shared on Student Suvi dha. com

Dec 2009
Paper Code: PHY-102-E
Figures in the bracket indicate full marks.

Note: Attemt any five questions, selecting at least two questions from each part.

PART-A

Q.1(a) Explain clearly the concept of Miller indices. Deduce formula for the distance between
two adjacent planes of a simple cubie lattice. (10)

Ans. Miller indices: In crystal structure analysis it is more useful to specify the orientation ofa
piane by another set of three numbers called “miller indices™ which are obtained as follows:
The lattice points forming a space lattice may be thought of as occupying various sets of parallel planes.

(i) Take any atom as the origin in the crystal and construct co-ordinate axés from.this atom in the
direction of crystal axes a, b, ¢. The axes may be primitive or non-primitive.

(ii) Find the intercepts on the axes a, b, ¢ in terms of lattice constants.

(i1i) Take a reciprocals of these numbers. If fractions result, reduce them to smallest three

integers, by multiplying with lowest coramon denominator. The result isenclosed in brackets (h & [)and
called Miller indices.

numbers are The smallest three integers having the same ratio are 2, 3, 3 and thus the

(233 2

pd | =

11
o 312
miller indices of the plane an

Li ]

I
Fig. Plane for determining “Miller indice™.

miller indices is a §ystem of notation that denotes the orientation of the faces of a crystal the
planes and directions of atoms within that crystal,

Simple Cubie : In this structure the aloms are situated at the corners of cube touching each other
along the edges. The co-ordination number of cubic structure is 6. Each atom at the corner is shared by
eight cubes 50 that number of atoms per unit cell will be one. The volume occupied by the atom in the unit

cell is %m’. where r is the atomic radius and is equal to &/2, a being the cube edge. Volume of the unit cell
is a’. The packing fraction

3
f= L:’":i""i = /6=52%
Q.1(b) Show that the number of Frenkel defects in equilibrium at a given temperature is

proportional to NNI% +where N and N, are number of atoms and interstitials respectively. (10)
Ans. Refer Q.1 (b) trfp.lper Deec 2008,
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Q.2 (a) What is the difference between phase and group velocities? Show that the groap veloaty
associated with wave packet is equal to the velocity of relativistic particle. (1
Ans. Difference between phase and group velocity phase veloeity : When a single wave ofa

definite wave lengths travels in a medium, its velocity of propagation in the medium is called the wave
velocity or the phase velocity.

@
Phase velocity(v) = ?

Group Velocity: When a number of wave of different wavelengths are moving with differeat

velocity in a medium, and this is the velocity of wave packet formed by the waves, this s called the group
velocity. Group velocity is less then the phase velocity.

’ der
Group velocity(v)= Tk

Relation between phase velocity and group velocity:

n
putk= T in group velocity, we get

putting w = 2mv, we get
=1l dv
Y

di
we know that,
ar
the phase velocity (u}= -
o = ku

k. o
put wm= T“ in equation (i)
"J“i[ﬂ)
VS T2 dal A
] LE&]
= ’1[1"".141
du
y=y=-Ad—

di ;
The above equation shows that group velocity v is smaller than the phase velocity . In the absence of

du
ﬂwhmqndimw:haw i 0
v =u

20
Thus for a non-dispersive medium the group velocity is equal to the particle velocity.
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Q23 (a) Derive Richardson's thermoionic emission equation. (15)

Ans. Richardson Equation : In Richardson Equation first to calculate n{p,). This quantity is
given by the product of the number of possible states of momentum p, per unit volume and the probability
that an electron is in each state. The probability factors is given by the Fermi Dirac distribution function,
and the former factor is calculated as follows:

Now it is shown that number of states per unit volume with energy between E and E + dE is
2m

L
= ] E"'dE

s |
INE)E -_h,[

-

using E = f_m and dE

p ; . ,
— dp., we can write the number of states per unit-velume with
m

momentum between p and p + dp as

iy
1 (2m g p
Dip) = dn? [ir ] [E;.r'] ;‘&I
2 ;
or Dip) = h—fp’ﬂp i)

This is the momentum values of p in any direction whilewe want momenta in x—direction only.
Wewant to calculate the number of electrons nlp, Jwhich have the momentum lying in rangedp, atp, when
p,and p, are arbitrary. Thus we construct a plot in.*momentum space’. such that each point representsa
particular combination of the momentum companentsp p, and p, with

p = \prem or

This will be a spherical shellwith radius p and thickness dp. This shell would contain all the
states witn momentum between p 3nd p + dp. In other words. the number of states in volume element
dnp’dp (volume of the shell) of momentum space is D(pldp. as expressed by equation (i). The number of
states in the volume elements dp, dp, dp, is given by

