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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 35 questions. All questions are compulsory.
(it)  This question paper is divided into five Sections - A, B, C, D and E.

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viit) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x10%m/s
h =663 x 10734 Js
e=16x10"1C
Wy = 47 x 107" Tm AL
gg = 8854 x 10712 C2 N1 m~2

1

4
me

=9x10° N m?2 C2

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

Mass of neutron = 1-675 x 10727 kg

Mass of proton = 1-673 x 1027 kg

023

Avogadro’s number = 6-:023 x 10“° per gram mole

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

1. A point charge situated at_) a distance ‘r’ from a short electric dipole on its
axis, experiences a force F . If the distance of the charge is ‘2r’, the force
on the charge will be :

F F F F
a — b) — c) — d —
(a) 16 (b) g (c) 1 (d) 2

2. For a metallic conductor, the correct representation of variation of

resistance R with temperature T is :

R A RA RA RA

@ @ ® o)

1] Q Q [&]

g g = =

3 / 3 3 3

[#2] wm w w

Q Q Q Q

a1 ax ot o e

+—>T T - T T
Temp. Temp. Temp. Temp.
(a) (b) (c) (d)

3. The potential difference across a cell in an open circuit is 8 V. It falls to
4 V when a current of 4 A is drawn from it. The internal resistance of the
cell is :

(a) 4Q (b) 3Q (c) 2Q d 10
4, A steady current flows through a metallic wire whose area of

cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a

function of ‘A’ can be shown by :

Vd vd va 1 vd
K /
A A A A
(a) (b) (c) (d)
5. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.
(d) attracted by the north pole and repelled by the south pole.
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6. A circular coil of radius 8:0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 20 rad s! in a uniform horizontal
T

magnetic field of magnitude 3.0 x 1072 T. The maximum emf induced in

the coil is :
(a) 012V (b) 015V
(c) 0-19V d 022V
7. Figure shows a rectangular conductor PSRQ in which movable arm PQ

has a resistance ‘r’ and resistance of PSRQ is negligible. The magnitude

of emf induced when PQ is moved with a velocity ¥ does not depend on :

®OX ¥ XK OX X NMX X
S L P
X Tx X X X X X |[Xx X M
XIx |IX X X X X [|x X
AN vV 4—
1% I x % X X [[¥ X%
XIxX [[X X X X X |[[x x N
X xR X X X X X J% X
< X >
. g oD
(a) magnetic field (B ) (b)  velocity (v )
(c) resistance (r) (d) length of PQ
8. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
do 1 do
(a) py—= (b) — &
dt Ho dt
do 1 d¢
(c) g)—& @ ——=£
0 4t g, dt
where symbols have their usual meanings.
9. For a concave mirror of focal length ‘f’, the minimum distance between
the object and its real image is :
(a)  zero (b) f
(c) 2f (d)  4f
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10. The radius of the nt! orbit in Bohr model of hydrogen atom is

proportional to :

@ = b L
n n
() n2 d n

11. Hydrogen atom initially in the ground state, absorbs a photon which

excites it to n = 5 level. The wavelength of the photon is :
(a) 975 nm (b) 740 nm
(c) 523 nm (d 95 nm

12. The mass density of a nucleus of mass number A is :
(a)  proportional to Al/3

(b)  proportional to A?/3

(c) proportional to A3

(d) independent of A

13. An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

V% \Y
(a) (b)
N\, ,
\_/ t
V V A
(c) ]/\ /\ (d)
t)
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14. When an intrinsic semiconductor is doped with a small amount of
trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.
(d) dopant atoms become donor atoms.

15. In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band Eq and the donor energy level Ey, is of the order of :

(a) 10eV
(b) 1leV
(c) 01leV
(d 0-01leV

Questions number 16 to 18 are Assertion (A) and Reason (R) type questions. Two
statements are given — one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (a), (b), (c) and (d) as given below.

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

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

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

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

16. Assertion (A): When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R): Copper is a paramagnetic substance.

55/1/1 Page 11 of 27 P.T.O.
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17. Assertion (A): The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.

18. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold
frequency.

SECTION B

A
19. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A A
region in which magnetic field B =[04T) i +(0:3T) j] exists.

