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Answer on the following
Ouestion (1) (20 Mark)

A- A Consider the flow of blood through the large artery that extends from the heart to the lungs.
The radius of this artery is typically 2.0 mm, and it is about 10 cm long. (r1 : 0.0027 N.s/m2)
(a) If the pressure difference across the ends of the artery is 500 Pa, what is the average speed of the
blood?
(b) Now suppose this artery becomes somewhat narrower,
is redtrced to 1.25 mm, what pressure difference is required
part (a)?

B- Define: (6 Mark)
Action - Acute ExposureDepolarization -Hydrolysis - Sensory neurons - Nucreic Acids - capillary

C- Write the sci rifi term

Lffi]

as often happens with age. If the radius
to maintain the same average speed as in

(5 Mark)

enturc term: Mark
I There are periodic gaps along a myelinate axon where tneie is no

myelin and the axonal membrane is exposed.
2 The pressure exerted by the earth's atmosphere is called.
a
J 'fhe atomic number and the atomic mass number of the aiughter ar"

the same as that of the parent.
4 The volume of fluid passing by some Iocation through an area ourirrg

a period of time.
5 The difference in the concentrations of two regions divided by tt*

interval distance through which the particles diffuse.
6 A nuclear decay in which an unstable isotope nuclide(parent nuclzus)

spontaneously release excess energy with emission of particles and
lor y-ray and that parent nucleus will transform into a new isotope
nuclide (daughter nucleus) that may be stable or unstable

7 Slowly the !q41u* channels come out of inactivation.
8 The movement of molecules from an area of high concentration of

the molecules to an area with a lower concentration.
9 Potassium ion channels open up. This causes K* to rush out of the cell. As

the K* leaves it causes the inside of the cell to become nesative asain



l':

I Volt is unit of electric potential and potential different. ()
2 ?'Decay is radioactive parent nucleus transforms a proton into a neutron. ()
3 lositive lithium ion is more electrons than protons and oositive net charse ()
4 When flfi,itis small, the laminar flow will dominate. ()
5 Bernoulli's equation relates the pressure, speed, and height of any two points in

a steady streamline flowing fluid of density p.
()

6 very action potential is followed by a refractory period ()
7 \xon controls speed of signal. ()
8 Mass flow rate is given by the following equation p/Q ()
9 Jnits of surface tension: Ioule/n(. ()
l0 fhe IS unit of the flux J is m's-' ()
11 \s the temperature increases, the viscosities of all liquids increase. ()
t2 In neurons Na* and Cl- are typically found in lower .onCeniraUons ortsiae tfre

cell.
()

13 An action potential is produced after threshold is reached. ()
14 Ihe current is defined time rate of flow of charges through an area. ()
15 r- decay is the nuclear transformation in which an energetic u- particle (helium-

l atoms) is emitted.
()

a
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1) The Fick's first law is.............
A) l=-o(A) B)l=D(f,.) D) r = -;*)
2) Spontaneous disintegration of nuclides is called......... ....
A) Radioactivity B) Electron capture c; o*.ituti*- D) Ionizing

3) """"'"''The bonds between atoms get weakened and as a result new chemicals are formed
A) cell Death B) somatic Effects c) Radiation Damage D) chronic Exposure

4) " " " " " " 'The ones that appear in the person that is exposed to radiation. The effect can become
obvious immediately after the exposure or can take a long time to cause noticeable changes
A) cell Death B) somatic Effects c) Radiation Damage D) chronic Exposure

5)Lowinstantaneousdosereceivedforalongperiodoftimeistermedas.............
A) cell Death B) Somatic Effects c) Radiation Damage D) chronic Exposure

6) '"'"''"'"Depends on the number of ion channels open, the lower the number the more channels
are open.

A) Membrane capacitance B) Saltatory conduction C) Depolar ization D) Membrane resistance

7) Slowly the sodium channels come out of inactivation. This is known as the.A) Relative refractorv period B) Absolute refractory;..il- afi;ili;;ffipotarization
8) Poiseuille's law to calculate the viscosity is.............
A)4 = 

TTrrtp/vr 
B)T = "'ntp/zvt 

"r, --"rutp/Avt D)4 = 
nrntp/BVl

9) The dimensions of viscosity 7 in (SI) are......,... ....
A) kg rn-'s-' B) g cm-rs-r C) kg * J 

--ffig 
* ,

l0) .............The fluid *ol..rl., are much thinner
A) viscosity B) Laminar flow c) Turbulent flow D) poiseuille,s law

