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l. A circular loop of wire is placed next to a long straight wire rvhiohcarries an

current does this induce in the circular loop?

a. a olockwise current

b. a counterclockwise current

c. an alternating curent

d. zero current

2.ln a purrely resistive circuit the current:

a. leads the voltage by one-fourthafacycle

b. lags the voltage Lry one-fourth of a cycle

c. is in Phase rvith the voltage

d. none ofthe above

3. The rms value of an ac current is:

a. its Peak value.

b. its average value.

c. that rJirect current that produces the same rate of heating in

d. zero.

inoreasing current l. What
I

c:-:**--I-* -',

a resistor as the actual current'

4. In the circuit shown, there will be a non-zero reading in galvanometer G:

a" only just after the switch S is closed

b. onlY just after S is oPened

c. onty just after S is opened or closed

d. never

5. ..... .... can be used as a source ofalternating voltage'

a. Power supplY b' DrY batterY

c, Generato, d' Fuel cell

tj. The receiving circuit of a radicl is a series

-r_-_.+_lt5 oiTql-/.-l
S

a.

b.

c.

d.

LC circuit with natural frequency in the radio frequency range'

RL cirouit with low time constant'

RC circuit with high time constant'

RLC circuit with high power factor'
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7. The working principle of essentially atl electric motors is:

a. Opposite electric charges atqact and like charges repel'' , -r^ ,.2.^1.1-..:,, ^
b. A current-carrying conduoior plaoed perpendicular to a magnetic field will experience a force'

d. A magnetic north pole ca'ies a-positive electrio charge, and a magnetic south pole carries a

negative electric charge'

8. T'he unit of the Power factor is:

a. Ohm

c. watt

9. If the input to an RLCseries circuit is v = v^sinal,then the cuffent in the circuit is

osed, the current in the
(:,,-lti

#oS,i
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b. radian

d. dimensionless

Lsina
R

V-sinatt:*
Jn'* @L+loC)'z

10. which of the foilowing statements might be true for a resistor connected to a sinusoidal Ac source?

!I' Pa, =0and inr=0 b'Pou:0 and iu'> 0

c: Por> 0 and iur=0 d' Pu'> 0 and iu'> 0

ll,12.For the circuit, the capacitor is initially unoharged' Just after the switch is cl

battery is aPProximatelY:

a. zero

b. e/R

c, e/ZR

d.ZelR

13. For the same circuit, after a very long time, the curent in the battery is approximately:

a. zeto

b. e/R

c. e/2R

d.ZelR

14. The given tigure shows the vortage phasor at three instants of time. which part of the figure represents

theinstantoftimeatwhichtheinstantaneousvalueofthevoltagehasthelargestmagnitude?

a.

d.

a.(a)

b.(b)
c.(c)
d. There is no difference at all'

N
o
bo(t
o.

V^t r(att - !)
di@r.-Yo{)'



l. (3 marks) A long solenoid has n : 400 turns per meter and carries a current given by 1 = 130.0

l;1i-e't'o). A second coil that has a radius of (h = 6 cm) and consists of N : 250 turns cxists inside

tf,. rof"oria''"ni 
"ou*i"l 

with it. Find the induced emf in the coil? [po=4rr't0'7 T'm/e1

a) (l-e-'6ft;

b) (6S.2 mV)s-r'6ot

c) s-l'6ot 
' l' 

1

d) 68.2 mV

2. (3 marks) An experirnentalist push a conducting bar of length 2 m, to move on two frictionless

parallel rails with speed of I.5 m/s in the presence of uniform magnetic field of 3 T. Calculate the

iorcc F that the experimentatist should use to keep the bar moving with constant speed.

a) 18 N, to the right

b) 3 N, to the right

c) 9 N, to the left

d) 27 N, to the left

-P

R

r-ft

3. (4 marks) Before the switch is closed in the figure, the potential

some instant after the switch is closed, the instantaneous current is
capacitor at this instant?

a) 140 mJ

b) 0.70 J

c) 286 mJ

d) 3l mJ

across the capacitor is 200 V. At
0.70 A. What is the energY in the
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4' (4 marks) rn the circuit shown, the capacitor is initially uncharged. At time t = 0, switch s is closed.If r denotes the time constant, what is the approximate current through the 3 e resistor when t =-ta /lnolfia0? 
'--- - -E-- r wrslsr r!

R
a) 0.25 A
b) 0.s A
c) 0.75 A
d) zero

5' (4 rnarks) An 8 pF capacitor is connected to the terminals of a 60 IIz AC source whose rms voltagei1 150 v. Find the capacitive reactance and the rms current in the circuit?
a) 0.11 A
t) 0.35 A
c) 0.45 A
d) zero

I' (4 marks) A conducting bar rotates with a constant angular speed o=0.1 radls about a pivot at one
end' If the other end of this bar is moving on a circular conducting arc and a unifolm magnetic fieldB is directed perpendicular into the plane of rotation as shown in the given figure.
Find the value and direction of the current passing in the resistance 20 e of the circuit.

+--.0.1 rad/s
.q .*

B=0.6T'
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& In the shown series RLC circuit, R= 866 Q, L= 80 II, and an C=80 pF. The AC power supply
provides an rms voltage of3 kY and operates at an angular frequency of25 rad/s.
(a) (3 marks) What is the rms current for this circuit?