A A N
Calculate the acceleration of the particle in the region. i, j and k are

unit vectors along x, y and z axis respectively and charge to mass ratio

for alpha particle is 4-8 x 107 C/kg. 2

20. Consider an induced magnetic field due to changing electric field and an
induced electric field due to changing magnetic field. Which one is more

easily observed ? Justify your answer. 2

21. (a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction. 2
OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons. 2

55/1/1 Page 13 of 27 P.T.O.
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Two coherent monochromatic light beams of intensities I and 41
superpose each other. Find the ratio of maximum and minimum

intensities in the resulting beam. 2

The ground state energy of hydrogen atom is — 13-6 eV. What is the
potential energy and kinetic energy of an electron in the third excited
state ? 2

(a) Differentiate between intrinsic and extrinsic semiconductors. 2
OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the
plot of V — I characteristic of a silicon diode. 2

Briefly explain how the diffusion and drift currents contribute to the
formation of potential barrier in a p-n junction diode. 2

SECTION C

(a) Twelve negative charges of same magnitude are equally spaced and
fixed on the circumference of a circle of radius R as shown in Fig. ().
Relative to potential being zero at infinity, find the electric potential
and electric field at the centre C of the circle.

(b) If the charges are unequally spaced and fixed on an arc of 120° of
radius R as shown in Fig. (ii), find electric potential at the centre C. 3

@) (i1)

Page 15 of 27 P.T.O.



27.

28.

29.

30.

55/1/1

[ 5

-

(%) wfaty form gepr Ufemen @ 9= 8 2 ST Wor 3@ i ggrar § foredt
goft LCRtI'F{q?I,GﬁWWV:Vmsinwt@@ﬁﬁ%,ﬁﬂﬁaTﬂT%

N SER RS
srrat

(@) &M@ v=v,sin ot, NEH o FI IiEfdq TR ST Fehal 7, § AT foRell
gt LCR U & TG o T 31 F1q HINT | 3 PRI 1 Ioci@
Hive 9 W FRet 20ft LCR aftwy & 311G g MR et & |
foreht 2ot LCR ity # oTigfd o @1y foR[d 9ry o ool &l g3+

e o @it |
B r Y Torelht awelt witanforent § ufd Ui S § W H T=T n g | 39

qReATfeTeRt | Jafed 9/ I = I sin ot 8 | 8% g % ehe 38k TR 3TN
N % <t 1g Fuselt wd L foradt 7 |

(%) puse d I fa.a1. 9 (emf) FMR ?

(@) FUsct TR qRATCTeRT & o= 3T Jehed T 8 ?

HTEELTSH 1 Threl-faga Fiehto fopel G1g & Y56 § Soidgia Sces shi STl
fohd TR AT & ? |&T H SATEAT I |

(%) rfaa faferton K fafim derareti o fau yem-faga /0 1 @rEs
we fava & ary foeror ue Wiwet guise, qen
(@) faa faferton i dierar o a1 Tehr-faga om0 o fo=er i g9
fore o it |
(%) TIEESE T o [T Holl & ARG GIEC | W &3, 99 &7 R
3TATH & hi ATV} o TGIEY HhAUI ol 3fohd HITT, |
T

(@) fahm Theel & 0 g 9 & 919 999 a1 Ifd sty
oo &1 guia & foru om@ difau ik soehl @ famivareti &1 Seo@
FHIT | gooh ATRERT F T AR e I 81 8 2

Page 16 of 27



27.

28.

29.

30.

55/1/1

(a)

(b)

[ 5

-

mE
How does the resistance differ from impedance ? With the help of a
suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot.

OR

Find the condition for resonance in a series LCR circuit connected
to a source v = v, sin ot, where o can be varied. Give the factors on
which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit.

A long solenoid of radius r consists of n turns per unit length. A current

I = I sin ot flows in the solenoid. A coil of N turns is wound tightly

around it near its centre. What is :

(a)
(b)

the induced emf in the coil ?

the mutual inductance between the solenoid and the coil ?

How does Einstein’s photoelectric equation explain the emission of

electrons from a metal surface ? Explain briefly.