A) Viscosity B) Laminar flow C) Turburent flow D) poiseuille,s raw

12) Reynolds number is .. . ...... ....
A)R = 

uo*/r, B) R ='urlo^ c) R = 
rvp*/rl 

D)R = 
rvp^/p

13) Flow rate Q is given by the following equation.
A) s/m' B) m3/s C; -r., 

-D; 

r.*,

c)r=ir*t



I Volt is unit of electric ootential and potential different. ()
2 g- Decay is radioactive parent nucleus transforms a proton into a neutron. ()
3 Positive lithium ion is more electrons than protons and positive net charge ()
4 When flfi,i,is small, the laminar flow will dominate. ()
5 gernouili's equation relates the pressure, speed, and height of any two points in

a steady streamline flowing fluid of density p.

()

6 Every action potential is followed by a refractory period ()
7 Axon controls speed ofsignal. ()
8 Mass flow rate is siven by the following equation p/Q ()
9 Mule/nf. ()
10 fhe IS unit of the flux J is m's-' ()
11 \s the temperature increases, the viscosities of all liquids increase.

12 In neurons Na* and Cl- are typically found in lower concentrations outside the

cell.

()

13 A.n action ootential is produced after threshold is reached. ()
t4 fhe current is defined time rate of flow of charges through an area. ()
t5 r- decay is the nuclear transformation in which an energetic u- particle (helium-

I atoms) is emitted.

()
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r) (,+"r.20) :(rs;l++J) cbyt cjtg-Jt
I) The value of the packing factor for simple cubic must be (rower- higher - equar) than that of the FCC- cubic system.2)lfd-spacinghavethesameorderofmagnitudeoflatticeparameterthecrystailineprane 

is(0r0,0tt, It0,r0r).3) The diameter of the cubic structure is occupied by two atoms in (s. cubic _ FCC _ Bcc).4) Frenkel defects include a vacancy and (substantiar atom * interstitiar atom - surface atom).5) Polycrystalline material includes grains with (different- semi - same) atomic arrangement.6) The current density depends on (electronic charge - no. of erectrons per unit vorume - both of them)7) At the fourth tevel of the potential barrier its width includes (one - one and half - fwo) waves.8) The heat capacity per more for N morecures of diatomic gas equar (3/2R _5/2 R _ 5/2 K),,1ff::;::::1:,ll:.i,lity 
is rerated to (current density _ erectric nerd _ both of them).ttt ),l0) The effective field is the difference between the externar fierd and (macroscopic - deporari zing-tocar) fierd.D 

ht or vyrons:l) space lattice represents an infinite arrangemen t of arraypoints in one dimension2) One can not prepare the perfect crystal due to surface effects.
3) For the 2d order reflections the wavelength of the incident X-ray beam must be equar to the d- spacing.4) The XRD of the porycrystarine materiar is character ized bybroadening peaks
5) The point defects cause a limit distortion in the unit call of the ,ystal lattice.
6) X-ray is pai'tially absorbed through a certain material medium.
7) Both the electron mobility and electrical conductivity depends on the externar fierd' {) According to classical theory fhe total energy of the atomic osciltator equat Uz xr9) The width of the potentiar barrier incrudes a comprete wave at the first rever.l0) Nonpolar molecules of dielectric materials are characterized by permanent porarization.

(br t5) :
a) Prove that the Bragg's low for n-order reflections is expressed as: n)" = 2d sin 0 , explain in details the necessary

ffi]:ffiffi:::::y:,::i,,,,- rf rhe Miner incrices satisfy that: tr2 + k2 + (2 =t3,7,andre identify thedifferent available crystalline planes.

b) X-ray beam with energy 2'7 Kev incident on BCC crystar with angre 300 , determine the crystarine ptane- .. reflected theJe$1s-$fder'-spect'rum'(givenrafothic 
radius of 0.2 nm, and h = 6.62x10-21 erg. sec).c) Explain the difference between the effect of an external lierd on nonporar and porar morecures of dierectricmaterials,thenexpresstheeffectiveandtocalfieIdintermsofthee-xtpuL

fuuilt ilrjt u,e t,$l llj.*)J<_



(bl 15) :(6,r$it) &IiJrdrjpJr

3' a) Use the eqn' of motion of the electron under applying an external field to prove that the drift velocity of the
electron given as: u,r = eEt ,/ ra . show that the electron mobility depends on the relaxation time.

b) A certain crystal reflects monochromatic X-rays strongly when Bragg's glancing angte of the ls order is 150,what are the grancing angres for second and third orders spectrum?
c) compare between scottyky and Frenkel point defects. Explain with a schematic drawing the screw dislocations.

