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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper comprises four Sections — A, B, C and D.

(it)  There are 37 questions in the question paper. All questions are
compulsory.

(iti) Section A — Questions no. 1 to 20 are very short answer type questions,
carrying 1 mark each.

(iv) Section B — Questions no. 21 to 27 are short answer type questions,
carrying 2 marks each.

(v)  Section C - Questions no. 28 to 34 are long answer type questions,
carrying 3 marks each.

(vi) Section D — Questions no. 35 to 37 are also long answer type questions,
carrying 5 marks each.

(vii) There is no overall choice in the question paper. However, an internal
choice has been provided in 2 questions of 1 mark, 2 questions of
2 marks, 1 question of three marks and all the 3 questions of five marks.
You have to attempt only one of the choices in such questions.

(viit) In addition to this, separate instructions are given with each section and
question, wherever necessary.

(ix)  Use of calculators and log tables is not permitted.

(x) You may use the following values of physical constants wherever
necessary :

c=3x108m/s

h =663 x 10734 Js

e=16x1012C

Ug = 47 X 107" TmA™!

gg=8854x 10712 C2 N1 m2
1

4n80

=9x10° Nm? C2

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 10723 JK~1



I
O]

@usg <h

Fie: 19 13T 70 I 97 § Ga8 3714 I9YH faheq JiT

1.

foreft s vfaiy R @ gifsrd staftes gfatia r 1 15 9 1fehad g <hl

TS T HT Thell B, S A
(A) R=r
B) R>r
r
(C) R_§
(D) R=0

fopelt arrraTgl etk § fopell forrg ot forRd-&1 ST 9T o 1 3TUTd Shgard]
g

(A)  SfRigshar

(B)  Tetehdl

(©) wfg

(D) Tferefierdrn

Torelt gorareia o1 form @ foreft W8 & ° 4ok fohe T B ST wehan faggq ik
el 85 Toh-gE oh HHT-H hRITd & | I8 e

(A)  Toret Tt T | ifq s |

(B) forefl g # 7fa e |

©) ferwm |

(D) HfYAThR 9% § 7Ifd A |

F{ 9 T Al a9 W

(A) AE-graeh™ qerd Yiqgraeh® o I § |
(B) <Arg-graehid Ugred STIrEh 5 SIaT 7 |
(C)  ITITFh eI AlG-Fraehid & ST & |
(D) SIS ered Ufgraehid & ST g |

o gro quft e1fedea # 2t 8 S
(A)  Tergd.-&r qitEtda &1 &1 glar 2 |
(B) Trarehid &5 yRafdd &1 &1 gl @ |
) Togq-am ¥ afed a1 @ |
(D) rerhid & | gfedd & 8 w1 R |




Note :

BB
it

SECTION A

Select the most appropriate option from those given below each
question :

A cell of internal resistance r connected across an external resistance R
can supply maximum current when

(A) R=r
B) R>r

r
(C) R= 2
D) R=0

In a current carrying conductor, the ratio of the electric field and the
current density at a point is called

(A)  Resistivity
(B)  Conductivity
(C)  Resistance
(D)  Mobility

An electron is released from rest in a region of uniform electric and
magnetic fields acting parallel to each other. The electron will

(A) move in a straight line.
(B) move in a circle.

(C) remain stationary.

(D) move in a helical path.

Above Curie temperature, a

(A) ferromagnetic material becomes diamagnetic.
(B) ferromagnetic material becomes paramagnetic.
(C) paramagnetic material becomes ferromagnetic.
(D) paramagnetic material becomes diamagnetic.

Displacement current exists only when
(A) electric field is changing.

(B) magnetic field is changing.

(C)  electric field is not changing.

(D)  magnetic field is not changing.
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Electromagnetic waves used as a diagnostic tool in medicine are
(A) X-rays.

(B)  ultraviolet rays.

(C) infrared radiation.

(D)  ultrasonic waves.

At equilibrium, in a p-n junction diode the net current is

(A)  due to diffusion of majority charge carriers.

(B)  due to drift of minority charge carriers.

(C)  zero as diffusion and drift currents are equal and opposite.
(D)  zero as no charge carriers cross the junction.

In an n-type semiconductor, the donor energy level lies

(A) at the centre of the energy gap.

(B)  just below the conduction band.

(C)  just above the valance band.

(D)  in the conduction band.

When two nuclei (A < 10) fuse together to form a heavier nucleus, the
(A) binding energy per nucleon increases.

(B)  binding energy per nucleon decreases.

(C)  binding energy per nucleon does not change.

(D) total binding energy decreases.

In B~ decay, a

(A) neutron converts into a proton emitting antineutrino.
(B) neutron converts into a proton emitting neutrino.

(C)  proton converts into a neutron emitting antineutrino.
(D)  proton converts into a neutron emitting neutrino.

Fill in the blanks with appropriate answer :

If the electric flux entering and leaving a closed surface in air are ¢; and

d9 respectively, the net electric charge enclosed within the surface is

In Young’s double slit experiment, the path difference between two

. . . . H5A .
interfering waves at a point on the screen is 5 A being wavelength of

the light used. The dark fringe will lie at this point.
OR

If one of the slits in Young’s double slit experiment is fully closed, the

new pattern has central maximum in angular size.