Dip)p
Dip, p.p,hdp, dp.dp, = 45 50ap . ®,

8x p'dp
= mdpr '-#’.j dp:

2
Dip, p, p,)dp, dp, dp, = 7% %, %P i)

This gives the number of states per unit volume with monentum companent in the x—direction
lying between the values P, and p,+ dli. and similarly for P, and P, The number of these states which is
occupied by electrons is given by

2 d'.':. n&n dp,

W'hw:l.’tmlﬁ l:,}‘k.'l.']ﬂ.:mh:F:rmn Dun:fmnlm
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This is the number of elecirons occupying stales with momenta Hmp;-ﬂ, +

p,+dp,.p, and p, +dp,. The number of electrons pcruml.\-ﬂumthmngmm'nmm valvesp, ud,. #‘_
in :-dtr::tlm is given by

B dp, dp, dp, \
n(pJdp, = k‘-'dp'_[:_-[ expl(E-E, ) k,TI+1 i)
Now, since only those electrons which have energies greater than E,. can be emitted. we should
consider the integrand E> E,, i.e. E, - E,= ¢ >>k_T for all metals at temperature below melting point, the
term unity in the denominator of the integrand may be neglected. Putting,

| ~
E, = 5= +r+p)

2m
Equation (iii) becomes
g == b
nip dp, = Fd’”'j jf “' e dp, dp,
g +ple

2 = = 2 [E

ek g A )
Fo [ X i e

2 Fpoif - p e 1 T _Pf‘*{’:
= 'IrI_;dP:t E }- {E\T’[ ..'I'J'-kHT }#ﬂ dpr

The integrals are standard integrals and have values 23mh T each.
1 3 . T r
o p, = e ([T

4!‘[Mkh-lr ‘-.!Iu"l". #r lei gl '#,.

'
Mow we know that
P
= = [ sy, e,
-5
Putting this value in@quation (iv). we gcl th: emission current density
tAamk, T
J = ﬂl h‘! Ir T' '.'Fldr"l
” pi " o
alsowriting e = E, +¢and p dp, = md}
e _I--I-rrmiT £ AT AT T g
o - _l:'_"il'hl'l-*.r mj'rildi

m Ok

Ammek;
§ = ST b
) = AT g e
Equation(v) is called Richardson- Dushman equation. The quantity A is the emission
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drmek,
I = |20« m‘amp’ml...d,qm

Q.3(b) At what temperature we can expect a 10% probability that electrons in silver posses an
energy which is 1% above the Fermi-energy. Fermi-energy of silver is 5.5 V. (5

10
Ans. Given data: fie) = 1% = ﬁ=ﬂ']'$' = §5.5eV

1
E = Ep+—L,

100
1 . 4 -1
= g-¢g = ﬁﬂiﬁﬂ =0.0551 =0.055=1.6x10""J.
Subsitituting these values in Fermi-function expression
I
= 0l =

14 exp| 2033x1.6x 10"
Pl 13sx10™1

637.7 63717
o ""-‘“F( ] =10 = :xp["r_‘ =9
637.7
— = ln$
T
T = 637.7 ’63?.? =990 311"
iy 2193
Q.4 (a) Discuss Laue method for crystalstructure determination. {10y

Ans. Refer Q. 11a) of paper Dec 2008.

Q.4 (1) Derive the expression for conductivity of metal on the basis of Drude-Lorentz theory.i 10)
Ans. Refer Q. 1(iii) of paper May 2008.

Part-B
Qi (a) Discuss band theory of solids and explain the !:nrm:iim of band. ‘ ot 15)
Ans Dand theory of solids: The theory certainly explains sev eral r:zl-:dr.mn.l. pf.w,._ﬁ of metals
there are several other properiies ol solids for which the Irec
aes not help to distninguish between 3 metal and an
emperatures may be of the order of 10 echm-metre

e.£.. specific heal, paramagnetism elc.. yel ;
electron model helps in no way. For expample it d
insulator; the resistivity of a good conductor at fow |
and that of a good insulator may be as high as 10° ohm-metre. Further the theory does not explain the

o o adified.
behaviour of semi-conductors. T herefore the free clectron theors must be modifie