(a+,r. 15) :

l.a)ApplytheSchrddingereqg.:tlry/drx+(2mE/h?)y/=0todescribethewaveformaccompaniedthe

electron at different revers. ( y is the wave function of the erectron).
b) Prove that the energy of X-ray bea m incident on BCC crystals in terms of atomic radius ( r ),

and Miller indices (hkty can expressed as: .E = hc /( gr sin0 )[ 3( h, + k? + rz 11-t 
t z 

.

c) According to an assumptions of the heat capacity classical theory, find an agreement between the atomic heat capacitycontribution and that obtained by an experimentat results.

i1i*y1 ,',e t1

Bragg's angle (0 ),
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Course: Plasma Physics
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50 degrees

The final exam is in 8 pages (50 degree)

First question: Choose the correct answer (15 degree: One degree for each point)

Good Luck

Dr. Hadeer El-llawary

1) More than 507o of universe is made of ....

A. Dark matter B. Normal matter , C. Dark energy D. Normal energy

2) The denlity of an ideaf Ba1 at 0 o_C and 760 Torr pressure is ... m-3

A. 6. zz x l02r B. 2.66 x !023 c. 6.022 x 1023 D. 2.7 x Lozs

3) For ordinary air at room temperature and U i = L4.5 eV , The fractional ionization
(ni/nr) predicted by S_aha equation is ...

A. t022 B. LO-22 g. 1g-rzz y. lgLzz

4) "Charged parficles interact simultaneously with many other charged particles.", is
the definition of ...

A, plasma B' quasineutral C' collective D. Saha equationgas behavtor

5) A gas in thermal equilibrium has particles of all velocities, and the most probable
distribution of these ve-locitieq is known ap ... distribution

A. Maxwellian B. Gaussian. C. Normal D. Fourier

6) The criterion for plasma is ...

A. LD<<L B.ND>>1 C. ar ) | D. all mentioned

7) In the gravitational field, the physical reason for this drift is again the change in ...

A. Debye shield

A. n(M + d# B. (p" * p)ve

8) In the gravitational field, the net current density in the plasma given by ...

C. Both A&B D. None of
mentioned

9) An ion engine has a 2T magnetic field, a hydrogen plasma is to be shot out at an E I
B velocity of 3000 kml ,s, What intg_ry-ral elgctric fiefd must be present in the plasma?

A.6xL06v/m B.6xLo3v/m c. 1.5xt06v/m D. 1.5xLosv/m

10) A typicat plasma density might be ... ion- electron pairs per m3

A. 10-38 B. 1038 C. 10-18 D. 1018

11) Perhaps 80 7o of plasma phenomena observed can be explained by...
D. None of

mentionedA. Debye model B. crude model C. waves model
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tz) lgu.ati9t "1:.: 
mean:*!h1t the iSco-ming

A. continuity B. state

fl3id euua! thg out_comils fl"Iid.

C. motion ' D. Saha

Second question: Put T for true statements and F for false statements (5 degrees:

One degree for each)

1) The increase in temperature makes nn more than ni, and the
plasma eventually becomes fully ionized.

2) Charsed narticle sas eives straieht line orbits between collisions.

3) The components of velocity perpendicular to B and parallel to B
may then belong to different Maxwellian distributions with
temperatures T, and Trr.

4) Plasma particles, therefore, tend to reduce the magnetic field, and
nlasmas are Daramasnetic.

5) In equation of continuity, sink means that the incomed fluid is

larger than the outcome.

Good Luck

[)r. }ladeer El-Hawary

13) The random motion of the particles in the fluid element is described as a ...

A. stress tensor B. thermal effect , C. collective effect D. conservation

14) Any periodic motion o{a llufd 9an 
be,decomposgd !V ..:

B, Fourier C. plasma electrostatic
oscillationil;

15) In a plasma with no neutrals and few collisionso an analogous phenomenon occurs.
This is called an ... wave

A. electron B. sound C. ion acoustic D. all mentioned

1) 2\ 3) 4) 5l

6) 7) 8) 9) 10)

r1) L2) 13) 14) 15)

1) 2) 3) 4) s)
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Third question: Answer the following (30 degrees: 5 degrees for each)

l- In the TFTR (Tokamak Fusion Test Reactor) at Princeton, the plasma was
heated by injection of ZAOkeV neutral deuterium atoms, which, after entering
the magnetic field, are converted to ?OOkeV D ions (A : 2) by charge ,

exchange. These ions are confined only if r1 (( A, where a = O.6 m is the
minor radius of the toroidal plasma. Compute the maximum Larmor radius in
a 5 T field to see if this is satisfied.