P.T.O.
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For a higher resolving power of a compound microscope, the wavelength
of light used should be

Unpolarised light passes from a rarer into a denser medium. If the
reflected and the refracted rays are mutually perpendicular, the reflected

light is linearly polarised to the plane of incidence.
Out of red, blue and yellow lights, the scattering of light is
maximum.

Answer the following :

What is the impedance of a capacitor of capacitance C in an ac circuit
using source of frequency n Hz ?

OR

What is the value of impedance of a resonant series LCR circuit ?

A conducting rod of length [ is kept parallel to a uniform magnetic field
%
B . It is moved along the magnetic field with a velocity 7 What is the

value of emf induced in the conductor ?

Draw the graph showing variation of the value of the induced emf as a
function of rate of change of current flowing through an ideal inductor.

What is the wavelength of a photon of energy 3-3 x 10719.J2

Define the term ‘threshold frequency’ in photoelectric emission.

SECTION B

Define the term ‘mobility’ of charge carriers in a current carrying
conductor. Obtain the relation for mobility in terms of relaxation time.

OR

Define the term ‘drift velocity’ of electrons in a current carrying
conductor. Obtain the relationship between the current density and the
drift velocity of electrons.

An ammeter of resistance 0-8 Q can measure a current up to 1-0 A. Find
the value of shunt resistance required to convert this ammeter to
measure a current up to 5:0 A.

2
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23. (a) Explain the term ‘sharpness of resonance’ in ac circuit.
(b)  In a series LCR circuit, Vi, = V¢ # Vg. What is the value of power
factor for this circuit ? 2

OR

An ac source of emf V = V; sin ot is connected to a capacitor of
capacitance C. Deduce the expression for the current (I) flowing in it. Plot
the graph of (i) V vs. wt, and (i1) I vs. ot. 2

24. Which of the following electromagnetic waves has (a) minimum
wavelength, and (b) minimum frequency ? Write one use of each of these
two waves.

Infrared waves, Microwaves, y-rays and X-rays 2

25. An object is kept 20 cm in front of a concave mirror of radius of curvature
60 cm. Find the nature and position of the image formed. 2

26. In Geiger-Marsden scattering experiment, the trajectory of o-particles in
Coulomb’s field of a heavy nucleus is shown in the figure.

L t 7,
—>
N

v 738 .

b =25 4

'T‘ —> < @ Target nucleus

(a) What do ‘b’ and ‘0’ represent in the figure ?

(b)  What will be the value of ‘b’ for (i) 6 = 0°, and (i1) 6 = 180° ? 2

27. Draw V-I characteristics of a p-n junction diode. Explain, why the current
under reverse bias is almost independent of the applied voltage up to the
critical voltage. 2
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SECTION C

28. Two small identical electric dipoles AB and CD, each of dipole moment

5) are kept at an angle of 120° to each other in an external electric field

_)
E pointing along the x-axis as shown in the figure. Find the

(a)
(b)

dipole moment of the arrangement, and

magnitude and direction of the net torque acting on it. 3
y
Ae+q
D
—q

120°
A y

O/
/ C

/ +q

OR

In the figure given below, find the

(a)

(b)
(c)

29. (a)
(b)

551211

equivalent capacitance of the network between points A and B.
Given:C1:C5:8uF, CZZC3ZC4=4MF.

maximum charge supplied by the battery, and

total energy stored in the network. 3
C; G Cs
A L | || B
B! [ |l B !
Cy Cs
* =
| I
TV

Derive the condition of balance for Wheatstone bridge.

Draw the circuit diagram of a meter bridge to explain how it is
based on Wheatstone bridge. 3

3 P.T.O.
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30. The figure shows the graphical variation of the reactance of a capacitor
with frequency of ac source.

14 \
12
o 10 \
[«]
< 8
3
5 6
c
& 4
\“\
2 ¢
0

100 200 300 400

Frequency (Hz)
(a)  Find the capacitance of the capacitor.
(b)  An ideal inductor has the same reactance at 100 Hz frequency as
the capacitor has at the same frequency. Find the value of
inductance of the inductor.
(c) Draw the graph showing the variation of the reactance of this
inductor with frequency. 3
31. What is the difference in the construction of an astronomical telescope
and a compound microscope ? The focal lengths of the objective and
eyepiece of a compound microscope are 1-:25 cm and 5-0 cm, respectively.
Find the position of the object relative to the objective in order to obtain
an angular magnification of 30 when the final image is formed at the
near point. 3

32. The maximum kinetic energy of the photoelectrons emitted is doubled
when the wavelength of light incident on the photosensitive surface
changes from Ay to Ay. Deduce expressions for the threshold wavelength

and work function for the metal surface in terms of A; and As. 3
33. (a) Differentiate between half-life and average life of a radioactive
substance.

(b) A radioactive substance decays for an interval of time equal to its
mean life. Find the fraction of the amount of the substance which
is left undecayed after this time interval. 3
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34. What is the function of a solar cell ? Briefly explain its working and draw
its I-V characteristic curve. 3

SECTION D

35. (a) Use Gauss’s law to show that due to a uniformly charged spherical
shell of radius R, the electric field at any point situated outside the
shell at a distance r from its centre is equal to the electric field at
the same point, when the entire charge on the shell were
concentrated at its centre. Also plot the graph showing the
variation of electric field with r, forr <R and r > R.

