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General Instructions :

Read the following instructions carefully and follow them :

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

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

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

In Section A - Questions no. 1 to 16 are Multiple Choice type
questions. Each question carries 1 mark.

In Section B — Questions no. 17 to 21 are Very Short Answer type
questions. Each question carries 2 marks.

In Section C - Questions no. 22 to 28 are Short Answer type
questions. Each question carries 3 marks.

In Section D - Questions no. 29 and 30 are Case Study-based
questions. Each question carries 4 marks.

In Section E - Questions no. 31 to 33 are Long Answer type
questions. Each question carries 5 marks.

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

(ix)

internal choice has been provided in few questions in all the Sections
except Section A.

Use of calculator is not allowed.
You may use the following values of physical constants wherever
necessary :

c=3x10% m/s

h =6-63 x 10734 Js
e=16x10"12C

Uo = 47 X 107" Tm AL

go =8-854 x 10712 C2 N~ m~2

1
47[80

=9x10° N m2 C2
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SIFE T 5FHH (m,) = 9-1 x 10731 kg

= T 5 IHH = 1675 x 10727 kg
TISH T 599 = 1-673 x 10727 kg
AR §&AT = 6-023 x 1023 gfa 79 At

SIeeSHM [HIdish = 1-38 x 10723 JK-1

¥usg <h

1. ot gk o & et i foigent b Uk Sereg e OoT & TSI S € o
3 T T TEUT L AT & ST SR B St & | et wify fofges et
A& — 1 x 10712 C qrn STt € | 39 HiY foigen gRT SR seiergii sh

e :
(A) 1-6x10* (B) 108
(C) 625x10°8 (D) 8x10°

2. I AR o e O aTel Rk JEA 9t o TRATT o HefY | g § 9
SHI-HT T T TET & ?

(A) 8 T AT oh TETOT oF STIFFHTTAT B 2 |

(B)  ¥€ 3 a1 ST o6 oft=l T gt o a1l o SYeshmTguTell Bl & |
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(D) € 39 &1 SATeITT o sft=l %t gl o SJeshHTIdTd BraT 2 |

3.  TorHll STText ZiawiH Al refieh sheett sl 110 kW SR[d T e sl T3 2 |
afe ffa dieear 22 kV 2 @t feia amo anft -

(A) 50A (B) 25A
(C) 5A (D) 05A
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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

Avogadro’s number = 6-023 x 1023 per gram mole
Boltzmann constant = 1-38 x 1023 JK-1

SECTION A

1. In aprinter, neutral ink droplets are passed through an electron
beam and some electrons are captured by the ink droplets and
become charged. The net charge on an ink droplet is found to be
— 1 x 10712 C. The number of electrons captured by this ink

droplet is : 1
(A 1-6x10% B) 108
(C) 6-25x 106 (D) 8x10°

2.  Which of the following is not correct about the electrostatic force

between two charges ? 1

(A) The magnitude of the force is directly proportional to the
magnitudes of the two charges.

(B) It is inversely proportional to the square of the distance
between the two charges.

(C) It depends on the permittivity of the medium in which the
charges are placed.

(D) Itisinversely proportional to the distance between the two
charges.

3. 110 kW electric power is supplied to the primary coil of an ideal
transformer. If the output voltage is 22 kV, the output current

will be : 1
(A) 50A (B) 25A
(C) 5A (D) 05A
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4. 10 cm ¥SIT %1 U AR <4 0-2 T o - faxm o Afawr fove gaehig
&5 H Yol UiY=I et H e el T 7T & | TS el & shl 0-4 s H THEHT
T HTd U [ (T STt o | S forgld-ameeh o1t (emf) o1 9iaToT
=
(A) 50mV (B) 05V
(C) 50V (D) 1-0mV

5. el Y T II hITS ;
(A) ool T STeTT guer JehTeT ol STTafr S1fereh Bt & ot qmaed |
AT |

(B)  or-feRtutt oY STUefT guer SehTeT ol STTaIfs o Bt & o7 e off |
BT g |

(C)  Uod-ferult shT STUEAT gu JehTaT shT STTAfT ATk Eiell & 3T qimnee ot
M BT R |

(D) UE-T3RToTT ShY STUETT g YehTeT shT ST W Bt & I qreed tfueh
B |

6. forell SUeT U & 6-0 m ol T T T his TTgehT AT ST Ticifsisr gUor
* i 1-0 m =1 g o @l @ | ST hT BIshH gl @ -

(A) 60m (B) 12m
(C) 24m (D) 0:8m

7. 663 nm T o Rt BIEH HTHATT
(A) 10724 kg ms-!
(B) 1072° kg ms-!
(C) 10727 kg ms-1
(D) 10729 kg ms~!
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4. A square loop of side 10 cm is placed vertically in the east-west
plane in a uniform magnetic field of 0-2 T directed along the
north-east direction. If the magnetic field is reduced to zero in

0-4 s at a steady rate, the magnitude of induced emf will be : 1
(A) 50mV (B) 05V
(C) 50V (D) 1-0mV

5.  Choose the correct statement : 1

(A) Visible light has higher frequencies and shorter
wavelengths than that of X-rays.