Plot the variation of photocurrent with :

(a)

(b)

(a)

(b)

collector plate potential for different intensity of incident radiation,
and

intensity of incident radiation.

Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet
region, visible region and infrared region.

OR

Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two
features. Why do lighter nuclei usually undergo nuclear fusion ?

3
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forera & o1 aftmmor o fegm wea hifsw |
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SECTION D

31. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(ii) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii) Two charges A (charge q) and B (charge 2q) are located at
points (0, 0) and (a, a) respectively. Let 1 and J be the unit
vectors along x-axis and y-axis respectively. Find the force

A /AN
exerted by A on B, in terms of i and j. 5

OR

(b) (i) Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(ii1) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5
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forel aTraTdt 3Tadd & RO FrEhiT & % fofe srE-arad fem
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AT

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

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

(b)

(a)

(1)

(i)

(1)

(ii)

(1)
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State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current ‘I’. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~1. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit.

OR

Derive an expression for the force acting on a current carrying
straight conductor kept in a magnetic field. State the rule
which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and

(2) minimum.

Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 5-0 A and 2-5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.

(1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.
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(i1)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors using

Kirchhoff’s rules.
a . b R c
A 4
1 Ry =500
E=60V —+
rd
r=10Q e
h g f

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ry ? 2
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60°

B C
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(@) frsa o g &1 a7 [ HIfT |
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AT
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AT |
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Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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General Instructions :
Read the following instructions very carefully and strictly follow them :
(i) This question paper contains 35 questions. All questions are compulsory.

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

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viii) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Uy = 47 x 107" Tm AL
gy =8-854 x 10712 C? N1 m~2
1

47580

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

=9x10° N m?2 C2

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

Boltzmann constant = 1-38 x 10722 JK1
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(d) TFl pushert A IR BH 90 T0H W |

forelt gutfa =t e & 6 gfsken |, wais 1 gighen & &9 399
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dog 1 dég
(a) HOT (b) E T
dog 1 dog
(c) 20t (d) .

0

el Idiepl & T 31 B |

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

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

7 eV Al 1 hIs BIEH 3-75 eV il B & [h8l 9T o I8 T ST Hdl
7 | Tt fowa g -

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

BISGIN TRHTY] {91 AR Ty sraeen | fopefl ®iei &l 1aeiiiNg il &
ST 38 n =5 T deh AN HL <dT 8 | 39 B hl qieed 2 :

(a) 975 nm (b) 740 nm

(c) 523 nm (d 95 nm
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SECTION A

1. Two identical circular coaxial coils A and B, arranged in vertical planes
parallel to each other, carry currents in the same direction. If the
distance between the coils is decreased at a constant rate, the current :
(a) increases in A and decreases in B.

(b)  decreases in both A and B.
(c) increases in both A and B.
(d) remains same in both A and B.

2. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
d¢ 1 do
(a) py—= b) — &
dt Ko dt
do 1 do
(c) g—= @ — &
0 dt g, dt
where symbols have their usual meanings.
3. The minimum distance between an object and its real image formed by a
convex lens of focal length fis :
(a) f (b)  2f
(¢ 3f (d) 4f
4. A photon of energy 7 €V is incident on a metal surface having the work

function of 3-75 eV. The stopping potential is :
(a) 1.75eV (b) 2.45eV
(c) 325eV (d 375eV

5. Hydrogen atom initially in the ground state, absorbs a photon which
excites it to n = 5 level. The wavelength of the photon is :

(a) 975 nm (b) 740 nm
(c) 523 nm (d) 95 nm
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6. The atomic number of an atom represents :
(a) number of neutrons in nucleus.
(b)  total number of protons and electrons in the atom.
(c) number of protons in nucleus.

(d)  total number of protons and neutrons in nucleus.

7. An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

V% \Y
(a) (b)
N\, ,
\_/ t
V V A
(c) ]/\ /-\ (d)
t)

c+

t

8. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.

