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Please check that this question paper contains 35 questions.
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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

students will read the question paper only and will not write any answer on the
answer-book during this period.
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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=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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55/1/1 Page 4 of 27




E4E
E w
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 h R.'\ RJ\, R A

(s S S 3

g / - 3 :

o iz i 77

] Q ] O

ot o ==t o

_—}Jl\ _—}rl'x _ 1 ol rl-.
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 1Q
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 :

vq vy vq A vd /

>
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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(a) 012V (b) 015V
(c) 019V d 022V
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R K K X % %
S

X

.
-
-

X

X X

vV

X X X X
oM M ¥
X X X X
X X

X X X X

X

ra
L
-

%% X X x"le

X

xxxxxxx-l
= X >

(a) o & (B) b) (V)
(¢c) TfaU (r) d) PQ < aHTE

forelt g =1 ety o hl Ufshan |, U 6l Yfgehisli & s 3qd
ﬁ'@ﬁ%ﬁ%

dog 1 dég
@ Mg T
dog 1 dég
% dt @ g, dt

0
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®IRE g f* % ToRHl stada guul o oy fore 3T 38eh amedfaes gidfers
1= <Al =—[Faw gl Bl 2
(a) A (b) f
() 2f (d) 4f
Page 6 of 27




EHE

T

(Ol
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 :

X X X Mo X X O X
S . p
X T‘x X X X X X |[Xx Xx M
xix Ux x x x x ||x X
z A v‘—.
X I |l » x X X [ X
X1y X X % .®x % |Ix N
"y xR ¥ X M M M J?Z X
< X =
. g D
(a) magnetic field (B ) (b)  wvelocity (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¢
(€) 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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The radius of the n'! orbit in Bohr model of hydrogen atom is

proportional to :

@ = b L
n n
(¢c) n2 d n

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

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

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 :

Y \

b)
a0

(a)

oy
=y

(c)
[\,
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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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teran
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T ¢d FY A9 I ! gfee HifT |
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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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g C W fogra fawe iR faga &= 3ma S |
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g W e 2, 1 g C W faga fawa ma i |

(1) (ii)
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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. (i).
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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foega &= o1 ufmor ik feem wrea Hifsre |

+q —q

Page 18 of 27



E4E
E w
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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Tore aTraTdt 3Tadd & RO FrEhiT & % fofe srEn-arad fem
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a8 gm0 T yaried & @ R, F Fg W T &7 & U g
ST I <hifoTe | fereft amr ursr & fofu grerehiar & <t feom =i
SMTd hLd g Irech &3 {@Td Sy |
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iehAT X W@ 8 | Ife wem hl Bser 10010 m B, O wem H
TTGRAT S aTel SR g1 3cUd T 3T <hifoTe |

AT

Jrachid &F § fedg fopelt amamdl e =t W HR 99 &
foTt =9 Fgead T | 30 o 1 3eoi@ HINT 51 39 5
&1 foem ot fAuffa @ & foe v foran S 2 | 98 wd difse
freen 3TaTia I8 91 (1) Afehad, 3R (2) feAaw g1t 2 |

Qe WY R IR A 3R B 1Y H TH-gE 8§ 2-5 cm g W
213 ari @ foulia fegmedt # swpww: 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 Jed TR foad Yed o &= a1 3= faRax |

(2) I o feferd v | fordl @ srent & 9m fofae e =
bt <terd faeft et 2
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(a)

(b)

(a)

(1)

(i)

(1)

(ii)

(1)
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T
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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

E
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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
1 Ry =500
E=60V =
1d
r=1-0% 1
J R3 = 5{J Q
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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60°

B C

39 o YR W FAfaRad st & 3T e

(%) 38 gepra1 foRtur 1 36 TISH 8 T 3¢ 99 ARfad i |
(@) frsa o g &1 a7 7 I |

(M) Ul AATeR TEE o Gl TN <hl Had § SARe SHifT |

AT

(T) RIS % YOI ST=eh FeH ohl qRATT fRey | 38k 8 % fae @ wrd
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.
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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
Uo = 47 x 107" Tm AL
£p = 8854 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 10723 JK!
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(c) aFl Ppusierdl A R BH g se |
(d) TFl pushert A AR BH 90 T0H W |

forelt gutfa =t el & 6 gfshen |, @ais 1 gigewesn & &9 399
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dog 1 dég
(a) HOT (b) E T
dop 1 dog
(c) 20t (d) .

0

el Idiepl & T 31 B |

fopell forar 3R wipE gt £ Tl 3T oW G & I8eh ardforeh fdfors o

sT< <hl SHH-H-HH gl 2 :
(a) f (b) 2f
(c) 3f (d) 4f

7 eV Sl 1 hI3 BIEH 3-75 eV il B & (8l 9T o I8 T ST Hdl
7 | feft fowa g -

(a) 1-75 eV (b) 2:45 eV
(c) 3-25 eV (d) 375eV

BISGIS TRATY] 9T AR Ty sraeen | fopell ®iei &l 1aeiiNg il &
ST 38 n =5 T deh AN HL <1 8 | 39 B hl qieed B :

(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) gg—= @ — =&
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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V[/\ V]/W\
(a) (b)
N\, ,
2 :
Vv V2
(c) % /\ (d)
t £

forell aftreshia ered i fopelt B Traeh o TR AUAT S0 g o Tehe AT
T ] | 98 uqiy

(a) I gal gra Slaehiya feham SITa |

(b) QI ygal grr smeefia fepa smam |

(c) 3T ga g UfehiNa qT SEAvT ga g STTehia feohal SO |

(d) 3T ga g R{YA qT S0 ga gRT fdehia fehal ST |

[N aN

I JATRR FUSH! FSTEhl HAT 8:0 cm & q1 TEH 40 W 7, 70 FEATR
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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 :

\'% A%
(a) /\ (b)
i E
V 1‘; A
(c) /\ (d)
£ £
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 1072 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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(a) 391 SfaUy ¢ SaT @ |
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(b) 1eV
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fopdl a1g o IR, f9Ehl FIITEAHRE H &% (A) T & 8 g R 9
=R o5 @1 7, ¥ #15 wrRl 9/ yaifEd & W R | A’ %o & §9 H U
SRS o UG ST (v,)) o TRHATOT <Rl ST ST Hehell & :

vd vd vd 4 vd /
‘K ‘ \ B |
A A A

A

(a) (b) (c) (d)

HI b G FTHIBR aRi o GEAHMI ol I 1 : 3 TAT 3Tehl w3l ol
UG 5: 38 | 31 AR o UfIe ST AATd 81 -
(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 Ey 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 vq vd ¢ 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. Which one of the following is the correct representation of variation of
conductivity of a conductor with temperature ?

Z80 N N B

(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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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-:37T) 3\] exists.
Calculate the acceleration of the particle in the region. /1\ , 3\ and /l\{ 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) Ko and By 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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24.

25.

26.

27.
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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
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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

+q
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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
W
i Ry =500
E=60V =
d
g R;=10Q
r=10Q =
j Rg=500Q
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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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
Uo = 47 x 107" Tm AL
£p = 8854 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 10723 JK!
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SECTION A

1. 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) 1eV
(c) 0-1eV (d 0-01eV
2. 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 vd ¢ vd
N /
A
(b)

A A A
) (c) (d)

(a

3. 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% Vv
(a) (b)
X A £
V Vn
‘L}

4, 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

=ty

t
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ﬁ@ﬁ%@?ﬁ%

dog 1 dég
dog 1 dog
s dt @ g, dt

0

TEl Tdlohi o FHT 319 & |

fopell TRIMT o, TRl 91 & I58 W 7-5 eV ol oh HieH qad L 1§ 5 | 39
Tq Y56 H IcHISId STIFGHI ol UTq h HIUG — 4-5 Voh a9 o fohdll Saiaele
SR Uk feam et B | arg 1 1 %o B

(a) 30eV (b) 45eV

(c) 75 eV (d) 12:0eV

s JATHR HUSH! Ehl BISAT 8:0 cm & T NH 40 W §, 3T FEAHR
e % g % e Ui Hhve A1 HIVT I F 3:0 x 1072 T IRATT %
fopet wehtmT &Afo grechia & | ol o W 3 | 39 Fusel! ° Ufa eafesman

faan s (emf)% :
(a) 0-12V (b) 0-15V

(c) 019V d 022V

&1 AT S ST HEATST 1 I 8 : 18 | $Toh ATYehIA Tl hl STATA
R
(a) 8:1 (b) 4:1
() 2:1 d 1:1
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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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fordll @ faga foga & o1& W 388 v gl W Bd *is fomg atmaw F =& &
FINE A g | A AW H gl 2r B, Al &Y g HAIWE foRan I A
W@TIT:

(a) E (b) E)
16 8

(c) E (d) E
4 2

fordft =Tt @ 9fd Tehvs ATt Sodeil shl T 3:3 x 10197 | 35 A |

EIHTF&!H g % :
(a) 2:0A (b) 34 A
(c) 4-8 A (d 53A

ST TeRslt =s1 1g=Tcteh ol TRl BrE=St oIl 1 3Teq 7 § Hifea foham Sran
g, i :

(a) 391 SfaUy ¢ SaT 3 |

(b) B p-JhR I ALATTH & 1T 2 |
(c) 38 AT H Uk Soiae faadi (81d) o 31fereh g ¢ |
(d) Heeh (MUTHNH) TTHATY] ST YLHT] &4 I & |

fordll afigrachia qared i forelt B8 Traeh o ITR AUGT AW gd o ke A
TR | g qerY

(a) QI ol g WfdehSd femam Sima |
(b) ST gl grT SATehiNa feram ST@m |
(c) IR Yd R Sfciehltd e SfeTor ge R SMrehivia feham ST |
(d) 3T g g RV qT S0 ga gRI fdehia fehal ST |
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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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(@) A (b) g SR

c) gHHA (d) g3 e

forell a1q o STTRR aR @ Jig (R) o 3 AR i F&ISAT (r) & HoH & €9
T el fomemor sl w91l UT% hi9-01 8, Sdfch dRf hl @FaTs qAq1 a9 Hod
T T g ?

R R R \ R
(a) (b) (c) (d)

Yo7 &1 16 & 18 114%e7 (A) 3R BRI (R) ¥R & Y97 & | G %97 17 70 & —
IS4 T @ STHIT (A) 79T G %1 BRI (R) GRT 3lebd [597 71 & | §& I A1
/2% T WIS (a), (b), (c) 3R (d) & & F7H G |

55/1/3

(a) AMMHAT (A) 3T RO (R) AT T&l & 3T HROT (R), AMMRAT (A)
gl SIS hdT 2 |

(b)  SATTHA (A) 3T HRU (R) THT T& &, T RV (R), AMHeT (A) H
& SRS gt il 8 |

(c)  ANTHAH (A) HEl B, =g BRI (R) TAd 7 |
(d) IHI (A) TAd g 99T R (R) Ht Tid 2 |
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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
T h»r |—> r Dr
) (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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HRU(R):  Torl a0y % wvfl fog €10 8 &H gt W 2d 2 3R 36 TR

U hdl § Sl id 3 |

Qs @

19. TrHl IV A9 & Hoashi hl dshdl FISATE 20 ecm 3T 30 cm 3 | SHh! &JHaT

%D% | T o hi< Bl AT T 3 ?

20. TYY H AT Hifve fh fordt p-n GfY sETe # fomror R 3veTs gn| fog
TR Uftrent fawa o fmior 4 Jvee et @ |

21. T Qe HW H AT V= (3:0 x 105 m/s) 1§ 3@ & § waiftr e T B
ol P gEFE T B = [(04T) i +(03T) ] feremm 2 | 28 &7  &u
T ] qilehi?ddﬁﬁml?,3\3ﬁ1/1\<m:x,y3ﬁtz31&1%343%ﬂw
Tfew € 79T Wt S0 & foru emmew 3R geame 1umd 4-8 x 107 C/kg # |

22. SR Hisd U gESISH WA i a0 e Sof —13-6 eV B | 1§ goAaeq
— 151 eV o Fol T T — 34 eV o Holl TR W HshAT HdT & | Icdroid
TeeH) @1 shi qUTeE itehferd it |
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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

AN
21. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A N
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 pC) 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) (1) 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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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
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33. (a) () 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.

(i1) 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. 5

OR

(b) (i) 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.

(ii) 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. 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 . c
41 Ro =500
E=60V =
d
% Rl = ].D Q
r=10Q E
4] Ry=50Q
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 Rq ? 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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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 100" Tm A1

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

1
Tore. =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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2T
SECTION - A

The magnitude of the electric field due to a point charge object at a
distance of 4.0 m is 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 r’ of the cell is

w [P o %5
© @ [EYR

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

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

(d) force of attraction or repulsion depends upon speed of beams.
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s o’ o Torefl et o7l AR B 1S TR G T YeTiEd 81 W R | 3k S -1 %
Wmmwﬁaﬁa%l@%mw@aéﬁﬁlﬁmﬁzamwmﬁz
1 31U 8
@ 3 ® 1

(© 2 (d) 4

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

@ B ®) F

© ExB @ BxE

1Y H T ! Tehavft JehTsT o <hIg FeRTuT STeT oh I8 TR 31aa oKt Tt 8 | Frferfaa o
Y M FEfdd 31 3rdatdd ferol 3 fore w9 g ?
(a) & TRl Sl (b) =T

(© 3t (d) auTes

SIS YhTe gt a1 W fereft Trea o U har § | 39 HTeAd B YehTS ol ATt 3TR alTeed
A 1.5 x 108 ms 3T 230 nm & | 9T H Tehrel hl qUICH 3

(a) 230 nm (b) 345 nm

(¢) 460 nm (d) 690 nm

T3 I g TR fohe ST R ffetiiaa o & fohd 97g < I8 9 Soide M -3casi =gl
TR ?

(a) wfafeay (b) wfgam

(c) <Fefrm @ Hifsem

IS BIZSIH WA n = 5 A n = 1 &A1 H ThHT LT & | SIS Bl hl TITCET A 7 |
n=5dn = 2 HeIT H HhAU HH T IHTd Bl hl auTee gFfl

(a) % A (b) 1—76 A
24 32
(c) a A (d) a A
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6. A long straight wire of radius ‘a’ carries a steady current ‘T’. The current is
uniformly distributed across its area of cross-section. The ratio of

magnitude of magnetic field _B)l at % and _B)z at distance 2a is
1 b) 1

@ 3 (b)

(c) 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 (b) 1—76 A
24 3
(c) D (d) 72 A
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T 3TN AR % gohe TR T & 19 W & | M1 <1 ara T ek 78 feham T 3 |
(a) Tl h! ATetehal s |

(b) QI ! TATeTehaT T |

(c) ThIIX hi ATctehdl sigtfl TR fafeteria <hl aTetehar Tl |

(d) BT hl TTetehar el 3TN ffeten i <l Tretshdt sigrfl |

fopet p-n Gftr grTE A BT & i ER wT R
(a) HIGeh TS 6 Trfe (b) ST TR fereri g1 o1 fergmor

(c) hadl SeF(l 1 TUATE (d) et foati 1 3TaTE

TR AT 16 Y 18 1 31 YA 16U T & — Ueh 1 HAHAT (A) TUT GHL I BRI
(R) <t T2 711 & | 39 91 o H21 3T &1 A= feT sB1E (a), (b), (c) 3R (d)
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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) 2.4x10"m-3
() 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.
(¢) 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.

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

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.
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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 = (50/rt) 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
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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.

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

SECTION -D

31. (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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(b)
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ST | HHT ITIRT Hleh I~ emf & AN AH o 0T STeh e~

it |
-
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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 §
—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.

55/2/1 | — 1 Page 17 of 24 P.T.O.