(b) (2 marks) What is the average power delivered by the AC power supply?

(c) (2 marks) What is the maximum possibte rms current that could be obtained by adjusting the
frequency of the power supply?

III. When the switch in the shown Figure below is closed, the current takes 3 ms to reach 987o of its
final value. Given R = l0 Sl and e = 50 V, find the following: S
(a) (3 marks) The inductive time constant.
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--d*r(b) (2 marks) The induetanc"e L.

(c) (2 marks) The value of the,Iinal steady-state current

End ofthe exam.
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Electron mass: m : 9.11 x 10 -31 kg & Proton mass: m = 1,673 x L}-zr kg

Electroncharge: e:1.6 x 104e C
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b) X-Rays

d) lnfrared waves

b)Diffraction
d)Allof the above

b) Double slit experiment
d)Compton effect

b)Will be doubled
c)Will be halved

b) 0.s0 d
d) 2.00 d

Marks of

.*

1. The wavelengths of which electromagnetic waves lie between those of ultraviolet light and gamma rays?

2. Which of the following properties is/are possible in case of X-rays?
a) Polarization
c) lnterference

3. The wave nature of electrons was first proved by the:
a) Photoelectric effect
c) Davison and Germer experiment

4. Compton scattering establishes:
a) the photonic nature of electromagnetic wave
b) the wave nature of electromagnetic wave
c) both wave and particle nature of electromagnetic wave
d) that the electron is a material particle

a)Will remains same
c) Will be four times of the original wavelength

5. A non-relativistic proton has a kinetic energy E which is equal to that of a photon. The wavelength of the
proton is i, and that of the photon is .L2. The ratio of {f) ir nronortional to:

al,[f b)E
c)+ dl1vz ,E

5. lf the potential difference (Z) applied to an X-ray tube is doubled while keeping the separation between

a) Radio waves
c)Microwaves

a) 1.00 d
cl 1.50 d

the filaments and the target as same, what will happen to the cutoff wavelength (1.r")?

7. ln the given graph of photocurrent and anode potential which of the following conditions will be true if
the velocity of the photoelectron is vt, vz and yr respectively, and Vot, Voz and Yos are stopping pote.ntial?

a) v1>. v2) yj
b) vt< y2 < yj
c) vt : v2= YJ

d) None ofthe above

8. Which characteristic quantity of X-rayspectra does not change when the target ,nrt"rif,iHfiffi.O'
a) lntensity
b) wavelengths of characteristic lines
c) shape ofthe continuous spectra
d) cutoff wavelength (l,,in)

9. A family of planes with spacing (d) of NaCl crystal reflects a beam ol X-ray in first order at a Bragg
angleof 0:30". Thewavelength (I)given bythesameunitsfor (d)of the usedX-rays beam is:

I
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10. Laser Rays are:
a) instrument to measure the velocity of airplane
b) instrument to measure the intensity of .)f-rays

c) highly coherent waves

d) none ofthe above

11. Which of the following is a correct relation according to Heisenberg's Uncertainty principle?

a) Ax.Ap < h/4r
c) Ax'Ap > h/4n

Solu
12. Which of the following statements are correct?

a) The Heisenberg uncertainty principle applies to electrons, but not to protons.

b) lt is impossible to determine simultaneously both the position and time of an electron

c) lt is impossible to determine simultaneously both the mass and time of an electron

d) lt is impossible to determine simultaneously both the time and energy of an electron with accuracy'

13. Among the following particle which one will have the largest wavelength, if all have the same kinetic

energy:
a) Electron (m": 9.1 x LtiI kgl
c)Neutron lm,: 1.67 " lt27 kgl

14. The probability that a particle exists in a given small region of space is proportionalto:

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. A proton of charge (+e) and an a-particle of charge (+2e) are accelerated under the samd potential

difference V. tf mo: 4 mp, the ratio of de-Broglie wavelengths of the proton and the a-particle (fr1it,

b) Ax.Ap < h2/4r
d)Ax.Ap 6h2/4n

Marks of

blei &<Lr &trl.x

b)Proton (mo: 1.67 x 10'27 kgl
d)Alpha particle (mo:6.64 x IA27 k1l

b)#
dl4

a) J6-

di
16. What is the quantum number /, of a particle of mass z confined to a one-dimensional box of

length Z when its momentumis 4h/L?
a)1
cl2

17. The radius of the n-th stationary orbit of hydrogen atom is proportional to

b)4
d)8

,),1 bl n' r1c)7 d),

18. Which series of hydrogen spectrum corresponds to ultraviolet region?

a) Balmer series

c) Paschen series

b) Lyman series

d) Pfund series

19. The ratio of minimum wavelengths of Lyman to Balmer series will be:

.);b);.5a)I dl:
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Marks of Q

20. A nuclear reaction gives off a total of 10t7 J energy. How much mass is spent in the process?

,t#kg
,t!*s

attks
atYkg

21. The energy of a particle in a one dimensional box is proportionarto:

.);
,l*,

22. Consider the following statements:

a) Both (1) and {2) statements are correct
c) Only (2) is correct statement

23. The mass energy relation is the outcome of ...............
a) Quantum theory
c) Field theory of relativity

al0.95 c
cl0.98 c

25. Relative to a stationary observer, a rod of length l,o =
dre observer that the rod's length I is:

bl n2

dln

b) Only (1) is correct statement
c) Both (1) and (2) are wrong statements

b) Generaltheory of relativity
d) Special theory of relativity

bl0.99 c
dl0.e7 c

1.0 m is moving at v = 0.8 c. lt would appear to

b) 0.6 m
dlL.25m

(1) No object can move faster than the speed of light.
(2) Space and time are relative, and all motion must be relative to a frame of reference.