(d) attracted by the north pole and repelled by the south pole.
9. A circular coil of radius 8-0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 25 rad s~! in a uniform horizontal
T

magnetic field of magnitude 3-0 x 10~2 T. The maximum emf induced in

the coil is :
(a) 0-12V (b) 0-15V
(c) 0-19V (d) 0-22V
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SERETE S PEIRCACORET RELRIE mﬁmwlﬁuﬁ%mw
7, @ :
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R o5 @1 7, ¥ #15 wrRl 9/ yaitEd & W R | A’ %o & §9 H U
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A A

(a) (b) (c) (d)
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(a) 1:3 (b) 2:5
(c) 2:3 (d 3:5
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10. When an intrinsic semiconductor is doped with a small amount of

trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.

(d) dopant atoms become donor atoms.

11. In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band E¢ and the donor energy level Eyy is of the order of :

(a) 10eV
(b) 1leV
(c) 01eV
(d 0-01eV

12. A steady current flows through a metallic wire whose area of
cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a

function of ‘A’ can be shown by :

vd vd vq 4 vd /

A A A A

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

13. The masses of two cylindrical wires of copper are in the ratio of 1 : 3 and

their lengths are in the ratio of 5 : 3. The ratio of their resistances will be :
(a) 1:3 (b) 2:5
() 2:3 d 3:5
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14. Which one of the following is the correct representation of variation of
conductivity of a conductor with temperature ?

Z N N

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

15. A point charge situated at a distance ‘r’ from a short electric dipole on its
axis, experiences a force F) If the distance of the charge is 2r’, the force
on the charge will be :

F

(a) — (b)

(c) (d)

po|H=| oo

|y

Questions number 16 to 18 are Assertion (A) and Reason (R) type questions. Two
statements are given — one labelled Assertion (A) and the other labelled Reason

(R). Select the correct answer from the codes (a), (b), (c) and (d) as given below.

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

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

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

16. Assertion (A): The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.
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17. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold

frequency.

18. Assertion (A) : When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R):  Copper is a paramagnetic substance.

SECTION B

19. Briefly explain how the diffusion and drift currents contribute to the

formation of potential barrier in a p-n junction diode. 2
20. (a) Differentiate between intrinsic and extrinsic semiconductors. 2
OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the
plot of V — I characteristic of a silicon diode. 2

21. An alpha particle is projected with velocity v = (3:0 x 10° m/s) /1\ into a
region in which magnetic field E) =[(04T /1\ +(0-3T) 3\] exists.
Calculate the acceleration of the particle in the region. /1\ , 3\ and /1\< are
unit vectors along x, y and z axis respectively and charge to mass ratio
for alpha particle is 4-8 x 107 C/kg. 2

22. A plane electromagnetic wave propagates in vacuum along x-axis.

(a) Give the direction of electric field and magnetic field vectors.

(b) Ep and Bj are the magnitudes of electric and magnetic fields
respectively in a plane electromagnetic wave. Find the ratio of
energy densities of electric field and magnetic field. 2
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(a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction. 2

OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons. 2

A double-convex lens of power 4 D is manufactured from a glass of
refractive index 1:5. What is the radius of curvature of each face of this

lens if both faces have the same radius of curvature ? 2

Calculate the wavelength of the second line of Lyman series in a

spectrum of hydrogen atom. (Take Rydberg constant, R = 1-1 x 107 m™1) 2

SECTION C

(a) Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet

region, visible region and infrared region. 3

OR

(b) Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two

features. Why do lighter nuclei usually undergo nuclear fusion ? 3

The threshold wavelength for a metal is 3315 A. What should be the
wavelength of light incident on the metal surface so that the maximum

kinetic energy of the emitted photoelectrons be 1-25 eV ? 3
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28. The primary and the secondary coils of an ideal step-down transformer
consist of 650 and 25 turns respectively. When the primary coil of this
transformer is connected to 240 V mains, the current in the primary coil

is 1.5 A. Calculate : 3

(a) the voltage across the secondary coil
(b) the current in the secondary coil

(c) the average power delivered to the output circuit

29. (a) How does the resistance differ from impedance ? With the help of a

suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot. 3

OR

(b) Find the condition for resonance in a series LCR circuit connected

to a source v = v, sin ot, where o can be varied. Give the factors on

which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit. 3

30. A 100 pF capacitor is charged by a 12 V battery.
(a) How much electrostatic energy is stored by the capacitor ?

(b) The capacitor is disconnected from the battery and connected in
parallel to another uncharged 100 uF capacitor. What is the

electrostatic energy stored by the system ? 3
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SECTION D

State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current T. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~L. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit.

