B. Tech.

Second SEMESTER EXAMINATION, 2008-09

Engineering Physics-Il

Note : This question paper contains three
sections,

Section : A

Q. 1. Attempt all parts. All parts canry
equal marks. :

(a) The wave nature of material particles
was first proposed by

Ans. de-Borglie

* (b) In Compton Effect, a photon scattered
at right angle to the incident direction, the
Compton shift wili be

Ans. 0242 A°

Pick the correct choice from following :

{c) The guantized eneray of a particle of
mass m in a one dimensional box of length L is

given by
. n? n? . n? p?
(i) == (i) =
2mlL 8mi:
(i) n? :t.z 2 (iv) n® h*
mi? 8t mI?
2 2
h
Ans. (i)
8mL2

{d) In dielectrics, the polarization is

{1) Linear function of applied electric
field '

(il) Square function of applied eleciric
field

{1il) Exponential function of applied
electric fleld

(iv) None of the above
ol Ans. (i) Linear function of applied electric
ield

(e ‘l‘he Clausius-Mossotti relation Is

() -1 Na (“)a,+1 E
g, +1 “3ep £ e,,_-—2 3gg
(m)e,+l=3Na (iv ) -1 Na
g. -1 gg g, +2 330
Ans. (w) r1(Ng
€, +2 330
(f) Ultrasonic wave can be detected by
(i) a telephone
(ii) Quincle's method
(i) Kandt's method
_{iv) Hebb's meihod

Ans. (iii) Kundt's method _
(g) Statement that displacement current
between the plates of a capacitor
(i) flows when charge decreasing on the
plates .
(ii) flows when charge increasing on the
plates
(iii) flows when charge remain constant on
the plates
(iv) flows when no charge on the plates

Ans. (i) lows when charge decreasing on
the plates

Chuose the correct on @ .
(i) Statements (I) and (I} are correct
{ii) Statement () is correct
(iii) Statements (III} and (IV) correct
(iv) Statement {IV} is correct ‘
Ans. (i)Statements (I} and (II) are coirect
(h) The ratio of electric field E and
magnetic field H has the dimension of
(i) Power {ii) Resistance
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(iii) Inductance
Ans. (i) Resistance
{1) Hard superconductors observe
(i) breakdown of Silsbee's rule

(ii) incomplete Meissner effect

{(iv) Capacitance

(iii) high critical field and transition tem-

perature
(iv) all the above
Ans. (iv) all the above

(3} The Chemical Vapours Deposition is a
techniques in nanotechnology for

" (i} determination of the size of
ranoparticles
(i) identification of nanoparticles
(iii) characterization of nanoparticles
(iv) synthesis of carbon nanotubes.
Ans. (iv)synthesis of carbon nanotubes.

Section : B

Q.2 Attempt any three parts. All parts
carry equal marks :

(@ The kinetic energy of an electron is
4.55 x 10”2, Calculate velocity, momentum
and the wavelength of the electron.

Ans. Given K.E. =4.55x 10"}
mass of electron m, =9.1x 1073 kg

we know that KE =% mo?
[2 x 4.58 % 107%°

U= 1@:
V m V 8.1x10~31

p=mo=91x 1073 x 10°
=91x 1072 kgoqmys

-34
l—-—ﬁ—=~——§égj—}?-—-———728x10_7 m
my 91x107% x 10°

=7280 x 107" m=7280A
(b} Calculate the uncertainty in the

positionofa dustparhcle with mass equal to 1

mg if uncertamty in its velocity is 5.5 x 10°2
m/s,

Ans. Givenm= 1kg, =102 ¢=107%g
uncertainty in velocity, Av=55% 10 -2 m/s
we know that Ax.Ap=£; '

or Axx mA‘a=ﬁ-
an

h
AdrmAv

_ 66x10™
. 4x314x1078 x55%x 10720

=9.58x10"%m

(0) The dielectric constant of helium at
0°C and 1 atmospheric pressure is 1.000074.
Find the dipole moment induced in helium
atom when the gas is in an electric field of
mtens:ty 100 volt/m. Number of atoms per
unit volume of helium gas are 2.68 x 10%

Ans, Given g, =1000074

E =100 volt/m

N=2.68x10%
also we know thate, =885 x 10712

or Ax=

we know that dipole moment,
_5 (Er -1 E
P N
_885x 10712 x (1000074 - 1) x 100
268x1077
=24.44x107% C-n

