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FINAL EXAM

Please answer the following questions:

Question (1) (25Marks)
) - ‘ 3 4 s 1]2 . aw
(a) Forw = f(x,y), if yw’v=-x"siny, utan(xy)+e” =0, obtam—a—;.
Y
(b) For the following contours shown G — Ry : l, | b
L o . N e =
in Fig. 1, determine whether the point -~ /;\ /—\ | y S
e , 1 o
P is a local maximum, or a local (o > @/ . / > A
- . o ~_~ : NN !
minimum, or a saddle point. l: iy T %% e
I e .- RL// |
~(.4 0.5 1 L5 2
(b-1) ) (b-2) (b-3)
Figure 1

(¢) Sketch the region of integration for the following double integrals. (Hint: DO NOT evaluate the integrals)

. 3
(c-H I = f03 f_oz(x?'y — 2xy)dx dy (c-) I = f:f(‘;mxy dy dx (c-3) 1= [ ff cosO rdrd6
4

2x%y
—_ X, #+ (0,0
(d) Discuss the continuity at the point (0, 0) for the function f(x) = {*x*+»? ( y) #(0,0)
1 (x,¥) =(0,0)
Question (2) (25Marks)

(a) Suppose that f(x,y) is a continuous function written in terms ofuandvasx = u +Inv,andy =
u —Inwv. Provethat fy, = fax + 2f 5y + fyy
(b) Prove that fc 2x siny dx + x? cosy dy is independent of path and evaluate it from (0, 0) to (1,;}.

(c) Evaluate fffv x*yzdxdydz whereV is the volume bounded by x = 2, x = 6,y = 0,y =3,z =0,z =
2 shown in Fig. 2. '

Please, consider page 2/2
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Figure 2

Question (3) (25Marks)

(2) Obtain the O.D.E whose solution is y? = A(B? — x?) .
(b) Find the orthogonal trajectories for the family of curves r* = k Cos@ .

(¢) Solve the follc')wing ordinary differential equations:
(c-1) ¥" +y' = tanx.

(c2) (x=2y+5)dx—(y—2x—-4)dy =0.
(¢-3) ¥y + 4y’ + 4y = 6x* cosh2x.

(d) Use the method of undetermined coefficients to solve the initial value problem
y'+6y +8y=2x+e*,y(0) =0, and y'(0) = 0.

Question (4) ' (25Marks)

(a) Solve the following ordinary differential equations:

@l) (x+2y)y =y.
(a-2) y® —6y" +13y" = e3* Cos2x .

(b) Determine the values of k for which the equation (2y e*? + 2x) + k x e?*Yy’ = 0 is exact and find
the solution for this value of k.

(¢) A glass of a hot water has an initial temperature 80°C is placed in a room where the temperature is
30°C. If after one minute the water temperature has dropped to 70°C:

(c-1) What is the temperature of the water after another two minutes?

(c-2) How long does it take for the water to be cooled to 40°C?

(d) Suppose the equation xy’ — x* (y —x)* = y has y = x as a solution, what is the general solution
of the equation ?

Best of Luck Dr. Yoasser Gamiel, Dr. Eman El-Ghawwy, Dr. Al Mehweg, and
Examinatiovn conunittee '
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Final Exam

Solve all the following questions:

Question 1 : (22 marks )

a) Define the following terms:

Bragg’s law — Elasticity — Martensite

b) Composite materials gain more and more importance in the industrial applications.

ii

. Define a composite material.
. State the main components of a composite material and mention their importance.

iii. Mention three examples of composite materials.

¢) FCC unit cell has an atomic radius of 1.28 A and an atomic weight of 63.55 gm/mole.

SNhA PN

Calculate the lattice constant.

Determine the theoretical density. , _ : .
Get the linear- and planar- density of [10T] and (111). Do they build a slip system? Why?
Draw (on the same unit cell) all slip systems on (111) and write them in the form Ol 1L

. If a foreign atom with an atomic radius half of the original atomic radius is trapped in the middle of

the unit cell, caculate the new APF.

Question 2 : (20 marks )

a) Choose the correct answer or answers between brackets:

0

WX AW

Hint: In your answer sheet write down only in a table form the number of the sentence and your answer beside it.
1. |

Solidification starts by the formation of ( crystal embryos — crystals — grains — stable nuclei — atom
clusters ) and ends with the formation of ( stable nuclei — crystals — lattice structure — eutectic phase
~ grain boundaries ).