OR

Derive an expression for the force acting on a current carrying
straight conductor kept in a magnetic field. State the rule
which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and

(2) minimum.

Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 5-0 A and 2-5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.

(1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.
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(i1)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5

3 cm
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33. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(i1) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii)) Two charges A (charge q) and B (charge 2q) are located at
A /AN

points (0, 0) and (a, a) respectively. Let i and j be the unit

vectors along x-axis and y-axis respectively. Find the force

A /AN
exerted by A on B, in terms of i and j. 5

OR

(b) () Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(i1) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +¥2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors wusing

Kirchhoff’s rules.
a . b . c
v
vi R2 = 50 Q
E=60V =
d
r=10Q [€
.j R3 = p'Q) O
h g £

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ry ? 2

55/1/2 Page 25 of 27 P.T.O.



[ 5

-

35. TIEM 23e4e U GUH SHEES 3 S HigeE H 9™ I arel YTl
QS | 391 3T BR & fomhew & w9 W TR Smam @ ifR gHeR
I A Shifceh IV HHI: 2:41 R 24-5° & S foh g o TqGdATH N
3hifieh hITT o TITHT SR & | 390 X & aff 707 gid & | IJ&T dh fh His
yator SEgd ft € e wifRrm edde & g faved T8 & U 2 |
e e 8 o+ forel gHeTg FYSe fi5H ABC & T %ol T IS

JehTel Torur STfSyeTraad 3T9dd ot &l 3 |
A
60°

B O

3T < IR W FfaRad sl o I T

(%) 39 TR foRL0T T 39 TS0 € TORd BT 99 ARfEd i |
(@) fsu @ gerer &1 a7 Fa HIT |

(M) Ul STATeR TEE o Gl TN <hl Had § SAReT SHifT |

AT

(T)  TeRTST % YUT S{T=ATEh Tl i qRTST faiflaw | 38 g & T & o1d
ST |

55/1/2 Page 26 of 27



35.

55/1/2

[ 5

-

e
Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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General Instructions :
Read the following instructions very carefully and strictly follow them :
(i) This question paper contains 35 questions. All questions are compulsory.

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

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viii) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Uy = 47 x 107" Tm AL
gy =8-854 x 10712 C? N1 m~2
1

47580

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

=9x10° N m?2 C2

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

Boltzmann constant = 1-38 x 10722 JK1
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SECTION A

In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band E¢ and the donor energy level Ey is of the order of :
(a) 10eV (b) 1eV

(c) 01leV (d 0-01eV

A steady current flows through a metallic wire whose area of
cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a
function of ‘A’ can be shown by :

v vq vq 4 V4
N /
A
(b)

A A A
) (c) (d)

(a

An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

Vl/\ \Y
(a) (b)
N\, R
Y t
V V A
(c) ]/\ /\ (d)
t>

Hydrogen atom initially in the ground state, absorbs a photon which
excites it to n = 5 level. The wavelength of the photon is :

(a) 975 nm (b) 740 nm
(c) 523 nm (d) 95 nm

oy

1
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5. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
do 1 d¢
(a)  py—= (b) — &
dt Ko dt
do 1 do
© gg—E @ ——k
0 at g, dt
where symbols have their usual meanings.
6. In an experiment, photons of energy 7-5 eV are incident on a metal

surface. Electrons emitted from the metal surface are stopped by an
electrode at a potential of — 4-5 V w.r.t. the metal. The work function of

the metal is :

(a) 30eV (b) 45eV
(c) 7-5 eV (d) 12:0 eV
7. A circular coil of radius 8:0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 25 rad s~! in a uniform horizontal
T

magnetic field of magnitude 3-0 x 1072 T. The maximum emf induced in

the coil is :
(a) 0-12V (b) 0-15V
(c) 0-19V (d) 0-22V
8. Two nuclei have their mass numbers in the ratio of 8 : 1. The ratio of

their nuclear densities is :
(a) 8:1 (b) 4:1
() 2:1 d 1:1
55/1/3 Page 7 of 27 P.T.O.
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9. A point charge situated at a distance ‘1’ from a short electric dipole on its
%
axis, experiences a force F . If the distance of the charge is ‘2r’, the force

on the charge will be :