{d) The permeability, permittivity and
conductivity of aluminium are i, =1,e, =1

ando = 3.54 x 107 mho/ _Find the skin depth if

the wave enter in aluminium with frequency of -
71.56 MH=z,

Ans. Givenp, =1
g, =1 :
a=354x 107 mho/m
f=71.56 MHz
Mg =4mx 1077

we know that skin depth,
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- -2 __
Mg 4, O20f

_ 2
471%107 x3-54x 107
x2 nx 71.56 x 10°

=10pm
{e) A superconducting material has a
critical temperature of 3.7°K in zero magnetic
field and a critical field of 0.0306 Tesla at O°K
Find the critical field at 2°K.

Ans. Given: T, =37°K
T=2°K
Hg =00306
- He=
we know that,

i)
5]

=0.0306 [1
=0.0217 Tesla

Section : C

Note : Attempt all questions. All
questions carry equal marks,

Q.3 Attempt any one part of the
following :

{a) Distingunish belween group velocity
{Vy) and phase velocity (V) of a wave packet
and show thatV, V, = c

Ans. we know that phase velocity

vy =% o (1)

and group velocity
vg e e (2)

dk

alsok = 23 & A= -—h—
A my
K =2 e
h
Now, E=hv
. E
or y=2-
h
amd(a:o-?.:'t\a'—ijt-E _Zumc [ E= mc2]

Thus using eqn. (3) & eqn. (4) egn. (1)
becomes,
2nmc? hooe? c?
‘UP = x —
h 2nmy v

g
[ v=0,}
L Up Uy =¢? Hence proved
anference between group velocity &
phase velocity
Phase velocity is the velocity of individual
wave while group velocity is the velocity of
wave packet.
(b) Derive ime dependent Schrodinger
wave equation.
Ans. The time independent Schrodinger
equation is given by
2, 2m ¢ :
v q;+h—2(E—V)qJ=0 {1

Time dependent Schrodinger equation
may be obtained by el:mmatmg Efrom

equation (1)
The wave function is
v (”5:,’ =yq (e 2)
b SN 5 -Lo
2 oy, (e
=~i@2nv)y, (e e
=—21tivq;(r]=—2ni§w
__LE i_Evy
TR YT
Sy
Ey=2h— )
or  Ey=2h" @)

Download All Btech Stuff From StudentSuvidha.com


http://studentsuvidha.com/
http://studentsuvidha.com/

Substituting this in-equation (1)

V2w+im[2h%r— -th:I—O

2 oy
v __2m 2R
or Viy=-35 [ oy w]

» o2 Ay

— Ve V|y=2h-— {4

or [ 5 Jw 5t {4
oy

2
or —g—qu.H Vys=2h

This is the time dependent Schrodinger
equation

or Hy =Ey

where H is the Hamiltonean

Q. 4. Attempt any one pari of the
following : '

(a) Describe Bragg's spectrometer and
explain how it Is used to study the structure of
crystals,

Ans. In 1924, locus de-Broglie thought that
the matter must possess dual character like
light. The dual character of matter means that it
is Prestent in the form of a particleas wellas itin
wave like characters this is known as duality of
matter. According to him a moving particle is
surrounded by a wave whose wavelength
depends upon the mass of the particle and its
velocity. Such type of waves associated with the
matter particles are known as “matter waves"”.

According to the de-Broglie-hypothesis,
every fast moving small particle has a wave
packet associated with it the wavelength of such
waves depends upon the momentum of the
particle. As we know

E=hvand E=mc*

= hv = mc?
ke me’
X
A=t
me
for material particles

L
myv p
Now we know
. 1 2 1 m? 2
kinetic en KE)=s-myv=-
inetic energy (K.E.) 3 5 "m
7
2m
= p=+IME
so de-Broglie wavelength
A= h .
J2mE._

{b) What do you mean by pelarization of a
substance ? Write different machanism of
polarization in a dielectric.

Ans, Polarization of Dielectric Materials :
Polarization occurs due to different atomic
mechanism. If the specimen is kept in a dc
electric field, polarization is because of
following types of processes :

(i) Electronic polarization

 (ii) lonic polarization
(iii) Orientation polarization

and (iv) space change polarization.

