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PHYSICS (Theory)
difvr femw (F=f)

Time allowed : 3 hours Maximum Marks : 70
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General Instructions :
() All questions are compulsory.
(i) There is no overall choice. However, an internal choice has been provided in one
guestion of two marks, one question of three marks and one question of five marks.
You have to attempt only one of the choices in such questions.
(i) Question numberksto 5 are very short answer type questions, carryong mark each.
(iv) Question number6 to 12 are short answer type questions, carryimg marks each.

(v) Question numberd3 to 24 are also short answer type questions, carryithgee
marks each.

(vi) Question numberg5 to 27 are long answer type questions, carryiinge marks each.
(vii) Use of calculators is not permitted. However, you may use log tables, if necessary.

(vii) You may use the following values of physical constants wherever necessary :
c =3 x 18ms™*
h=6.6 x 10%Js
e =16 x 10°C
M, =4mx 10T m A™
Mass of neutron m1.6 x 27%" kg
Boltzmann's constant k = 1.38 x3Q) K*
Avogadro's number N= 6.023 x 18 / mole
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1. Draw equipotential surfaces for a uniform electric field pointing along the +z-axis.
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2. A current carrying loop is free to turn in a uniform magnetic field B. Under what
conditions, will the torque acting on it be (i) minimum and (i) maximum ?
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3.  What is the significance of a ‘Q’ factor in a series LCR resonant circuit ?
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4. If the intensity of the incident radiation on a photosensitive surface is doubled, how does
the kinetic energy of the emitted electrons get affected ?
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What is the main function of a Modem ? 1
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Define ‘electric flux'. Give its S.I. unit.
A point charge, Q, is kept in free space at the centre of a cubic Gaussian surface of
sidel. What is the electric flux through one of its faces ? 2
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A parallel plate capacitor is charged to V volts by a d.c. source. The capacitor is then
disconnected from the source. If the distance between the plates is doubled, state, with

reason, how (i) capacitance, and (ii) energy stored in the capacitor, will change.
OR

Two metallic spheres of radii, and t, are far apart but are connected by a thin wire.
Their combined charge is Q. Find (i) the charge on the sphere of radiu (ii) their
common potential.
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Two identical cells, of emf 1.5 V each are joined in parallel providing supply to an
external circuit consisting of two resistors of @3ach joined in parallel. A very high
resistance voltmeter reads the terminal voltage of the cells to be 1.4 V. Find the internal

resistance of each cell. 2
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11.

12.

Derive an expression for the potential energy of a magnetic dipole of dipole midment

in a uniform magnetic field . 2
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A wheel with 10 metallic spokes each 0.5 m long is rotated with angular speed of
120 revolutions per minute in a plane normal to the earth’s magnetic field. If the earth’s
magnetic field at the given place is 0.4 gauss, find the emf induced between the axle and

the rim of the wheel. 2
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At an airport, a person is made to walk through the door way of a metal detector, for
security reasons. If the person is carrying anything made of metal, the metal detector

emits sound. On what principle does this detector work ? Explain.
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Two polaroids Pand P, are placed 90° to each other. Find the transmitted intensity if
a third polaroid Pis placed between Rnd P, bisecting the angle between them. 2
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13. Derive an expression for the electric field at a point lying on the equatorial axis of an

14.

electric dipole. Hence write the expression for the electric field due to a small electric
dipole at a far off point. 3
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The graph given below shows how the current (1) varies with applied potential difference
(V) across a 12 V, filament lamp (A) and across one meter long nichrome wire (B). Using
the graph, find the ratio of values of the resistance of the filament lamp to the nichrome
wire

() when potential difference across them is 12 V.
() when potential difference across themis 4 V.

How does the resistance of the filament lamp change as the current increases ?
Suggest a physical explanation for this change. 3
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15. A potential difference of V volts is applied to a conductor of length L, and diameter, D.

16.

17.

How will the drift velocity of electrons and the resistance of the conductor change when
() V is doubled, (ii) L is halved and (iii) D is halved, where, in each case, the other two

factors remain same. Give reason in each case.
OR

With the help of a labelled diagram explain the working of Lechlanche cell. Write the
chemical reactions involved. Explain, why the cell should not be used continuously for a
long time.
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What are eddy currents ? How are they produced ? Give two applications of eddy
currents. 3

HoR ORI R Bl € ? T Y SF Bl & 7 HAR OISl & & STHERT g |

Identify the constituent radiation of electromagnetic spectrum which
() is used for studying crystal structure.