24. The speed of a fast moving (relativistic) electron, having total energy of 2 MeV, is about:

a)0.8 m

c) 1.0 m

26. At what speed should a clock be moved so that it may appear to lose 5 minutes in each hour? Hint: t : 60
minutes, to = 55 minutes

6
a) -i-c JE

b) Mt
.tr

c) -Tc JEd) nc
27. What is the time dilatation factor (y) of a muon travelling with a velocity of 80%thatof the velocity of light?

a) 0.60
c) 0.20

28. A spaceship (S')moving away from the earth (.1 ) with velocity v = 0.60c fires a rocket in the direction of
travel with a speed of u, = 0.70c relative to the spaceship, where c is the velocity of light. What will be the
approximate velocity of the rocket ( ur) as observed from the earth?

a) 0.92 c
b) 0.17 c
c) 0.10 c
d) 1.30 c

bl 1.66
dl s.00
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Part Two: Answer Four (41 ontv of the followinE questions (24 Marksl

ol) ' ' (6M"tktr

Aphoton,nd",goingafterscatteringoflE1=650lwY,andthe
electron recoils with an energy of (E") = 150 keY.

(a) Find the wavelength ( i. ') of the scattered photons in pz units?

(b) Find the wavelength ( X ) of the incident photon inpm units?

(c) Find the angle (/) at which the photon is scattered?

(d) Find the angle (0) at which the electron recoils? --&'P*
scatterh
electron

$1,T1' "'-,tf'+{"qAr----<i:. 
o
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Marks of

(6 Marksl
a) A proton of mass m= L.673x10-27kg moving at a speed of y: 0.86 c. Find the relativistic

momentum (p)expressed in units of ryand the de-Broglie wavelength in pm units? (3 Marks) ,

b) We wish to measure simultaneously the wavelength and position of a photon. Assume that the

wavelength measurement gives X" : 6000 Awith an accuracy of one part in a million, that is f -
10-6. What is the minimum uncertainty in the position Ar of the photon? (3 Marks)
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The figure below shows the spectral ,.ri"if ftyd.ge* A hydrogen atom is in the n : 2 state absorbs

a photon and the electron iumps to the n : 4 stafe'

a) What is the wavelength of absorbed photon (2) in nm? 
..

b) How many photons tnigttt be emittei from this atom following this absorption?

c) Compute the wavelengths (21 :4 -+ 3), Q,z : 4 + 1)and (ls : 3 .+ 21ol the emitted photons?

d) which photon (or photons) lies in the lR, visible or uV region of the spectrum?

Marks of
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Q4l (6 Marks)

Consider the point ot ri.* ot rn oU**.r (S) who is moving toward the Earth with the muon whose
velocity v = 0.998 c crossing the height of the atmosphere whose thickness (Io) is td n for an

observer at the earth (S').
a) ln the reference frame of the observer who is moving with the muon, what is the apparent

thickness (Z) of the Earth's atmosphere?

b) How much time does the muon take to reach the earth's surface?

c) lf the proper lifetime of the muon is to = 2.2xL0-6s, explain whether the muon reaches the
earth's surface or not?

d) For the observer on the earth (S'), what is the apparent lifetime (r) of the muon?

e) For the point of view of the observer on the earth (,S'), does the muon cross the 104 ne thickness

of the atmosphere and reach the earth during the lifetime (4 you calculated in part (d)?

@
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Marks of

A proton of mass m = L.673 x 10-27 kg and a kinetic energy (K,

(Es), Use the relativistic equations to answer the following questions:

a) Find the proton's rest energy (Es) in MeY unils?

b) Show that the speed of the proton is given by u = *, ,
c) Determine the total energy of the proton lE) in MeIr units?

d) What is the proton's momentum (p) in MeY/c units?

e) Determine the potential difference (Z) through which the proton would have to be accelerated

to attain this speed?
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Faculty of Science
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Final Exam 2024
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Allowed time: 3 hours

-

Course Name: Physics of Metals, Alloys und Ceramics
Coordinator: Dr. Alaa Abd-Elnaiem

Answer all the following questions
Ouestion (I): In the following multiple-choice questions, please circle the correct answer(s). You
must write down the stens to get the correct answer if needed (12 Marks)
1. "solid * liquid" results in a "liquid" upon heating during .. reaction.

A. Eutectic B. Peritectic C. Monotectic D. Syntectic E. None of these

2. The following is not the two-dimensional (2D) imperfection:
A. Dislocation. B. Precipitates. C. Surface defects. D. Grain boundary. E. Twin boundary.

