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I- ONE Mark for each

1- Which of the following is not a common property of simple harmonic motions?

(A) periodic motion

(C) restoring force

(B) external elongation force

(D) exchange of potential and kinetic energy

2- A body attached to the lower end of a vertical spring that vibrates up and down. The periodic time

depends on which of the following?

(A) Spring length

(C) Spring constant

@) Vibration amplitude

(D) Earth's gravitational acceleration

(The corresponding figure relates to questions 3 and 4)

3- When the mass reaches the point x: * A, then the

acceleration is?

(A) maximum positive value (B) maximum negative value

(C) zero (D) minimum negative value

4- What is the point at which the mass reaches the maximum value of kinetic energy?

(A) Point zero only (B) Point A only (C)Point (-A) only (D) Points A and -A

5- A body of mass 5 kg is suspended in a vertical spring and causes it to elongateby 7 cm. Calculate

the spring constant. Qllote that g: 9.8m/s2 )

A) 400 N/m B) s00 N/m C) 600 N/m D) 700 N/m

6- What is the maximum kinetic energy of a particle in SHM with mass of Zkg, or: n rad/s, A=1m.

A) 1.57 J B) 6.28 J c) 3.14 J D) 9.87 J

7-A body vibrates according to the equation x = 5cos (16n t). Find the periodic time.

A)ll32s B)l/8s C)8s D)16s

8- In a vibrating mechanical system, such as a spring, there is a restoring force, so what is the

corresponding term in an oscillating circuit?

A) qtL B) qiC C) R/C D) L/C



9- An oscillating circuit whose differential equation is /#* a!*!q =' dt' dt c'
This oscillation is considered harmonic

(A) Undamped unforced

(C) Damped unforced

(B) Undamped forced

(D) Damped forced

l0- The relation among the frequency, velocity and wavelength of a wave is

A) tr v/1. B)FvI C): f/1, D) )'= f v

II- Two Marks for each

1l- A body of mass 4 kg is suspended by a vertical spring of constant 400 N/m. If the spring moves in

a damped medium, calculate the damping coefficient b that makes the body return to the equilibrium

position only without completing the vibration.

A) 80 kg/s B) 85 kg/s C) 90 kg/s D) 95 kg/s

12- A spring is danrped by a light oil with clamping factor: y of 1.2 s-r. It is found that 10 complete

oscillations takes 20s. Detemine the ratio of arnplitudes of consecutive oscillations.

A) 4.32 B) 3.32 c)232 D) 1.32

13- A body attached to a spring moves in a damping harmonic motion witha damping constant of 1s-t

If the energy after two seconds becomes 10 joules, find the initial energy (E6).

A) 53.8e J B) 63.89 J c) 73.8e J D) 83.89 J

l4- If the summation of forces on a body is given by: XF : - lo( * F6 cos cot, then what is the

expression for amplitude of motion?

A) 4.6e'fl B)aae/r C)

15- A car emits a sound of frequency 500 Hz and moves.with a speed of 20mls far away from stopped

radar. Find the frequency detected by the radar (the speed of sound in air is 340 m/s)

A) 472.22H2 B) 462.22H2 C) 452.22H2 D) 452.22H2

l6- A body of mass 1kg is attached to a spring of constant 100N/m. If the external force is

F:6 cosl5/, Find the amplitude A(ot) of the displacement.

a

;z/&o

I 2 J 4 5 6 7 8 9 l0

A) 3.8 m B) 4.8 m C) 6.8 m D) 6.8 m



17- In an LCR circuit consists of an inductance coil of 5 H, a capacitance of 5xl0-3 F and a resistance

of 55 Q. The system is

A) critically damped B) light damped c) heavy damped D) undamping

l8- In an LCR circuit consisting of L= 2HandC:2x10-6 F and R:10 ohm, if the external voltage

U:3 cos 5 t. Calculate the primary voltage across the capacitor plates at resonance.

A) s00v B) 400v c) 300v D) 200v

l9- At X:0, wave motion is described by the equation y:0.04sin 600rt. If the wave speed is 300m/s.

Calculate the wavelingth

(A) 0.5 m/s (B) I m/s (C) 1.5 m/s (D) 2 m/s

20- Calculate the reflectivity coefficient for the amplitude of a wave traveling from a medium to

another, if the mass per unit length of the first medium is one quarter of the second medium.

A) -lls B) -U4 C) -2/3 D) -4ts

21- A wave traveling along a string is described by the function y :2 cos (0.+ x + 30 /), where x and

y arc in meters and I is in seconds. Find the wavelength in meters.

