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I- ONE Mark for each

l- In SHM, what is the phase difference betvveen displacement and acceleration?

a) 2x b)z c) xlZ d)0

2- Aparticle is undergoing SHM with amplitude 20 cm. The maximum speed it achieves is 3m/s. Find the

angular frequency.

a) 15 rad/s b) 10 radls c) 5 radls d) I rad/s

3- The maximum velocity and maximum acceleration of a body moving in a simple harmonic motion

arcZmlsand 4mls2 respectively. What will be the angular velocity?

a) 4 rad/sec b) 3 rad/sec c) 2 radlsec d) 8 rad/sec

4- Amass 0.1 kg g is suspended from the end of vertical spring of constant 50 N/m. If fhe mass is

released down, find the extension in the spring. (g : l0 m/s2)

a) 0.01 m b) 0.02 m c) 0.04 m d) 0.0s

5- The velocity of a particle (v) moving with simple harmonic motion, at any instant is given by

gro2r/ffi Dll.,lW q azl7=W ga.f,_T

6- A particle is initially at the center and going towards the left. Let T be the period of the SHM it is
iindergoing. What will be its position and velocity at time 3Tl4,if it" stbrts from the center at t:0?
.A

a) at center, maximum speed towards left
c) at center, maximum speed towards right

b) At right extreme, zero velocity
d) Mid-way between center and -A

\.. \

a) 4T1=T2

b)T1:2T2

- tiq" 
-c),?Tr I Lz
d) Tr = 4Tz

What is the maximum kinetic energy of a partidle inSl{NI-w-itli'mass of 2kg, o: fi rad/s, A:1m.
1.57 l b) 6.28 J c)3.141 d) 9.87 J

8-

a)

7- What is the relation between the periods of the two given SHMs.
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9- A sprig is performing a SHM. If its amplitude is doubled keeping the mass and force constdnt the

same, total energy will become how many times the initial value?

a)4 b)2 c)l d)%

l0- A physical pendulum has a length 1.5 m. Wh-at is its period if g :10*rtz.

a) 0.4 b) 1.4 c) 2.4 d) 3.4

l1- A circuit contains a capacitor of capacitance of l0{ F and an inductor of l0-a H. The frequency of
electrical oscillation will be

a) lOs Hz b) l0 Hz c) (10s /2 n)Hz d)(10 /2n) Hz

l2- If the summation of forces on a body is given by: XF : - kx - bv + Fs, then what is tle expression

for amplitude of motion?

a) A6 e'tD b) A6 e-'/2 c) As e'2il d) none ofthese

l3- In a damped SHM of a spring mass system. If the time taken is 4 s for the amplitude to become

half its initial value. its initial value What is the damping factor r ?

- ln4a)-,2
.. ln2b)-,2

. ln4c)+ d)Y

14- In the last question, what is the time taken for the energy to become l/3 of its initial value?

a) 3.17 s b) 4.17 s c) 5.17 s d) 6.17 s

15- A spring of mass 0.06 kg moves in SHM under external force without damping. If Fo = 0.12 N,

determine the amplitude of oscillation at external frequency of 2 rad s-r

a) 3.02 m b)2.02m c) 1.02 m d) 0.02 m

l6- In the last question, the phase difference between the displacement and the force is

a)0 b) nlZ c) m d) infinity

17- A mass hangs fi'om the end of a spring. The system is damped by a light oil so that the ratio of
amplitndes of consecutive oscillations is 1.25, it is found that l0 contplete oscillations takes 20 s.

Detennine tlre damping factor y of the system.

a) 4.223 b)2.223 c) 1.223 d) 0.223

18- In LCR circuit consists of L:5 H, C = 5 F and R:10 O. The system is F .

a) ciitically damped b) light dtmped C) hedvy damped -* O Lindamping

l9- A transverse wave traveling along a string is described by the function

J/:2 cos (0.2 x + 30 r), wt,ere x and y are in meters alrd t is-in seconds. Find the wavelengdr in meters.

a)10n b)6r c)4n d)2n
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20- In the last question, the velocity of the wave is
a)250 mls b) 200 m/s c) 150 m/s d) 100 m/s

II- TWO Marksfor each

21- An LC circuit contains a capacitor initially charged with 2x10-s C. If the period is 1.57x10-3 s. The
maximum current when the circuit is closed will be.

a) 8x104 A b) t.27xt02 A c) 3.t4xt0-8 A d) 8x10-2 A

22- A spring of constant 12 N m-r and mass of 0.03 kg moves in SHM under external force. IfF6:
0.15 N and a damping force 6 :0.06 kg r-'. Determine the amplitude of oscillation at external
frequency of4 rad s-l
a) 0.636 m b) 0.436 m c) 0.236 m d) 0.036 m

23- A damped oscillation, mass is 2kgand spring constant is 500 N/m and damping coeffrcient is I
kg/s. If the mass is displaced by 2A cm from its mean position and released. What will be the value of
its energy after 4 s.

a) 1.35 J b)2.35 J c) 3.35 J d) 4.3s J

24-In LCR circuit consists of L- 0.09 Henry, C : 0.04 Farad and R: 5 O. If the amplitude of the
applied voltage is 12 V. Find the amplitude of the voltage across the capacitor at resonance frequency.
a)2.6Y b) 3.6 V c) 4.6 V d) 5.6 v

25- An observer is in a car moving to north with speed of 21mls. An ambulance travels to south at

speed of 30 m/s, its siren emits sound at frequency of 190 Hz. What will be the frequency as heard by
the observer? Speed of sound in air is 330m/s.

a) 422.3 Hz b) 3223 ru c) 222.3 Hz d) 122.3 Hz

1 2 3 4 5 6 7 8 9 10 1t L2 13 14 15

21 22 23 24 25
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III- Fcur Marks for eaeh

26) Represent by equations and drawing the Gaussian function for the follorving $/aves:

(i) non-travelin g rvave. (ii) travelihg wave by a distance of 2m in the Ieft direction'

27) Two simple pen s, each,of length 0.8 m and mass of 4 kg are coupled by a horizontal spring

t' 

of 
"or.tant 

30 Nlm. one of the masses is moved to 6 mm and the other mass is moved to 3 mm'

sed.from rest. (i) Calculate the normal modes 6f vibrations.

ents as functions of time'. ': (ii) Calculate the disPlacem
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28) Deuce the first and second normal modes of transverse vibration for a system consists of two

- masses-string-of length 0 connected by third string of the sarne length.