33. (a)

(b)

34. (a)

55/2/1

(i1)

(11)

()

(i1)

[E] 5[]

5
ToRelt ac S &1 Fugelt T AR % 100 B & ST TH &1 &% 0.5 m?
B | AR 1 WY 100 Q B | IE FUSHA! T FUH 37 H oiead 0.8 T b
Jraeh i & U 60 ez ufa Tepve &t foa vl ama A i @ g |39

HUSHH | SId ATIhaH emf 3R Itk &1 Uftehfora HifeT |

gea-Tigr fafgu | 3T <61 FEmd § I8 quiey 6 w1 wHae ao
forell 8 & hH TEld Bid! 2 | $EeRT ITATT Shleh TSI oh (H-H T AT
I |
12 cm I8 G 1 S A qUUl fehe! foreay o1 o T STrerfeia ST
wfferes sATen & | gdur & fovar <6t g sma <hif |

e
T glaRteh g Widfaws T g o fore Ammifera fereor s Efife |
3hl HATEE Al <l aRwT fefew | et guaRies Y gorn 6 sroedt
gLeTieh i &1 HATd fetf |
foret T geweRll % SAGEIh 3R ABeRT oEl 1 BiRE gRAl HE:
1.0 cm 3R 2.5 cm § | 300 3Ee W9 i o foru 39 gemesff i aforen
<h1 SFFSITS FTd <hITT |

qgig —-¢

: T ST 34 3R 35 h¥ STMETRA Y4 7 | 1l 4T TT 3T7=¢ 1 ST Hieh THI

& I T |

AN W <9l grfies eyt R fomm i | a8 Fua-9e@ (Jumping Ring)
TR ifehl & F© a1 3cpE FeeH 7 | 384 fhel sTgraehia =mers 9are &
o7 1 fopelt aftTforsht o SEaler shig W @1 J1 & | S& qieTfetsh & €

JeTad bl STl &, df Io1d HIL bl TR ISAAT & |
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33. (a)

(b)
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(11) 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)

55/2/1

Copper Ring
(free to move)

I TS
(Iron Core) fem
(Switch)
FUEe!
(Coil)
szt (Battery)

() 9 ufue o fea= o1 9w Hd @ 1 97T o 97 o HRUT Sh| SARSAT I |

(i) 9l St o AT I Ihia T ¢ TR TR fea= o1 a5 L a1 331 By 7
ST I |

(i) 39 UNECAT 1 THFH H HERAT i Tt g (] shl SAREAT <hITSTT |

YT
TeReft <1 T3 TTATICTeRT < FFeehi™ &1 Shi TeeTdT H Jig i o (A= ST %! Harg
¥ SARE HIfT |

Teu TTu 3Tt o forelt sepTer farggd Wt qiae o 3Eeh! Aigehtall o sie TaT=rR i
Hor ARt AT Tft sehTet ferea e o foreron sl @i T & Siafe et W fafi=
TUTCEA! o T 4 A, B, C 3T D 319 d & | Teu e 31 w1 wiieqor shifse
3R f w1 o6 ST R |
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Copper Ring
(free to move)

Switch
¥ g
+ .
i1
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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R 1L
(Current)

(i)  ToRE eRTRI ST hT ST I § TR T ?

(i) e T g o e s & i 7

(iii) TorE TeRTe 4 gRT Wed 37k T B TR ol ScAfNid B & 3R
1 ?
3reEt
(b) 3Tfad YT G Y T H Ihg L W ggent ara 3R FRef fava wwn
TUTE BT § 7 319 I g Hife |
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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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h =6.63 x 10734 Js

e=16x10"19C
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_]' 9 2 -2
Ao 9x 10 Nm~ C
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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.

(it1) 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.

(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 8 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 100" Tm A1

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

1
Tore. =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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1. forsl aoae foggaarash i T o forgd & TR Jrachi &1 o TICETuT Sl 31T BT & —

@ 1 ® <
1
CZ

Qi -

(© c (d)

2.  ETZEISH TV o SR Hige H Soiagid 1 98 HehAvl feH I=ad quTeed shi TiagH @n
ITH Bl &, hHATE ?
() n=389n=1 b) n=3Fn=2
(¢ n=4¥n=1 d n=4"¥n=2

3. 7Y H T LT THAUT JehTRI i 15 ThLUT ST o I8 T I L &l § | Ffafaa 1
¥ %M TEfdd 3R Tafda fepton & foTe a9 e ?

(a) T& I T Sl (b) =
(c) 3ATg (d) duTee
4. Tl p-n 9 s T B & ffifd R wTHRUT R
(a) HIGH TSI <h 7T (b) SFAT TR Tererl T o1 Teromor
(c) hIA SHFI T ITIATE (d) haet faadl 1 AUETE

5. i famfi farg S 31 & 3 m gl % fret farg WA forgd 8 B s Fan 2 |

T forg 1 g6 331 & ot o A ore e P A 2 % 7

(@ 2m (b) 3m
(0 4m (d) 6m

6. U ol A FfFAST Dl GH AT 1 et AR Tid T T T eI ATMeh b
foT e e @ | 36 I8 SAid Bid1 & b iferam AThes
(a) eamufFaz |
(b) STETAF |
(c) Tary fergvea g |
(d) 39 frene & A1 4 Ties w7
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SECTION - A

1. The ratio of the magnitudes of the electric field and magnetic field of a
plane electromagnetic wave is 1

(@ 1 (b)
(c) c (d)

2.  Specify the transition of electron in the wavelength of the line in the Bohr
model of hydrogen atom which gives rise to the spectral line of highest

wavelength. 1
(a) n=3ton=1 (b)) n=3ton=2
(0 n=4ton=1 (d n=4ton=2

3. 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 ? 1
(a) Energy carried (b) Speed
(¢) Frequency (d) Wavelength

4. 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

%
5. An isolated point charge particle produces an electric field E at a point
%

3 m away from it. The distance of the point at which the field is % will be 1

() 2m (b) 3m
() 4m (d 6m

6. 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

55/2/2 | — Page 5 of 24 P.T.O.



10.

11.

12.

1P O
2
fopefl AR 8 8 mA %1 Tl U Yerfed B @l R | 10 s H 39 AR bl fohet S H
TTEd B STl SRS b1 T 8 —
(a) 4.0 x 101 (b) 5.0 x 1017
(¢) 1.6x 10 (d) 1.0x 10

fra feu U = ° O R U 3ol i 9Te Mo & folu geg aAfies St
JATEIIHAT BIft ?

Pb, Ge, C 37X Si
(a) Ge b) C
() Si d) Pb

10 Q 1 T FTe1eh 6 V b STTE €1 § TN 3 | €I & =TeTeh i STTYfid 2fh & —
() 1.8W (b) 24W
(0 3.6W @ 72W

Tortlt aTugeft Jreiameres o Tl o1 T ¥ 4 x 1020 m—3 B | Ife 39 ITEehi 1 &
Teedl 1.2 x 1015 m3 B, 1 358 Soiei1 o1 T&AT ¥ &

(a) 1.8x10°m™ (b) 2.4x1010m3

(¢) 3.6x109m™3 d 3.2x101m3

foreft amer ufeier R o T80 @ emf E T 618 Oc7 GAT9A & | 579 Ot 9 910 [ oft St g
Tl o SIS o o fava TR TIeeht V 21 ST 2 | Het 1 STT=I1eh ITelie ‘¢ 8

@ (55 )x o (%%)

(E—IV)R @ (%)R

(©)

forft 47 % I8 W 663 nm TG 1 IS BISH I HL & 7 | 39 91g H1 HRIBH
1.50 eV & | Scafsid BIe] Sotereil shl HAfershad TTfaet St o

(a) 3.0x1020J

(b) 6.0x10720J

© 45x1020J

(d) 9.0x1020J
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A steady current of 8 mA flows through a wire. The number of electrons
passing through a cross-section of the wire in 10 s is
(a) 4.0x 10 (b) 5.0 x 1017
(c) 1.6x 10 (d) 1.0x10'7

Which one of the following elements will require the highest energy to
take out an electron from them ?

Pb, Ge, C and Si

(a) Ge (b) C

(¢ Si (d Pb

A conductor of 10 Q is connected across a 6 V ideal source. The power
supplied by the source to the conductor is

(a) 1.8W (b) 24W

(c0 3.6 W d 7.2W

In an extrinsic semiconductor, the number density of holes is 4 x 1020 m=3.
If the number density of intrinsic carriers is 1.2 X 10'®> m~3, the number
density of electrons in it is

(a) 1.8x10°m™3 (b) 2.4x100m=3

() 3.6x10°m™ d) 3.2x10"0m™3

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 r’ of the cell is

w (55 o 55
© ST @ (5Y)r

A photon of wavelength 663 nm is incident on a metal surface. The work
function of the metal is 1.50 eV. The maximum kinetic energy of the
emitted photo electrons is

(@) 3.0x1020J

(b) 6.0x10720J

() 45x10720J

(d) 9.0x1020J
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13. Sorgl TR Wi o 41 T TG § Teh oL o FHIRR ATIAHM @ | 37 QHI o sta
(a) 37TV §A BT |
(b) SRS & B |
(c) 71 ATHYYT 5A BT 3T T & Uferendur s/t B |
(d)  ATHYUT 37ET UfFhNUT S YT <hl Tt O e i 2 |

14. 600 nm TUICEH i hIg ThTT i fhtur a1 & Forell Mieem o T=wor o W 7 | 9 39
e § aTeed 400 nm B ST ], O ATEH ST U1 & —
(a) 14
(b) 1.5
(c) 1.6
@ 1.8

15. T @’ o forefl o) o7 AR & 1S Tl G T e 81 W R | SHehT ST -1 %
&Ahe TR I TsHHAH fodiid 3 |aﬁ% R T 89 B, 3R gl 2a g 8 B,

T 3T &

@ 3 ® 1

(o 2 (d) 4

e : T HEAT 16 ¥ 18 H 2 T TT g — Tk 1 IMWHUA (A) 7T g8 I HRU (R) 7A
TR TN B | S I9AT S Tl STU ST IS (a), (b), (¢) TR (d) T T 38 Yh T hifaTT :

(a) IIHYT (A) 3T HA (R) SHI TT & 3R ST (R), AR (A) h) T& =
2

(b) 3UHYUT (A) 3R HR (R) ST T & 3T HROT (R), 316U (A) T Tl SIren
TR

(c) JAMHI (A) T 8 N HAU (R) 3T |

(d) 3R (A) 3T g TSR (R) i 33 2 |
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13. Beams of electrons and protons move parallel to each other in the same
direction. They 1

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

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

14. A ray of light of wavelength 600 nm propagates from air into a medium. If
its wavelength in the medium becomes 400 nm, the refractive index of the

medium is 1
(a) 14 (b) 1.5
(c) 1.6 (d 1.8

15. A long straight wire of radius ‘a’ carries a steady current T’. The current is
uniformly distributed across its area of cross-section. The ratio of

magnitude of magnetic field _B>1 at % and _B)z at distance 2a is 1
1

(@ 3 (b) 1

(c) 2 (d) 4

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.

55/2/2 | — Page 9 of 24 P.T.O.
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17.

18.

19.

20.

21.

22.

23.
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2
AR (A) : Toreft forga & o foreft sg uy & =T 3TR fopeht 3119 =1 T &heH |
P T SE AT B |

O (R) : erfaga sar i sa g g |

AR (A) : T o feferd v o weft fp=i Y <erE waH Bt 2 |

HRT(R)  : TOhet <ers swaivT fobu 7w wehren <61 e (1), w6 3 farfei & a@ @ gl
(D) 3R fafet & gerer (d) ) et g |

PR (A) : Ul TeTef Fraehed g & |
RO (R)  : Sicrgreeh i qeret | wermrft greehi foga el 78 g g |

LCACRKC]

= o feferdy s 9 <) it 1 gerk d o fafa & w6 & e i gt 1000 d 7 1 3l
51 38 8 yu MEm i gl d g, @ d 3R A == ga T i |

T > 0 K & 70 fSheft n-TehR 3R p-TehR o 3T€=ToTeh] o [T SHal Svg g EiT |

freferRad o1 shmor <o gu W i -
(i) TRHT T R GRS p-n WA SRATS & & 1 & |
(i) A reFETeThi A AYfgAT e ST R |

(a) 3T 90T fohH Jeh R 3cqT BIAT & 7 3 AT oh! SHSHIA qU1 1 hal ST & 7 3TITh
T o i3 g1 39AT faIRgu |

CECH|
(b) X-Tertvi fohd SeR R 30U BT & 7 3 ThTUTI oh IS Gl SUATT TARIT |

89 ¥ IR shifoie fop foret freaidiet s 31dfiet d w1 31k o yehr uftafda feman
ST & |
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23.
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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.

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).

Assertion (A) : Diamagnetic substances exhibit magnetism.

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

SECTION - B

In a Young’s double slit experiment, the separation between the two slits
is d and distance of the screen from the slits 1s 1000 d. If the first minima
falls at a distance d from the central maximum, obtain the relation
between d and A.

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

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

(11) Impurities are added in intrinsic semiconductors.

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

OR

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

Briefly explain why and how a galvanometer is converted into an
ammeter.

2
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25.

26.

27.

28.
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(a) AT Soll & FIT AT B 7 BTSSIeH W] o 7w geent o ford |
AYAT

(b) geaaM &ffa <t afemn ferfaa | rfies & s @ o8 forg T Teftra B 2

1 [ogfehd fora oY W 1.5 7ok o fohell Jradet TMettd g8 o | 60 cm 61 gl
T Fuftad: frd 2 | afe 39 98 1 ashar B 20 om 7, 1 S99 arer wiifers <At ferf
T HIT |

Tug -1

WWRLW,WR:NQWL:(%ij%,ac‘o‘ﬁHEﬁWVle
sin (100 & t) & AN B, T&T V dice T a7 t ThUSTI H 7 | THehieTd shifolg

(a) Ty <61 gfcramen

(b) AT T, IR

(¢) ek o B W favyg ua

1S TehTST TRt STUadATh | aUT 3TUe 1T A & fohdft e o fsd T 3719 it & |
I 7 o0 gat U8 W Sleh-dleh U7 HT=INeh qUEae hid] @ dl 3T shivr, fisH shior
T shifeieh 10T o off Tawer ITH SHIFTT |

(a) (1) TcIh ol Tsh-Tsh ICTEWT <ohl ATIehT forgue 3R TRehT Toied & s
favgT Fifse |
(i) T oAt Tl Fforrata Ish o IR W AR forgued 3R Tieh serm
H Sl Geb B <h! STEAT ST |
JAYAT

(b) (1) TI G AR 1 1S ford TR T foran Srar B 2 forelt Tfiyes <Y e
3T 35! T T & s gay faflgu |

(i) Taghifs fop et Tifies 1 o SEeh! goam wen Wit T wtar 2 |
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24. (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 ?

25. A point object in air is placed symmetrically at a distance of 60 cm in front
of a concave spherical surface of refractive index 1.5. If the radius of
curvature of the surface is 20 ¢m, find the position of the image formed. 2

SECTION - C

100
26. A series RL circuit with R=10Q and LL = (%) mH is connected to an ac

source of voltage V = 141 sin (100 wt), where V is in volts and t is in
seconds. Calculate 3
(a) 1mpedence of the circuit

(b) phase angle, and

(¢) voltage drop across the inductor

27. A ray of light is incident on a glass prism of refractive index p and
refracting angle A. If it just suffers total internal reflection at the other
face, obtain a relation between the angle of incidence, angle of prism and
critical angle. 3

28. (a) (1) Distinguish between nuclear fission and fusion giving an
example of each.

(11) 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.
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29. aﬁﬁWemelﬁEzwwmmz r13ﬁ'{r2§, Wﬁ@ﬁ@
o T gai | A R T 7 | 39 TS o od emf o folt Sseh ITH hifT |

30. (a) T SACRE =Teteh Mot feh! B a 3R b 2 foreft a1 g0 woh gor & waifa # |
$oh Y81 OX TorEd &13l1 ShT 3TJITA SI1d shiTT |

(b)

31. (a)

(b)
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CIUE

Tt C o Torsl TmT=a ufgent Qe (A) =1 foreft Sedt gry dieear V ae 3Tafm
forar e B | 39 S © Sl i 3THEg ik 2C AT o foRdt SRR qutie
(B) =1 BUTIE o T & Hag o fean T & | 3ma <hifse

@)
(11)

@)

(11)

@)

(i1)

A 3R B W 3Afqw AT w1 31dT
Jf~md: A 3R B ¥ |fad 3ot ferfoma S 3 o1y ° A 4 |fad S
T I

Qg -
Te-fagra fafaw | s 1 weEar @ 7 quise R i gwae @
forel I8 9 S8 Tafdd Bid & | ST STANT Hich TATH h I T HeAo
Hifere |
12 cm I8 G 1 S A qUl fehel foreay o1 off T STrerfeia ST
wffers sATen & | gdur & favar <6t b sma <hif |

e

el guateh gr Wfafarws T g & fote Amwifera fepwor s @i |
TR STEY &war shl aiTT fafew | owadt glewie i ge | TaEd
queieh ol gl HimTd fetfia |
forelt Ty qawexl % SAgEEk 3R BT oEl i BiRE gl e
1.0 cm 3R 2.5 cm § | 300 @R W0 A o o7 391 gemesft i afcren
<1 TTEEITS TTTT SHTT |
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29. Two cells of emf E, and E, and internal resistances r and r, are connected

in parallel, with their terminals of the same polarity connected together.
Obtain an expression for the equivalent emf of the combination. 3

30. (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.

SECTION -D

31. (a) @) 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

(b) (@) 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.

(i1) 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.

55/2/2 ] Page 15 of 24 P.T.O.
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(a)

(b)
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MRH T2 T ITFT Hich THAHH Wgeh TS T A oh Tohelt S=d: ol
e Tl TR % ST g & & g 15 =5steh I i |

fopet 3T=Ta: o GRTAfTd €Y a1 e A B A & | IS oA
39 TR %I g AL, JATHR 9 T 38 TR h IFGRAT, TR o TFad ad §
fopeft forora =met v & R TET B | TR & qiETer 3TR AR W e e T
A % TG | geIaRgi <h1 Tt Sl 31T ShITT |

(iii) geh T T A T B B A Il o oI U6 ST |

)

(i1)

JerEt
< gdeH forg e W ferem i S farmgatt (0, 0) 37X (a, 0) WM |
(1) 1S GHI ol SiTe aTelt @1 T e &1 fomg 7 o T foega & s
87
(2) T T QHI I S ATt {@1 T TET HiE fog 8 7| W forga foava
N
T TehUUT o 3T Shi If¥ I |
AT o T sht frfera fedfas 11 o oTcHs | o e 1 Iooid
HIfT |
ITR@ ¥ BT STFER T & 2.0 m Y71 < Frell gmamg Byt ABC %
st W fr & | 371 A e % freer 1 Jga feafas et afesfera
it |

+4.0 uC
A

B C
—4.0 uC +2.0 uC
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32. (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.

