
B,E.2nd Semester Examination December-2007 
Paper : PHY-102-E 

Time Allowed : 3 hours] [Maximum Marks : 100 

Note:- Attempt five questions in all, selecting atleast two questions from each part. 

PART-A 
1. (a) Define the terms : 

(i) Space lattice, 
(ii) Unit cell and 
(iii)Packing fraction. Decribe fcc and hcp structure. Calculate c /a for a hcp structure. 

12 

where n1 and n2 are integral values which represent the number of lattice point along 
PA and PB axes, a and b are called the primitives. 

A primitive cell is a type of unit cell which contains lattive points at the corners only and 
is a minimum volume unit cell. In the fig. unit cell is also primitive cell. 
Ans. (iii) Packing fraction : 

The packing fraction is defined as the ratio of volume occupied by atoms in unit cell to 
the total volume of unit cell, i.e., if v is volume occupied by atoms in unit cell and V is the 
total volume of unti cell, then packing fraction. 
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Beryllium, magnesium, cobalt and zinc are among the elements with hcp structures. 
Fee Structure : In a face-centered cubic (fee) structure, also called as cubic close-packed, 

the sequence repeats itself every three layers, instead of every two layers. Copper, lead, gold 
and argon are examples of close-packed fee structures. 

Calculation of c/a for a hep structure : The space lattice is simple hexagonal with two 
identical atoms associated with each latice point. One atom of the basis is at the origin 

1. (b) What is X-ray diffraction? Describe briefly Laue method for crystal structure 
analysis. 
Ans. X-ray diffraction : X-ray diffraction was first concveived by Von Laue in 1912 and 
susbquently tested by Freidrich and Knipping who demonstracted that a X-ray beam passing 
through a single crystal was indeed broken up into a collection of diffracted beams. Our 
immediate goal with the diffraction of these rays by crystals is only in connection with the 
direct exploration of the interior of the crystals, that is, in connection with the fixation of the 
positions of the atoms on the crystal lattice, the measurement of distance between atoms 
and the associated internal symmetry. Such a study is possible because of the fact that the 
intensites of the diffracted beams and their directions are related to the atomic arrange­
ments in crystal. Thus, measurement of their intensities and directions would provide the 
desired information about crystals. 

Laue method for crystal structure analysis : 
Please answer 1(a) December 2008. 

2. (a) What do you understand by group and phase velocity? Explain. 8 
Ans. Phase Velocity : When a single wave of a definite wavelength, travels in a medium its 
velocity of propagation in the medium is called the 'wave velocity' or the 'phase velocity'. 
Phase velocity is given by 
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where v is partical velocity and c is speed of light in vacuum. 
Group Velocity : If however a number of waves of different wavelengths are moving with 

different velocities in a medium, then the observed velocity is the velocity of the wave packet 
(or wave group) formed by the waves. This is called the 'group velocity' and is less than the 
wave velocities. 

2. (b) Give the formulation of time-independent Scrodinger wave equation. 12 
Ans. Please see answer 2 (b), Paper May 2008 

3. (a) What are the limitations of classical free electron theory? Discuss Drude theory 
of free electrons for conduction. 12 
Ans. Limitations of classical free electron theory : 

Please see answer 3 (a), Paper December 2008. 
Drude theory of free electrons for conduction : 
Please see answer 4 (iii), Paper May 2008. 

3. (b) Discuss Fermi-Dirac distribution function. 8 
Ans. Please see answer 3 (a), Paper May 2008. 

4. Write notes on any two : 
(i) Point defects in solids, 
(ii) Bonds in solids, 
(iii)Richardson's thermionic equations. 10+10 

Ans. (i) Point Defects in Solids : 
Please see answer 1 (b), Paper May 2008. 

Ans. (ii) Bonds in Solids : 
The constituent particles of crystals are bound with their neighbours in different ways. 

The bonding forces in most cases are electrostatic in nature, but the distribution of electrons 
around the various particles are qualitatively different in different crystals. 

(1) Ionic Crystals are those in which electrons are transferred from one type of atoms 
to the other type of atoms. The net result is that such crystals are composed of positively and 
negatively charged ions e.g., NaCl. 

(2) Covalent Crystal are those in which the velence electrons are shared equally 
between neighbouring atoms rather than being transferred from one atom to another e.g., 
Diamond silicon dydrogen molecule. 