(b)  Two point charges of + 1 uC and + 4 uC are kept 30 cm apart. How
far from the + 1 uC charge on the line joining the two charges, will
the net electric field be zero ? 5

OR

(a)  Two point charges q; and q9 are kept r distance apart in a uniform
external electric field E . Find the amount of work done in

assembling this system of charges.

(b) A cube of side 20 cm is kept in a region as shown in the figure. An
H
electric field E exists in the region such that the potential at a

point is given by V = 10x + 5, where V is in volt and x is in m.

y
o X
v/
Find the
%
1) electric field E , and
(i1)  total electric flux through the cube. 5
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A circular loop of radius R carries a current I. Obtain an

expression for the magnetic field at a point on its axis at a distance
x from its centre.

A conducting rod of length 2 m is placed on a horizontal table in
north-south direction. It carries a current of 5 A from south to
north. Find the direction and magnitude of the magnetic force
acting on the rod. Given that the Earth’s magnetic field at the
place is 06 x 107 T and angle of dip is g

OR

Obtain the expression for the deflecting torque acting on the
current carrying rectangular coil of a galvanometer in a uniform
magnetic field. Why is a radial magnetic field employed in the
moving coil galvanometer ?

Particles of mass 16 x 10727 kg and charge 1-6 x 107 C are
accelerated in a cyclotron of dee radius 40 cm. It employs a
magnetic field 0-4 T. Find the kinetic energy (in MeV) of the
particle beam imparted by the accelerator.

Derive lens maker’s formula for a biconvex lens.

A point object is placed at a distance of 12 cm on the principal axis
of a convex lens of focal length 10 cm. A convex mirror is placed
coaxially on the other side of the lens at a distance of 10 cm. If the
final image coincides with the object, sketch the ray diagram and
find the focal length of the convex mirror.

OR

What is a wavefront ? How does it propagate ? Using Huygens’
principle, explain reflection of a plane wavefront from a surface
and verify the laws of reflection.

A parallel beam of light of wavelength 500 nm falls on a narrow
slit and the resulting diffraction pattern is obtained on a screen
1 m away. If the first minimum is formed at a distance of 2:5 mm
from the centre of the screen, find the (i) width of the slit, and
(i1) distance of first secondary maximum from the centre of the
screen.

A9
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper comprises four Sections — A, B, C and D.

(it)  There are 37 questions in the question paper. All questions are
compulsory.

(iti) Section A — Questions no. 1 to 20 are very short answer type questions,
carrying 1 mark each.

(iv) Section B — Questions no. 21 to 27 are short answer type questions,
carrying 2 marks each.

(v)  Section C - Questions no. 28 to 34 are long answer type questions,
carrying 3 marks each.

(vi) Section D — Questions no. 35 to 37 are also long answer type questions,
carrying 5 marks each.

(vii) There is no overall choice in the question paper. However, an internal
choice has been provided in 2 questions of 1 mark, 2 questions of
2 marks, 1 question of three marks and all the 3 questions of five marks.
You have to attempt only one of the choices in such questions.

(viit) In addition to this, separate instructions are given with each section and
question, wherever necessary.

(ix)  Use of calculators and log tables is not permitted.

(x) You may use the following values of physical constants wherever
necessary :

c=3x108m/s

h =663 x 10734 Js

e=16x1012C

Ug = 47 X 107" TmA™!

gg=8854x 10712 C2 N1 m2
1

4n80

=9x10° Nm? C2

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 10723 JK~1
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SECTION A
Note: Select the most appropriate option from those given below each
question :
1. Resistivity of a given conductor depends upon 1
(A) temperature.
(B)  length of conductor.
(C) area of cross-section.
(D)  shape of the conductor.
2. The ratio of current density and electric field is called 1
(A)  Resistivity
(B)  Conductivity
(C)  Drift velocity
(D)  Mobility
3. In B~ decay, a 1

(A) neutron converts into a proton emitting antineutrino.
(B) neutron converts into a proton emitting neutrino.
(C)  proton converts into a neutron emitting antineutrino.

(D)  proton converts into a neutron emitting neutrino.

4. The material which is not suitable for making a permanent magnet is 1
(A)  Steel
(B)  Ticonal
(C) Lead
(D) Alnico

5. A welder wears special glasses to protect his eyes mostly from the
harmful effect of 1

(A) very intense visible light.
(B) infrared radiation.
(C)  ultraviolet rays.

(D) microwaves.
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6. In an n-type semiconductor, the donor energy level lies
(A) at the centre of the energy gap.
(B)  just below the conduction band.
(C)  just above the valance band.
(D)  in the conduction band.

7. When two nuclei (A < 10) fuse together to form a heavier nucleus, the
(A) binding energy per nucleon increases.
(B)  binding energy per nucleon decreases.
(C)  binding energy per nucleon does not change.
(D) total binding energy decreases.

8. Electromagnetic waves used as a diagnostic tool in medicine are
(A) X-rays.
(B)  ultraviolet rays.
(C) infrared radiation.
(D)  ultrasonic waves.

9. At equilibrium, in a p-n junction diode the net current is
(A)  due to diffusion of majority charge carriers.
(B)  due to drift of minority charge carriers.
(C)  zero as diffusion and drift currents are equal and opposite.
(D)  zero as no charge carriers cross the junction.