2- Suppose that a so-called Q-machine has a uniform field of O.2 T and a
cylindrical plasma with KTu - KTt = 0.2 eV.The density profile is found
experimentally to be of the form

( _,'\
tL: rto exp (e\ "') - l)

Assume the density obeys the electron Boltzmann relation
rt: rto€xp (eQ/KT")

(a) Calculate the maximum vs if a = L cm.
(b) Compare this with uu due to the earth's gravitational field.
(c) To what value can B be lowered before the ions of potassium (A -
39,2 = 1) have a Larmor radius equal to a?

3 I I Soodluck

Dr. lladeer El-llawary



3- If the thermodynamic equation of state relating p to n:
P=CPr

(a)Prove that,
pn-Y : COttSt, 

,1
(b) For adiabatic process, find the relation between the ratio of specific heats
and the number of degrees of freedom.

Good luck

Dr. H3deer El-}lawary
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When the fluid drifts perpendicular to uniform B (for drifts slow compared

with the time scale) and (@ and p 
^re 

in the same direction),
(a)Find the velocif in the plane perpendicular to the magnetic field B.
(b)Prove that we can write the diamagnetic drift as

ixr ixvnyD== qn "

Good Luck

Ilr. Hadeer fl-Hawary

618



5- (a) Consider an oscillating quantity in the wave, say the electric field E. If we

have chosen the phase of n to be zero, and E have a phase 6:

E _ Eet(kx-ott+6)

Prove that .'t

d:tan_r(ffi)
while E" is a complex amplitude.

(b) The plasma density in the lower ionosphere has been measured during
satellite reentry to be about LOLT atTO km. What are the plasma frequencies?

Good Luck

0r. Hadeer El-Hawary
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6- Find the frequency of electron plasmas wave relation and plot the dispersion

relation, in the ptot strow the plasma frequency, the group velocity, the phase

velocity and the thermal velocity (one-dimensional problem).

0ood tuck

09. Hadeer El-Hawary

rjg x 1g_zs 1y_rBoltzmann's constant1.6 xlo-tec
A3L4I lmol.KUniversal gas constant ( R9.1 x 10-31
L.67 x 10-27k6.022 x 1023Avogadro's number

818
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liLU L.5Vt sit.-4Ll fi;-, 6slJ'll LhiiU !t+t Cr" $t luil eJts ,i .
6-.JilJl t-s efls d*lElll rlJS Ol ,;.rl .

.Lii 6.1113 L.t+! i3.u 6/+ltLlt d. crs iJiilJl L!$n ''+ L.t+Yl dr&i OS+ I .
i!.r *l j eJ.LJl l-.i,a d cJs+ll 6.rti ot+hl ,tl ,;l c.iIlt i, o

la;ll gH .! oill ,",rljilt r..f+ o

. e : electron charge 1.6x10-le C,

. c : speed of light :3 x 108 m/s

. h : Planck's constant :6.6x10-34J.s

r fiinr neutron mass:1 .67x10-27 kg

Choose the correct option True (T) or False (F), 1.25 Mark each:
1. In crystalline solids, the atoms are iuranged in a highly ordered manner relative to each

other while in amorphous solids, the atoms are randomly arranged.

2. A real crystal doesn't have any imperfections while the perfect crystal maintains its

periodicity in all directions from -m to *o.
3. A crystal that possesses a transitional symmetry remains invariant under such transition.

Bravais lattice, atoms in the crystal are of different kinds.
5. ravais lattice may be considered as a combination of t'wb (or more than two)

ine Bravais lattices with fixed orientation relative to each other.

Faculty of Science
Physics Department

A
in

I'*"1-*
lx

r .-- ".

7. The best choice of the unit cell in the above

the sides d andi.

,i :,'& "' a
Fig. is the area of the parallelogram

6. Assuminga2D-Iattice qs shown, any pair of the vectors d,i, d and d,can be assumed

as basis vectors \
' \ w-- "'- '-x ' .!

8. A unit cell that contains only one lattice point is called a primitive unit cell

Page 1 of4



9. In 3D, there areT crystal systems and 14 Bravais lattices while tnzD,there are only 5

Bravais lattices.