It)2n B)3zr C)4n D)5n

22- A sound source- located at a distance of 3 m below the surface of the water - emits a sound with a

frequency of 500 Hz. What is the frequency heard by an observer located at the su?face of the water if
the speed of sound in the water is 1500 m/s

A)200H2 B) 300 Hz C) 500H2 D) 1500 Hz

ll 12 l3 t4 l5 l6 r7 l8 t9 20 2t 22



III- Four Marks for each

23) Represent by equations and drawing the Gaussian function for the following waves:

(i) non-traveling wave. '(ii) traveling wave by a distance of 2m in the left direction.

24)For forced oscillation (undamped and damped) writ only the relation between ro and A(ol). Then

show with drawing values of A(ro) when co tends to 0, coo and o.

!
I

i



25) Discuss the physical pendulurm to deduce the angular frequency.

26) ln Doppler effect, deduce the relation between the emitted and heard frequencies in the case of

moving source towards the stopped observer.
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The exam is in 5 pases (50 degree)

First question: Choose the correct answer: (25 Marks)

l) The energy of a photon of red light of wavelength 650 nm is

A. 1.65 eV
-t : l'r::::l:.: l "'"i "1 .:.I I

, B. 2.40 eY C. t.9O eV D. 1.75 eV

2) A furnace has walls of temperature 3000 'C. what the wavelength of maximum
intensity emitted when a small door is opened?

A. 0.99 pm B. 0o89 p1m , 
-c. 

, 0.95
" ,. ' Ifllll

D. 0;99 mm

3) Which of the following electromagnetic radiations has photons with the greatest

A. blue light i: ,: , B. X-rays' , l' ' C; radio waveg | ,I
.l

i.. I :

D.
mrcrowaYes

4) The frequeney of light beam A is twice that of light beam B. The ratio Er/ Er of
photon energies is:

A.ttz i n. u4 c. I : D.2

a

A. the photoelectric effect ',,,,,

5) Of the following which is the hest evidence for the wave nature of matter?

B. the Compton effect

C. the diffraction of electrons by crystals

D. the spectral radiancy of cavity radiation

6) In Compton scattering fitifi
light is independent of:

A. tr,e ii"qu"ilt;ilh; inciaent tight

B, the speed of th'e,elo n
C. the electron recoil energy

D. none ofthe above

7) The work function for a certain sample is 2.3 eV. The stopping potential for
electrons ejected from the sample by 7.0 x l0l4 Hz electromagnetic radiation is:

A. 0.0v

8) Maxwell's equations predict that the speed of light in free space is

&al arao/a Da 'tarrrt o77ifu*d.//aa44 galre,







B
C. angle of scattering I U. amplitude of frequency

16) The kinetic energy of an €lectroh is 5 eV. CCleulate the,de.Broglie wavelength

associated with it

A. 5.47 L I n. 10.9.4. C. 2.7 A i n. None of these

l7) The minimum energy requiiCd to remove an:,electron is called

A.

C

stopping potential

work functionl

kinetic energy

;!;r;iiiil;
18) X rays of wavelength 10.0 pm are scattered from a target the maximum

wavelength present in the scattered x rays is

A, l2.42pm i 8. I4.9:pm . i.,,,C; .0pm 1 ,r,D. 4.9pm

19) As a radiator, the black body emits the maximum possible thermal radiation

,,,,,,,,,,,,,,,
B. at the maximum wavelength

D. none ofthe above

20) F'or an X-ray.tube operating at a peak v.;o,ltage',of,",70 kV. Whaf,is. themaximum

energy.ofthe.emitied:phot;;;?:...i]],,,.'..,,
1.1 x 16-u 1

r.r - io-is j
4.4 x 1023 J

4.1 i loz;l
B.

D;.,.

A.

C.

I

I
1

2l) Energy released by a radiating surface is not continuous but is in the form of

successive and separate packets ofenergy called

A. photons i B. protons i . C. :electron-s i .,. ' D. neutrons

22) The threshold wavelength of photoelectric emission of a metal is 4000 A. Then

the minimum energy required to eject photoelectron is

: i ., i'.i 
i.

23) As a radiator, the black body emits the maximum possible thermal radiation
"-t_" t'-'-- "'---"1'_-'-

A. at a constant single wavelength

B. at the maximum rvavelength

Do,'llaar*o TTrafanal 1/r**l galte,&ur ui&zt



shifts toward higher frequencies.

36) In photoelectric effect, the maximum kinetic energy of photoelectrons depends on

the intensity of incident electromagnetic waves.

37) The minimum wavelength l"min of X-rays depend on the kind of the metal target.

38) Visible Light rays cannot show Compton effect.