10. An electron is released from rest in a region of uniform electric and

magnetic fields acting parallel to each other. The electron will
(A) move in a straight line.

(B) move in a circle.

(C) remain stationary.

(D) move in a helical path.

Note: Fillin the blanks with appropriate answer :

11.  Electric flux through a spherical surface shown in the figure, is
° 4+ q3

P.T.O.
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12. Out of red, blue and yellow lights, the scattering of light is
maximum. 1

13. A compound microscope is used because a realistic simple microscope
does not have magnification. 1

14. An unpolarised light of intensity I, is passed through a polaroid. The
intensity of a plane polarised light obtained is . 1

15. In Young’s double slit experiment, the path difference between two

interfering waves at a point on the screen is 5% , A being wavelength of

the light used. The dark fringe will lie at this point. 1
OR

If one of the slits in Young’s double slit experiment is fully closed, the

new pattern has central maximum in angular size. 1

Note: Answer the following :

16. Define the term ‘threshold frequency’ in photoelectric emission. 1

17. A metallic rod PQ of length [ is rotated with an angular velocity o about
an axis passing through its mid-pint (O) and perpendicular to the plane
of the paper, in uniform magnetic field B , as shown in the figure. What

is the potential difference developed between the two ends of the rod, P

and Q ? 1
X X X X
X X X X > X
~. B

X x O Xy X

l . 1
P x Q x

“a
x W x X X X
X X X X

18. What is the impedance of a capacitor of capacitance C in an ac circuit
using source of frequency n Hz ? 1

OR

What is the value of impedance of a resonant series LCR circuit ? 1
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The threshold wavelength for two photosensitive surfaces A and B are A
and A9, respectively. What is the ratio of the work functions of the two
surfaces ?

Draw the graph showing variation of the value of the induced emf as a
function of rate of change of current flowing through an ideal inductor.

SECTION B

Which of the following electromagnetic waves has (a) minimum
wavelength, and (b) minimum frequency ? Write one use of each of these
two waves.

Infrared waves, Microwaves, y-rays and X-rays

A galvanometer of resistance 16 Q shows full scale deflection for a
current of 4 mA. How will you convert it into a voltmeter to measure a
voltage upto 3V ?

Draw V-I characteristics of a p-n junction diode. Explain, why the current
under reverse bias is almost independent of the applied voltage up to the
critical voltage.

Define the term ‘mobility’ of charge carriers in a current carrying
conductor. Obtain the relation for mobility in terms of relaxation time.

OR

Define the term ‘drift velocity’ of electrons in a current carrying
conductor. Obtain the relationship between the current density and the
drift velocity of electrons.

The focal length of an equiconcave lens is 3 times of radius of curvature
of its surfaces. Find the refractive index of the material of the lens. Under

what condition will this lens behave as a converging lens ?

(a) For a radioactive substance, show the variation of the total mass
disintegrated as a function of time t graphically.

(b)  Initial mass of a radioactive substance is 3:2 mg. It has a half-life
of 4 h. Find the mass of the substance left undecayed after 8 h.

2
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Explain the term ‘sharpness of resonance’ in ac circuit.
In a series LCR circuit, Vi, = V@ # Vg. What is the value of power
factor for this circuit ? 2

OR

An ac source of emf V = V; sin ot is connected to a capacitor of

capacitance C. Deduce the expression for the current (I) flowing in it. Plot

the graph of (i) V vs. wt, and (i1) I vs. ot. 2
SECTION C
28. (a) Two electric field lines cannot cross each other. Also, they cannot

(b)

form closed loops. Give reasons.

A particle of charge 2 uC and mass 1-6 g is moving with a velocity

4 /1'\ms‘1. At t = 0 the particle enters in a region having an electric
field E)(in NC1) =80 /1\ + 60 3\ . Find the velocity of the particle at
t=5s. 3

OR

In the figure given below, find the

(a)

(b)
(c)

29. (a)

(b)

551212,

equivalent capacitance of the network between points A and B.
Given:Cl=C5=4uF, Cz=C3=C4=2MF.
maximum charge supplied by the battery, and

total energy stored in the network. 3
C1 Gy Cs Cy Cp

ST R S| A M

5V
Differentiate between half-life and average life of a radioactive
substance.

A radioactive substance decays for an interval of time equal to its
mean life. Find the fraction of the amount of the substance which
is left undecayed after this time interval. 3

3 P.T.O.
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What is the difference in the construction of an astronomical telescope
and a compound microscope ? The focal lengths of the objective and
eyepiece of a compound microscope are 1-25 cm and 5-0 cm, respectively.
Find the position of the object relative to the objective in order to obtain
an angular magnification of 30 when the final image is formed at the
near point.

The maximum Kkinetic energy of the photoelectrons emitted is doubled
when the wavelength of light incident on the photosensitive surface
changes from A; to A9. Deduce expressions for the threshold wavelength

and work function for the metal surface in terms of A; and A9.

(a) Derive the condition of balance for Wheatstone bridge.

(b)  Draw the circuit diagram of a meter bridge to explain how it is
based on Wheatstone bridge.

The figure shows the graphical variation of the reactance of a capacitor
with frequency of ac source.