(B) Visible light has lower frequencies and shorter
wavelengths than that of X-rays.

(C) Visible light has higher frequencies and longer
wavelengths than that of X-rays.

(D) Visible light has lower frequencies and longer

wavelengths than that of X-rays.

6. A girl standing 6:0 m from a convex mirror sees her virtual
image 1:0 m behind the mirror. The focal length of the mirror

1S : 1
(A) 60m (B) 12m
(C) 24m (D) 0:8m

7. The momentum of a photon of wavelength 663 nm is : 1

(A) 10724 kg ms-!
(B) 10725 kg ms-!
(C) 10727 kg ms-1
(D) 10729 kg ms-!
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8.  fordll WigH & uftd: 5-3 x 10711 m Forsam sht e o afsrur std BT forelt
TAFLH AT AT 2-2 x 106 ms~1 g | ST ITGHATT AT 7

(A) 6:6x10° Hz
(B) 52x103 Hz
(C) 4-3x1012Hz
(D) 3-9x1019Hz

9.  IACH-H FhIUM TN H HEFE-HTecd =[AGH BIell & STel FehlUI ShI0T T WA Bl

& T :
(A) 45° B) 90°
(C) 135° (D) 180°

10. TTSSISH TV o SR Aee § foe e haim H Soiagi T hIv1 S e & :

n ® -
271 T
© 22 ® -
T 41

11. 20 pm =S 39T &7 & IR fovaAg F19H 0-4 V 7 | 39 &7 § Sga-a9
FAFE :

(A) 5x10%Vm-1

(B) 5x107%Vm-1
(C) 0-8x105Vm-1!
(D) 2:0 x 10° Vm-1!
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8.  The velocity of an electron moving around a proton in an orbit
of radius 53 x 10711 m is 2:2 x 108 ms~1. Its frequency of
revolution is : 1

(A) 6:6x10° Hz
(B) 52x1013 Hz
(C) 4-3x102Hz
(D) 3-9x1019Hz

9. In alpha-particle scattering experiment, the impact parameter

is minimum when the scattering angle is close to : 1
(A) 45° (B) 90°
(C) 135° (D) 180°

10. In Bohr’s model of hydrogen atom, the angular momentum of

electron in second orbit is equal to : 1
h
w X ® =
21 i
2h h
) — D) —
T 47

11. The value of potential barrier across a depletion region 2:0 um
wide is 0-4 V. The value of the electric field in this region is : 1

(A) 5x10%Vm-1

(B) 5x107%Vm-1!
(C) 0-8x105Vm-1!
(D) 2:0 x 10° Vm-1
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12. Which of the following element can be used as dopant in Si

crystal to obtain a p-type semiconductor ? 1
(A) Phosphorus (B) Arsenic
(C) Boron (D) Antimony

Questions number 13 to 16 are Assertion (A) and Reason (R) type
questions. Two statements are given — one labelled Assertion (A) and

the other labelled Reason (R). Select the correct answer from the codes
(A), (B), (C) and (D) as given below.

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

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

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

(D) Both Assertion (A) and Reason (R) are false.

13. Assertion (A): When a magnet is quickly brought close to one
face of a coil whose two ends are not connected

to each other, no current flows in the coil.

Reason (R): Though the emf is induced, but since the coil is

not closed, no current flows in the coil. 1

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

a wavefront is zero.

Reason (R): A wavefront is the locus of all those points which

are in the same phase. 1
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15.

16.

17.

18.

19.

20.

21.
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15.

16.

17.

18.

19.

20.

21.

Assertion (A) : The ultraviolet light is replaced by X-rays in a
photoelectric experiment. The kinetic energy of
the emitted electrons decreases.

Reason (R): Frequency of X-rays is less than that of

ultraviolet light.
Assertion (A) : Nuclei of different atoms have different sizes.
Reason (R): The density of nuclear matter is same for all
nuclei.
SECTION B

The resistance of a metal wire at 0°C is 5:00 Q and is 5:25 Q at
100°C. Calculate the temperature coefficient of resistance of the
metal.

(a) An ideal inductor consumes no electric power in an ac
circuit. Explain.

OR

(b) Two co-axial circular identical loops A and B, carrying
equal currents in the same direction are placed at some
distance. If loop B is brought closer to loop A with a
constant speed, what will happen to the currents in them
during this process ? Give reason for your answer.

