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®mpt any 5 parts of this question. (5x3)

(@) A conductor of square cross section and having

conductivity 3.8x107 S/m is 50 m long. It

¢ the skin

Measures 0,5 ¢cm on either side. Calculat
0 kHz.

depth if conductor carries current at 15

p.T.O.



1116
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(b) The conduction current density in a material ig

given as TZ: = 0.02 sin (10°t) A/m2. Find the
displacement current density if 6 = 105 mho/m

e = 6.5.0eshbandnu, College Libmg‘
Kalkaii, New Delhi-19 ’

(c) What is plasma frequency and minimum penetration

depth for collision free plasma having 10"

electrons/m?3.

(d) A 300 mm long tube containing 56 cm? of sugar

solution produces an optical rotation of 12° when
placed in a polarimeter. If the specific rotation of

sugar solution is 66°, calculate the quantity of

sugar cqntained in the tube.

(e) For glass air interface (n,=1.5, n,= 1.0), find

the reflection and transmission coefficients for

normal incidence.

(f) A left circularly polarized wave (A = 5893 A) is

(g) A circularly polarized electroma

incident normally on calcite crystal' of thickness

0.00514 mm. Find the state of polarization of

the emergent beam. Take n, = 1.65836 and

n, = 1.48641.

gnetic wave 18

ing i irection i is
propagating in the z-direction in free space and

described by the following equation
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E = Scos(ot —kz) X + 5sin(wt —kz)§ Vm™!

The wavelength‘ 1S 6% 10""m. Find the
corresponding magnetic field and the average of

the Poynting vector. )
T=snbandnu, College Libr -y

naikaii, New Delhi-18
2. (a) State and establish .the Poynting theorem for
conservation of energy for electromagnetic fields.

Explain the physical significance of each term in

the equation. (6)

(b) Using electromagnetic scalar and vector potentials,
show that the four Maxwell equations can be
written as two coupled second order differential

equations. (6)

(c) What is’ the ratio of amplitudes of conduction
current density and displacement current densities

density if applied field is E=E, ¢ V" , Where T is

real. (3)

3. (a) Discuss the propagation of high frequency
electromagnetic wave in plasma. Show that the
critical frequency for the propagation of

electromagnetic wave in plasma is given by
fc='9\(n0, where n, is the electron density. (8)

P.T.O.
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(b) A material has © = 6.0 x 1072 Q-l/m, = 1 ang
5, = 7.0. A plane wa\fe of frequency 1¢9 Hy iy
amplitude 200V/m is'propagating along POSitive
z direction. Find (a) E, at (x = 0 cm, y= () em,
z =3 cm. t=0.16 ns) (b) I—Iy at (x = g em,
y=0cm, z=3 cm. t= 0.16 ns). 7)

Jeshbandnu, College Library

Kalkaii, New Delhi-19
4. (a) Derive the Fresnel’s equation for reflection and

transmission of a plane electromagnetic wave 3t
the boundary separating between two dielectric
media when electric field vector is perpendicular

to the plane of incidence. " 9)

(b) An electromagnetic wave propagating in a
dielectric medium with € = 16g, along the z
direction. It strikes another dielectric medium with
e=4g, at z =‘O. If the iﬁ_coming wave has a
maximum value of 0.2 V/m at the interface, and
its angular frequency is 300 ‘M rad/s, determine
the power densities of the incident, reflected, and

transmitted waves. (6)

>- (a) Derive Fresnel’s formula for the propagation (?f
light in Anisotropic crystals. Also explain how this
leads to the phenomenon of double refraction:

(9)
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(b) Discuss the propagation of light in uniaxial crystals.
Explain the difference between a positive uniaxial
crystal and a negative uniaxial crystal. Also give

one example of each. (6)

(@)}

(a) Explain the construction and working of a Babinet
Compensator. How is it used to -analyze the
elliptically polarized light? N ‘ %)

(b) A right-handed. ’circularly polarized plane wave*
with electric field magnitude of 3 mV/m is

travelling in the +Y direction in a dielectric medium

with € = 4g, and p = K, = 0. If the frequency is

100MHz, obtain expressions for E(y,t) and

H(.t). “=shpandnu.College | * "7 (g
xaijl, New Delhi-1

7. (a) Starting with Maxwell’s equations, derive the wave
equations for a symmetric planar dielectric
waveguide ‘with refractive index profile as :

n =n, -d/2 < x < d/2
n=n, -d/2 > x> d/2

Using the boundary conditions, obtain the

eigenvalue equation for symmetric TE modes.

