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Notice: - Do not Allow to using the Scientific Calculator.

Q1/Answer all the below: -

1- Convert the (357)s to (?)10 2- Convert (713)s to (?) ,
3- Convert the (92 )9 to (?)2 4- Convert the (1101.0110111 )2 to (Mo

(8 Mark)

Q2/ Determine the output X of a logic circuit shown in Figure below. Simplify the output

expression using Boolean Laws and theorems. Redraw the logic circuit with the
simplified expression. (8 Mark)

anglj—o X

Q3\ Implement the following Boolean expression using minimum number of 3-input .
NAND gates. F (A, B, C,D) =X (1, 2, 3, 4,7,9, 10, 12). (8Mark).

Q4/ Determine the output, X of a logic circuit show

expression using Boolean Laws and theorems.
simplified expression. '

n in Figure below. Simplify the output
Redraw the logic circuit with the

(8 Mark)

Q5/Determine the logic function represented by the K-map

and simplify it in the minimal
form  F=) (0,5,6,8,15) + d (2,3,7,9,10,13)

(8 Mark)

**The Good Luck **
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Notice:- Answer ALL Questions(12 Marks)

Q1/ Show that the state specified by the wave function w=(x—1y)f(r), is an eigenstate of the z-
component of angular momentum.

Q2/ Evaluate the total wave function of an electron of Hydrogen atom for the state 2Pl (\PZIO ).

N ds X dr =X ny
hint: Lr = s e _“,<x e ) H B (Z):(I_Zz)
' dx

PR,

2 /
lem,' 2/1, le (Z 1)

Q3/ 1. By using " Ehrenfest Theorem", show that,

d
<p, >:/77E<x>

2. Show [Lz,Ly] =()

Q4/ Consider the time-independent Schridinger equation of Hydrogen atom in three dimensions, as:

—h? .
P VitV (r) lw =Ey
A 2

1. Write y(r,%,¢) = R(r)Y(9,9), as a'separable solution and split Schi’iidinger's equation into two
independent differential equations, one depending on 7, and the other depending on 4, and ¢.

2. Separate the angular equation into ¢ and @ parts.

QS/ Evaluate the following spherical harmonic functions as,

l(%9), 1,(3,9)

Best of Luck Q

Asst. Prof.Dr. Muwafaq Fadhil
Head of Department

Pxof. Hadey K.
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Q1: Choose the correct answer. : (10 Mark)

I. A) Where's Maria from?  B) __from Spain, [He's - She's]
2. A) Is that man from Germany? B) No, _ from Italy.~  [his - he's]
3. A) Is he a student? B) Yes. __is Freddy. [His name - He's name]
4. A) How are you today? B) . [Fine, thanks, And you? - Thank you, OK?]
5. A) Goodbye! Have a nice day! B) . [Very well - Thank you. And youl].

Q2: Make negative and positive sentences. - (10 Mark)

I/not I a teacher. 1/ student

2. Peter/not/ a taxi driver. He / a bus driver.
3. We/notl from Spain. We / from Italy.
4. I/ not married. 1/ single.
5. You/notIanurse. You/ a student.
6. Paul and Donny McNab/ not / doctors. They / singers in a band.
Q3: Write the words below according to the pronunciation of —s. (Ten only) (10 Marks)

Taxis — sandwiches — houses — teachers — photographs — footballs — hospitals
— coffees —cups- students- ranges

questions about the following sentences e (10 Mark)
I’'m from England.

I'live in a house,

I feel better, 5
She’s eighteen yeurs ,o‘ld.
[ bought some vegetables.

QS: Read the profile of Ellie Green and comple
Surname: Green , First name: Ellie , Country: En
number: 07700 95503 | » Age: 20, Job: Student , Married: No

l.