I
I

i
l

l
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29) Calculate the transmission and reflection coefficient of amplitude for a wave travels from a

medium to another if the mass of the uhit length of the second medium is 4 times that of the first

medium.

30) Proof that the equation y: A cos(x * v/) is a solution or not a solution for the wave equation.

t

1'

a

i
:

I
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First question:

TheJpxam is in 5 pase-p-(S-O &sree)

Choose the correct anstver: (25 Marks)

fl 1'n. wo.k function for tungsten metal is 4.52 eY. The cutoff wavelength for
tungste4 is

.{. 356 nrn i B. 274 nm i C. 456 nm

i) ,Lt what wavelength does a room temperature (T = 20 'C) object ernit the

rnaxim um therrral radiation ?

A.. g.st prn -- ts. 7.56 pm i C. 11.78 p,rn I D. 4.98 prn

3) Of the foliowing, Conapton scattering fnorn electrons is most easily observed for:

A. *iirow;tes R. infrared light C. visible light , D. x rays

4) I" ar-pton scattering from stationary electrons the largest change in wavelength

S) In a photoelectric effect experiment at a frequency above cut off, the stopping

potential is proportional to:

A. t6e eneigy of tfre teasi energiiiC etectron before it is ejecteO

--_*.:--.B. the energy of the most energ.tio -

a. the energy of the most energetic electron after it is eiected

D. the r:lectron potentiat energy at the surface of the sample

r) wnicn of the foll'owing is NoT true for electromagnetic waves?

A. they consist of changing electric and magnetic {ields

B, they liavel at different speeds in a vacuum, depending on their frequency

C. they transport energy

D. they transport momentum

?) Thrc*hold wavelength for a metal having work function Wo is 1". What is the

threshold wavelength for the metal having work function 2wo?

A. 4\* B. 2^ : : C'WZ '; D'^^J4

$eU wal.u. Oo, fian** fl{fuwai W$cl fui,



8) What is the black body or an itleal radiator?

B.

C
D.

9) work function of three metals A, B, and c are 4.t-v,43 e\/, and 3s ev
respectively. trf the light of wavelength 4000 A is incident on the metals, then

B. photoelectrons are emitted from B.

C. photoelectrons are emitted from C.

10) Which phenornenon

A. clectron momentum

C. electrondiffraction

the theory that matter has a wave nature?

B. photon momentum
i

: D. photon diffraction
11) which of the following has maximum penetrating power?

A. ultraviolet radiation B. microwaves

f 2) I{'K.E. of free electron is doubled, its de Broglie war*i*r,gtfr wiff cfrang" ny
factor

:
13) In electromagnetic waves the phase difference between electric ,na rnagnetic

field vectors are

,;
14) Pair production occurs only wtren tii. 

""e
.d. 1.02 KeV i C, 1.02 MeV ; u. rO.Sr naev8., 1;02 eV

15) The cornpton effect can be explained hased on

quantum theory of:rignt

wave optics

16)CaIcutrate.thede.BiogIiewavelengttrIerated
from rest on application of a poterrtial of 400 volts.

A. 0.l65nm ' E. 0.06I nm c. 0.052 nm D. 0.6r nm
# : ,

€eU utila D*, (aa*o ??C&*ed ?/i{4e{ Wcu
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L t ) tne mrnunum energy required to remove an electroil is called

A. stopping potential i B. kinetic energy

, t). none ofthese:.

the source is kept at 40 cm away, the stopping potential rvill be

-

r9)Stefan.BoItzmann[awstatestt.uiit'perrrnittime
by the black body is

A. directly proportiohal to.tii6'iiluaie or'ir,e ierneeiaiu.e-or gre riit[ nooy. . -, . , - ,,, *- ,,, . 
__ __.-___

B. inversely proportional to the square of ine iemperature of the black body
C. directly proportional to the fourth powei *i the idip#;ffi; of ifie riact boay
D. inveiieiy pilililffi;i l; i[; i;#tr, po**i ,f irru ie*p".rtrr. or trre uiac[ r,ooy

--20) For an X-ray tub*I
energy of the ennitteO,photons?

A. 1.1 x 16-t't.; i B. 4.t i 1[;tt-] - -
D' 4'4 x 1112t 7

r
50 kv?

-E22)The threshold wavelengtn orpnotoetectric emissiort or, ffi
the minimum energy required to eject photoerectron is

A. 4.96ey , B. 3.1 eV C. .t9.6eV D. 3leV
-. - 

, i

23) Which of the fonowi"g bodie* wiil nof b" "

B. a body with rempe"aiur* O"C piacea in aii;adium '

D. none of the above

Seal qnula Ou l/aaot* ffie*d t/n*4ed %ot,



Second question: Circle T for the true statemtlnt and F lor the lalse one:

(25 Marks)

- '= @sibletomeasure
26) Heisenberg's ul

sirnultaneotr-t'"* r' the closer

"'u"H;:ilt:;t=efir'

Phroton has

29) In ComPton scr'
ffi-$*-re*gththan the

ff[u blackbodY
'ffii*"m 

of the curve

shifts torvard higher frenuen:,lg

€at wana'
Oo,,'lfa,a*o ?ttohd'wf qea€4 Bako*



36) In photoelectric effect, the maximunr kinetic energy of photoelectrons depends on
the intensity of incitlent electromagnetic waves.