(a) E (b) E)
16 8

(c) E (d) E)
4 2

10. The number of electrons flowing through a conductor per second is

3-3 x 10%°. The current flowing through the conductor is :
(a) 20A (b) 34A
(c) 4-8 A d 53A

11. When an intrinsic semiconductor is doped with a small amount of

trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.

(d) dopant atoms become donor atoms.

12. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.

(d)  attracted by the north pole and repelled by the south pole.

55/1/3 Page 9 of 27 P.T.O.
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Which of the following pairs of media has the least value of critical

angle ?
(a) Glass to air (b) Glass to water
(¢) Diamond to water (d) Diamond to air

A bar magnet is dropped in a hollow metallic cylinder along its vertical
axis. The acceleration of the falling magnet will be :

(a)  zero (b) equaltog

(c) lessthan g (d) greaterthang

The correct graph showing the variation of the resistance (R) of a
cylindrical metal wire as a function of its radius (r), keeping its length

and temperature constant, is :

R R[ R[ \ R[\
) (b) (d)

(c)

(a

Questions number 16 to 18 are Assertion (A) and Reason (R) type questions. Two

statements are given — one labelled Assertion (A) and the other labelled Reason

(R). Select the correct answer from the codes (a), (b), (c) and (d) as given below.

55/1/3

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

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

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

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

Page 11 of 27 P.T.O.
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16. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold

frequency.

17. Assertion (A) : When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R):  Copper is a paramagnetic substance.

18. Assertion (A) : The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.

SECTION B

19. The radii of curvature of the faces of a double-convex lens are 20 cm and

30 cm. Its power is % D. What is the refractive index of the glass of the

lens ? 2

20. Briefly explain how the diffusion and drift currents contribute to the
formation of potential barrier in a p-n junction diode. 2

A
21. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A A
region in which magnetic field B =[04T) 1 +(0:3T) j] exists.

A A AN
Calculate the acceleration of the particle in the region. i, j and k are

unit vectors along x, y and z axis respectively and charge to mass ratio

for alpha particle is 4-8 x 107 C/kg. 2

22. The ground state energy of hydrogen atom is —13:6 eV in Bohr model. An
electron makes a transition from an energy level of —1-51 eV to that of
—3:4 eV. Calculate the wavelength of the spectral line emitted. 2
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(a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction.

OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons.

Identify the part of electromagnetic spectrum which is :

(a) next to the lowest frequency end of the visible part of

electromagnetic spectrum, and
(b) produced by bombarding a metal target by high energy electrons.

Give one use of each of them.

(a) Differentiate between intrinsic and extrinsic semiconductors.

OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the

plot of V — I characteristic of a silicon diode.

SECTION C

An ac voltage v = v, sin ot (v, = 310 V and f = 50 Hz) is connected to a
pure capacitor of capacitance 15 pF. Calculate (i) the reactance of the
capacitor, and (ii) the amplitude of the current. Write the expression of

current through the capacitor as a function of time.

Page 15 of 27 P.T.O.



27. (%) TESNA THEIY & folu ot TR oM@ EifEw | queT &, g9 & 3k
3TATH & 1 ATV o qeIEd TshAUI i Afehd HITT |

AAAT
(@) fahm Theel & T goomm g & @0y 999 a1 Ifd YFastia &

foremor =61 e & foiw oM@ difew o sHeht @ femivaredi 1 Seo@
HITT | gooh AR B T AR a1 gidT @ ?