%)

P.T.O.
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(b) Consider a symmetric planar waveguide With g,

follow ing parameters.

n =15; n,=148; d=3.912 yum

How many TE modes exist for Ay =1 Um?
Determine the corresponding Propagatiop,

constants. . (6)

Beshbandhu.College Library,
Kalkaji, New Delbi-1g

Value of Constants:
. .12 _ 107
&, = 8.85%10°*4 farad/m = e farad/m

Ho = 4mx1077 henry/m

¢ =3x 108 m/s

o =12070=377Q

Mass of electron=9.11x10! kg

(1700)

I
!
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1. Attempt any four of the following : (4x6=24)

(a) Show that phasé of an electromagnetic wave is
Lorentz invariant,

(b) Write the Hamiltonian of a one-dimensional
harmonic oscillator.

P.T.Q,
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(c) Define pathlines, streamlines and streaklines.

(d) A particle of mass m is constrained to move on
the boundary of an ellipse x? + 2y? = 2. Identify
the generalized coordinates of this system.

(e) An alpha-particle (q = 3.2 x 10712 C) moves
through a uniform magnetic field whose magnitude
is 1.5 T. The field is directly parallel to the positive
z-axis of the rectangular coordinate system. What

1s the magnitude and direction of the magnetic

force on the alpha- particle when it is moving

with a velocity ¥ = (2.0i - 3.0f + 1.0%) x 10* m/s.

(f) Given the fluid velocity components

v, = —ay/(x2 +y?), vy = ax/(x? +y?), v_=0.
Verify that the fluid is incompressible.

Deshbandnu.College Library
Kalkaii, New Delhi-19
ead of mass m slides freely on a frictionless

circular wire of radius b. The wire itself rotates in
a horizontal plane about an axis passing through a

Point on perimeter of the wire with a constant
angular velocity o,

2. @ Ab

r= b1
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Find the Lagrangian of the system with a suitable
choice of generalized coordinates. Deduce the
Euler- Lagrange’s equation of motion of the bead.

Show that the bead oscillates as a pendulum of

length 1 = g/w)?. (10)

(b) For a time independent holonomic system, show

that the Hamiltonian of the system represents total

energy. 7

> peshbandhu, cdileg ge Library ( )
nei<ali New Delhi-1:

3. (a) Using cylindrical coordinates, write the Hamiltonian

and Hamilton’s equations for a particle of mass

m moving on the inside of a frictionless cone

x? + y* = z? tan® Q.. (10)

(b) Show that the energy conservation is nothing but

a consequence of the time-shifit invariance of a

system. (D

4. (a) An observer A stands 1 light-second away from a
tunnel of length L = 1 light-second. A high-speed
train speeds through the tunnel at constant velocity

! 3 = 0.5. An observer inside the train measures

the length of the train (o be L = 2 light-second.

§ P.TO.
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(i) Draw a spacectime diagram for observer A

L

Deshbandhu.Colle"&e Libra
Kalkaji, New Delhi-18

showing the worldlines of the front and rear
of the train and the tunnel. Assume that at

t = 0 the rear of the train has just crossed

the observer.

Label the event at which the front end of
‘the train emerge from the tunnel and the
rear end of the train enter the tunnel. Using
the spacetime diagram, show that the train

fits the tunnel as observed by A.

In the train frame, label the event along
the worldline of the rear which is
simultaneous to the event when the front
end emerges from the tunnel and label the
" event along the worldline of the front which
is simultaneous to the event when the rear

end of the train enters the tunnel.  (10)

(b) Show that in units such that ¢ = 1, the 4-

‘acceleration is given by A = y(dy/dt, vdy/dt + ya)

wh¢re o is the 3-acceleration. Prove that vta, = 0

where v* is 4-velocity and a is 4-acceleration.

