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Q1/If f(z):l———z’ by using the basic definition of derivative, prove that /" (z,) :Zlfz—)_z
(8 Mark)

Q2 / Prove the following (chose two only) (12 Mark)
a) sin(z) =sin(x)cosh(y)+icos(x)sinh(y)
b) cos'(z)= —iln(z +42" = 1)

¢) |Z!'22’=|Zl|'|22’

Q3 / For cylindrical polar coordinates, prove that the unit vectors can be written by the
following equations

( 8 Mark)
é/,=cos((p)f+sin(gp)]' , éwz—sin((/))f-%cos((p)} o i =k
Q4 /1f sin{la +iff) = x +iy, prove that (12 Mark)
2 3
a) xz o yz =]
cosh®(f) sinh“(f)
2 2

y =
sin’(a) cos’(a)

Q5 / Determine which of the following functions satisfies the Cauchy-Riemann conditions and
have derivative, if the derivative is there find it.

' .(20 Mark)
a) w=2z ——
b) w=sin() T
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Ql: -Prove that the concentration of holes in valance band in intrinsic semiconductor is

givenby . Pg= N, exp[ —( By (10 Marks)
kyT

Q2:- Assume that the Fermi energy level for a particular material is 6.25¢V, and that the
electrons in this material follow the Fermi-Dirac distribution function. Calculate the
temperature at which there is a 1 percent probability that a state 0.30eV below the Fermi

energy level will not contain an electron. (10 Marks)
Q3: Explain the origins of energy levels and energy band in solid material . (10 Marks)

Q4:- Calculate the intrinsic carrier concentration in gallium arsenide at T=300K and at T

= 450 K, where values N, and N, at T =300 K for gallium arsenide 4.7x10'7cm ™ and
1 4

7.0%x10'em™> respectively. Assume the band gap energy of gallium arsenide is 1.42eV
and does not vary with temperature over this range. (10 Marks)

Q5:- Answer the following: ‘ (10 Marks)
(a)- What are the difference between Metals, Insulators and Semiconductors. a

(b)- Drive an equation to calculate the electric conductivity coefficient.

Q6: What happens if we introduce a group IH element, such as boron, as a substitution

impurity to silicon. (10 Marks)

Not:- N 4 = 6.02x102atom/ mol, kg =13806x1072J /K, leV =1.602x107° J
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Notice: - Use diagrams to confirm your answers.

Q1 / Define the following terms (choose five only): (10 Mark)
1) Dispersion 2) Critical Angle 3) Optical Path 4) V-number 5) Diopter 6) Law of

Reflection.

Q2 / A) Identify the cases by which a convex lens formed an image. (10 Mark)

B) An object located at 25 cm far from a concave lens which has a focal length of 15 cm.
Fined the location and the properties of formed image? (5 Mark)

A toy is located at 14cm far from a convex lens with a focal length of 10cm, then
another convex lens with a 7em focal length is located to the right of first lens with a

distance of 40cm from it. What are the position, properties and magnification of final
(10 Mark)

Q3/

image?

Q4/ Derive each of the following formulas: (15 Mark)
1) XX\= f?
2) L+ % = % (for concave mirror) 3) sinf, = ni (n; is air)

Q5/ A) A man look at a concave mirror with a focal length of 50cm. How far should be the
mirror to get a 2 times magnify image of his face? (5 Mark)

B) A prism has angles 0f 90°-459-45° and immersed in water (n,=1.33). Fined the refractlve

index of prism’s matter if a ray reflected totally when fall perpendicular on one short
(5 Mark)

face of prism?
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Q1 / Define the following expressions: (choose four only) (12 Mark)
1- Cavity. 2- Unstable Resonator. 3- Normal Population.  4- Stimulated Emission.

5-Monochromaticity.

