B.E.2nd Semester Examination, December-2008
Paper : PHY-102-E

Time allowed : 3 hours] [Maximum marks : 100

Note:- Attempt any five questions in al, taking at least two from each part.

PART-A
1. (8 Write note on Laue method for crystal structure determination. 10
(b) Derive expression for Frenkel's defect in solid. 10
2 (a Show that group velocity V, = -7»2%, where the symbols have their usual meanings.
5
(b) Derive the expression for Schrodinger time independent and time dependent wave
equations. 15
3. (8 What are limitations of classical free electron theory of metal ? 5
(b) Discuss the quantum theory of free electrons in one dimensional potential box. 15
4. (8 Write short note on quarks and gluons. 10
(b Discuss X-ray diffraction powder methad for crystal structure analysis. 10
PART - B
5. (@ What are E-K diagrams? What do you mean by -ve mass? Explain. 8

(b What is Hall effect? Give an elementry theory of Hall effect. Also prove that ##HH#H#H
where <# is Hall angle, # is mobility of charge carrier and H the applied magnetic field.
12
6. (@ Explain Langevin theory of paramagnetism and also discuss Weiss modification in
Langevin theory of paramagnetism. 15
(H What do you mean by magnetic susceptibility? Write down Curie-Weiss law. 5
7. (8 Derive the London equation and discuss how its solution explains Meissner effect?
15
(b) Discuss some applications of super conductors. 5
8. Write short notes on :
(& Weiss theory of Ferromagnetism
(b) Effect of illumination on photo conductivity with and without concept of traps. 10
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ANSWERS

Axis. 1. (a) Laue Method for Crystal Structure Determination :

Experimental Arrangement : It consists of

() A continuous X-rays beam, well-collimated by a pin-hole.

(i) A single crystal held stationary at proper orientation relative to incident X-ray beam.

(hi) A flat film to receive the transmitted (or reflected) diffraction beam.

Wroking Principle : When X-ray beam falls on the crystal, the beam is diffracted. The
transimitted beam forms a series of spots on the film called Laue spots which are charac-
teristics of crystal structure.

Film A
X-ray - t )
beam | ‘ "’“*«C-?:._e-tl-_-' ”
Pinhole
collimator Crystal
holder Laue pattern
(a) (b)

Each spot in the Laue diffraction pattern corresponds to an interference maxima for set
of crystal planes satisfying the Bragg equation 2d sin G =###for a particular wavelength
selected from the continuous incident beam.. From. the position and intensities of these
spots, one can determine crystal structure i.e., the values of primitives a, b, c and the details
of unit cell of the solid.

Ans. 1. (b) Expression for Frenkel Defects in solids

Fenkel defects are dominent in” open-structures such as silver halides. Consider a
perfect crystal composed of equal. number of positively and negatively charged ions. Let N be
the total number of atoms, N; the number of interstitial sites and E. the energy required to
displace a cation from its regular position to an interstitial position.
The total number of ways.in which n Frenkel defects can be formed will be given by

N! NI
RN X T (1)
(N -n)int} (N, -n)!n!
The corresponding increase in entropy, from Boltzmann relation is given by
Nt N1
S = kylogW = kg log[{(N-n)!n!}x{(N,.-—n)!n!H 2
Internal energy, U= n E, .(3)
The Change in free energy F= U-TS
N N1
nE;, - Tky 1 ! .

‘ B ogH(N—n)!n!}x{(Ni —n)!n!H - (4)

Now we simplify logarithmic term

, N1 AN N, N1
Og{(N——n)!n! ALY (N—-n)!n!}+ Og{(N,.—n)!n!}
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= log N!-log(N - n)!-logn!+log N, !- log(N, - n)!- logn!
Using Stirling's approximations for large numbers, i.elogn! = nlogn-n

) N! ;!
We get , °g{(N _n)ln!}x (N; —=n)in!

= NlogN-N-(N-njlog(N-n)+N-n-nlogn+n

+N;log N, - N, —(N; —n)log(N, -n)+ (N, -n)-nlogn+n
= NlogN + N, log N; —(N -~ n}log(N —n)— (N, —n)log(N;, —n)-2nlogn
-~ In view of this, equation (4) for free energy gives
F = nE, - kyT[Nlog N + N, log N; - (N - n)log(N - n)~-(N, - n)log(N; - n)-2nlogn] ...(5)
In equilibrium the free energy is constant,

F o
on
Differentiating (5) w.r.t. n and putting equal to O, i.e.
E, -kgTx[~N - n)x T (~1)~ log(N =n)x(-1)(N, - n)x (N,.l—n) x(-1)