() is absorbed by the ozone layer in the atmosphere.

(i) produces intense heating effect.

Mention one more application for each of these radiations.
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18. In a single slit diffraction experiment, the width of the slit is made double the original
width. How does it affect the size and the intensity of the central diffraction band ?
Explain.

Draw a graph showing variation of intensity (1) with an@leirg single slit diffraction. 3
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19. Draw a schematic experimental arrangement used by Davisson and Germer to establish
the wave nature of electrons. Describe briefly how the de-Broglie relation was
experimentally verified in the case of electrons.

Plot a graph showing variation in intensity of the diffracted beam with scattering angle
0 for a typical accelerating voltage where the constructive interference in this

experiment occurs. 3
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20. Draw a plot showing the variation of binding energy per nucleon with mass number, A.
Write two important conclusions which you can draw from this plot. Explain with the

help of this plot, the release in energy in the processes of nuclear fusion and fission.
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21. (a) Define the activity of a radioactive nucleus and state its S.I. unit.

(b) Two radioactive nuclei X and Y initially contain equal number of atoms. The half
life is 1 hour and 2 hours respectively. Calculate the ratio of their rates of

disintegration after two hours. 3
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22. Identify the gate shown in the figure. Explain with the help of a circuit diagram, how
this gate is realized in practice. 3
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23. Explain the need of modulating a low frequency information signal. What is pulse
modulation ? With the help of diagrams differentiate between PAM and PDM.
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24. Describe briefly, with the help of a diagram, the basic principle of satellite communication.

A FAX message is to be sent from Delhi to Washington via a geostationary satellite.
Calculate the minimum time delay between the dispatch and its getting received.

Height of geostationary satellite from the earth = 36000 km.
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25. () With the help of a schematic sketch of a cyclotron explain its working principle.
Mention its two applications. What is the important limitation encountered in
accelerating a light elementary particle such as electron to high energies ?

() A particle of mass m and charge q moves at right angles to a uniform magnetic
field. Plot a graph showing the variation of the radius of the circular path described
by it with the increase in its (a) charge, (b) kinetic energy, where, in each case other

factors remain constant. Justify your answer. 5
OR

() Using Biot-Savart law derive an expression for the magnetic field due to a current
carrying loop at a point along the axis of the loop.

() A long straight conductor carries a steady current ‘I'. The current is distributed
uniformly across its cross-section of radius ‘a’. Plot a graph showing the variation of
magnetic field ‘B’ produced by the conductor with the distanciorh the axis of
the conductor in the region (i) r < a and (ii) r > a.
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26. Draw a labelled ray diagram to show image formation by a terrestrial telescope. Write
expression for its magnifying power.

In a compound microscope, the focal lengths of the objective and eye-piece are 10 cm
and 20 cm, respectively. The tube length of the microscope is 20 cm. Calculate its
magnification. Why must both the objective and the eye-piece of a compound microscope

have short focal lengths ? 5

OR

1

1 . . .
—— for a biconvex lens. How is the approximate value
ool

1
(@) Derive the relationf— =

of the focal length of such a lens estimated in the laboratory ?

(b) A beam of light converges to a point P. A lens is placed in the path of the
convergent beam 12 cm from P. At what point does the beam converge if the lens is
(i) a convex lens of 20 cm focal length and (i) a concave lens of 16 cm focal
length ?
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27. With the help of a circuit diagram explain the working of a n-p-n transistor as an
amplifier in common emitter configuration and draw its frequency response curve.

A transistor has a current gain of 50. In a CE amplifier circuit, the collector resistance
is chosen as 5 kilo ohms and the input resistance is 1 kilo ohm. Calculate the output
voltage if input voltage is 0.01 V. 5

OR

With the help of the circuit diagram, explain the working of a p-n junction diode as a
full wave rectifier. Show the input and the output waveforms.

A p-n photodiode is fabricated from a semiconductor of band gap 2.8 eV. Can it detect
a wavelength of 6000 nm ? Justify your answer.
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