(1) 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 nC
A

B C
~4.0 uC +2.0 uC
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(b)
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- 3R TR hT IR feflaT | N U aTefl s [ aUT SR -h1e

STh A = foret aiTioTeRt o T-Stehcd o foTu sasteh gme HifST |

= feu T 3Rl T ITAN ik foREt FuSH HT T-Iehed TREhiord

B 1 57 et st 5 ot w0 220 | Hy s 3 AC Hm o

DC HId <1 3T Hish ITH Fhar T g |
AC 9id DC =
HITE | V@) | I (TERR) HATE | V @) | I (TErR)
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
Y

TR 3TRE <hY TErEar A fohet ac S & fagra 3t srifafy w1 vk
SHIfTT | SEHRT TN HTeh A emf o AEED A o foTT Sseh Fed—

HITT |

fopeft ac S i Fugelt 7 AR % 100 B & 8 I 1 &% 0.5 m?
2 | a1 AT 100 Q 7 | I8 FUSHA! 319 U 3781 o wF=ad 0.8 T
b & 1 60 ez U Aepvg At frad il e TR = @ R | 38

HUSTH! H SI-d ThaH emf 3R Itk &7 TiEhioTd it |
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33. (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 (%) Hz and a DC
source 1s applied across the coil. 5
AC Source DC Source
S.No. | V (Volts) | I (A) S.No. | V (Volts) | 1(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.

(1) 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.
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Hor AR AT At SehTet fora e o foreron bl @i T & Siefeh e W fafi=
TETCEA] o Fh™I 451 A, B, C 3R D 31T i & | e e 31 o1 wiieqor shifs
3 fet AT % IR e |

(Current)

() TorH SRR 4 Sl TR 3w & SR ?
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CDE|
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SECTION - E

Note : Questions number 34 and 35 are case study based questions. Read

34. (a)

(b)

55/2/2

the following paragraph and answer the questions.

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 :

.
>

Current

Bl

E 0 +
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 ? 4
OR

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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35. (a) 3@ T TR I e R fomm ST | 78 999-9e™ (Jumping Ring)
SR ekl & F© el 61 IchE e 7 | 39H foreht sTgraehia amersh e
T 1 fopeft uftferent & Sealer shig W W@ A1 7 | 99 uiETferss | am

JaTEd hl STl 8, df Io1d HIL bl IR ISAT & |
YL Fed
(717 =k TeTu T=ed)
Copper Ring
(free to move)

©ilE g

(Iron Core) =g
(Switch)
(Coil) |
Hilil=
#o11 (Battery)

o et <6 S @
() 9 NGy | = ol §¢ Hid & I 9o o S b HRUT ohi SATEHT hIfWU |
(i) afg Sedt & e T Iehfir ot § 3R fipt fearer o1 a1 oL a1 == 8w 7
SATEAT HIT |
(iii) 39 UNECAT ] THFH H TRl i Tt g (T shl SRS <hITSTT |
AYET
(b) Temeft <t 773 ufTforent < Jreehia & Sl Teeran H gfg T o fafer= a1 e
T ST 1T |
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(b)
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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.

Copper Ring
(free to move)

il
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.
OR

Briefly explain various ways to increase the strength of magnetic
field produced by a given solenoid.
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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.

(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 100" Tm A1

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

1
Tore. =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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(a) Torera o @ wifemm foreft s g

(b) TEEhIT & o TR Ford arer | i fopeht e g
(c) coor § Tife fere) 3TTa grn

(d) TormTaERn W 3TEy gy

IS JreaTeTeh gk it A foreft sedl, smfier 3t ufetiges & wanfoa 2 | 59 afwy § o)
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SECTION - A

1. Along straight wire of radius ‘a’ carries a steady current T. The current is
uniformly distributed across its area of cross-section. The ratio of

magnitude of magnetic field _B)l at % and _B)z at distance 2a is 1
1 b) 1
(@) 3 (b)
(o 2 (d) 4
2.  The energy of a photon of wavelength 663 nm is 1
(a) 6.64x10720J (b) 5.18x10719J
() 3.0x10719J d 2.0x1020J
3. An electromagnetic wave is produced by a charge 1

(a) moving with a constant velocity

(b) moving with a constant speed parallel to a magnetic field
(c) moving with an acceleration

(d) atrest

4. A semiconductor device is connected in series with a battery, an ammeter
and a resisitor. A current flows in the circuit. If the polarity of the battery
1s reversed, the current in the circuit almost becomes zero. The device is

a/an 1
(a) 1intrinsic semiconductor (b) p-type semiconductor
(¢) n-type semiconductor (d) p-njunction diode

5. 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

6. The radius of f;X nucleus is R. The radius of ;?Y nucleus will be 1
(@) % R (b) (%}m R
o (3 o (B
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7. & foga foya fowee fgga smol 2 x 108 C-m 2 Tt v foga &9 §
6 x 10~4 N-m  STTUhdH FcT-ITEU] 1 ITTHA T & | 59 T & o1 i g —

() 2.2 x 103Vm-! ®) 1.2 10*Vm-!
() 3.0x10*Vm™ d 4.2x103Vm!

8. Tt sruget Stemeiss | foradl =1 4@ 9T 4 x 1020 m=3 8 | Ife IS ITEhi 1 T
gedl 1.2 x 1015 m3 B, o 350 Soieei1 b1 T&AT ¥ &

(@ 1.8x10°m=3 (b) 2.4x10°0m3
() 3.6x10°m™3 d) 3.2x1010%m3

N o

9. I3 ferrg 3TTAR g, BISam a % FATRR 9 % fex TiaHH 2 | 36 I & g W hls forg
I — Q f&rd & | 31w g, 3 iferst Seett 2

q,Q q,Q
(@) dne,a (b) 8ne,a

q,Q q,Q
©) 4me a® (d) 8ne,a®

10. S99 St 9 IfFAH T GeT0H T 61 e AL @il T 5k T Eforag 11 o
feru e forer 2 | 358 o7 eafya g & b diferm s
(a) YeAufFea |
(b) etz |
(c) Tt ¥ fa@vedia g |
(d) 319 fepe o Tfires & arferss T B |

11. T it o varfed oo 1 foemor g t S WA [ = 6 t & €4 § &1 W 8, J&l 91
[ 1 mA TUT T t ] TS () HAh fhAT TTZ |t =0 sVt =3 shl @I T 30

Ik | YAl ST 61 AETE —
(@) 10mC () 18 mC
(0 27mC (d) 54 mC

12. 1§ T fopwor foreft ameff sfie o 12.0 m gt #1 60 ns ¥ T HTA 7 | 39 e &
FTISTHD &—
(a) 1.33 (b) 1.50
(¢ 1.65 d) 1.75
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7. An electric dipole of dipole moment 2 X 108 C-m in a uniform electric field
experiences a maximum torque of 6 X 10~* N-m. The magnitude of electric

field is 1
(a) 2.2x103Vm! (b) 1.2 % 10*Vm™!
() 3.0x10*Vm™ (d 4.2x103Vm!

8. In an extrinsic semiconductor, the number density of holes is 4 x 102° m=,

If the number density of intrinsic carriers is 1.2 X 10" m=, the number

density of electrons in it is 1
(a) 1.8x10°m= (b) 2.4x101°0m3
() 3.6x10°m™ d) 3.2x101°%m™3

9. A point charge q, is moving along a circular path of radius a, with a point

charge — Q at the centre of the circle. The kinetic energy of q,, is 1
q,Q . q,Q

(@) dne,a (b) 8ne,a
q,Q 1 q,Q

© 4ne a® () 8ne,a’

10. 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
(c) easily fissionable
(d) more stable nucleus than its neighbours

11. The current in a device varies with time t as I = 6 t , where I is in mA
and t is in s. The amount of charge that passes through the device during

t=0stot=3s1s 1
(a) 10mC (b) 18 mC
(¢ 27mC (d) 54 mC

12. A ray of light travels a distance of 12.0 m in a transparent sheet in 60 ns.
The refractive index of the sheet is 1
(a) 1.33 (b) 1.50
(c) 1.65 (d) 1.75
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(c) Imafd (d) aoree

15. 3ol 3TR ST o 4o TaT feom & Ueh got o Hui=r ™ & | 39 SH1 o o
(a)  SATHOT A G |
(b) iRyl &/ BRI |
(c) 71 ATHYYT St BT 3T T & Tfcrenyur s/t BT |
(d)  ATRYUr 37ET TR et YT <hl BTt U YR e 2 |

e : T HEAT 16 H 18 T 31 HUA ST T & — Th 1 HAMNHT (A) T G H1 HR0 (R)
o TR T B | 31 T3 % Wl 39U k1 1 feu g (a), (b), (¢) 3R () § 4 ===
Hifs

(a) ITHYT (A) 3T HA (R) SHT TcT & 3R ST (R), AR (A) h) T& =
2

(b) IJHYT (A) 3 HR (R) SHI T & 3R ST (R), AR (A) h) T& =
TEE

(c) AP (A) T 8 TSR (R) 3ET 2 |
(d) AR (A) 31T 8 I HRT (R) H 180T 2 |
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13. 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 1
E-V E-V

(a) ( E j R (b) ( R )
E-V)R E-V

@ TR @ (YR

14. 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 ? 1
(a) Energy carried (b) Speed
(¢) Frequency (d) Wavelength

15. Beams of electrons and protons move parallel to each other in the same
direction. They 1

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

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

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.

55/2/3 | — Page 9 of 24 P.T.O.
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17.

18.

19.

20.

21.

22.
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AR (A) : T o feferd v o weft fpi Y <erE aaH Bt 2 |

HROT(R)  : TOhe <ieré swaiv fopu 7w wehmen <61 e (1), w6 o farfei & a@ @ gl
(D) 3R faft & geure (d) | feft i g |

ARHL (A) : Ul Tl Fraehed g & |
HW(R) ;g vereit # vt gechi faya sl T aar g |

AHY (A) : Toreft o & o foreft g uy & =T TR fopelt 3TTersT <A1 TR A &
fFn e HE Y AT g |

s (R) : ferfrmsawefi sa g e |
TG E-§

HfehtuT U2 1 T 21T & 919 g hoATEeg |Id
(a) 3=qd: ke, 31T
(b) THGRIBHIGARE 7

(a) SR a1l 8 R AT 8 7 FISgIeH WY & foTe gaent A ford |
AYAT
(b) geFA &rfe sht afewm ferfgn | Aifires & wurfca 4 v forg vep gafta@ 2 2

TRAY 37T <h! FETAdT § SATEAT SHIT ok hIE 07 70T feehrt fordt TohI ferelt et ac
el & S 3141 % deged fid feseeshm dicedr ar § |

T > 0 K & To70 fheft n-TehR 3R p-TehR o 3T€=ToTeh] o TTU ol Svg 3T EiT |
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16. 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

17. Assertion (A) : Diamagnetic substances exhibit magnetism.

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

18. 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
SECTION - B
19. What happens to the interference pattern when two coherent sources are
(a) infinitely close, and

(b) far apart from each other 2

20. (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 ?

21. With the help of a circuit diagram, explain how a full wave rectifier gives
output rectified voltage corresponding to both halves of the input ac
voltage. 2

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

55/2/3 | — 1 Page 11 of 24 P.T.O.
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23. forelt qact o st &9aT +5 D 8 | T8 39 oF 1 fohell ga H gar Sl & a1 I8 100 cm
BIR gl o Tadel o hi Wifd SEER il & | 39 59 I TTEHH THeRfoTd hitT |

e & — si= 1 3TUadHATF 1.5 8 |

24. GEY ¥ =T KT T foreft oot =1 31l ¥ = 3R forg yerr ufafda feran
ST 2 |

25. (a) 3TITH AUl h8 TR 39 Bl & 7§ AU ohl HSHIT qUT o] hal Sl & 7 A
T o i3 o1 S9AT faIRaw |

COE|]
(b) X-ThToi for TohR 3cu=t B B 7 37 TohToml & 18 2 3w feiflaw |

qug -

26. Tordl i = Trew R0 et sehTer fortor <1 STdafaa forerm o 7 | Bs hior A e =maw
TS R0 § m % el U i o ITTedh h TT Sseh ITH shIfaU |

27. (@) (i) TcI% h1 Teh-Tsh 3CTEW <hl AT T fagued 3T TR o & o=
[CECEEIE
(i) §EA oAt Tfd FforTaia Ish o IR W AR forgued 3R Tieh e derm
H Sl geh B <hl SHTEAT HITT |
YAl

(b) (1) TI G TR 1 91 ford YRR FTd foran STar @ 2 forelt Tfiyes <1 e
3T 3Teh! T T < st= ey fafigu |

(i) g hifST for foret Trfiven w1 o SEeh! geam™ g T st T8 e 2 |
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23. The power of a thin lens is +5 D. When it is immersed in a liquid, it

behaves like a concave lens of focal length 100 cm. Calculate the refractive

index of the liquid. Given refractive index of glass = 1.5. 2

24. Briefly explain why and how a galvanometer is converted into an

ammeter. 2

25. (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.

SECTION - C

26. A ray of light is refracted by a glass prism. Obtain an expression for the
refractive index of the glass in terms of the angle of prism A and the angle

of minimum deviation dm. 3

27. (a) () Distinguish between nuclear fission and fusion giving an

example of each.

(11) 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.

(i1) Prove that the density of a nucleus is independent of its mass

number.
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28. (a) I ATCMRIG =TeTh Mt [eh! Brsam a 3R b 8 el a1 g0 T gt & Haiia 2 |
$oh Y81 TX ToIEd &33l1 3hT 3TJ9TA 114 shitwT |

CIUE

(b) ot C o Tertt TaT=R dfgent Gemie (A) =1 fopHt Sl g sieedr V ds e
forar e B | 39 S © Sl il 3HEg ik 2C AT o fRdt SRR qutie
(B) =1 GUTIE o T & Hag ot fean T § | 3md shifse

(i) A 3R B W 3ifqg et 1 T
(i) Af<ma: A 3R B ° @i $o1 frfaea Sl 3R ey § A ° dfd ot
T JATITd

29. TS [ 3R ITIEI-HIC FThA A & foheft =meres o Fo W favar=a Vot S5 foman
T E | G&Y H SATEAT hIFT foh =Teteh § 9T oFcd j Tohd TR Tviferd &I Ife

(a) faveER VAT RISy,

(b) <TcTh I efit- e Wit 35h JFTTIEA-HTE b Wﬁw%wﬁmw%
3R BT T faT= V sl ST fohan St 8 |

30, 50Q%%m‘]uﬁﬁﬂm,(25JMF%WWW(4)H%WW®Wﬁ

T n
3G T4 1 Tl ac Fa & dieear @ee ®) V = 70 sin (100 =t) 8, ¥ TIifSa
ferar e 2 | uftrfora hifse
(a) TRTY T+ Hfdama
(b) ufmy =t gfcramen

(c) UNUY T YT & BT A
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28. (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.

29. A potential difference V is applied across a conductor of length [/ and cross-
sectional area A. Briefly explain how the current density j in the

conductor will be affected if
(a) the potential difference V is doubled,

(b) the conductor were gradually stretched to reduce its cross-sectional

A . . . :
area to 9 and then the same potential difference V is applied across

it. 3

25 4
30. A resistor of 50 Q, a capacitor of (?) uF and an inductor of (;) H are

connected in series across an ac source whose voltage (in volt) is given by

V=170 sin (100 = t). Calculate : 3
(a) the net reactance of the circuit,
(b) the impedence of the circuit

(¢) the effective value of current in the circuit.
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31. (a)

(b)

32. (a)

(b)

55/2/3

@)

(i1)

@)

(i1)

(11)

@)

(i1)

E=E
5
g us—-¥

-3 TOTTeh ST IRATT feflam | N U aTefl s [ 99T SR -h1e
gAhet A sl feret aitTetenT o To-Stehed & foTe =ietes e Shifere |
= feu T 3l T ITAN wih foREt Fuse! HT TW-Iehed UfEhiord

Hifg Isqailqos,l‘cﬁg»us«n%l;ﬁﬁm(zoo)Hz 3 % AC 91 3R

DC I w1 31T hich ITH fhar o 3 |
AC 9 DC &
wHHE | V@re) | I (EErR) T | V @) | I (TfErR)
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
A

THIfehd 3TRE <! TR A fohelt ac I & fagra 3 swrifafe =1 avk
HITT | SEHT ITIRT Hieh 4 emf & ATENS A o foTT St Fea—
HIfC |

foreft ac i <t Pugelt § AR % 100 B & FH I *1 &% 0.5 m?
2 | AR 1 9 100 Q B | T HUSet 370 FUH 38 & ofFead 0.8 T &
TR &5 H 60 e Ufd Tehve i ford vl 9 § N HR & 2 | 59
HUSHH! H SIfd SATIhad emf 3R It &1 ftehfora HifeT |

eea-faga fIRau | smE 1 F8grar ¥ 98 Qs o g aHad aul
Toret I8 | hH TUElad BT § | SHeRT STANT hich TN oh (-7 T HedTIH
<hIfTT |
12 cm I8 G 1 S A qul fepe! foreat o1 o T STrefeia s
SITTerEs ST 2 | gU0 & foresy 361 gt 9 i |

Al
3T GUGRh G Sldferesl ST Q21 o foTu ATHTehd foRto 3@ EifeY |
TR STEY &war hl g fafew | oradt glewieh i ge | TaEd
Waﬁaw%ml
foret T geweRll % AMGEIR 3R ABERT o El 1 BT gl HE:
1.0 cm 3R 2.5 cm 8 | 300 @R W9 i o foTw 391 gemesff i Aferen
<1 TS 1A hifT |
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31. (a) @) 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.