(i) Electric Polarization The
displacement of the positively changed nucleus
and the negative electrons of an atom in reverse
directions, on applying an electric field, it
results in electronic polarization. On applying a
field, the electron cloud around the nucieus
readily shifts towards, the positive end of the
applied field. Since thenucleus and the centre of
the electron cloud ate separated by a definite
distance, dipole moment is created within each
atom, The extent of this shift is directly
proportional to the field strength. As the dipole
moment is the product of the change and the
shift distance, dipole moment is directly
proportional to the field strength. Thus

induced dipole moment,

pakE

or p=a,E (1)
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where «, is known as electronic polariziability. It is independent of temperature.,

Asimplified classical model of an atom is given in fig-a. In this fig-a. the nucleus of charge Z, is
surrounded from an electronic cloud of charge-Z, distributed in a sphere of radius R. The change

density pis
! D,

()

O ® © ®

{b)

C *\x o+
- +
Y2
82838 | §8%
09809 | 59909
(d)

Fig. Various polarization processes : (a) electronic polarization, (b} ionic po-
larization (¢} orientation polarization, and (d) space charge polarizatien

- Ze 3[ Ze] _
p=— = , ) +.-(2)
4/37R%  4\nR? :

If an external field having intensity E is applied, the nucleus and the electrons experience
horentz forces of magnitude ZeEin reverse direction, Thus the nucleus and electron cloud are pulled
apart. If they are separated, a coulob force develops the horentz force and coulomb force are equal
and opposite, Thus equilibrium is reached and suppose the displacement under that condition is x.
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As nucleus is much heavier than the
electron cloud, it is considered that were the
electron cloud is displaced if external field is
applied. _

Lorentz force = — ZeE
Coulomb force
"charge enclosed in the sphere
of radius x
2

=Zex
: dnegx

{Using eqn. (2)]

B 7262y
4“80 RS
In equilibrium position
Lorentz force = Coulomb force
2.2
—ZeE=— Zoe%x
. 4meg R?
or - E = 2
4ne, R?
3
or =41tBOR E (3)
Ze

Hence the displacement of the electron
cloud is directly proportional to the applied
electric field E. Therefore the two electric
charges + Ze and - Zeare separated through a
distance x under the action of the applied field,
thus constituting induced electric dipoles.
Thus. Induced electric dipole moment,

te=Zp =Zedneg ROE/ Ze
=dneR°E
=a,E (4}
wherea , = =4ne, R? is known as electronic
polarizabihty The dipole moment per unit

Thus,

volume is known as electronic polarizability. It
is free from temperature.
P, =Nu, =Na,E «{5)
where, M=Number of atoms per metre
cube. Also we know that polarization vector,
F,=gg(e, -1) E=No E
Na,

or (e, ~1)= - (6}
€o
_€p (e, -1)
Thus o, —-——-—---—-—-—N (N

(ii) fonic Polarization : It is due to the
displacement of cations and anions in opposite
directions. It occurs only in an ionic solid (see
fig. b). Let an electric field is applied in the
positive x-direction, The positive ions move to
theright through a distance x| and the negative
ions move to the left through a distance x,.
Taking, each unit cell has one cation and one
anion, the resultant dipole moment per unit cel!
due to jonic displacement is given as foliows :

S p=e(xy +xy)

If B, and B, are the resotring force
constants of cation and anion respectively and f
is the force due to applied field then,

F= 31; 1= By
Thus xy=—andx; =—

The restoring force constant depend upon-
the mass of the ion and angular frequency of the
molecule in which ions are existing,

Thus X3 --—5%—
m(l.)o
and Xy =—£§5
may -

Where M is the mass of the negative ion.

X1 *Xn =2r——f ————
1 2
mm% Mo)o

eE[ 1]
+
M m
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2 -
E 1
d + S| =+ —
an p=e(x; x?) mg (M+m)
T
a£=E
2
=“"_[l+iJ {8)
mcz' M m . .

Therefore ionic polarizability «; is
inversely proportional to the square of the
natural frequency of the ionic molecule and to

its reduced mass which is equal to inverse of
1 :

—_—
M m .

