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28. (a) Aresistor of 30 Q and a capacitor of = ul' are connected in series

T
to a 200 V, 50 Hz ac source. Calculate (1) the current in the circuit,
and (11) voltage drops across the resistor and the capacitor. (ii1) Is
the algebraic sum of these voltages more than the source voltage ?
If yes, solve the paradox. 3

OR

(b) A series LCR circuit with R = 20 Q, L = 2H and C = 50 uF 1s
connected to a 200 volts ac source of variable frequency. What 1is
(1) the amplitude of the current, and (i1) the average power
transferred to the circuit in one complete cycle, at resonance ?
(111) Calculate the potential drop across the capacitor. 3

29. (a) (1) In diffraction due to a single slit, the phase difference between
light waves reaching a point on the screen i1s 5n. Explain
whether a bright or a dark fringe will be formed at the point.

(1) What should the width (a) of each slit be to obtain eight
maxima of two double-slit patterns (slit separation d) within
the central maximum of the single slit pattern ?

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

OR

(b) (1) In a Young’s double-slit experiment SS, — S5 = %, where S,

and S, are the two slits as shown 1n the figure. Find the path
difference (S,P — S{P) for constructive and destructive

interference at P.
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(11) What is the effect on the interference fringes in a Young’s
double-slit experiment, if the monochromatic source S 1is

replaced by a source of white light ? 3

30. Briefly explain Geiger-Marsden experiment. Show the variation of the
number of particles scattered (N) with scattering angle (0) in this
experiment. What is the main conclusion that can be inferred from this
plot ? 3

SECTION D

31. (a) (1) Define mobility of electrons. Give its SI units.
(1) A steady current flows through a wire AB, as shown 1in the
figure. What happens to the electric field and the drift velocity

along the wire ? Justify your answer.

A

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

battery. 5
10 ©

10 Q

6V — §14Q
30 O EIOQ

OR
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(b) (1) Define electrical conductivity of a wire. Give 1ts SI unit.

(1) High current is to be drawn safely from (1) a low-voltage
battery, and (2) a high-voltage battery. What can you say

about the internal resistance of the two batteries ?

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

circuit shown in the figure, in one minute. 5

10 4V 2 Q

6 (2
10V

3 €2

32. (a) (1) Draw a ray diagram to show how the final image 1s formed at
infinity in an astronomical refracting telescope. Obtain an

expression for its magnifying power.

(11) Two thin lenses L; and L,, L; being a convex lens of focal
length 24 cm and L, a concave lens of focal length 18 cm are
placed coaxially at a separation of 45 cm. A 1 cm tall object 1s
placed in front of the lens L, at a distance of 36 cm. Find the

location and height of the image formed by the combination. 5]
OR

(b) (1) Explain the working principle of an optical fibre with the help

of a diagram. Mention one use of a light pipe.
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(11) A ray of light is incident at an angle of 60° on one face of a
prism with the prism angle A = 60°. The ray passes
symmetrically through the prism. Find the angle of minimum
deviation (8,) and refractive index of the material of the

prism. If the prism 1s immersed in water, how will & _ be

affected ? Justify your answer. 5]

33. (a) (1) A germanium crystal is doped with antimony. With the help of
energy-band diagram, explain how the conductivity of the

doped crystal 1s affected.

(1) Brietly explain the two processes involved in the formation of a

p-n junction.

(111) What will the effect of (1) forward biasing, and (2) reverse

biasing be on the width of depletion layer in a p-n junction

diode ? 5

OR

(b) (@)  With the help of a circuit diagram, briefly explain the working

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

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

rectification.

(1) Carbon and silicon have the same lattice structure. Then why

1S carbon an insulator but silicon a semiconductor ? 5
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SECTION E

34. LKlectrostatics deals with the study of forces, fields and potentials arising
from static charges. Force and electric field, due to a point charge is
basically determined by Coulomb’s law. For symmetric charge
configurations, Gauss’s law, which 1s also based on Coulomb’s law, helps
us to find the electric field. A charge/a system of charges like a dipole
experience a force/torque in an electric field. Work is required to be done

to provide a specific orientation to a dipole with respect to an electric
field.

Answer the following questions based on the above :

(a) Consider a uniformly charged thin conducting shell of radius R. Plot
%
a graph showing the variation of |E| with distance r from the

centre, for points 0 <r < 3R. 1
(b) The figure shows the variation of potential V with L for two point
r
charges Q and Q,, where V 1s the potential at a distance r due to a
point charge. Find & 1
2
v
Q1
Q2
60°
30°
NV
1
r
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(¢) An electric dipole of dipole moment of 6 x 10~/ C-m is kept in a
uniform electric field of 10* N/C such that the dipole moment and
the electric field are parallel. Calculate the potential energy of the

dipole. 2
OR
(c) An electric dipole of dipole moment E} 1s initially kept in a uniform
electric field E such that ? 1S perpendicular to E) Find the
amount of work done in rotating the dipole to a position at which E)
becomes antiparallel to E) 2

35. The lens maker’s formula 1s useful to design lenses of desired focal
lengths using surfaces of suitable radii of curvature. The focal length also
depends on the refractive index of the material of the lens and the
surrounding medium. The refractive index depends on the wavelength of

the light used. The power of a lens is related to its focal length.

Answer the following questions based on the above :

(a) How will the power of a lens be affected with an increase of
wavelength of light ? 1

(b) The radius of curvature of two surfaces of a convex lens 1s R each.

For what value of u of its material will its focal length become equal
toR? 1

(¢c) The focal length of a concave lens of n = 1-5 is 20 cm 1in air. It is

. . 4 . .
completely immersed in water of p = 3 Calculate its focal length in

water. 2
OR

(c) An object 1s placed in front of a lens which forms its erect image of
magnification 3. The power of the lens 1s 5 D. Calculate the distance

of the object and the image from the lens. 2
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