We know that the electrons revolving around the nucleus of an isolated atom posses energ)

s available in these energy levels. Due e
states Is. 25 2p. .. and they occupy the quantum slaies ava g

periodicity of lattice, each atom s in the electrostatic lield of the neighbouring atoms. Consequently the
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energy levels of an individual atom loose their validiy. If the crvstal contains N-atoms, then)
interacrtion between the atoms, each discrete energy level in an individual atom splits into
sub-levels. An N is very large (N = 10%cm’), the separation between sub-levels is very small so that

dence levels are almost continuous and are said to form an energy band. These energy bands are
general, separated by regions which have no allowed energy levels. These regions are called fi
bands or energy gaps or band gaps. In some crystals, the adjacent energy bands overl ap. The num|
levels in such a marged band is equal to sum of the number of the levals into which both levels of i}
atoms split up. Moreover the amount of splitting is not the same for different levels. Those filled up by '
valence electrons in an atom are disturbed most, while those filled by inner electrons arew disturbed onl;.

slightly.

et

%%

ERGY
e Frrrrera Band

Fig.

The energy bands in a solid arise iffiee -:f-:cl.rm theory is extended to take into account they
periodicity of the ervs1al lattice. These bands correspond to the energy levels of atomic electrons. An
electron in a solid can have only those energies that fall within these energy bands. If the energy bands
in a solid overlap. the elecirons have a continuous distribution of allowed energies. The energy band
structure of a solid and the occupation of energy hands by electrons determine the ¢lectrical propertics of
tha solid.

Q.5 (b) Discuss eMective mass of an electron and its physical significance. i

Ans. Refer QUB(1i) of paper Maxy 2008.

Q.6 (a) Derive the London equations and discuss how its solution explain Meissner efTect{15)
Ana. Refer 0.7 (a) of paper Dec 2008.

Q.6 (b) For a given specimen of a super conductor, the critical field are 47=10°

and | 2% 10" amp/m for 14k and | 3k respectively. Calculate the transition temperature. (5)
Ans. Givendaa:T =K. T,= 13K
Critical lield at temperature T, (e, )= 1.4x10"47 Af
Critical field at temperature T, ( He, ) = 4.2x 10" A/ M

We know that,
1
" = u.,[l-[l] J
L)
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Thuva thevritical field at temp T, or 7 are

i 1 _1
Hq -H‘[%IL]

2_m2
s [EoT
?:I —lﬁ.}
(iVlde equation (i) by equation (ii) we get
ﬂ— = -i-—-l—-T! _TII m
Hc’ ] T‘l‘ _T;J‘ —l-}

Putthe valueof T, . T, | He, and He, in equation (iii)
14x10° T2 -14

42x10° T'-13
Transition temperature (T)=14.5K Ans.

d;? (a) Derwve an expression for Bohr magaeton. 13)
Ans. An alom consists of a positively charged nueleus at its centre and negatively charged
electrons circulating around the nucleus. Each circulating electron produces ¢lectric current. Hence
revolving electron is equivalent to a current loop which produces a magnetic field. Therefore, an atom is
equivalent to a magnetic dipole. We now calculaté the magnetic moment due to orbital motion of the

clectron.

—Charoa _2
Timanariad T
If vis speed of electron in circular orbit of radiug r. then

Current produced due to an electron, { =

i ’ 2ar
Time period - —

| e e |

Current i axriv 2ar =i}
Magnetjg moment due to orbital electron
(43 s aTr

- =—x{TF j=— T

M= iA 2nr 2 Aii)

From Bolir's condition of quantised orbits. angular momentum of electron,

nh
L (= WI-E.H =l21...
Whera mis mass of electron,

-'.. w -

1h

1xm
Substituting this value in equation (ii), we pet
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Thus magnetic moment due to orbital motion of electron is always an integral multiple of _‘;"n T

quantity forms a natural unit for magnetic moment due to orbital motion and is called the Bok

drm
magneton.

Q.7 (b) Show that magnatic susceptibility of diamagnetic substance is independent on
temperature, on the basis of Langevin theory, (15

Ans. Classical Theory of Diamagnetism : The usual derivation employs the Larmor theoren
which “states that for an atom in a magnetic field the motion of the electrons is, to the first order in B. th
same as a possible motion in the absence of B except for the super postion of & presession of th
electrons,” with angular frequency

o, == = i

where w, is called Lanmor frequency.
Larmor Precession : The precession of magnetic dipole moment p in amagnetic field is equivalent oth
precession of angular momentum L about B. The equation-f niotion of vector L precessing about B, is