14 \
12
o 10 \
0)
< 8
o]
5 6
@
2 4
\u\
2
I
0

100 200 300 400
Frequency (Hz)

(a)  Find the capacitance of the capacitor.

(b)  An ideal inductor has the same reactance at 100 Hz frequency as
the capacitor has at the same frequency. Find the value of
inductance of the inductor.

(c) Draw the graph showing the variation of the reactance of this
inductor with frequency.
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34. (a) Plot V-1 characteristics for an illuminated photodiode under
reverse bias for three different illumination intensities I7 > Iy > I3.

(b)  In a zener regulated power supply, a zener diode with V, = 6 V is
used for regulation. The load current should be 4:0 mA and zener
current is five times the load current for unregulated input of 10 V.
Find the series resistor Rg used in the power supply. 3

SECTION D

35. (a) A circular loop of radius R carries a current I. Obtain an
expression for the magnetic field at a point on its axis at a distance
x from its centre.

(b) A conducting rod of length 2 m is placed on a horizontal table in
north-south direction. It carries a current of 5 A from south to
north. Find the direction and magnitude of the magnetic force
acting on the rod. Given that the Earth’s magnetic field at the
place is 0-6 x 1074 T and angle of dip is g 5

OR

(a)  Obtain the expression for the deflecting torque acting on the
current carrying rectangular coil of a galvanometer in a uniform
magnetic field. Why is a radial magnetic field employed in the
moving coil galvanometer ?

(b)  Particles of mass 16 x 10727 kg and charge 1:6 x 10719 C are
accelerated in a cyclotron of dee radius 40 cm. It employs a
magnetic field 04 T. Find the kinetic energy (in MeV) of the
particle beam imparted by the accelerator. 5

36. (a) Derive lens maker’s formula for a biconvex lens.

(b) A point object is placed at a distance of 12 cm on the principal axis
of a convex lens of focal length 10 cm. A convex mirror is placed
coaxially on the other side of the lens at a distance of 10 cm. If the
final image coincides with the object, sketch the ray diagram and
find the focal length of the convex mirror. 5

OR

(a) What is a wavefront ? How does it propagate ? Using Huygens’
principle, explain reflection of a plane wavefront from a surface
and verify the laws of reflection.
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A parallel beam of light of wavelength 500 nm falls on a narrow
slit and the resulting diffraction pattern is obtained on a screen
1 m away. If the first minimum is formed at a distance of 2-5 mm
from the centre of the screen, find the (i) width of the slit, and
(i1) distance of first secondary maximum from the centre of the
screen.

Use Gauss’s law to show that due to a uniformly charged spherical
shell of radius R, the electric field at any point situated outside the
shell at a distance r from its centre is equal to the electric field at
the same point, when the entire charge on the shell were
concentrated at its centre. Also plot the graph showing the
variation of electric field with r, for r <R and r > R.

Two point charges of + 1 uC and + 4 uC are kept 30 cm apart. How
far from the + 1 uC charge on the line joining the two charges, will
the net electric field be zero ?

OR
Two point charges q; and q, are kept r distance apart in a uniform

external electric field E. Find the amount of work done in

assembling this system of charges.

A cube of side 20 cm is kept in a region as shown in the figure. An
%
electric field E exists in the region such that the potential at a

point is given by V = 10x + 5, where V is in volt and x is in m.

y

Find the
%
(1) electric field E , and

(i1)  total electric flux through the cube.

A9



Code No. 55/2/3

T . §Qﬁmﬁaﬁ—s’aﬁwgﬁw%g@3§
Roll No. W 7y forg |
%Candldates must write the Code on the
title page of the answer-book.
e NOTE
(D Fu I R A b 39 g9 § g‘fﬁﬂ (I) Please check that this question
I8 19 2 paper contains 19 printed pages.

(II) Y999 | 2rfgd 819 <hl 31X feu 77U =i

TR hl BF ITL-YRETH & JE-I8 |
e |

(ID

Code number given on the right
hand side of the question paper
should be written on the title page of
the answer-book by the candidate.

(IID) o S L o fF 38 w49 H
37T F |

(III)

Please check that this
paper contains 37 questions.

question

(IV) F91 T4 1 IR @ & w9
TR, STYEH § W H HAH

I T |

(IV)

Please write down the Serial
Number of the question in the
answer-book before attempting it.

(V) 39 Y9-99 <l Ued & T 15 fiFe =
o fem mn R |y 1 fera
e # 10.15 w9 fem Smom |
10.15 991 ¥ 10.30 S b DT had
Y9 Bl Yl 3T 3 AT & A

J IT-GIETRT W HIE IR T8l @ |

V)

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.

& Hifae fasme (figif=as) o

PHYSICS (Theory)

giRa a7 - 3 o2 STferHaTH 3% : 70
Time allowed : 3 hours Maximum Marks : 70
55/2/3 | 1 P.T.0.