3. Ir has an FCC crystal structure, a density of 22.4 d"^t, and an atomic weight of 192.2 g/mol, then the

radius of an iridium atom equal? (Hint: Ne:6.022 * 1023 atoms/mol)
A. 0.553 nm B. 0.439 nm C. 0.363 nm D. 0.211 nm E. 0.136 nm

4. Determine the indices for the direction shown in the cubic unit cell shown in Figure 1:

A. [011] B. [210] c. u1.21 D. 11721 E. [011]
5. A specimen of aluminum having a rectangular cross-section of 10 mmxl2.7 mm is pulled in tension

with 3.55x104N force, producing only elastic deformation. If the elastic modulus for A1 is 69x10e

N/m2, the resulting strain is:

A. 6.2x10-4 B. 4.1x10-3 C, 7.5x10-2 D. 1.3x10-2 E. 0.154

6. Above the following line, the liquid phase exists for all compositions in a phase diagram:

A. Tie-line. B. Sohus. C. Solidus.

7. Coordination number in FCC crystal structure:

D. Liquidus.

A. 2. B. 4. C. 6. D.

8. Thermodynamically stable defects:

A. Point defects. B. Line defects. C. Surface defects. D. E. Twin boundary.

(18 Marks)
first-order reflection from the (113) set ofplanes
0.1387 nm, when monochromatic radiation of

2. Silver (Ag) and palladium (Pd) both have the FCC crystal structure and Pd forms a substitutional solid
solution for all concentrations at room temperature. Compute the unit cell edge length for a75 wtoh

Ag-25 wto/o Pd alloy. The room-temperature density of Pd is 12.02 glcm3 and the density of Ag is
10.49 /cm3, while the atomic weight for Pd and Ag ts 106.4 glmol, and 107.9 g/mol, respectively.

3. Titanium (Ti) has an HCP unit cell for which the ratio of the lattice parameters c/a is 1.58. If the radius

of the Ti atom is 0.1445 nm, (a) determine the unit cell volume, and (b) calculate the density of Ti and

compare it with the literature value (4.5I glcm3). I Hint: Ari: 47.87 g/mol; Ne:6.22x 1023 atoms/mol]

4. Gold (Au) forms a substitutional solid solution with silver (Ag). Compute the number of gold atoms

per cubic centimeter for a silver-gold alloy that contains 10 wt% Au and 90 wt% Ag. The densities of
pure gold and silver are 19.32 and L0.49 gl"*t, respectively. [Hint: Ae,: 196.97 glmol; AM: 107.9

g/moll

Course Code: P256

8.

E. None of these.

\. ,,

Volume defects.

Ouestion (II): Answer the following problems
1. Determine the expected diffraction angle (20) for the

for FCC platinum, which has an atomic radius of
wavelength 0.1542 nm is used.

Page I of 2



5. The unit cell for tin has tetragonal symmetry, with a and b lattice parameters of 0.583 and 0.318 nm,

respectively. If its density, at6mic *.ight, and atomic radius are7.30 g1cm3,118.69 g/mol, and 0.151

nm, respectively, compute the atomic packing factor.

6. A piece of copper (iu) originally 305 n - long is towed in tension with a stress of 276 }d^Pa. lf the

deformation is entiiely elafic, wlat will be theiesuitant elongation? (Hint: Elastic modulus for Cu is

110 GPa)

Ouestion (III):
r. r* u :o wt% Sn-70 wt%Pb alloy at 200'c, in below phase diagram (Figure 2):

(8 Marks)

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

(cj Catcutati the relative amount of each phase present in terms of a mass fraction.

ia) Stut. the name, chemical formula, and temperature of the invariant reaction at 6l .9 wt% Sn'

(ej Irr.rtigate in detail the microstructure foi slow and fast cooling from 300 oC to 100 oC for this

the phase diagram shown in Figure 2 and state the different equilibrium lines.

Ouestion (IV):
Iffitr'-eant by solid solution and what is the type of solid solution (explain with

is the condition for complete soluble metal A in metal B in the solid state?

2. What are the steps to prepare a sample for testing microscopy?

3. Determine the Miller iodi"". for planes A, B, and C in Figure 3 and draw [001] direction in the cubic

system.
l. ltfhat is the basic difference between the Vickers hardness test and the Rockwell hardness test?

composition.
2. Describe in detail

+{t
I

T

Figure 1

t-
!
I
T

u!- e00

-ea
e
E

(12 Marks)
sketch)? And what

BEST WISHES,,,

oot

(phl

Figure 3
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Tlte exam is wrilten in seven (71 Doges

Answer four (4) only of the followins questions:

Question (1):

i- Put (/ ) or (r):
(12.5 Marks)
(2.5 Marks)

1- X-ray is the reverse phenomenon of photoelectric emission. ()

2- Compton shift A).depends on the type of scattering material. ()

3-
Bohr's corresponding principle says, "the smaller quantum number, the closer
quantum physics approaches classical physics".

()

4-
In blackbody radiation, as the temperature increases, the maximum of the curve
shifts toward higher frequencies.

()

5- In photoelectric effect, the maximum kinetic energy of photoelectrons depends on

the intensity of incident electromagnetic waves.
()

ii- If we considered the Sun as a black-body, estimate the surface temperature of the Sun

from the following information. The wavelength marking the maximum power emission

of the Sun "1,-,r*" is 500 nm, (5 Marks)

iii- Write the postulates of the special theory of relativity. (5 Marks)

U7



Frank Hertz experiment has proved that:

a- The nucleus is the center.of the atom's mass and charge and its size is very small.

b- The existence of energy levels experimentally.

c- The charge is quantized. d- The electron has spin.