(iii) Orientational Polarization : In the
molecule of methane (CH, ), the centre of the
negative and positive charges coincide, so that
there is no permanent dipole moment but in
CH;Cl molecule, the positve and negative
charges do not coincide. As the
electronegativity of chlorine ismore than that of
hydrogen, the chlorine atom pulls the bonding
electrons to itself more strongly than hydrogen.
Thus even in the absence of an electric field, this
molecule carries a dipole moment. If an electric
field is applied on these molecules, they tend to
align automatically in the direction of applied
field as given in fig, C. The polarization due to
these alignment is known as orientation
polarization which is. dependent on
temperature. With rise.of temperature the
thermal energy tends to randomize the
alignment. Orientational polarization can be
given as follows v

P, =N = Nu?E/3kT
= Nao E
Thus the orientational polanzab:hty

B _n?
®0 =NE 3T G

Hence the orientational polarizability o,
is inversely proportional to absoiute
temperature of the material.

{iv) Space-Charge Polarization : The
space charge polarization occurs due to the

accumulation of charges at the electrodes or at
the interfaces in a multiphase material as given
in fig. d. The ions diffuse over appreciabie
distances in response to the applied field, giving
rise to redistribution of charges in the dielectric
medium.

The complete polarization of a material is
the sum of the contribution from the different
sources. Thus

Pow =F: + P+ Py + P, ...(10)

As the space-charge polarizability is very

small if compared to the other types of

polarizabilities, the net polarizability of a gas
can be written as follows :

a=0, +0; +0g
--4115 R? +i(-l— +'1)+ﬁ
M m/ 3T
Thustotal polarizationisgivenas fo]lows
P=NaE =NE

&2 2 )
dne, R3 —(1 1] +2 e
[m" * 2\t ur| @

This equation is called largevin-Deby
equation,

Q. 5. Attempt any one part of the
following :

{a} Show that the magnetic suscepibility
of a diamagnetic material is negative and

‘independent of temperature.

Ans.Consider an ¢ of charge’ ¢ more in
the circular orbit or radius 'r' with vel 'v' current
through the circle is '

£ ¢.Z®
t 2%r 2mr
i
..themagnetic momentdue to this current
M=iA="2(ns?)
2ar

1

M=—cor w1
; D)
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' Since magnetic field produces electric field
& hence electrostatic force is experienced by the
orbiting e~
F=ma
F=¢E (2)
»included e.m. f. forvoltage)

I{Two point distance)

Now by lenz law of electromagnetic
Induction

QE=

ma—-ff-‘f(BA)

mEE = i (1;7-2) ﬂ(_@
dt 2nr dt
dv -Sr[dﬁ)

@ 2m\dt

If magnetic field changes from 0—» B
thenvel. of otbiting e” also chariges from initial
valuey; - v,

v oD B
ie, (dp="" IdB
m
0
I —~erB
2 = 2 m
Aﬂ::er_g
Zm

Change in velocity of ™ produces a charge
in the magnetic moment hence from equation

1)

Am=lerAu
2
-1 7B
2 2m

-¢*r?B
4m .

Since there may be many electrons orbiting
in an atom & also the orbit may have any
orientation w.r.t. the magnetic field, therefore
we have tofind average value of Ant '

-¢2 Br2

{8

Am=

T, Fy , T, be the radi of electrons along the three
axis then

o2 = 2 +fy2 +P'zz
where 1y, is the total radius of atom

For the atom to be a perfect (5)
it
o =3
Rlelis ety ars
=3 s
If the magnetic field produced as along
z-axis 12 =72 +'1r;2 =%
Put this eq. in (5)
_ —-esB2 1 2 Br~
Mms—e— — 0 =—= -
dm 3 6 m

If I 'is the intensity of magnetisation of
diamagnetic rnatenal then by the definition.

here X, = magnetir.: susoéptibility
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1f zelectron orbit in the outermost orbit the

X, willbe .
2.2

_-le”

6 mv

{b) What are ultrasonic waves ? Explain
how they are produced using magnetos-
triction method.