39) According to EeBroglie, the hger of mo'mentunr.,of partiCieithe U its

wavelength. '"t", 
' ',t," ,,

40) Wien's law can fit the blackbody radiation curve in the shorter wavelength

region

4l) The red line in Balmar series ii pioduced as electroil firansitibn from n = 3 to
n=2.

42) According to Thomson's atomic model, a-particles will scatter from thin gold foil
through very large scattering angles.

43) Bohr considered that nucleus has a finite mass M and the electron and nucleus

rotate about their center of mass.

44) De Broglie wavelength depends on momenturn and on the size of the particle.

45) The Rutherford,imodel failed io,,Ciplainthe hydrogen atomts spectrum.

46) In photoelectric, the maximum kinetic energy of photoelectrons depends on the

intensity of incident EM waves.

47) Thermal radiation' wave is.electromagnetic wave.

48) Rutherford's model destroyed by the electromagnetic theory.

49) Photoelectron',emission from a:given metal does not laks place unless the

frequency of incident light is equal or greater than a certain minimum frequency

fo.

50) The emissivity for the blackbody depends on the material that make the

blackbody.

Electron charge e 1.6x10-Ie C Plank's constant ft 6.626 x 10'34 Joul.sec

Electron mass rrre 9.1x10-3r kg Light velocity c 3x108 m,sec-l

Proton flass nxp 1.6724a'27 kg Coulomb constant /c 9xl0eJ.m.C-2

Bohr radius a" 0.529x1010 m Mass of a hydrogen atom 1.672 x 10-27kg

leV 1.602 xl0-1e J
Ionization energy of the

hydrogen atom Eo
13.6 eV

Da. Qat rraa ??read q"4i4 Aanrsc,&at wako
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Answer Five onlv from the fottowing: (50 Marks)
1) Derive the relation between the free energy change and the

equilibrium constant for any gaseous reaction.

2) Derive and discuss the relation between the enthalpy change of a
reaction and its temperature.

3) lf the heat of combustion of methane is equal to - 191,.77 Kcal.and
the heat of formation for carbon dioxide and water are -94.05 and -
57.80 Kcal respectively. Calculate the heat of formation for methane.

4) compare graphically and mathematically between the amount of
work performed in the following processes that accompanied by
volume change from V1 to V2.

a) lsothermal and reversible process.
b) Constant pressure and reversible process.
c) lsothermal and irreversible process.

5) consider the following reaction (zn + cu.k* zn*ltcu ) that proceed
in a cell contains 1M of solutions from each cu*2ffifis and possess a
voltage of 1.1 Volt. calculate the corresponding fiee energy change
and equilibrium constant for the above reaction.

5) Derive the following relations:
a) Equilibrium constant and temperature and its correlation with Le

Chatelier's principle.
b) The relation between the emf of an electrochemical cell and the

concentration of its cations constituents.

7) For the reaction Nr+O, * ZruO the enthalpy change of formation of
No is 21,. Kcal/mol. And the absorute entropy of No , N2 and 02 are

50.34 ,45 ,77 and  g.ot Kcar/mol K. Respectively. calculate AG
and K for the reaction.

Prof. Dr.Rabei.Gabr

Good Luck



oI (r3) 02 fl8) 03 f19) Total (50 marks)

{llsi.a 6 0. OJS,I "rl+iYl

I. What is induction in electricity?
a. The process of generating magnetic field by passing cument in a conductor.
b. The process of generating current in a conductor by placing it in a changing magnetic field.
c. The process ofheating a conductor by passing current in it.
d. The process of increasing the resistance of a conductor by heating it.

2. A long straight wire is in the plane of a rectangular conducting loop. The straight wire
carries an increasing current in the direction shown. The current in the rectangle is:

a. clockwise

b. counterclockwise

c. clockwise in the left side and counterclockwise in the right side

d. counterclockwise in the left side and clockwise in the right side

3. Which of the following is comect for 1 Henry (H): ........
second; C: Coulomb; N: Newton; J: Joule]

8. H: Wb/A = V.s/A = J/A2

b. H : wb/v: A.s/v: N/A2

c, H:A/Wb:A/V.s = Az/J

d.H=v/A=Wb,s/C:YlA2

[Wb: Weber; A: Ampere; V: Volt; s:

4. Eddy curents are induced in bulk pieces of metal

a. moving through an electric field,

b. at rest in an electric field.

c. moving through a magnetic field,

d, at rest in a magnetic field.

5. For the given RL circuit, the switch S is closed (at t:0), the time constant t
for this circuit represents the:

a. time required for the current to reach its maximum value.

b. time required for the current to reach 63.2% of its maximum value.

c. time required for the current to reach 36.8% of its maximum value.

d. the life time of the battery.

