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Answer All The Following Questions:-

Q(1):-

(a) Define allotropy and polymorphism? Draw the cooling curve of pure iron & alloy.
(b) Draw the following directions and planes in a FCC structure:-

(i) [111), [122], [101] and [110].

(ii) (111), (123), (100) and (101).
(c) Draw and describe a neat sketch of Fe-FesC equilibrium diagram. Label all the
phase and invariant reactions. Explain the micro structural changes that occur on
cooling of hypo eutectoid steel from liquid region to room temperature?.

(a) Define the grain, grain structure, grain boundary, small grain size? Explain the
effect of grain size on mechanical properties of steel?.
(b) Explain briefly the variables which control in phase? What is the composition of a
phase?. '
(c) Draw and describe a binary thermal equilibrium diagrams :-

(i) with complete solubility in solid state.

(ii) with complete insolubility in solid state.

(iii) with partial (limited) solubility in solid state.

Zink (melt. pt. 420°C) and tin (melt.pt.232°C) are assumed to be completely soluble
in each other in the liquid state and completely insoluble in the solid state; they form
a eutectic at 200°C, the eutectic composition being 91%5Sn and 9%Zn. Required :-
1). Draw to scale the constitutional diagram of alloy system Zn-Sn, labeling the lines,
fields, and points.
2). Describe the freezing of alloy of composition:-

(i) 25% Sn, 75% Zn.

(i) 10% Sn, 90% Zn.

(i) 95% Sn, 5% Zn.
3). Describe the melting of alloy of eutectic composition.
4). For the given alloys calculate the relative amounts of solid/liquid existing at
temperatures 200°, 300°, 400°C and the % eutectic in these alloys at room
temperature.
5). Sketch the microstructure of each of these alloys at beginning of solidification
and at end of solidification. (1)



6). Determine the number of phases existing for these alloys at given temperatures.
7). Draw the cooling curves for alloys:-

%Zn: 100 75 50 25 9 5 0

%Sn: 0 25 50 75 91 95 100

Q(4):-

(a) Differentiate annealing and normalizing treatments? State the advantages and
disadvantages of chemical heat treatment and heat treatment.

(b) What is the density of the major groups of metals? Does alloying affect these
densities greatly? Why or why not?.

(c) What is the difference between phase diagrams and thermal iron-carbon
diagrams? What are components in thermal iron-carbon diagrams and its functions?

(a) What is the difference between the crystalline structure and the noncrystalline
structure? What are defects of the crystalline structure?.
(b) Sketch the array of atoms on (212) plane in both body-centered cubic (BCC) and
face-centered cubic (FCC) lattice.

— Calculate the density of atomic packing in this plane for each case.

- Indicate on your sketch, the most close-packed direction in each case.

- Determine the closest distance of approach in this direction.

Q(6):-

(a) Molybdenum has a BCC crystal structure, an atomic radius of (0.1363 nm), and an
atomic weight of (95.94amu). Compute and compare its density with the
experimental value (10.22 g/cma).

(b) Calculate the theoretical volume change accompanying a polymorphic
transformation in a pure metal from the FCC to BCC crystal structure. Assume the
hard-sphere atomic model and that there is no change in atomic volume before and
after the transformation.
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Please, answer all the following questions

‘Question 1 S SR
a- erte and ketch the domain of the followmg functions:
i x+y+1
Z—Sxy +ln( 2y 2)
x f—

If: Z = f"yxy) find : xZ+yZ

. _fse‘-?_ 3 3

*|: Find Macl: rin series of the function Z = e™*? 9

| Evaluate the work done by the force F [2x it y ] 1+ [3xy 5 4]]
to move an object along the shown curve C in the figure?

'Find the cr tical points and the extreme values of the function: Z =x+y* =322

Evhlu's;te ihe volume of the region which is bounded by

3. B oD
=x"+y",z=1,z=3 , as shown in the figure?

" -Obtam the ODE whose solution is: y=Ae* COS(4x) + Be’* sin(4x) ?

b' Solve thef0ﬂowing ODES':
D Q- w)dr+ (- xN)dy =0
iy Y =)' =sinh(x) cos’(6x)+x” +5

iy X*y" —xy' =3y =x"In(x)

With my best wishes ... Dr./ Tamer Elsayed Atteya
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High order O.D.E with constant coefficients

y= yh+yp
O ) S

(Homogenous Solution)
¥, =& ¢ + CuX + Cy X + .+ W ke Boam gl dda s ) o)
004 m S gd atib (S e Gpase ), Y
Yy = e” .[A.cos(bx)+ B.sin(bx)].[c, + c,x + ;x> +...+ é. "]