- log(N, —n)x(—l)—2nxl-—210gn] =0
n

= E, ~ kgT[log(N - n)+log(N, -n)-2logn] = 0
- E, —kar[bg“" ‘:QNN" '"’] -0
(N -n)(N; -n)
= E = kBT[log—__n—g_—— ...(6}
Taking n << N and n << N, we get
E; = kgTlog NIX"
n

= E.

t

ksT[log NN, - 2logn]

logn = llogNN,.— E,

= 2 2k,T
log _r_____E
= (NN,)'/? 2k, T
n — p-Ei/2kT
= (NN,)''2

n = (NN,)/?e™® /2k,T
This is the expression for the equilibrium concentration of Frenkel's defects at
temperature T.
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dwo

Ans. 2. (a) The group velocity v, = A

)
and Phase velocity ¥ =

2n
To obtain a relation between group velocity v, and wave velocity u, we put k = ~

so that
= do _f_ do
‘ d(?{f) 2n di (1)
Putting o = 2nv, we get
dv
v, =~ kza o (2)

Ans. 2. (b) Time Independent Schrodinger Equation=
Consider a system of stationary waves to be associated with the particle. Let###(r,t) be
the wave characteristic for the de-Broglie wave at-the any location r = ix + jy + kz at time
t. Then the differential equation of the wave motion in.three dimension in accordance with
Maxwell wave-equation can be written as
2 Py By Py 1P
10y or ——%+—-%+-—“2l+—7—% (1)
u? ox* ox* 9y° o0z° u‘ or
where u is the wave velocity.
The solution of equation (1) gives y as a periodic displacement in term of time i.e.

wir,t) = yoe™! -(2)
where ###, is the amplitude at the point considered. It is function of position r i.e. of co-

ordinates (%, y, z) and not-of time t
The equation (2) may be expressed as

V2w =

Wir,t) = vy (r)e™™ (3)
Differentiating equation (3) twice with respect to t, we get

%\t‘i = ~ioyy(r)e™™

62 ~ta

—5;;— = —wiyy(rje™"

Substitute this in equation (1), we get
Py By Py w?

bt —f = ——y
ENCIMPNCIP R .-{4)

a)-2nu———-21tu o _2n
= = = Y .{5)

V4 2
Py Oy Py
ax?  ay* oz°
using equations {5) and (6), equation (4) becomes
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‘ 4n?
v2w+7w =0 .(7)

So far we have ot introduced wave mechanical concept and so that treatment is
general. For introducing the concept of wave mechanics, we must put for De-Broglie equa-

tion.
h
A= —
o ...(8)
Sub. in equation (7), we get
4 2, .2 2
V2y + ",’l'; “v=0 9)
If E & v are the total and potential energies of the particle respectively then its
1 1
K.E.Eﬂw2 is given by -2—"1"2 =E-V

which gives m%? = 2m(E - V)
Sub. this in equation (9), we get
8 2
V2 + sz(E—V)\u =0
The above equation is called Schrodinger time independent wave equation. The
quantity ### is usually referred as wave function.
Let us now substitute in eq. (10)
h
h == ..(11)
Then Schrodinger time-independent wave equation in usually used form may be

wirtten as

..(10)

2
V’w+;’?—(E—V)\u =0 (12)

This is Schrodinger's_time independent wave equation.

Time-dependent  Schrodinger Equuation : Time-dependent Schrodinger equation
may be obtained by eliminating E from equation (12).

Differentiating. equation (3) with respect to t, we get

w
ot

!

—loy,(rle”

~i(2nv)y, (r)e (since o = 2nv)
[Using (3)]

- 2nivo(r)

2ME\|1 (since E = hv,ie., v = -fl—:)

iE i
[Using (11)]

[

|

|
<
-

., O
which gives Ey =ih=t .(13)

download all btech stuffs from StudentSuvidha.com



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

Substituting value of Ey from above equation in (12), we get

V2w+%':—l[ih%t£—Vw] -0

V2W = —?ﬂ[ha_w-.‘/w]

or n? | ot
h* _. ., oY
1 -—Vy+Vy = ih—
ie. om y+Vy 2t ...(14)
This equation may be written as
h? . Oy '
~—V24+V |y = ih—
( om + J‘V ot ...(15)

This equation contains the time and hence is called time-dependent Schrddinger
Equitation.

Ans. 3. (@) Limitations of Free Electron Theory :

The free electron theory has the following limitations

(i) Specific heat. The electronic contribution of-specific heat has serious disagree-
ment with experimental results.

