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/Assiut University Final exam: 2020-2021

Faculty of Science Exam Date: March 4™ 2021
Physics Department

Time: 2 hours

Course Name: General Physics (2) 105 P (60%) ~ Coordinator: Dr. Alaa Abd-Elnaiem

Constants: £=8.85x10"> C¥/N n’; k=9x10° Nm*/C*; e=1.6x10"" C; m.=9.1x10' kg, N4=6.02%1 0% atoms/mole

Answer all the following questions
Question (1): In the following multiple-choice questions, please chose the correct answer
(45 Marks)
1. Two identical charges, 2.0 m apart, exert forces of magnitude 4.0 N on each other. The value of

either charge in coulomb is:
A. 1.8x107° B. 2.1x107 C. 4.2x10°° D. 1.9x10°

2. Which of the following represents the electric field map due to a combination of one positive and
one negative charge?

A) B) " 0 D)

3. The electric force on a proton placed in an electric field of 2x10* N/C directed along the positive x-
direction is:
A. (3.2x10) N1 B. (3.2x10®)Nj C. (4.8x101)N{ D. (7.2x108) N j
4. The equivalent capacitance of the circuit shown below is (C is an arbitrary unit):

||2C
|1

all

C|

A.05C B.1C C. 1:5C D.2C

N |

b

5. The total negative charge on the electrons in 1 kg of helium (atomic number 2, molar mass 4) is:
A. 48C B. 2.4x10’C C. 4.8x10’C D. 9.6x10%C

6. A small object has charge Q. Charge q is removed from it and placed on a second small object. The
two objects are placed 1 m apart. For the force that each object exerts on the other to be a

maximum, q should be:
A. 2Q B. Q C. Q/2 D. Q/4

7. Two small charged objects attract each other with a force F when separated by a distance d. If the
charge on each object is reduced to one-fourth of its original value and the distance between
them is reduced to d/2 the force becomes:

A. F/16 B. F/8 C. F/4 D. F/2

8. Particles 1, with charge qi, and 2, with charge g2, are on the x-axis, with particle 1 at x=a and
particle 2 at x=-2a. For the net force on a third charged particle, at the origin, to be zero, q:1 and
g2 must be related by qg»=:

A.2q1 B. 401 C. —qu D. -4q1
9. The unit of the electric field is:
A. J/(C:m) B. J/C C. JC D. J/m
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10.

o0 wp

11.

12.

13.

14.

15.

16.

17.

18.

19.

The diagram shows the electric field lines in a region of space containing two small charged
spheres (Y and Z). Then:

. Y is negative and Z is positive 4{ \(
. the magnitude of the electric field is the same everywhere /\

the electric field is strongest midway between Y and Z —~ @ O

. the electric field is not zero anywhere (except infinitely far

from the spheres) /Kv/{ \

The electric field at a distance of 10 cm from an isolated point
particle with a charge of 2x107° C is:
A. 1.8N/C B. 180 N/C C. 18N/C D. 1800 N/C

The diagram shows a particle with a positive charge Q and a particle with a negative charge -Q.
The electric field at point P on the perpendicular bisector of the line joining them is:
A. D B. | cC. - D. ¢

~Qy

|

Two point particles, one with charge +8x10° C and the other with charge-2x107° C, are
separated by 4 m. The electric field in N/C midway between them is:
A. 9x10° B. 13500 C. 36x107° D. 225

Two identical conducting spheres A and B carry equal charge. They are separated by a distance
much larger than their diameters. A third identical conducting sphere Cis uncharged. Sphere Cis
first touched to A, then to B, and finally removed. As a result, the electrostatic force between A
and B, which was originally F, becomes ’

A. F/2 B. F/4 C. 3F/8 D. F/16

Two thin spherical shells, one with radius R and the other with radius 2R, surround an isolated
charged point particle. The ratio of the number of field lines through the larger sphere to the
number through the smaller is:

A. 1 B. 2 C. 3 D. 4

The magnitude of the force of a 400 N/C electric field on a 0.02 C point charge is:
A. 8x10° N B. 8x10™>N C. 8N D. 0.8N

The units of capacitance are equivalent to:
A JJC B. V/C C. V?/C D. C?%/)

Each plate of a capacitor stores a charge of magnitude 1 mC when a 100 V potential difference is

applied. The capacitance is:
A. 5uF B. 10 pF €. 15 uF D. 30 pF

If both the plate area and the plate separation of a parallel-plate capacitor are doubled, the

capacitance is:
A. doubled B. halved C. unchanged D. tripled
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A parallel-plate capacitor has a plate area of 0.2 m? and a plate separation of 0.1 mm. To obtain
an electric field of 2.0x10° V/m between the plates, the magnitude of the charge on each plate
should be: .

A. 8.9x107'C B. 1.8x107°C C. 3.5x10°6C D. 7.1x10°%C

Two identical capacitors, each with capacitance C, are connected in parallel and the combination
is connected in series to a third identical capacitor. The equivalent capacitance of this
arrangement is:

A. 2C/3 B. C C. 3C/2 D. 3C
Each of the two 25 pF capacitors shown is initially uncharged.
How many coulombs of charge pass through the ammeter A g
after the switch S is closed? D00V = W (I
A. 0.1 B. 0.2 C. 03 D. 04 T T
N
\_/
A 20 F capacitor is charged to 200 V. Its stored energy is:
A. 1001 B. 501 C. 6J D. 04
A parallel-plate capacitor has a plate area of 0.3 m? and a plate separation of 0.1 mm. If the
charge on each plate has a magnitude of 5x107® C then the force exerted by one plate on the
other has a magnitude of about:
A. 1N B. 5N C. 9N D. 15N
The units of resistivity are:
A. ohm B. ohm/meter? C. ohm/meter D. ohm-meter
A wire with a length of 150 m and a radius of 0.15 mm carries a current with a uniform current
density of 2.8x107 A/m2. The current is:
A. 2A B. 5A C. 10A D. 15A
Copper contains 8.4x102%8 free electrons/m3. A copper wire of cross-sectional area 7.4x107 m?’
carries a current of 1 A. The electron drift speed is approximately:
A. 3x10%m/s B. 5x103m/s C. 10“m/s D. 3x10*m/s
Four 20 Q resistors are connected in parallel and the combination is connected to a 20 V emf
device. The current in any one of the resistors is:
A. 0.25A B. 0.5A C. 1A D. 23A
A battery with an emf of 24 V is connected to a 6 Q
resistor. As a result, current of 3 A exists in the resistor. (mz
The terminal potential difference of the battery is: 0 . .1\/(\)/?)
A. 5V B. 9V C. 12V D. 18V 1|~I\| 15g
o il
The current in the 5 Q resistor in the circuit shown is: AAA, AAA
A. 57 B. 9V C. 12V D. 184 3.09 5.04
o9 15 By 3 LR
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Question (I1): Put (V) or (x) for all the following sentences: (15 Marks)

31.

32

33.

34,

35.
36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

Electric charge is conserved and quantized ( ).

. The electric field lines must begin on a negative charge and terminate on a positive charge ( ).
Coulomb’s law states that the electric force is directly proportional to the product of the charges
on each sphere and inversely proportional to the distance between the charges ( ).

The number of electric filed lines drawn is proportional to the magnitude of the charge that
created theelectric field ().

A charged capacitor stores 10 C at 40 V. Its stored energy is400J ().

The equivalent capacitance for a parallel combination is always less than any individual
capacitance in the combination ().

The capacitance of a single isolated spherical conductor with radius R is proportionaltoR( ).
Kirchoff's first law is based on the principle of law of conservation of charge ( ).

Ohm's law is applicable to all conductors of electricity ( ).

Electrons in a conductor have no motion in the absence of a potential difference acrossit ( ).
50 electric bulbs are connected across supply of 220 volts. After one bulb is fused remaining 49
bulbs are again connected to same supply. The illumination will be more with 50 bulbs than with
49 bulbs ().

Two bulbs one of 50 watt and the other is of 25 watts are connected in series, then current in
eachissame ( ).

To find the total capacitance of capacitors in parallel, sum the values of the individual capacitors
()

In a series capacitive circuit the smallest capacitor will have the largest voltage drop across it
( )

The greater the distance between the plates of a capacitor, the smaller the capacitance value

()

Good Luck,
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First part (1):(50 Marks)
Q1: Choose the correct answer A, B, CorD: (1.5 Mark each)

1. The position, x, of an object is given by the equation x = A + Bt +Ct2 where t refers to time. What are

the dimensions of A, B, and C?
A, m,m, m
B. m,s, s
C. m, nv/s, m/s?
D. m/s, m/s?, m/s’

2. Which of the follow Ing quantities has the same dimensions as kinetic energy, 1/2mv2?
A. ma
B. mvx
C. mvt
D. mgh

3. Arock is thrown straight up with an initial velocity of 24.5 m/s. What maximum height will the rock reach
before starting to fall downward?
A. 980m
B. 19.6m
C. 30.6m
D. 245m

4. The position of a particle moving along the x axis is given by x=(21422t-6t*) m, where t is in s. What is
the average velocity during the time interval t = 1.0 sto t = 3.0 s?
A. -6.0 m/s
B. -4.0 m/s
C. -2.0m/s
B. -8.0 m/s

S. An object moving in the +x axis experiences an acceleration of 2.0 m/s?. This means the object is.
traveling at 2.0 m in every second.

traveling at 2.0 m/s in every second.

changing its velocity by 2.0 m/s.

increasing its velocity by 2.0 m/s in every second.

pﬁw?

6. Ifvector A =(-3.0, -4.0) and vector B = (+3.0, -8.0), what is the magnitude of vector C = A - B?
A, 133
B. 16.6
C. 144
D. 72

7. When you sit on a chair, the resultant net force on you is......
A, zero.
B. up.
C. down.
D. depending on your weight.



10.

11.

12.

13.

14.

Ignoring air resistance, the horizontal component of a projectile’s velocity........
A. is zero. :
B. remains constant.
C. continuously increases.
D. continuously decreases.

A ball is thrown with a velocity of 20 m/s at an angle of 60° above the horizontal. What is the instantaneous
velocity at the exact top of its trajectory?

A. 10 m/s

B. 17 m/s

C. 20 m/s

D. Zero

A projectile is launched with an initial velocity of 60.0 m/s at an angle of 30.0° above the horizontal. How
far does it travel?

A. 152 m

B. 160 m

C. 184 m

D. 318 m

An object of mass m is hanging by a string from the ceiling of an elevator. The elevator is moving up at
constant speed. What is the tension in the string?

less than mg.

exactly mg.

greater than mg.

cannot be determined without knowing the speed.

SOmE

A person of weight 480 N stands on a scale in an elevator. What will the scale be reading when the elevator
is accelerating downward at 4.00 m/s2?

196 N

284 N

676 N

480 N

TOE

The horizontal surface on which the block slides is frictionless. If F = 20 N and M= 5.0 kg, what is the
magnitude of the resulting acceleration of the block?
A. 53 m/s?
B. 6.2 m/s?
C. 7.5 m/s?

D. 4.7 m/s?

If the only forces acting on a 2.0 kg mass are F1 = (3i - 8j) N and F2 = (5i + 3j) N, what is the
magnitude of the acceleration of the particle?

A. 1.5 m/s?

B. 6.5 m/s?

C. 4.7 m/s?

D. 9.4 m/s?



1S.

16.

17.

18.

19.

20.

The horizontal surface on which the objects slide is frictionless. IfM = 1.0 kg and the magnitude of the
force of the small block on the large block is 5.2 N, determine F. —
A. 6.0N
B. 9.0N : e B

-

C. 78N
D. 48N

A stunt pilot weighing 0.70 kN performs a vertical circular dive of radius 0.80 km. At the bottom of the
dive, the pilot has a speed of 0.20 km/s which at that instant is not changing. What force does the plane
exert on the pilot?

A. 3.67kNup

B. 427 kN up

C. 2.92 kN down

D. 2.92 kKN up

A 0.50 kg mass attached to the end of a string swings in a vertical circle (radius = 2.0 m). When the
mass is at the highest point of the circle the speed of the mass is 8.0 m/s. What is the magnitude of the
force of the string on the mass at this position?

A. 21N

B. 1IN

C. 16N

D. 26 N

A 50 N object was lifted 2.0 m vertically and is being held there. How much work is being done in
holding the box in this position?