3]] The minirnum #avelength )vmin of X-rays depend on the kind of tlle metal target.

38) Visible Light rays cannot show Compton effect.

39) According to De Broglie, the larger of mornentum of particle, the larger its
wavelength.

40) Wien's law can fit the blackbody rad,iation curve in the shorter wavelength
region.

41) The red line in Balmar series is produced as electron transition from n:3 to
n=2.

42) According to Thornson's atomic modetr, o-particles witrl scatter from thin gold foil
through very large scattering angles.

43) Bohr considered that hucleus has a finite mass M and ttre eleitron-anO nucleus
rotate about their center of mass.

44) De Broglie wavetengih dependt;n rnomentum unO o@
45) Davisson and Germer experiment did not prove the wavelike behavior of matter"
46i In photoelectric, the nttiim"m kfi-ti" e

intensity of incident EM waves.

47) A Earnma-ray photon with energy less than tr.02 Mev can be usecl in pair
production

48) In blackbody radiation, ai ttre ternpeiziure increases, ttre toiat emitteO .aOiant
energy increases.

49) Phoioelectron emission from a given metal does not take place unless the
f,requency of incident light is equal or greater than a certain minimum frequency
fo.

50) The emissivity for the blackbody depends on the maierial that make the
hlackbody.

Electron charge e I.6xl0{e C Plank's constant.[ 6.626 x 10-34 .Ioul"sec

Electron rnis$ ffte g.lx10-3r kg Light velocity c 3x108 m,sec-l

Proton rnflss zrp 1,672x10'27 kg Coulomb corrstant /c 9x10eJ.m.C-2

Bohr radius a, 0.529x10{o m Mass of a hydrogen atorn L.672 x 10-?7kg

leV 1.602 xlO{e J
Ionization energy of the

hydrogen atom Eo
L3,6 eV

&eU wcotzo D a, $/wo ?fffud qa*.€{ 8ako8.
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Part! I: Answer these two questions: ( 20 Marks)

Q.1: Put (T ) or O) in front of eaeh sentences fronn the following:

[Hint: then, please pri yoo" answer in the table.l belowl
1 - The theoretical ciensity (p) for different metals have the same crystal structure
must have the same values. ( )

2- For all crystal strucfure systems the equivalent directions <100> are normal to
the equivalent planes {100}. ()

3-Substances in which the rneasured physical properties are independent of the
direction of,measurement are called isotropic materials. ()

4-X-ray diffraction can take place from crystalline solid when the wavelength of x-
ray bearn is in the order of the interplanar spacings of this material. ()

5 -Schottlcy defect is equivalent to missing atom leaves its original site and migrates
to another site inside the lauice. ()

6-The equilibrium number of vacancies Nv for a given quantity of metal incrpases
linearly with increasing temperature. '( )
7- Hardness is a measure of a material,s resistance to localized plastic deformation.

()

8-We can obtain fine grain casted metal if the nucleation rate is much higher than
the growth rate.

9- In the isomorphous phase diagrams ( like Cu-Ni), there are more than one solid
phase present under the solidus line. ()

10-Solubliities of impurities in ceramics is lower if ion radii and charges match.( )
Tabl.l



2.2: (10 Marks)

Choose.the cgrrect answer for these statements from arb.c and d:

[Hint: then, please put your answer in the table.2 below]
l-The physical properties of polycrystalline metallic alloys are those except :

2-polyrneric materials are cha,racterized by :

a)- More electrical conductor than metals
b)- generally melt at high temperatures
C)-more ductile than metals
d)- Have a metallicbond type

3-The equivalent directions in cubic crystal structure have:

a)-electrical conducting materiais
c)-melt at definite temperature

a)- The same [u v w ]
c)- The same Okl)

b)-have a medium range orde.
d)-can be casted on sand mold.

b)- The sarne linear density
d)- None of the above.

4-The ceramic materials are characterized by :

a)-Melted at definite temperature
b)-Hard and brittle.
c)- Generally has a cubic crystai structure
d)- Ilave a totally covalent bond.

5-For FCC unit cell, the planar densilv(PD) of the (110) plane has the same
value as that ofthe :

a)- (011) b) - (111) c)" (001) q- Qza)

6- All those are some Epes of volume defects except:
a)- twin boundaries
c)- inclusions

b)- second phase particles
d)- precipitates

7-The rate of vacancy diffusion in a metallic rnaterial depends
0n:

a)- Number of interstitial atoms present.
b)-The atomic weight,
c)-The temperature.
d)-The activation energy to exchange positions.

8-Vicers Flardness number (HV) of a metal surface
specimen depends on:

a)- The Load P used.during the measuremerit.
b)- The diameter of the steel sphere used during the
measurement.



c)-The density of the specimen.
d)-The Upe, structure and heat treatoreirt of the

metal specime,lr.

9-3-In the area between the liquidus line and solidus line in an

isomorphous phase (Ge-Si) diagram there ( is)are :

a)- L phase only b)- a +L Phases
c)- o phase only d)- a+B Phases

10- By using metallogruphic examination for metallic
polycrystalline sample we can determine:

a)-Its dislocation densitY.

b)-Its average grain size.

c-)Its chemical comPosition.
d)-Its hardness number.

3



Part rr: ( 3o Marks)..
.q."t*t o{rly Three from the foltowing questions:

Use these constants when needed:

Avo gadr,s number Na: 6.023x1 023 atomlmole

Boltzmann's constant K:l .3 8x 10'23 lI lK

0'3: (10 Marks)

3-g[ Prove that the atomic packing factor (APF) for the HCP and Fcc unit cells have

the same values. (5 marks)

3-(b): ., ,, - - - 
(5 Marks)

1- define: The atomic radius - Frenkel defects- ductility- the phls-e

2-Calcutate the radius of tantalum atom, given that Ta has a BCC crystal structure' a

aensity of 1.6.6g1cm3, ffid an atomic weight of 180.9glmo1.



