Total Pages—13 UG/LU/PHS/H/IV17(0Md)

! | 2017

‘ PHYSICS
| ' [ Honours ]

| PAPER —HII
| Full Marks : 90

| Time : 4 hours

The Jigures in the right hand margin indicate marks
!

| [OLD SYLLABUS]

GROUP -A

Answer any two questions : 15x2

1. (a) Achangeq sits back comer
of a cube. What is the flux of

E through the shaded side. q
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(2)

(6) Ahollow spherical shell carries a change
k
density p= 3 in the regiona<r< b, Find
the electric field in the three regions
(D r<a (ia<r<b, (iiyr>b.

{¢) A diclectric sphere of radius and a
permitivity & is placed in a uniform
clectric field E inamedium of permitivity
€, . Using Laplace's equation find the electric
field at the internal and the external point.
Also show that the polarization induced in

5 3ge, =
L ie amo P= 12 .
the sphere is given by & +€,

Find the induced surface change density.

6+2+1

(a) A wire carrving current / is bent into the form
of a regular hexogon. The distance of any
vertex from the centre of the polygon is 7.
Find the meguetic field at its centre. Extend
this result for the » sided polygen (n — «)

and discuss on this results. d+2+1
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(3)

() Verify that the magnetic vector potential A
' dueto uniform magnetic field B is given by

| 2:-%(“&). 4

| (¢) Find the mutual inductance between two
parailel coaxial loops, one loop being small
' compared with the second loop. K

3. (a) Write down Maxwell’s equations in a
conducting medium. Derive the wave equations.

| Hence, show that a plane clectromagnetic

| wave is attenuated as it propagates through

| the medium. What is skin depth 7 Indicate

| region of the electromagnetic spectrum in
which the surface of a pure silver wave guide

| and that of a silver coated brass wave guide

’ appear to be identical. 2+2+2+2+1

. (k) The intensity of sunlight reacung the earth’s
| surface is about 1300 wm™. Calculate ihe
strength of electric and magnetic fields of

the incoming sunlight. 4
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(4)

{c) Consider a parallel plate capacitor immersed
in sea water. The change on the capacitor is
varied according to ¢ = g, sin 2 m v ¢, where
v =4 x 10® Hz. At this frequency sea water
has permitivity € =81 €, and resistivity
p=10.23 ¥/m. Compare the amplitude of the
conduction and the displacement current
between the plates. [ = 8-85 x10"? F/m] 2

4. (a) Explain the concept of space change. How
does it affect the potential distribution in
the space between two parallel plane
electrodes of a vacuum diode. 1+ 2

(5 Derive child language law for the space
change limited current in a vacuum diode. 5

(c) Extend childs law for diode valve to triode
valve. Hence discuss the dependence of
triode parameters on plate current. 1+2

(d) Convert form binary system to decimal
system }1-1101. 2
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(3)

| (e) Establish the following identity of Boolean

| algebra. _ _

| AB+AC+BC = AB+AC 2
‘| GROUP -B

! Answer any five questions : 8§x5

5. (a) Draw the small signal low frequency hybrid
| parameter equivalent circuit of a CE amplifier
| and derive expression for current gains and
| input impedance. 2+2+2

. (b) A transistor in CE mode is connected with a
[ resistance 5 kQ) and a power supply of 5V

in the collected circuit. If a = 0-998 and the
[ voltage drop across the 5 kS resistor is 5V,
find the base current (assume the transistor

| is in active region). 2

6. (a) ASinusoidal voltage v= ¥, coswt is applied

| to a series LCR circuit. 1+1+2+1

' () Find an expression for the instantaneous
current in the circuit.

\
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(6}

(if) Find the valucof w at which power
consumed by the circuit becomes
M.

(iif) Find the two half power frequencies
and kence, the @ of the circuit.

(h) How the logic function AB+ AB canbe
realised by using NAND only. 3

7. (a) A sphere of radius R carries a charge
density p (r) = kr ( kis a constant). Find the
energy of the configuration. 4

(5) Show that the dipole moment of an arbitrary
change distribution is independent ofthe
choice of the origin in the total change of
the distributicn is zero.

i

{¢} Calculate the dipole moment for a sphenical
sheil of radivs R, which carries a surface
change o = k cosO.

