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Part 11

Answer FIVE (05) Questions only.

/ (All symbols have their usual meaning)

1034 o

k'S constant, i = G2 x 10" s Boltzmann constant, kg = 1.38x10 JK
Janc B
| adro’s number, N = 6. 022x10” Mass of an electron, m, = 9.1 x 10 kg
\VOE! g -1

: =3x 10" ms

! agd Of Ilght' ¢
=1602X 10" lamu=166x10"k

PART A

o figure below shows first order x-ray diffraction pattern for iron (Fe). Wavelength of the

i ) .
]l (200) and (211) occurs at diffraction

nonochromatic x-radiation is 0.154 nm. The three peaks (110),

mele 45°, 65° and 82°, respectively
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[03-marks]

[05-marks]

) Compute the interplanar spacing for second set of planes.

) Determine the Jattice parameter for Fe.

9 X-tay diffraction reveals that Fe forms cubic unit cell. Calculate the volume and mass of the cell.

The density of Fe s 7.83 x 10° kg/m’. [05-marks]
) Molecular weight of Fe is 55.85 x 10° kg. Determine the type of cubic unit cell whether (SC, FCC
BCC), [05-marks]
G p
Flnd the radius of 3 Fe atom. [05-marks]
]
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(a) Sketchthe Fermi levels of p
(b)

0
) et Semiconduc:)r?tivit}’ of an extrinsic semiconductor, deﬁning alI[t:;: g
i) Write down the equation for conduc ;
i) Wnte mimaﬂq
. ion for resistivity of an intrinsic semiconductor. [04-%%
iii) Obtain an expresfloﬂ f an intrinsic semiconductor rod at room temperature, i 3
iv) Calculate the resistance 0 hick. Concentration of intrinsic carriers at room tempefatuIEi c;ﬂ
e e d holes are 0.39 and 0.19 mZV"s", respective 13
x10" m and mobilities of electrons an .
[Os‘mark,

3. Consider the random walk problem in one-dimension. Assume that the drunk takeg steps of g

length L. Probabilities of taking a step to the right and to the left are p and g, respectiveyy

(a) Write down the probability, W, (n,) , of taking n; steps to the right and , Steps to the lefy aty,
of N steps.

[05-mark|;
(b) Find the mean num‘ber of steps taken to right (ﬁl) in a total of N steps. [05-mark;]
(c) Obtain an expression for mean displacement. [Us‘marks]
(d) IfL=0.25mand p=0.6 calculate the mean displacement after tota] of 6 steps. [05-marky

(¢) What is the probability that the dunk will again be at the initial location after taking 10 s

teps?
[05-marks]
Note: np" = U and ﬁ:W y
ap £ N (n) i (p+ q)
4,
(a) State Canonicat distribution, [04.marl~'5] i:

(b) Show that the mean cnergy (E) of an isolated SYstem in equilibriym with a heat reservoirat |
absolute temperature 7' givenby . _19Z

| i
. BE » Where Z is the partition function of the system-
[06-mark]
(c) The energy ofa one-dimensiong] g; : :
Imple harmgp; Oscillator jg given by En = (n +— |hw
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ypantum pumber 1 a\:\n assume the possible integer values n = 0, 1, 2, 3 o and @ i3 the
s seney of: the. 6ast . , P PRI P T 11 g the
angahr frequency scillator. Suppose that such an oscillator is in thermal contact with a

o rescrvoir at low temperature 7', so the LI
. hw '

: 10 of| 1l ili : iy
i Find the ratio of, the probability of the oscillator being in the first excited state to the probability
[05-marks]

of its being in the ground state.
[05-marks]

) write the partition function of the system.
i) Assuming that only the ground state (n = 0) and first excited state (n = 1) are appreciably
occupied, find the mean energy of the cscillator as a function of the temperature T.

[05-marks]

0 An electron of mass m is confined to a one-dimensional potential as shown in the figure.

' Consider that the electron energy E > V,,

V(x%

0 " a

) Solve the Schrodinger equation for regions, 0 <x<a and x>a. [06-marks]
W) Find physically acceptable solutions for the two regions. [04-marks]
1) What i probability of finding the electron in the region x>a. [05-marks]
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1) A, =4,
) A =4
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W (x)=C[y,(x)+w,(x)|. Show that C= —/% if 9(x)is normalized. [06-markd

\
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(c). Consider following relationships of a angular momentum operator L .

A ~n A A RA an A A A A2— A2 ;\2 ,\2
L":ypz—z‘p,” L)'=2px—xpz’ Lz=xpy—ypx and L _Lx+Ly+Lz

i) Write down the commutation relation [£, py]. [02-mark|
ii) Show that [I:X,Ey]=iﬁiz. [05-mark]
iii)Show that /2 Operator commutes wit, LAX operator, [05-m="k‘] l

iv)If Y (6,¢)

:
. . N A2 , . i enCC\,
IS an eigen function of J: » Write down the €1gen value equation for L° operator: H

define the eigen valyes of the [ operator. [03-11mrldl




