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Paper/ Subject Code: 24332 Physics: Electrodynamics

V. R.Sc. (Sem V) 35111/-2‘1
Time: 2 ¥ Hrs Marks 75
N.B.:
1. All questions are compulsory,
2. Figures to the right indicate full marks.
3. Draw neat diagrams wherevyer necessary.
4. Symbols have usual meaning unless otherwise stated.
5. Useof non-programmable calculator is allowed.
. (a) Attempt any one: -
() Explain the basic electrostatic propertics of ideal conductors. 10
(ii)  Suppose a Point charge q is held a distance d above an infinite grounded 10
conducting plane. Show that the total charge induced on the plane is -q
based on the classic image problem.
(b) Attempt any one: -
(i) Show that V. E = ﬁ, symbols with usual meaning. S
(i) Determine electric field dye to potential V = 2x? + 3y* + 424, 5
(a) Attempt any one: -
(i) Obtain an expression for the differential form of Ampere’s law using curl 10
of magnetic field.
(i)  Obtain an expression for the integral form of Gauss's law in terms of free 10~
charge density (p;), hence show that the electrostatic field within
dielectric £ is the polarising field E; less than field due to polarisation
By
(b) Attempt any one:; -
(i) Explain the effect of non-uniform electric field on polar molecule. 5
(i) Consider a coaxial solenoids, each carrying a current [ in opposite 5

dircetion. The inner solenoid of radius *a’ has n turns per unit length and
the outer solenoid of radius b’ has nz turns per unit length. Find the
magnetic field ( i ) inside the inner solenoid ( ii) between two solenoids

(iii ) outside both solenoids.
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3. (a) Attemptany one: -

(1) Obtain the boundary conditions for the fields: Electric field E, Electric
Magnetic field B at the interface between two linear media,

(i) Derive maxwell’s equation in material media.
(b) Attempt any one: -
(i) How Maxwell (Fixed) modified the Amper’s Law?

(i) In a medium of permittivity 5 €y , the maximum current is equal to
maximum conduction current at frequency of 10° Hz, What is the
conductivity of the medium? (€,= 8.85 »10 -'2 C2/Nm?)

4. (a) Attempt any one: -

(i) Consider a wave travelling along z - axis in a medium with refractive
index n. If it is incident on the medium with refractive index nz normally,
calculate the reflection coefficient,

(if)  State Poynting’s work energy theorem. Show that

%"F = _%fv (Ue +up) dv — 955 S.fida. Symbols have their usual
meaning

(b) Attempt any one: -

(1) Derive the wave equation for the electric field in vacuum.

o\
‘%‘é‘?‘ (i)  For a certain medium € = 17.7x10" C? /Nm? and p= 47nx 107 N/A%Find
the velocity of plane EM wave in the medium. Also find the refractive
index of the medium? (c=3x 10% mys, o= 12.85x10"'2 C2/Nm?)

5. Attempt any Five: -

(i)  Find the energy of a uniformly charged spherical shell of total charge 3
pC.
(i)  Find the work done to a move a charge of 2 Coulombs under the influence

of potential difference 3 Volts.

B i j Find the
(i) A vector field is givenby B = 3yzi +22X] +4xyk Fin

current density in the field at point (2, 4, -1).
o =4m x 1077 Sl units.
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(1v)

(v)

(vi)

(vii)

(viii)
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Find the magnetic field of an infinite uniform surface current K = K2,
flowing over the Xy plane

The magnetization s givenby M= ¢ [3xyi+ 5 yzj+5xz k|
where *a’ is 3 constant find fb and -f’-.fb

Show that V.j, =0,

An electromagnetic wave is incident normally on the surface of glass

from air. Find the coefficient of transmissjon. Given (nz=1.5) N3
Z - i

=
Electromagnetic wave in empty space has amplitude of electric field
400V/m. Find the value of amplitude of magnetic field (c=3x108 m/s)

***t********t********
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(b) Attempt any one: - & 4
(i) Explam bneﬂy symﬁ‘lemc and-: anh-symmemc wﬁe functions. :

G:) ~ For a d-electron, draw space quanuzahﬁn chagmm Also caleulatabasma »35'

._.'l.'

& ufaqgle between each onantatlon of L aﬂd.z\aXIS e
2. (a) Adempt any one: - ' - ¢ Xy, r‘l‘
,t () ..State Zeeman effect. Descnbe the expenmentaf set up. for uhsggﬁmg
- Zeeman eﬂ'ect,, in. detail. Cornment on ‘the observed Zeemah compqﬁénts
{n} Prove that an elcctrun undergmng transmon from }uglier energ_ﬁ[ﬁvel En

to- ower GHEI‘EY level En, emits radlanon nf frequency"v = E”‘;F"‘,

3 -:accurdmg*to quantum mecha.mcs :
@} Aﬁg_uptanyune = : Nl
' },- Usmg proper vector dJagram explaun J-] couplmg in ¢
i Due to Spin-orbit intéraction, sPe::tral iie from 3P to 38 transition in
_Sodium atom, splits up into two components ; 5890 A" and 1,=5896A°.
~-:Gssllt:aalﬂ.'u: the magnetic field expenenced by the spinning electron i in 3P
state_due to its orblta[ motion.
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?‘Bﬂhﬂﬁ@netﬂn‘?ﬂatculate.ﬁs value. s.;,v e