© NG e

Q6: Write the following nouns in plural form. (Five only)
Child, woman, sheep, lady, knife, country

te the questions and the answer (10 Mark)
gland , Address: 29, Victoria Road, Birmingham , Phone

What’sher ?  Green

What’sher  ?  Ellie

Where is she  ? England

What's her 2 29, Victoria Road, Birmihgham
What's her__ 2 07700 955031

How old is she? She's .

What's 2 She’s .

Isshe 2 No, she isn’t.

(10 Mark)

Good luck /_\ —

Assist. Prof, Dr, Nawrags N. Aneen, Assist. Prof.Dr. Muwafaq Fadhil jadooa

Lecturer des.  Hfead of Department

Toe
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Subject: Mathematical physics
Stage: Third
Date: 22 6. 2a24

Time: 3 Hours

Ministry of Higher Education &
Scientific Research

Al-Muthanna University
College of sciences
Department Of Physics

. y3
Ceccels

((Assessment of the final exam for the first semester)) j
45
Academic year 2023-2024

Q1(i) Express the function f(z)=z%¢?? inthe formof u + iv ,where u and v are

real.

(ii).Calculate fc (12 z? — 4iz)dz along the curve C joining the points (1,1) and (3,4)

(iii) Is the following function w = —1— analytic? If its find derivative f'(z).

e [ 18 Marks]

Q2(i) Find %v;'./ lf w = [tanh_1(iz + 2)]_2 + (22 4+ 3)(Z+2i)

(ii) Find real values of x and y for which the following equation is satisfied

(A+ix-2i (2-3i)y+i
e - — =
3+i 3—-i

[12 Marks |

Q3(i) Use Cauchy’s integralh'formula to calculate

(4-32) . Cir 3
gﬁz3_322+zz dz where C:|z| = >
(ii) Show that f(z) is analytic in any domain D that does not contain the point (0,0)

_ % _ i 7
f(z)"x2+y2 lx2+y2'

-- [12 Marks |

1
Q4 (i) Calculate lim,_ (cosz) .

2
(ii) find the value of gSB—Z(:—:—lz)—Jr-l— dz where c is the circle |z| =0.5.
_ 2
(iii) Show that lim,_, [Re(z)lzllgn(z)] does not exist. [ 18 Marks]
R

Head of department

[ N R TP
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Q1/ Choose the correct answer: (10 Mark)

1- pumping schemes are classified as:

a) Two levels b) Three levels C) Four levels d) All of them

2- Exited states have short lifetimes and release their excess energy in

a)10%sec b)10%sec C) 107 sec d) 1072 sec

3- The transition between the two levels that generate stimulated emission is called

a) lasing transition b) pumping transition C) thermal distribution d) population

4- The three level scheme can produce light only in

a) continuous mode b) transverse mode C) longitudinal mode d) pulse mode

5- The amount of stimulated emission which a photon can generate as it travels a given distance is called
a) resonator b) gain C) population inversion d) amplifier

Q2/ Explain in details each of the following terms: (16 Mark)

1- metastable states.

2- three level pumping scheme.

3- optical resonator.

4- cavity resonance frequencies.

Q3/ Compare between: (10 Mark)

1- natural broadening and collision broadening.

2- longitudinal modes and transverse mode.

Q4/ Give the suitable reason of the following: (12 Mark)

1- Why the effective length and amplification are increased when allowing the light beam to transvers the
same active medium several times?

2- Why in three level pumping process the level E; should be a band of energy?

3- Why the four level pumping scheme require less pumping energy than three level pumping?

4- Why the active medium is placed between two mirrors facing each other?

QS/ The half width of the gain profile of a He-Na laser material is about 2 x 107 nm, if the length of the

cavity is 45 cm, how many longitudinal modes.can.be excited? Wavelength of He-Ne laser is 6328 A?