A. 107 dyne

B. 1007

C. 10erg

D. 0J

A 2.5 kg object falls vertically downward in a viscous medium at a constant speed of 2.5 m/s. How
much work is done by the force the viscous medium exerts on the object as it falls 80 cm?
A, +1.96J

B. +1961J
C. -1.961J
D. -1961

A 5.0 kg object is pulled along a horizontal surface at a constant speed by a 15 N force acting 20° above
the horizontal. How much work is done by this force as the object moves 6.0 m?

A. 781

B. 851J

C. 7417

D. 43]

Q2: Choose the correct answer A, B, C or D: (1 Mark each)

21.

All of the following are base units of the SI system except:
A. kilogram,
B. kelvin.
C. meter,
D. volt.



22. Which expression is dimensionally consistent with an expression that would yield a value for t''?
vixX

v2/x

x/t

V2.t

TSOoRp

23. When is the average velocity of an object equal to the instantaneous velocity?
. always

B. never

C. only when the velocity is constant

D. only when the velocity is increasing at a constant rate

s

24. An automobile traveling along a straight road increases its speed from 30.0 my/s to 50.0 m/s in a distance
of 180 m. If the acceleration is constant, how much time elapses while the auto moves this distance?
A, 6.00s
B. 4505
C. 3.60s
D. 40Cs

25. When an object experiences uniform circular motion, the direction of the acceleration is ..
' in the same direction as the velocity vector.

in the opposite direction of the velocity vector.

is directed toward the center of the circular path.

1s directed away from the center of the circular path.

TOwp

26. The acceleration of an object is inversely proportional to....
the net force acting on it.

its position.

its velocity.

its mass.

TOowp

27. An cobject sits on a frictionless surface. A 16 N force is applied to the object, and it accelerates at 2.0
m/s?, What is the mass of the object?

4.0kg -

8.0kg

32 kg

78 N

SOFP

28. An airplane travels 80 m/s as it makes a horizontal circular turn which has a 0.80 km radius. What is the
magnitude of the resultant force on the 75 kg pilot of this airplane?
A. 0.69 kN
B. 0.63 kN
C. 0.66 kN
D. 0.60 kN



29. A constant force of 12 N in the positive x direction acts on a 4.0 k
the point (6i

30. The cartesian coordinates of a point in the X-Y plane are (3.5, 2.

A, +60]
B. +84 ]
C. +721]
D. +48]

A. (4.3,54.59
B. (4.3,35.5)
C. (245, 14457
D. (2.45,35.5)

g object as it moves from the origin to
— 8j) m. How much work is done by the given force during this displacement?

5) m, the polar coordinates (t, 8) are.

03: Answer (T) for True sentences or (F) for False sentences: (1 Mark each)
' Sentence True | False |
31.| The distance travelled is the magnitude of the displacement vector. (T)y | (F)
32.| Physical quantities that have both magnitude and direction are represented by vectors. | (T) | (F) |
33.! If an object is at rest, then there are no forces acting upon the object. Ty |
34.| The acceleration of a projectile is equal to zero when it reaches the top of its trajectory. | (T) | (F)
35.| The magnitude of the velocity is called the average velocity. (M | E
36.| The object accelerates only if the net force acting on it is not equal to zero. () [ ®
37.| The direction of f; is always parallel to the direction of the motion of the object. 1 ®E®
38.| Newton's first law of motion is applicable to both moving and non-moving objects. M | (F) |
39.| When no force acts on an object, the acceleration of the object is zero. T | ®
40.| If the particle does not move the force does work on it. (T (F)
Second Part (1) “Oral”: (10 Marks)
Q4: Answer (T) for True sentences or (F) for False sentences: (2 Marks each)
Sentence True | False |
41.| A scalar quantity has only magnitude and no direction. (T) (F) N
42. Speed of a particle is not equal to the magnitude of its instantaneous velocity. (D) —(“15‘)*“j
43. Motion of an object in a circular path with changed speed, is called uniform circular motion. () | E
44.) If the net force acting on a body is zero, the body is said to be in equilibrium. (T) (F)
45.| The direction of fi is opposite to the direction of motion. (M | (F)
MW/ith sur hest wishes to you of suecess.......... coorse professors
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Question i: hoose the correct answer of each_point respectively: (30 Marks)
1) Art Operaring system goal isto - user programs.
a. Jvask b. Alter ¢. Execute d. None of the previous terms
2)  Sorge computers have little or no user interface, suchas |
a. PC b. Shared systems ¢ Embedded computers  d. Mobiles
3) Homesvstemsuse - to protect computers frotn Internet attacks.
a. Guards b. Antivirus ¢. Firewalls  d. None of the previous terms
4)  ______systems are a collection of separate systems netvsorked together.
a. Embedded b. PC ¢. Hand-heid d. Distributed
S) PC running Windows host, can run Linuy, as a guest using o
a. Cast-device  b. 2 Keyboards ¢. Wirtualization d. network
’5)  Open-Source OS codeis
a. Standard b. Closed-source ¢. Digital-analog, d. Available
7y (110%)2+ (100%)2= {10110), the missing digit (*) is:
a. 0 b. 1 €2 d.3
8  (701)s=( 16
a. 1D0 b. IED c. 1CI d. 3401
9 (FOLhe=(_ - -8
a. 1DO b. 121 & 151 d. 3401
oy S21p=(C__ )

a. 011100006001 b. 111001001 c. 11101101 d. 101010001
11y (521 )he=( )

a. 011100000001 b. 111001001 c. 10100100001 d. 11001101
12)  (701)s + (70*)s= (1610)s, the missing digit (¥) is:

A 0 b. 1 G f d. 5
13) Which of the 1ollowing is a hexa--decimal number?
a. A b. B e C d. All previous terms
14) A programming task can be divided into two phases: Problem solving phase, and __ phase.
a. Execution b. Fixing ¢. Implementation d. Working
15) A __ isagraphical representation of the sequence of operations of the program.
a. Flowchart b. Algorithm ¢. Iseudocode d. Code
16) In the flowchart, a parallelogram diagram Z / is used to represent
a. Start/ Stop b. Input/ Output ¢. Process d. Decision
17) In the flowchart, a hexagon ¢ > isusedtorepresent
a. Start/ Stop b. Input/ Output ¢. Process d. Loops
i8) In the flowchart, a rectangie! ____] isused torepresent .
a. Decision b. Input/ Output ¢. Process d. Decision
19) In the flowchart, a diamond { "\\> isused to represent
a. Start/ Stop b. Input . Output ¢. Process d. Decision
20) Onebyteisgroupof  bits. N '
a. 4 b. R ¢ 16 d. 32 o A Ay
21) The base of Hexa-decimal number systernis | Al dadal)
a. 4 b. 8 ¢ l6 d. 32 | TURN,
22) Thesum of 7+ 7 in the octal number system results . OVER the
‘ Ma. 14 . 'b. ‘18 a . 16 d. 13 paper |,
23) The ___1s connecting the main JC compouients.

a RAM B OCommon ke o (OPTT A LMD




25) The dual-mode operation in an OS consists of user mode and __ mode.
a. Hardware b. Kernel ¢. ROM d. RAM
26) To change mode from user mode to kernei mode the OS use: B
a. Keyboard b. CPU ¢. ROM d. Syqtem call
27) Programisa/ar. ____ entity. _
a. Working b. Passive ¢. Active d. Marking
28) Processisa/an ____ entity.
a. Working b. Passive ¢. Active d. Marking
29) Anexample of a primary storage is o
a. ROM b. HDD (PR SD d. Pen-drive
30) One of the main OS responsibilities is: .
a. Build and maintain b. Mark and match ¢. Protection and Security  d. Pen drive
Question 2: Choose True (T or False (F): (20 Marks)
31) OS isresources allocator.
® Truc ® False
32) Shared computer such as mainframe: are general propose machines.
e Truc e False
33) Handheld compamr\ are optimized. for high-performance and ignoring 'oattery life.
e True Ialse
34) A process is a program in execution.
e True & False
35)  Operating system is responsible for creating end deleting both user arid System processes.
& True F Ise
36)  The operating System (OS) is a limitzd word processing application.
e True @ False
37) OS isa control program.
e True ® False
38) OS Decides betvseen conflicting recjuests for efficient resource use:.
® True & False -
39) Leaders in smartphones OS in the past decade are Microsoft and (Google Android.
e Trie e False
40) PC 15 a stand-alone gieneral-purpose machine.
% ITue ¢ False
41) Mobile computers could interconnect via wireless networks.
¢ True @ False
42)  Netvsork Operating Sy stem provides illusion of a single system across network,
o True ® ['alse
43)  Virtualization allows an operating system to run as an application over another OS.
® True e False
44)  Real-time embedded sy’stems are special and limited purpose OF;.
@ [rue ® { alse
45)  Real-time OS has well -defined fixed tin:e constraints.
e Trye @ false
46) In Open-Source OS, you are free to use, rnodifis, and distribute the OS code.
& True e False
47)  Windows OSs are free and open-Source: Operating Systems.
® True @ False
4i3) Dual-mode operation allows OS to protect itself and other $y 'stem components.
® True ® False
49) An operating system is interrupt driven.

e True ® False
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Q1: True or False Questions (20 Marks)

When two objects are in thermal equilibrium with each other, they are at the same temperature.

The thermodynamic variables of the ideal gas are (P, V,T) only.
The real gas behaves as an ideal gas when its density is high.

~In Joule’s experiment, 4.186 J of the-mechanical energy raises the temperature of 1 g of water
by 1°C. .

During the phase change of the substance from one state to another, its temperature changes
also. |

The work done by or on a systern in the thermodynamic processes does not depend on the path
taken by the system from the initial state to the final state.

The first law of thermodynamics states that the heat energy transferred to a system equals the
change in the internal energy of the system plus the work done by the system.

According to the kinetic theory of the gases, the pressure of the monatomic ideal gas is given

by the equation P = 3 (:) (1 mv )

The change in the internal energy for n moles of any ideal gas when the temperature changes
by AT is AE;,; = nCpAT. '

When the temperature of n moles from an ideal gas changes by AT, the amount of the heat
energy transferred to the gas at constant pressure is greater than the amount of the heat energy
transferred to the gas at constant volume.

When an ideal gas undergoes an adiabatic process from an initial state (i) to a final state ( Tl
the temperatures and the volumes of the gas are related by the expression T; Vy t= Tny !
where y = Cp/Cy.

When an ideal gas transfers from an initial state i to a final state f during an adiabatic brocess,
the work done by or on the gas is W = L, [1 (V /Vf)y 1]

The heat engine is a device operating in a cyclic process by using a working substance that
absorbs heat energy from a hot reservoir, and converts part from that energy to mechanical
work, and expels the residual from that energy to a cold IESEIVOr.

14.'1t"is possible to construct a heat engine operates in a c¢ycle and converts all the" heat energy

absorbed from the hot reservoir to an equal amount of the mechanical work.




I5. The heat energy can be transferred spontancously from a cold object to a hot object without
" doing work. '

16. Carnot’s theorem states that no real heat engine operating between two energy reservoirs can be
more efficient than a Carnot engine operating between the same two reservoirs.

17. The change in entropy-of a system during a reversible process is equal to the amount of heat
cnergy transferred to the system multiplied by the absolute temperature of the systen.

18. The change in entropy of an ideal gas during a reversible process depends only on the initial
and the final states of the system and does not depend on the path that the system takes between

them.

19. The change in entropy of an ideal gas during a reversible process can be positive or negative
depending on values of the initial and the final temperatures and volumes.