The free electron theory could not explain-why the low temperature specific heat
should be dominated by the electronic contribution. However it is evident from experiment

that T correction to linear term is very definitely. dominated by something else, since the

simple Somerfeld theory for the electronic contribution to the T2 -term has the wrong sign
and is millions of times too small.

(if) Parmagnetism of Metals :~Experimental fact that the paramagnetism of metals is
nearly independent of temperature could not be explained by free electron theory.

(iii) Wiedemann-Franz law.: The ' Wiedemann-Franz law, consequence of free electron
theory, is obeyed beautifully at high (room) temperature and also quite probably at very low

: : N K
temperatures. At intermediate temperatures it fails and oT depends on temperature.

(iv) Hall coefficient :“Free electron theory predicts a Hall coefficient which at metallic

1
density of electrons has a constant value Ry = iy independent of temperature, relaxation

time or the ‘strength of the magnetic field. Although observed hall coefficient has this order
of magnitude, but they depend upon high magnetic fidd strength and the temperature (and
hence on relaxation time).

(v) The magnetic resistance : Free electron theory predict that the resistance of awire
perpendicular to a uniform magnetic field should not depend upon the strength of the fied,
but in almost all cases it does. In some cases (e.g. noble metals : copper, silver and gold) it
can be made to increase apparently without limit as the field increases.

(vi) Temperature dependence of electrical conductivity : Free electron theory does
not account the temperature dependence of electrical conductivity.

(vii) Directional dependence of electrical conductivity : In some metals the d.c.
electrical conductivity depends on the orientation of the specimen (if suitably prepared) with
respect to electrical field. In such specimens the current density J need not even be parallel
to the electric field E .
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Ans. 3. (b) Quantum theory of free electrons in one dimentional potential box :

Then assumptions of the theory are )
1. The metal contains a large number of conduction electrons which are not com-

pletely free but partially so, in the sense that though they are
not bound to any particular atomic system, yet are bound to the
metal as a whole. The interior of the metal is to be conceived
as a region of uniform potential with higher potential at the
surface much like the molecules of an ideal gas.

The potential function, according to this mode, is shown
in fig.

E, is the energy difference between an electron at rest
inside metal and in vacuum.

At absolute zero, all energy levels upto E, are filled and all higher ones are empty.

The work function, i.e., work required to be done to extract an electron from metal,
W = E, -E,.

2. The forces between conduction electrons and ion cores are neglected in the free-
electron appreximation, so that the electron whitin the metal is treated as free. The total
energy of electron is wholly kinetic energy since potential energy is negligible.

3. Due to their light mass and dense packing the electrons 'in metals may be consid-
ered as a gas under very high compression and hence to a deegenerate gas. Moreover as the
electron-gas is charged, the free-electron gas in metal may be regarded as dense plasma.

4. The electrons are assumed to obey Pauli's exclusion principle and hence they obey
Fermi-Dirac statistics rather than the classical Boltzmann statistics. The most important
characteristic of Fermi-Dirac statistics are the slightness of the dependence of distribution
on temperature and the occurence of zero point energy. The latter property is closely
connected with Pauli principle.

Assuming free electron within a metal (V,= O) and using solution of Schrédinger
equation for this case, we get the allowed energy values of electrons within metal are

Vacuum

En _ n2n2z2
2mL
and the eigen-function.is
Y, = gsinm
" L L
As electron can occupy two spin states, there are two 1
quantum states for a single electron, therefore density of .Ff
states for this case would be given by a
1/2
DE,) =22 - 2~i[ m J =
dE, nh| 2E, =

& - En
This result is plotted in fig.

Ans. 4. (a) Quarks : In 1964Gellman and G. Ziverg independently proposed that at strongly
interacting particles are built up of three new hiterto undiscovered particles called the
quarks. The quarks are assumed to have fractional charges, fractional baryon numbers and

spin 1/2 each. On account of spin 1/2, they obey Fermi-Dirac statistics and so they are
fermions. All baryons, antibaryons are compared of three kinds of quarks/antiquarks and all
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Originally three quarKs were proposed.

a up quark (u), a downquark (d) and a strange quark (s). Then three new quarks were
added to quark-family. They are charm quark (c), beauty (or bottom) quark (b) and truth (or
top) quark (t). The top quark (t) was first identified at Femi-lab in 1994and confirmed in 1995.

It was assumed that a proton is a combination of three quarks uud, while a neutron
is made of udd. a ## meson is a bound state of u and d while ### state is a bound state of d
and #. (@ is antiquark of quark u.)