[
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! (7)

{a) Apointchange g is placed ata distanced from

i the centre of a grounded conducting sphere

of radius a (d > a). Using the method of

‘ images find the potential at an external point

| and find the density of induced surface
change on the sphere. 5

i (b) Designa 10V regulated power supply of
' 10 mA current rating using a pair of zener
! dicdes and an unregulated supply 12 to 15V.
Assumel . =0-2mA.

e

9. (a) What do you mean by normal and anomalous
dispersion ? -

(b) A mono chromatic piane EM wave of
| angular frequency w is incident on a gaseous
| mediums containing N molecules per unit
| volume. Set up the equation of motion for
the bounded electrons. Find the dielectric
constant of the medinm.

L¥

|
[
|
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(8)

(¢) The dielectric constant of water under static
condition is about 80. So its refractive
index (n) to be about /g0 . But from optics
we know that n=1.33. Explain the discrepancy. 1

10. An EM wave is propagating through a non-
conducting medium  characterised by
permitivity 5 €, and permecability 2 u,. The
magnetic field associated with the wave is

H=p2c0s(3z~-wi)d/m. . 1+2+1+2+2
(i) Find the value of w.

(ii) Find the electric field associated with the
wave.

(ii) What is the direction of the propagation of
the wave ?

(iv) Find the time average of Poynting's vector.

(v) Findthe total time average power carried
by the wave through 100 cm* of areaon
the plane y + 2z = 5.
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‘ (9)

'i (a) Describe Millikan's oil drop method of
measuring the c¢lectronic change. What
correction did Millikan apply and why 7 4 + 2

| (5) A relay has an inductance of 10H and a

resistance of 106 and operates witha
| current of 2mA. How long will the relay
take to operate when a voltage 0-5V is
| suddenly applied across it ?

b

ﬁz. (¢) Find the mutual force between two current

ll carrying parallel circular coaxigl coils of
nearly the same radius. For what distance

i beiween the coiis the force would be

maximum ? 2+2
(b} Supposealong cylinder of radius a carries a

maguetisation A7 = 28 (& = constant ),
|  r isthedistance from the axis and § is usual
unit veetor in{r , 8, 2) cylindnical coordinate
| system. Find magnetic field dueto M both
! inside and cutside the cylinder.,
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GROUP - C
Answer any five questions : 4x5

13. (a) Eleven equal changes g, are situated at in
corner of a regular 12 sided polygon of
which one corner is free from charge. What

"is the net force on a test change Q at the
centre. 2

(b) Find the capacitance per unit length of two
coaxial metal cylindrical tubes of radii
aand b. 2

14, The electronic change in a hydrogen atom is
distributed in the following way :
p(r) - ____'e___e-era

m3

where a is the Bohr radius. The proton is located

at the centre. When a small external electric
field is applied, the protein moves reiative to the
centre of electronic charge cloud. Find the ™
polarizability of 2 hydrogen atom. 4
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15.|Consider the following ckt. find the value

of R, such that maximum power is delivered
to it. Also find the value of maximum

power. ' ‘ 4
30 20 :
e AAAD WA a
18V T 30 g R,
10
— b

16. (a) A closed ring of ferromagnetic material

having mean diameter 20cm and cross-
sectional area 3 cm? is wound over by 100
turns of wire. What current must be passed
through these turns to produce a magnetic
flux of 6 x 10-* wb in the ring (relative
permeability = 1500). o 2
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¢ 32 )

(& If the above ring is cut into two spices and
kept separated from eacl: other by two equal
gaps of width 0-5 mun. Find the current
required to produce ihe same flux. b

17. Suppose a wire of radius a, length! and
resistance R is carrying a steady current / with a
potential differsnce ¥ across its length, Find
E and fi’ on the surface of the wire. Calcuiate the
Poyntings vector Sand show that it represents a
flow of energy into the wire form the space.
Interpret in the results. 4

18. A plane polarized EM wave with its electric
vector parallel to the plane of incidence is incident
obliquely on the interface between two simple
dielectric. Obtain the expressions for the
amplitude reflection coefficient. Hence
establish Brewster's law., 4

19, The transistor in ihe fig. has $= 100 and
o= SUFEAL Calcuiate [,. [, V. and hence
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decide in which region the transistor operates.
Given (V) .= 07V (V) =08V;

(Vo) =02 V. 4
—0 +10V

33K

100K $

. A bridge rectifier feeds a load resistance of

2500 Q from a 30V (rms) supply. Each diode
of the rectifier has a forward resistance of 502

Calculate
(i) Thedc load voltage at cutput

(ii} The ripple voltage at the output
(iif) The percentage regulation

(iv) The efficiency of rectification.
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