-4.4: (10 Marks)
3!-a)-Briefly discuss fhe factors that determine the degree to which atoms of two
}$:f_Setals can be dissolve in each other to malle solid sotution alloy. (give
examples). ( 5 ltlarks)

4-b)-Determine the composition, in atomic percent , of an alloy that consists of
9Twt%oahxrrinium and 3Wt%ocopper"( given thut, A*=63.55g/mole and i"de.;S
g/mole) (5 Marks)



O.5 - | - - 
(l0Marks)

5-a1- Give a mathgmati$l exp-resglon folthe followinss: (5 Ma*s)

l-The toal solidification time (TST) according to Chvorinov,s Rule'

2-The critical nucleus radius during homogeneous nucleation of pure metals'

3-The vicker,s Hardness number(HV) for metallic sample.

4-Diffirsion coefficient D in solids dspendence on temperature

5-The average theoretical density ( pave) for a two element metal alloy with

concentrations Cr,C2 and densities pr,pz.

5-b)' ( 5 Marks)

A tensile stress is to be appried along the rong axis of a cylindrical brass rod that has

a diameter of lgmm.Dete*nine the iragnitude of the load required to produce a

t.r;ior;m cfrung. in Jiu*"ter if the Jeformation is entirely elastic.-(given that the

Poisson,s ratio for this atloy equals 0.34 and the elastic modulus E of the alloy equals

97x103 MPa).
6



Id:
6-a)-

(r0 M0rks)

(5 Marks)

50(}

soo

F4oo E
a

3oo *6

20()

loo

C}
A eoo

G

As shown in this figure below at the point B, For a 40 wf/o Sn -60 wto/o pb alloy at
150 oC.( Given that Ca:l CIo/a, Cr40% and C9:98?6)
a)- what phase (s) is (are) present? B)- what is (are) th.e composition(s).
c) calculate the relative amount of each phase present in terms of mass fracrr.:n. "

6-b): ( 5 Marhs)
The NaCl is ionic ceramic material have NaCl crystal structure, Calculate the

theoretical density for this ceramic, consider the following parameterc:

The fonnulaunite n:4 XA. = AN" = 22.99 g/mole

XA.q = Acr - 35.45 g/mole rNu=0.102x10'7cm, rcr:O.1081x10-7cm

Na:6.022x1 023formula unite /mol

With my best wishes
Prof. Dr. Atta . Y. Abdel-latief

Ctrfil}Nlti(}n (wt Sn)
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Department of Physics - The Second Semester 2OZL|2O22
The Final Exam of Thermodynamics (223P) - 2nd level students (Physics)

Date of the Exam: WednesdaV 221612022-The Period: (9 - 12 Am)
Time:3 Hours The mark: 50 Number of Papers: 2

Q{: True and False Question (2O Marks - One Mark for Everv Sentence)

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

2. The thermodynamic variables of the ideal gas are (P ,V ,T) only.

3. The behaviour of the real gases undergoes the equation of state when their density is high.

4. In Joule's experiment, 4.186 J from the mechanical energy raises the temperature of I g of water by 1'C.

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

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

7 . The heat energy transferred to a thermodynamic system equals the change in the internal energy of the

system plus the work done by the system.

8. The total pressure exerted by a monoatomic ideal gas on the wall of the vessel is given by the equation

p =|p G*-),where p is the density of the gas molecules.

9. The internal energy of the monatomic ideal gas per unit volume equals ]f .

10. When the temperature of n moles from an ideal gas changes by AI, the amount of the heat energy

transferred to the gas at constant pressure is greater than the amount ofthe heat energy transferred to the
gas at constant volume.

11. When an ideal gas undergoes an adiabatic process from an initial state (i) to a final state (/), the pressure

and the temperature of the gas are related by the relation p{-'f{ = P/-'T/ ,*ttara f =' Cp/Cv.

12. When an ideal gas transfers from an initial state (l) to a final state (/) during an adiabatic process, the

work done by or on the gas isW = ffilfr - frl

13. The heat engine is a device operating in a cyclic process by using a working substance, and absorbs heat

energy from a hot reservoir, and converts part from the energy to mechanical work, and expels the residual

from that energy to a oold reservoir.

14. It is possible to construct a heat engine operating in a cyclic process, and converts all the heat energy

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

The heat energy can be transferred spontaneously from a cold object to a hot object without doing work.

The adiabatic free expansion ofa gas is an irreversible process.

Carnot's theorem states that no real heat engine operating between two energy reservoirs can be more

efficient than a Carnot engine that operates between the same two reservoirs.

15.

16.

T7,



18. The efficiency of the gasoline and diesel engines decreases as the compression ratio decreases.

19. The total change in entropy of a system along any reversible cycle is equal to zero.

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

Use the following constants

Q2: Multiple Ghoice Question (3O Marks - One Mark for Every Sentence)

2l.The carbon dioxide gas transforms into a solid (dry ice) at approximately (-157'F). What is the value of
temperature in degree Celsius at which this process takes place?
(A) -121'C (B) -105"C (c) -93"C

22.Fromwhat the system consists of in thermodynamics?
(A) It consists of a finite amount of liquid or gas placed in a closed or open vessel.

@) It consists of a finite amount of liquid or gas placed in a closed vessel only.
(C) It consists of a finite amount of liquid or gas placed in an open vessel only.

23.The molar mass of the hydrogen gas is 1.008 g/mole. What is the mass of the hydrogen atom?