B
dt
where tis the torque p, * B, which the field B exertson the dipol
dL '
- — o
X & (TREg &}
e
Now we know thatp, = ~| 55 L
dL (s )ixn
dr 2imt
This represents the presessiongl motion-of L and Bw ith an angular frequency
<8
W = "

known as the Larmor s [requency. &
If the figld is applied slowly. the motion in the rotation reference system will be the same as

ariginal motion in the rest system before the application of the filed. The Larmor presession of = electrond

is equivalént 1o an electric current, given as
1 = charge = revolulion per unit lime
| ef
| = [=ze) [;EJ
tic moment p of a current loop is given by the product of the current and area of the loof

or

The magne s S
If+a" is the radius of the loop, then its arca is ma’, thus

ell
W= i'I_HI[!nr'.'-'ﬂl'l]"'”'IJ *

0 |
T -f,_"E-:a'}
or 4m
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where <a'> is the average radius of the electron from the field axis. If field is in z direction, then
<> = <yl oy
The negative sign in equation (ii) indicates that the induced magnetic moment isalways in opposite sense
to that of the applied field. The mean square distance of the electrons from the nucleus is
<p> = <xl>+<yl>+ <zl
For a spherically symmetric charge distribution, we have
<x'> = <y>=<z> guch th~

I:r"} = —-{l"}
2

Putting in equation (ii) we pet

_x82 <rl's
" dm 3
»>'B o
or p= - <r'> i}
e
If N is the number of atoms per unit volume, the M= Nu so equation (iii) becomes
=Net
M= - f'gcr’:- where B=p H
fm
=
- Bl s
6m
A o N.‘,’E'J ¥
e — e < r e
e Ya ° g fim

This is diamagnetic susceptibilins and is classical Langevin result. The above result shows that the
diamagnetic susceptibility is directly proportional o the atomic number. I lsindm:ndfn: of Iv::mperal*:lre.
As the induced manetic moment oppose the/applied field, the diamagnetic susceptibility is negative,
Eurther < r*> can be calculated by knowifigthedétails of the wavefunction for all the clectrons in the atom .
but can be taken approximately of the arder of th first Bohr radius.,, for most materials is of the order of

10 and is a small effect.

Q.8 Write shortnote on the following:
{a) Hall effect, B i
{b) Conceptof traps and its effect on photoconductivity. . . . (20)
Ans. (a) Hall effect : In a current carrying conductor tur_ scm.u:mdu:im is place in altram_:l.'urse
magnetic field a voltage is produced perpendicular to both the direction of current ;m:t the direction of
magnelic field, Thevoltage so developed is called Hall voltage and the th“f:lf"“" Ili t‘ﬂlllf-d the Hall
effect, The Hall voltage depends on the strength of the current and the magnetic ﬁelfl applied. The Hall
effiect may be'explained by the motion of changed part icles '"II electric and I'“IETH-'“'F ficlds. "
Consider a conductor having rectangular cross-section and carrying a :urr:r:nl (N along X-axis.
A uniform magnetic ield 8 is applied along Z-axis. itis found that a voltage is developed along ) -

axis in a direction both perpendicular to current () and magnetic ficld (B8). The volage applied along

X-axis causes electric fickd along positive accelerate along negative X-axis ond hence they gain a drift
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wvelocity (v ) nlong negative X-axis.
Probe wmached 1 fee?

A

r

durectem of gormmer Pow

g I
s probe atteched to face |

Fig: Geometry of Hall effect in a rectangular slab

{b) Concept of traps and its effect on phnmca:nducnnr_\v: A trap¥aan gmpurity atom or othe

imperfection in the crystal capable of capturing an electron or hole, thewanturad carrer = b re-emitted

at a subsequent time and may move 1o another trap. It s convensen® toliRaes madels in which the hole
are entirely trapped and a fraction of the electrons nominalviRibe eofductin band are trapped at amy
instant. There are two types of traps. distinguished ciyhc basis B therr operation One type el
clectrons and holes 1 recombine and thereby assists indfic /8y ool on
of traps are known as recombinaticn centres. In thélprotercs of traps recombination procecds 58 modh
higher rate. Second type of iraps does not contribute difectls in 20 important was 1o recombination. b
ctlects principally the freedom of motion of ghifpe Carriers of one sgn or the cther This feature of rage
is shown in Fig. below,

{ thermal equalibroam. This type

Empty Comuction bard

Fig. : Influence of traps in electron hole recombination
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or E, =2kTlog [@]
W-n)_ | &
= %7
if n<<N, then ¥ - n=N, sothat
3
=N i
0Q.2. (a) What is Plank’s constant? Discuss its importance. (8}

Ans. Plank’s constant: The energy of black body oscillator of frequency v cannot vary conlinu~
ously but is limited to discrete set of value called quantum. This quantum of radiation is called *photon’.
Each photon has energy proportional to the frequency of radiation.

ieexy ;

Here & = photon enerev

v = freghencyol racianian

e = v

Where k is universapgon=tant. calledplank’s constant.