Properties of quarks:

Isospin Baryon number| Strageness
Name | Charge T T, B s Charm|Bottom | Top
d -% % -1 % 0 0 0] 0
u +'§— -;— % % 0 0 0 0
s —% 0 0 ?13- -1 0 0 0
c -:2; 0 0 % 0 1 0 0
b —% 0 0 % 0 0 -1 0
t 2 o | o | 0 o | 1 |1

Gluons : In 1973 H.D. Poalitizerand F. Wilezek, which studying the properties of Yang-
mills theories of interactions among-quarks made a remarkable discovery that in many
circumstances, the effective” strength of interaction becomes weaker at short distances.
This implies that the interaction between the quarks become weaker at smaller separa-
tions.

According to this theory the quarks of a given colour create a field (called the gluons
fiddd) around them/so that they emit or reabsorb a type of hypothetical particles, much like
the emission and reabsorption of virtual protons by electrically charged particles. These
hypothetical particles are called gluons.

Properties of gluons :

(i) They have zero isospin (I = 0)

(i) The other properties of gluons resemble with that of protons, that is charge Q = 0,
magnetic moment m = 0, charge parity C=-1.

I (iii) Unlike electrically neutral particles, the gluons carry a type of charge called the
colour.

Ans. 4. (b) X-ray Deffraction Powder Method for Crystal Structure Analysis :

This method is used in crystal structure analysis to determine the various d-values
for the crystals of a given material.

A narrow beam of monochormatic X-ray enters a cylindrical chamber C through a pin
hole (not dit) P and falls on the powder sample (i.e., a collections of tiny crystals, compressed
in the form of a cylindrical rod) which is set along the axis of the cylindrical chamber. The
photographic film-strip F is put around the inner circumference of the chamber.

In the powder the million of micro-crystals have all possible orientations in space.
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When the collimated X-ray beam falls upon the
powder, for each set of d and n, there is a par-
ticular value of 6, which satisfiesBragg's equa-  ponochromatic
tion. For this value of 6, the beam appears at the
corresponding 26 deviation. As the parallel lat-
tice planes with a given spacing d and same
value of n and 6 occur in all positions arround
the axis of the incident beam, the reflected rays
produce a cone with a semi-vertical angle 26. For various sets of d and n, we obtain various
cones of rays. One such cone with a semi-vertical angle 26 is shown in the fig. which shows
pattern recorded on the photographic film.

If l is the distance between the arcs of the
same circle on the photographic film and R is the ( ((( ( @) )JD:
radius of the camera chamber, we have

1 1
29md=E or 9,\«,,1:’2—]‘?‘

Thus by measuring the diameters of these arcs (21) and using the radius R of the
camera chamber, we can determine 9.

Thus using the known values of ###, calculated values of ## and properly selected value
of n, the lattice spacind d can be deduced for a given crystal. For accurate determination of
#t, Z or ## must belarge. Moreover if | or ##islarge, the determination of d al so accurate because
for such values, ## varies rapidly with changes of d.

PART - B

X-ray beam

Ans. 5. (8) E-K diagrams :
The condition for existence of solution of Schrodinger equation for periodic potential is

sinaa

given by P-——a-a-—-+cos<xa = coska (1)
mV.b 2mE
where P h; with @’ = Pe
a’h? 2n
= 1 k = —
or E o with n

Equation (1) implies that an electron moving in a periodic potential lattice an have energy
values only between.allowed region for which left hand side lies between +1 and - 1. With the
help of equation (1) it is possible to plot total energy (E) of electron versus wave number.

The curve is shown in fig. The right hand side of equation (1) becomes+- 1 for values of
k given by

Hence the discontinuity of curve occurs for g = nx
a
The dotted curve shows the free electron parabola
hk?
2m
From the graph it is clear that the electron has allowed energy values in the region or
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n n
zone extending from k = -, © k = + - This zone is called the first Brillouin zone.
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Fig. Plot energy vs wave number for Kronig Penney Model

Ans. 5. (b) Hall Effect

Difinition : If a current carryign conductor (or semiconductor) is placed in a transverse
magnetic field a voltage is produced perpendicular to both the direction of current and the
direction of magnetic field. The voltage so developed is called Hall voltage and the phenom-
enon is called the hall effect.

Expression : The Hall voltage depends on the strength of the current and the magnetic
field applied. The Hall effect may be explained by the motion of changed particles in electric
and magnetic fields.

|
1t

Consider a conductor having rectangular cross-section and carrying a current (1) along
X-axis.