1 atm = 1.013 x 10sPa

ks = 1.38 x 10-23 JIK

(A) 1.008 x 10-3 kg

24. Aroom of volume 60 m3 is filled
of the air in the room at NTP?
(A) 1.206 kg/m3

R = 8.314 J/mol. K

cwater = 4186 J/kg.'C

Ne = 6.022 x 1023 mol.l

g = 9.81m/sz

(B) t.674 x 10-27 kg (C) 9.11 x 1011 kg

with atmospheric air its molar mass is 29 glmole. What is the density

(B) 1.225 kg/m3 (C) 1.258 kg/m3

25. Apressure of I x 10'7 mm of Hg is achieved in an air vacuum system. fto* **y gas molecules are

present per liter volume if the temperature of the air is 293 K? (1 atm :760 mm Hg)
(A) 1.6 x 1018 @)2.4 x 1016 (C) 3.3 x 1012

26. At25 m below the surface of the sea, where the density of the water is 1025 kg/m3 and its temperature is

5oC, there is an air bubble having a volume of 1 cm3. If the surface temperature of the sea is 20oC, what
is the volume of the bubble just before it breaks the surface?
(A) 3.67 cm3 (B)2.34 cm3 (C) 1 cm3

27. Two similar vessels have a constant volume; the first contains one mole from a monatomic gas while the

second contains one mole from a diatomic gas. Which of the following applies to the gases when their
temperature is equal?
(A) The intemal energy is higher in the monatomic gas than in the diatomic gas.

(B) The internal energy is higher in the diatomic gas than in the monatomic gas.

(C) The intemal energy in the monatomic gas is the same as in the diatomic gas.

28. Water its temperature is 10oC falls from a waterfall of height 50 m. what is the maximum temperature of
the water at bottom of the waterfall?
(A) 0.117"C (B) 10"C (c) 10.117"c

29. An iron ball of mass 0.5 kg and its temperature 300oC is thrown into a bucket containing 2 kg of water at

a temperature 20oC. What is the temperature of the system at the thermal equilibrium? Knowing that the

specific heat of iron is (0.107 callg. oC).

(A) 27.3"C (B) 28.6"C (c)29.5"C



30. How much heat energy is required to freeze one gram of water at 100oC? [fu(ice) = 80 caVg].
(A) 80 cal (B) -100 cal (C) -180 cal

3 1 . A sample of an ideal gas is compressed to a third of its original volume of (6 m3) in a quasi-static process
for which P = aVz with s :2Palm6. How much work is done to compress the gas?
(A) -138.7 J (B) 138.7 J (C) -t44 J

3l.lnthe adiabatic process, the first law of thermodynamics is in the form
(A) 0 = LEi,, + PLV (B) AEi,r - -\fi/ (C) 0 = nRTln(Vr/Vi)

33. A gas is compressed at a constant pressure of 0.8 atrn from 9 L to 2 L. During the process, the gas lost
400 J of heat energy. What is the change in the intemal energy of the gas?
(A) -s67.3 J (B) -400 J (C) t67.3 J

34. AZ moles of an ideal gas is kept at OoC during an expansion from 2Lto 4 L. What is the amount of heat
energy transferred to the gas?

(A) 3t47 J (B) -3t47 J (C) 0

35. How much work is done by the steam when I mole of water at 100oC boils and becomes 1 mole of steam
at 100oC and I atm? Assume that the steam behaves as an ideal gas, the molar mass of the water is 18
g/mole, and the density of the water is 1000 kg/m3.

(B) 0 (c) 3.1 KI(A) -1.82 J

36. Two moles of hydrogen gas is confined in a 5 L vessel at a pressure of 8 atm. What is the average
translational kinetic energy of the gas molecules under these conditions?
(A)2.52 xt0'2rJ (B) 5.05 x10-21J (C) 10.1 x10-21J

37.The rms speed of a helium atom at a certain temperature is 1350 m/s. What is the rms speed of an oxygen
molecule at this temperature? The molar mass of He is 4 g/mole and the molar mass of Oz is 32 g/mole.
(A) 1350 mis (B) 91a m/s (C) 447 mls

38. Which of the following relations are correct for the monatomic ideal gas?

(A)Cv(v-1)=R (B)Cp(y-1)=R (C)Cp(y*1)=p

39. A 1 mole of a monatomic ideal gas is at an initial temperature of 300 K. The gas undergoes an

isovolumehic process and absorbs 500 J ofheat energy. It then undergoes an isobaric process and absorbs
200 J of heat energy. What is the work done by the gas?

(A) 80 J (B) 333 J (c) 413 J

40. How much work is required to compress 5 moles of air at 20"C and 1 atm to one-tenth of the original
volume in an adiabatic process? Assume that the air behaves as an ideal gas with (y -1.40).
(A) -e.2 kJ (B) -27.6 kJ (C) -46 kJ

41. According to Maxwell-Boltzmann speed distribution function, the average speed of the molecules in a
gas is given by the relation

1611.7 @1m rB) 1.60 E
\m

(c)1.41ff

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

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



\

(A) The first law of thermodynamics (B) Kelvin-Planck form of the second law of thermodynamics
(C) Clausius form of the second law of thermodynamics

44. The system can be returned from the final state (i) to the initial state (/) along the same path of the pZ
diagram in
(A) the isobaric process (B) the reversible process (C) the adiabatic process

45. Which of the following Carnot engines has the highest efficiency?
(A) Engine A:Tn:1000 K andT, = 700 K (B) Engine B:71:800 K andT" = 500 K
(C) Engine C:77:600 K andT, = 300 K

46. What is the total change in entropy when 20 g of water is boiling at 100oC and converts to steam at 1 15oC?
The latent heat of the water vaporizationis (L, -).26 x 106 J/IQ, and the specific heat of the water steam
is (2010 J/kg.oC).
(A) 12t.2ltK (B) t22.76 JK (c) 1.se J/K