F oy (12 Mark)

“Dr. Muwafaq Fadhil Jadd@a : & 5 L ;,J, 2
L, 4 > &?f«){
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Q1/ Choose the correct answer: (10 Mark)

1- pumping schemes are classified as:

a) Two levels b) Three levels C) Four levels d) All of them

2- Exited states have short lifetimes and release their excess energy in

a) 10%sec b)10°sec C) 100 sec d) 10712 sec

3- The transition between the two levels that generate stimulated emission is called

a) lasing transition b) pumping transition C) thermal distribution d) population

4- The three level scheme can produce light only in

a) continuous mode b) transverse mode C) longitudinal mode d) pulse mode

5- The amount of stimulated emission which a photon can generate as it travels a given distance is called
a) resonator b) gain C) population inversion d) amplifier

Q2/ Explain in details each of the following terms: (16 Mark)

1- metastable states.

2- three level pumping scheme.

3- optical resonator.

4- cavity resonance frequencies.

Q3/ Compare between: (10 Mark)

1- natural broadening and collision broadening.

2- longitudinal modes and transverse mode.

Q4/ Give the suitable reason of the following: (12 Mark)

1- Why the effective length and amplification are increased when allowing the light beam to transvers the
same active medium several times?

2- Why in three level pumping process the level E; should be a band of energy?

3- Why the four level pumping scheme require less pumping energy than three level pumping?

4- Why the active medium is placed between two mirrors facing each other?

Q5/ The half width of the gain profile of a He-Na laser material is about 2 x 10~ nm, if the length of the

cavity is 45 cm, how many longitudinal modes.can.bg excited? Wavelength of He-Ne laser is 6328 A?
o (12 Mark)

“Dr. Muwafaq Fadhil Jaddea
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Q1. (a) Prove that the specific heat capacity according to Einstein theory is given by

C.=3 R(Q_Lf_.\ P (b) Discussitat (1) T>0,(2) T <0 (10 Mark)

Q2. (a) Calculate the chemical potential at T= 3000K for Al metal , whose density is 7.7 x 10° Kg/m and
the atomic weight is 27Kg / Kmol . (8 Mark)
(b) Explain why the classical theory (Drude theory) for free electron gas is failed. (4 Mark)

Q3. (a) Define the following: (1) density of vibration mode. (2) The phonon. (3) density of electron state.
(4) Fermi function. (8 Mark)

(b) Prove the thermal conductivity is given by the following formula; x = l_nznk ,%Trm (4 Mark)
m

Q4. (a) Suppose we have a system consisted of N particles can be found in two state 1 and E2, where

Ey —E; =KgVT and VT =T, —T;. Calculate the specific heat capacity (C, ) for one particle. (b) Show

thatat 7 >>VT ,then C, =K 3"(%)2. (10 Marks)

-

Q5. Find the probability (Occupation probability) for electron at state energy above and below Fermi

energy by 0.01eV at T= 300K, how this probability change if the temperature is 1000K. (8 Mark)
Q6. Prove that the total energy at T= 00 K for electron at Fermi surface is given by the following:
Ug =1 TEr (0] W (8 Mark)
Not

kp =13806x10°237 /K . leV =1.6022x107" J, N =6.02x10%electron | Kmol , h=1.0546x107*J . sec
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QI: Find the amplitude of the displacement current density, (12 Marks)

a) In the air near car antenna where the field strength of FM signal is:
E = 80 cos(6.277 X 10%t — 2.092 y)a V/m

b) Inside a capacitor where &, = 600, and D = 3 x 1078 sin(6 X 10° t — 0.3464 x)a, C/m’

= . X =
Q2: Given that B = 2.5 (Slﬂ —2—)8 2Y qz Tesla. Find the total magnetic field crossing strip
z=0, y>0 ,0<x<2 (12 Marks)

Q3: Find dH at P2(0,3,0) due to the current element of 27é, p Am at P1 (4,0,0). (12 Marks)

z

P5{0.3.0)

Pl
lydLy - - ol ﬁu
P,14.0.0)

X

Q4: A very long solenoid with 2x2 cm cross- section has an iron core (pr = 1000) and 4000 turns/meter.