A uniform magnetic field Bis applied along Z-axis, it is found that a voltage is developed
along Y-axis in a direction both perpendicular to current (I) and mgnetic field (B). The
voltage applied along X-axis causes electric field along positive X-axis, which causes conduc-
tion electrons to accelerate along negative X-axis and hence they gain a drift velocity (vq)
along negative X-axis. In the presence of magnetic field, a magnetic Lorentz force acts on
the electrons given by

F, = q(z?de))
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Hence q =-ei, =i,i,B =Bk

F, = -e(-v,i)xBk = -ev,Bj
Clearly the magnetic force cause the electron to ac- -
celerate along negative Y-axis. Fy

These electrons are accumulated along negative Y-
axis; thus a potential difference is induced along Y-axis,
this potential difference cause an electric force on elec-

trons which oopposes the Lorentz magnetic force. The ac- _ Fm
cumulation process containues until the electron force 1 ~
(called the Hall force) balance the Lorentz magnetic force, o
Le.,

F, =F, (1)
If E, is Hall electric field, then F, =eE, w(2)
~. Equation (1) gives eE,, =ey,B (in magnitudes)
= E, =y;B -(3)

The current density J_ is given by
J, = -nev, ...(9)

where n is number density of electrons in m-3,
Dividing (3) and (4), we get

E, B B
g " he = Ey = ‘;;Jx ..(5)
Clearly E, « J B
the coefficient of proportionally is called the Hall coefficient denoted by R,. Thus
E 1
. R, = Ho - _
Hall coefficient H J_B ne ...(6)

P

Thus the Hall coefficient is defined as the ratio of Hall electric field per unit current

density and the transversemagnetic field.

Prove ¢ = pH: The mobility of a charge carrier (u) is defined as the drift velocity per

unit electric field , ie.,

Bo= ;—': = vy = uE, (7
Susbstituting this value in (3}, we get

E, = pE.B . ...(8)
From equation (6) E, = J,BR, ...(9)
Comparing (8) and (9}, we get

J.BR; = pE,B= pu = R}’;J" ...(10)

J
But -E"- = o, electrical conductivity
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Ey

From equation (8) H B = tan¢B ..(12)

X

E
where tan¢ = ‘EH‘, the angle ¢ is called the Hall angle and B is the applied magnetic field.

Ans. 6. (@) Langevin's Theory of paramagnatism :

The theoretical explanation for paramagnetism was given by Langevin using the
classical statistics of Boltzamann. He assumed that each atom consists of a permanent
magnetic moment m, and that the only force acting of the atoms is that due.to the external
field B. If agiven atomic or molecular dipole is pointing in a direction making-an angle ## with
B; its magnetic potential energy is, W= -m. B = -mB as## According to boltzmann's classical
statistics the number of atoms or molecules per unit volume having an energy in the range
Wand W+ dWis,

dn = Ce¥'*aw (1)
where C is a constant to be determined, k is Boltzmann constant.-and T is the absolute
temperature.

On differentiating the potential energy expression, we get

dW = mBsin0d6 .-(2)
Substituting the values of W and dW in equation (1), we get

dn = Ce™*** . mBsin6de ..(3)

Now we shall integrate this expression over all possible orientations, i.e., for 8 from O
to =, in order to find the total number of atoms.or molecules n per uit volume of the substance.

Thus,

n = Idn - _[ " Ce™ /¥ . B 5in 6.de
0
C = n
This gives, [ cemeee/ . mBsine.e .-(4)
o]

The component of each dipole moment parallel to. B is m cos 0, and so the resultant
magnetic moment due to all the dn atoms or molecules along the field is , dn m cos 6. The
intensity of magnetization I which is the magnetic moment per unit volume is thus given

by

I = Itm cos 8-dn
0
= CI: m? Be™***/*T . sinBcos0-do [using eq. (3)]
Jwe"‘Bwse/"T -sin6cosH.do
= nm’B-— , tion (4
I . e™°%/¥ . sin9cosh.do [using equation (4)]
J‘me"‘ame”‘r .sin®cos6.d6
= nm=>2

echose/kr sinfcos6.d ...(5)
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Let us write mB/kT = x and cos 6 = y, then equation (5) becomes,

I e”ydy x e
-1 -1
I=nm—7m——— = nm——————

J-+l e"ydy exy
-1 x .

nm[yi+i‘3 —l} = I [cothx - —1—]

e"-e* x x

where I, = nm represents the saturation value of ], ie,
when all the atoms or molecules turn parallel to the field.