20. The change in entropy for a system in the irreversible processes is always positive.

Constants
R = 8.314 J/mol.K 1 atm = 1.013 x 10° Pa N, = 6.022 x 10” mol.”
kg =138x 1052 JK Cuater = 4186 J/kg.’C

Q2: Multiple Choice Questions (30 Marks) :

21. Carbon dioxide forms into a solid (dry ice) at approximately (—157°F). What temperature in
degrees Celsius does this correspond to?
(A)—157°C (B) -93°C (C)—-121°C (D) -105°C

22. The isolated closed system

(A) allows by exchange both the matter and the energy with the surrounding medium
(B) allows by exchange the matter only with the surrounding medium

(C) allows by exchange the energy only with the surrounding medium _
(D) does not allow by exchange the matter nor the energy with the surrounding medium

23. A room has a volume of 60 m’ and is filled with air of an average molecular mass of 29 g/mole.

What is the mass of the air in the room at the atmospheric pressure and temperature of 22°C?
(A)2.4 kg (B) 2400 kg (C) 72 kg (D) 700 kg |

24. A pressure of 1 x 107 mm of Hg is achieved in an air vacuum system. How many gas
molecules are present per liter volume if the temperature of the air is 293 K? (1 atm = 760 mm Hg)
(A) 16 x 108 (B) 4.7 x 10' (C) 3.3 x 10" (D) 3.4 x 10°

25. The internal energy of the diatomic gases includes

(A) the translational kinetic energy of the molecules

(B) the rotational and the vibrational kinetic energies of the molecules
(C) the potential energy within and between the molecules

(D) all types of the previous energies




,26. When a cold object is placed in thermal contact with a hot object inside an isolated vessel, the
law of the conservation of energy at the thermal equilibrium is

(A) lel Qhol (B) Qcold == Qhol (C) - Qcold - Qhot (D) Qcold -
0.50ha

27. A 10-kg piece of aluminum (which has a specific heat of 900 J/kg-°C) is heated so that its
temperature increases by 5°C. How much heat energy was transferred into it? ]
(A)4.5% 10" (B) 9.0 x 10*J (C©)14x10°T (D)2.0 x107J

28. How much heat energy is required to vaporize a 1.0-g ice cube at 0°C? [L,(ice) = 80 cal/g and
L, (water) = 540 cal/g].
(A) 620 cal (B) 720 cal (C) 820 cal (D) 1 keal

29. The mathematical expression of the first law of thermodynamics is
(A)Q =ADEp +W  (B)Q = Ay —W (O Q =—DEp +W  (D)Q=—ALy —W

30. A 1.0-mole of an ideal gas is kept at 0°C during an expansion from 3 L to 10 L. How much
work is done by the gas during the expansion?
(A)27331) By —=1733 ) S (€)709.1) (D)-709.1J

31. In the cyclic process, the first law of thermodynamics is in the form
(A)Q = AE,, + PAV  (B) AE;,, = —W ©)Q = nRTln(Vf/Vi) Oye=w

32. A bottle contains an ideal gas of a volume 2.0 m’ and a pressure 1 x 10° Pa at a temperature of
300 K. The bottle is placed on a metal block at a temperature 900 K, where the gas expands at
constant pressure until the temperature of the gas reaches 900 K. The change in the internal energy
of the gas is +6 x 10° J. How much heat energy did the gas absorb?

(A) 0 (B) 4.0 x 10°J (C) 6.0 x10°J (D) 10 % 10°J

33. A tank is used for filling helium balloons has a volume of 0.300 m’ and contains 2 moles of
helium gas at 20°C. What is the average translational kinetic energy per molecule? |
(A)2.022 x10*'J (B) 6.065 x107'J (C) 10.09 x10*' I (D) none of the previous .

34. A tank has a volume of 0.300 m® and contains 2 moles of helium gas at 20°C. What is the
internal energy of the gas molecules?
(A)2.436 x10° J (B) 3.248 x10° J (C) 4.872 x10° J (D) 7.308 x10° J

35. lelium gas at a temperature of 0°C. The root-mean-square speed of the gas molecules is
(A) 1305 m/s (B) 1065 m/s (C)753.3 m/s (D) 532.6 m/s

36. A cylinder contains 3 moles of helium gas at a temperature of 300 K. How much the heat
energy that transfers to the gas when its temperature increases to 500 K at constant pressure?
(A) 2007 (B)4.14 x 107" J (C)7.5x10° ] (D) 12.5 x 10 J

37. Air at 20°C in the cylinder of a diesel engine is compressed during an adiabatic process from an
initial pressure of 1 atm and volume of 800 cm’ o a volume of 60 cm’. Assume that the air behaves
as an ideal gas with (y =1.40), what is the final temperature of the air?

(A)20°C (B) 267°C (C) 553°C (D) 752°C




38. Air at 20°C in the cylinder of a diesel Ll’léln(, 1s compressed durmU an adiabatic process from an
initial pressure of 1 atm and volume of 800 cm’ to a volume of 60 cm’. Assume that the air behaves
as an ideal gas with (y =1.40), what is the value of'the work done to compress the air?

(A)+368.4] (B) -368.417J (C)+386.4] (D)-386.41

39. The ratio of Ajsornermar 10 Aggiapatic 1 equal to
(A) Cp (B) ¢y (©) Cp/Cy (D) R

40. A gas contains ten molecules with speeds 6, 9, 12, 13, 13, 15, 17, 19, 20, and 22 m/s. What i
the root-mean-square speed of the gas molecules?
(A) 13 m/s (B) 14.6 m/s (C) 15.36 m/s (D) 22 m/s

41. It 1s impossible 1o construct a heat engine operating in a cycle and converts all the heat energy
absorbed from the hot reservoir to an equal amount of mechanical work. This sentence is the text of

(A) Joule's law (B) The first law of

thermodynamics
(C) Kelvin-Planck form of the second law of thermodynamics (D) none of the previous

42. The heat energy input to an engine is equal to 3 times the work that it produces, what is the
percent of the energy that is expelled to the cold Ieservoir?
(A) 66.6% (B) 33.3% (C) 100% (D) impossible to determine

43. It is impossible to construct a heat pump that transfers the heat continuously from a cold object
to a hot object without input work to the pump. This sentence is the text of

(A) Joule's law (B) The first law of thermodynamics
(C) Clausius form of the second law of thermodynamics (D) none of the previous

44. The system cannot be returned from its final state to its initial state along the path of the PV
diagram in

(A) the 1sobaric process (B) the irreversible process

(C) the adiabatic process (D) the reversible process’

45. Which of the {ollowing Carnot engines has the highest theoretical possible efficiency?

(A) Engine A: T, = 1000 K'and 7, =700 K (B) Engine B: T}, = 800 K and T, =500 K :
(C) Engine C: T, = 600 K and T, = 300 K (D) cannot be determmed from the stated
information ‘

46. In the reversible process of an ideal gas,
(A) AS = nCy In(T;/T;) + nR In(V;/V;) (B) AS = nCy In(T;/T;) + nR In(V;/V;)
(C) AS = nCy In(Ty/T;) + nR In(V,/V;) (D) AS = nCy In(T;/T;) + nR In(V;/V;)

47. One kilogram of water at 1 atm is heated until all the water vaporizes. What is the change in
entropy? (For water, L, = 2.26 x 10° J/kg)
(A) 12100 J/K (B) 6059 J/K (C)3030J/K (D) 1220 J/K

48. When a hot object at a temperature T, loses a heat energy Q 10 a cold object at a temperature T,
the change in entropy of the system is

(A)AS =0 (B) AS = Q/T, ©)AS=Q/T,  (D)AS =(Q/T,) — (Q/Ty)




49. The temperature of~the surface of the Sun is approximately 5700 K and the temperature of the
Farth's surface 1s about 290 K. What is the change in entropy when 1000 J of heat energy is
transierred {rom the Sun to the Earth? I

(A)2.89J/K (B)3.27J/K (C)3.62J/K " (D) 3.97 J/K

50. Suppose that 1 kg of water at 0°C is mixed with an equal mass of water at 100°C. After
equilibrium is reached, the mixture has a uniform temperature of 50°C. What is the change in
entropy of the system?

(A)—602.5 J/K B)O (C) 101.53 J/K (D) 704 J/K
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1. The speed of light is not the same in all reference frames )
2-Proper time is the longest time interval between two events ().
3. Newion's second law F = ma, is variant under Galilean transformation. ().
4. The length contraction occurs only in the direction of relative motion ().
5. The relativistic ¥(gamma factor) can be any number equal to or larger than one. ( )
6. Suppose one twin travels in a space ship moving at a very high speed to a distant
Istar and back again, while the other twin remains on Earth . The twin that remained
on Earth predict that the astronaut twin is older.( ).
- Relative to a stationary observer, a moving object A appears longer than normal ().
8. As the speed of a particle approaches the speed of light, the mass of the particle
decrease ().
9. Consider a relativistic particle of mass m and rest mass m,. The correct expression
for kinetic energy of such a particle is equals to (mc? - myc?) ().
10. Moving clock runs slower than a clock at rest by a factor ¥ (gamma) ( ).
11.The position and momentum of a particle cannot both be measured precisely
at the same time ( ).
12. If the accuracy in measuring the position of a particle increases, the accuracy
in measuring its velocity will Increase ( ).
13. The momentum of a moving particle with relativistic speed v is givenby P=myv( ).
14. The probability of finding an electron in a hydrogen atom is directly proportional
to its wave function.( ).
15. If 1y is the smallest orbital radius around a single proton, then rg is equal to 61y ( ).
16.In the particle in a box model, the energy E, is inversely proportional to n® ( ).
17. In the particle in a box model, the quantization of energy becomes very clear
when the particle mass( m) and the box width L are small ( ).
18.The complementary principal states that: the wave model and particle model
complement each other ( ).
19.Pair production process can occurs in erapty space ( ).
20. Electron - positron annhillation results in the creation of more than two gamma photons ( ).
Q2Choose the correct answer A B or C: { 1 Mark each)

~J

21. The Michelson-Morley experiment was designed to measure:A) The relativistic mass of the
electron.  B) The relativistic energy of the electron. C) The velocity of the Earth relative to the ether.

22. The theory of special relativity: A) is based on a complex mathematical analysis.
B) has not been verified by experiment. C) does not agree with Newtonian mechanics.

23. One of Einstein's postulates in formulating the special theory of relativity was that, the laws of
physics are the same in reference frames that: A) accelerate .B) move at constant velocity with
respect to an inertial frame. C) oscillate .

24. Relative to a stationary observer, a moving clock A) Always runs slower than normal.
B) Always runs faster than normal. C) Keeps its normal time.

25. When the kinetic energy of relativistic particle is double its rest mass,
ygamma factor equals (A) 1/3 (B)3 (C)4/3 .

26. According to Planck theory, the black body radiation spectrum depends on:

( AYwavelanoth Y tomymarativen FEY  Tadlaf a% aad 1y
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27. When 1 kilogram of matter tranforms into energy, the amount of energy liberated is
(A)9x 10 ®erg  (B) 9x 10 '®joules (C) 9x 10 '€ watt.
28. An object moves in a direction parallel to its length with a velocity that approaches the
velocity of light. The length of this object, as measured by a stationary observer,
(A). Approaches infinity. B) Contracted. C) Increases slightly. }
29. What happens to the total relativistic energy of a speedy proton when its relativistic mass
Doubles 7 A) It doubles. B) It more than doubles. C) It less than doubles.
30. Consider a particle of mass m and rest mass m,. Which of the following is the correct
expression for the kinetic energy of such a particle?
A) mgv?/2 B) mv*/2 C) mc? - myc? .
31. Planck's constant
A) sets an upper limit to the amount of energy that can be absorbed or emitted.
B) sets a lower limit to the amount of energy that can be absorbed or emitted.
C) relates mass to energy.
32. The ratio of energy to frequency for a given photon gives
A) its amplitude. B) its velocity. C) Planck's constant.
33. A photon is a particle that:
A) has zero mass  B) has zero electric field associated with it. C) cannot travel in a vacuum.
34. Which of the following is an accurate statement?
A) In vacuum, ultraviolet photons travel faster than infrared photons. B) Photons can have positive
or negative charge. C) An ultraviolet photon has more energy than an infrared photon.
35.The energy of a photon depends on
A) its amplitude. B) its velocity. C) its frequency.
36. 1f the wavelength of a photon is halved, by what factor does its energy change?
Ayd ,B)2 .0 1/4.
37. In order for a photon to eject an electron from a metal's surface in the photoelectric effect, the photon's
A) frequency must be greater than a certain minimum value. B) speed must be greater than
a certain  minimum value.C) wavelength must be greater than a certain minimum value.

38. The kinetic energy of the photoelectron depends on which of the following ?
A) intensity of light

B) duration of illumination

C) wavelength of light.

39. A metal surface is illuminated with blue light and electrons are ejected at a given rate each with a certain
amount of energy. If the intensity of the blue light is increased, electrons are ejected :

A) at the same rate, but with more energy per electron.

B) at the same rate, but with less energy per electron.

C) at an increased rate with no change in energy per electron.

40. A beam of X-rays of frequency f'is incident upon a substance that scatters the beam in various
directions. If we measure the frequency of the scattered X-rays, we will find

A) X-rays with frequency less than {.

B) X-rays with frequency greater than f.

C) only X-rays with frequency f.