SECTION -D

(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 is applied across the coil. 5
AC Source DC Source
S.No.| V([ Volts) | I (A) S.No. | V (Volts) | I (A)
1 3.0 0.5 1 4.0 1.0
6.0 1.0 2 6.0 1.5
3 9.0 1.5 3 8.0 2.0

OR

(b) (1) 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.

(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.

32. (a) (@) 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

(b) (@) 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.

55/2/3 ] Page 17 of 24 P.T.O.
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(a)

(b)
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@)

(i1)

=] e [®]

i

Zee
M3H T 61 IUFNT hieh ThaH WRgeh AT T A 6 fopdlt 31=d: o=
e Idel TR o SRV TIga &5 o T 15 S3sieh ITH HIT |

forelt a=aa: o gTafITd EiY a1 e AT TN A B | IS SR
39 TR %I 3 AR, JATHR 9 T 38 TR <h IHGRAT, R o TFad ad §
fordft frad =Tt v A L@ 2 | 3T & TRAT0T 37 dR 9 Wgeh A9 a9

A % ET H SoTaRgI <hl TTcIeT STl 31T ShITTT |

(ii1) INges TSN T A Tl Bl TR TS Sl o [T UTH TIT |

)

(11)

AYAT
<1 goEm farg 3traren oX forem shifSe S fsg3i (0, 0) 37K (a, 0) WY@ R |
(1) 1 31 QHI 1 STe aTelt @1 W U1 s fomg 8 T8 T forga &3 3
27
(2) T QHI I SIS ATt {@1 T TET H18 Tog 8 T W ferggd fowa
AR ?
Tk TehIUT o 3T hi 8 HITTT |
JTarT < fepr <t ferfesga feufast a1t o SRoTIcHes T % HEe &1 oo
Hifere |

TG | TUMT FTTER qF A9 2.0 m T < fordll Tmamg Bt ABC &
Sfie W fRrd g | 379 fFT oA & e Y oga feafas et afesfora
HIFTT |

+4.0 uC
A

B C
—4.0 uC +2.0 uC
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33. (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.

(i11) 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.

(11)) 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 O
—4.0 uC +2.0 uC
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e : T TR 34 3R 35 hT TG T & | el U T 317=5¢ 1 3189 hieh T

34. (a)

(b)

55/2/3

o IR ST |

NG T I IrAfiTeh et W fomam HifSe | 98 399-9e@ (Jumping Ring)
SR ekl & F© Tl o1 IchE e 7 | 39H foreht sTgraehia aersh e <
Ford Wi fopell aiETicTeRT o HEafeR i W @1 A1 g | 56 GRATih! § 9T
aTfEd hl STt &, T FeT HUT hi 3T ST ¢ |
ST geTd
(71fet < fore w=rer),

Copper Ring
(free to move)

EIEEIE

(Iron Core) =5
(Switch)
o
ERES]
(Coil) )
—1[1|—
szt (Battery)

3 It & ST A
() e INa T e <l o hTd @ o IeTd o U o hT oh! SHTEHT shifSTT |
(i) afg St = e 1 Iohfia # ¢ 3R R feom 61 s L a1 7 B ?

ST HIfT |
(iii) 38 UNEeAT 1 THFH H TRl i Tl g (4] shl SRS <hITTT |

YA

Teret <1 T3 TIATICTeRT < FFeehia &1 Shi TSeTdT H Jfg i o (AT I %! e
H ST T |
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Note : Questions number 34 and 35 are case study based questions. Read
the following paragraph and answer the questions.

SECTION - E

34. (a) 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.

Copper Ring
{(free to move)

Switch
-
+ -
]y
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.
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35. (a) fouwu amm o foreft wepmar faga At aftay o SEeh! afgmiani & s fava=R =
ot AT AT Tt SehTeT foreld 9T o foremor w1 guiien T g S@ifeh da R fafy=
TATCHA! o T 4 A, B, C 3T D 319 hd & | Teu e 3@ w1 wiieqor shifs
3R o= AT o SR e |

(Current)

(i)  ToRE ehTRI ST hT ST I & TR T ?

(i) Tore wemTer ISt St qTeed Srfersha § ST 7

(iii) ToE TRTS 4o gRT W 37k T W TR ol ScAfaid B & 37K
1 ?
AYAT
(b) 3mmufad FeRrT 4 Y AR § Ifg FE W gaelt smafa i FR fava @

TS BT & 7 310 I hl gfE i |
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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 :

Current

Potential Difference

(1) Which light beam has the highest frequency and why ?
(1) 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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HTHT= 14397 :
FHETTRET 145911 @1 aga FIae] & qieq 3K 371 &xed] & 9 Sy :

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

(ix)
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57 J97-97 4 35 Fv7 & | @t 3o7 sfAard & |

T8 Y9797 i @S] 4 f[ayifaa 8- &, @, W, GG & /

GUE & 4 Jv7 G&T 1 & 18 7% Tglascdid (MCQ) TR & Uh-Uek 3% & J97 & |

gva@ﬁywy’@ng T 25 T% 3fd Tg-3TIT (VSA) FHR & g1-31 37H] & Jo7
/

g T 7 J97 T&7 26 @ 30 7% TG-FT0T (SA) IHR & diH-A17 371 & J97 3 |

GUE T 7 Jv7 G&I7 31 T 33 7% FH-ITT (LA) FHR & Giar-qiel 375l & Jo7 & |

GUE T 7 97 G 34 79T 35 HH-STHIRT FAR-A %] & F77 & /

Jo7-97 § GHY [dHeq 787 797 T 8 | JEf6, @8 @ & 2 YA §, @O T & 2 I

g; GUE 7 & 3 Yo H T @US T & 2 ¥ H RS [dHeq FHT JIEET 1337 T
/

Fopcict HT ITINT afdd & |

Yifaeh 9] & M@ q, Savaal S7ar ITIT a1 :

c=3x10%m/s

h =663 x 10734 Js

e=16x10"17C

Uo = 4m X 107" Tm AL

gg = 8854 x 10712 C2 N1 m~2
1

471:80

=9x 109 Nm?2C2

ST o1 Go3HM (my) = 9-1 x 107! kg

=g 1 GeWH = 1-675 x 10727 kg

Tei 1 geIHH = 1-673 x 10727 kg
ARG T&AT = 6-023 x 1023 yfaq 7 Wi (per gram mole)

e fame = 1-38 x 10723 JK!
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(1)
(ii)
(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"19C
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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B

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
(© (1:0x10-8 ] @ —10x108 )]
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) “;"d
(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
I
|
0 a T 0 a T 0 r 0 a T
(c) (d)

(a) (b)

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

.m —— — -

- 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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(a)
(b)
(c)

(d)

I o« JA
I « A
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1

I o« —
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Fé 3ferss 1 e B S

(a)
(b)
(c)
(d)

AT
sl

Page 6 of 23



B
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

(¢) 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.



10.

11.

12.
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B
fopet &g o ot fieft fava (y-31& W) qen emdfaa fafern 6 smafa (x-31a
W) & T UT% ATIRgd foham TR ] | UT6 W W T Sl JAUIdT TR geidei
T TS oh YT ST TOEHA BT

(@) h
h

(b)
(c)

c
2h
C
h
d —
(d) e

HE e 2-14 eV i Tohet 91 W TR 6-4 x 1014 Hz 1 TR MU
@1 2 | 3caid SAdei-l hl ATeehad il ol I ST :

(a) 0:25eV
(b)  0-51eV
(c) 1-:02 eV
(d 010eV

TR % Hisd U BESSH & WA I I Joff H Icafold Jehrer i Aferemad
AR AR | AR 1 ST 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
h
(b) —

(c) —
C
h

(d) 20

11. Light of frequency 64 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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13. Tttt 39 ardumees O fordt fifvad am w soegE 3t foemi i @mgan
15 x 1016 m=3 3 | 9« 38 DEdee sMfuses & mfed fhar S 7, @
forat Tgar sIgeht 4-5 x 1022 m™3 8 It 2 | Hifdd AL=TeTeh | soAdel i
HIgdl (n,) B

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

d  675x 1038 m=3

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

(b)  Uferen fawe e <& gar 2 |
(c)  Uftrert fava o AT B |

(d) YR JEId: SgEEIH d1gehl % %I Bl @ |

15. forE Sicedt 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
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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.



21.

22,

23.

24.

25.

26.

27.

55/3/1
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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

55/3/1 Page 15 of 23 P.T.O.



28.

29.

30.
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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) (i) 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.
AV

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

55/3/1 Page 19 of 23 P.T.O.



32.

33.

55/3/1

1)

(i)

1)

(i)

(1)

(i)

1)

(i)

B
fordlt ot pugct NeadHIX o1 fagra fafae 3T saeh! fspamfaty
& sgre hifee | foRH) fiea et 1, 3Tk sEt ®9 H, TR
g § arq A9 6 fow I9 T R S Hehan B | I 2
fopet =re1 Puseht Nea-iier § rahia & 3T =i = 8 238

fopT JehT ST AT % ?

arerat
foRell UTUETET JATRR UTS o AW W Irh & o AT =Tk
cqd hIfT |

gigrehia gqred 3R STIgrFehia Ugred % Wi fawed s ard
=g Q1 fomg fafaw |

Fshal Brsan R’ o fopdt S1aaa gdur & | gl o W feurd fepet
fore o aredfaes fdfars & S99 &1 A & fau fmo sma
ifaq | 30 TR, u 3R R vgi # Ufdfens gl & % foq dey
TTe IV, |

fpel 1 m ®iE gl & ITA 8 b GHA 1-8 m ATS H HIs
Sqith " ¥ 5 m ! g W @S & | o oo icifores < feurfd

3R HeIE T T |

AT

forell YR T & T5H & o Tt fpel T foptor @
YA ! S o U fomor @ EifT | 30 TR, A9
(W o ToTT 50 10T (A) 3R =Had fo=e™ HI0 (8,)  9af H
ey I HIfT |

fopet STaaa | o QI ISai i Ishal BISATE 20 cm & | ARG &1 @
&1 a1 — 5:0 D ®, Al & o g1 T U A hifoTT |

Page 20 of 23



B
32. (a) () 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) () 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 (8,,).

(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.

0y

—3 1em

je—— 3 em ———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)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

(viii)

(ix)

55/3/2

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 =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

1. A voltage signal is described by :

v=Vy for Ogtgg

=0 for g <t<T

for a cycle. Its rms value is :
Vo

J2
(b)  Vy
Mo

2
@ V2V

(a)

(c)

2. The ratio of maximum frequency and minimum frequency of light
emitted in Balmer series of hydrogen spectrum, in Bohr’s model is :

11
(a) ?
9
(b) =
1
7
6
7

—

(c) —

—

d =

3. 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 45 x 10?2 m-3. In the doped
semiconductor, the concentration of electrons (ne) will be :

(a) 38x10°m-3
b) 5x10" m-3
© 5x10°m-3
d)  675x10% m-3
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4., An infinitely long uniformly charged wire produces an electric field of
18 x 10* NC1 at a distance of 1-0 cm. The linear charge density on the
wire is :

(a) 112x 107 Cm-1 (b)  308x 1071 Cm-1
© 1:0x107 Cm1 d 10x107" Cm1

5. At 0 K, the resistivity of an intrinsic semiconductor is :

(a) same as that at 0°C (b)  same as that at 300 K
(c) Zero (d) infinite

6. 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 0-10eV
7. In an experiment on photoelectric effect, the intensity of incident

radiation is increased, keeping the frequency v the same. The number of
photoelectrons emitted will :

(a)  increase (b)  decrease
(c) remain same (d) depend on frequency
8. The SI unit of mobility of charge carriers is :
(a) Qg1 b) m2vilgl
(0 mstvl d Qm
9. 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.
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10.

11.

12.

13.

14.
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(a) I < A

(b) I « A

(c) I « A2
1
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10. In a moving coil galvanometer, the deflecting torque t acting on the coil is
related to the current I flowing through it as :

(a) Tl (b) 1o I?
() 1ol d tocJI

11. 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

12. Electromagnetic waves of wavelength of the order of a few meters were
first produced and detected in the laboratory by :

(a) J.C. Maxwell (b) J.C. Bose
(¢) H.R. Hertz (d) G. Marconi

13. The emf and internal resistance of a cell are E and r respectively. It is
connected across an external resistance R = 2r. The potential drop across
the terminals of the cell will be :

(b)

& | =
wlE o

2

14. 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
55/3/2 Page 9 of 23 P.T.O.
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15. 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 ‘r’ from the centre of

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

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 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.

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

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

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

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

use of a cell.

55/3/2 Page 11 of 23 P.T.O.



19.

20.

21.

22,

23.

24.

25.
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SECTION B

19. How is the width of depletion layer of a p-n junction diode affected when

it is (1) forward biased, and (ii) reverse biased ? Justify your answers. 2

20. 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

21. (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

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

this current is different from a conduction current. 2

23. Two wires of equal lengths are shaped in the form of a square loop and a
circular loop. Both loops are suspended in a uniform magnetic field. Prove

that for the same current, the circular loop will experience larger torque. 2

24, (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

25. The refractive indices of two media A and B are 2 and /2 respectively.

What is the critical angle for their interface ? 2
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26.

27.

28.
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SECTION C

26. (a) A particle of mass m and charge q is accelerated through a potential
difference V. Plot a graph of de Broglie wavelength A associated

with it as a function of V.

(b) Calculate the energy acquired by and de Broglie wavelength
associated with, an electron accelerated through a potential
difference of 400 V. 3

27. (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

28. (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) (i) 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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30.

31.
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29. A rectangular loop of sides 25 cm and 20 cm is lying in x-y plane. It is
—> A
subjected to a magnetic field B = (5t% + 2t + 10)k, where B is in Tesla

and t is in seconds. If the resistance of the loop is 4 Q, find the emf

induced and the induced current in the loop att =5 s.
30. A potential difference V’ is applied across a load resistor of resistance R.
V and R can be varied. If the current that flows in the circuit is I, draw a
plot showing the variation of power consumed by the resistor as a
function of : 3
(a) R, keeping V constant
(b) I, keeping R constant
(c) V, keeping R constant
SECTION D
31. (a) () 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
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32.

33.
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(i)

(1)
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1)
(i)
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32.

33.

55/3/2

(a)

(b)

(a)

(1)

(i1)

(1)

(i1)

(1)
(i)

(iii)

B
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.

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.

OR

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 (6y,).

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.

Define electric flux and write its SI unit.

Use Gauss’ law to obtain the expression for the electric field
due to a uniformly charged infinite plane sheet.

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.
AV

OR
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B
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(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

SECTION E

34. 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) How will the width of central maximum be affected if the

wavelength of light is increased ? 1
(b) Under what condition is the first minimum obtained ? 1

(c) Write two points of difference between interference and diffraction
patterns. 2
OR

(c) 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 ? 2
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B
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
— 1em

je—— 3 em ———3|

Answer the following questions based on the above :
(a) How long does an electron take to strike the edge ?
(b) What is the shape of the path followed by the electron and why ?

(c) Find the potential difference applied.