(7
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5. () A particle of mass m moving at speed v collides
‘ with another particle of the same mass at rest.
They stick together and move with speed V. What

is V in terms of v? What is the mass of the fina]

.combined particle? (10)

(c) Let an observer B move relative to an observer

A with fractional velocity v. For a photon

moving in the v direction, show that energy

E=EJ(1-p)/@+p) where B = v/c. Also derive

the relativistic Doppler shift. , (7)
Deshbandnu. College Library

Raikaji, New Belhi-19
6. (a) Three masses m each, initially located equidistant
from one another on a horizontal circle of radius
R. Th?)’ aT¢ connected in pairs by three springs
of fo:rce'c'onstant k each and of unstretched length
27R/3. The Spring threads the circular tract so
that the mass jg Constrained to move on the circle.
Find the normal modes with their frequencies and
Normalizeq Coordinates. _ (10)

(b) Define Stable and unstable equilibrium. In case of
a simple Pendulum, find the point of stabie and

unstabje equilibrium. (7)
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7. (a) Show that motion of a particle with mass m ang

charge q moving at a speed ¥ 1n a magnetic field

of strength B is helical. A proton enters a uniform
magnetic field of with a speed of v=1.0x10%T.
At what angle must the magnetié field be from
the velocity so that the pitch of the resulting helical

motion is equal to the radius of the helix? (10)

(b) Show that the pressure at a point in an inviscid

(7)

fluid is independent of direction.

Deshbandnu.College LibraF‘S’
v alkail, New Delhi-19 FPTYE

X3
&

(1500)
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(f) Sketch and label a schematic diagram of a sin
) gle elect
(g) What is the effect of the size of nanoparticles on r:);?etra"s.fer device.
material? Explain with the help of a diagram? OPtical absorptioy et
(h) How nanoparticles improves the efficiency of conventional solar ce]ls9 T of
cells

2. (a) De‘rive an e:\cpression for the density of states function for a 3-D mater;
derived density of states function with the 2-D and 1-D materials meteral Compa
' (10)

(b) An electron of mass 9.1x10' kg is trapped in a cubical box each side 10nm, C
energy of the ground state and first excited state. Is there any degeneracy in ;he:ic:Zc p
6, if

yes, determine it? (h=6.626x10"Js)
. ()

3.(a) A particle of mass m and energy E is incident on a step potential given by:
0, <0
(x) Vo, x>0

Using .Schrodinger equation, derive the expression for the reflection and transmission
coefficient for the case of a particle having energy E greater than Vo. (10)
bability of 50%

(b) For the above case, find out the ratio E/Vo to achieve the transmission pro
(5)

;;eD;:w l?tl.)eled dlagram of a sputtering system. Explain the process of physical P Umrﬁ-)g .

posi ion of thin film of any material. What are the various parameters involved 7

process which needs to be optimized. | .

5. i .
(az\t\g;hl?: ;:;c scanning probfa microscopes (SPMs)? Explain the construction and wor!;];)g !
gt ce ntx‘nlcroscc.)pe in contact, non-contact and tapping mode. (gth) .

. (w.dthan ilever is méde of silicon material and has the dimensions of 4 mm (.,enm the
idth) x 10 pm (thick). It can measure a force as small as 10710 N thet e

mini :
mum deflection measured by this cantilever. Young’s modulus E=1.69X 0GP

@

6. (8) What i try ;:e

s the importan i ic m m ' -
capacitance dopongy oncttla1 eot‘.dlelectrlc a}erials in semiconductor indus 7;;mnc0 d
lag size of the particle? Calculate and tabulate the 8P "¢ g5 X

charging ener :
of ; ; :
102 F/im) gy of isolated metal particles with size 10nm, 100nm and 1 pm. (& 10

(b) What do
Yo ;
excitonic lcv:lsuizd:hr:lsnd b—‘{ excitons? Draw the position of ground and nex D)
Deshbs and dlﬂgmm of the material of your choice.
Kone indhu. College LibTaRY
h New Delhi-19
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7. (a) What is a 2D Electron Gas (2DEG)? Explain how one can achieve a 2DEG system with

uitable energy band diagram. Choose any material of your choice. (10)
(b) What do you understand by quantum confinement effect? What are the consequences of

confinement of charges on the electronic and optical properties of the material. )

8. (a) Draw and explain the working of MEMS based sensor for measuring force/pressure or any

other physical quantity. (8)
(b) What are CNTs? Discuss with basic diagram the working of a CNT based transistor device.
M

eshbandnu. College L'" "7
xatkaii, New Delhi-1%

(300)
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1.