Rutherford experiment has proved that:

a- The nucleus is the center of the atomrs mass and charge and its size is very small.

b- The existence of energy levels experimentally.

c- The charge is quantized. d- The electron has spin.
A y ray photon has five times the 

"ntheir wavelensths?

(a) We cannot say anything because we have no clue about their relative frequencies.

(b) ).y *r = 51x-,or. (c) ly nn,: ).y-royll.

(d) )ry *t: trx-ro!. (e) ).y,,,y : (1x-,oy)2.

Which of the following ir t
principle?
(a) Only if you know flie exact position of a particle can you know the exactmomentum of the narticle.

(b) The larger the momentum of a particle, the smaller the position of the particle.
(c) The more precise^ly_ you X"ow

the momentum of the pai.ticle.
(d) The position and moment,

same time.
Bohr model of the
difference between

hydrogen atom, by increasing the quantum ,rumnen
Lny two successive levels in the atom .....

(a) increasing (b) be equal

(c) decreasing (d) all of the above

Ouestion (2):
i- Choose the correct statement:

(12.5 Marks)
(2.5 Marks)

rate which is one-half the rate of a clock at
(5 Marks)

lI- At what speed does a clock move if it runs at a
rest?

2/7



iii- Write Bohr's hypotheses for his atomic model. Using these assumptions, proye that the
Iine-structure constant c is very nearly equal to ltl3i. The quantig 

", 
r"ni.n is equal to

the ratio vtlc where v1 is the. velocity of the electron in the first clrcular Bohr orbit of
Hydrogen atom and c is the speed of light in vacuum. (5 Marks)

3/7



Ouestion (3):

i- Put (/ ) or (8):

(12.5 Marks)
(2.5 Marks)

l- Rutherford's model destroyed by the electromagnetic theory. ()

2- According to Max Plank, oscillator can emit radiation by dropped to any

lowest enerEy state where the amount of energy emitted is /e = nhf.
()

3- In Compton scattering, scattered photon has smaller wavelength than the
incident one.

()

4- No time lag between the illumination of the metal and the emission of the
photoelectrons.

()

5- Energy can be converted to mass but mass can't be converted to energy. ()

In Compton Effect, an incident X-ray with a wavelength 7 = 5 x 10-11m is incident on a
calcite target. Find the wavelength of the X-ray scattered at a 30" angle. (5 Marks)

iii- Prove the Duane-Hunt law, which gives the minimum wavelength X.^io of X-rays that can

be emitted by Bremsstrahlung in an X-ray tube by accelerating electrons through an

excitation voltage V into a metal target. (5 Marks)

417



Ouestion (4):

i- Plut (/ ) or (t):

(12.5 Marks)

(2.5 Marks)

t- The Rutherford model failed to explain the hydrogen atom's spectrum. ()

J- Two events occur at different time are simultaneous. ()

3- The proper time is always the shortest time interval. ()

4- The conservation law of momentum is invariant under Lorentz transformation. ()

5- Maxwell's equations are invariant under Galilean transformation. ()

ii- A photon releases a photoelectron with an energy of 2 eV from a metal which has a work

function of 2 eV. What is the smallest possible value for the energy of this photon?

(5 Marks)

iii- Define the proper length, and derive the length contraction relation. (5 Marks)
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Ouestion (il:
i- Choose the correct statement:

(12.5 Marks)
(2.5 Marks)

1- If the momentum of an electron were doubled, how would its wavelength change?

(a) No change. (b) It would be halved.

(c) It would double. (d) It would be quadrupled.

2-
For the hydrogen atom, which series describes electron transitions to the n=1 orbit
"the lowest enersv electron orbitt'? Is it the:

(a) Lyman series (b) Balmer series

(c) Paschen series (d) Pfund series

3-
The results of Rutherford's experiment, in which alpha particles were fired toward
thin metal foils. were surnrisins because:

(a) Some of the alpha particles were reflected almost straight backward.

(b) Two alpha particles emerged from the foil for every alpha that entered.

(c) Beta particles were created.

(d) Some alpha particles were destroyed in collisions with the foil.

4-
Muons are particles 200 times heavier than electrons. A muon and electron have
identical kinetic enersies. What can vou sav about their waveleneths l.?

(a) Both have the same wavelength )", i.e., l^uon: Tetectron.

(b) tr*uoo) lerearon (c\ 1^ron 17elrrtron

(d) The muons do not have a de Broglie wavelength.

5- You are driving on a freeway at a relativistic speed. Straight ahead of you, a
technician standing on the ground turns on a searchlight and a beam of light moves
exactly directly at you as seen by the technician. As you observe the beam of light, do
you measure the magnitude of the horizontal component of its velocify as:

a- equal to c b- equal tozero c- greater than c d- Iess than c

ii- Determine the longest and shortest wavelengths observed in the Paschen series for
hydrogen. (5 Marks)

617



iii-WhenLorentztransformationsarereducedtotheGalileantransformations?Provethat.(5 Marks)

6.626 x l0 3{ Joul.sec

3x108 m.seit

9x1oeJ.m.C-2

2.897?x10-3 m'KWien's disPlacement

constant c

1.097 x107 m-r

WTTTT ilET BDST WISHES
Hesha;m Al'Attar
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THIS TEST HAS THIRIEEI{ PAGES

DI]MTION OFTEST. TIIREE HOI.JR,S )

fuiswer AIl Questions from Part I & tr.