OR

(c) 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.
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HTHT= 14397 :
FHETTRET 145911 @1 aga FIae] & qieq 3K 371 &xed] & 9 Sy :

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

(ix)

55/3/3

57 J97-97 4 35 Fv7 & | @t 3o7 sfAard & |

T8 Y9797 i @S] 4 f[ayifaa 8- &, @, W, GG & /

GUE & 4 Jv7 G&T 1 & 18 7% Tglascdid (MCQ) TR & Uh-Uek 3% & J97 & |

gva@ﬁywy’@ng T 25 T% 3fd Tg-3TIT (VSA) FHR & g1-31 37H] & Jo7
/

g T 7 J97 T&7 26 @ 30 7% TG-FT0T (SA) IHR & diH-A17 371 & J97 3 |

GUE T 7 Jv7 G&I7 31 T 33 7% FH-ITT (LA) FHR & Giar-qiel 375l & Jo7 & |

GUE T 7 97 G 34 79T 35 HH-STHIRT FAR-A %] & F77 & /

Jo7-97 § GHY [dHeq 787 797 T 8 | JEf6, @8 @ & 2 YA §, @O T & 2 I

g; GUE 7 & 3 Yo H T @US T & 2 ¥ H RS [dHeq FHT JIEET 1337 T
/

Fopcict HT ITINT afdd & |

Yifaeh 9] & M@ q, Savaal S7ar ITIT a1 :

c=3x10%m/s

h =663 x 10734 Js

e=16x10"17C

Uo = 4m X 107" Tm AL

gg = 8854 x 10712 C2 N1 m~2
1

471:80

=9x 109 Nm?2C2

ST o1 Go3HM (my) = 9-1 x 107! kg

=g 1 GeWH = 1-675 x 10727 kg

Tei 1 geIHH = 1-673 x 10727 kg
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General Instructions :

Read the following instructions very carefully and strictly follow them :

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

(viii)

(ix)

55/3/3

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 =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

1. A battery of emf E and internal resistance r is connected to an external
circuit. The potential drop within the battery is proportional to :

(a) current in the circuit
(b) total resistance of the circuit
(c) emf of the battery

(d) power dissipated in the circuit

2. The momentum of a photon of wavelength A is :
hA hA
c
(c) h (d) zero
A
3. Two thin long parallel wires A and B are separated by a distance r and

carry current I each in the same direction. The force per unit length
exerted by A on wire B is :

2
| |

(a) ui, attractive (b) Mo , repulsive
2r 27r

o I° | m |

(c) , attractive (d) —— , repulsive

2nr 27nr
4, Two wires of equal length and radii r and 2r are connected in series.

Their resistivities are 2p and p respectively. For the same current
passing through the combination, the potential drop across their ends
will be in the ratio of :

(a) 2:1 (b)
() 4:1 (d)
5. A capacitor is charged by a battery. Between the plates, during process of
charging :
(a)  only displacement current exists.
(b)  only conduction current exists.
(c) both displacement current and conduction current exist.

(d) no current exists.
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(a) I « JA

(b) I « A

(c) I « A2
1
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(a)  Tfeent fava o STar @ |
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I
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(a) (b)
HE B 2-14 eV i TRt 91g W R 6:4 x 1014 Hz ST FehT¥1 MU
W2 | IcAfSid ScAdeil <hl TfRIehan Tt ol BN T

B

fV

&

(a) 025eV
(b) 0-51eV
(c) 1-:02 eV
(d) 0-10eV
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6. In the wave picture of light, the intensity I of light is related to the
amplitude A of the wave as :

(a) I oA
(b) I « A
0 I o A?
1
7. For the forward biasing of a p-n junction diode, which of the following

statements is not correct ?

(a)  The potential barrier decreases.
(b)  Minority carrier injection occurs.
(c) Width of depletion layer increases.

(d) Forward current is due to the diffusion of both holes and electrons.

8. 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 a T 0 a T 0 T 0 a T
(c) (d)

(a) (b)

.m —— — -

9. 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) 0:25eV
(b)  0-51eV
(c) 1:02 eV
(d 0-10eV
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11.

12.

13.
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—
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9
9
5
1
7
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10. A voltage signal is described by :
v=V for 0<t< g

=0 for g <t<T
for a cycle. Its rms value is :

Vo
(a) E
b))  V,
Vo
2
@ V2V

(c)

11. 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 10?2 m-3. In the doped
semiconductor, the concentration of electrons (ne) will be :

(a) 3x10%m-3
(b) 5x10" m-3
@ 5x10°m3
d  675x 105 m-3

12. 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
(c) four times
(d)  one-fourth

13. 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
(@) 76
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14. Two cells of emf E each and internal resistances r and 2r are connected in
parallel as shown in the figure. The equivalent emf of the combination is :

E, r
|,
Il
1
)
E, 2r
E
(a)  zero (b) 3
E

15. 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.

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 nucleus ;X 1s more stable than the nucleus gY .

7 .
Reason (R): 3X contains more number of protons.
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18.

19.

20.

21.

22,

23.
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17. Assertion (A) : The internal resistance of a cell is constant.

Reason (R):  Ionic concentration of the electrolyte remains same during
use of a cell.

18. 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.

SECTION B

19. 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

20. (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

21. What is meant by the term ‘displacement current’ ? Briefly explain how
this current is different from a conduction current. 2

22. A wire of length L is bent round in the form of (i) a square, and then
(i1) an equilateral triangle. If current I is passed through each of them,
find the ratio of magnetic moment of the square loop to that of the
triangle. 2

23. (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
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25.

26.

27.
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25.

26.
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i
The refractive indices of two media A and B are 2 and 2 respectively.

What is the critical angle for their interface ? 2

Draw a circuit diagram of a p-n junction diode in (a) forward biasing, and

(b) reverse biasing. Draw the V — I characteristics for each case. 2

SECTION C

(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
(i1) 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

(a) (1) 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

Page 15 of 23 P.T.O.



B
28. @ U Th AR d@ PQRS gl 1 g f&eht e PQ 1 owag
10 cm 3R Ifeg 0-4 Q B TAT 98 TT(d A o foIT T 7 | 39 Toreht wohawm
TEh &F B = 0-2 T, A1 PQRS & ad o oraad ofial &I 3T #1d 8, |
W@ TR | A ST PQ 1 5 em/s o 9T v H, ST ATER T TR AT, ot
FTd I 3

¥ S x % Px x x

X X X P X X
=V

X X X xX X

)(R x X KQ X X
(%) e ° ufeq fogga am, qen
(@) 39 ST i T(d U o T ATEG9TSH G |
(ge3tt PS, SR 3R RQ & falier Iueofiy § 1)
29. forelt oTa @ YaTfled 9T TR 3|k HiaX Soiagii o 3UdTg aT @ o9 gay
T T | 36 JehR 3TW o1 7 9T <hIfT | 3
30. (%) G H g HUIN A R B N W THF M99 § g geam 9F g, i

éaﬁ?ﬁaﬁé@(x)ﬁ%%w%wﬁmw%ﬁﬁvag

favyarat 2 foEa on st cafid fomam e 2
& A
A B

/

A

JV
i) =9 U H 9 hH-ET 31fes W g 3 = 2
(i) @1 ! yaurar 91 Fefud o g ?

(@) 39 A9 1 HaT qiishiora Hifoe frmeht 2 siivelt quresd 30 AR | 3
55/3/3 Page 16 of 23

L
i




%
28. The figure shows a rectangular conductor PQRS in which the arm PQ of
length 10 cm and resistance 0-4 Q is free to move. It is kept in a uniform
magnetic field B = 0-2 T acting perpendicular into the plane of PQRS. If
arm PQ is moved with a velocity v of 5 cm/s as shown, find : 3
X 85 X Ex % X

X X X b4 X X
—>V

X | X % X x x

xR x x xQ@ x x

(a) the current induced in the loop, and
(b) the power required to move the arm.

(Resistances of arms PS, SR and RQ are negligible.)

29. Obtain a relation between the current flowing in a conductor and drift

velocity of electrons in it. Hence, obtain Ohm’s law. 3

30. (a) The figure shows de Broglie wavelength (1) for two particles A and B
having same charges but different masses as a function of %,

where V is the potential through which the particles are accelerated.

A A
A B

W

1
W

(i)  Which of them is heavier and why ?
(ii1) What does the slope of the line represent ?

(b) Calculate the momentum of an electron having de Broglie
wavelength of 3-0 A. 3
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32.
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(a)

(b)

(a)

(1)

(i1)

(1)

(i1)

(1)
(i)

(iii)

%

SECTION D

Draw a ray diagram showing the formation of a real image of
an object placed at a distance ‘u’ 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.

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.

OR
Draw a ray diagram showing refraction of a ray of light
through a triangular glass prism. Hence, obtain the relation
for the refractive index () in terms of angle of prism (A) and
angle of minimum deviation (6y,).

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.

Define electric flux and write its SI unit.

Use Gauss’ law to obtain the expression for the electric field
due to a uniformly charged infinite plane sheet.

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.

AV
/ T
[ L
1)
)/
!/
> X
Z
OR

Page 19 of 23 P.T.O.



33.

55/3/3

1)

(i1)

(iii)

(1)

(i)

(1)

(i1)
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(b)

(a)

(b)

1)

(ii)

(iii)

(1)

(ii)

1)

(i1)

%

Define electric potential at a point and write its SI unit.

Two capacitors are connected in series. Derive an expression

of the equivalent capacitance of the combination.

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

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 ?

Why is the magnetic field made radial in a moving coil

galvanometer ? How is it achieved ? 5

OR

Derive an expression for magnetic field on the axis of a current

carrying circular loop.

Write any two points of difference between a diamagnetic and

a paramagnetic substance. 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.

G »
—3 1em

je—— 3 em ———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 :

(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=3x10%m/s

h =663 x 10734 Js

e=16x10"19C

Up=4nx 107" Tm A~

£p = 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 ®) v (©) % @ 2v

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

substance is :

e ——
T

(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 :

]'_.H'm

(a) P (b) Q ) R (d S
55/4/1 Page 5 of 27 P.T.O.
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(a) 15eV (b) 1-7eV (c) 32eV (d) 47eV
Tifsyshi ot o foru fAfalRaa & 9 wia-a1 o 98t 757 8 2

(a) I 9 FHAM Tl | AYF YA B B |

(b)  —faaeAi o fafira et o 7T $ehT TIHTYT THT S8 BT & |

(c) I HeF AV BId & |

(d) < Al o = g # gig 9 WA Tg«d 8 914 & |
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()

X > vy

I
(a) AfG I92al g a9 abc o ST
(b) W&Im%ﬁaacb%%@
(¢ 3f¢ IT¥a & 99 abe o (e
(d) 3afE I9ed & a9 abe o Tfew
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(a) X3 @URA 8 3 X = V2 R

(b) X I 8 3R X =R

(c) Xﬁgﬁ@%\?ﬁ'{XL=\/§R

(d) X Fie § 3 X =R
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B

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 :

e}

X o v
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 Xy = J2 R
(d) Xisacapacitor and X, =R
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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

0-5V
(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.
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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

, 4

a

d
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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
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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
.

, i
0 dt

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

L and cross-sectional area A having N turns. 3
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28. (a) Aresistor 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

(b) 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

29. (a) (@) 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
(b) (G) 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.

:[J

51

Sy
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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

10 Q

OR
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(b)

(a)

(b)

(1)

(i1)

(iii)

(1)

(i1)

(1)

[=]
]
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

6 Q

10V ]

MW
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)
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i
(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.

(ii)) 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,
Vv
A
Q4
Qg
60°
30°
0O >
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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

(c) 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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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=3x10%m/s
h =663 x 10734 Js
e=16x10"19C
Uo = 4m X 107" Tm AL
gp =8-854 x 10712 C2 N1 m~2
1

47[780

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

=9x10° Nm?2 C2

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!
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SECTION A

1. 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 :

ll

S

WAL T

(a) P (b) Q ) R (d S
2. The electromagnetic waves used in radar systems are :

(a) Infrared waves (b)  Ultraviolet rays

(c) Microwaves (d)  X-rays

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

(@ B (b) up @ P @ -
u u
4. Photons of energy 4-3 eV are incident on a photosensitive surface of work

function 2-:3 eV. The stopping potential for photoelectrons is :

(a) 2:0eV (b) 2:3eV
(c) 4-3 eV (d 6:6eV
5. 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.
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© 2 @ 2

dmeg T €0 T

TIEGISH TR | 11 <Al 9fGhaT id gU et sorereid & grachia STl
RO 3R IO FeTT o IRHATOT ST TIIC 8 :

(a) A (b) 927 x 10724 C/kg
(c) 88x1019C/kg (d  66x10712C/kg

frftfaa o & fopaeh! gomfedr (Fraehi™ Jghd) i RoMcHs AH & ?

(a) T (b) UG

() o d A

TX T1fYeh % G TR 3Heh THCH J[FASTAl b Pl A BT T
21-00 u g | 39 A0S & U 9g7 Sl Iid Jfaasta Fefafea & & fra

qedTsh o1l o UM 7 ?

(a) 3u (b) 35u (¢) Tu (d 21u

afigy # 39T fohe T foRet pon G Srie % fou eeh Sieedt 07 VR | 39
g9y § I8 %1 YRR IR JdTEd 91T §

]J:D ‘ 100 Q

L
05V

(a) W S=E, 0 A (b)  UYETEHE ST, 0 A
(¢) IWUfefyrs a=EE, 5 mA (@) Ul 9=EE, 2 mA
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6. A point charge q is kept at a distance r from an infinitely long straight

wire with charge density A. The magnitude of the electrostatic force
experienced by charge q is :

(a)  Zero (b) q
2negr
A A
(c) a @
dmeg T €T
7. The ratio of the magnitude of magnetic moment to that of angular
momentum, of an electron revolving around the nucleus in a hydrogen
atom is :
(a)  Zero (b) 927 x 10724 C/kg
(c) 88x1010C/kg (d) 6'6x10712C/kg

8. Which one of the following has negative value of susceptibility ?

(a) Nickel (b) Aluminium
(¢) Lead (d) Iron
9. 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 (c) 7u d 21u

10. 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 :

DD ‘ 100 Q

|
05V

(a) Forward biasing, 0 A (b)  Reverse biasing, 0 A
(c) Forward biasing, 5 mA (d)  Reverse biasing, 2 mA
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1T abe ® I g <A fazm 2

X > v

(a) A Ioedr & a9 abe % W
(b) aﬁlm%ﬁaacb%?ﬂﬁﬂ
(c) aﬁlﬁ'ﬂﬁéﬂaabca%?ﬂﬂﬁ’ﬂ
(d) aﬁlm%ﬁaabc%éﬂﬁﬂ

Tiiiaes R 3R 3ed X o A0 HASH W I ac dleed] v = v, sin ot ITTIIH
H M 2 | iy # dweaiie 9w 1 = I, sin (ot + %% | Frafafea 4 @
HI-91 TE 7 ?

(a) XI3 49T 8 31K X= V2 R

(b) XIS W 3 I X, =R

(c) Xﬁgﬁ@%\?ﬁ'{XL:\/ﬁR

(d) X S § 3 X =R

IS THAA qUIY gshdl 53T R o fopet 3Tade edu W 3TYd »idl @ | Satdd
auTy b s gl

R R
(a) 2R (b) R (c) 9 (d) y

forelt dieia 3Nt e Wewr o1 <Y Tifast SHoTd g9H 3 | TeH 8 g9g ¢ S
TUTCEd 3T Vel U ° Felg ¢ Sl quTeed 1 34T g ¢

(a) 1 (b) 2 ) 22 (d)

1

forelt Tregiom W) # facda safsr srawen #f forell soiaet 1 feufast oot A1t
2

(a) —-34eV (b) —3:02eV (c) —-151eV (d) —-6-8eV

Page 8 of 27



B

11. The direction of induced current in the loop abc is :

a@h

X 5 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

12.  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 + g). 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 X; = J2 R
(d)  Xis acapacitor and X =R

13. 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 (c) 5 (d) z

14. 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 :
a) 1 (b) 2 0 242 (d) %

15. The potential energy of an electron in the second excited state in

hydrogen atom is :
(a) —34eV (b) —3:02eV  (¢c) —151eV (d -6-8eV
55/4/2 Page 9 of 27 P.T.O.



IS
J97 G&I7 16 T 18 3f4HI7 (A) 31K R (R) YHR & 97 8 | @ %97 7@ 70 § —
7 @ #1719 (A) 9T & #1 BRI (R) GRT Hied 1371 797 & | &8l 3¢ 71
13w 717 #1ST (@), (b), (c) X (d) & @ g7t A |
(a)  SANTHAA (A) 3 SR (R) T Fal & N BRU (R), AMUHAT (A) i
g IR hdl & |
(b)  3TfHeA (A) 3R HROT (R) THI HEl &, g SR (R), AR (A) i
&l ST 73T hdl @ |
(c)  3IfeReA (A) F&l 7, g SR (R) Tad 3 |
(d)  3fReE (A) A & 3R HRU (R) o T 7 |

16. 3737 (A): el goh & O foyd &g L aR § & iy gRmErg
IR FUSH!, T dR § S AR 9191 8 36 Jraehi™
&7 U @ T R a9 fes wEE gw vargd @ @R, g|
39 TohU S aTel S-SATU <hl TUET AT Se1-SATe0l
39 A g |
HRU(R):  TUF AR o aR & o+ 8 Tt JAERR 919 hl Y& JThR
FUSH! T SFABA ATTH gl & |

17. 3997 (A): ‘0 YPR & AdATAS TAFCHT Bl &A1 Tcd faali & T
Tcd © AU giaT 8 W fohted Tmy ° S{ey IERfFar s
@ g |

HRU(R): ST WHST g Y& fohT T SeiargiHT ol STEST HATRHIRA gra
& A o dlh-dieh FHM 3 fosrrdia gran 2 |

18. 374%o7 (A): W& 200 W, 100 W 3R 50 W 31fth o << fore]d el sl fomeft
gra & uft 4 g foRam SraT 8, a1 50 W b Sed g SUNwh
Ik Afeehad Bt 8 |

HRU(R):  Hoft 4y H Tcdeh Sod ¥ Yalfed 90 T0M Bl 8 g T
Fod & ot R fawarw fia-fim g g |

Qs @

19. (%) Y a % Torelt queg By feeh 3wt w fF A&w g, 29 IR - 3q
feoa &, 1 fer-aea feufas e & fow =59 aea S |

AT

55/4/2 Page 10 of 27



[=]
]
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) : 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.