Ans, Production of

Ultrasonic Waves

The ultrasonic waves cannot be produced
from our usual method of a diaphragm
loudspeaker fed with alternating current. This
is because of the fact that at very high
frequencies the inductive effect of the
loudspeaker coil is so large that practically no

X pyy

current passes through it. However, the

N 4
Ferromognetic - 1 Slight change
————— :
rod d:;r in length
S X
Fig. (a)

diaphragm of a loudspeaker cannot vibrate at
such high frequencies. Thus other.methods are
used for the production of ultrasonic waves.
There are two important methods namely
magneto-striction and piezo electric method
which are mostly used now-a-days.
Magnetostriction method is used if frequencies
upto 100 kHz are needed while piezo electric
generators are used mostly for frequencies

above that. Here we shall discuss these two

methods as follows :

(a) Magnetostriction method : This
method is based on the phenomenon of
magnetostriction. According to this
phenomenon if a rod of ferromagnetic material,
such as iron or nickel, is placed in a magnetic
field parallel to its length (Fig. a), a smali
extension or contraction occurs. This change of
lengthis independent of the sign of the field and
only depends upon the magnitude of the field
and nature of the material. When the rod is

laced inside a coil carrying an alternatin

prac cBown oa(ﬁyAﬁ Btec?\

D.C. Supply
——0

L § L

o Y ¥ |
\ | A AWNSFFEFSEFELEEF
¥ LAY

C

mA
v

VHIT,
1

Fig. b

current, then it suffers.the same change in
length for each half cycle of alternating current.
This results in setting up vibrations in the rod
whose frequencies is twice that of alternating
current. Ordinarily the ampitude of the
vibrations of rod is small. While when, the
frequency of the alternating current is the same
as the natural frequency of the rod, then
resonance occurs and the amplitude of
vibrations is considerably in creased. Sound
waves are now emitted from the ends of therod.
Moreover, when the applied frequency is of the
order of ultrasonic frequency, the rod sends out
ultrasonic waves. '

- An experimental arrangement due to
Pierce for producing ultrasonic waves given in .
Fig. Thereis a short nickel rod whichis clamped
at the centre. This rod is permanently
magnetised in the beginning by passing a direct
current in the coil which is wrapped round the
rod. There are two other coils L; and L, which
are wrapped round the rod as given in the
figure. The coil L, is connected in the plate

_circuit of a valve V while L, is connected in the

grid circuit. The frequency of the oscillating
platecircuit is adjusted with the help of
avariable condenser C connected across the coil
L,. The direct current milliammeter reads the
plate current. If the frequency of plate circuit is
the same as the natural frequency of the rod,
resonant vibrations are produced in the
surrounding medium. The vibrations are
maintained due to the coupling provided by
coil L;. If the resonant oscillations start, the
milliammeter records the maximum
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current. Themaintenanceof the oscitlation of the
rod is as follows : -

If the plate current passing through the coil
L, ischanged, it causes a corresponding change
in the magnetisation of therod. Hence thereis a
change in the length of the rod. This vibrationin
the length cuases a variation in the magnetic
fiux through the grid coil L; which in turn
changes the e.m.f. developed across L. This
e.m.f. acts on the grid and gives an amplified
current change in the plate circuit i.e., in the coil
L,.In this way the plate current builds up to a
large amplitude with a frequency determined

by the frequency of the longitudinal vibrationof .

the rod. Hence the vibrations of the rod are
" maintained. If the frequency of the circuit
becomes equal to the freqeuncy of the rod,
resonance occurs and the sound waves of
maximum amplitude are generated. By
adjusting the length of the rod and the capacity
of the condenser, high frequency oscillations of
different frequencies are obtained. '

(b) Piezo-electric method : This method is
based on Piezo-electric effect. According to this
effect if certain crystals like quartz, rochelle salt,
tourmaline etc. (Fig. C) are stretched or

compressed along certain axis, an electric
potential diffefenceé is produced-atong-a—-
perpendicular axis. The converse of this effect is
also true i.e. If an alternating potential
difference is applied along the electric axis, the

optic_ pressure
axis i
* ;_ - '-
J
. pressure
Fig. ¢

crystal is set into elastic vibration along the
corresponding mechanical axis. When the
frequency of electric oscillations coincides with
the natural frequency of the crystal, the.
vibrations will be of large amplltude This

phenomenon is used. for the production of
ultrasonic waves. The alternating potential
difference is obtained by a valve oscillator.

The experimetnat arrangement is given in
Fig. The high frequency alternating voltage
which is applied to the crystal is obtained from.
Hartley oscillatory circuit. The Hartley circuit
consists of a tuned oscillatory circuit. One end of
the tuned circuit is connected to the plate of
valve V while the other is connected to the grid.
The eoil L, is tapped near the centre and joined

R.F. Choke

to the cathode. The quartz crystal Qis connected
in parallel of variable condenser C,.

