
Preparatory Physics (PH00002)
End Semester Exam

April 2018

Duration:3 Hrs Total marks: 40

1 Answer all questions. 10 x 2.0 = 20
1. A ring of radius a contains a charge q distributed uniformly over its length. Find the electric field at

a point on the axis of the ring at a distance x from the center.

2. A charge Q is to be divided on two objects. What should be the values of the charges on the objects
so that the force between the objects can be maximum?

3. One end of a 10 ern long silk thread is fixed to a large vertical surface of a charged nonconducting plate
and the other end is fastened to a small ball having a mass of 10 gms and a charge of 4.0 x 10-9 C. In
equilibrium the thread makes an angle of 600 with the vertical. Find the surface charge density of the
plate.

4. A quantity of air is kept in a container having walls which are slightly conducting. The initial tem-
perature and volume are 27°C and 800 em" respectively. Find the rise in the temperature if the gas is
compressed to 200 crrr' (a) in a short time (b) in a long time. Take, = 1.4

5. A 100 pF capacitor is charged to a potential difference of 24 V. It is connected to an uncharged capacitor
of capacitance 20 pF. What will be the new potential difference across the lUO pF capacitor?

6. Draw the circuit diagram of a Wheatstone bridge and find the condition for it t.o be balanced.

7. State Ampere's circuital law. Using that or otherwise find the magnetic field inside a long straight
solenoid.

8. 1\ wire loop confined iu a pi aile is rotated ill its own plane with some angular velocity. A uniform
magnetic field exists in the region. Find the emf induced in the loop.

9. A uniform steel wire of cross sectional area 0.20 mm? is held fixed by clamping its two ends. Find
the extra force exterted by each clamp on the wire if the wire is cooled from 100°C to O°C. Young's
modulus of steel = 2.0 x 1011 "K/m2 Coefficient of linear expansion of steel =1.2 x 10-5 ;aC.

10. One mole of all ideal gas undergoes a process

Po
P = -:-1 +--:':(V-:-";V::-:-o=) 2

where Po and Vo are constants. Find the temperature of the gas when V = Vo·

2 Answer any four questions. 4 x 5 = 20
I. (a) A copper wire bent in the shape of a semicircle of radius r translates ill its plane with a constant

velocity v. A uniform magnetic field B exists in the direction perpendicular to the plane of the wire.
Find the emf induced between the end' of the wire if (a) the velocity is perpendicular to the diameter
joining the free ends (b) the velocity is parallel to this diameter.

(b) A wire of length 10 ern translates ill a direction making an angle 60° with its length. The plane
of motion is perpendicular to a unifonu magnetic field of 1.0 T that exists in the space. Find the emf
induced between the ends of the rod if the speed of translation is 20 cm/s.



:2. A long straight wire carries a current i. A particle having a positive charge q and mass m kept at.
a distance Xo from the wire is projected towards it with a speed v. Find the minimum separation
between the wire and the particle.

3. (a) An uncharged capacitor is connected to a battery. Show that half the energy supplied by the
battery is lost as heat while charging the capacitor.

(b) The plates of a capacitor having a plate area A, length I and connected to a battery of emf V
are clamped to the laboratory. A dielectric slab of dielectric constant K and mass m is released from
rest with a length a inside the capacitor. eglecting any effect of friction or gravity, show that the slab
will execute periodic motion and find the time period.

4. (a) Explain what is meant by an electric dipole. Find the potential energy of an electric dipole of
having a moment p placed in a uniform electric field E.

(b)Two large conducting plates are placed parallel to each other with a separation of :2.00 em be-
tween them. An electron starting from rest near one of the plates reaches the other plate in :2.00
microseconds. Find the surface charge density on the inner surfaces.

5. A cylindrical tube of volume V with adiabatic walls contains an ideal gas. The internal energy of this
ideal gas is given by 1.5nRT. The tube is divided into two equal parts by a fixed diathermic wall.
Initially the pressure and the temperature are ))1, Tl on the left and P2, T2 on the right. The system
is left for sufficient time so that the temperature becomes equal on the two sides. (a)How much work
has been done by the gas on the left part? (b)Find the final pressures on the two sides. (c)Find the
final equilibrium temperature. (d)How much heat has flown from the gas on the right to the gas on
the left?
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