If it carries a current of 500 mA, find its self-inductance per meter. (12 Marks)

Q5:. A point charge ( - 60 nC) moves with a velocity 6 X 10° m/s in the direction specified by a unit

vector (—0.48 @, — 0.6a, + 0. 64,). Find the magnitude of the force on a moving charge in the

magnetic field, B = 2@, — 6@, + 5@, mT.

Best of Luck
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QI\ For the collector-feedback configuration of Figure below, determine: a./). b./;-.c.Vc

+16 W
c (7 Mark)
270 ke o
N 1\,‘C
- — 8 =120
%l 2 kL2
Q2\Determine the output voltage waveform for each circuit.  (6Mark)
O AAA ? IO
2246} :
+320\ _ vovr
\/i'y‘ O vV + i VO\,\‘\‘
SN e
-30V : !

O

Q3\ Determine the quiescent levels of lco and Ve for the network of Figure.
[N

§» (7Mark)
4.7 k2
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Q4 / For the voltage-divider bias configuration of |

figure, if ¥ =12 V and V=2V
determine the value of Re.

(7 Mark)

416\1

i, gm k(2

QS5/ op-amp as a three-stage amplifier with gains of +15, -22. and -30. Use 1 420kQ

feedback resistor for all stages. What output voltage results for an input of V, = 80 uve

- (7Mark)
420 KQ 420 kQ B0 0
R, Ay !
s R i R, . S R, ’ s
= : A IS
Loy T |

: - L

E o
Q6/ a. Determine the thermal voltage for a diode at a temperature of 100°C. (6Mark)

b. For the same diode of part (a),find the diode current if

;=40 nA, n=2(low value of V),
and the applied bias voltage is 0.5 V

**The Good Luck**
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Q1: Find the values of (a,b) to fit the curve y = 7 to the following data: (10 marks)
ax+

X 1 2 3 4 5 6

y 03 | 04 | 043 | 045 | 045 | 046
Then:
a) Write the obtained final curve.
b) Using Newton Formulae for quadratic interpolation, calculate the values of y(5.6).
Q2: Using the Simpson’s 3/8 rule, evaluate / = j5 3 with 3 subintervals. (10 marks)

5+ 3x
Q3: Consider that, we have the following initial value problem y' =—xy, y(0)=0.5. Use Euler method
to find the approximate values of y(0.2). (10 marks)
Q4: Answer Two only (10 Marks)
A. Solve the following set of equations by using the. Cramer’s rule
—x+3y—-2z=7
3x+3z=-3
2x+y+2z=-1

B. Find the root of the following equation by using the Newton-Raphson method with x, = -3, and
up to 4 iterations.

f(x)=0.4x" 4+ 5sin(x)
C. Find the root of the following equation by using the bisection method in the interval
[-1, 0], n=5, and correct to 5 decimals.

f(x)=3x"—x+1

*xxk%kPrgctical Part™*****
QI: Write a MatLab code to find the root of the following equation using the false-position method.

2x* — 4x® + 1= 0 [ the interval [0, 1.5], use 10 iterations. (10 Marks)
02: Use Simpson’s one third rule with n=4 to approximate the integral (10 Marks)
g
j ‘\& dx
0
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Q1-A/ Answer by write true or false only. (10 marks)

1) The types of light beam are parallel beam and divergent beam (laser beam).

2) If (D) increase (Ay) also increase for fixed (A) and vice- versa.

3) Interference is defined as the bending of waves as they travel around obstacles.

4) The resolution is a measure of the ability of the instrument to separate two spectral lines
that are close together.

5) There are two types of polarization, linear and circular.

6) The polaroids are thin commercial sheets which make use of the property of reflection of
light to produce a plane polarized light.

7) When natural light is incident on a polarizer, the transmitted light is linearly polarized.