I
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6. Which of the following increases the magnetic energy density in the interior of a very long solenoid?
a. increasing tl're number of turns per unit length on the solenoid
b. increasing the cross-sectional area of the solenoid
c. increasing only the length of the solenoid while keeping the number of tums per unit length fixed
d, decreasing the current in the solenoid

7' Wireless charging in cordless devices uses the ..... of solenoids as part of its battery-chprging
system.

a. mutual induction

b. self-induction

c. resonance

d. eddy curents

8. Which of the foltowing statements might be hue for a resistor connected to a sinusoidal AC source?
4. Pou:0 and iuu = 0
b. Puu:0 and iun > 0
c.Por)0andiu,:0
d.Pur>0andiur>0

9' If the input to an RLC series circuit is V : Y^ sinatt, then the current in the circuit is

b.

d.

a. !-cosu
R

10, The impedance of a series RLC circuit at resonance is:
a. larger than R

b. less than R

c. equal to R

d. impossible to determine

ll, 12. According to the phasor diagram in the figure, the current........ the
voltage by 90" which is the case for . .. .. . . ... circuit.

a. leads, capacitive

b. leads, inductive

c. Iags behind, capacitive

d. lags behind, inductive

13. Both of arl and l/roC have the unit of
in Henri, C: capacitance in Farad]

a. resistance (Ohm)

b. energy (Joule)

c. voltage (Volr)

d. current (Ampere)

V,,,cos(att - Q)

.ln'*@L-Uo{)'

[co: the angular frequency, L: self inductance

N
q)
bo(!
o.

V,,sin at
R2 +(atl+lla{)'z



in the and show
l. (3 marks) As shown in the figuren a 2-turns coil has a cross-sectional area of 0.2 m2 is exposed to a
magnetic field (parallel to the axis of the coil) given by B : (4 + 3t2) T, where t is in s. What is the
induced emf between the terminals a and co at t = 3 s?
a) -7,2Y
b) + 7.2V
c)-4.8V
d)+4.8V

2. (4 marks) As shown in the figure, a rod moves to the right on zero-resistance rails. What is the
value and direction ofthe current through the 5 Q resistor?
a) 0.018 A, clockwise

b) 0.018 A, counterclockwise

c) 0.09 A, clockwise

d) 0.09 A, counterclockwise

B=0.757
xx
x
5a
ilt

x

3. (3 marks) An AC power supply is connected in series with a 100{3 S! resistor, an 80 mH inductor,
and a 50 pF capacitor. What is the resonance frequency in Hz?
a) 50 Hz

b) 80 Hz

c)lHz
d)25 Hz

4. (3 marks) A 2 nF capacitor with an initial charge of 5.10 pC is discharged through a 1.30 kO
resistor. What charge remains on the capacitor after 8 ps after the resistor is connected across the
terminals of the capacitor?
a) 5.10 pC

b) 110.2 pC

c) 0.0 C

d) 0.235 pC

5. (5 marks) The voltage Ssin(400t) is apptied to a series RLC circuit, with R:200 C), L:0.1 H, and
C = I F.F. What are the impedance Z of the circuit and the phase angle g?
a) 566 C), +87o

b) 200 c), -37"

c) 2470 f), -85.4o

d)2540 Q, -88.8"

co
OJ
ho
(U
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!. In the Figure, the capacitor is initially charged when switch 51 is open
time. Switch Sz is then opened and switch Sr is then closed. What are:?
(a) (2 marks) the frequency of osclllatlon of the LC clrcuit,

(b) (2 marks) the maximum charge that appears on the capacitor,

(c) (2 marks) the maximum current in the circuit,

(d) (2 marks) the total energy the circuit possesses at t = 3 s?

and Sz ls closed for long

l2v

$
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II. The given figure shows a long solenoid of length 81, radius r11 aDd N1 turns; surrounded at its
center with a short coil of radius r27.and Nz turns. If Nr:1699 turns, rt:2 cm, tr=50 cm, N2=10 turns,
rz=15 cm and the current in the long solenoid is changlng at a rate of 100 A/s:
(a) (3 marks) Calculate the mutual inductance M of the two coils?

,rt-)

(b) (3 marks) Calculate the induced emf in the surrounding coil (coil2)? [po=4rxl0-7 T.m/A;

III. An AC generator consists of 200 turns of wire loop, each of area 300 cm2. The loop rotates in a
30 mT magnetlc field.
(a) (3 marks) At what frequency should the loop rotate to have a maximum value of the induced smf
equal to 8 V?

rn
o
bo(!
a-



(b) (2 marks) What is the maximum induced current when the output terminals are connected to a

low-resistance conductor of 12 Q? (End of the exam).