Light waves from two coherent sources of intensity ratio 1 : 81
interfere to form a fringe pattern. Calculate the ratio of the
intensity at the maxima and at the minima in the interference
pattern.

What is meant by linear magnification of an image formed by a
spherical mirror ? Write an expression for the magnification
produced by a concave mirror in terms of the object distance and
the image distance.

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

2
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SECTION C

22. (a) An electric dipole consists of two point charges + q and — q
separated by a distance 2a. The dipole is centered at the
origin and is placed along the x-axis. Obtain : 3

(i) the electric potential at a point which is at a distance
x from the centre of the dipole when (I) x > a, and
(II) x >> a.

(i1) the electric field at the centre of the dipole.

OR

(b) Using _()}auss’s law, derive an expression for the electric
field E due to an infinitely long straight wire with
uniform charge density k_) at a distance r from the wire.
Mention the direction of E at that point. 3

23. A 50 pF capacitor, 0-32 H inductor and 50 Q resistor are
connected in series across a 220 V, 50 Hz ac source. Calculate
(i) the impedance of the circuit, and (ii) the current in the
circuit. 3

24. (a) Onlyan accelerated charge can produce an electromagnetic
wave. Explain.

(b) What is the difference between conduction current and
displacement current ? 3

25. A thin convex lens of focal length 25 cm is cut into two pieces
0-5 cm parallel and above the principal axis. An object is placed
at a distance of 50 cm in front of the smaller part. Find : (i) the
position of the image, and (ii) the magnification produced by this
part. 3
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26. (a) A proton and an electron are moving with the same
velocity. Which one has a greater de Broglie wavelength
and why ?

(b) The de Broglie wavelength associated with an electron
when accelerated by a potential difference V is A. Find the
wavelength of the electron when accelerated by a potential
difference 4 V. 3

27. Define binding energy of a nucleus. Differentiate between
nucleus fusion and nuclear fission, giving one example of each. 3

28. Explain the working of a full-wave rectifier. Differentiate
between a half-wave rectifier and a full-wave rectifier. 3

SECTION D

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

29. Electric potential and electric field are related to each other.
One can be derived from the other. The electrostatic potential
energy is the energy possessed by a system of point charges by
virtue of their positions. When point charges are at infinite
separation, the potential energy of such a system is zero.
However, when these charges are brought from infinity to their
respective positions to form a given system, external work shall
have to be done. This work is stored in the system in the form of
electrostatic potential energy of the system.

(i) The electrostatic potential V at a point x is given by
V = 10 Ax?2 - 20 Bx. The electric field at that point will be

zero when x is equal to : 1
A B
A — B 2
(A) B (B) A
-A -B
C) — D) —
(C) B (D) A
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(ii)

(ii1)

(iii)

(iv)

55(B)/17

Rerfaafenr v, i 1, % foig 1T q, T gy 3 T A Rem g
wiftr Tt (U) 2t (k -1 j

41 €0
(A) 1{& N ﬁ} (B) 1 (41 + %)
Iy o
() k(ql — Qy) (D) k(ql ds)
o o

(a) @fe a1 foig ATelIl o sfier <kt g0 =T STerT = feam S at enr
ﬁﬁwémﬁaﬁsrmﬁ

(A) ST B ST
(B) el T8 Smurdy
(C) Uk =S T8 STt
(D) yelerd st et
AAAT

b) 4uCud—2uCsHar f&fgaﬂém o||gﬁ@-§_\a\<ﬁ 1 m#Frgh
WL & | 4 pC e & 34 foig Al =pam gt forer o forvrar w1
2, 2 :

1 2
A = B =
(A) 3rn (B) 3m
(C) %m (D) 1m

< S it 7 ueh-gat & 10710 m ot gt T kg o T U E | g
T TS Th-GHL U QU € | Yook 12 ot TTfcisT il B

(A) 1-15x10718J (B) 229x10°18g

(C) 316x10718J (D) 405x10718J

@ i




(i1) The electrostatic potential energy (U) of a system of two
point charges q; and qo with their position vectors

I? and 1; 1S : (k = 1 j 1
471 €g
(A) 1{& ' %} ®) k%t
L Iy o
© k91—9%) D) k%92
o o

(iii) (a) Ifthe distance between two point charges is halved,
the electrostatic potential energy of the system will :

1
(A) become double
(B) become half
(C) become one-fourth
(D) remain the same
OR
(iii) (b) Two point charges 4 uC and — 2 uC are 1 m apart in
air. The least distance of the point from 4 uC charge,
where the potential is zero is : 1
1 2
A) —m B) —m
(A) 3 ( 3
1
(iv) Two protons are held at a distance of 10710 m in free space.
When released, they move far away from each other. The
kinetic energy of each proton will be : 1
(A) 1-15x10718J (B) 229x10718J
(C) 316x10718g (D) 4:05x10718J
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30. =T HS UM e YT A= & Skt SUANT 9iTel H €T o T o [Ty

foRaT ST & | SOkt ST 36 o TR ST & for s foreft <farsfrr & o

CIAATYEsh TIeh! shecil H €T JaTfed ol STt @ o1 36 W Teh foraqurenit
FA-ATO AT BIT 2 &kt qfemor et | yarfed 8 el 9w &
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30. Moving coil galvanometer is a sensitive instrument used for

detecting current in a circuit. Its working is based on the fact

that when current is passed through a coil suspended freely in

a magnetic field, a deflecting torque acts on it whose magnitude

is directly proportional to the strength of the current in the coil.

