot qomew Eifaw | foreft wfYr graTe o 38 stfiremefore o7 1 Seora
i it 38 femertor o fery Iuge ST 2 |

() Topelt T qewesl <t wrifafy o guia & fow feor smag Eife | e
farg ot 3Afcm Wil s bl Rafd & foTe St AT o oy =t I
T |

(ii) ol Ty ggmesfl < 1.25 cm ®iehE gt o A & 15 [0 1.5 cm
1 gl W a7 | afe ekt 61 wikd gt 5 cm g de 3ifad Nfdfers fepe
foreg R el & 1 gewwaRll ol SATae &fme Fd HiiY |

FreraT

() |E FEESE § TR Ty gazes g et fam & wfafam w1 s
I ok ToTu Toptum 31TiE WY | 36eh! 319 SHdT & foTT S5 I <hifT |

(ii) |H FEESH H R el geRie i ATEEH &HAT 2.9 @ 79T 39
SATIgEaH TR et % o= 9o 150 cm @ | QHI <@l i B gl I
ST |
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(b) (1) A cell emf of (E) and internal resistance (r) is connected across a

variable load resistance (R). Draw plots showing the variation of
terminal voltage V with (1) R and (i1) the current (I) in the load. 2

(1) Three cells, each of emf E but internal resistances 2r, 3r and 6r
are connected in parallel across a resistor R.

Obtain expressions for (1) current flowing in the circuit, and
(11) the terminal potential difference across the equivalent cell. 3

32. (a) Draw the circuit arrangement for studying V-I characteristics of a
p-n junction diode in (1) forward biasing and (i1) reverse biasing.
Draw the typical V-I characteristics of a silicon diode. Describe
briefly the following terms : (i) minority carrier injection in forward
biasing and (i1) breakdown voltage in reverse biasing. 5

OR

(b) Name two important processes involved in the formation of a p-n
junction diode. With the help of a circuit diagram, explain the
working of junction diode as a full wave rectifier. Draw its input and
output waveforms. State the characteristic property of a junction
diode that makes it suitable for rectification. 5

33. (a) (1) Draw a ray diagram to show the working of a compound
microscope. Obtain the expression for the total magnification for
the final image to be formed at the near point. 3

(1) In a compound microscope an object is placed at a distance of 1.5
cm from the objective of focal length 1.25 cm. If the eye-piece has
a focal length of 5 cm and the final image is formed at the near
point, find the magnifying power of the microscope. 2

OR

(b) (1) Draw aray diagram for the formation of image of an object by an
astronomical telescope, in normal adjustment. Obtain the
expression for its magnifying power.

(1) The magnifying power of an astronomical telescope in normal
adjustment 1s 2.9 and the objective and the eyepiece are
separated by a distance of 150 cm. Find the focal lengths of the
two lenses. 5
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SECTION - E

Note : Questions number 34 and 35 are Case Study based questions.
Read the following paragraph and answer the questions.

34. A lens is a transparent optical medium bounded by two surfaces; at least
one of which should be spherical. Considering image formation by a single
spherical surface successively at the two surfaces of a lens, lens maker’s
formula is obtained. It is useful to design lenses of desired focal length
using surfaces of suitable radii of curvature. This formula helps us obtain
a relation between u, v and f for a lens. Lenses form images of objects and
they are used in a number of optical devices, for example microscopes and
telescopes. 4

(1) An object AB is kept in front of a composite convex lens, as shown in
figure. Will the lens produce one image ? If not, explain.

(11) A real image of an object formed by a convex lens is observed on a
screen. If the screen is removed, will the image still be formed ?
Explain.

(111) A double convex lens is made of glass of refractive index 1.55 with
both faces of the same radius of curvature. Find the radius of
curvature required if focal length is 20 cm.

OR

(111) Two convex lenses A and B of focal lengths 15 cm and 10 cm
respectively are placed coaxially ‘d’ distance apart. A point object is
kept at a distance of 30 cm in front of lens A. Find the value of ‘d’ so
that the rays emerging from lens B are parallel to its principal axis.

35. A capacitor is a system of two conductors separated by an insulator. The
two conductors have equal and opposite charges with a potential
difference between them. The capacitance of a capacitor depends on the
geometrical configuration (shape, size and separation) of the system and
also on the nature of the insulator separating the two conductors. They
are used to store charges. Like resistors, capacitors can be arranged in
series or parallel or a combination of both to obtain desired value of
capacitance. 4
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(1) Find the equivalent capacitance between points A and B in the given
diagram.

@)

®]
@

C
A—t—|

o
we)

@

[
1]
C

(1) A dielectric slab is inserted between the plates of a parallel plate
capacitor. The electric field between the plates decreases. Explain.

(111) A capacitor A of capacitance C, having charge Q is connected across
another uncharged capacitor B of capacitance 2C. Find an expression
for (a) the potential difference across the combination and (b) the
charge lost by capacitor A.

OR

(111) Two slabs of dielectric constants 2K and K fill the space between the
plates of a parallel plate capacitor of plate area A and plate
separation d as shown in figure. Find an expression for capacitance
of the system.

| 3 o
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