Part L Multipte Choice, Circle tlte one fust answer to e,aclt question (20 Points)

1. Fully constructive interference between two sinusoidat waves of the same
frequency occurs only if they: ,,

A. travel in opposite directions and are in phase
B. travel in opposite directions and are 180" out of phase

C. travel in the same direction and are in phase
D. travel in the same direction and are 180" out of phase

2. Huygens'construction can be used only:

A. for light
B. for an electromagnetic wave

C. for transverse waves
D. for all of the above '

3. Consider (llthe law of reflection and (ll) the law of refraction. Huyiens' principle
can be used to derive:
A. only I B. only ll C. both I and ll D. neither I nor ll

4. Units of "optical path length" are:

A. m*l B.m C. m/s D. Hzlni

5. lnterference of light is evidence that:
A. the speed of light is very large C. light is electromagnetic in character
B. light is a transverse wave . D. light is a wave phenomenon

6. The reason there are two slits, rather than one, in a Young's experiment is:

A. to increase the intensity '
B. one slit is for frequency, the other for wavelength
C. to create a path length difference
D. one slit is torE fietds, the other is for B fietds



7. ln a Youngls double-slit experiment the center of a bright fringe occurs wherever
waves from the slits differ in the distance they travel by a multiple of:

8. ln a Young's double-slit experiment the center of a bright fringe occurs wherever
waves from the slits differ in phase by a multiple of:

A. nl4 B.nl2 C.n D.2n

9. Waves from two slits are in phase at the slits and travel to a distant screen to
produce the third side maximum of the interference pattern. The difference in
the distance traveled by the waves is:

A. a fourth of a wavelength
B.ahalfawavelength

A. half a wavelength
B. a wavelength

distance traveled by the waves is:
A. half a wavelength
B. a wavelength

C. a wavelength .r

D. none of the above

C. three halves of a wavelength
D. three wavetengths

C. three halves of a wavelength
D. two wavelengths

10. Waves from two slits are in phase at the slits and travelto a distant screen to
produce the second minimum of the interference pattern. The difference in the

LI. A monochromatic light source illuminates a double slit and the resulting
interference pattern is observed on a distant screen. Let d = center-to-center slit
spacing, a = individual slit width, D = screen-to-slit distance, and L = adjacent dark

line spacing in the interference pattern. The wavetength of the light ii then:
A. drlD B. Ld/a C. dalD D. tD/a

12. Light from a small region of an ordinary incandescent bulb is passed through a
yellow filter and then serves as the source for a Young's double-slit experiment.
Which of the fottowing changes woutd cause the interference pattern to be more
ctosely spaced?
A.Use slits that are closer together C. Use a light source of higher intensity
B.Use a light source of lower lntensity D. Use a blue filter instead of a yellow filter

13. ln a Young's double-slit experiment, light of wavelength 500nm illuminates two
slits that are separated by 1 mm. The separation between adjacent bright fringes
on a screen 5m from the slits is:

A.0.10 cm B. 0.25 cm C.0;50 cm D. 1.0 cm

14. ln a Young's double-slit experiment, the separation between slits i3 d and the
screen is a distance D from the slits. D))d and tr is the wavelength of the light. The
number of bright fringes per unit width on the screen is:
A. d/Dl B. Dl,/d c. D/dr D. vDd
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15.lnaYoung,sexperiment,itisessentialthatthetwobeams:
A. have exactlY equal intensitY

B. be exactlY Parallel '
C. travel equal distances

D. come originally from the same source

16.lnaYoung,sdouble-slitexperiment,athinsheetofmicaisplacedoveroneof
the two slits. As a result, the center of the fringe pattern (on the screen) shifts by

an amount corresponding to 30 dark bands' The wavetength of the lieht in this

experiment is 480nm andthe index of the mica is 1'60' The mica thickness is:

A.0.090mm B' 0'012mm C' 0'014mm D' 0'02a'lnm

17. Monochromatic light, at normal incidence, strikes a thin film in air' lf I denotes

the wavelength in the film, what is the thinnest film t in which the reflected lisht

will be a maximum?
D. t = 3tr/4

A. t<<,\ B. t =lV4 C, t =MZ

18. A soap film is illuminated by white light normal to its surface' Tlle index of

. refraction of the film is 1.50. waveLngths of 480nm and 800nm and no

wavelengths between are be intensified in the reflected beam' The thickness of

8.2.4x 10-s cm C.3.6 x 10-s cm D' 4'O x 10-s cm

19. ln a thin film experiment, a wedge of air is used between two glass plates' lf the

wavelength of trre incident light in air is 480 nm, how much thicker is the air

wedgeatthe15thdarkfringethanitisatthe5th?
A.2400nm B' 4800nm C' 240nm D' 480nm

20. lf two light waves are coherent:

A. their amPlitudes are the same

B. their frequencies are the same

21. To obtain an observable double-slit interference pattern:

A' the light must be incident normally on the slits

B. the light must be monochromatic

C. the light must consist of plane waves

D. the light must be coherent

22. The rainbow seen atter a rain shower ii caused by

A. diffraction B. interference C' refraction

23. Sound differs from light in that sound:

A. is not subject to diffraction

B. is a torsional wave rather than a longitudinal wave

C. is a longitudinal wave rather than a transverse wave

D. is always monochromatic

the film is:

A. 1.5 x 10-s cm

C. their wavelengths are the same

D. their phase difference is'constant

D. polarization
,'



24. Radio waves are readily diffracted around buildings whereas tight waves are
negligibty diffracted around buildings. This is because radio waves:

A. are plane polarized i
B. have much longer wavelengths than light waves
C. have much shorter wavelengths than light waves
D. are nearly monochromatic (single frequency)

25. Diffraction plays an important role in which of the following phenomena?
A. The sun appears as a disk rather than a point to the naked eye
B. tight is bent as it passes through a glass prism
C. A cheerleader yells through a megaphone
D. A farsighted person uses eyeglasses of positive focal length

26. When a highly coherent beam of light is directed against a very fine wire, the
shadow formed behind it is not just that of a single wire but rather looks like the
shadow of several parallel wires. The explanation of this invotves:
A. refraction B. diffraction C. reflection D. interference

27. When the atmosphere is not quite clear, one may sometimes see colbred circtes
concentric with the Sun or the Moon. These are generally not more than a few
diameters of the Sun or Moon and invariably the innermost ring is blue. The
explanation for this phenomena involves:
A. reflection B. refraction C. interference D. diffraction

28. The diagram shows a single slit with the direction to a point P on a distant screen' shown. At P, the pattern has its maximum nearest the central maximdm. lf X and
Y are the edges of the slit, what is the path length difference (pxl - (py)?

A.M2
B.l,
c.3i,l2
D.2I

number of interference maxima within the central diffraction maximum is 5.
when 900nm light is incident on the same slit system the number is:
4.2 B.3 c.5 D.9

30. ln a double-slit diffraction experiment the number of interference fringes within
the central diffraction maximum can be increased by:

to?

31. ln Newton's Ring experiments, the diameter of dark rings is proportionalto

A. decreasing the slit width
B. decreasing the wavelength

A. Odd Natural numbers

C. Even Naturat Number

C. decreasing the slit separatlon
D. increasing the slit width

B. Natural Number

D. Square root of natural number



32. A wavelength is commonly measured in which one of the following units?

A. Radians B. Angstroms C. Electron volts D. Secohds

B. Bi prism Experiment

D. None of them

34. The phenomenon of diffraction can be understood using

33. Extended source is needed in

A. Young's double slit experiment

C. Newton's Ring Experiment

A. Huygens principle

C. Uncertainty principle

A. The photoelectric effect

C. The speed of light

B. Fraunhofer 
,

D. Fresnel lnterference

B. Color

D. Diffraction

D.4

35. What is the name of the process whereby waves travel around corners and

obstacles in their paths?

A. Reflection B. Refraction C lnterference D. Diffraction

.36. ln Fraunhofer diffraction, the incident wave front should be

A. elliptica! B. Plane C. Spherical D. Cylirldrical

37. Aslit of width 'a' is illuminated by white light. For what value ot'a'will the first
minimum for red light fall at an angle of 30o wavelength of red light is 5500 Ao

A. 1.1x 10'3 cm B. 1.4 X 10a cm C. 1.3 X 10-a cm D. 1.6 X 10'a cm

38. The wave nature of light is demonstrated by which of the following?

39. A grating has 6000 lines per cm. How many orders of light of wavelength 4500

Ao can be seen?

A.1 8.2

40. ln Fresnel diffraction
A. source of light is kept at infinite distance from the aperture'

B. source of light is kept at finite distance from the aperture

C. Convex lens used

D. aperture width is selected so that it can acts as a point source

41. The electromagnetic waves do not transport
A. Momentum B. tnformation '' C. Energy D. Charge

.i
42. ln the diffraction pattern using circular aperture, when the screen is brought

towards the aperture

A. the intensity of the screen is gradually increases.

B. the intensity of the screen is gradually decreases

C. the light is found to focus only to a fixed distance

D. Many points are observed where greater intensity is found 
.

5
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43. To find prominent diffraction, the size of diffraction object should be

A. Greater than wavelength of light used'

B. Comparabte to order of wavelength of light'

C. Less than wavelength of light used'

D. None of these.

44. ln a Young's double slit experiment, the central point on the screen is

45. ln plane transmission grating, the angle of diffraction for second order

maxima for wavelength 5 x 10-s cm is 30o. calculate the number of lines in

one centimeter of the grating surface'

A. 1000lines/cm B. 5000lines/cm C' 5O0lines/cm

c.8

48. Optical fiber works on the

A. PrinciPle of refraction

C. scattering

A. First dark and then bright
C. Dark

A. R = Dz /4R(m+ L/2 )1
c.R=DlR(m+LlT)l

B. Bright l

D. First bright and then dark

D; 10000lines/cm

45. What is the'highest order spectrum which may be seen with 
'onoJh'omatic

light of wavelength 500nm by means of diffraction grating with 5000

lines/cm?

A.2 8.4 D. 16

47. The first reflecting telescope was built by:

A. Galileo B. Copernicus C. Tyco Brahe D. lsaaq Newton

B. total internal reflection
D. interference

:

{

49. ln a Newton's-rings experiment, a plano-convex

glass lens having Jiameter D is placed on a flat

pt.t" as shown in Figure. When 'l light is incident

normally, m bright rings are observed with the last

one right on the edge of the lens' What is the radius

R of curvature of the convex surface of the lens?