Qaldd) Jall slay
(Particular Solution)
D-operator method:

e X
Vp m'mwnwd“’%(\
e ax Sin (ax), Cos (ax) X"
' sudad) &3 ¢y gilh padiud
;0= plidl S 138 P = g pucas D 0=l S 16 D2 = g2 i || ¢ arte
D=a _Ju'aﬁes‘ (‘M‘Lﬂ;* Let:
0 oY b L thl sin( ax) = — cos( ax)
ax +a a
a il 5 Ll ) @™ o ki 1 x
DB || GTraE N W) = - e

(14+Z)" =1+ (m) (Z) + (m)(m-1) (Z)* + (m)(m-1)(m-2) (Z)*+....
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Question One: (20 Marks)

(a) Derive an expression for the intensity I of the fringes pattern in the double-slit
interference experiment as a function of the angle 0, where 0 is the angle between the
centerline at halfway between the slits and point P on the screen. Indicate how to locate
maxima and minima of this pattern? (5 degrees)

(b) Suppose that the two waves in the figure have wavelength
2=500 nm in air. What multiple of A gives their
phase difference when they emerge if (a) n= 1.50, n, =
1.60, and L. = 8.50 pm; (b) n; = 1.62, n,= 1.72, and L = 8.50 - b
um; and (¢) n; = 1.59, n; = 1.79, and L = 3.25 pm? (d)
Suppose that in each of these three situations the waves
arrive at a common point (with the same amplitude) aftr
emerging. Rank the situations according to the brightness the waves
produce at the common point. (5 degrees)

A

(¢) The equation of a transverse wave traveling along a string is
y=0.15 sin(0.79x - 13t),
in which x and y are in meters and r is in seconds. (a) What is the displacement y at x = 2.3
m, t = 0.16 s? A second wave is to be added to the first wave to produce standing waves on
the string. 1f the wave equation for the second wave is of the form y(x, t) =y, sin(kx + mt),
what are (b) y,. (¢) k, (d) o, and (e) the correct choice of sign in front of ® for this second
wave? (f) What is the displacement of the resultant standing wave at x = 2.3 m, t=0.16 s?
(10 degrees)
Question two: (20 Marks)
(a) Describe using schematic diagrams the main components of a laser device. Illustrating
the different radiating species gain medium, and the mechanism of lasing process.
(5 degrees)
(b) Many rockers suffer from acute hearing damage because of the high sound levels they
endured while playing music near loudspeakers. Recently, many rockers, began wearing
special earplugs to protect their hearing. 1f an earplug decreases the sound level of the sound
waves by 20 dB, what is the ratio of the final intensity I of the waves to their initial
intensity 1;? (5 degrees)

(¢) In the double-slit experiment, the electric fields of the waves arriving at point P are given
by [, = (2.00 wV/m) sin[(1 .26 x 10"°)(]

E, = (2.00 wV/m) sin[(1 .26 x 10")t + 39.6 rad],
where time t is in seconds. (a) What is the amplitude of the resultant electric field at point
P? (b) What is the ratio of the intensity Ip at point P to the intensity I, at the center of the

< Page 1 of 2




interference pattern? (¢) Describe where point P is in the interference pattern by giving the
maximum or minimum on which it lies, or the maximum and minimum between which it
lies. In a phasor diagram of the electric fields, (d) at what rate would the phasors rotate
around the origin and (¢) what isthe angle between the phasors? (10 degrees)

Question three: (20 Marks)

(a) State expressions for the displacement and pressure variations associated with a
sinusoidal sound wave travelling through air. Prove that the pressure amplitude is related to
the displacement amplitude. (5 degrees)

(b) These two waves travel along the same string:

yi(x, t) = (4.60 mm) sin(2nx - 400mt)

ya(x,t) = (5.60 mm) sin(2mx - 400 nt + 0.80mrad).
What are (a) the amplitude and (b) the phase angle (relative to wave 1) of the resultant
wave? (¢) If a third wave of amplitude 5.00 mm is also to be sent along the string in the
same direction as the first two waves, what should be its phase angle in order to maximize
the amplitude of the new resultant wave? (5 degrees)

(¢) Figure a shows a lens with radius of curvature R lying on a flat glass plate and
illuminated from above by light with wavelength A. Figure b (a photograph taken from
above the lens) shows that circular interference fringes (called Newton's rings) appear,
associated with the variable thickness d of the air film between the lens and the plate. Find
the radii r of the interference maxima assuming r/R << 1. (5 degrees)

i Tncident
lluhl

o .‘.. .
'aJ

(d) A whistle of frequency 540 Hz moves in a circle of radius 60.0 cm at an angular speed
of 15.0 rad/s. What are the (a) lowest and (b) highest frequencies heard by a listener a long
distance away, at rest with respect to the centre of the circle? (5 degrees)

With my best wishes
Dr. Nehal Aboulfotoh Ali
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