Best of luck.

\o
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Teaching Staff: Prof. Dr. Salah A. Makhlouf

Constants & Conversion of units

Electron mass: m : 9.1 I x I0 -3t kg & Proton mass: m = 1.673 x t0-27kg

Electroncharge: e:1.6 x l0-te C

Planck's constant: h:6.626 x I0'34 J.s andh:1.054 x 10-ia J.s

Avogadro's number: Na:6.02 x 1023 atom/mole

Speed of light: c: 3 x I0E m/s

Boltzmann's constant: kr: 1.38 x 10-23 "I/K

Comptonwavelength: 7, : 2.426 pm

Rydberg Constant R: 1.097 x 107 m-|

For hydrogen atom; Bohr radius ao : 5.292x l0-1t m & Eio, : 13.6 eV

eo : 8.85 x 1A -12 C/ N m2

I eV: 1.6 x l0''' J
1 A= 10-to m & I nm= 10-e m



Marks of Q

Part One) Choose the correct option for the following ouestions (1 Mark each) (26 Marksl

1. As the temperature of black body is decreased the frequency corresponding to maximum intensity

2. Which of the following processes is impossible under all circumstances?
a) photon --+ electron + positron

c) electron -+ electron + photon

e) Photon + electron -+ electron

a) shifts towards shorter wavelength
c) remain the same

a) bremsstrahlung
c) Compton scattering

a) the lower level is metastable

c) the lower level is the ground state

a) the photoelectric effect
c) the Heisenberg relationships

b) shifts towards higher frequency
d) shifts towards lower frequency

b) electron + positron ---+ photons

d) photon + electron ---+ photon + electron
f)Allof the above are possible.

b) photoelectric effect
d) pair production

b) the upper level is metastable

d) the lasing material is a gas

b) neutron diffraction
d) electron diffraction

3. Which one of these processes involves a decrease in the kinetic energy of an electron?

4. what is the de Broglie wavelength of an electron with a kinetic energy of 12.8 eV?

a)96.9 nm b)0.34 nm c) 16.8 nm d)0.66 nm

5. Electrons of maximum kinetic energy (KE)r are released when X rays of wavelength ), tarc incident on
the surface of a metal. lf the light source is replaced by another that emits photons at the same rate but
of longer wavelength L z, how is the resulting maximum kinetic energy (KE)z related to (KE)r?

a) (KE)z = (KE)r b) (KE), > (KE), c) (KE)z < (KE)r

6. Photons of wavelength ,2" are Compton scattered from electrons, and the scattered photons of
wavelength )"' are observed at an angle of 90' relative to the direction of the incident photons. lf the
detectorof the scattered photons is moved to an angle that is smaller than 90", the wavelength of the
scattered photons will :

a) increase b) decrease c) remain the same
d) increase at some angles between 0 and 90' and decrease at other angles

7. The graph shows maximum kinetic energy of emitted electrons against frequency { f ) of incident light
for several different metals. The plank constant is determined by:

a) the x-intercept,
b) the y-intercept.
c) the slope.

8. Which of the following is essential for laser action to occur
between two energy levels of an atom?

u

i-'.

9. Which of the following does NOT provide evidence for the wave nature of matter?

N]
(.) b
bo6
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10. ln an electron microscope, we use energetic particles because of
a) Penetrating power is zero

c) Wavelength is very short

b) Kinetic energy is very small

d) Wavelength is very long

b) 1.3 x L0-23 m

d)3.3 x 10-io m

c)&'mp

b) &.,n
dl n2as.

Marks of Q

co
(1)'
o0

o.

tt, lf a particle moves with speed of light (c) its acceleration becomes:

a) double of that of a same particle moving with v = 0.5 c

b) half of that of a same object moving with v = 0.5 c
c) infinite d)zero

12. Assume the Heisenberg uncertainty principle can take the form AE.At > ft. How accurate can the
position of an electron be made if its speed is 5 x 105 m/s and if the uncertainty in its energy is j-0 eV?