Q2 / Solve the following: (12 Mark)
A. Calculate the threshold gain coefficient for a laser cavity contains fully reflected mirror
from one side and 97% reflected from the other side if the loss coefficient is equal to ().
B. Laser cavity of length (1.8m) contains of two equal concave mirrors with radius of
curvature (R=1.2m). Find if this cavity stable or not?
C. Calculate the approximate number of longitudinal CO, laser modes (A=10.6 pm) made by
an optical cavity of (50 cm) length.

Q3 / Compare between the following: (choose two only) (12 Mark)
A. Stimulated and Spontaneous emissions.
B. Optical and Chemical pumping.
C. Confocal and Concentric resonators.

Q4 / Answer the following: (12 Mark)
A. Write the mathematical expression for the Einstein coefficient of spontaneous emission?
B. According to Boltzmann distribution equation, describe the relation between temperature
and the population number?

C. A resonator contains of two spherical mirrors having same radius (R) and the foci are
coincident, name this resonator? What are the advantages and disadvantages of this
resonator? Plot the diagram of this resonator?

Q5 / Give the reasons for the following: (choose three only) . (12 Mark)
A. Maser cannot give the same properties like Laser?
B. Violet light carries more energy than red light?
C. The spot of laser light is very small at short distances?
D. Although the power of condensed lamp is higher than the laser radiation, the laser is more
dangerous than the condensed lamp? PO e W

il Tl e
(grieeh) SaSaly

p
o

Lo

Good ek~~~
S res s m v eSS . AR
S——— ,
T C—
. . //’ e //‘/
Dr. Firas Faeq Kadhim Dr? Hassan M._Jaber AL-Ta’ii

Lecturer Head of Department




2
(\Zl / T{)j d
ass r
Cg Subject / Quantum

Mechanics I

g

‘ (Ministry of Higher Education

Vg &Scientific Research
Al-Muthanna University

Faculty of Science =—» << Time / 3 hours .
Physics Department i - l
= The Fmal Examination for the Ote: 93018 |
\_ 45 First Semester 2017-2018 11 01 me

7
Ql/A X y(x)= ——Z—A—Z , calculate the normalization constant N .
x*+a

B. An operator A is defined as A = o + 3P, where @ and f are real numbers, calculate the
commutators [A, A], [A, ¥]and [A, P].

(12 Mark)

Q2 / Show that (a) for any two operators Aand B: [A?,B]= A[A, B]+[A, B]A
(b) the momentum operator is Hermitian.

(12 Mark)

Q3 / A particle of mass m moves in a 2-D potential box, V(x,y) =0for 0<x<a,and 0< y <a, with
walls at x=0,a and y = 0,a, respectively. Obtain the eigen wavefunctions and energy eigenvalues. l

(12 Mark)

Q4 / Consider a stream of particles with energy E travelling in one dimension from x = —cotoco. The
particles have an average spacing of distance L. The particle stream encounters a potential barrier at
x=0. The potential can be written as

1. V(x)=0,if x<0
2. V(x)=V,,if 0<x<a ; a is the width of potential barrier.
. V(x)=0,if x>a
Suppose E<V,,
(a) For each of the three regions, write down Schridinger equation and calculate the wave functiony

and its derivatives d—'//
dx

]

(b) At the boundaries,  and % , must be cohtinuous. Equate the solutions that have you at :

x=0and x = a, and manipulate these equations to derive the transmission coefficient7 . Assume
that A =1.

Y (12Mark)
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Q5/ (a) The one-dimensional time-independent Schridinger equation is

n\d*w
e —+V(x)y(x)= Ey(x
( 2m]dx“ Dy (x) = Ey(x)
Give the meanings of the symbols in this equation.

(b) A particle of mass m is contained in a one-dimensional box of width L. The potential energy is infinite
at the walls of the bex(x=0and x = L), and zero in between (0 < x < L). Solve the Schrodinger equation

1/2
for this particle and hence show that the normalized solutions have the formy/, (x) = (Zj sin(%) ’
/

where n is an integer (n>0).