28. M fag AW Q, (-15 uC), Q, (10 uC) TAT Qg (16 pC) HH: (0 cm, O cm),
(Ocm,30m)3ﬁ'{ (4cm,3cm)‘T{f{3\9Rf§ | ﬂﬁ?ﬁ%gﬂﬁ?ﬂﬁﬁ?ﬂ'{ﬁ@ﬂ
feafas St fterfera SHifse |

29. (%) iy fopd Jepr Ufcemar & 9 B 2 U Bk TR ! wgrIar § fopelt
a'UﬁLCRtI'F{q?I,Gﬁwaﬁ?[v:vmsinmtﬁﬁ'iﬁﬁﬁ%,ﬁmm%
foTu =Stes T ShifSTe |

AAAT

(@) & v=v,sin ot, SEH o I qiEfda o ST @war g, 9 ST et
gt LCR U & TG o T 31 F1q hINT | 3 PRI 1 Ioci@
ity 9 W fReE gft LCR afty i oA g MR el & |
fereht 2ot LCR 9itay § STgfd & @1y foga g o fo=Ror &l g9 <6
foTT 7 ST |

80. IS R 1-2 nm U] hl ¢ Fiicil 90T & 9dg & | 39 U I Tfas Sl Ir
T R TS ] | AT S I T AT 0 Uiehferd HIf |

Qs v

31. (&) 1) (1) =Afaewr 9 3R faada Ted & g Q@ =R foflau |

2) I o feferd v # fopdl @ srent & 9m fofae fom =
bt =irers freie et 2 |

55/1/3 Page 16 of 27




27.

28.

29.

30.

31.

55/1/3

[ 5

-

Gl
(a) Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet
region, visible region and infrared region. 3

OR

(b) Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two

features. Why do lighter nuclei usually undergo nuclear fusion ? 3

Three point charges Q; (=15 pC), Qg (10 puC) and Qg (16 uC) are located
at (0 cm, 0 cm), (0 cm, 3 cm) and (4 cm, 3 cm) respectively. Calculate the

electrostatic potential energy of this system of charges. 3

(a) How does the resistance differ from impedance ? With the help of a
suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot. 3
OR

(b)  Find the condition for resonance in a series LCR circuit connected
to a source v = v, sin ot, where o can be varied. Give the factors on
which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit. 3

A particle is associated with a de Broglie wave of wavelength 1-2 nm. The
kinetic energy of the particle is made four times. Calculate the new value
of the wavelength of the wave. 3

SECTION D

(a) (1) (1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.

Page 17 of 27 P.T.O.



55/1/3

(i1)

(1)

(i1)

[ 5

-

[
o o fordll foferlt s o < ferfat o <= goreea fofart & o
Tt JehTRT <hl FUIGE T 100 AT 7 |

(1) o 3Fass R frhead! 3fse & = ®IviiE goehd &1
WeTat ° uferem Sifv |

(2) fafel @ 50 cm g8t W fo9@ ¢ W 34 Q1 3f=sal & wew
gl wifera sHIT |

AT

Ishdl BISA1 R 1 ®IS el Y58 n; 3R n, 9T 6 Gl
HIEAH] ! Th-GHL ¥ YUk AT & | n, eI o HIEIH H
i3 forgierd fore 38 I8 € gl u W @1 8 3N I8 gRI 36T
Tiifes n, TUEdTH % WL § Y8 ¥ v gl WS W@ R |
u 3R v &9 499 Fead HINT |

M@ T T AFIR 60 cm = & Fopelt 318 19 & Mt |
M % g C ¥ 3-0 cm G W IS Bl Iy hl FAGAT HET §HAT
3 | T o 9aTd W1 A9eR 1-5 2 | 9 | TRt 9ed g E 9
Mo &l Tag § ¥ <@ W 38 Jagad h onuweht feyfa s
HINT |

3 cm

Page 18 of 27



[ 5

-

e
(ii)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5

3 cm
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32. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(i1)) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii) Two charges A (charge q) and B (charge 2q) are located at
A A
points (0, 0) and (a, a) respectively. Let i and j be the unit

vectors along x-axis and y-axis respectively. Find the force

A A
exerted by A on B, in terms of i and j. 5

OR

(b) () Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(ii) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +/2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5
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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 50 A and 2.5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors using

Kirchhoff’s rules.
a . b C
v
1 R2 = 50 Q
E=60V
d
§ Rl = ].O Q
r=10Q =
h g f

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ro ? 2
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Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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