! n of eleamns en@fs a uniform magq_éhc fi emnrz we'bé&z Find 3 '

the ene erenc&between the electrm whose ‘spins am.parallg R OSE 'I

Me! to the.ﬁéld \1‘ - —» ,\n‘*' | e |

) Calcula _'ﬂmvahﬁts ofLande s g-factnr for 3 zS":z and 3-@3;2 stﬂx&;- N3 i) i

Caln_glsab ﬂ:e,ipemﬁc c}mrge efmu of eleet:on when.\a ctral line of . 3 L J‘
= m A% is subjected to magnetic ﬁeld of 0.5 Tesla and the Nﬁrma]

4;' -Zeeman shift is 0.03735 A", .~ x4

. IK "\ o' I:
@) \ﬂic masses of Mercury-- and Ch,ltmue arq“ 332 N 1A% @E and 3

581x 10 zﬁKg rcspectwe”iy If the bond lengh of Hg(llls 223 i’lﬂ‘m
Fm&ﬂm mﬂmt:nt of inertia of HgCl molecufe

first . absorption line in CO rotatmnaL

.--' I:':'

spectmm occurs at
53 x 1 10" Hz, Calculate the moment of i memaﬁbf CO molecule.

P S!.gf‘eg line of wavelenigth 5000 A was observed in a Raman spectrum 3.
¥ ion of Wavelengt& 4800 A?‘was scattered by a ‘medium. ,
: ﬁﬁzkamansﬁ-equencg of the corrésponding Anti-Stokes. line.
63 %103 Js Speed of light 0 =3 x 10° ms ~Hgt
ear sg{n quanlaa;m numbaé'nf 0] _:f;p 372, calculate its nuclear 3 f|
: & o
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head? ‘What is the prohablkt's ‘of gemng twe _ :
‘and then a head? If there was at least one tail, what isthe pro
-of all tails? ;
{A) Attempt any one: -

(i) Explain tﬁrmmnlogy and notation ofa complex number. Find
x,y.7, 0 of given complex number z. Plot the number and label it
and find its complex conjnont=

a) z=3+3i
bY z=2 (cns% + isin E)

(11') Explain hyperbolic functions of complex numbers. Using these
prove that

a) f:;,as_h-:z =% '_sinh'z_ =
b) iﬁ_ﬁ'ﬂsh-‘z' = sinhz

) plane so that its positio




€ expressions for the mean velocity of
dhere to the Maxwell-Boltzmann distribution
()  Three identical particles can be in any of the f 5
the number of possible ways of distributing them in var,
according to Maxwell-Boltzmann (MB), Bose-Einstein (BE), anc
Fermi-Dirac (FD) statistics?
5. Attempt any Five: -
-l ()  There are 10 chairs in a row and ¥ peaple to be seated, In how
many ways can this be done? R
% {ii)  Define probability of an event, A Hcze-digit number is selected “at
s ' random”. What is the probability that al] three digits are same?
et (i) Find the absolute valus of given compley number 2,

- |3
« i
- Lo

. Z=—
TP

Evaluate: !0t
What is the difference in energy between 1 = 2 and n = 1 states
for molecular oxygen (mass = 531 x 10~26 kg) constrained by a
one-dimensional box having length of | 00 em?
Using the given partition function q =158, calculate the
robabili f}an oscillator occupying the first th;gg-_gg'eggy levels
large box of area 200 m? is divided into small squa
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e help of a neat labelled diagram, explain seven types of ¢
15 of fourteen types of Bravais lattice? Explain Mille
lattice plane.

Derive an expression for separation between the Miller Planes in a simple
cubic crystal in terms of Lattice parameter.

It any one: -

Explain the terms: _
a) Basis b) Coordination number ¢)  Primitive cell

The atomic radius of Silver having FCC structure is 0.1 52 nm. Find the
interplanar spacing of (23 1)and (1 1 0) planes,

Viedemann-Franz law? Derive the relation between
and the thermal conductivity using classical fre




on for hole concentration (p)
e semiconductor.

‘Write a short note on p-type and n-type semiconductors,

‘The Hall voltage for the sodium metal is 0.001 mV measured at |
1= 100 mA and magnetic field 2 wh/m?. Thickness of the spe:
0.05 mm. Calculate the number of carriers per cubic m in sodium

ter f"timg one; -

Explain the band structure of an open eircuited p-n junction with the help
of neat diagram. Derive an expression for the contact difference Eg of the
Junction,

‘Explain Meissner effect and hence derive London equation in detail in
case of superconductors,

;_Eraw’fﬁie-_wit-rmnpgr& characteristics of the p-n junction diode. [
how they depend on the temperature, '




'/Na= 1736x 10 and
‘barrier voltage Vs = 0.131 V.
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