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Answer Four Questions Only.

1. (a) Balloons filed with hydrogen gas held using threads of length I, where the free ends of
the threads were tied to one point to make a bunch for decorating a garden party. One
bunch consists of two such balloons which were in contact at the beginning found to be
separated by some distance after some time. This has occurred after a wind blew cross
that area which could possibly induced charge on the surface of the balloons. What
would be the possible mechanism of inducing charge on the surface of the balloons to
repel them from each other?

(b) State the theory that causes the repulsion of balloons from each other due to static

charge induced on their surface.

(c) Assuming that the balloons are spherical in shape with radius » and separation between
the balloons to be 2r, find the tension, T of the thread. Consider the density of air as P
density of hydrogen as py and gravitational acceleration as g in your calculation.

(d) Draw the forces that act on a balloon at equilibrium in a diagram. You may assume
balloon to be a point charge of charge O at the centre of the balloon. Derive an
expressmn for charge Q using r, p4, p and g.

(e) If =5 cm, calculate the charge mduced on a balloon, given that p,=1.2 kgm PH =
0.08kgm>7/=1m and g = 10 ms™ in your calculations.

2. (a) Write down the relation between the electric field strength and the potential
difference.

(b) A potential difference of 3.0x10* V is applied between two parallel conducting
plates. The electric field strength between the plates is found to be 5.0x10°
NC™.

(i) Determine the separation of the parallel plates.
(ii) Calculate the electric field strength between the plates when the separation
of the plates is reduced to half the value found in b(i).

- (c) An electron starts from rest at negative plate of two parallel conducting plates
and is accelerated towards the positive plate. Show that the velocity v of the



electron just before it reaches the positive plate is given by v = /—ZLV , where V'
m

is the potential difference between the plates, m is the mass of the electron and
e is the charge on the electron.

(d) Calculate the speed of an electron reach the anode, if the potential difference
between the cathode and anode is set as 200 V.

(e) Suppose a small hole is made in the anode to allow the electron to move out.
After passing through the hole in the anode the electron enters an electric field
of 0.2 NC™' perpendicular to its motion. Calculate the deflection of the
electron when it leaves the field after traveliing 3cm in the field.

3. (a) Write down an expression for the force acts on a linear conductor of length /, carrying
a current / which is placed perpendicular to a magnetic field B.

(b) Two long parallel wires are at distance r apart. The current in wire 1 is /; and
the current in wire 2 is /5.
(1) Find out the magnetic field By at wire 2 due to the current in wire 1.
(i) Write down the force F" act on wire 2 as a result of the magnetic induction
B when the length of the Wire 2 is /.
(iii) Use your answer in b(ii) to show that the force per unit length on wire 2 is
given by
F 11,
T=H
(c¢) Following diagram shows a balance set up to measure force on a conductor
placed in the magnetic field produced by two flat magnets in which North

Pole is facing South Pole horizontally.

When the current in the wire is zero, the reading on the balance is 95.6 g.
When the current is 4.0 A the reading on the balance is 93.2 g. If the length
of the wire in the magnetic field is 0.06 m.

(i) Calculate the magnitude and direction of the force on the wire from the
balance readings.

(i1) Calculate the magnetic field between the poles of the magnets.

(iii) What would be the reading on the balance if the current is reversed?



4. (a) Write down the Faraday’s Law of electromagnetic induction.

(b) Show that the induced e.m.f. due to changing the magnetic field from zero to B in time
interval of T'in the vicinity of a coil of N turns and area 4 is given by,

&= ——

T
(c) The magnet in the figure below is mounted like a pendulum. It is allowed to

swing in and out of the coil which has radius » and N turns. .

0 cenie
-+ zem meter

(i) Write down three parameters that determine the induced e.m.f. in the coil
(ii) Sketch a graph to show the variation of induced e.m.f. with time as the
pendulum magnet swings to and fro.

(d) Suppose the string where the magnet is suspended is of length /. Assuming
that magnetic field become zero when the magnet swing out the coil, derive
an expression for the Induced e.m.f in the coil given that the Period of the

pendulum is T = 217\/%

(e) Calculate the induced e.m.f. in a coil of radius 5 cm and 50 turns when the
magnetic field produced by the magnet is 2.5 T and length, / of the pendulum
is 10 cm.

5. Figure shows an experimental setup to determine the horizontal components of the earth’s

magnetic field.
R, E
—%—@—u———
K

Tangent galvanometer

a) (i) Write down the purpose of having Rheostat, Reversing key and Ammeter in the
circuit given in the above diagram.
(i1) What is the reason for twisting the connecting wires in the circuit?
(iii)State the initial adjustments made in the tangent galvanometer before the
measurements.



(b) (i) Ifthe galvanometer coil has radius » and N turns, what is the magnetic field at the
centre when current / pass through it?

(ii) Suppose B, is the horizontal component of the earth’s magnetic field. When
current [ pass through the coil, 6 is the deflection of the galvanometer. Write
down an expression for the current /.

(c¢) Transform the expression derived in part b(ii) to y = mx form considering the

dependant and independent variables. State what represents by x and y.

(d) Discuss how to determine By collecting the necessary data.
(e) Calculate the horizontal component of the earth magnetic field By, when N = 50,

m = 0.1 and the radius of the coil » = 7.5 cm.

6. (a) Show that the reactance of a capacitor (X.) and reactance of inductor (Xy) is given by

X. :—1—and X, =L
ac

Where ©, C and L are angular frequency of the input signal, capacitance of the

capacitor and inductance of the inductor respectively. What are the units of the X _

and X, ?

(b) Following figure shows a LCR circuit in series connected to a voltage, V =V, sin ot

as the input.

Using a phasor diagram or any other method show that the impendence (Z) of the

/Ru(L_wa

\ wc

circuit is

(i) Find steady-State current in the circuit.
(ii) What would happen to the current if X, <X,

(c) An LCR series circuit with L = 100 mH , C =100 ¢F and R =120 Q is connected to

an AC source of V=30 Sin 100 t

(i) Find impedance of the circuit

(ii) Show that the peak current is 0.2 A.
(ii))What would be the resonant frequency?
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(i) smriler o _mi@Blensy OsTCaITLL SHElenem HTewIsb.

oTelt HML_(HB.

(i) X, <X, ocefar waGamm L SHBE seimem HenL QumIb?

(c) V=30sin100¢ 2 _emw @m A C gpseusr L =100 mH, C =100 4F and R =120 Q
o eniw @ LCR Gsiij &mm Gamausslul Bersnsl.
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