17. 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.

18. 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.

SECTION B

19. (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
55/4/2 Page 11 of 27 P.T.O.
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(b) Two small conducting balls A and B of radius r; and r, have

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

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

Answer the following giving reasons :

(a) Do the magnetic field lines also represent the ‘lines of force’ on a
moving charged particle at every point ?

(b) If magnetic monopoles existed, how would the Gauss’s law of
magnetism be modified ?

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

OR

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

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
v
m

F 3

b
v

\
LY
> =

Show that the density of a nucleus is independent of its mass number.

Why are lighter nuclei more stable than heavier nuclei ?
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24, Use Gauss’s law to obtain the expression for electric field due to a

uniformly charged infinite plane thin sheet. 2

25. Two identical cells, each of emf E and internal resistance r, are connected
with a load resistance R, first in series and then in parallel. Obtain the

condition under which the current through R is same in both cases. 2
SECTION C

26. (a) A resistor of 30 Q and a capacitor of 250 uF 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

(b) 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

27. (a) () 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 ?

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

OR
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(b) (i) In a Young’s double-slit experiment SS, — SS; = %, where S,

28.

29.

30.

55/4/2

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.

Sy

So

(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

(a) Differentiate between ‘impact parameter’ and ‘distance of closest
approach’ in alpha particle scattering experiment. Identify,
situations when impact parameter is (i) minimum, and (ii) very
large.

(b)  An electron cannot revolve around the nucleus in a hydrogen atom
at an arbitrary distance. Explain. 3

Two infinitely long parallel conductors A and B, separated by 2 cm, carry
6 A and 2 A currents in opposite directions respectively. Find :
(a) the net magnetic field at a point midway between A and B.

(b)  the force acting per unit length on B. 3

(a) Two coplanar concentric circular loops of radii R and r (<< R) are
arranged coaxially. Obtain the expression for their mutual

inductance.
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ST ShIU | JehISTd 989 o Teh IUINT o1 ol hifaT |

5| &I A = 60° o Tore) TS5H o Tk wcAeh TR <his TehTST ToRaT
60° o IV W AT Ll & | T8 Tohor guea fsw o wmfddd:
Tod! 2 | 39 Bem o fou =pan famem & (6 ) o fs| &
UgTel T YIS A hie | AfE 39 fsm 1 9t § gar foo
ST, q0 8 O AT THTE G ? 379 I hi gt i |
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(b)

(a)

(b)

[=]
]
A square loop of side 20 cm starts moving at t = 0 with a velocity of

5 cm/s towards a region of uniform magnetic field as shown in the

figure. Specify the time interval(s) during which induced emf is

produced in the loop. 3
20 cm X X x !
X X X X |
20 em ' X X X X X X :
‘ |
I‘ |

SECTION D

(i) 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.

(i1)) Two thin lenses L; and L,, L; being a convex lens of focal
length 24 cm and L, 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
(i) Explain the working principle of an optical fibre with the help

of a diagram. Mention one use of a light pipe.

(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 5 be

affected ? Justify your answer. 5
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33.
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1)

(i)

(iii)

(1)

(i1)

(iii)

1)
(i1)

e
A o forEl fheea &1 R g Aifea fomam mm 8
F1-dUg IR <hl TERAT ¥ AT ki for #ifeq fsreed <hi
STAehdl I T I9Te IS |

frdt pn @i s o wftfea @ ufsearett i afeea =amen
HITT |

frdt p-n Gfr sAE & BET TR FH =S W (1) wklew
T, 3T (2) YT CiSeh STIHT ohl 991 Y& 97T ?

AAAT

RgY @ I FEEA § p-n T SHSI o TN § fopell Ui
a fesesrrt Y fspafafer <hi g&q 4 saren Kifvw |

frdt p-n Gt sETE W1 V - 1 1frenarfre difew | smen $ifs
% sAIE & 9§ Aayw 38 fohd JoR foseshtmr & folu Iugw
T 7 |

e TR ffctepi= 1 STTeteh a1 T 8 | Tt e forgauedt
IR Tafereria sted=mets i B 2

FAFCT bl TTARiTerar shl ARy feAfae | s&est ST AT <Y |

forelt R AB ® TR@ H TRIT AR AUiad! g/ yarfgd & &
2 | 9R & 3fey faga-a 3 319aTg S 1 R BT 7 2 3T
IR HI gfe Hifvw |
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33.
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(a)

(b)

(a)

(1)

(ii)

(iii)

(1)

(i1)

(iii)

(1)
(i)

[=]
i
A germanium crystal is doped with antimony. With the help of

energy-band diagram, explain how the conductivity of the

doped crystal is affected.

Briefly explain the two processes involved in the formation of a

p-n junction.

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

With the help of a circuit diagram, briefly explain the working

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

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

rectification.

Carbon and silicon have the same lattice structure. Then why

is carbon an insulator but silicon a semiconductor ? 5

Define mobility of electrons. Give its SI units.
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.

B
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(iii) 3@ # ew| MU yigy g femm hifu | gfgy =1 gl gfadiy
3R St | <ft 3 ferega T 3ma ST |

10Q

10 Q

]

BV — 14 Q)
30Q 10 Q2

AAAT

(@) () el AR I dga aTeThdl 6l TRATET GINT 3R $861 SI A6
forfem |
i) (1) fordlt F-aieear i 9edt, 3R (2) fordt S=-ateear it sh @
e w9 4 3= gm <ft I R | @A SefE o SAattes afden
o fowa 4 319 o= kg ghd B ?
(iii) TR@ H TWIT T YUY | SRt gRI T e | aRae i Agh

I I 9Tl A Ivott qieicrd HIfT |

10 |4V 20
li

= 6 Q
100V T

3Q
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(iii) Consider the circuit shown in the figure. Find the effective
resistance of the circuit and the current drawn from the
battery. 5

10 ©2

10Q

eV — 14 Q)
30 0 10 Q

OR

(b) (i) Define electrical conductivity of a wire. Give its SI unit.

(ii) 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 ?

(iii) Calculate the total energy supplied by the batteries to the

circuit shown in the figure, in one minute. 5

10 |4V 20

10V

3Q
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Qs ¢

TE TR I IUGTH skl BISAT o JS31 oh SUANT G JATSd BIehd GHAT o ol
1 AT H ITANT & | <l 1 BIHE gl ¥ & qgre IR IFh Fidaw
e o el W Wt FH e 8 | STuedTes TN fohy S ATl SR
% qoreed T fnft whtar B | foreft e Y et sweht wrenw ol @ Hafia R |

3ITh o YR W FAfafaa gei & 3 G
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(@) e 3T < & QHT Ioai ohl Ishal ST RE | 39 <18 o qa1d % ph
for o % TeTT 3Eh! Hishd Gl R o SIS &l S 2

(M) I H p=15% fhE aqa < hI BIHE G 20 cm B | 3 TH I
u:%%tﬁtﬁ{ﬂg@ﬁﬁmw% | e 3@ dE f weE g
gftehfera HIfT |

AT

()  opis forw forelt <19 & 9™ @1 8 S 3HeT diey gidfers sHmar 8 e
HELT 38 | 368 F <l &AAT 5D 8 | i@ | oy 3 wfciforrs 1 gl
UTehfetd shiferg |

feoR-aegfoeh! feor oTmaeTt § 3cae o1, &l TR fawal o TeH & 999 @l
2 | Forelt forg oo & R0 9@l oK fogga &= o1 4@ w9 @ fufor gom
= g gran § | weia smaw famrrat & fora 8 @l 9a w8 ey e,
Sl 9qd W AW W W OE MYid 8, SHRI HEHAl Hdl & | iy
sTem/Es w1 e SE fgga Toeel faga &9 d W@ W W W TR
TA/SA-3TUT T AT Bl g | Tohdll Togga & o aue forelt fgga 1 +ig
fafime fespfama ygm # & fow &Rl @ i avaehdr gt 7 |
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SECTION E

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 ?

(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?

(c) 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.
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.

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.
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Answer the following questions based on the above :

(a)

(b)

(c)

(c)

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

9
a graph showing the variation of |E| with distance r from the

centre, for points 0 <r < 3R.

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

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

point charge. Find &
Qy

Q1

60°
30°

o

r

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.

OR

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

: = - . : 2 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 5)

9
becomes antiparallel to E .
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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"19C
Uo = 4m X 107" Tm AL
gp =8-854 x 10712 C2 N1 m~2
1

47[780

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

=9x10° Nm?2 C2

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!
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SECTION A

1. 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 :

(& P (b) up © P @ -
u u
2. A light of frequency v is incident on a metal surface whose work function

is W;,. The kinetic energy of emitted electron is K. If the frequency of the

incident light is doubled then the kinetic energy of emitted electron will

be :
(a) 2K (b)  more than 2K
(c) between K and 2K (d) lessthan K
3. 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.

4, A particle of mass m and charge —q is moving with a uniform speed v in a
circle of radius r, with another charge q at the centre of the circle. The
value of r is :

1 (q 1 2
0 1 (3 o L[
4meg m \ v 4neg m \ v
2
m (q m (q
¢ = d =
(c) 47 g (V) @) 4 g (V)
5. 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 () 32eV (d 47eV
6. Which one of the following has relative magnetic permeability between
Oand 1?
(a)  Aluminium (b)  Alnico
(c) Water (d  Sodium
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10.

11.
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e
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% ’1 y
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(d) 3 Iear ? 9 abe & Ifew
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7. 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 :

ll

S

WAL T

(a) P (b) Q (c) R (d S
8. Name the electromagnetic waves also known as ‘heat waves’.
(a) Radio waves (b)  Microwaves
(c) X-rays (d) Infrared waves
9. 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 (c) Pl (d) y

10. 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 b) 2 © 242 ) %

11. The direction of induced current in the loop abc is :

(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
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13.

14.

15.
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HIH-ET TR 7 ?

(a) Xl GUTA 8 X X;= 2 R
(b) X I 8 3 X =R

() X®HI3WHgINX =2 R
(d) X e § 3N X =R

aftgyr # 3y fepu U feret pon @it SR & fou gl dieedt 07 VR | |
qigy § I R IR 37K YaTfad 9w @

]J:D ‘ 100 Q

It

0.5V
(a) AUl I, 0 A (b) UTEeh I=FEA, 0 A
(c) ufeles I=E, 5 mA (d) UvaleREs 9=, 2 mA

foret BregoM Ty # facdfta safira sreen § forell soideta o foufow oot &
2

(a) —34eV (b) —3:02eV (c) —-151eV (d —-6-8eV

TX T % gmH TR $Heh HEeHh J(aaAHl h pl GIHN H W
21-00 u g | 39 e & o sem ot ufa faqerta fefafea § 9 foa

qedTsh o1l b UM 7 ?

(a) 3u (b) 35u (¢ T7u (d 21u
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12.  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) X is an inductor and X; =R

(¢) X is an inductor and X; = J2 R

(d) Xisacapacitor and X, =R

13. 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 Q

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

14. 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

15. 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 (c) 7u d 21u
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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.

55/4/3

(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.

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.

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.

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.
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19.

20.
21.

22,

23.

24.
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19.

20.

21.

22,

23.

24.

55/4/3

B

SECTION B

2
m

surface where v_ is the maximum speed of electrons and A is the

The figure shows v® versus % graph for photoelectrons emitted from a
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.

Briefly describe the multi-step process involved in the generation of
energy in the Sun.

Use Gauss’s law to obtain the expression for electric field due to a thin
infinitely long straight uniformly charged wire.

A cell of emf E and internal resistance r is connected to a variable
resistance R. Draw plots showing the variation of (a) terminal voltage V
with R, and (b) V with current I, in the circuit.

A particle of charge q and mass m starts moving with uniform velocity
A

vy 1. Specify the direction of magnetic field which should be set up in the

region so that the particle moves (a) straight undeviated, and (b) in a

circle. Justify your answers.

(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.

OR

(b) Two small conducting balls A and B of radius r; and r, have
charges q; and q, respectively. They are connected by a wire.
Obtain the expression for charges on A and B, in equilibrium.
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25.

26.

27.

28.

55/4/3

(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
SECTION C

Draw a plot showing the variation of potential energy of two nucleons as
a function of distance between them. Identify the regions in which the
force between the nucleons is (i) attractive, and (ii) repulsive. Justify your
answers. 3

A current carrying circular loop and a straight wire bent partly in the
form of a semicircle are placed as shown in the figure. Find the
magnitude and direction of net magnetic field at point O. 3

I
4 cm

(a) (1) 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 ?

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

OR
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e
(b) (1) 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.

(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

29. (a) A resistor of 30 Q and a capacitor of 250 uF are connected in series
to a 200 V, 50 Hz ac source. Calculaten(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

(b) 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
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i
30. A rectangular conductor MNPQ with a movable arm MN (resistance r) is
kept in a uniform magnetic field as shown in the figure. Resistance of
arms MQ, QP and PN are negligible. Obtain the expression for the : 3
(a) current induced in the loop specifying its direction, and

(b) power required to move the arm.

QxxxxMxx X X X

W TR X X X X X X X X

X X x x x| x x xx x
—%T}

X W M X K - Sl

X X %X X %] %X x %x ¥

x PX X X XN X X X X X

SECTION D

31. (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.

(i1) 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) (i)  With the help of a circuit diagram, briefly explain the working

of a full-wave rectifier using p-n junction diodes.
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(i1)

(iii)

1)
(i)

(iii)

1)

(i1)
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55/4/3

(a)

(b)

(i1)

(iii)

(1)
(i1)

(iii)

1)
(i1)

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

Carbon and silicon have the same lattice structure. Then why
1s carbon an insulator but silicon a semiconductor ? 5

Define mobility of electrons. Give its SI units.
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

Consider the circuit shown in the figure. Find the effective
resistance of the circuit and the current drawn from the

battery. 5
10 Q2

10Q

eV — 14 Q)
30 0 10 Q

OR

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 ?
Page 21 of 27 P.T.O.
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1)

(i)

(1)

(i1)
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(a)

(b)

EE
]

(iii) Calculate the total energy supplied by the batteries to the

(1)

(i1)

(1)

(i1)

circuit shown in the figure, in one minute. 5
10 |4 V 20
— VWV
J\I
. 6 Q
10V T
AV
30

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.

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 5 be

affected ? Justify your answer. 5
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SECTION E

34. 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. 1

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

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

point charge. Find & 1
Qy
Vv
Q1
Qg
60°
30°
O >
1

r
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(c)

(c)

[=]

]
An electric dipole of dipole moment of 6 x 10~7 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.

OR

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 .

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)

(b)

(c)

(c)

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

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?

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.

OR

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.
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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.

(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 100" Tm A1

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

1
Tore. =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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TS 2 cm 1 s Tagd fgga 2 x 10° N/C < foret forpa & & 30° & vl W fea
2 1 Afe 78 fgya 8 x 1073 Nm & So1-31reul =1 319a hiaT 7, df 39 fgya & fopeft oft
TSI ST TICATT 3 -

A) 4uC B) 7uC

(C) 8mC D) 2mC

Sl v AR AR S Tk | SHE e § SA 9 yaTfed 8 W18 Th gE H 2 m gl
W@ ¢ | Th qR 1 Al Tehioh TFaTS I GHY TR oh SRV A & -

(A) 4.5 x 107 Nm™, 31repdes (B) 4.5 x 1077 N/m, Ufcerieh
(C) 9 x 107" N/m, fcerdes (D) 9 x 107 N/m, 3TSh
freferfiaa o & foraeh! Jraepaficta go STaehTel ol Jraehsiiodr o 1 & ?

A) Fm B) e

(C) I FANTZES D) frha

10 cm ST STell 18 TR Pusel ad B 6 F& 100 & Fret W@ g &
& 1 T/s 1 9fg 21 & B, & oo fed 2 | 389 Fuech § IR emf B

A) 0.1V B) 05V
(C) 0.75V (D) 1.0V
e few e fergareprarhia fefenwon o forehl qameed qed 0 & 2
(A) T feRTay (B) HeATTT
(C) T ThmI (D) X-fmmr

T o Terelt TETert v o o o Tt o a1 & QU et ST T @ | geeht fefeTiad o R
ERIC KU

(i)  TRSIt T hIvfi gerehd,

i) fr <iers

(A) () 3R (i1) ST Fret T € |

B) (i) Fd & 8, W (i) T 2 |

(C) (i) FrIa w8, Weg (i1) Fedt & |

D) (i) AR (ii) T T&A & |
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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 10 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 (i1) 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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8.

9.

10.