(3) Metallic Crystals are those in which valence electrons are weakly coupled to the 
nucleus and assumed to move about throughout the crystals. There are positive ions 
immersed in gas of free electrons. 

(4) Molecular Crystal consist of neutral atoms or the molecules bound together in the 
solid phase by weak short range attractive forces known as Vander Wal forces e.g., crystals 
of solidified gas such as 02 , N2, H2. 

(5) Hydrogen Bonded Crystals : In this atoms of Hydrogen are attracted by extremely 
electronegatives atoms such as Oxygen, Fluorine and Nitrogen. 
Ans. (iii) Richardson's Thermionic Equation : 

The emission of the electrons from metal under the influence of thermal energy is 
known as thermionic emission. The electrons so emitted are known as thermions. 

Richardson's Equation : Let us now calculate the emission current density of the 
emitted electrons : 

In the free electron model of a metal, the electrons are free to move throughout the 
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Now, supposing that the surface of the metal lies in X - Z plane and X - axis is normal to 
this surface, the no. of electrons per unit volume in velocity range vx and vx + dvx is given by 
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when the metal is heated only those electrons can escape from the surface along X-axis 
which fulfill the condition 

Therefore, the number of electron dealing unit area of the surface in unit time is 

The emission current per unit area (i.e. emission currrent density) is obtained by 
multiplying no. of electrons leaving unit area of the surface in the unit time with electronic 
charge, 

where is a constant independent, of the nature of the metal. 

Equation (4) is known Rechardson's equation for thermionic emission. 

PART - B 
5. (a) Discuss the origin of energy bands in solids on the basis of Kronig-Penny Model. 

10 
Ans. This model illustrates the behaviour of an electron in a periodic potential. It assumes 
that the potential energy of an electron in a linear array of positive nuclei has the form of 
a periodic square potentials of periods a + b such that in regions such as 0 < x < a, the 
potential energy is equal to zero and in region such as -b < x < 0; the is V0. The potential 
function is shown in fig. This model, although idealised, is very useful because it explains 
many useful periodic features of the behaviour of electron-lattices. 

The wave Sanctions associated w ith this m odelm ay be calaculated by solving Schrodinger 
equations in two regions viz. 
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If u,(x) and u2(x) represent the value of u(x) in two regions (0 < x < a) and {-b < x < 0) of 
potential functions respectively, then equations (4) and (5) give 

The solution of these equations may be written as 

here A, B, C, D are constant to be determined by the following boundary conditions. 

The first two conditions are due to requirement of conditinuity of wave function and 
its derivative while the last two conditions are due to periodicity of u(x). The 
application of these boundary condition to (9) and (10) yields. 
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The coefficients A, B, C and D may be evalauted by solving these equation. However we 
are interested in evaluation of energy-values. Equations (12) give non-vanishing solutions 
if the determinant coefficients vanishes, i.e., 

This leads to the following equation 

This equation is quite complicated, however we may draw important conclusions. Kronig 
and Penny considered the possibility that such that V0 b remainsfinite. Under 
these circumstances this model is modified to one of a series of wells separated by infinitely 
thin potential barriers, the quantity V0 b (under the limits and ) representing 
the barrier strength. Under this possibility equation 913) becomes 

Introducing the quantity such that 

This is the conditions for the solutions of the wave equation to exist. We see that this 
is satisfied only for those values of aa for which its left-hand side lies between +1 and - 1 ; 
this is because its right-hand side must lie in range. Such values of will, therefore, 
represent the wave-like solutions (6) and are accessible. 

The other values of will be inaccessible. The consequence of this can be understood 

with referrence to following fig. which represents the left-hand side of 

(16) as a function of for aa for the value . The part of the vertical axis lying between 

the horizontal lines represents the range acceptable to the left-hand side 

download all btech stuffs from StudentSuvidha.com

Stu
de

nt
su

vid
ha

.co
m

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


Q. 5. (b) What is Fermi energy? Discuss its variation with temperature. 10 
Ans. Please see Answer 5 (b), paper May 2008 

Q. 6. (a) Define photo conductivity. What are traps? Discuss the effect of traps on the 
photo-conductivity of a photo-conductor. 12 
Ans. Photoconductivity: 

When light radiation falls on an insulating crystal, its electrical conductivity increases. 
this phenomenon is called photoconductivity. 