B. R = D/[R(m+Llz
D. R = 4D/R(m+Uz

)1
)jL

50. A beam of X-rays of wavelength l\ is diffracted by a plane of rock salt' The

glancingangleforthesecond-orderdiffractionis:

A. o -- sin-L (1, / zq B. 0 = sin-r GX / d)

c. 0 = sin-' (1d) D. 0 = sin-' (l'/ a)

^iil



Part ll: True or False questions

Tick the correct answer:

Young's Double slit Experiment iltustrates the wave nature of light.
when two waves of the same waverength meet peak to peak they
interfere destructively to form a wave with a larger amplitude 

,Fully constructive interference between two sinusoidatwaves of the
same frequency occurs only if they travel in opposite directions and
are in phase

Fully destructive interference between two sinusoidal waves of the
same frequency and amplitude occurs only if they travel in the samb
direction and are 180" out of phase. 

.,

standing waves are produced by the interference of two traveting
sinusoidal waves, each of frequency 100 Hz. The distance from the
second node to the fifth node is 60 cm. The wavelength of each of
the two original waves is 30 cm.

6. Huygens' construction can be used only for an etectromagnetic
wave.

7, Consider (l) the taw of reflection and
Huygens'principle can be used to derive

8. Units of "optical path length,, are m/s.
g, lnterference of light is evidence that light is a wave ph"nor"non.
tro. ln a Young's double-srit experiment the center of a bright fringe

occurs wherever waves from the slits differ in phase by a multipli
ofn

l1.A monochromatic light source iiluminates a double slit and the
resulting interference pattern is observed on a distant screen. Let d
= center-to-center slit spacing, a = individual slit width, D = screeri-
to-slit distance, and r= adjacent dark rine spacing in the interference
pattern. The wavetength of the light is then dl/D.

12. ln a Young's doubte-slit experiment, light of wavelength 500nm
illuminates two slits that are separated by 1 mm. The separation
between adjacent bright fringes on a screen 5m from the stits is 0.25
cm.

(10 Points)

t.
2.

8.

4"

b"

,'

(ll) the law of refraction.
neither I nor ll .



lS.lnadoubleslitexperimentwithslitsl.0xl0-5mapart,lightcasts
thefirstbrightband3.0xl0.2mfromthecenterofascreen0.S5m
away. The wavelength of this light is 390 nm'

. trA,The distance between the slits in a double-slit setup compared to

the distance to the screen from the slits is very large' 
r

l5.ln a Young's double-slit experiment' the separation between slits ii

dandthescreenisadistanceDfromtheslits.D))dand}tisthe
wavelength of the light. The number of bright fringes per unit width

on the screen is d/DI'

16" lf two coherent sources are vibrating in phase then

constructive interference at any point P whenever

difference is m t, m= 0, L,2"'

1?"ThedevicewhichproduceshighlycoherentsourcesisLaser'

18. Coherence is a measure of capability of producing inter-ference by

wave.

lg.Two sources of light are said to be coherent, when they give light

wavesofsamewavelengthandconstantphasedifference..'
20. According to wave theory, intensity of light is directly proportional

tosquareofamplitude.Accordingtowavetheory,intensityoflight
is directly proportionalto square of amplitude'

2tr. Laser light is coherent, because it consists of coordinated (parallel)

wavesofexactlysamewavelengthLaserlightiscoherent,because
it consists of coordinated (parailel) waves of exactly samd

wavelength.

22.1n Young's double slit experiment'

obtained when the phase difference

' zero.

28. Speed of light changes as it across the boundary of two '*'l: . ,

24. Optical fibers can carry mucti'more information and much highe'r

data rates.

25" Fiber optic cabtes have a core that carries light to transmit data'

we have

the Path.t

the minimum amPlitude is

of suPer-imPosing waves is

:t!



Part lll: Work Problems ' (20 Pointsl

show all your work ond exploin each maior step to receive full credit.

1. A double-slit source with slit separation 0.2 mm is located 1.2 m from a screen'

The distance between successive bright fringes on the screen is measured to be

3.30 mm. What is the wavelength of the light? i

Solution:



.f

2. Young's experiment is performed with orange light (t=620 nm ) from a

arc. lf the fringes are measured with a micrometer eyepiece at a distance 100

cm from the double slit, it is found that 25 of them occupy a distance of 12.87

mm between centers. Find the distance between the centers of the two slits.

Sotution: i i

10
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3. Two waves traveling together along the same,line are given by

,: = Eo sin(at) , Ez - Eo sin(at + q)
Find (a) the resultant amptitude, and (b) the initial phase angte of the
resultant.

Solution:

-t
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4. A tloyd's mihror of length 5 cm is illuminated with monochromatic tight of
wavelength l'(=$Qgpm! from a narrow 1 mm slit in its ptane and 5 cm ptane
from its near edge. Find the fringe width on a screen 120 cm from the stit and
width of interference pattern on the screen.

Solution:

!l'

-....-.:::!!1"u:""

12
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5. A plane wave is described, by the..equation: yi = g cos(x/4_ 10t _ tt/Z).calculate the maximum velocity of the partictes ir the medium due to this waveand the acceleration otthese p.iiA.rf
Solution:

EIYD OFH(AM
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