0rI0)
[=

=T 3397 :
AafcTiiga 13551 @1 G5 araer] @ ieu 3 37T xed @ IciT HifarT
(i) 39 Y-99 %] GR @UE] 7 [GYIfS5d 91 T 8- &, @, TN T/
(ii) 39 ¥97-99 4 87 §v7 & | @4t 37 7 & /
(iit) ?rs'a;—ywmz & 20 7% 37id TY-IFIT T &, T4% J97 1 3% &
/
(iv) WIS @ - F97 G&I7 21 T 27 TF TY-IT1 T 8, A% 97 2 37 HT 8 |
() — TUE M- 97 &I 28 & 34 % JH-F0T J97 & 9 J97 3 3H #7138 /
(vi) TUZ G- Y97 &I 35 & 37 T 1 F-3009 T97 8, Icd% J97 5 bl T & |
(vii) FoT-97 7 HIF GHI [FHeT 781 8 | a9, - 37 & g Yol 4, 2zl B
F1c7 § Jo1 4, di7-dl7 37H] qIc? Gk FIT H G Gia-qie 37l & el 3o 7
STARF fdheq 1397 73T 8 | 08 J91 & acT U &7 faeheq &7 3¢ A7 |
(viii) g@?@:‘ AR, FEAFTFATAR, I G 3R J97 & Grd JIfd 435 17T 7T
/
(ix)  DoPpaied YT T 29T B JIIT H1 FHT T8 |
(x) T8I SEvIF &, 319 [HEliiad sifaes [aaiesl & 1 &7 393917 # G & :
c=3x108m/s
h =663 x 10734 Js
e=16x10"1°2C
;10:47t><10_7TmA_1

gg=8854x 10712 C2 N1 m2

1

4T|:80

=9x10° Nm? C2

gFL T GEIHM (my,) = 9-1 x 10731 kg

=IgiH 1 5o = 1-675 x 10727 kg

et Sl geI| = 1-673 x 10727 kg

TS & = 6-023 x 1023 yfd umw A

SlegerH s = 1-38 x 10723 JK1



oo
[=]

General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper comprises four Sections — A, B, C and D.

(it)  There are 37 questions in the question paper. All questions are
compulsory.

(iti) Section A — Questions no. 1 to 20 are very short answer type questions,
carrying 1 mark each.

(iv) Section B — Questions no. 21 to 27 are short answer type questions,
carrying 2 marks each.

(v)  Section C - Questions no. 28 to 34 are long answer type questions,
carrying 3 marks each.

(vi) Section D — Questions no. 35 to 37 are also long answer type questions,
carrying 5 marks each.

(vii) There is no overall choice in the question paper. However, an internal
choice has been provided in 2 questions of 1 mark, 2 questions of
2 marks, 1 question of three marks and all the 3 questions of five marks.
You have to attempt only one of the choices in such questions.

(viit) In addition to this, separate instructions are given with each section and
question, wherever necessary.

(ix)  Use of calculators and log tables is not permitted.

(x) You may use the following values of physical constants wherever
necessary :

c=3x108m/s

h =663 x 10734 Js

e=16x1012C

Ug = 47 X 107" TmA™!

gg=8854x 10712 C2 N1 m2
1

4n80

=9x10° Nm? C2

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 10723 JK~1
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SECTION A
Note: Select the most appropriate option from those given below each
question :
1. For a fixed potential difference applied across a conductor, the drift speed
of free electrons does not depend upon 1

(A) free electron density in the conductor.
(B) mass of the electrons.

(C)  length of the conductor.

(D) temperature of the conductor.

2. Ohm’s law is obeyed by 1
(A) extrinsic semiconductors.
(B) intrinsic semiconductors.
(C) metals at low temperature.
(D) metals at high temperature.

3. Electromagnetic waves used as a diagnostic tool in medicine are 1
(A) X-rays.
(B)  ultraviolet rays.
(C) infrared radiation.
(D)  ultrasonic waves.

4. A straight current carrying conductor is placed inside a uniform magnetic
field. The force per unit length acting on the conductor is 1

(A) maximum when the conductor is perpendicular to the direction of
magnetic field.

(B) maximum when the conductor is along the direction of magnetic

field.

(C) minimum when the conductor is perpendicular to the direction of
magnetic field.

(D) minimum when the conductor makes an angle of 45° with the
direction of magnetic field.

5. In a travelling plane electromagnetic wave, which of the following have
zero average value ? 1
(A) Magnetic energy and electric energy
(B) Magnetic field and electric field
(C) Magnetic energy and magnetic field
(D)  Electric energy and electric field
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6. In B~ decay, a 1
(A) neutron converts into a proton emitting antineutrino.
(B) neutron converts into a proton emitting neutrino.
(C)  proton converts into a neutron emitting antineutrino.
(D)  proton converts into a neutron emitting neutrino.

7. An electron is released from rest in a region of uniform electric and
magnetic fields acting parallel to each other. The electron will 1

(A) move in a straight line.
(B) move in a circle.
(C) remain stationary.
(D) move in a helical path.
8. At equilibrium, in a p-n junction diode the net current is 1
(A)  due to diffusion of majority charge carriers.
(B)  due to drift of minority charge carriers.
(C)  zero as diffusion and drift currents are equal and opposite.
(D)  zero as no charge carriers cross the junction.
9. In an n-type semiconductor, the donor energy level lies 1
(A) at the centre of the energy gap.
(B)  just below the conduction band.
(C)  just above the valance band.
(D)  in the conduction band.

10. When two nuclei (A < 10) fuse together to form a heavier nucleus, the 1
(A)  binding energy per nucleon increases.
(B) binding energy per nucleon decreases.
(C)  binding energy per nucleon does not change.
(D) total binding energy decreases.