41. When a photon is scattered from an electron, there will be an increase in its A) energy. B) frequency.
C) wavelength,

42. In a Compton scattering experiment, what scattering angle produces the greatest change in wavelength?
A) zero degree

B) 90 degree

C) 180 degree
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+3. When a proton passes through matter, it is possible for it to interact with the matter in such a way that an
electron and a positron are produced; this interaction is referred to as A) photoelectric effect. B) the
Compton effect.C) pair production.

44. As a particle travels faster, its de Broglie wavelength
A) increases.

B) decreases.

C) remains constant.

45. When an electron is accelerated to a higher speed, there is a decrease in its
A) energy.

B) frequency.

C) wavelength.

40. What advantage might an electron microscope have over a li ght microscope?
A) Electrons are more powerful.

B) Shorter wavelengths are possible.

C) Longer wavelengths are possible.

47. When an electron jumps from an orbit where n =4 to one where n = 3
A) a photon is emitted.

B) a photon is absorbed.

C) two photons are emitted.

48. The distance between adjacent orbit radii in a hydrogen atom
A) increases with increasing values of n.

B) decreases with increasing values of n.

C) remains constant for all values of .

49. If 1y is the smallest orbital radius around a single proton, then 14 is equal to
A) 36r1.
B) 12r1.
C) 6rl.).

50. The binding energy of the hydrogen atom in its ground state is -13.6 eV What is the energy when it is in
the n = 3 state?

A)2.72 eV

B)-2.72 eV

C)-0.544 eV

St o SR ok ok ook ok o ook ok ok ok ok i ok ke o ook o o ok ok ok

h=6.626 x10™ J.s, Rydberg constant R=1.097 x 10’ m™, me=9.1x10% kg, my = 1.67 x 107 kg
electronic charge =1.6 x 107 ¢ With my best wishesProf . Dr. Ali A. Othman
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Answer all the following questions
In the following multiple-choice questions, please chose the correct answer (1% Mark each point)
1. In the circuit shown, the capacitor is initially uncharged. At time t= 0,
switch S is closed. If T denotes the time constant, the approximate
current through the 3 Q resistor when t=t/10 is:
A. 0.38 A B. 0.75A C. 1.0A D. 1.5A

6§

G pF

30

2. Suppose the current charging a capacitor is kept
constant. Which graph below correctly gives the V V v
potential difference V across the capacitor as a
function of time?

D

3. A certain capacitor, in series with a resistor, is being charged. At the end of 10 ms its charge is half
the final value. The time constant for the process is about:
A. 0.43ms B. 2.3 ms C. 10ms D. 14 ms

4. A Faraday’s law states that an induced emf is proportional to:
A. the rate of change of the magnetic field

B. the rate of change of the electric field

C. the rate of change of the magnetic flux

D. the rate of change of the electric flux

5. certain capacitor, in series with a 720 Q resistor, is being charged. At the end of 10 ms its charge is
half the final value. The capacitance is about:

A. 9.6 uF B. 20 pF C.7.2F D.10F

6. One hundred turns of insulated copper wire are wrapped around an iron core of cross-sectional
area 0.100 m2. The circuit is completed by connecting the coil to a 10 Q resistor. As the magnetic
field along the coil axis changes from 1.00 T in one direction to 1.00 T in the other direction, the
total charge that flows through the resistor is:

AL 2C B. 0.02C C. 1C D. 0.2C

7. A 10 turnideal solenoid has an inductance of 3.5 mH. When the solenoid carries a current of 2.0 A
the magnetic flux through each turn is:
A. Zero B. 3.5x10%Whb C. 7.0x10™*Wb D. 7.0x1072Whb
8. A 10 turn ideal solenoid has an inductance of 4.0 mH. To generate an emf of 2.0 V the current
should change at a rate of:
A.5.0 A/s B. 50A/s C. 250A/s D. 500 A/s
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9. An 8.0 mH inductor and a 2.0 Q resistor are wired in series to an ideal battery. A switch in the
circuit is closed at time 0, at which time the current is zero. The current reaches half its final value
at time:

A. 2.8ms B. 3s C. 170s D. 250s

10. An 8.0 mH inductor and a 2.0 Q resistor are wired in series to a 20 V ideal battery. A switch in
the circuit is closed at time 0, at which time the current is zero. After a long time the current in
the resistor and the current in the inductor are:

A. 0,0 B. 10A,10A C. 25A25A D. 10A,0

11. A current of 10 A in a certain inductor results in a stored energy of 40 J. When the current is
changed to 5 A in the opposite direction, the stored energy changes by:
A. 20) B.30J C. 40) D. 50

12. A 6.0 mH inductor is in a series circuit with a resistor and an ideal battery. At the instant the
current in the circuit is 5.0 A the energy stored in the inductor is:
A, 7.5%1072) B. 15x1072) C. 30x1072J D. 30x10%)

13. A charged capacitor and an inductor are connected in series. At time t= 0 the current is zero, but
the capacitor is charged. If T is the period of the resulting oscillations, the next time after t= 0
that the current is a maximum is:

A. T B. T/4 C. T/2 D. 2T

14. A charged capacitor and an inductor are connected in series. At time t= 0 the current is zero, but
the capacitor is charged. If T is the period of the resulting oscillations, the next time after t= 0
that the energy stored in the electric field of the capacitor is a maximum is:

A. T/4 B. T/2 C. 2T D. None of these

15. A capacitor in an LC oscillator has a maximum potential difference of 15 V and a maximum
energy of 360 . At a certain instant the energy in the capacitor is 40 . At that instant what is
the potential difference across the capacitor?

A. 5V B. 10V C. 15V D. 20V

16. We desire to make an LC circuit that oscillates at 100 Hz using an inductance of 2.5 H. We also
need a capacitance of:
A. 1mF B. 1uF C. 100 uF D. 1pF

17. Radio receivers are usually tuned by adjusting the capacitor of an LC circuit. If C=C; for a
frequency of 600 kHz, then for a frequency of 1200 kHz one must adjust C to:
A. Cy/2 B. Ci/3 C. Ci/4 D. 4C;

18. A capacitor in an LC oscillator has a maximum potential difference of 15 V and a maximum
energy of 360 . At a certain instant the energy in the capacitor is 40 pJ. At that instant what is
the emfinduced in the inductor?

A. 30V B. 10V C. 5V D. 2V

19. An RLC circuit has a resistance of 200 Q and an inductance of 15 mH. Its oscillation frequency is
7000 Hz. At time t= 0 the current is 25 mA and there is no charge on the capacitor. After five
complete cycles the current is:

A. 1.8x10°°A B. 2.1x10™%A C. 2.3x103A D. 3.5x1072A

20. An RLC circuit has a capacitance of 12 puF, an inductance of 25 mH, and a resistance of 60 Q. The
current oscillates with an angular frequency (in rad/s) of:
A. 1.2x103 B. 1.8x103 C. 2.2x10° D. 1.4x103
Page 2 of 4
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. A coil has a resistance of 60 Q and an impedance of 100 Q. Its reactance, in ohms, is:
A. 60 B. 80 C. 100 D. 120

. A 45 mH inductor is connected to a source of sinusoidal emf with a frequency of 400 Hz and a
maximum emf of 20 V. The maximum current is:
A. 0.18A B. 1.1A C. 360A D. zero

. An RL series circuit is connected to an ac generator with a maximum emf of 20 V. If the
maximum potential difference across the resistor is 16 V, then the maximum potential
difference across the inductor is:

A 4V B. 6V C. 12V D. 16V

. An RLC series circuit has L= 100 mH and C= 1pF. It is connected to a 1000 Hz source and the
source emf is found to lead the current by 75°. The value of R is:
A. 126 Q B. 126 Q C. 1750 D. 1750 Q

. An RLC series circuit is connected to an oscillator with a maximum emf of 100 V. If the voltage
amplitudes Vg, Vi, and V¢ are all equal to each other, then Vg must be:
A. 33V B. 50V C. 67V D. 100V

. An ac generator producing 10 V (rms) at 200 rad/s is connected in series with a 50 Q resistor, a
400 mH inductor, and a 200 uF capacitor. The rms current in amperes is:
A. 0.135 B. 0.18 C. 0.20 D. 0.40

. A series circuit consists of a 15 Q resistor, a 25 mH inductor, and a 35 uF capacitor. If the
frequency is 100 Hz the power factor is:
A. 0 B. 0.45 C. 0.89 D. 1

. An ac generator producing 10 V (rms) at 200 rad/s is connected in series with a 50 Q resistor, a
400 mH inductor, and a 200 uF capacitor. The rms voltage (in volts) across the capacitor is:
A. 25 B. 34 C. 6.7 D. 10-

29. The main reason that alternating current replaced direct current for general use is:
ac generators do not need slip rings

electric clocks do not work on dc

ac voltages may be conveniently transformed

ac minimizes magnetic effects

oo ®>»

30. An ac generator produces 10 V (rms) at 400 rad/s. It is connected to a series RL circuit (R=17.3 Q,
L=0.025 H). The rms current is:
A. 0.50 A and leads the emf by 30°
B. 0.50 A and lags the emf by 30° :
C. 0.71 A and lags the emf by 30°
D. 1.40 A and lags the emf by 60°

1“)
31. The magnitude of the magnetic field at point P, at the ] P —pm——
center of the semicircle shown, is given by:
A. 2poi/R B. 3uoi/2R C. Moi/4R D. uoi/2R

32. The magnetic field a distance 2 cm from a long straight current-carrying wire is 2.0x107> T. The
current in the wire is:
A. 0.16 A B. 2A C. 6A D. 73A
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34.

35.

36.

37.

38.

39.

40.

. Lines of the magnetic field produced by a long straight wire carrying a current are:
. in the direction of the current

opposite to the direction of the current
circles that are concentric with the wire

. radially outward from the wire

Two long straight wires are parallel and carry current in the same direction. The currents are 8.0
and 12 A and the wires are separated by 0.40 cm. The magnetic field in tesla at a point midway
between the wires is:

A. 0 B. 4x10* C. 1.6x107 D. 6x103
Two long straight current-carrying parallel wires cross I I ,
the x-axis and carry currents | and 3l in the same ol AR !
. . . 0 1 3 4 5 7
direction, as shown. At what value of x is the net
magnetic field zero?
A. O B. 1 C. 2 D. 3
1\[ 'T\.'U
Two long straight wires pierce the plane of the paper at vertices of P
an equilateral triangle as shown below. They each carry 2 A, out of
the paper. The magnetic field at the third vertex (P) has magnitude
(in T): 4 cm 4cem
A. 1.7x10° B. 1.6x10? C. 1.5x10* D. 1.8x10%
2A 2A
4em
Solenoid 2 has twice the radius and six times the number of turns per unit length as solenoid 1.

The ratio of the magnetic field in the interior of 2 to that in the interior of 1 is:
A. 6 B. 1/3 C. 1/6 D. 3

A 2-T uniform magnetic field makes an angle of 30° with the z-axis. The magnetic flux through a
3-m? portion of the xy plane is:
A. 2.3 Wb B. 5.2Wb C. 16 Wb D. 32.4Whb

The normal to a certain 1-m? area makes an angle of 60° with a uniform magnetic field. The
magnetic flux through this area is the same as the flux through a second area that is
perpendicular to the field if the second area is:

A. 0.5m? B. 3.1m? C. 6.8 m? D. 20 m?

Two long, parallel wires, each having a mass per unit length

of 40 g m’}, are supported in a horizontal plane by strings 6

cm long. When both wires carry the same current, |, the

wires repel each other so that the angle, 8, between the

supporting strings is 16°, the magnitude of the current is: v
A. 3.2mA B. 67.8A C. 12mA D. 12 A

Good Luck,,,
Page 4 of 4



Assiut University, Faculty of Science, Physics department

Physical Optics and Optical Fibers_271P Exam date:06/03/2021
First semester 2020-2021 Exam Time: 3 hours
occondgrade et inal Exam (50 Mar

Choose the correct answer for the following questions:
I Newton’s theory of light treated light as while Young demonstrated that light

behaved as with behavior.
A. particles, waves, refractive B. particles, waves, interference
__C. waves, particles, interference D. waves, particles, refractive

2. Inaplane electromagnetic wave in vacuurn, the ratio E/B of the amplitudes in SI units of the
two fields is:
A. the speed of light B. an increasing function of frequency
C. a decreasing function of frequency D.V2

3. Ina Young’s double-slit experiment, the slit separation is doubled. To maintain the same fringe
spacing on the screen, the screen-to-slit distance D must be changed to:

~ ADp2 B.DA/2 C.V2D D. 2D
4. The resolving power R of a grating can have units:
~ A.cm B. degree/nm C. watt D. nm/nm

5. In optical fiber waveguide, the core section is surrounded by the cladding section which is
made of glass or plastic with
A. a lower refractive index than the core B. equal refractive index of the core
_C. a higher refractive index than the core D. lower or higher depend on the application

6. The relation n; sin 8, = N sin 6, which applies as a ray of light strikes an interface between
two media, is known as:
A Gauss’ law B. Snell’s law C. Faraday’s law D. Cole’s law
7. Bragg’s law x-ray diffraction is 2d sin 8 = mA, 6 is the angle between the incident beam and:
A. a reflecting plane of atoms B. the scattered beam
_____ C. the normal to a reflecting plane of atoms D. the refracted beam
8. For an clectromagnetic wave the direction of the vector E X B gives:
A. the direction of the electric field B. the direction of the magnetic field
C. the direction of wave propagation D. the direction of the emf induced by the wave

9. Once the power of an optical pulse in optical fiber is reduced to a point where the receiver is
unable to detect the pulse, an error occurs. Attenuation is mainly a result of light
A, absorption B. absorption C. bending losses D. all of them

10. Which property limits how fast information is transferred. An error occurs when the receiver is
unable to distinguish between input pulses caused by the spreading of cach pulsc?