11.
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TaTesd A % foret wIeiH 1 St Bidl @
(A) hci (B) hc/a
(C) Mhe (D) Ahlc
S &A1 64 3TR 125 o QI ATMehI o AT Tl ST STUTT &Il &
) 1o ® :
© 3 O 1
ﬁ?@p-nﬁﬁi%ﬁ'ﬁﬁ@ﬁw
(A) faerr g a3 Bt 2 |
(B) 319aTE ¥ A et B |
(C) Tormmor um 3R 379eE e eFi fd Tl 8 |
(D) Teremor e et frerd et &, Tteg ST9eTE 9T i ST o FHM g deh gl 2 |
FIEGISH THTY] % SR-HIEA H fhel Soideq o TR Hli-&R i STNE H TR T 7 |
39 HshHUT 1 UgATHT 58 Icafid wieH 6l Sl S=ad grfl |
n=4
n=23
IT
n=2
1A%
. n=1
| 11T
@A) 1 B) II
(C) III (D) IV
il e e B B T T ToRe SRt o HorT o =T b1 3HY Hag ¢ sieh quresd % 91y

i frefa e g 7

I) F3 ]_) F3

@) / ®) _/
p_ i p_ i
(©) \ D) \
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(C) Ahe

A) 195

©)

(A)
(B)
(©)
D)

10. The

(A)

64

]
4

The energy of a photon of wavelength A is
(A) hch

(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 nuclel having mass numbers 64
and 125 is

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
have the highest energy.

IT

IAY

|
I

(C) TII

particle momentum with its associated de-Broglie wavelength ?

(A)

©)

55/5/1

P

h,

III

B)

IT

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

B)

D)

P

h,

p.l‘
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12.

13.

14.

15.

4
23

o TeTfE [ 9 4 pF 1 8 39 YR SAiSd fohdm STan 8 Top weq <6t g

oTReT 6 pF &1 | 38k fore qenfier o1 st feman s =iee

A) dRiHIURd

(B) =i oA

(C) T At TS T fE & Iee §

(D) T IS HAISH I ATEL o A1 A0ft

1 fez T o T A R ac Ha @ Gt foRet Soft LOR wity & fae @&t 2 2

A) afe i ht 3l & gfg S} 1 afwer 5 fqerer veet gedt 2 3t R sedt |

(B) 3t aftaey 3 =2 wfamd (X, — X ) 36 Ffeiie & s &1 S0l 8 9 9 dieedl §
45° ST EA 2 |

(C) 3TFTE W 3 o Tl W forver ura wenfer & Fadi W forvar ura @ s1feres g 2 |

(D) 3TATE R TG o FaRi W forvra uta Ites o foki o fervrar umay @ s1ferss g 2 |

g frgTa o STTER fedftaes aifirest o1 S

(A) U 3R 9¥ G e 4 99 BT 2 |

B) 1 feun & rfrman 3R uwa e A @ B@T 2 |
(C) 3w feun @ w1 3R wv= fem A BT BT 7 |
(D) 37 feom H Bier 3fv wee fean H o B 2 |

FTEGISH TRHY] o SR Higet H ndl shefl o Breern freferiaa o & fohaes srgfass gt 8 2

(A) n? B) T3

Bl—= B |~

(C) n (D)

55/5/1 I — ] Page 8 of 24

e



(=5 =]
b s L
G
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 O +

55/5/1 |=_=| Page 9 of 24 P.T.O.
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(d) 5 8 == hifT
(A) IINHA (A) 3R BT (R) GHT I & 3T R0 (R), 311HeH (A) h1 Tt SIre
2|
(B) FARFRYA (A) 3R HNT (R) GHI T & 3T HRU (R), 3RS (A) 61 &l =ame
TEE |
(C) IARTHH (A) TF 8 3SR (R) 3ET 2 |
(D) AR (A) 3T 8 M HRT (R) H 10T 2 |

16. ARRRYA (A) : et A1 srefameres o wfekie & 3 a9 § gfg o = gfg Brft 2 |
SR (R) : Topet 41 S7ei=TeTeh | 19 § gig 8H T FTeH Sordei SR faadi QH1 < a@
HG B 3 |

17. IREpYA (A) : fou e Feass T A 37 B % otw geg afelig 2R ® |
HR (R) : Tt wferieres qree & ST & |

2R 2R
Ae—L A AMA—L AN ———— B

AAAN
2R

18. FANFHUT (A) : STl Topet STRIETE) U191 o1 et Fraehid &1 b1 feT o oiesrad gt & ol 3¢
T HRRA fagiueh S-S0l I BT R |
B (R) : et greehia & B greehia syt i % e ot i Tk s s
ﬁaﬁiﬁwaﬁﬂw(ﬁgw)ﬁm%l
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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 2R
Ar—L A AAN—L AN ———— B

AN
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.

55/5/1 |=_=| Page 11 of 24 P.T.O.
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23.
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2 feeAatii o offer fRuferst Sorl o foremun b1 37 sfer & Y & el & &9 H gui
ITAT UTh ARG HIfTT | 3T &1 o1 31 hife S Tfieha 51 (a) AThSs 3R
(b) Sfcerdes 2 |
(a) Tordl Sl O Geig ¢ STl auTeed fohd YehR wuTferd Bidt 8, e

() FARMBIATHATS ? AT

(i) AT dIgadig ?

319 3T T gfY HIfe |

COC
(b) foreft fem e serTer Gomet gB % forw fieft favrar & form wepm aftad 2 afe
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319 3T T gfY Fifa |
3 Toraareeh I Tl o1 TE=TT, feht auTeed Tier g o -
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m 37 ST q T DTS HUT NG T GITT AR S ¥V A TA9H 7 | 6 60T g S
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B
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d
v

A
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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 i 2

OR

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

charge q) moves with a velocity ¥, 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

T4

Particle
d

-

v

55/5/1 |=_=| Page 13 of 24 P.T.O.
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24. Tt feu 7o aee & faRl W sty favar=R @1 S T R fer e R | e

(1) ST shT Tiaiietar 3R (i1) TeTeh H TRI-EFca feh JehT THTferd BRI 7 3T 3T

EAREEIS

25. QUSRI C, 3R C,, %1 Toh GHL % I Hehe T@T TR 3 | 3TR@ ¥ G AR Fusel
C, H Yarfed 9mr I, % |1 Fusell C, § Uog qrechid Tl ¢, foreror &<dm 8 | 371
Hifs

b, (Wb)

15 1

.

10 -

54

0 . ' —> 1, (A)
2 4 8

() 39 SHALAT T I Y01, 3R

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

Qg — T

26. (a) ISP ‘p, b ToREl AT H GeRU1 AT IS HAAA T fhel et I8 W
FTAH 10T (1) ST BT TG HAT & | AT 1y, (1y > py) AT b TR HIEm
H Yo TR |
Tocfiores TRt ST TSI T&FT ST I hich HUATAd qLITehT QAT | 30 TR
TIeT o 3TYIH oh T2 ST TeITIH hITT |
AT

(b) ETFE AT T ITAF hHich I§ CUISY T 15 T et I8 & FohH TR TEfda
B B | 39 YR UXEAH 9 T2 ST o iU |
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24. The potential difference applied across a given conductor is doubled. How

25.

26.

55/5/1 |=_=| Page 15 of 24 P.T.O.

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

b, (wh)

15 1

i

10 -

5-

0 . , — 1 (A)
2 4 6

(1) the mutual inductance of the arrangement, and

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

in coil Cz-

SECTION - C
(a) A plane wave-front propagating in a medium of refractive index ‘p,’
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

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

from a surface. Hence verify the law of reflection.
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27. et gfaa X 3 To0 W aig 220 V 3hi Seamawdt dieed STIOIH i T & | 39 qHRug |
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TEq § ol HIfT |
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30. (a)

(b)

31. (a)
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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

55/5/1 |=_=| Page 17 of 24 P.T.O.
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32. (a)

(b)

33. (a)

(b)
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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

55/5/1 |=_=| Page 19 of 24 P.T.O.



34

35.

(=] =]
G
gl - &

A : T TR 34 3R 35 hT UG T & | el U T 317=05¢ 1 31809 hieh T
% I GNT |

WIS T8 TG SehT1Ieh AT b G U I8 § Tol BIaT & TEehl & € HH Th T8 T
BT AT, | FoREt Tohed Tt I8 G 18 o QM1 Y81 TR HhATgaeh Sdfasl s il &I
T T@d U oF TR G T TR ST @ | I8 §F U skl (ASATST o I8I o STAM &
i BIhH G o T8l oh! JATHHTHHT H ITART & | I8 g forefl o o fIQ u, v 3R
T Ty T S H FETAl il ¢ | o8 fowail & fdfara s97d 8 3R $eh1 ST 9ga
TR A S YEAGR TR GaRieh o fehal S & |

() 3@ ¥ g ER ®15 fora AB forelt Tgera (firsr) 3ae1 o & @ a2 |
1 30 o8 g Ueh Sfdfers s 7 Ffe 7, a1 saren Hifs |

(i) I o9 g 5 Tereft forer & wferfersr w61 o ox o feman e 2 | 3fe o &1 g
o e e T ot wfafers sAm ¢ s hifse |

(iil) IS IWATTA I8 STTAHI 1.5 o hId T ST & 3R IGeh ST IBI chl Tehell BIST
THM & | 37¢ 39 I <18 ! ik g 20 cm & 1 HTavEeh IohaT BT T hIfT |

ALY

(i) < 3T o™ A 3R B bl ik gl sHR1: 15 cm 3R 10 cm & T gAL H ‘A
O W HE W E | 9 F A% EEH 30 em gt bR foeg fore frm 7 | afe <@ B
g fopia T g 3781 o FH=R &, 1 ‘d’ &1 HH F1d hifT |

1 werfer W feer g & Rt €1 wreres et fggatieh g gufea € € | g
JTcTehi TR IR § 9 9 FTTeii 31art BT & 371 g1 =Tetehl o sfie favar= gt
7 | e & aritar fem 1 st fa=me (31, TR 37TR gueh) 3TR e &
gereh i aTet fargaieft uered < wepfa W off fft shaelt 2 | et w1 swem s
T S o fore foman Sran & | wickiershi o6 wifer e o oft anfisd o 1 erfiar s
U o ToTu Soft 31eram UTed 312rET $1 T < e TS H e fohan ST dehdt 3 |

55/5/1 I — ] Page 20 of 24

4



(=] =]

F.. k]

G
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 C
A s

(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 | G ]
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TESO
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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.

(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 100" Tm A1

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

1
Tore. =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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A charge Q is placed at the centre of a cube. The electric flux through one
if its face is

@) f’; ®) 6%0
© 8%0 ) 3—%0

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

(A) 4.5 x 107 Nm™, attractive (B) 4.5 x 107" N/m, repulsive
(C) 9x 107" N/m, repulsive (D) 9 x 10~ N/m, attractive
Which of the following has its permeability less than that of free space ?
(A) Copper (B) Aluminium

(C) Copper chloride (D) Nickel

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

4) 0.1V B) 05V

(C) 0.75V D) 10V

Choose the correct option related to wavelengths (A) of different parts of
electromagnetic spectrum.

A) A <A <A

X-rays micro waves
B) A

> A > A
€)

visible X-rays radio waves
D) A

<A

radio waves visible

> A

micro waves

> A

visible X-rays

> A

. > A .
radio wave micro waves

.. < . < . <
visible 7‘“m1cro waves ?”racho waves xx—rays

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) Angular separation of the fringes.

(1) Fringe-width.

(A) Both (1) and (11) remain constant.

(B) (1) remains constant, but (11) decreases.

(C) (1) remains constant, but (i1) increases.

(D) Both (1) and (i1) increase.
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The energy of a photon of wavelength A is
(A) hch (B) hc/A
(C) Mhe (D) Ah/e

The ratio of the nuclear densities of two nuclei having mass numbers 64
and 125 is

64 4
A) 195 ®) 3
© 2 ) 1

During the formation of a p-n junction.

(A) diffusion current keeps increasing.

(B) drift current remains constant.

(C) both the diffusion current and drift current remain constant.

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

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

n=4
¥ n=23
IT
3 n= 2
v
n=1
I 111
A 1 B II (C) III D) IV

: i 1 .
Figure shows a plot of stopping potential (V) versus % where A is the

wavelength of the radiation causing photoelectric emission from a surface.
The slope of the line is equal to
f 0t

A

W

hce hZc
e e

o |5

©)
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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. An ideal inductor is connected across an AC source of voltage. The current
in the circuit 1

(A) 1is ahead of the voltage in phase by =.
(B) lags voltage in phase by =.

(C) 1is ahead of voltage in phase by /2.
(D) lags voltage in phase by n/2.

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 ntk orbit in Bohr model of hydrogen atom is proportional

to 1
@) n? ® -
© n O =+
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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), (c) 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) is 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) : In insulators, the forbidden gap is very large. 1
Reason (R) : The valence electrons in an atom of an insulator are very

tightly bound to the nucleus.

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 2R
Ae—L AT AAAA—LAAMA—— B

AAAN
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.

55/5/2 I — 1 Page 11 of 24 P.T.O.



19.

20.

21.

22.

23.

(=] =]
G
g - @
Tl AT o s Tt et < fo=or sl 3k &1 < I o B o &9 H g

ITAT UTh ARG I | 3T & ! 3 hifse e TiiehT 51t (a) ARy 3R
(b) SRy 2 |

(a) Tore soierela O Terg ¢ sivett aTeed ford TohR wvTfera &t B, S&
() SAR[EHRIAT AT S ? qT
(i) o forvyer 9 gfg Bl & 2
3T ST HT g HfT |

JAYaT
(b) Toreft fem e errer Gomet us % fore fieft forvrar & fopm wepm aftad 2 afe
(i) 3t fafeRtr shi T 3§ gig LS ST ? 3R
(i)  3rmfad ferfertor 6t diear 0 & ST ?
319 I H gy S |

Serenersh H ShICTU3TT bl URA % foTu 3w fobw S foregarahiar faferor &1 ugam
HifT 3R 3wt FoTeed uier ffan | 38 faferor 3 < gt & am fafew |

foga st () %1 18 ferega oy Torell woremm forgge &1 (B) o wan 2 | 81 1 o
() o |1 37 T Yo T HRIA seT- ! (1) % Tereror =1 7T g 2wty |
& fa=me sma i fes aet- 31T (1) (i) I 3R (i) SAThan 8 |

(a) b 8 B H 3V Y TRAE SR q T HU W AR S % R e

fARET | 59 o1 1 TR e JfUhad 21 2 ? AG L F U HI g ¥, W T,
Teh 1T Hid THT 39 9T gRT 39 W (S hid &1 fehal ST 2 |
GO
(b) Torell o/l TR AB & I3 91 [ Yallled 81 @1 2 | 39 q1 s =R g d TR §&mH
m 37 ST q T IS HUT TRG H TNT AR T (V) ¥ THE & | 39 0T gRI
3T ToRT ST aTct &1 oh ToTT SITeh ST ShifoTe, 3TR 386k TeeTT oh1 Soor@ <hifry |
B

‘ H
d
v

A

14

55/5/2 I — ] Page 12 of 24



(=] =]

F.. k]

G
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
(1) 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 radiation and write its wavelength range,
which is used to kill germs in water purifier. Name the two sources of
these radiations. 2

22. An electric dipole of dipole moment (p)is kept in a uniform electric field E
Show graphically the variation of torque acting on the dipole (t) with its
orientation (0) in the field. Find the orientation in which torque is (1) zero
and (11) maximum. 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 i 2

OR
(b) A long straight wire AB carries a current I. A particle (mass m and
charge q) moves with a velocity ¥, 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

T4

Particle
d

-

v

A
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24. A potential difference (V) is applied across a conductor of length ‘I’ and

25.

26.

55/5/2 I — 1 Page 15 of 24 P.T.O.

cross-sectional area ‘A’.

How will the drift velocity of electrons and the current density be affected
if another identical conductor of the same material were connected in
series with the first 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

15 1
10 A
5 5
0 . T T > 1, (A)
2 4 6
(1) the mutual inductance of the arrangement, and
dI,;
(1) the rate of change of current at that will induce an emf of 100 V
in coil C,,
SECTION - C

(a) 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, (1, > p,).

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

OR

(b) Using Huygen’s construction, show how a plane wave is reflected
from a surface. Hence verify the law of reflection.
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2
A current of 1A flows through a coil when it is connected across a DC
battery of 100 V. If DC battery is replaced by an AC source of 100 V and
angular frequency 100 rad s~1, the current reduces to 0.5 A. Find
(1) 1mpedance of the circuit.

(i1) self-inductance of coil.
(111) phase difference between the voltage and the current.

The primary coil having Np turns of an ideal transformer is supplied with
an alternating voltage Vp. Obtain an expression for the voltage V,_ induced
in its secondary coil having N_ turns. Mention two main sources of power

loss in real transformers.

(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.

(a) (1) Write the limitations of Rutherford’s model of atom.

(11) The wavelength of the second line of the Balmer series in the
hydrogen spectrum is 4861 A. Calculate the wavelength of the
first line of the same series.

OR
(b) (1) Increase in the intensity of the radiation causing photo-electric
emission from a surface, does not affect the maximum K.E. of
the photo electrons. Explain.

(1) The photon emitted during the de-excitation from the first
excited level to the ground state of hydrogen atom is used to
irradiate a photo cathode in which stopping potential is 5 V.
Calculate the work function of the cathode used.