The proper grid bias is found by means of
gridleak resistor R, and grid condenser C,.The
d.c. voltage is applied to the plate throughradio
frequency choke. The radio frequency choke
- prevents the radio frequency current to pass
through high tension battery. C,, is a blocking
capacitor which stops the direct current to pass
through the tank circuit which bypasses the
radio frequency currents. The capacity of the
variable condenser C; is adjusted so that the
frequency of the oscillating circuit is tuned with
the natural frequency of the crystal. Now the
quartz crystal is set into mechanical vibrations
and ultrasonic waves are produced. The
ultrasonic waves upto a frequency of 500 kHz
with 2 moderate size erystal can be produced
from thls method. While frequency up to
15%107 Hz can be produced by tourmaline
crystal.

The velocity of quartz along x-direction is
given as foliows :

v —J(Yfp)
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For quartz we know, Y =79x 1010 N/m?
and p =2650 kg/m?

_ [79x10"0
¥ 2650

When ¢ be the th;ckness of quartz slab in-

metres, then

v=nh=m21)
where 11 1:;. t_}.lg 7f;&fe;ql-.lenu:y
T
When is expressed in mm, then
_ 2725 2725000
tllOOO ¢

or n=—2-—t72§=kHz

So for athickness of 1 mm of quartz crystal
n=2725 kHz =2725 MHz
If by adjusting the variable capacitor C, of
tank circuit, the crystal is made to vibrate at its
natural frequency, then the frequency of
oscillatory circuit gives the frequency of
vibration of quartz crystal. Hence,
1

|7 E R —
2i f1,C

Q. 6. Attempt any one part of the
following :

(a) Derive and explain Poynting theorem.

Ans. Energy in electromagnetic waves
{Poynting theroem & vector) : When
electromagnetic wave travel from one point to
another in space it transports electric &
magnetic energies from point to point. The rate
of this energy transfer canbe expressed in terms
of electric & magnetic field strength of thewave.,

The rate of flow of energy per unitareaina
plane electromagnetic wave can be expressed
by a water S called the poynting.

S =Ex M=—(E x Bywattym?

Hg

The direction of Sis the direction of energy

motion

= 5450 m/s. (1}

3 ¢1
(] Edu=2 [Z(ED+H. Byd
JJ u &52( Bydv
" + J(Ex Myds
a

The various terms of eq.(8) may be

“interpreted as follows :

(1) The term -j J. Edv represents the rae of
transfer of energy into the electromagnetic field
due to the motion of charge.

. 1. :
2) T L (Z(ED+H.
(2) The term dtt!2(E' + H. Bydv

=u, + U, =u total and represents the rate of
electromagnetic energy stored.
(3) The term I(E x H}dS represents the

amount of energy crossing per second through
the closed surface.

The factor Ex H =Sis called the Poynting
vector. The equation (8) thus represents the low
of conservation of energy.

{b) Write down Maxwell's equations in
free space and using these equations derive
wave equations for both electric and magnetic
fields,

Ans. Wave equations in free space :
Consider the case of electromagnetic pheno-
menon in free space or more generally, in a
perfect di-electric containing no charge(p = 0)
and no conduction currents (J = 0). For this case

the field eqautions become :
v.D=0 @)
-y
V-B=0 {b)
2> OB
Vx E=-—
T ©
- 64
ox H=-2D {d)
ot

Forfreespace,i =g 4, £ =8y, 6 =0andp =0
- . - -
D=gy Eand B=u4y H

Taking curl of equaion {c) on both sides, we
hve :
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- 3 -
Vx(Vx E)==—(V x B)

_ H
= —- VX-——. ) ...1
Ko a2 (1)
o - -
VXH=5_9=305_E
ot ot
oH 3 E
V —_— -— .-.2
x ot %o o2 @)
N 22 B
Vx(VxE)=—pgey —m
0%0 atz

r 2
Vx(Vx E)=VV.E-V2 E
— . ————
- 1 —
and V.-E=—V-D=0
€9
-~
3 E
-V E=-pg,¢
070 52
Y
- o E
V E=pgeg —— ~(3)
a*®0 3!2

Similarly, we can solve for magnetié field

Equations (3) and (4) represent 'wave_

equations.