47.The change in entropy during the isovolumetric reversible processes of an ideal gas is given by the relation
(A) As - ncvtn(\/ri) + nntn(v,/vi) 1n) as =, ncvtn(r,1rr)
(c) As - nnh(\/vi)

48' One mole of a monoatomic ideal gas has a pressure P and a volume V, andexpands to a pressure Zp and
a volume 2v.what is the change in entropy of the gas during this process?
(A) 23.0s J/k @) 17.29 lK (c) s.76 JtK

49. When a hot object at a temperature T1 loses aheatenergy Q to acold object at a temperatur eTr,the change
in entropy of the system is
(A) As = Q/r, (B) A.S = Q/Tn (c) As - (Q/r,) - (Q/rn)

50. A copper cylinder of mass 1 kg and its specific heat is 387 lkgwas taken at 900'C and dropped into 4 kg
of water at 10oC. What is the change in entropy of the copper cylinder assuming that no heat energy ii
lost to the surrounding medium? ''

(A) t149.22ltK (B) -s23.7 l/K

End of the Exam

Good Luck

(c) 62s52 JlK
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An uncharged capacitor and resistor are connected in series to a battery.If e=12 V, C=5.0
R=8x10s O. The current as functions of time is si

a) 15 e-t/4 ilA
b) 60 (1 - e-tla ) 1rA

c) 15 (1 * e-t/a) tA
d) 60 e-t/+

Frorn the previous question (Q. 5); Consider a capacitor being discharged through a resistor R.
After how manv time constants is the charge on the capacitor one fourth of its initial value?

a) t=4.0r
b) t = 1.39.r
c) t=0.53t
d) t= 1.37t

A coil has an inductance of 3.0 mll, and the current in it changes from 0.20 A to 1.50 A in a tirne

of 0.20 s. The maeoitude of the averase induced emf in the coil during this time equals:

a) 20V
b) I9.5 rnV
c) 10V
d) sOv

At t:0, an emf of 500 V is applied to a coil that has an inductance of 0.8 H and a resistance of
30 Q. The enersv stored in the ic field when the cunent reaches half its maximum value is:

a) 50 Joule
b) 55.6 Joule
c) 27.8 Joule
d) 20 Joule

A series RL circuit with L=3.0 H and a series RC circuit with C=3.0 pF have equal time constants.

trf the two cir"cuits contain the same resistance R. The value of R equals

a) i.0 kf,}
b) 10ko
c) 100 kC}

Catrculate the inductance of an LC circuit that oscillates at 120 Hz when the capacitance is 8.0

a) 0"22H
b) 20 mH
c) I mll

The voltage and current in an AC circuit are given by:

v = 5sin(100nt - I) *o I = 4sin(100nt* I); i"thiscase:

a) Voltage leaels the current by 30o

b) Current leads the voltage by 30'
c) Current leads the voltage by 60"
d) \roltaee leads the cuffent by 60o

The rms output voltage of an AC source is 200.0 V and the operating frequency is 100.0 Hz. The

output voltage as a function of time equals:

a) AV(t) = (283 V)sin (628t)
b) AV(r) - (s0 v)sin (628t)
c) AV(t) = (200 Vlsin (1000
d) AV(t) = (200 V)sin (200t
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u-Gto A, 10 V

Ul zero A,1ero V

c) 5A,0V
d) 5A,19l

a) -51.3'
b) -513"

d-) None of the above
:l li}#H[:::'i"tr be the same at all riequencies'

R=20'0 Q'

-^-^ar rren,€ncv=l.so r<Hz' me qualify ffior frll b

Iiffi t"a""t"r carries a cunent

is the U-

: : = ou'u na' r!'Et

I = ntot,withlma* = 5'0Aandin- --'-

F::[:I]:::[d
a)

b)
c)

W
a)

b)
c) and is

.-hansiils at the rate o- 10'0 s' \trhat 'J** "*'eT 5 '*--ch 
t'urn of the ^o'lc

5.0 T.m2

10.0 T.m2

tg.z $T.d

a)
b)
c)
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21 What is the irnpedance cif an AC Series ilicuit thaf iS constfteted of a"10.0 Q resistor along with

12.0 Q inductive reactance and7.0 C) capacitive reactance?

a) 37.0 Oq 27.7 a
c) 27J a
d) tt.zQ

22 What is the average power dissipation in an RLC series circuit in which R : 100 O, L = 0.1 FI, and

C: l0 uF driven at resonance by a 100 V (rms) source?

a) 100 W
b) s0ow
c) 1000W
d) 2w

23 The unit T'm2/s is equivalent to:

a)w
b)v
c) N/m
d) weber

24 The oower factor of RLC circuit at resonance equals:

a) 0.747
b)t
c) zero
d) 0.s

25 What is the time constant of RC circuit? If A capacitor in the circuit is charged to 60.0% of its
maximum value in 0.9 s.

a) 1s
b) 10s

c) too s

d) oos
26 A varying current at the rate of 3 A/s in a coil generates an emf of 8

mutual inductance of the two coils is given by:
mV in a nearby coil. The

a) 2.66mLl
b) 0.266mH
c) 26.6mH
d\ 226mH

27 In a ourelv caoacitive AC circuit. the voltage:

b) lags the current by 90'.
c) may lead or lag the current depending on

o is in phase vith70.7o/o of the current.
the frequency.