The expression for photoconductivity is given by 

Where n is the electron concentration in the conduction band. For simplicity, we have 
assumed that the propertionality coefficient A is the same for electron-hole recombination 
as for electron traps capture, and have omitted the effect of thermal ionization of carriers 
from traps back into the conduction band; this effect would have added a term B to the right 
hand side of eqn. (1) . In the steady state, we now therefore have download all btech stuffs from StudentSuvidha.com
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Now it is usually difficult to grow crystals with trap concentrations N much less than 
1014cm~3. Accordingly, we may discuss two limiting cases, one in which the carrier concen-
tration n0 may be very much less than this, perhaps only 108 or 1010 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 n0 « N , we have 

in eq. . The photocurrent is now directly proportional to the illumination level 

L, which is in fairly satisfactory agreement. In the limit n0 > N , the response is given by 

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 

obtained by solving (1) with L = 0. In the limit N > n0, it reduced to n = n0 exp (-NAt), and 
so the time for the photocurrent to fall to e-l of its initial value is 

Jus t compare this result with the earlier result eq. in the 

absence of traps - the presence of traps reduces the response time. Also, note the reduction 
in photoconductivity from (4). 

6. (b) Write a note on photo-voltaic cell and their characteristics. 
Ans. Photo-voltaic ce l l : 

Please see answer, 6(b), Paper May 2008. 
Characteristics Photo voltaic Cell : The strength of the current is proportional to the 

intensity of light and flows without any bias, i.e. without any external source of e.m.f. 

7. How do you classify materials as dia or para or ferromagnic? Describe classical theory 
of paramagnetism. 
Ans. Diamagnetic Substances : The substances substances which get weakly magnetised 
by a strong magnetic field in direction opposite to the applied magnetic field e.g., copper, 
silver, antimony, quartz, water, alcohol. 
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at right angles to the field direction. 
(5) A diamagnetic liquid shows a depression in the limb of U-tube placed between pole-

pieces of strong magnet. 
Paramagnetic Substances : The substance which get weakly magnetised by a 

strongmagnetic field in same direction as the applied field e.g., aluminium, magnesium, 
tungesten, air, copper sulphate, chromium etc. 

Ferromagnetic Substances : Those substances which get strongly magnetised by rela-
tively weak magnetic field in same sense as the field are called ferromagnetic substances 
e.g., iron, cobalt, steel. 

Classical Theory of Parmagnetism: 
Please see answer 6 (a), Paper December 2008 

8. Write notes on any two : 
(i) Hall effect and its applications, (ii) Super conductivity, 
(iii) London equation. 10+10 

Ans. (i) Hall effect : 
Please see answer 5 (b), Paper December 2008 

Applications of Hall Effect : (i) Determinates of Type of Semi-conductor : In n-type 
semi-conductor, the Hall coefficient is negative and for p-type semi-conductor, the Hall 
coefficient is positive. Thus the sign of Hall coefficient can be used to determine whether 
a given semiconductor is n-type or p-type. 

(ii) Calculation of Carrier concentration : By measuring Hall coefficient experimen­
tally, the carrier concentration may be found by the relation. 
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3. Thermal Properties : The thermal properties like entropy, heat capacity thermal 
conductivity etc. of a metal change sharply at transition temperature (Tc) of superconductiv-
ity as the temperature is lowered. 

4. Optical properties : The photons of energy hv < energy gap are not absorbed by 
superconductors, nearly all the photons incident on metal are reflected back, but for a thin 
film of the order 20A more photons are transmitted in the superconducting state than the 
normal state. This is due to the effect of photon-energies on resistivity of a superconductor. 

Ans. (iii) The London Equations : 
Please see answer 7 (a), Paper December 2008 

For a given current Ix, B may be estimated by noting Hall voltage and geometry of sample. 
Thus hall effect may be used as the basis for design of magnetic flux density meter. 

Ans. (ii) Superconductivity : 
The electrical resistivity of many metals and alloys drops suddenly to zero when they are 

looked to a sufficiently low temperature often a temperature, in liquid helium range. This 
phenomenon is known as superconductivity. The resistivity of the mercury vanishes 
completely below 4.2°K, the transition from normal conductivity occur within a very narrow 
range of temperature of order of 0.05°K 

(iv) Determination of Magnetic Flux Density B : As Hall voltage is proportional to 
magnetic flux density 

knowing the value of , the mobility can be estimated. 
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