10.The cubic crystal system has the characteristics a = b = c and q. = P = y = 90 while
thetricliniccrystalsystemhasthecharacteristics a * b + canda+ fi +y +90.

ll.Themonoclinic systemischaracterizedby a* b + c anda = g0while fi *y + 90.
l2.The cubic crystal system has the Bravais lattices in the fomr of simple, body-centered,

face-centered, and base-centered unit cells.

l3.The triclinic crystal system doesn't have any symmetry elements.

14.The cubic crystal system has the maximum number of symmetry elements among all
other crystal systems in the form of I center of symmetry, 9 planes of symmetry, and

13 axes of synrmetry.
15.The symmetry of the basis is called point group symmetry and refers to all possible

rotations, inversions, and reflections that leave the basis invariant, providing that one

point in the basis must remain fixed.
16.Mi11er indices describe the area of a plane in a lattice.

17.A11 cube faces can be denoted as{100}.
18.All the shown planes can be denoted as{l10}.

19. D-spacing (interplanar distance) is generally related to Miller indices (hkl) and lattice
parameters (abc) by

1 _ h2 +k2 +12

20.For a cubic lattice with lattic. ""*'*, ilo.fi 
^,r?'. 

irr,.*ranar distance between the

220 planes is 2.02 A.
2l.Assuming the lattice constant is a, and the atomic radius is r, then for a face-centered

cubic Bravais cellr - ofi.
4

22.For a body-centered cubic Bravais cell, with a lattice constant a:4,619 A, the atomic
radius is about 2 A.

23.The packing fraction is defined as the fraction of the total volume of the unit cell that is
occupied by atoms.

24.For a face-centered cubic Bravais cell, the packing fraction is 0.74.

25.A collection of free atoms are more stable than their crystal.

26.Binding energy is the energy that must be added to the crystal to separate it into

neutral free atoms at rest at infinite separation.

27.To have an x-ray beam of wavelength l,(- 0.205 A;, its energy has to be E ( - 20 keV).
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28.The emiffed x-ray radiation from the target as a result of bombarding it by high-energy

electrons has a wide continuous specfrum and some discrete lines.

29.The generated x-ray continuous spectrum is due to transitions by excited atoms in the

target.

30.The attenuation of the beam intensity is due to scattering and absorption of the beam

enerry by the atoms of the medium according to the relation, I = Io€-dr, where x is
the distance traveled in the medium, Ieis the initial intensity and a is the absorption

coefficient.
3l.Bragg's law is used to obtain the interplanar distance if the beam wavelength .l and the

scattering angle 20 arcknown, according to d = *where n is the reflection order.

3Z.Inthe rotating crystal method, a white x-ray beam is used while in the Laue method a

monochromatic x-ray beam is used.

33.The powder method is used to study polycrystalline materials.

34.Using Bragg's law, the diffraction angle (20), for the (111) line for Al which is an fcc

metal of lattice constant a - 4.04A and using an x-ray beam with ,t - 1.5424, is

38.6'.
35.Neutrons and electrons have wave-like properties, the wavelengths (1) are related to

their kinetic energies (E) as, 
^ 

= #,where h is Planck's constant andmis the mass.

36.Neutron diffraction is restricted to studying small depths near the surface, while electron

diffraction can distinguish between different isotopes and study the structure of
magnetic materials.

37.The physical properties of crystalline solids are controlled by both the nature of the host

crystal and the crystal imperfections.
38.In the Schottky defect, an atom is transferred from an original lattice site and resides at

an interstitial position, in a position not nonnally occupied by an atom.

39.For an edge dislocation, the Burgers vector is at an angle of 90o to the dislocation

line while for a screw dislocation, the Burgers vector is parallel to the dislocation line.

40.Mixed dislocations are more corrmon than pure edge and screw dislocations, and are

charactenzed by the bend dislocation line.

END OF OUESTIONS
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Answer Sheet

I 2 3 4 5 6

o 7

o
8 9 l0

G) (, t (r) _g (, (, (')
G) (, (, (r) (r- @ (') (, G) (,

1t t2 13 14 I5 t6 t7 18 t9 20g T (r) tu) G) (, (, (') (r) (r)
(r ( F (') (r (, (, (, (, l) (,

2t 22 23 24 2S 26 27 28 29 30

k)=^- (, !) (, (, (, J) (') (') (')
UJ (, (, (, (, (, (, o G) (')

3I 32 33 34 35 36 37 38 39 4At (, tl G) (, (') (') (r (r) fr)
(, (, (, G) (, (, (') G (r) (D

GOOD LUCK
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