13. An electron of mass mu and a proton of mass mp are accelerated by the same potential difference V,
the ratio of the de-Broglie wavelength associated with the electron to that associated with the proton is:

al7.7 x 10-18 m

c) 6.2 x L0-15 m

.1
al *ao'
c) n a6.

a) 1

14. The probability that a particle exists in a given small region of space is proportional to:
a) the square of the frequency of its wave function
b) the square of its momentum

c) the square of the wavelength of its wave function
d)the square of the magnitude of its wave function

15. lf the kinetic energy of a non-relativistic free electron doubles, the wavelengttr of its wave function
changes by the factor:

il 1/J2 bl2 cl L/z q,/Z

15. ln terms of 46, where ao = 0.0529 nm, the radii of the allowed orbits in the Bohr model of the
hydrogen atom are given by 4 =

b) rs' Inu d)

17. ln the Bohr model of the hydrogen atom, the ipeed of the electron is:

a) muchsmallerthanthespeedoflight,sothatnonrelativisticequationscansafelybeused.
b) large enough that the difference between the relativistic and nonrelativistic equations is important.
c) very close to the speed of light, so that the extreme relativistic approximation E = pc should be used

18. ln Rutherford scattering we ignore the effect of the electrons because:

a) electrons do not exert any force on alpha particles.
b) electrons are uniformly distributed throughout the atom.
c) the electrons are in such rapid motion that the alpha particles do not collide with them.
d) the mass of an electron is much smaller than the mass of an alpha particle.



Marks of Q

19. The quantity mc2 represents:

a) the kinetic energy of a particle moving at speed c.

b) the energy of a particle of mass m atrest.
c) the total relativistic energy of a particle of mass m moving at speed c.

d) the maximum possible energy of a moving particle of mass m.

20. Anastronauttravelingwithaspeedu= 0.Bcholdsarodof lengthL.0meterinhishand. lf he

measures its length, he will obtain a value of

21. What is the quantum number n of a particle of mass m confined to a one-dimensional box of length L

when its momentum is 4h/L?

a)2 b)4 d) 16

22. Because of which property of the crystals, x-rays can be diffracted from the crystals:

a) 0.8 m

c) 1.0 m

a) random arrangement of atoms

c) periodic array of atoms

a)The velocity of an electron.
c) The ticking rate of a clock.

b) 0.6 m
dl1.25 m

b) color of the crystal

d) none ofthese

b) The speed of a light beam.
d) The volume of a box.

c)8

23. lf two observers are in relative motion (one moves relative to the other) with constant relative
velocity, in which of the following measurements would they obtain identicalvalues?

24. A certain particle at rest has a lifetim e of 2.52 ps. What must be the speed of the particle for its
lifetime to be observed to be 8.34 ps?

a) 0.953c b) 0.302c c)0.913c d)0.985c

25. What is the momentum of a proton that has a kinetic energy of 750 MeV?

a) 750 MeV/c b) 1186 MeV/c c) 1404 MeV/c d) L688 MeV/c

26. Two particles each of mass m are each movingat a speed of 0.707c directly toward
one another. After the head-on collision, all that remains is a new particle of mass M at rest.

What is the approximate mass M of this new particle?

a) 2.25 m b) 1.0 m c) 2.0 m d)2.8 m

27. A spaceship leaves Earth and maintains a constant force by means of a nuclear engine. As the speed

of the spaceship increases, an observeron Earth findsthat relativeto herthe magnitude of the
spaceship's acceleration is:

+
0.)
b0'
(d
o.

a) 0. b) decreasing. c) constant. d) increasing.
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Part Two: Answer Four (41 onlv of the followins ouestions 124 Marksl
01) (6 Marks)
X-ray photons of wavelength 2. = 0.O248 nm are incident on.a target and the Compton-scatteied
photons are observed at $ = 90o. Find: *o.#

lffl$'l' {::'h{"a)the wavelength l)"'l of the scattered photons in nm units q f-- {.; ,'__-_' i
b) the momentum (p) of the incident photons. E,p " l- u.,0"
c) the momentum (p') of the scattered photons. s.rtt.rh
d) the kinetic energy (E.) in eV units of the scattered electrons. electron

e) the momentum magnitude (p") and direction (0") of the scattered electrons.

TN
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02) [6 Marksl
1. Consider a first electron with a kinetic energy (KE)r = 1 eV and a second electron with a kinetic
energy (KElz =100 MeV. 1
a) Calculate the rest energy of the electron (Eo) in MeV, and decide which electron can be treited
as a classical particle and which one can be treated as a relativistic particle? Why?
b) Accordingly, calculate the momentum pr and pz and de-Broglie wavelength fu and Iz of each
electron?

2. An uncharged n-meson has a rest energy oT 135 MeV and a lifetime (At) of 8.3 xt0-17 s. Find

the energy uncertainty (AE) of this zr-meson, expressed in MeV units?

\o
o
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16 Mrrlecl
Refering to the figure below, showing the spectral series of Hydrogen. Computer the energies
(AEr, AEz, AE:) in eV and wavelengths (1.r, l.z, l.r) in nm of the first 3 transitions of the Balmer ser,{es?