_______ _A. distortion B. dispersion C. loses D. scattering N
F. In the equation ¢ = (2ma/)) sin 0 for single-slit diffraction, ¢ is:
A. the angle to the first minimum B. the angle to the second maximum

___C. the phase anglc between the extreme rays _ D. Nm where N is an integer
+ 12 The critical angle of a diamond-air interface is 25, if light is incident at an angle of § with the
normal. Total internal reflection will occur if the incident medium is:
A. diamond and 0 < 25° B. air and 6 = 25°
C. diamond and 0 > 25° D. air and 6 > 25°

13. The numerical aperture is an important quantity because it is used to determine the coupling
and dispersion characteristics of the fiber. The numerical aperture values are
A. less than one B fesataes €1 ae oo



5.

20

23.

O |
Al

C. equal one D. variable values \
- The rcason there are two slits, rather than one, in a Young’s experiment is:
A. 1o increase the intensity B. one slit is for v, the other for A
_C. 1o create a path length difference D. one slit is for E, the other is for B
In the equation d sin & = mA for the lines of a diffraction grating m is:.
A. the number of slits B. the slit separation '
C. the slit width D. the order of the line

- If light ray is transmitted through an air-to-glass boundary, what happens to the wavelength?

A. increases B. decreases C. remains unchanged D. equal zero

- In the equation sin 8 = 2 /a for single-slit diffraction, @ is:

A. the angle to the first minimum B. the angle to the second maximum
C. the phase angle between the extreme rays  D. Nm where N is an integer

. Maxwell’s equations predict that the specd of electromagnetic waves in free space is given by:
A ey ; B. {/lo€o C. Vpgeq D. 1/{/1y€0

- Ina Young’s double-slit, light of wavelength 500 nm illuminates two slits that are separated

byl mm. The separation between adjacent bright fringes on a screen 5 m from the slits is:
A. 0.10 cm B. 0.25 cm

~C.0.50 cm D.1.0 cm

The diamond refraction index is 2.5. Which of the following is correct for the situation shown?
A. (sina)/(sinb) = 2.5 |
B. (sin b)/(sind) = 2.5 ‘
C. (( 0S a)/(( oS C) 2 5 b(/ " diatnond
D. (sinc)/(sina) = e G

air

: Howimany lines in a grating must be illuminated to obtain a resolving powé? of 300 in a third-

order spectrum?
A. 900 B. 300
C. 10 D. 100

2. A fiber has a core index of 1.499 and a cladding index of 1.479. When surrounded by air the

numecrical aperture is:

A. 14,1

B.28.2

C.0.244

D.0.5

A plane wave with a wavelength of 500 nm is incident normally on a single slit with a width of
5.0 x 107® m. Consider waves that reach a point on a far-away with an angle of 1.0° with the
normal. The difference in phase for waves from the top and bottom of the slit is:

A. 0

B. 0.55 rad

C.1.1rad

D. 1.6 rad

24,

What is the minimum number of slits required in a diffraction grating to just resolve light with
wavclengths of 471.0 nm and 471.6 nm?

A. 99

B. 197 “

C. 393

D. 786

An clectromagnetic wave carries magnetic field component with a peak of 1.5 x 10777 The
average power per unit area is: ( 4y = 47 X 107’T.m/A and ¢ = 3 x 108m/s)
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Q1: Choose the correct answer A, B, C or D: (1 Mark each)
1. Any deviation from the perfect atomic arrangement in a crystal is said to Contain
A. Defects
B. Effects
C. Dislocations
Solids have bonds between molecules and atoms than liquids.

Amorphous materials have order only within a .atomic or molecular dimension.
A. Many
B. Few
C. Some

Amorphous materials do not have any ............... . but they have varying degrees of
A. long-range order, Short-range order
B. Short-range order, long-range order
C. long-range order, medium-range order

Atoms or ions of a solid are arranged in a pattern that repeats itself in three dimensions; they form a
solid that is said to have a ........c..cevenn... structure.

A. Lattice
B. Crystai
C. Poiycrystal -
Materials arranged in short range order are called materials.
A. Crystal
8. Polycrystal
C. Amorphous
The strength and ductility of metals are controlled by
A. Surface
B. Dislocations
C. Defects
A change in the stacking sequence over a few atomic spacing’s produces a stacking faults whereas a
change over many atomic spacing produces a
A. Crystal
B. Twin region
C. Grain boundaries
9. Generaily, rapid cooling produces ...........coovvvene.n. whereas slow cooling result in larger grains
A. Smaller grains
B. Larger grains
C. Medium grains




! 10.The term ‘phase’ refers to that region of space occupied by a physically homogeneous material. These \
I regions are often called ............................
; A. Dislocations
: B. Precipitates
! C. Faults
} 11. When a void cccurs due to the shrinkage of a material as it solidifies, it is called ........ T ; 5
A. Porosity 5 ’
B. Cavitation
C. Velocity
12. When voids occur due 1o air bubbles becoming trapped when a material solidifies, it is commonly
called...................
A. Porosity
B. Cavitation
C. Velocity
13. Grain boundaries are akind of ..................oooiniii defects.
A. Point
B. Volume
C. Surface
i4. Vacancy isakindof ................cocooil defects.
A. Point
B. Volume
C. Surface
15, Voidsareakind of .........ooooovininien defects.
A. Point
B. Volume
C. Line

|
|
|
i
I
1
{
|
‘. 16. The combination of anion cation vacancies (in pairs) is called........ooeveennn.... imperfections.
e A. Columb
B. Schottkey
! C. Frankel
17. The combination of a vacancy and interstitial iscalled a ...........cooceevivniin.., imperfections.

' A. Columb

B. Schottkey
[ C. Frankel
| 18. Neutron does not interact with electrons in the crystal. Thus, unlike the x-ray, which is scattered
| entirely by .ooovevevveennennn, , the neutron is scattered entirely by nuclei.
> A. Electrons

B. Nuclei
! C. Protons
|
|
|

19. Neutron diffraction is an important tool in the investigation of ..........................ordering that occur
in some materials.
A. Electrical
B. Optical |
C. Magnetic l
20. Electron diffraction is a useful technique for ........cocovveveennn.. structure studies. |




A. Surface
B. Body
C. Internal ‘
21. Electrons are scattered strongly in air, so diffraction experiment must be carried out in a
..................... vacuum,
A.Low
B. High
C. Medium
2Z. In crystals the typical interatomic spacing about .......o.ovvvvee...... so the suitable radiation is X-rays.
Al-2 A°
B.2-3 A°
C.2-3nm
23. Neutrons are more useful than X-rays for determining the crystal structures of solids containing

.................
|
|
;

A.Heavy
B. Light
C. Small
24. The physical basis for the diffraction of electron and .................. beams is the same as that for X-
rays diffraction.
A.Proton
B. Dutron
C. Neutron
25. Neutron radiations have an energy equal to 0.08 ev but the X-rays have an energy equal to 10 Kev
but they have the same wavelength about .........co.coveevvn., .
A 1A°
B.2 A°
C.3A° )
26. X-rays can be created by bombarding a metal target with high energy ................ clectrons.
A.<10
B.> 10
C.= 10*
27. Neutron energy magnitude as the thermai energy KT for this reason we speak of oo
A.Thermal electrons
B. Thermal neutrons
C. Thermal protons
28. The three general types of solids are................ e G5 8 AN H 686 i
A. Crystal, Lattice, Polycrystal
B. Polyerystal, Single Crystal, Precipitates
C. Single Crystal, Polycrystalline, Amorphous
29. The branch of science that deals with the geometric description of crystals and their internal
arrangement is .................
A.The polymorphism
B. The crystallography
C. The condensed matter




30. An imaginary network of lines, with atoms
atoms is called

K 7 2.

33, is an atom of a different type than the bul

the lattice,

K

I8: hisiimnnnnass

3. . iinrrnnns

37. Polycrystals with grains that are <0

38. The type of defect that influences the mech

39. Graphite is a metal

.............

A. Space lattice.
B. Space group
C. Twin regions

A. Crystal lattice
B. Unit cell

C. Graine boundary

- is an extra atom that has cro
A. Substitutional impurity
B. Interstitial impurity

C. Self interstitial

A. Substitutional impurity
B. Interstitial impurity

C. Self-interstitial

........ are regions where there are a |

A. Vacancies
B. Voids
C. Grains

.............. a phenomenon that materia
A. The polymorphism

A
B. The crystallography
C

. The condensed matter
..... has an atomic structure that repeats periodicall

A. Polycrystal
B. Single crystal
C. Amorphous

A. Single crystals

B. Nanocrystaliline

C. Polycrystaliine

A. Dislocations
B. Precipitates
C. Faults

just carbon.

40,

A. Semiconductor

B. Superconductor

C. Conducter

..................... have mobile molecul

A. Amorphous

at intersection of lines, representing the arrangement

............................................

is that block of atoms which repeats itself to form space latti

wded its way into an interstitial void in the crystal structure.

k atoms, which has replaced one of the bulk atoms in

arge number of atoms missing from the lattice.

I'has more than one crystal structure,

Yy across its whole volume.

nm in diameter are called

anical properties of a material is called

» diamond is an insulator and buckminster-fullerene is a

es. but a type of long range order can exist.

B. Polycrystals C. Liquid crystals




e T —

Q2: Choose the correct answer A, B, C or D: (2 Mark each) '
41. Copper has an FCC crystal structure and a unit cell with a lattice constant of 0.361 nm. What is its
interplanar spacing d220?
A.0.128 nm
B.7.834 nm
C.0.180 nm

constant (a) for the cube edge of the iron unit cell.
A.0.350 nm
B.0.286 nm
C.0.859 nm

43. The position coordinates of the absent atoms with numbers (1}, (2) and
(3) in the BCC crystal structure are.................. Gl aurn |
’ . 'u// (2)//%
A,(I,O, 1)# (15 13 1): (19 }y 0\) ¢ ;"(._, B
B.(0,0, 1), (1, 1, 1), (1, 1, 0) ’ | ,
C.{1,0,1),(1,1,0), (I, 1,0) o b, oo

42. Iron at 20 °C is BCC with atoms of atomic radius 0.124 nm. Calculate the lattice P
f

i
!
|
i
b
i
‘*!

e

S0, 0 o

|
44. The d-spacing’s for the same planes in a crystal with unit cella=b =7 Ac=9AIs...... zI
A. 4.3 nm |

B.2.3 nm o

C.0.43 nm l

’

45. A cubic crystal has a=5.2 A the d-spacing of the (1 1 0) plane of this cubic crystal is............
A.2.7 nm
B.3.6 om
C.0.36 nm

With all my hast wishas Or, Essam F, Abg Zeid
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First Question

True or false (1.25 Mark for each = 50 Marks)

L

2.

8.

10

11.
12.

Semiconductors are a special class of elements having conductivity between that of a
good conductor and that of an insulator.

The three semiconductors used most frequently in the construction of electronic devices
are Ge, Si, and GaAs.