Note: Fillin the blanks with appropriate answer :

11. The potential difference between two points in vacuum is V. If vacuum is
replaced by a medium of dielectric constant K, the new value of potential
difference will be . 1

12. Unpolarised light passes from a rarer into a denser medium. If the
reflected and the refracted rays are mutually perpendicular, the reflected
light is linearly polarised to the plane of incidence. 1
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The resolving power of a compound microscope can be by using
a medium (oil) of higher refractive index than air between the object and
the objective lens.

In Young’s double slit experiment, the path difference between two

interferencing waves at a point on the screen is % , A being wavelength

of the light used. The dark fringe will lie at this point.
OR
If one of the slits in Young’s double slit experiment is fully closed, the
new pattern has central maximum in angular size.
At sunset or sunrise, the scattered coloured light from the

sun reaches our eyes.

Answer the following :

Define the term ‘threshold frequency’ in photoelectric emission.

A metallic rod PQ of length [ is rotated with an angular velocity o in a
magnetic field E about an axis passing through the mid-point O of the
rod and perpendicular to the plane of paper as shown in the figure. What
is the potential difference developed between the points O and Q of the
rod ?

X X X X > X
B

‘?\ %

X X XO x\l

P . |Q

X '\3< X X X

L)
X X X X X

What is the impedance of a capacitor of capacitance C in an ac circuit
using source of frequency n Hz ?

OR

What is the value of impedance of a resonant series LCR circuit ?

The threshold frequencies of two photosensitive surfaces are v{ and v,
respectively. What is the ratio of the velocities of the photoelectrons
emitted from these surfaces when light of frequency v is incident on them
and photoemission occurs ?



20.

21.

22,

23.

24.

25.

26.

27.

0rI0)

foreft 3Teel T ¥ YaIed 9rT H UNadd hl @ hl Hoeld AHR SEH UG
919 (emf) & 7H & fo=w =1 <wii4 & fow omw difew |

LCLERC]
fAfafied foRA-grecha @M § ¥ (a) <Aa9 aTeed, a9 (b) =dad A
forEehl 8 2 3 QA1 AU | ¥ Ydeh 1 Toh UM foafiau |

JTATH AT, GEH T4, =Tt 3T X-fehtul
1 IRTATE FAHT 9T R 5 A URT yafEd A W R, S FF W 1mT A
TrEhIT & 3¢9 BT & | T TR oh FEAhIF ITEU] b1 HH TG ShIfT |

p-n §Y TEE % VI ANenEies @iftw | wE e fF gl
TE & ALH 9/ HIfdh dleedl doh ITIMYH dleed] W aTHT (W =i T8
T 2 |

foret urETEl I H Ye TeW drgehi hl fasfierar i uftymar fafReaw |
fasnfea sv1er & el § wifasfierar < fou gey gmw i |
sreraT

fopelt aTUETEl =Tetes | Ue Sl o ‘TUdTE 9t shi itdren fafa | aw wee
IR SAFLHT o AYATE o & Sig &Y Y0 i |

Bid g 15 cm % ToREl 3T g1 o | #13 o fe@ 7 | 98 g fa
I TS 1 YT Afdfond ST 2 | (a) o 1 feufa, (b) wfafeors 6 wepfa
Td hIT, o (c) Tfdfers a1 gw4 o fou fomor e difem |

(a) Torelt teaufaea uered <t afspaar <1 SI A fafau |

(b)  Afe 15 o # fopelt UeAfeorea uarel it wlsharar w310 RS AH

* é B el 2, o 78 wered 1 a1 s T B |

(a) Torelt Scorardl &I (ac) URUe § ug ‘o7ATE i dieurar sht st shifu |

(b) TRl oft LCR9R@Y W, Vi, = Vo = Vi ® | 39 99y % o7 wifh Tomes
%1 O fohaaT B 2

AT

V=V, sin ot T9.97.94 (emf) T HIE TFGd! 9/ (ac) A 1Al C o fopelt
guTie & 9Afa 8 | 398 yartEd aw (1) & folu =9 Fgead hifve | () V
HR ot T (i) 1 3TN wt, % = 7% i |




20.

21.

22,

23.

24.

25.

26.

27.

I
O]

Draw the graph showing variation of the value of the induced emf as a
function of rate of change of current flowing through an ideal inductor.

SECTION B

Which of the following electromagnetic waves has (a) minimum
wavelength, and (b) minimum frequency ? Write one use of each of these
two waves.

Infrared waves, Microwaves, y-rays and X-rays

A circular loop carrying a current 5 A, produces a magnetic field of 1 mT,
at its centre. Find the value of the magnetic moment of the loop.

Draw V-I characteristics of a p-n junction diode. Explain, why the current
under reverse bias is almost independent of the applied voltage up to the
critical voltage.

Define the term ‘mobility’ of charge carriers in a current carrying
conductor. Obtain the relation for mobility in terms of relaxation time.

OR
Define the term ‘drift velocity’ of electrons in a current carrying

conductor. Obtain the relationship between the current density and the
drift velocity of electrons.

An object is placed in front of a convex mirror of focal length 15 cm. It
produces an image that is half the size of the object. Find (a) position of
the object, (b) nature of the image, and (c) draw the ray diagram of image
formation.