Lynea B|lncr Paxhtn BB*!u
rrLr {rn, eris

N
o
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Q4l (6 rtn"tksl
The proper lifetime (to) of a certain particle is 100.0 ns.
a) How long does it live in the laboratory (t) if it moves at v = 0.96 c?
b) How far does it travel in the laboratory during that time?
c) What is the distance traveled in the laboratory according to an observer moving with the
particle?

fi
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osl {6 Marksl
An electron and a proton are each accelerated starting from rest through a potential difference
of 10.0 million volts and thus each acquires a kinetic energy KE of 10 MeV. Use the relatiVktic
equations to find:
a) the total energy Er (in MeV) and the momentum p1 (in MeV/c) of the electron.
b) the total energy Ez (in MeV) and the momentum p2 (in MeV/c) of the proton.
c) Find the momenta pl (in MeV/c) of the electron and pz (in MeV/c) of the proton using the
classicalformulas, and comment on the results you obtained?

Ol
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(Extra empty sheet)

(>
F{

o
h!
o.



Assiut University
Faculty of Science

Physics Department

Final:2022-2023
Date: J:urrre7th,2o23

Allowed time: 3 hours

Course Name: Physics of Metals, Alloys and Ceramics

Coordinator: Dr. Alaa Abd-Elnaiem

Course Code: P256

Grade:50

Answer all the following questions.

Ouestion (f): (30 Marks)
In the following multiple-choice questions, please circle the correct answer(s). You must write down

the steps to get the correct answer.
1. The atomic packing factor for BCC is:

a. 68% b. 74% c. 63% d. 28%

2. Calculate the radius of a vanadium atom, given that V has a BCC crystal structure, a density of 5'96

d" ', and an atomic weight of 50.9 g/mol (Ne: 6.022x1A23 atoms/mol).

a. 0.l24nrr b. 0.132nm c. 0.148 nm d. 0.156nm

3. Rhodium has an atomic radius of 0.1345 nm, a density of 12.41 gl" 'and an atomic weight is 102.91

g/mol, its crystal structure should be:

L. SC b. FCC c. BCC d. HCP

4. Zinchas an HCP crystal structure, a claratio of
atomic radius for Zn:

t .856, and a density of 7 .13 gl" t . Compute the

^. 0.133 nm b. 0.142 nm c. 0.153 nm d. 0.167 nm

5. The atomic radius for tungsten (W) is 0.137 nm, W has a BCC crystal structure, therefore, the linear

density forthe [111] direction is:

a. 2.461fi11 b. l.42nlrr.r c. 2.23 rwfl d. 3.65 nm-t

6. The atomic radius for nickel (Ni) is 0.125 nm, Ni has an FCC crystal structure, therefore, the planar

density for the (111) plane is:

^. 16.00 nm-2 b. 18.48 nm-2 c. 19.20l'fir.2 d.20.56rur[2
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7. Molybdenum (Mo) has a BCC crystal structure and an atomic radius of 0.1363 nm. the interplanar
spacing drrr equals:

a. 0.1817nm b. 0.l432mrt c. 0.1527 nrt d. 0.1707 nm

8. Determine the expected diffraction angle (29) for the first-order reflection from the (113) set of planes
for FCC platinum (Pt) when monochromatic radiation of waveleng$O.L542nm is used:

a. 81.38' b. 76.31. c. 38.85o d. 17.99.

9' For which set of crystallographic planes will a first-order diffraction peak occur at a diffraction angle
Q0) of 46.21' for BCC iron when monochromatic radiation having a wavelength of 0.0711 nm is
used?

a. (011) b. (310) c. (200) d. (330)

10. Calculate the number of vacancies per cubic meter in iron at 850'C. The energy for vacancy formation
is 1.08 eV/atom. Furthermore, the density and atomic weight for Fe are 7 .65 g/" , and 5S.g5 glmol,
respectively, (Ks 8.62x10-s eV/atom K):

a. 1.18 x 1gz+ ^-3 b. 1.18 x 10-24 m-3 c. 235 x lO22 m-3 d. 3.40 x 1928.-3

11. The concentration of carbon in an iron-carbon alloy is 0.15 wt%. What is the concentration in
kilograms of carbon per cubic meter of alloy? (densities for carbon and iron are 2.25 and,7.g7 d" ry'

a. 11.80kg/m3 b. 9.72kglm3 c. 7.33kglm3 d. 2.4gkg/m3

12. Gold (196.97 g/mol) forms a substitutional solid solution with silver. Compute the number of gold
atoms per cubic centimeter for a silver-gold alloy that contains 10 wt% Au and gO wt%Ag. The
densities of pure gold and silver are 19.32 and,10.49 glcm3, respectively.