Hence, by simply measuring the deflection of the coil due to this

torque, current flowing through the coil can be measured.

(i) The purpose of using a radial magnetic field in a moving

coil galvanometer is to : 1
(A) increase the sensitivity

(B) produce a constant deflecting torque

(C) reduce the damping

(D) increase the resistance

(i1) Which of the following does not affect the current

sensitivity of a moving coil galvanometer ? 1
(A) Number of turns in the coil

(B) Area of the coil

(C) Strength of the magnetic field

(D) Resistance of the coil

(i) (a)

55(B)/17

A galvanometer acting as a voltmeter will have : 1
(A) High resistance in parallel with its coil

(B) High resistance in series with its coil

(C) Low resistance in parallel with its coil

(D) Low resistance in series with its coil

OR
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(111) (b)
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31. (%)
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(A)
(B)
(C)
(D)

(1)

(ii)

20 Nm
0-1 Nm
5x 1074 Nm
3 x 1076 Nm
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(iii) (b) To protect the galvanometer from possible damage

due to large current, which of the following should be
connected to its coil ? 1

(A) Low resistance in series
(B) Low resistance in parallel
(C) High resistance in parallel

(D) High resistance in series

(iv) A moving coil galvanometer has parameters as N = 125

31. (a)

55(B)/17

turns, I = 20 mA, B =05 T and A = 400 mm?. 1
The deflecting torque on the coil of the galvanometer is :

(A) 20 Nm

(B) 01 Nm

(C) 5x107*Nm

(D) 38x107%Nm

SECTION E

(i) Derive the expression for the current density (j) in a
current-carrying conductor, in terms of the drift
velocity (vg), the number of free electrons per unit
volume (n) and the electrons charge (e).

(i1) Calculate the relaxation time for free electrons in a
metal if the density of free electrons is
8:0 x 1028 m~3 and the resistivity of metal at room
temperature is 25 x 10~ ohm-m.
(Given: my = 9 x 10731 kg and q, = 1:6 x 10712 C.) 5
OR

@ s [P.T.O.]



@)
32. (F)
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(i1)

(1)
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(b) (1) Define electric power and give its SI unit. A potential
difference V is applied across a resistance R. Find a
relation for the power consumed.

(i1) A 60 W bulb and a 120 W bulb are connected to a
220 V ac mains (I) first in series, and then (II) is
parallel. Which of the bulbs will consume more power
in each case ? Justify your answer. 5

32. (a) (i) State Biot-Savarts law. Using it, derive an
expression for the magnetic field B at the centre of a
current-carrying circular loop.

(11) A circular coil of 100 turns has a radius of 10 cm and
carries a current of 5 A. Calculate the magnetic field
at the centre of the coil. 5

OR

(b) (i) Derive an expression for the magnitude of the force
between two long straight parallel current-carrying
wires. Hence define one Ampere.

(i1) A long straight wire lying along y-axis carries a
current 2 A in positive y-direction. At a distance of
0-1 m from it, a proton is moving at 3 x 10% ms-1
parallel to the wire along + y direction. Calculate the
force exerted on the proton. Mention its direction.
Take the position of proton to the right of the wire. 5

33. (a) (1) Explain the phenomenon of total internal reflection.
State two conditions that must be satisfied for total
internal reflection to occur. Derive the relation
between the critical angle and the refractive index of
a medium.
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(b)

55(B)/17

(i1)

1)

(ii)

A ray of light is travelling from a denser medium of
refractive index 1-5 to a rarer medium of refractive
index 1-0. Calculate critical angle for total internal
reflection.

OR

What would happen to the interference pattern
obtained in Young’s double slit experiment when :

(I) one slit is closed,

(II) the source of yellow light is replaced by
blue-light source,

(ITI) width of each slit is decreased,

(IV) the separation between two slits is gradually
decreased,

(V) the separation between the slits and screen is
increased, and

(VI) the monochromatic source is replaced by a
white light source ?

Find the ratio of intensities at two points P and Q on

a screen in Young’s double slit experiment where

waves from two slits S; and Sy have path difference

of (I) 0, and (II) Z}L, respectively.