Thewaves whichservesasabuilding block
in the studv of EM waves consist of electric and
magnetic fields that are perpendicular to each

other and to the direction of propagation and -

are uniform in planes perpendicular to the
direction of propagation. These waves are
called uniform plane waves.

~ Equations (3) and (4) are the wave
equations for field vector E and B Aswe know

the classical equations of wave propagating
with velocity v is given by :

> * H
V2 H=l.i-0|:'-0 67 W)

1 82
3 —2? (3}
¢ ot

If we compare equations (3), (4) and (5), it
follows at once that the field, vectors can be
propagated as waves in free space and the

velocity of propagation is

viyg

L opge B S
02 L1 }10 80
1
= 4
VMo €0
J4rx1077 x885x10°12
=3%10% m/sec=C "
N

vHo Ep

So there exist a electromagﬁetic wave in
space and they travel in free space with velocity
of light.

Plane electromagnet:c waves are
transverse in nature : An electro-magnetlc

wave, whose field vectors E and B are the
functins of space coordinate and time
coordinate (t), is said to be plane wave, Suppose
such waves are propagating along z axis in

which Eand Band changeonlyalongzaxisi.e,

o o 9 .
_=—=0 —z0 .
x oy a2 R

- = - -
and E = E(z,#)and B = B(z, t)

In vacuum Maxwell's equations are
{p=6,]=0)

—

@V - D=0 ®)V - B=0

—

= aB J0E
Vx E=—-"—— {HV B— —
©Vx 7 () X HoEp 3

From first Maxwell's equation

- - -
V-D=00rV-E=0as(D=g, E)
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[a d a)
i—+j—+z—

ax Oy oz
(E +jE, +kE;)=0
Oy aE?‘ + %2 g
o dy &z
oF
Since L S
o oy
& =0 or E, =Constant
oz

Similarly fromequqtion(2), B, =Constant
From Maxwells’ third equation

= 2B
VxE .28
ot
N T
o o o o8 OB ok
ox Oy &z ot ot ot
E, E, E
Itsz cornponent will be
BEy OE, _2B,
ox ay ot
OF
Since —~ _%E =0= 98, =0
dx dy Ot

= B, =Constant

Similarly from equation{4), E, =Constant

Thus, we conclude that E; and B, are
constant with respect to space and time. But not
wave s found with constant values of E; and B,
Hence we assume them to be zero.

E,=B, =0

Thus, it is inferred that there are no
longitudinal components in electromagnetic
waves. Thus.

E=iEx+jE
=l Lxy +
- -> }-—>y (5}

and  B=iBx+j By
Asthewaveis propagating z!_l’ong zaxisand
thereisnozcomponentof Eand B, both of these

vectors are E and 3 perpendicular to the

direction of propagation.Hence, Maxwell's

electromagnetic waves are transvers in nature.
Q. 7. Attempt any one of the following :

(a) What are type | and Il super-
conductors ? Explain.

Ans. Types of Superconductors

Depending on the magnetization
behaviour of superconducters in an external
magnetic field, superconductors can be
devided into the following two categories :

{A) Type-1 super-conductor or soft
superconductors.

(B) Type-2 super-conductor or hand
superconductors.
{A) Soft superconductors :

In this type of superconductor, the
magnetic field is totally excluded from the

=
s
-2
‘g Normal
wiat bl PR L el *| state
& Super | >
= Conductmg
state
Applied Magnetic field
Fig. (a)

interior of the supercoductor below a certain
magnetic field known as critical magnetic field (
H_.). But at the critical magnetic field, the
material loses superconductivity abruptly.
Now the magnetic field penetrates fully within
the material i.e., the material is in its normal
state. These type of superconductors are
termeal as type-1 super conductor. This type of
super conductors exhibit the Meissner effect in
full i.e, they are completely diamagnetic. The
magnetisation curve is given in Fig. (a)

Some points are to be noted given as
follows :
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(aj Transition of H, is reversible i.e., when the magnetic field is reduced below H_ the maerial
again aquires the property of superconductivity.

(c) Lead, tin, mercury, etc fall into type-1 category.