(a) Given a system of 5 weakly interacting
distinguishable particles which can occupy any of
the three energy levels of energy 0, &, and 2e.
Let the total energy of the system be S&. Write

P.T.O.
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all possible macrostates and thejr
orr

) : CSpond;i
number of microstates. Fing the entrg iy

Py of thig

Systeln. —.:c’;oiuDaﬂdnu.CONegc i Y
4

Maikaji, New Delhi-19

(b) Consider equal amount of two identical idea] gases
at the same temperature T but at different
pressure P, and P, in two different containers of
volume V, and V, respectively which are joined
by the partiti.on. Starting with Sackur-Tetrode
relation, prove that If gases are allowed to mix

each other by removing the partition between them,

the change in the entropy is given by :
AS = Nk In [(P,+P,)*/ (4 P,P,)]

where N denotes the number of atoms in each
container. Assume that the temperature remain

the same after mixing of the ideal gases.

(c) The partition function, Z (V, T), for some physical

system is given as: A
b!

Z(V,T) = exp[(8n° k* V T3) / (45 h3c?)]

where the symbols have their usual meaning.

Calculate the internal energy and pressure for such
system. (6.75,6,6)
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| :der an isolated system of N distinguishable
: Consl
e ticles Each particle can occupy only one of two

par ' _
energy levels of energy &, and &, (where g, < £,).

particles are distributed in such a way that n, particles

resides in energy level €,
in level of energy &;. (Assume N is very large and

and n, particles are present

= st (CELEEOIE i "“' rarv
N=mn*1) ngghpandnu Coliege Lib
i New Pelhi-18
«(g\l’kgn, MENG A =ALTE
(a) Find the entropy and energy of this system.

Show that entropy of such system is maximum

when n2 = N/2.

(b) Find the maximum and minimum value of the

entropy.

(c) Obta_in the general expression of temperature for
the aB‘tjé\;re‘ mentioned isolated syg'ﬁfém and explain
how is it'possible to attain negaat‘isgile temperature
in it. (6.75,6,6)

(2) Consider a spherical enclosure whose wall are
moving outward with speed v (v << ¢) and are
perfectly reflecting. Suppose that &l

electrOmagnetic wave of wavelength A inciden
w that

t at

an angle O to the normal on the wall. Sho

p.T.O.
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change in the wavelength after one reflection
during adiabatic expansion of blackbody radiatiop
is dA = (2vA/c) cosh.

(where c is velocity of light)

(b) Obtain the value of Wien’s constant by using the

Planck’s radiation formula.

(c) A radiating cavity has the maximum of its radiating

4.

power per unit area at (A,) = 24 pm at

max
temperature T,. Now the temperature of the cavity
is changed to T, such that total power radiated
per unit area by the cavity is 81 times higher
than its previous value. Calculate the wavelength
(A,) ., Where the maximum emission of radiation
(6.75,6,6)

occur.

Deshbandhu.C8lfege. LIbFaM
Kelkaji, New Delhi-19

(a) At what temperature would you expect a trapped

gas of hydrogen atoms with peak density 1.8 x
10'* atoms/cm? to show the signs of Bose-
Condensation.

Einstein

(Given my = 1.66 x 10-27 kg)

If the number density of bosons become 8 times

of 4 :
Its previous value, find the change in the
condensation temperature
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)Congidcr a photon gas enclosed in a Volume V.
l) . . .
The photons are in equilibrium at temperature T.
The average number of photons in equilibrium ig

given as N =y V* TP, Obtain the value of constants

o, B and v.

(c) Plot the pressure of strongly degenerate bosons
with temperature. Show explicitly the T < Tc and
T>Tc regions in the graph. Compare it with

classical gas. & (6.75,6,6)
i P

Deshbamdhu,C w@mel@g@&ibrsn
Naikaii New Dalhi-19
5. (a) Calculate the internal energy possessed by the non-

relativistic and strongly degenerate (T<Tp)

electrons moving in 3-dimensions.

(b) Dé'ri‘vb”an-'e‘xpression for Fermi velocity of
electrong aft T = 0 K and hence show that the de
Broglie Wavelength associated with the electrons
is given by

Agg = 2 (m/3n)!73

Where p is the number density (N/V) of the

electron gas.

P.T.O.
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(c) Prove that for a system Consisting of ferm;
ons at

), the probability that 5
filled state AE lying above Ferm; l

temperature T (T << T

evel is the same

as the probability of an empty state AR lying below
the Fermi level. (6.75,6,6)

')eslrtbm@ l‘e‘: 5\L!hr:~.u’i
KOH\;.‘ . ' 0 ol ” '

Useful constants and Integrals :

<

= 6.6 X 10723 Js
k, = 1.38 x 103 J/K
c =3 x 10% m/s

Iy x%/(ex—1)dx = 2.404