8) When a ray of light is refracted by a crystal of calcite it gives two refracted rays. This
phenomenon is called double refraction.

9) Rayleigh scattering refers to the scattering at (700 nm) is (9.4) times as great as that at
(400 nm) for equal incident intensity.

10) Both ordinary ray and extraordinary ray is plane polarized and they are polarized in
mutually perpendicular planes.

Q1- B/ Explain the conditions for fixed interference. (5 marks)

Q2- A/ Find how much intensity of a beam of un-polarized light will go through three
polarizers, where the first and second are rotated (6; = 379) with respect to each other and

the second and third are rotated (6, = 302) with respect to each other. 10 marks
P
@Q2- B/ Derive the péth difference condition for constructive interference two coherent
sources in antiphase. (5 marks)
Q3- A/ Derive and explain this equation (10 marks)
E2(zt E2(zt E.(zt) E (2t
x_(z )+ y_(z )—2 ( ). A )c056=sin26
EOx EOy EOx EOy
,)&.')}f’**c?cﬂcg‘c' '
S el :
C/J’)P § et ol
— ‘ ¥ gpro 7169’ yotine |
Lecturer U " =t Head of Department
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Q3- B/ When wedge-shaped air film is viewed by monochromatic source of light incident

normally, the interference fringes (4 mm) apart are observed. If the air spaced is filled with
water (n=1.333), how far apart will the fringes be observed? (5 marks)

Q4- A/ Prove that the resultant I

ght intensity (I) at a single slit is proportional to the
magnitude (Imax).

(10 marks)

Q4- B/ What are the applications of polarization (5 only)? (5 marks)

Best of luck
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Notice:- Answer ALL Questions(12 Marks)

Q1/ 1. According to the ' Ehrenfest Theorem', show that for any oliservable K,

Lt SN TR N
dt ot

2. Show [Lz,LY] =0

Ia

Q2/ Show that the state specified by the wave functioa y =(x+iy)f(r), is an cigenstate of the z-
component of angular momentum and obtain corresponding eigenvalue.

Q3/ Evaluate the total wave function of an electron of rlydrogen atom for the state 2Pl (‘P210).

I”I

|| I
R <Z>=(1—Z”*> il L2y
a7 2'dz

hint:

/

/

Q4/ Calculate the éxpect'ition value of the potential energy for an electron of hydrogen atom for the state

2P1, if R, (rl=—= 3”(76){1}( zr/2a,).

QS5/ Evaluate the following spherical harmonic functions as,

ho(%,0), 1,(8,0)

Best of Luck
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Q1: Calculate the given Integrals : . [ Chose S only]

_Ex__ . dx . 2x+3 ) 3 e
f\/1+e2x dx ' f\/;ﬂ; ' f9x2—12x+8 ’ fl SxV2x2+7 dx
[VI+cos4x dx ; [sin®xcos’x dx ; [ 10 Marks]

Q2 : (i) Find the area of the region that is bounded x = y? and the line y=x-2 by
using
a)Vertical region b) Horizontal region
(ii) Show that sinh™1x = In[ Vx? + 1 + x]
----- - -——-- -- -[ 10 Marks]

3
Q3: (i) Calculate the length of the Arc of the curve y = x?+l-:; over|1, 3]

(ii) Find the area generated when the area under one loop of the curve
y = sinx between x = 0 and x = 7 is rotated about x-axis ; y-axis .
(iii) Calculate the area bounded by the curves y=2x>+3 and y= 32x+3
Sketch the region.
-------------- - e -| 15 Marks]
Q4: By Techniques of integration, calculate each of the following : [chose S only]

4x -3 x3 +2
fxlnxdx; fexsinx dx ; ——w ; IT———Z dx
(x+1) x3(x—2)
4 7x*+5x+13
[Fx3V16—x2 dx ; [ —G———— dx
0 (x2+2) (x+1)
mm— - [ 15 Marks]
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