(b} Purespecimens of mostsuperconducting metals are of type-1and they have very low values
of H, (about(-1T). -

(d) Type-1 materials are called a5 soft because the superconductivity is destroyed very easnly at

low H, values.
(B) Hard superconductor9°
This type of superconductors are characterised by the existence of two critical magnetic fields
i.e., lower critical field HC: andupper critical field ch themagnetisation curveis givenin Fig. (b)

=
=
2
BS| / Mixed state Notmal
g Lo sete.
S Tate
HC] ) ch
Applied Magnetic field
Fig. (b)

For this group of semicondutors, below Hc , the specimen s super conducting because the flux- -
is completely excluded. At Hc,, , the flux starts penetratlng into the speciment unit the upper critical
field Hc,is reached. The speqmen is/in the mixed state and shows superconducting electrical
propertles

Hence between He, and Hg, the meissner effect is not complete. At H, the magnetization
vanishesand thespec:men turns tonormal conducting state. The following pomtsare tobenoted:

(a) The values of He, may 10100 times and more than H, values of type-l He, upto 50T have

been found in some materials.

(b) Generally alloys ortransition metals with high electrical resistivity in normal state, exhibit

this type of superconciuctivity. '

{¢) This type of superconductors are used to produce magnetising coils to obtain high fields of

the order of 10T or more.

(d) As the superconductivity is retained till fair large magnetic field is reached, hence the

super-conductors are called hard superconductors.

(e) The magnetlzauon vanishes gradually as the field is increased, rather than suddenly as for

type-1.
(b) Describe buckyballs and their properties and useu.
Ans, Carbon Buckyballs (C60)

Buckyballs are another very strong cage-like structure based on its interlocked shape. 1t also
has the unique set of properties based on its structure. The usual structure for this molecule is made
of 60 carbon atoms arranged in a soccer ball-like shape that is less than one nanometer in diameter.
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The C60 buckyball, also known as fullerenes, is a truncated icosahedron which is made up of 12
pentagons, each surrounded by 5hexagons (20 hexagons).Of these, no two penta gons sharea vertex.

Creation of Buckyballs

Buckyballs found in nature, naturally, and in greater amounts than expected. Buckyballs are
found to exist in interstellar dust and in geological formations on Earth, Even closer to home are the
buckyballs that naturally form in the waxand dirt from aburning candle, since the flame on the wick
provides the sufficient conditions for such processes to occur. In laboratory, the formation of
buckyballs involves transmitting a large current between two graphite electordes in an inert

atmosphere.

Under these conditions, the energy from the arc is dissipated by breaking carbon from the
surface. The ¢arbon cools in the inert atmosphere and forms buckyballs.

Properties of Carbon Buckyballs
Carbon buckyballs possess some important properties given as follows :
1. Buckyballs are in fact the only known carbon allotropes which are soluble, have limited sol-
ubility, in most of the solvents.

2. Because of spherical shape, buckyballs have extremely stable configuration which is resil-
ient toimpactand deformationi.e. if itis thrownagainst some object it will bounceback very
much similar to soccer ball.

3. Buckyballs do ot bond to one another. They do however, stick together via Van der Waals
forces. \ ,

4. Buckyballs have aromatic nature as electrons are free to move among other bonds in hexa-
gon carbon rings.

5. By doping buckyballs, they can be electrically insulating, conducting, semiconducting or
even superconducting.

6. The C60 buckyballs can withstand high temperatures and pressures.

' Uses of Buckyballs

Carbon buckyballs have some important applications given as follows :

1. Because of their shapes, they could beused equivalently to ball bearings, and thus allow sur-
faces to roll over each other. making the fullerenes equivalently lubricants.

2. Buckyballs unique cage-like structure might allow it to take the place of other molecules in
shuttling toxic metal substances through the human body during MRI scan.

3. Attaching metals onto the surface of fullernes offers the possibility for buckyballs to become
catalysis. :

4. It has been shown that fitting a potassium ion in the bdckyba]l causes it to become
superconductive.

5. TheScanning Tunneling Microscepe (STM)is oneof the foremost tools in microscopy which
uses needle of buckyballs.
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6. Buckybalis are now being considered for uses in the field of medicine, both as diagnostic
tools and drug candidates.

7. Hydrogen storage as almost every carbon atom in C60 can absorb a hydrogen atom without
disrupting the buckyball structure, making it more effective than metal hydrides. This
could lead to applications in fuel cells.

Physical constants
Plank’ constants # =66 x 10~ J-s
Velacity of light in vacuum ¢ =3x 108 m/s
Rest mass of electron m =9.1x 1073 kg
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