. This bonding of atoms, strengthened by the sharing of electrons, is called covalent

bonding.

Semiconductor materials have a negative temperature coefficient.

leV = 1.6 x 10719

There is always a wide energy gap between the valence band and the conduction band
in insulators.

A semiconductor material that has been subjected to the doping process is called an
extrinsic material.

. A P-type semiconductor is created by doping Si, Ge, or GaAs with three valence-

Impurities. . ,
In N-type material, the electron is the majority charge carrier and the hole is the minority
carrier.

.The region of uncovered positive and negative ions is called the depletion region due to

the “depletion” of free carriers in the region.
The wide end of the arrow on a diode schematic indicates the p-type material.

Under normal conditions, the PN-junction is conducting current when it is forward-
biased.
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13.In the absence of an applied bias across a semiconductor diode, the net flow of charge
in one direction is zero.

14 Forward bias is applying an external potential across the PN-junction such that the
positive terminal is connected to the P-type material and the negative terminal is
connected to the N-type material.

15.As the forward potential difference through a silicon diode increases, the internal
resistance decreases.

16.The maximum reverse-bias potential that can be applied before entering the breakdown
region is called the peak inverse voltage or the peak reverse voltage.

17.The thermal voltage Vr is around 40 mV if the temperature is 191 °C.

18.When the diode is used as a rectifier, the PIV must equal or exceed the peak value V.
of the applied voltage.

19.The Zener diode is conducting when it is forward or reversed biased with enough large
potential difference.

20.For large values of a sinusoidal input wave v; , the output waveform v, is as shown for
this circuit.

Sk +
.

v, oV /-
Zeners

(o

21.For a forward-biased diode, the barrier potential remains constant as temperature
increases.

22.Diodes constructed of Si and Ge emit light in the infrared (invisible) zone during the
recombination process at the p—n junction.

23.The wavelength and frequency of light of a specific color are not related to the energy
bandgap of the material.

24.A short circuit can have any voltage across its terminals, but the current is always 0.

25.For the circuit shown in Fig. 2.28, Ip; and Ip, are not of the same magnitude.

26.For the circuit shown in Fig 2.35, the green diode is in the "off" state.

27.For the circuit shown in Fig. 2.40, Vo = 9.3 volts if the diodes are Silicone.

2V

el green

FIG. 2.28 FIG. 2.35 FIG. 2.40
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28.In the half-wave rectifier shown in Fig. 2.44, the output voltage v, equals (0.318 V,,) for
an ideal diode.

-+ .

. g i
‘ :
7 | n i K
Ien
' i
-

29.Clippers are networks that employ diodes to clip away a portion of an input signal
without distorting the remaining part of the applied waveform.

30.The terminal with an arrow in the bipolar junction transistor represents the emitter of
this transistor.

n-p-n transistor p-n-p transistor

31.The common base transistor configuration circuit is characteristic with no current gain
but has a voltage gain.

32.The quantity alpha (a = j—c) relates the collector and emitter currents and is always close
E
to one.

33.The quantity beta (f = ;—C) provides an important relationship between the base and
B

collector currents and is usually between 50 and 400.

34.The NOT function (as B = A ) provides the complementary state to a given variable,
so if A=0, then B=1. ,

35.The output of the AND function takes the high logic level (= 1), if and, only if, the input
variables are at the high logic level (= 1).

36.A simple representation for the OR function is this circuit, if the switches S1 and S2 are

the inputs and the LED state (on/off) is the output.
51

L],

37.For any logic variable A, (0.A =A.0 = 0).

38.For any logic variable A, (4 + A = 1).

39.In Boolean Algebra, A+ (B.C)=(A+B).(A+C)=A+B.A+C.

40.De Morgan's Theorem states that for any two logic variables A and B, (A + B = 4. B).
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Second Question (Oral)

(1.25 Mark for each = 10 Marks)

1% part o ‘
Choose the output waveform from Table II for each network in Table I Vi
if the input is as shown ¥
\/ ;
- "V;n
Table I
" . o -;»——W»»H
it K 1 3 + * +
41 R§ Y 2 | " =
- |~ oy -3
= -__I__- 4 = .%'..
o " o T4 AT S C—Y
o+ P + +
43 Vi I Vo 44 ¥y + ¥ Yo
g -
E“L o : » — -l- 5
Table I1
Y Vo
V .
A 0 B 0 l !
¢ |
“"';;s g
i 1’"1
; “ =
C ¢ ¥ D 0 :
) Wl "W
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74 part
Choose the output waveform from Table 1V fo

111 if the input is as shown -
. T

r each network in Table

Table 111

Table IV

L ?\
i
; |

=

( FERN RN S e .
i : i :
| : i :
| 34

|
-

With my best wishes
Mohamed Sabet
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Assiut University, Solid State (Phys. 353) Exam

Faculty of Science, Final Exam : Feb. 28.2021
Physics Department, Time of Exam : 9-12 am

Choose the correct answer A, B, C,or D: (One mark each)

1- When a neutral sodium atom loses one electron. it becomes
(A) Na~ ion (B) Na~~ ion (C) Na* ion (D) Na™* ion

2- The maximum number of electrons for the energy level n= 3 are equal to
(A) 12 (B) 9 (C) 18 (D) 15

3- The maximum number of electrons fill d-shell equals
(A) 10 (B) 8 (C) 6 (D) 2

4- In orthorhombic crystal structure, the primitive lattice vectors are
(A) m=b=zg (B) @=b=¢ C)a#b#c (D) as=b=2¢

5- In tetragonal crystal structure, the primitive lattice vectors are
Aya=b+#c B)a=b=c (C) bbb =E (D) a+b=c

6- In a simple cubic structure, the relation between the cube edge (@) and the atomic radius (R) is
(A) a=R (B) g= 2R (C) @ =Rf2 (D) a=nR

7- For a body centered cubic lattice, the number of lattice points related to one unit cell is
(A) 1 point (B) 2 points (C) 3 points (D) 4 points

8- For a face centered cubic lattice, the number of lattice points related to one unit cell is
(A) 1 point (B) 2 points (C) 3 points (D) 4 points

9- For a simple cubic lattice, the number of lattice points related to one unit cell equals to
(A) 1 point (B) 2 points (C) 3 points (D) 4 points

10- For a simple cubic lattice, the nearest neighbors are equal to
(A) 4 point (B) 6 points (C) 8 points (D) 121point5

>T1 )¢




-

11- For a body centered cubic lattice, the nearest neighbors are equal to
(A) 4 point (B) 6 points (C) 8 points (D) 12 points

12- For a face centered cubic lattice, the nearest neighbors are equal to

(A) 4 point (B) 6 points (C) 8 points (D) 12 points

13- The energy required to remove one electron from a neutral atom is called the ..... energy.
(A) Electron affinity (B) Ionization (C) Thermal (D) Cohesive

14- When a neutral atom gains one extra electron, the energy released is called the ..... energy.
(A) Electron affinity (B) lonization (C) Thermal (D) Cohesive

15- Energy gained from the chemical reaction Na* + Cl~ —» NaCl iscalled the ..... energy.
(A) Electron affinity (B) Ionization (C) Thermal (D) Cohesive

16- The chemical bonds between two silicon atoms inside silicon crystal is called
(A) Ionic bonds (B) Covalent bonds (C) Metallic bonds (D) van der Waals

17- The chemical bonds between two copper atoms inside copper crystal is called
(A) Ionic bonds (B) Covalent bonds (C) Metallicbonds (D) van der Waals

18- The chemical bonds between two water molecules inside ice crystal is called

(A) lonic bonds (B) Covalent bonds (C) Metallic bonds (D) van der Waals
19- The chemical bonds between two hydrogen atoms in a gas state is called the ....... Bonds.
(A) lonic (B) Covalent (C) Metallic (D) van der Waals

20- The chemical bonds between one hydrogen atom and carbon atom in CH, gas is the .......
bonds.

(A) Ionic (B) Covalent (C) Metallic (D) van der Waals
21- When you have a neutral sodium (Naj3) atom, the neutral atom has ......... electrons.
(A) 11 B) 12 (C) 13 (D)0
22- When you have a neutral sodium (Na23) atom, the neutral atom has ......... neutrons.
(A) 11 B)12 (C) 13 (D)o

2K



23- When you have a neutral sodium (Na33) atom. its atomic weight is equal to
(A) 11 (B) 12 (C)23 (D)0

24-The electronic configuration of the neutral sodium atom is
(A) 1s22512p°3s? (B) 15%25%2p°3s" (C) 1s%25%2p°3s? (D) 15225%2p®3s2

25- In the free electrons theory. the Fermi velocity of the electrons (vg) equals to
(A) hkg (B) hkp/m (C) hkg/2 (D) 2hkg

26- In the free electrons theory. the Fermi energy of the electrons (Ef) equals to
(A) hkg (B) (hkg)?/m (C) (hkg)? (D) (hkg)?/2m

27- Elements which have a very large resistance to the electric currents are called .......
(A) conductors (B) diamagnetics (C) insulators (D) paramagnetics

28- Elements in which the electrons move as gas molecules are called ........
(A) metals (B) diamagnetics (C) insulators (D) paramagnetics

29- When a free electron moves with velocity (v) into a magnetic field (B), the magnetic force
will be zero if the angle (8) between v and B equals ....
(A) m (B) m/2 (C) n/3 (D)m/4

30- When a free electron moves with velocity (v) into a magnetic field (B), the magnetic force
will have a maximum value if the angle (0) between v and B equals ....

(A) m B) n/2 (C) /3 (D) /4

31- The electrical conductivity (o) of the metal is given by
(AYo=nt/m B)o=n1t/e*m (C)o=¢e*nt/m (D) o= e?/ntm

32- The relation between the current density (J) and the electric field (E) inside a metal is
(A) ] =*/E (B) ] = o/E (C) ] = o E? D) J= ok

33- The volume of atoms belong to one unit cell divided by volume of the cell means
(A) Fermi factor (B) Hall ratio (C) packing fraction (D) Avogadro number

2[K¢
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34-The packing fraction of the face centered cubic lattice equals
(A)26% (B)52% (C) 68 % D)74 %

35- The packing fraction of the simple cubic lattice equals

(A) 26 % (B) 52 % (C) 68 % (D) 74 %

36- The energy stored in a spring is called the ......... energy.
(A) kinetic (B) potential (C) chemical (D) nuclear

37- When atoms stay at equilibrium position, the attractive force will equal to the ...... force.
(A) repulsive (B) spring (C) friction (D) chemical

38- Elements move away from regions of high magnetic fields are called
(A) conductors (B) diamagnetics (C) insulators (D) paramagnetics

39- Elements move towards regions of high magnetic fields are called
(A) conductors (B) diamagnetics (C) insulators (D) paramagnetics

40- Elements in which the electric currents can go through very easily are called
(A) conductors (B) diamagnetics (C) insulators (D) paramagnetics

41- When an electric charge (+ g) moves with velocity (v) into an electric field (E), the electric
force increases if
(A) v decreases (B) v increases (C) E increases (D) g decreases

42- When two resistors (3 & 6 ohm) are connected in parallel, the equivalent resistance equals
(A) 2ohm (B) 3 ohm (C) 6 ohm (D) 9 ohm

43- To measure the Hall coefficient in the element, the angle between the electric current and the
applied magnetic field should be
(A) m (B) m/2 (C) n/3 (D)m/4

44- When a system looks the same when x — x + a, then in k-space the dispersion looks the

same if the change in k equals _
(A) 2rt/a (B) m/a (C) m/2a (D) m/4a



!

45- “Electrons try to maximize their total orbital angular momentum™. This rule is the
(A) 1* Hunds (B) 2% Hunds (C) 3% Hunds (D) Madelung

46- “Electrons try to align their spins™. This rule is the .......
(A) 1* Hunds (B) 2™ Hunds (C) 3 Hunds (D) Madelung

47- “The energy ordering is from lowest values of (n + [) to the largest, and when two shells
have the same value of (n + [), fill the one with the smaller # first”. This rule is the .......
(A) 1% Hunds (B) 2™ Hunds (C) 3% Hunds (D) Madelung

48- “The orbital and spin angular momentum either align or antialign . so that the total angular
momentum is /| = [L + S]". This rule is the .......
(A) 1¥ Hunds (B) 2 Hunds (C) 3™ Hunds (D) Madelung

49- Given a direct lattice point R. a point G is a point in the reciprocal lattice if and only if
(A) ei(G+R) (B) ei(G—R) (C) ei(G.R) (D) e(iG/R)

50- In one-dimensional case, the compressibility (8) depends on the spring constant (k) and on
the spacing between the atoms (a) as follows

(A)B =r.a B)B=(ea)?  (C)f=x/a (D)8 = Vra
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Answer the following questions: o

Loyl glgal b Jib Cilad) ala)) pladiody 8 Ul AaY) (Lgesd ) (unaay () sty rdaly Laadle

(bible sheet)
Q.1: {Choose True ( T) or False (F) for each sentences and put your answer in the
bible sheet: (25 Marks)
1- The enthalpy (H) of the solid materials reaches its maximum value at the ( )
melting temperature.
2- The physical properties of amorphous Si is the same in all directions. ( )
3- If rc/ra ratio for some oxides lies  between (0.22-0.42) , then the ( )

teterahedraly glass formation is possible.