28 The voltage.output of an AC source is given by the expression: 6y= (200 V) sin 0) t. Find the rms

currentinthecircuitw}renthissourceisconnectedtoa100oresistor?|
a) 1.41 A
b) 100 mA
c) t0A
d) 50 mA
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29 Calculate the resistance in an RL circuit in which L=2.5 H and the current increases to 90.0Ya ot
its final value in 3.0 s?

a) zAQ
b) 1kC)
c) 50 C)

d) 1.92o
30 An inductor in the form of a solenoid conta.ins 420 turns, is 16.0 cm in length, and has a cross-

sectional area of 3.0 crn2. Determine the self-inductance of inductor?

a) lmH
b) 20 mH
c) 0.42 mH
d) 40 mH

2nd Ouestion: Staltq IIug lLEAIEe-on thg followins statements (20 marks; 1 mark each)

Statement True False

31- The phase angle between the eurrent and voltage of RLC circuit in series combination
at resonance eoual zero.

32-The inductor affects the current exponentiallt'
33- The unit of inductance is V/A.
34- A fully charged capacitor, when its charge has decreased to half its original value, the

stored enersv is one-suarter its orisinal value.

35- 5 cm long solenoid having 10 O resistance and 5 mH inductance is joined to a l0 volt
batterv. At steadv state the current throush the solenoid will be zero.

36- When an RLC series circuit is in resonance. its impedance is zero.

37- The formula used to calculate the time constant in inductive circuit is L/R.

38- The phase angle of an AC series circuit that is constructed of a 10.0 C) resistor along
with 12.0 O inductive reactance and 7.0 Q capacitive reactance is 26.6'.

39- The average power dissipation in a pure capacitance circuit is ICV".
40- The self-inductance of a straieht conductor is infinity.
41- The unit of Ohm. Farad (f,). F) is equivalent to Second (s)'

42- The impedance at the resonant frequency of a series RLC circuit with R : 90 {l,L = 2A

mH. and C: 0.02 uF is 90 O.

43- At an instant of time during the oscillations of an LC circuit, the current is at its
maximum value. At this instant, the voltage across the capacitor is maximum.

44- the charse and current in an LC circuit oscillate simple harmonically.

45- A solenoid of length l meter has self-inducknce L henry. If number of turns are

doubled" its selGinductance remains the same.

46- Ina ourelv resistive ac circuit. the cur:rent is in phase with the emf.

47- Inthe inductive circuit, the equilibrium value of the current is Infinity.

48- The potential energy ln*'stored in a stretched spring is analogous to the electric

potential energy 1CV'stored in the capacitor.

49- The phase angle is negative, when the circuit is more capacitive.

50- When the caoacitor is fullv dischareed. it stores no energv.
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(10 Marks)Second Part (ID Oral Exam
3rd Ouestion: StFte True or X'alse on the following statements

Statement True False

5l- Caoacitors charge and discharge in exponential manner.

52- The inductor af{bcts the current exponentially.

53- Inserting an iron core in a coil decreases its coefficient of self-induction.

54- A 
"oil 

has an irductanc" of 2.5 H and a resistance of 0.5 Q. If the coil is suddenly

connected across a 6.0-volt battery,then the time required for the current to rise 0.63 of
its final value is 5 s.

SS- t, 
" 
p*" i"ar"tire iircuit the emf of the applied AC fp"ltage leadt the currqnt byl

56J" 
" 

s"ri* nl,d circ"it, operated with an AC source of angular frequency (o), the total

Impedance (zlis7=ffi
57- The inductance of a coil depends on the geometry.

58- Altematine current cannot be measured bv DC ammeter'

59Jn a certairl seriei.esonarrt circuit, Vc : 125 V, Vl = 125 V, and Vp = 40 V- The value

of the source voltase is 40 V.

50- Resonance occws in an AC series circuit when the capacitive reactance (X6; equals,

zero.

With my best regards

Dr. Amina Abozeed
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1 eV: 1.6 x 10-1e J
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Marks of

Patrt ll Choose the correct option for the followine questions (1 Mark eachl (26 Marks)
1. As the temperature of black body is raised the wavelength corresponding to maximum intensity

3. A particle of mass m (kg) and charge q (Coul) is accelerated from rest through V (Volts); then the

de Broglie wavelength l, (m) associated with it is given by:
haln=ffi

c),1= L' J2qmv

4. Compton effect proves the:

a) Photon theory of light

c) Wave nature of light

5. Einstein's photoelectric equation is given by:
.1 a

al lmvfir"* = hv * Q

.1 .
cl )mvfir"* = hv - @

6. ln Compton scattering, the change in wavelength is maximum if

a) shifts towards longer wavelength
c) remain the same

2. The photon processes the following three properties:

a) rest mass, energy and frequency
c) energy, rest mass and momentum

a) The angle of scattering is 90o

c) The angle of scattering is 180'

al LAZ GeV

cl7.02 keV

a) Penetrating power is high

c) Wavelength is very short

a) equal to its rest mass

c) infinite

b) shifts towards shorter wavelength
d) shifts towards lower frequency

b) momentum, energy and frequency

d) frequency, rest mass and energY

bl1-- L
d),1 = -,L' 

^lzqv

b) Dual nature of particles

d) Uncertain nature of light

bl)mvfi*-h=Q
dlf,mvl,*=Q-hv

b) The angle of scattering is 60o-

d) The angle of scattering is 0

bl L.02 MeV
dl0.5L MeV

b) Kinetic energy is large

d) All the above reasons

b) double of its rest mass

d) zero

7. The graph shows maximum kinetic energy of emitted electrons against frequency ( / ) of incident light

for several different metals. The threshold frequency is determined by:

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

d) the area under the graph.