(a) Write the SI unit of activity of a radioactive substance.

(b)  Find the half-life of a radioactive substance if the activity of the

substance drops to % of its initial value in 15 years.

(a) Explain the term ‘sharpness of resonance’ in ac circuit.
(b)  In a series LCR circuit, Vi, = V¢ # Vg. What is the value of power
factor for this circuit ?
OR

An ac source of emf V = V; sinwt is connected to a capacitor of
capacitance C. Deduce the expression for the current (I) flowing in it. Plot
the graph of (i) V vs. ot, and (i1) I vs. wt.

2
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SECTION C

A capacitor of 4 uF is charged by a battery of 12 V. The battery is
disconnected and a dielectric slab of dielectric constant 8 is inserted in
between the plates of the capacitor to fill the space completely. Find the
change in the (a) charge stored in the capacitor, (b) potential difference
between the plates of the capacitor, and (c) energy stored in the capacitor.

OR
Two small identical electric dipoles AB and CD, each of dipole moment
5) are kept at an angle of 90° to each other in an external electric field
E pointing along the x-axis as shown in the figure. Find the
(a)  dipole moment of the arrangement, and

(b)  magnitude and direction of the net torque acting on it.
y

Ae+q

What is the difference in the construction of an astronomical telescope
and a compound microscope ? The focal lengths of the objective and
eyepiece of a compound microscope are 1-25 cm and 5-0 cm, respectively.
Find the position of the object relative to the objective in order to obtain
an angular magnification of 30 when the final image is formed at the
near point.

What is the function of a solar cell ? Briefly explain its working and draw
its I-V characteristic curve.
The maximum kinetic energy of the photoelectrons emitted is doubled

when the wavelength of light incident on the photosensitive surface
changes from Ay to Ay9. Deduce expressions for the threshold wavelength

and work function for the metal surface in terms of A; and As.

3
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32. The figure shows the graphical variation of the reactance of a capacitor
with frequency of ac source.
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(a)  Find the capacitance of the capacitor.

(b)  An ideal inductor has the same reactance at 100 Hz frequency as
the capacitor has at the same frequency. Find the value of
inductance of the inductor.

(c) Draw the graph showing the variation of the reactance of this
inductor with frequency. 3
33. (a) Draw the graph of radius of orbit (r,) in hydrogen atom as a

function of orbit number (n).

(b) In a hydrogen atom, find the ratio of the time taken by the electron
to complete one revolution in the first excited and in the second
excited states. 3

34. (a) Derive the condition of balance for Wheatstone bridge.

(b)  Draw the circuit diagram of a meter bridge to explain how it is
based on Wheatstone bridge. 3
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SECTION D

35. (a) Derive lens maker’s formula for a biconvex lens.

(b) A point object is placed at a distance of 12 cm on the principal axis
of a convex lens of focal length 10 cm. A convex mirror is placed
coaxially on the other side of the lens at a distance of 10 cm. If the
final image coincides with the object, sketch the ray diagram and
find the focal length of the convex mirror. 5

OR

(a) What is a wavefront ? How does it propagate ? Using Huygens’
principle, explain reflection of a plane wavefront from a surface
and verify the laws of reflection.

(b) A parallel beam of light of wavelength 500 nm falls on a narrow
slit and the resulting diffraction pattern is obtained on a screen
1 m away. If the first minimum is formed at a distance of 2:5 mm
from the centre of the screen, find the (i) width of the slit, and
(i1) distance of first secondary maximum from the centre of the
screen. 5

36. (a) Use Gauss’s law to show that due to a uniformly charged spherical
shell of radius R, the electric field at any point situated outside the
shell at a distance r from its centre is equal to the electric field at
the same point, when the entire charge on the shell were
concentrated at its centre. Also plot the graph showing the
variation of electric field with r, forr <R and r > R.

(b)  Two point charges of + 1 uC and +4 uC are kept 30 cm apart. How
far from the + 1 uC charge on the line joining the two charges, will
the net electric field be zero ? 5

OR

(a)  Two point charges q; and q, are kept r distance apart in a uniform
9
external electric field E. Find the amount of work done in
assembling this system of charges.
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A cube of side 20 cm is kept in a region as shown in the figure. An
—
electric field E exists in the region such that the potential at a

point is given by V = 10x + 5, where V is in volt and x is in m.

y

Find the
_)
1) electric field E , and

(i)  total electric flux through the cube.

A circular loop of radius R carries a current I. Obtain an
expression for the magnetic field at a point on its axis at a distance
x from its centre.

A conducting rod of length 2 m is placed on a horizontal table in
north-south direction. It carries a current of 5 A from south to
north. Find the direction and magnitude of the magnetic force
acting on the rod. Given that the Earth’s magnetic field at the
place is 0-6 x 104 T and angle of dip is %

OR

Obtain the expression for the deflecting torque acting on the
current carrying rectangular coil of a galvanometer in a uniform
magnetic field. Why is a radial magnetic field employed in the
moving coil galvanometer ?

Particles of mass 16 x 10727 kg and charge 1:6 x 10719 C are
accelerated in a cyclotron of dee radius 40 cm. It employs a
magnetic field 0-4 T. Find the kinetic energy (in MeV) of the
particle beam imparted by the accelerator.

A9