Importance; Io plank’squamum nypothesis plank’s constant led to the impertant conclusion
that radiation is not emitted in contifibous fashion pur in niscrere packets or energy equal to /v, These
packets of energy are called quanta or photons. In other words, it states that exchanges of energy
between radiation and matter can not take place continuously but in discrete set of values. It may be
remembered that photon nature of radiation regards that radiation exhibits a wave phenomenon but its
energy contents are given in the atoms in the form of quanta. If the photon is regarded as particle of

radiation, then we should find out its enérgy, mass, momentum eic.

Q. 2.(b) Derive time independent Schrodinger wave equation for a free particle. (12)
Ans. Time independent schrodinger waveeq uation for a free particle: The schrodinger equation
can be expressed as the function of Spatial co-ordinates and a function of time. Consider a system of
stationary waves to be associaled with the particle. Let (r, f) be the wave characteristic for the de-Brogle
wave at any locationr = ix + jy +kz at time t. Then the differential equation of the wave motion in there
{imensions in accordanee with Maxwell's wave-equation can be written as
H H H
ie, s fo ':T% ur%%;-f**%-%;—?. i)
where u is the wave velocity.
The solution of equation (i) given a3 a periodic displacement in terms of time, £. .,
yir = v,e~ i)
- where y, is the amplitude at the point considered. It is function of position r i.e., of co-ordinates
{x,  2) and not of time 1.
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The equation (ii) may be expressed as
v o= v, (e (i)
Differentiating equation (iii), twice with respect to f, we get

% - iy r) e

ﬂ.l'ld. % - _“F "ﬂ'["‘:'
Substituting this is equation (i), we get
4] Vi ]
But ' w= 2nv
2w
o
@ in

Le., : - T ...{1’]

&y dy @
s, o3
e m - i 0
Using (v) and (vileyuationray) becom
g :
Viw v o ~Avii)
So for we havenot introaucen witve mechanical dancépt andsothartreatment is general.
For introducing the concept 01 wave mechanics, we must put for de Broglic equation

h
> WL -.wif)
Substituting in equation (vii), we get
411*-'!’ |
V= —v =0 )
If Eand ¥ are the total and potential energies of the particle respectively, then its kinetic ENETEY
1
Em-’ is given by
1
—m -
1 E-¥,

which gives miv!=2m (E - ),
Substituting this in equation (ix), we get
Vig+ %{E- Viys= 0

%)
The above equation is called Schrodinger time independent wave )
usually referred as wave function. equation. The quantity ¥ it
Let us now substitute in equation (x),
¥l
n’ )
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Then the Schrodinger time-independent wave equation, in usually used form, may be written as
o i
Vig+ T (E-Vy=a (i)
This is Schrodinger's time independent wave equation.

i
%

e

Q.3.(a) Discuss the motion of free electron in a periodic potential and discuss. Fermi-Dirac
distribution function. (14)

Ans. Motion of free electron: The valence electrons of all atoms of the metal move about frecly

through the volume of the specimen. The valence electron of atoms are responsible for the conduction of
electricity b the metal and for this reason these electrons are called conduction electrons, The conduc-
tion electrons move about inside the specimen without any collisions, much like the mole€ules of an‘ideal
gas. The forces between the conduction electrons and ion cores are neglected in the free electron approx =
mation; all calculations proceed as if the conduction electrons were free to moveseyery where within the
specimen. The total energy is all kinetic energy; the potential encrgy is neglectéd, However, the free
electron gas in metals differs from ordinary gas in some respects. First (he free electron gas is charged
while the ordinary gas mclecules are mostly neutral. Second the coancentration of electrons in metals is
large than the ordinary pas.

Fermi-Dirac distribution function: To discuss the effect of temperature, it ig clear that at non-
zero temperature, the distribution of tilled states would not end abruptly, rather some states below £
would be emepity and some above it would be filled. E. F:_rmihas shown that the prnhﬂhi[_it:.fthat a particular
quantum state of energy £ is filled is given by the functian, called Fermi-Dirac distribution function

I
U= o TE=En) KT +1

where E_is the Fermi energy. Fig. shows the plot of this functi ;

tureincluding zero. Particles which obey Fermi-Dirac statics, having halfintegral spin,
FE}

on for several values of tempera-
are called Fermions.

o g £ —D

Fig. Fermi distribution function at difterent temperatures

(6)
per unit energy range. [t is

Q. 3.(b) What is density of states? Discuss briefly.
: Ans. Density of states: The density of states is the electronic stales
by D(E).
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