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

OR
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(b)

33. (a)

(b)
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2
(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.

32. (@) (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.

(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.

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 is 2.9 and the objective and the eyepiece are
separated by a distance of 150 cm. Find the focal lengths of the
two lenses.

33. (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.

(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.

OR
(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.

(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.

55/5/2 1 Page 19 of 24 P.T.O.
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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 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
(1) Find the equivalent capacitance between points A and B in the given
diagram.
C
1
TR C
vl
N
d
[l
1B}
(‘

(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.

2d
] 3 o T ]

.

N\

CIKA—K
j%

fé
fe—d —|
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35. 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.

®

(i1)

(1i1)

(1i1)

55/5/2

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.

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.

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

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.

I — ] Page 23 of 24
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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.

(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 100" Tm A1

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

1
Tore. =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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=1 < fepeft fafardt s & od =1 farfert o a1 & Q& St T B | gkt frrforfiaa woaRn
T BT 2

(i)  TRSIT ST <hIvT qerehd,

(i) Tohs =ieTs

(A) (1) 3R (ii) qF fa wa 2 |

B) (i) Fra war g, W (i) Ted B |

(C) (i) Fraa war ?, =g (i1) T B |

(D) (i) 3TN (ii) AHT TG 2 |
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SECTION - A

An electric dipole of length 2 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 107 Nm,

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

Two horizontal thin long parallel wires, separated by a distance r carry
current I each in the opposite directions. The net magnetic field at a point
midway between them, will be

tol
(A) zero B) (waj vertically downward
2l : Kol .
© T vertically upward (D) T vertically downward

Which of the following cannot modify an external magnetic field as shown
in the figure ?

<3 P
N

(A) Nickel (B) Silicon
(C) Sodium Chloride (D) Copper
A square shaped coil of side 10 cm, having 100 turns is placed

perpendicular to a magnetic field which is increasing at 1 T/s. The

induced emf in the coil is
A 0.1V B) 05V
(C) 0.75V D) 1.0V

Which one of the following electromagnetic radiation has the least
wavelength ?

(A) Gamma rays (B) Microwaves
(C) Visible light (D) X-rays

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) Angular separation of the fringes.

(1) Fringe-width.

(A) Both (1) and (i1) remain constant.

(B) (1) remains constant, but (i1) decreases.

(C) () remains constant, but (ii) increases.
(D) Both (1) and (i1) increase.
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10.

11.
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Gt
Topeft ®ic T Hetl, o 3R ERT &I hA: E, ¢ 3R v g1 F&ba fomam w7 |
frferftad 5 9 M 91 T 6eh! dTeed i e i § ?

h
@ 2 B) hv
h h
© % @)
S &A1 64 3TR 125 o QI FATMehI o AT Tl ST STUTT &Il &
) 1o ® :
© 3 O 1
feret goterei b1 hed dTd o Raferen i o ot Svg & e o fore e feperht Soft =iey ?
(A) 0.01eV (B) 0.05eV
(C) 0.7eV D) 1.1eV

FIESISH THTY] % FR-HiSA H fhel Soide o TR Sli-&R bl STRE H TR T 7 |
39 R ] g fored Icafid wIeH bl 3911 3=dd gt |
n=4
n=3
IT
n=2
1A%
. n=1
I 11
@A) I B) II
(C) III D) IV

Hre feu e B B U1 § Tore) o1 o G ok oo <1 3HY Teg ¢ STl dTeed o H1e
o frsfia R @ 7

I) F3 ]_) F3

@) / ®) _/
p A p A
(©) \ D) \
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7. E, cand v represent the energy, velocity and frequency of a photon. Which

of the following represents its wavelength ? 1
hv
(A) 2 (B) hv
hc hv
© 3 O =
8. The ratio of the nuclear densities of two nuclei having mass numbers 64
and 125 is 1
64 4
(A) 795 ® 3
5
©) 7 D) 1
9. The energy required by an electron to jump the forbidden band in silicon
at room temperature is about 1
(A) 0.01eV (B) 0.05eV
(C) 0.7eV D) 1.1eV

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

have the highest energy. A 1
n —_—
X n=a3
IT
] n==2
1V
n=1
1 111
A I B) II (C) III D) 1V
11. Which of the following graphs correctly represents the variation of a
particle momentum with its associated de-Broglie wavelength ? 1
p_ i p_ i
@) / B) _/
> }L =N
p .3 p .3
© \ (©) \
) >}
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13.

14.

15.

4
3

o TuTfE omH 9 4 pF 1 8 39 YR SAied fohdm STan & o6 waem <61 g

TRt 6 wF 21 | 3% foTq Gt st gt fema s =nfag

(A) I IeE T

(B) <1 <pT gofi |

(C) Tr'<h Joft TS ol el <6 aT9dl o

(D) << Ted FASH I qTEL o6 A1y 3oft

ferelt ac aftay o Wehear gfcarma 3R emftdTeres Sfderma w1 I 31UTd 2T @ 2

4) o?LC (B) LC2

L
© = D) oL

SRl o TRl SAFT § 700 nm TICE o TehTel o |1 9¢ o fohdll forg X el
THEHTCA TShest IT B & | 3o foimg R Wiwrell =wmehictt Bhest ST st o foTq ehrst &
<1 T alTeEd BT =Ry ?

(A) 420 nm (B) 750 nm

(C) 630 nm (D) 500 nm

BTESIoH U] % SR Higel § nal sheat i Breen frforfaa § @ fopeeh srmfees g 8 2

@) n? ® -

© n @ +
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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. What is the ratio of inductive and capacitive reactance in an ac circuit ? 1
(A) o?LC (B) LC2
LC
© 3 D) oL

14. In an interference experiment, third bright fringe is obtained at a point
on the screen with a light of 700 nm. What should be the wavelength of
the light source in order to obtain the fifth bright fringe at the same

point ? 1
(A) 420 nm (B) 750 nm
(C) 630 nm (D) 500 nm

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

to 1
@) n? ® -
© n o -
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16.

17.

18.

[l E
Gt
TR AT 16 ¥ 18 H a1 YA U T 2 — T 1 SAHAA (A) T G I HRT
(R) 9o TohaT T B | 37 91 & TE! 3T 1 1 feu T hig (a), (b), (c) 3R
(d) ¥ 9 == i
(A) AR (A) 3R HROT (R) GHI T & 3R HRT (R), 36U (A) i gt SR
2|
(B) 3AfHeH (A) 3R HRUT (R) SHT T & 3R SR (R), 316U (A) 1 Tt S
TEE |
(C) IAMFH (A) T & TSR (R) 3ET 2 |
(D) IARIHH (A) 31T 8 3T HROT (R) Ht 38T 2 |

AR (A) : forefl 951 srefameres < wfale o 39 a4 H gfg & T g Bl 2 |
SR (R) : Topet 451 S7e=TeTeh | 19 § gig 8H T FTeH Soreii SR faadi SH1 < @
HG B 3 |

ARHAT (A) : T o1 ST FqfeTd eIk |q i T8l gl & |

2Q 30
A

AN
P Q
[—>— ——1
R S
AAAA ANAN

30 20

%I (R) : Toreft dqfera aig o fore eamiet & oy o yefga gt =i |

SRR (A) : ST Forefl STaTE) OIS 1 et graehia & b1 fewn 3 wrraard 2 & d 39
T HRRA faeiueh So1- 3Tl T BT 2 |

%R (R) :wwmﬁﬁwwmwmmﬁmww
ﬁaﬁtﬁaﬂaﬁmw(ﬁgw)@m%l
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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) is 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 given figure does not show a balanced Wheatstone

bridge. 1
20 30
AAAA, AAAN
P Q
[— —>—1
R e
ANAA ANAN
30 20

Reason (R) : For a balanced bridge small current should flow through
the galvanometer.

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.

55/5/3 I — ] Page 11 of 24 P.T.O.
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o AT SehTeT fored e o feramor w1 o o fore o Wit | g6 Tecayet aeon
%1 IeTE HIT |
20. (a) Tortt soiae @ Hag ¢ STl qUTesd fopd TR TuTferd Bt 8, 59
()  SOIHZH HT T T 7 ? T
(i) o forrer 6 g BN 2 2
3T IR B g Aifs |

JAYET
(b) Toreft few e serTer Goret gB % forw fdieft favrar & fopm wepm aftad 2rm afe
() 3t fafeRwr shi gt § gig FE I ? 3R
(1) 3rmafad ferfertor 6t diear 0w & ST ?
3T I hT YfE I |

21. Torpagrecha qUl fohd YohR Icq— BT & 7 $oh Q1 31 arern feafm |

22. 3G U ST JFHR Y11 L o Topell qoarg Fyst o =il o o fog @AW Q, q 3R —g
feas|

A Q

q
BZ
1 Dqgp ©

() 39 e i fer fora feufas St s g 2 3k
(i) frgD Riowa =g ?
23. (a) 3TNG H T FTER HrsAT R o < 9o9d gamehR 91 P 3R Q & 9 1 anfea
Bl I 2 ot doll 3 30 YR W & b ST SHaE g O B |
Q
I

( '0>P

|

farg O W e graehia &1 w1 afwm 3 feon sma i |
e
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SECTION - B

19. Plot a graph showing the variation of photo electric current, as a function
of anode potential for two light beams having the same frequency but
different intensities I, and I, (I, > I,). Mention its important features. 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. How are electromagnetic waves produced ? Write their two characteristics. 2

22. Three point charges Q, q and — q are kept at the vertices of an equilateral

triangle of side L as shown in figure. What is 2
ANQ
L
q
D,
ety

(1) the electrostatic potential energy of the arrangement ? and
(1) the potential at point D ?

23. (a) Two identical circular loops P and Q, each of radius R carrying
current I are kept in perpendicular planes such that they have a
common centre O as shown in the figure.

J\e
(: ‘0>P

|

Find the magnitude and direction of the net magnetic field at point O. 2
OR

55/5/3 |=_=| Page 13 of 24 P.T.O.
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(b) g ora Hien ATerh e + x T % iy Rl g 1 verted & @ g,

X' X — 318 % ey @1 g | foheft &7 t T GmE m 3T 3T T hig 0

famg (v, y) W+ y feum § a1 0 & 7f ohtal & | 39 <A o R U1 W ARG
o1 T TimToT 3R femm sma hifsw |

24. FHM UG} % S G ATCTeh] %1 RIS T T TITEI-H1E &% A, AT A, (A, >
A, T=1 % | 3 Ses ared § foreft S & TAIRT € | 98 gufsT fR & gl =mere! o
AT ShT ITTTE 97 TN 2 |

25. QUSRI C, 3TN C,, % Toh GHL % I Hehe T@1 T 7 | 3TRE@ ¥ G STHR Fusal
C, § YaTed 9w 1, % |19 Fuseil C, § g gaehd T ¢, o=l il § | 91
Hifse

b, (Wb)

15 1

.

10 -

54

0 . , —> 1 (A)
2 4 6
() 9 STEAT T I IO, 3T

(ii) czgqugvﬁﬁmovw%ffr&aw%mmwﬁaﬁqaﬁa(%)
TquS -1
26. (a) AUHAHED ‘o TRl AW H GeR0 AT i THAA 0T fhH] THAS I8 W
FTAAH 10T (i) ST BT AT AT 2 | T Wy, (Uy > py) AT b TRt Hrem
T JEaN HATR |
o TifiTeRT <1 BTET =T 1 3TN Hish 3TUaldd difilehl WIHT | 39 YhR
e o AU o 0 o1 T iy |
JAYAT

(b) TSI T T ITAN Hih I GUTSY T hIg qUT fhdll I8 ¥ fhE TR TE(dd
Bl & | 39 TohT G oh I ohT Head shiforg |
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(b) A long straight conductor kept along X' X axis, carries a steady
current I along + x direction. At an instant t, a particle of mass m

and charge q at point (x, y) moves with a velocity v along + y
direction. Find the magnitude and direction of the force on the
particle due to the conductor. 2

24. Two conductors, made of the same material have equal lengths but
different cross-sectional areas A; and A, (A; > A,). They are connected in

parallel across a cell. Show that the drift velocities of electrons in two
conductors are equal. 2

25. 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 2
15 1
10 A
5 =
0 . T : > 1, (A)
2 4 6
(1) the mutual inductance of the arrangement, and
dI
(1) the rate of change of current (d_tlj that will induce an emf of 100 V
in coil C,.
SECTION - C

26. (a) A plane wave-front propagating in a medium of refractive index ‘p;’

1s incident on a plane surface making an angle of incidence (). It
enters into a medium of refractive index p, (1, > p,).

Use Huygen’s construction of secondary wavelets to trace the

retracted wave-front. Hence verify Snell’s law of refraction. 3
OR
(b) Using Huygen’s construction, show how a plane wave is reflected
from a surface. Hence verify the law of reflection. 3
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27. % STl 9T 1 = 14 sin (100 ) A Rt 80 0 % s o 2| H 3 e
Syof) TeH & TeTied 81 W 12 = 1.4 sieht Titehford Hifsm

@

Tfaeres 3R 3ok o &R W Sieed-4rdi & rms A, 3R

(ii) ITIY T AIferd oM

28. TorHl ac S+ <1 SRifel o qervd G 1 Sooi@ 1T | $8eh] HRIfCY 1 8T o
U I 3R IR emf & qTeeqiires g & foTu sistes yTea shifse |

29. (a)

(b)

30. (a)

(b)

31. (a)

55/5/3

ToReht =eT uST! TeaHHISK hi 9T GUTiEdT H Jfg hF TR hi ST Hehdll &, 3T
T T Ui I |

I3 oI Iy G < T ot JmmT faeror guifdn & | 39 (0 — V) TiER 3 dieeiiie
7 uftafa s o fote aferier Ra <t @2 (0 — 2V) IR & dicediet ¥ aitafid i &
fo wicier Re <hT STl 21 8 | 391 oo HIet 31 Sfokr 31 i |

ferelt o-sp01 S S it MeV o uftesford shifsw | feam @
T 1 g™ = 1.007825 u

=2 1 geqqM = 1.008665 u
He 1% &1 g9H = 4.002800 u
1u = 931 MeV/c?

AYET

TS &1 240 3R 997 A1 Iid =fFAstia 7.6 MeV &1 B W 716 P @l
il Q 3R R T forgfogd Biam & fSeh! geamm deam shawr: 110 3T 130 a0
S ol AT AT HHT: 8.5 MeV 3TR 8.4 MeV 7 | 36 forgued o gard 3wl
aftehfera T |

wUg-H
fopdl p-n IfY SIS & (1) 3T FEEA 3R (ii) 999 I=ET § V-1 AReeiioes o1
I A & fofu ufuyr srawen steifad Sife | ferelt faferenit grie 1 st
V-1 arfiremerfores @it | = fo e uel w1 9eg 1§ 9uH hif
(1) 370 Tef3rer So/ma H 3TcTEReTs (3TeTT) dTaeh 37d: 890l
(1) T Tef3meh e | 9o dieed
JAYAT
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28.

29.

30.

31.
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2
An alternating current I = 14 sin (100 nt) A passes through a series

2
combination of a resistor of 30 Q and an inductor of (aj H. Taking

\/5 = 1.4, calculate the
(1) rms value of the voltage drops across the resistor and the inductor,
and
(11) power factor of the circuit. 3

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

(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

(a) Calculate the binding energy of an alpha particle in MeV. Given 3
mass of a proton = 1.007825 u
mass of a neutron = 1.008665 u
mass of He nucleus = 4.002800 u
1u =931 MeV/c?
OR
(b) A heavy nucleus P of mass number 240 and binding energy 7.6 MeV
per nucleon splits into two nuclei Q and R of mass number 110 and
130 and binding energy per nucleon 8.5 MeV and 8.4 MeV
respectively. Calculate the energy released in the fission. 3

SECTION -D
(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 : (1) minority carrier injection in forward
biasing and (i1) breakdown voltage in reverse biasing. 5

OR
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(b) p-n T TEE T F AT o1 et YshAT & W fafew | iy sma 6
TErd 9 Ut fepett & w9 A forelt wftr e <Al srifafy & smen Hifv | 38%
Fraeft 3R ffa ey St | e 9 Srite & 39 A& 07 1 Seoi@
I S 38 fegentor & fore Suger saT § |

32. (a)

(b)

33. (a)

(b)

55/5/3
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@

(11)

(11)

@
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AYT
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AT
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32. (a)
(b)

33. (a)
(b)

55/5/3
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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.

@

(11)

@

(11)

(11)

@

(11)

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.

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.

OR

Draw a ray diagram for the formation of image of an object by an
astronomical telescope, in normal adjustment. Obtain the
expression for its magnifying power.

The magnifying power of an astronomical telescope in normal
adjustment is 2.9 and the objective and the eyepiece are
separated by a distance of 150 cm. Find the focal lengths of the
two lenses.

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.

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.

OR

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 (@ii) the current (I) in the
load.

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

SECTION - E

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.
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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.
(1) Find the equivalent capacitance between points A and B in the given
diagram.
C
I
g g C
At
C
1
1l
[l
3]
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.
2d
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