4- The glass network modifiers usually enhance the chemical resistance of ( )
the glass due to formation of NBO,s.

5- The glass transition temperature Tg of a glassy material is not heating ( )
rate dependent.

6-The glass modifier cations for oxide glasses are generally of high valance ( )

and form covalent bonds with oxygen.

7-Metallic glasses can be easily prepared using melt quench technique.

8-Chalcogenide glasses are generally brittle and have a low softening ( )
temperature.
9-The crystalline solids generally have a definite heat of fusion.

10-The enthalpy (H) of a supercooled melt of a crystalline material
decreases exponentially during cooling tell to solidification point.

11 -The degree of crystallization for a supercooled melt in equilibrium is ( )
governed by the nucleation and growth rates.

12-High vacuum is not necessary during thin film preparation by electron ( )
beam technique.

13-Urbach formula can be used to determine the band gap energy (Eg) for ( )
a semiconductor thin film.

14- The constants A,B in Lasocka empirical formula for thermal analysis of ( )
glass are heating rate dependent.

15- The optical loss in glasses used for fiber optics reaches its minimum at ( )
wavelength in med IR range ( 1.5-1.6 pm).

1¢-Raylegh scattering in a multi component glasses is mainly due to ( )

composition fluctuations only.



17-The extended state conduction for amorphous chalcogenide glasses ( - )
generally takes place during measurement at high temperatures.

18-The band tail energy for amorphous semiconducting thin films can be ( )
determined using the Tauce relation.

19 Thin films of high melting point materials can be easily prepared using ( )
plasma sputtering technique.

20-The phenomena of electrochromic can be used to change the color of ( )
transparent glasses.

21-Soda Ash and Lima stone are added to silicate glasses to increase the ( )

network connectivity of this glass.
22-Flout processing technique is generally used to produce window glasses. (

23-B»0s3 glasses are the most suitable glass types for glass recycling.

24- Normal dispersion (dn/da <0) for glasses takes place generally at UV ( )
range of the spectrum.
25-Hand blown technique is generally used to prepare decorative glasses.  ( )

Q.2:Choose the correct answer for these statements and put vour answer (A,B.C.D)
in the bible sheet: (25 Marks)

26- The volume of the solid materials when transforms from solid to liquid state
undergoes:

Ay- strong decrease B)-strong increase  C)- slight increase D)- remain constant

27- At the crystallization transition region of amorphous solids, the temperature of the
sample generally :

A)- decreases  B)- increases C)-remain the same D) None of the above
28-Addition of Alkali oxides to silicate glass resulted in:

A)-increase network connectivity B) increases viscosity

O)- decreases diffusion coefficient D)- reducing chemical resistance

29- The most easy and popular technique generally used to prepare amorphous thin
films is:

A)- melt quench B)- CVD C)- Thermal evaporation D) sputtering
30- The refractive index of amorphous thin films depends on :

A)-materials type B)-wavelength of incident photons

2




C)- Film thickness " D) all the above

31-For émorphous semiconducting material of band gap 3.5 e.v, band to band
electronic absorption takes place for wavelengths lies in the

A)_IR region B)- UV region C)- VIS region D)- FIR region

32- Glass former elements usually of high valance state and forms with oxygen
A)-convent bonds B)- ionic bonds C)- metallic bonds D)- a,b

33- Variable range hopping conduction takes place:

A)- between nearest neighbor atoms  B)- between dopant atoms at low temperature
C)-between localized states at fermi level D)- inside conduction band

34- During DSC experiments, the chemical potential energy in the glassy sample
changes to heat during:

A)-glass transition region B)- crystallization region
C) melting region D)- All the above

35- The x-ray diffraction technique can be used to characterize the amorphous
materials to determine:

A)- its unit cell parameters B) the chemical composition
C)- the average coordination number D)-the bond energy

36-For endothermic process in the DSC thermograms, heat is converted into chemical
potential energy and this resulted in :

A)- decrease sample temperature B)- decrease the surrounding temperature
C)- H=0 D)- H<0

37;The optical absorption in glasses for the IR region of the spectrum is due to:

A)- electronic absorption B) vibrational absorption

C)-aand b D)- None of the above.

38- The coordination number for the tetrahedral structure of SiO2 glass is :

A)-4 B)- between 2 and 3 C)->4 D)- 0.22-0.42

39-When NBO,s forms in silicate glass, this leads to:



A)-increase network connectivity B)-decrease chemical resistance
A~ increasing softening point D)- All of the above

40- The addition of ALO;s to B>O; glass results to :

A)- it acts as glass modifier B)- it acts as glass former

O)- increase glass stability D)- None of the above

41-The addition of alkaline earth oxide to silicate glass results to :

A)- creation of one NBO B)- poor chemical durability

C~ increasing softening point D)- all of the above

42-The amorphous solids soften at :

A)- definite temperature B)- over a range of temperatures
C)- at the onset crystallization temperature D)- None of the above

43- Chalcogenide glasses have many properties such as:

A)- electrically semiconducting material B)- very strength

C}- soften at very high temperature D) bandc

44-Tetrahedral glassy thin films (0-Si, a-Ge ) can be easily prepared by:

A)_ melt quench technique B)- splat cooling

C)- sputtering D)-a and b

45-Free carrier absorption takes place in amorphous semiconducting thin films when.
the incident photon energy hv is:

Ar- <<Eg - B)-=Eg C)>Eg D) b and ¢

46-Si single crystal can be easily prepared using technique of :

A)- thermal evaporation B)- sputtering

C)- The Czoachralski method D)- melt quench

47- The Pauling,s rule for glass formation states that the Octahedral glasses can be
formed when the ro/ra ratio is :

A)- 0.115-0.225 B)- 0.414-0.732 C)-=1 D)- 0.732-1




48-Zachariasen theory for glass formation states that the mumber of oxygen atoms
surround the cations must be small, specifically:

A)-6 " B)2 C)30r4 D) >4
49- The advantageous of sputtering deposition are those except:
Aj-low substrate temperature B)- good adhesion

C)- low coast D)- uniform coating

50-Both the refractive index (n) and the absorption coefficient (a) for the same

amorphous thin film are:
A)- dependent parameters B) independent parameters

C) constant for the same film D) All of the above

With my best wishes Prof. Dr. Atta Yousef Abdel-latief
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Use the following physical constants when you need:

-31

Electron charge ¢ = 1.6x10°" Coulomb, Electron mass m, = 9.11x107" kg,
Proton mass #,= 1.673x107 kg, Planck's constant /1 = 6.626 x107* J.s
The gyromagnetic ratio of H!, ¢=5.586 Boltzmann Constant k =1.38 x 1075 VK

Section (A): (26 marks)

Al. Mark (/) for the correct sentence and (x) for the wrong one (6 marks)

1. The Larmor frequency of a magnetic moment around a magnetic field is proportional to the
applied magnetic field

2. When a magnetic field is applied to electrons at room temperature, all the electron spins will
have direction parallel to the applied magnetic field.

3. In a magnetic resonance experiment, a static magnetic field is applied for the splitting of the
energy levels

4. The energy required for the NMR of the hydrogen nucleus in a magnetic field is usually in the
microwave range.

5 7eeman effect states that electrons with different values of / will experience a shift in their
energy levels in the presence of a static magnetic field

6. The magnetic hyperfine coupling refers to the coupling between the orbital magnetic moment
and the spin magnetic moment. '

A2. Circle the correct answer (10 points - 20 marks):

1. The free precession of a magnetic moment around a magnetic field is defined by
(a) The Bohr magneton (b) The Larmor frequency (¢) The angular momentum

2. The L-S coupling splits the d-electrons levels (I=2) to
(a) six energy levels with j=5/2 (b) two groups with j=5/2, j=3/2
(¢) four energy levels with j=3/2

3. The number of resonance frequencies in the ESR experiment in the case of /=2 and s=1/2 1s
(a) one transition frequency (b) two transition frequencies
(c) five transition frequencies



4. The Larmor frequency of the electron spin in a magnetic field of 0.1 Tesla
(a) 42.6 MHz (b) 2.8 GHz (¢) 100 MHz

5. The magnetic moment of an electron spin u_ is
(a) 112 p, 1518 9 , (c) 3/2 Hy

6. For a magnetic field of 2.348 T, H' resonates at:
(a) 100 GHz (b) 65.744 MHz (¢) 100 MHz

7. The ratio of the nuclear magneton to the Bohr magneton f,, / 1, is equal to

@ m,/m, (b) m, /m, () m,/m,

8. In an ESR experiment, the resonance transition between the energy levels is maintained by
(a) an applied magnetic field (b) exciting microwaves (¢) exciting radiowaves

9. In an ESR experiment under constant excitation energy, the resonant magnetic field is

(a) directly proportional to the g-factor (b) inversely proportional to the g-factor
(¢) doesn’t depend on the g-factor

10.The total energy angular momentum state (J) is lower in energy due to
(a) spin-spin interactions (b) orbit-orbit interactions
(¢) spin-orbit interactions

Section B (24 marks):
Answer the following four questions

1) Draw a diagram of the electron magnetic resonance setup showing its main components.




agram of the deuterium atom S(1/2) and I(1) resulting from the

2) Draw the energy level di
1d and show that the expected spectrum is triplet

hyperfine coupling in a constant magnetic fie

3) The following figure shows the ESR spectrum of
hydrogen atoms in an x-rayed human tooth at room
temperature, Calculate the hy'p‘erﬁne coupling of - WMM
the hydrogen atom and the exciting photon energy.

|

! : p—100 6=+ |

i 1
i

3105 Gauss 3602 Gauss




4) In an ESR spectrum of Fe™ and Co™, The Fe' spectrum consists of a single intense line
while the Co"" spectrum is a hyperfine octet due PCo with [ = }2. If the exciting photon
energy is 9.4175 GHz and for the magnetic field at the center of the intense line (Fe") is

1629.06 G, calculate the g factor of Fe'.

wEed
HEES
(127 ¥

........................................................................................................................................................................................

Best wishes
Examiner: Prof. Dr. Mohamed Almokhtar
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Answer the following questions:

Section (A): Choose the correct answer from the following:

I- Einstein showed that the relation between diffusion coefficient (Djﬂ and
mobility (p) of the charge carriers (holes) can be expressed as:

K KpT
(A) Dp =\ —= GJ)Dp = =

KpT?
Lp T2e “p e (C)DP - “p p

2- Temperature dependence of charge carrier mobility in semiconductor is:
(A)pa T? B) pol/T? (C) wo T

3-The general expression for Fermi energy level in an intrinsic semiconductor is:

(A) Ey = Ectly | 4 1 ™Mb (B) B = Ec+By 3KpT ]

+ , In [ =2
2 4

me

2 skgT el
B me
4- When the complex refractive index of a semiconductor is given by a relation
n* =n + ik at a certain wavelength X, hence the absorption coefficient o is:
2k 41k 41

(a) & = —= (b} & = — (6} &=

i A Ak

5- The general expression for the density electrons in an intrinsic semiconductor
with an energy gap E, and C = 4.83x10%" is:

o) E o 26,
(A)n; = CT?3 exp [~ ZK‘ZT] (B)n; = CT?/3 exp [+ ;ﬁj

6- When the intrinsic charge carrier concentration (n;) is 2.5 x 10"’/m’, at room
temperature 3000C, where KzT= 0.026 eV and C= 4.83x10?'", hence the ,
estimated forbidden energy gap is:

(A) Eg=1.44 ¢V (B)E,=0.72 ¢

7- If the complex dielectric constant of nano-semiconductor compound of

@n=Z[{e+(F +eDVNY2 O)n= =[{e + (eF — ]2V

particle size 3 nm is given by ¢* = &; + (¢, , then real refractive index n is: ‘
|
|



8- 3- When the complex refractive index of a semiconductor is given by the |
relationn® = n + ik at a certain wavelength A, hence the reflectivity (R) is given |

|

_ (n=1)24(k+1)2 _ (n-1)%+(k)? y (n+1)%+(k+1)?
LA = (n+1)%+(k+1)2 (B)R = (n+1)2+4(k)? () (n—=1)%+(k+1)2

9- The inject

ed excess carriers into a semiconductor, diffuse away from the

metal-semiconductor point contact at x = 0 and thejr density decreases |
exponentially with a distance x by the equation: |
() B = Gndwexp [= ] (B) (n), = (An),g exp [~ 12|

X x0 p \/—Dn.n X x0 Pl x -

|
Where, L,, = v Dnty is the electron diffusion length. 7, the lifetime and Dy is the |
clectron diffusion coefficient

10- If the band gap of CdS photoconductor is 2.4¢V, hence wavelength (1) of the
emitted photons due to a direct recombination process of electrons from the
conduction band with holes in the valence is:

(A) A=526nm (B)A =625 nm (€C) 4=

I1- The diffusion current in semiconductor at room temperature is directly |
proportional to:

(A) Square of the electric field (E?). (B) The electric field intensity (I).
(C) VE of the electric field .