( ¢) For the case n =3, find the probability that the particle will be located in the region §< x< 231“ .
(12Mark)
Best of Luck
f 1
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QL/A.X y(x)= ?—N—Z , calculate the normalization constant N .
x*+a

B. An operator A is defined as A = o +iiP, where czand f3 are real numbers, calculate the
commutators [Z,A], [/i, x]and [A, 13].

(12 Mark)

Q2 / Show that (a) for any two operators Aand B: [A%,B]= A[A, B]+[A, B]A
(b) the momentum operator is Hermitian.

(12 Mark)

Q3 / A particle of mass 7 moves in a 2-D potential box , V(x,y) =0for 0< x<a,and 0< y <a, with
walls at x=0,ag and y =0,a, respectively. Obtain the eigen wavefunctions and energy eigenvalues.

(12 Mark)

Q4 / Consider a stream of particles with energy E travelling in one dimension from x = —c toco. The
particles have an average spacing of distance L. The particle stream encounters a potential barrier at
x=0. The potential can be written as

1. V(x)=0,if x<0 L
2. V(x)=V,,if 0<x<a ; a is the width of potential barrier.
. Vx)=0,if x>a
Suppose E<V,,
(a) For each of the three regions, write down Schridinger equation and calculate the wave functiony
and its derivatives d—w !
dx

(b) At the boundaries, y and Lo , must be continuous. Equate the solutions that have you at

x=0and x = a, and manipulate these equations to derive the transmission coefficient7 . Assume
that A =1.

. (12Mark)
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Q5 / (a) The one-dimensional time-independent Schrédinger equation is

n? \dy
P el Vv x)=
[ 2m] T HV () (x) Ey(x)

Give the meanings of the symbols in this equation.

(b) A particle of mass m is contained in a one-dimensional box of width L. The potential energy is infinite
at the walls of the box(x =0and x = L), and zero in between (0 <x < L). Solve the Schrodinger equation

1/2 N
for this particle and hence show that the normalized solutions have the formy/, (x) = (—L—) sin(——LﬂEJ ;

where 71 is an integer (n>0).

ead of Department
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( ©) For the case n =3, find the probability that the particle will be located in the region Ig <x< : T
(12Mark)
Best of Luck

@

| |

i

er Al-Ta’ii




i

Dlile geabi y Aa ja/Balal) g €9 ial) 4-ula
alela 3 [ 3l 1= : y 01 7 aslad) 4ls
. fw g l_| P ‘ -
Wiss £ e Jo¥) Gussd) Auilgdl) cililaiay) dlic phall) sl
\ 2018-2017 (eal ) plall 44 )

¥ AU ) alad) &l g Alad) anlasl) SJTJ\X

Sl (10) s ISy Alind) asea oo oY) / Aliadle

(55 uedd ) 2 J1gall ¢yo O a3l ey (200

. Linewidth (6  try (5 break(4 grid off (3 Min (2  Prod(1

Ly Loy A0 e )3l Sl (30

2 & [PTA Pt R——— o Syl -1
......... Sl dee Sl 138 iy g mmmmee Slad) 203505 0 30 (30 JS) disea dles ) K5 vaa -2
2 o LY Gl el e -3

text(x,y,text) s axiin 4

A Sl Yl aails A g e Dl pladid Sy -5

o dS il 3 02[0,0.01,5] 55l yy = log(xx) s pus st (1 (s
Ml sl daal 220 syl Wl sie Gl -1

-0 el AlSn (3L (e Akalal) llaally oSal il o Al (@

PAEON R G
I e N
’ /Yy V) s $
wmﬂwﬂmﬁlﬁ:‘)&\q P ~ o f1 " i
¢ ” ~ % w0 - A
LY Py AL ..
o8, Yy = & e
;

B G plAd '?'?:U""’-‘Jﬂ‘ é\ui
Balall A jda