^. 7.36 x 1021 b. 5.66 x !021 c. 3.36 x l02t d. 1.44 x t021
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13.Iron (Fe) and vanadium (V) both have the BCC crystal structure and V forms a substitutional solid

solution in Fe for concentrations up to approximat ely 20 wt% Y at room temperature. Determinb the

concentration in weight percent of V that must be added to Fe to yield a unit cell edge length of 0.289

nm. (Hint: pv: 6.11 glcm3, pre: 7.86 glcml, Av: 50.94 g/mol, Ae": 55.85 g/mol).

a. 8 wt% b. 17 wt% c. 26wt% d. 92wt%

14. Determine the indices for the direction shown in the cubic unit cell shown in Figure (a):

^. [011] b. 12701 c. lL12) d. l1L2)

15. Determine the Miller indices for plane A shown in the following unit cell (Figure (b)):

a. (011) b. (324) c. (227) d. (o2l)

*t
t
I

Figure (a) Figure (b)

Question (II): Put ({; or (x) in a below Table for all the following sentences:(g Marks)
1. The structure of a material usually relates to the arrangement of its internal components.

2. Structural elements that may be viewed with the naked eye are termed "microscopic".
3. Ceramics are compounds between polymers and nonmetallic elements; they are most frequently

oxides, nitrides, and carbides.

4. A composite is composed of two (or more) individual materials, which come from the categories:

metals, ceramics, and polymers.

5. The cubic system has the greatest degree of symmetry, but the orthorhombic system has the least

symmetry.

1
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6. The primitive unit cell contains the same kind of atoms, while the Bravais lattice contains only one

lattice point.

7. The coordination number is the number of nearest-neighbor or touching atoms.
8. The coordination number for FCC and HCP structure is 12.

9. The atomic packing factor (APF) for the HCP structure is 0.74.

10. Substances in which measured properties are independent of the direction of measurement are

isotropic.

11. Frenkel defect is equivalent to a missing atom that leaves its original site and migrates to the surface
of the crystal.

12. A screw dislocation is formed by shear stress that is applied to produce the distortion.
13. Planar defects include external surfaces, grain boundaries, twin boundaries, precipitates, stacking

faults, and phase boundaries.

14. Grain size and shape are only two features of what is termed the microstructure.
15. For many alloy systems and at some specific temperature, there is a maximum concentration of solute

atoms that may dissolve in the solvent to form a solid solution; this is called a solubility limit.
16. A stable state or microstructure may persist indefinitely, experiencing only exkemely slight and

almost imperceptible changes as time progresses.

17. The binary isomorphous phase diagram presents the complete liquid and solid solubility of the two
components.

18. Point defects are thermodynamically stable defects.

Ouestion (III): Answer the following problems:
1. In Figure, cite the phases that are present and the phase

compositions for 90 wt%o Zn-10 wto/o Cu at 400"C.

Determine the relative amounts (in terms of mass

fractions) of the phases for the alloys. (3 Marks) 600
(J

o

a!
Ba
E.l

L

o
!t
d
dll.
Eg

Question I ) 3 4 5 6 7 I 9 L0 11 t2 13 t4 l5 t6 t7 l8

Sign
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2. In Figure, a copper (Cu)-nickel (Ni) alloy of composition 70 wt% Ni-30 wtYo Cn is slowly heated
from a temperature of l300oC (2370'F), using the below phase diagram: 1l u&ksy
(a) At what temperature does the frst liquid phase form?

O) What is the composition of this liquid phase?

(c) At what temperature does complete melting of the alloy occur?
(d) What is the composition of the last solid remaining before complete melting?

Corpeltiar (atf Ni)

10 60

40 60

Cdrpodfion t$Sg Ni)

t00

G

24m g
E
a
E
e

o
o
=E 1300
a
E
a

100

(Ni)

0

(cu,

Liquk l45src.4
Uquidl tiry/ fr rs llm

I 7
/
1085.c
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3. In Figure, for a 40 wt% Sn-60 \,ttt%Pb alloy at 150"C, in below phase diagram:
(a) What phase(s) is (are) present?

(4 Marks)
-t

(b) What is (are) the composition(s) of the phase(s)?

(c) Calculate the relative amount of each phase present in terms of the mass fraction.
(d) Describe in detail the phase diagram shown below and state the different equilibrium lines.

Cfir6itior(rlf Sn)

60

40 60

CqnDsitho (*,t* Sn)

c
I
E

c
F

Best wishes,
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