A plot of the function I/ I, = coth x~1/x (which is known I 1.0
as Langevin function) is shown in fig. For large values of x, I
the function tends to unity, saturation being reached when s 0.5

all the atomic or molecular dipoles are parallel to B. For small
values of x the curve is linear and coincides with tangent to
the curve at the origin. For ordinary magnetic field strengths
x is small and we can expand coth x in equation (5) in'a

power series of x retaining only the important terms. Equation (6) then becomes,

1 x 1 X
I = I |l=+=|-== .=
s[(x+3] x] 3

_n-m’B
3kT and I; = mn
n-m? nm?u,H
or I = =
3kT 3kT

The volume susceptibility for a paramagnetic substance is thus given by

L wonm® _ mols
Yn =H = 3kT ~ 3nkT
. . A
Thus is same as Curie law AXm = F
o _ uo@
where Curie constant A= ==
3nk

Weiss-M odification in Langevin theory of Paramagnetism

____________

2.(6)

. mB
since x = —
kT

A7)

..(8)

..(9)

Weiss in 1907, modified Langevin theory of paramagnetism by introducing a new

concept of internal molecular field.

Weiss assumed that in a paramagnetic susbtance there must exist a molecular field
produced at any point by all the neighbouring molecules which is proportinal to the

magnetisation vector I, i.e,
Molecular field ## | = #H

Thus the actual field acting upon a dipole is the sum of the applied field H and that
arising from the presence of neighbouring dipoles, i,e., effective magnetising field may be

download all btech stuffs from StudentSuvidha.com



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

expressed as
H, = H+al ...(10)

assuming that the contributions of the neighbouring dipoles to the effective field is propor-
tional to the magnetic polarisation. This form of dependence is not self evident but was
chosen by Weiss because it leads to the desired form. The factor of proportionality ais known
as the molecular field coefficient.

Substituting (10) in (7), we get

uonm?(H +al) _ pol3(H +ad)

= 3kT = T ankT (since I, = nm) ...(11)
o 1 _ ponm*(H +alj
Volume susceptibility An = 0 aktH
2 2
Honm®  ap,nm
. _ .
l.e-) Xm 3kT 3kT Xm
1- aponm? ) ponm?
) Y 3T
ponm’
y - — kT _ 2 (wonm® /3k) A
" - apoan T aponm2 T-0 ..(12)
3kT 3k

Equation (12) represents required Curie Weiss law. The constant ® is known s Curie
temperature.

Ans. 6. (b) Magnetic Susceptibility :
In simple isotropic materials the‘intensity of magnetisation | is found to be proportional
to magnetising field H and parallel to it.

I H
or I=y, H

Where X, is demensionless constant and is called the magnetic susceptibility and is a
characteristic. of the medium, i.e, the magnetic susceptibility is defined as the ratio of
intensity .of-magnetisation (I) to the magnetising field (H).

Curie -~~Weiss Law : The susceptibility of a paramagnetic substance decreases with a
rise of temperature and is inversly propostional to temperature.

L
Ans. 7. (@) The London Equations :

To explain the Meissner effect in superconductors F. London and H. London in 1935
proposed a modification of the electrodynamics-equations. Two new equations have come out
of their work which, besides explaining the Meissner effect, also explain the observations
on thin films. These equations are known as the London equations. We now derive these
equations and see how far they are successful in accounting for observations on the
superconducting state

The assumptjon ﬁf zero r S|st|V|ty ]lea(% s to the acce ration_equat
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dv

mat- = -¢E (1)
as J = -nev where n is number of electrons per unit volume,

Lo A\ 4

dt dt

- _ne.(;eEJ .

m [using (1)]

dJ né?

= ==F
or at m (2

It must be mentioned that here only the superconducting electronstare under consid-
eration, and not al the electrons : as superconductor can be supposed as composed of both
‘normal’ and superconducting' electrons. The normal electrons behave like electrons in a
non-conductor, and thus are of no interest to use. Further, the conducting electrons are
being assumed to respond to electric field just as free electrons do.

Maxwell's equation of curl E is

B
CurlE =_a_t ...(3)
curlH = J. (4
Now, taking the curl of both sides of (2), we have with
2
cur]gJ—— =3 curlE
ot m
dJ ne’ oB
i curl — = -——
Using (3), 5 -
dJ
curl A—} = -B= -nu,H
or ( atj Ho
m
where A= e’ ..(5)

daJ
This is rewritten as from (4), we have —- = curl(H),

Equation (5} gives

curl(A%‘:—) = curlcurl(AH) = -y H ...(6)
As curlcurl (AH) = graddiv(AH) - V*(AH) and divH = 0
Equation (6) gives V3(AH) = p,H (7)
Integration of (7) with respect to time gives
AVQ(H~—H0) = po(H - Hy) .-(8)

where Hg is the constant of integration, and denotes the field at time t = 0. Now that

equation (8) is a direct consequene of the Maxwell equations and the acceleration equation.