12- Donor imﬁ?rﬂics in n-type semiconductor introduce localized defect states
within the energy band gap:
(A) Near the conduction band edge.
(B) At the midpoint of the band gap
(C) Near the valence band edge

13- In n-type semiconductor the optical absorption process at photon energy hv
<k, is ascribed to:
(A) Optical excitation of electron from a donor level to the conduction band.
(B) Optical excitation of electron from the valence band to a donor levels

14- Incorporation of impurities into the crystal lattice sites of semiconductor at
constant temperature results in:

(A) A decrease in electrical conductivity due to the decrease in the concentration
of free charge carrier.

(B) An increase in electrical conductivity due to the increase in the concentration
of free charge carrier.

(C) No change in electrical conductivity.



| ; I5-Enhancement  of  the optical and  optoelectronic properties  in
nanosemiconductor materials can be attributed to:

(A) Increase in the nanoparticle size and a decrease in the surface area of atoms
at the nanoparticle surface.

(B) Decrease in the hanoparticle size (i.e., quantum size cffect) and increase in
surface area (i.e., Surface to volume ratio (S/V) of atoms at the nanoparticle
surface

16- Indirect optical transition in solids occurs: |
(A).When a minimum of the conduction band and a maximum of the valence |
band exist at different points in k-space (i.e., k; # k).
(B) When minimum of the conduction band and maximum of the valence band |
exist at the same points in k-space (i.e., k; = ky). |

17- Optical and e loyed semiconductor “‘
nanoparticles: |
(A) Are dependent significantly on the molar ratio (x) of zinc content. |
_(B) Are independent on the molar ratio (x) of zinc content
18- The broadening, reduction and red shift of the excitonic
GaAs due to increasing in the lemperature can be attributed to:
(A) Exciton-Electron interaction. (B) Exciton-Phonon scattering.
(C) both (A) and (B) }

lectrical properties of Zn.Cd,. . S, al

absorption peak in

—_—_—

le size due to improvement in the degree of |
crystallization  via  thermal annealing  process of the polycrystalline
nanosemiconductor results in: "

(A) An increase in the optical band gap and enhancement in the PL intensity.

(B) A decrease (i.c., red shift) in the optical band gap associated with a decrease

in the PL intensity.

20- Free Exciton ( vdn-MotTL%?nEBSEZHSrEZ&B?Z@§** -
(A) Small radius and strong binding energy:.

(B) Large radius and weak binding energy.

(O) Itis usually occur at room temperature.

21- The optical band gap of direct band. gap semiconductors such as CdS. Zne)
and GaAs can be determined from the extrapolation of straight line portion of:
(A) Tauc's plot [(@hv)?vs hv] to (ahv)? = 0,and the intercept with hv-axis
gives hy = Eg.

1 : : B ,
(B) The plot of (ah V) /2 vs hv, and the Intercept with hv-axis gives hy = kg

22- One of the most important properties of semiconducting material is:
(A) The positive temperature coefficient of its electrical conductivity (i.e., o oT).



(B)Ihe negative temperature coefficient of its electrical conductlvny (l.e., oo )

23- Presence of non radiative structural defect states in nano semiconductor
materials results in:

(A) Improvement of the PL. emission intensity and blue shift of the forbidden
energy gap.

(B) Quenching/reduction in the PL emission intensity and red shift of the
forbidden energy gap.

24-- At steady state value of a photo—conductiVity the rise curve of the
photocurrent is described by:

(A) Ao = Aoy, {exp <— %”
(B) Ao = Aog[1—exp (—t/1].

25- The light-emitting diode (LED), is a p—n junction, which emits light, when
electrons from the conduction band of n-region recombine with holes in the
valence band of p-region within the energy gap and operate:

(A) Under the forward bias of an external electric field.

(B) Under the reverse bias of an external electric field.

SECTION B: Put a sing (\)in the front of the right sentence
and a sing (x) for the wrong sentence:

26- Electrical conductivity of semiconductor increases pr()ncnudlly “with

temperature according to the Arrhenius equation: g; = g, exp |+ u< - ]
B

27- To have high efficient photovoltaic cells and photodiodes, it is preferable to
use direct band gap semiconductor materials.

28- Increasing in the degree of crystallization and nanoparticle size of
polycrystalline semiconductor via thermal annealing process leads to increase in
the optical energy gap and enhancement in photoluminescence (PL) intensity.

29- Photovoltaic cnergy conversion depends on the number of photons striking
carth surface with energy larger than the band gap of the semiconductor, these
photons promote an electron from the valence band to the conduction band.

30- n-type semiconductor reveals extrinsic photoconductivity due to optical
absorption by localized donor atom, accompanied by the creation of free
electrons in the valence band and positive ion bounded to the donor atom.




31- Under the influence of applied electric field, the intrinsic photoconductivity
in CdS is ascribed to the optical absorption by host atoms, accompanied by photo
generation of a free electrons and holes in conduction and valence band
respectively.

32-The optical band gap of pure semiconductor increases with increasing
temperature due to electron-electron and electron -phonon interaction (i.e.,
scattering process).

33- The efficiency of amorphous silicon solar cell is higher than that of defect
free (pure) single crystalline silicon cell.

34- Under the forward-biased of light-emitting diode (LED), the light emission
takes place when electrons from the conduction band of n-region recombine with
holes in the valence band of p-region.

35. Free carrier life time can be defined as the time that an excited electron or
hole spends in the conduction or the valence band respectively, before its
recombination with a carrier of opposite sign.

36- When an electron is captured by an excited center in the band gap containing
a hole, or a hole being captured by an excited center containing electron. Then
PL emission can be assigned as defect related- PL emission

affected by the structural native defects such as vacancies and interstitial in the
crystal lattice.

38- After optical excitation of direct band gap semiconductor with photon
energyhv > E,, the band edge PL emission occurs after relaxation process of
photo generated electrons to the bottom of the conduction and holes to the top of
valence band before recombination process.

39- One of the most fascinating and useful aspects of nanomaterials is their
applications such as optical detector, laser, sensor, imaging, phosphor, display,
solar cell, photo catalysis, photo-electrochemistry and biomedicine.

40- In Group II-IV nanosemiconductor such as ZnyCdy. S alloys, the optical
absorption edge red shifted toward the long wavelength region, with increasing
zinc content (molar ratio (x).

41- According to Franck-Condon principle, PL emission Speclrzi}%wis usually
blue-shifted with respect to the optical absorption spectrum, i.e. appearing at
longer wavelength.




42- Presence of trapping centers in a photoconductor leads to decrease in the life
time of minority charge carriers, while presence of a recombination centers
result in increse in the minority carrier life time.

43- UV i1rradiation of CdS nanostructure (quantum dots) results in increasing in
the optical band gap and enhancement in PL intensity ascribed to reduction in a
particle size via photo-corrosion process.. -

44- Presence of structural native defects and impurities in CdS nanostructure
results in sharpness and symmetric profile and spectral blue shift of the PL
emission spectrum

45- Impurity photoconductivity in p-type semiconductor due to optical
absorption at localized acceptors in the crystal, results in photo generated hole in
a valence band and an electron bounded at the neighborhood of the acceptors for
each absorbed photon.

46- If the electric field across the depletion-region in a photodiode is increased
with increasing sufficiently large reverse bias across the junction, the photo-
generated electrons and holes may acquire sufficient energy to liberate more
electrons and holes within this layer by a process of impact ionization. 15
device in which this internal amplification process occurs is known as avalan:
photodiodes (APDs)..

47- The excess kinetic energy of trapped charge carriers can be released either =
emission of photons via radiative recombination process or released this encro
to another free carrier and host lattice as phonons via non radiative
recombination process (i.e., relaxation process).

48- Trapping levels near conduction band act as electron traps and trapp g
levels near valence band act as hole traps, meanwhile trapping levels near e
center of the energy band gap have a high probability of capturing Hoin 2o

electron and a hole resulting in recombination of the trapped carriers

49- The semiconductor photodiode detector is a p-n junction structure based
the internal photo effect. Since photons absorbed in the depletion layer generaic
electrons and holes which are subjected to the local electric field within that
layer. The two carriers transport in opposite directions, induces an electric
current in the external circuit.

50- The intensity of band edge emission in indirect band gap semiconductor
materials is higher than that of direct band gap semiconductor. because long
lifetime of radiative recombination in indirect semiconductor allows non-
radiative recombination process to become more significant and effective

With my best wishes
Prof. Dr. Mohamed Abd-Elhamed Osman
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Q1. Choose the correct inswers (select one or more):

\a

\

|

(25 Marks)

In statistical mect anics, thermodynamical properties can be obtained via:

A.

B
C.
D

Time aver ge.

. Partifion fiinction Z
BoltZmani distribution.
. None of tl = above

The ensemble av rage of a physical quantity is equal of its time average. This is true for:
A. A microcar onical ensemble

B. Canonical
G

g

‘nsemble

. Grand can nical ensemble
None of th

above.

Molecular dynamics simulation method is a
A. Determinislic

Chaotic

. Time dependent

. None of the above.

One of the import int applications of periodic boundary condition (PBC) in

A. Crystalline

B. Amorphous. C. Polymers.

In the canonical € nsemble:
A. The energ' and temperature are constant.
B. Temperature is constant.
C. Density is « onstant.
D. Entropy is .onstant.

D. None of the above.

In the grand canc nical ensemble, a system A fixed volume is in contact with large reservoir B

A

B
C

A can excl ange energy with B.
. A can excl ange particle with B.
. A cannot « xchange anything with B.

D None of th - above.
In the equilibriun <tate. the thermodynamic probability of a system is
\ Zero B. Maximum C. Minimum but not 1 D one
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VI For a microcanonical ensemble, the phase density inside a small energy interval remains
constant and outside such a region, it is
A. According to the representation of the system
B. We cannot infer about energy outside.
C. Zero
D. Same as inside

IX. . Inlsing-Model and according to Boltsmann distribution, the mean spin of the atom depends
n
A Atomic spins B Atomic orbital C.Magnetic moment. D. None of the above
X. Temperature and entropy are examples of :

A Extensive and intensive.
B. Intensive and extensive.
C. Extensive only.
D. Intensive only.

Q2. [erive the Maxwell- Boltzmann Probability function for energy distribution. (10 Marks)
e)
f, = " ‘5‘;

{
Q3. /1 physical System is composed of N distinguishable spins assuming two possible values +1.
These two values. correspond to the energy levels tg, respectively. Compute the total energy E -
using Boltzmann formula and microcanonical ensemble. Finally, compare the results with those in
canonical ensemble. (8 Marks)

Q4. /' statistical system is composed of N independent distinguishable particles. Each one of these
particles has only two energy levels, E1 and Ez, such that E>-E1= €>0. Chose a suitable ground
state for the eneray and write down the total energy as a function of the temperature T. Finally,

discuss the limits T--» 0 and T—+ (7 Marks)
Q5. Write briefly on the following topics: ' (10 Marks)
I. Molecular dynarnics

- Ising model

- Neighbor lisi m=thod
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