8. Pair production occurs only when the energy of the photon is at least equal to

!
r
xI,
!
I

9. ln an electron microscope, we use energetic particles because of

10. lf a material object moves with speed of light its mass (m) becomes:

N
C)o!
(6
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11. A free electron in motion along the x - axis has a localized wave function. The uncertainty in
its momentum is decreased if:

a)the wave function is made more narrow
b) the wave function is made less narrow
c)the wave function remains the same, but the energy of the electron is increased
d) the wave function remains the same, but the energy of the electron is decreased

12. A free electron and a free proton have the same kinetic enersv. This means that, compared to the
matter wave associated with the proton, the matter wave associated with the electron has:

a) a shorter wavelength and a greater frequency

b) a longer wavelength and a greater frequency

c) a shorter wavelength and the same frequency

d) a longer wavelength and the same frequency

13. A free electron and a free proton have the same momentum. This means that, compared to
the matter wave associated with the proton, the matter wave associated with the electron:

a) has a shorter wavelength and a greater frequency

b) has a longer wavelength and a greater frequency

c) has the same wavelength and the same frequency

d) has the same wavelength and a greater frequency

14. A free electron and a free proton have the same speed. This means that, compared to the
matter wave associated with the proton, the matter wave associated with the electron:

a) has a shorter wavelength and a greater frequency

b) has a longer wavelength and a greater frequency

c) has the same wavelength and a greater frequency

d) has a longer wavelength and a smaller frequency

15. A non-relativistic free electron has kinetic energy K. lf its wavelength doubles, its kinetic
energy is:

16. 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 magnitude of its wave function

d) the square of the wavelength of its wave function

17. lf the kinetic energy of a non-relativistic free electron doubles, the frequency of its wave function
changes by the factor;

al Kla

c) 2K

al7/,12
c) L/2

as: alnlt = 2R

c)nl, = ZnR

b) 4K

d)Klz

b)2
d).12

b)nl. = nR

d)nL = 4nR

18. The de Brogtie wavelength L of an electron in the nth Bohr orbit is related to the radius R of the orbit

eo
o
oo

o.
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19. ln the Bohr model:

a) Electrons move in circular orbits of definite radius.

b) Electrons move in ellipticalorbits.
c) Electrons moving in the same orbit can have different energies.

d) Electrons can never jump from one orbit to another

20. An atom absorbs a photon, so that the electron's total energy increases by an amount equal to the
photon energy. ln the Bohr model, the electron moves to an orbit of larger radius. what happens to the
orbital speed of the electron?

21. The relativistic energy (E6) is equivalent to relativistic mass (m) given by

al Escz

cl Es/c

22. Relative to a stationary observer, a rod of length

observer that the rod's length is:

a) 0.8 m

c) 1.0 m

a) lncreases

c) lncreases and then decreases

a)0.3c

cl0.4c

a) The mass of the proton

c) The half-life of a muon

a) the same
cl L4 1ts

a) 2c

cl c/2

b) Decreases

d) Stays the same

b) Eo/cz

dl c2 /Eo

1.0 meter is moving at 0.8 c. lt would appear to the

b) 0.6 m
dl L.25m

bl0.2c
d) 0.5c

b) The length of a meter stick

d) All of the given answers

b) 0.28 ps

dl4.6 tts

bl 4c

d)0.89c

23. For confinement of electron in a box of width L = !Q-M m , the electron speed should be

a) 107 m/sec b) greater than the speed of light

c) zero d) equalto the speed of light

24. Proton from outer space is moving towards earth with velocity 0.99c as measured in earth's frame. A

spaceship, traveling parallel to the proton, measures proton's velocity to be 0.97c. The approximate

velocity of the spaceship, in the earth's frame is

25. Which of the following depends on the observer's frame of reference?

26. A meson when at rest decays Z ps after it is created. lf moving in the laboratory at 0.99c, its

lifetime according to laboratory clocks would be:

27. According to relativity theory a particle of mass (m) with a momentum (p) = Zmc has a speed of:

+
0.}
bo
(6
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Part ll: Answer Four (4) only of the followine Euestions (24 Marksl
ol) (6 Marks)
A sodium surface is illuminated with light having a wavelength of 300 nm.The work function fgr
sodium metal is2.46 eV.
a) Find the rnaximum kinetic energy (KE)** of the ejected photoelectrons in eV units?
b) Find the maximum wavelength,tr6 in nmunits that will cause photoelectrons to be emitted
from sodium?

rn.
o)
bo
(d
o-
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Q2) (s ruarkst

The resolving power of a microscope depends on the wavelength (,1) used. lf one wished to "see"

an atom, a resolution of approximately a wavelength 2 = 1.00 x L0 -tlm would be required..

a) lf electrons are used (in an electron microscope), what minimum momentum (p) is required fbr
the electrons?
b) Use your answer of part (a) to calculate in keV units the minimum non-relativistic and

relativistic kinetic energy (KE) of the used electrons?

c) tf photons are used, what minimum photon energy lBl in keV units is needed to obtain the
required resolution?

\o
(u
b0
(6
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ln interstell., ,p..", highly.*.ited hydrogen atoms called Rydberg atoms have been observed'

a) Find the wavetength to which radio astronomers must tune to detect signals from electronq

dropping from the n = 273level to the n = 272level?

b) What-is the radius of the electron orbit for a Rydberg atom for which n = 273?

.j Ho* fast is the electron moving in a Rydberg atom for which n = 273?

f-
o.
b0(!
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Q4l (6 Marksl
A spaceship moving away from the Earth at a speed of v = 0.80c fires a missile parallel to its
direction of motion. The missile moves at a speed of v* = 0.60c relative to the ship. .\
a) what is the speed u, of the missile as measured by an observer on the Earth?
b) Compare the answer of part (alwith that obtained using Galilean transformation and comment
on your answer?

co
q)
h0
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3 x L!4? k1

a) Find the rest energy (Eo) of a proton in units of MeV?

b) lf its total energy (E) equals (3Es)' show that the speed of the proton

c) Determine the kinetic enersv (KE) oJ theg:::1':ilts of GeV?

;iffi:;;;;"';;;;;;= momJntum (p)in units or Gev tc?

isf c?

o\
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