Further, the currents gre considered as {:he nly intetnal spurce of magnetic field in this
ownload all btech stuffs from StudentSuvidha.com
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discussion; no magnetisation as such hasbeenintroduced, and B istaken simply equal to ####,H.
Let us now pay attention to the fact that the equation (8) admits the particular solution
tells us that we cannot have frozen-in fields. We conclude that (8) has more general solution
than nature allows in superconductors, and thus needs a slight modification before it can
be of considerable use in the description of behaviour of superconductors.
According to F. London and H. London, we should eliminate Ho. Thiswe do by abandon-
ing the acceleration equation, and taking instead

mJ
Curl(/\“n—eyj = —oH (9

as the fundamental equation in a superconductor.
Proceeding again as before, we now obtain

T_VH = pH ..(10)
ne?

Note that this does not admit a constant fidd as a solution. Thus (9) is the correct
starting equation and not (5). A dlightly different form of (9) is called-the London equation.
This form is obtained by introducing the vector potential A by the definition curl A = ###H :

ne’
J m A (12

This is the London equation.

Explanation of Meissner Effect: Let us now see how the London equations lead to the
Meissner effect and the flux penetration through.thin films of superconductors. In the
treatment we shall assume that we neglect the effects of the normal current (which is avalid
assumption only at low enough temperatures) and also that we are dealing with frequencies
which are low enough that we can neglect the effects of displacement current. By one of
Maxwell equations, we can then write

curlH =J ..(12)

After taking curl, we obtain
curl curl H = curl J

grad div H-V’H =curl J

as divH= 0 -(13)
-V°H =curlJ
Then, using the London equation (11), we obtain
V’H = %fl—c urlA = I‘——(uom .(14)
m 1/2
Or, putting A= [uon82]
VH = p-ﬂ .(15)
Equation (15) is a simple differential equation which has the solution.
H =H** ..(16)

where x is the distance from the surface measured into the specimen and H, is the field at
the surface. We may note that the solution (16) agrees with the expenmental observation
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that thefield does not drop to zero abruptly at the surface, but runsinto a certain region below
the surface over which it gradually decays from the constant value Hy at the surface i.e, fied
penetrates in the specimen. The thickness of the penetrated region is measuredby##; a
typical experimental valueof##.in a metal aa OK is 500 A. The Meissner effect is also
accounted for as the specimens having dimensions much greater than### can be considered,
with good approximation, as if they have###= 0, i.e, the ones in which the field has not
penetrated at all.

Ans. 7. (b) Applications of super-conductors :

() Superconducting electromagnets that carry large resistanceless current and there-
fore produce large magnetic field (=5-10 Tesla) can be constructed if we usesuperconducting
wire for magnet windings, currents of the order 100 amperes can be carried by very fine
wires. Thus small-size magnets can be constructed.

(i) Superconducting cables can be used to transmit electric power over long distances
without resistive losses. This would be economical, however, if the cost of keeping the cable
below its critical temperature T.is less than the value of the power that.would be lost using
ordinary cables. Materials are now available having T.= 20 K.

(i) Because superconductors are diamagnetic, they can be .used to shield out un-
wanted magnetic flux, as in shaping the magnetic lens system of an electron microscope.

8. (@) Classical Theory of Ferromagnetism
Introducing the idea of domains Weiss exactly made the same assumptions for classical
theory for ferromagnetism as for paramagnetics given by relation.

Hi= H+ beadd (1)

When the molecular fidd coefficient a is positive, the possibility of spontaneous
magnetisation of these domains arises even in-the absence of external magnetic field. The
value of such a spontaneous magnetisation due to internal molecular field may be found by
putting the external field H to zero in.the above relation. This relation can also determine
the condition for spontaneous magnetisation.

Since the domains are assumed to-obey the general theory of paramagnetism,

I 1
Z = Cothx—; (2)
_ mB, _ pymH;, _ p;m(H +al)
where YT T TR T kT -(3)

Since the dipole aligning force H; = (H+ al) depends partially upon the degree of
alignment (magnetic polarisation) already prevailing, any increase in magnetic colarisation
will result’in an increase in the aligning force, which in turn, will result in an increase in
the magnetic polarisation (or magnetisation) etc. In short a cumulative effect is to be
expected. In_this way magnetisation once induced, could occur without the application of an
external field. Let us now investigate the conditions under which such spontaneous
magnetisation could take place. When the applied fiedld is H = 0, equation (3) reduces to

m* II
x = ST s ety -(4)
Since I, = nm
Equation (4) may be expressed as
I nkT
A TW S .(5(

s
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Equations (2} and (5) constitute a pair of equations T '
which may be solved simulataneously for two variables I/ /1) ;
and x. The solutions are most easily obtained by graphical s PN GY
method, as shown in the fig. represent the curves corre- i
sponding to two equations (2) and (5); equation (2} gives the /

Langevin's curve 1 while equation (5) gives a straight line i 2)
2 passing through the origin whose slope equal to
nkT T / | .
‘a_"“o 2 increases with T. fo. —
The curves (1) and (2) intersect at origin O and at another point A, so thatthe solutions are

I
1. =0 or AP.
)

But I/ls = 0 cannot be a true solution, since there is spontaneous magnetisation by
supposition. Hence the only correct solution I/l = AP, i.e., a non-zero point of intersection
of two curves.

As the slope of the straight line curve (2) increases with T,.if this slope coincides or
becomes greater than that of tangent at the origin to.the'Langevin curve, ten there will not
exist a non-zero point of intersection of two curves; hence the spontaneous magnetisation
will not occur. On the other hand, we know that the-slope of the tangent at the origin to the
Langevin curve is 1/3, since I/l = x/3, whenx is small.

From these considerations, the condition.of stable spontaneous magnetisation may be
expressed as

nkT 1
7<%
apels 3

. a“olg
Taf—2 2.
ie., Ik

But au,l?/3nk = ©, the Curie point; hence T = ©.

Hence below Curie point ® a state of magnetisation is possible without an applied field.
The degree of spontaneous magnetisation depends on the temperature approaching the
saturation value as the temperature approaches absolute zero, since the non-zero point of

intersection will take plce at
/I, =1 for x = yymH/kT — infinite when T = O.

It may be noted from the relation © = auyIZ/3nk that the absolute value of © is

greater if the magnetic moment of domains (I) andmolecular field coefficient o have large
values. If @ is greater, greater will be the transition temperature. Incidently the Curie
temperature for ferromagnetic eements Fe, Co and Ni are 770°C, 1131°C respectively. Above
the Curie point ©® the spontaneous magnetisation no longer occurs and ferromagnetic
properties disappear and the substance becomes paramagnetic. At temperatures, not to near
the transistion point the Curie-Weiss law is obeyed as already shown in preceding section.

_ A
T (T-9)

The chief drawbacks of Weiss theory are that (i) it could not explain why and how
internal fields between the molecules of ferromagnetic materials possess such large values,
and (ii) why the linear relationship expressed by Curie-Weiss law breaks near Curie point.
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Ans. 8. (b) Effect of illumination on photoconductivity with and without concept of trap:
We consider a crystal with N electron traps levels per unit volume. Supposing then that
the temperature is sufficiently low in relation to the relevant ionization energies so that the

dx
concentration of thermal carriers may be neglected, we modify (Et_ = L-AnP = L- An2j as

% = L-An(n+N) 1) Empty conduction band

Where n is the elt.ectro.n. concentration in the R [ —
conduction band. For simplicity, we have assumed Trap | Trap
that the propertwnah@y cqefﬁment A is the same for Trap mbinatior
electron-hole recombination as for electron traps tre
capture, and have omitted the effect of thermal ion-
ization of carriers from traps back into the conduc- Trap
tion band; this effect would have added a term B_to
the right hand side of eqn. (1) . In the steady state, we Trap Trap
now therefore have

n, = (ng+N)=LJ/A (2) : ——
Now it is usually difficult to grow crystals with

trap concentrations N much less than 10cm™3. Ac-
cor_dmgly, we may discuss two limiting cases, one in Fig. Influence of Traps in electron-
which the carrier concentration n, may be very much

' 0 hole recombination
less than this, perhaps only 10%® or 10!° cm™3, and

another in which it is very much greater. The former case holds at low levels of illumination,
and the latter at high levels of illumination. Thus, in the limit n, << N, we have

n, = L/AN .-(3)
L 1/2
ineq. Ny = (Z) . The photocurrent is now directly proportional to the illumination level
L, which is in fairly satisfactory agreement. In the limit n, > N , the response is given by
n, = (L/A)"?, .-(4)

just as found earlier in the absence of traps. The experimental results act to confirm this
change in the response with illumination level.
The decay of the carriers on switching off the light is given by

n+N_ n,+N

log log - = NAt ..(5)
obtained by solving (1) with L = 0. In the limit N > n,, it reduced to n = n, exp (-NAf), and

so the time for the photocurrent to fall to e! of its initial value is
t, = 1/NA ---(6)
Just compare this result with the earlier result eq. ¢, = 1 = (LAYY? = ™ in the
L
0
absence of traps - the presence of traps reduces the response time. Also, note the reduction
in photoconductivity from (4).
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