(Poly crystals — Single crystals — Intermetallic compounds — Composites) are used in the production
of superconductors.

Atomic weight affects ( linear density — volume density — APF — planar density ) of a material.
Polymers have ( van der Waal — ionic — hydrogen — metallic ) bond.

. There exist (4 — 6 — 12 — 48 ) number of slip systems in FCC.

The line separating two different solid phases is called (liquidus — solidus — solvus — bi solidus) line.
Coordination number is used when studying ( metals — polymers — ceramics — composites ).

The cored structure can be reduced by ( hardening — homogenization — tempering — decoring ).
Dislocations are considered to be ( linear defects — point defects — voids - particles ) in single crystals.

b) Complete the following sentences:

Hint: In your answer sheet write down only in a table form the number of the sentence and your answer beside it.
1. Thermoplastics havea .................. structure and they ............. upon heating.

2. The main characterisitics of a phase are (1)................ N ) PO and (3).........oo.n.n. .

3. The spheroidizing heat treatment is applied on ............. steelsto ............. .

4. The peritectic reaction takes the form .................... . :

5. Columnar grains are ........... in shape and formed through ........... cooling rate .

6 is known as segregation. : ‘

7.(1) v s(2) e, and 3) ..oooiiiiiill, are the main conditions to have a

substitutional solid solution.

. Nodular cast iron is produced by ......................... .



Question 3 : (25 marks )

Two metals “A” and “B” have limited solid solubility in each other in the solid state. At room temperature
each metal cannot dissolve any amount of the other metal. At 350 °C the only liquid phase transforms to
eutectic phase having 65% metal “B”. The following table gives information about two studied alloys of this

binary system:
Temperature Alloy composition E);isting Phase composition
A% B% phases A% BY%
we | v [ o
575 °C 15 85 1(; gg 337

You are requested to:

a)
b)
)
¢ d)
e)

f)

g)
h)

Draw the equilibrium phase diagram (straight lines).

Find the solidification temperature of the two metals.

Get the maximum solid soluability of each metal in the other.

Draw the cooling curve of the alloy containing 95% B.

Describe in a table form the cooling of the alloy containing 95% B, specifically at 450 °C, 350 °C and
100 °C temperatures.

Is age hardening for the A-B binary alloy system possible?

If yes, what is the range of alloy compositions for which age hardening is possible?

Describe with the the aid of sketches the age hardening procedure for a specific alloy in this binary
system. :

Question 4 : ( 23 marks )

a) Draw the iron-carbon phase diagram showing all the existing phases.

b) Ekplain the eutectoid reaction in the iron-carbon phase diagram.

¢) AISI 1035 hypo-eutectoid plain carbon steel is slowly cooled from about 950°C to a temperature just

slightly above 723°C. A

i) To which kind of steel belongs this alloy? What are the applications that can be used for this steel?

ii) Calculate the weight percent austenite and weight percent proeutectoid ferrite in this steel.

iii) Sketch the microstructure of this alloy above and below the eutectoid temperature.

iv) If this alloy is rapidly quenched. Explain the process through which the properties of the quenched
alloy can be improved.

d) In a table form differentiate between the white- and gray- cast iron in terms of:

e ).su‘ /3

Microstructure — Mechanical properties — Si content — Applications

gldl 9 @Iy Ik g
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'Answer the following questions, and assume any missing data

Department: Production Enginéering & Mechanical Design
' Total marks: 100 Marks

Faculty of
Engineering

Q1. Solve as you can with free hand sketch

1. Draw three types of bearing.
2. Discuss the main types of fits.

e 0 5 0 0 1 o U B it T e . e i . . S0 P s . A S T A 0t o e 4 1 B B ot 0 et e 2 2 o

Q2. Stop Valve

- Details of a stop valve are given draw to full size scale not showing the hidde

edges.

- Required: Assemble all the parts of a stop valve and draw to a full size scale the

following:

No. of pages: 3

(20 marks)

(80 marks)

'

(1) Elevation section (35 marks)
(2) Side half section (25 marks)
’(3) Plan (15 marks)
SI. No. Partiiivemii s Juar
1 Valve body 1 Cl
2 Cover 1 Cl
3 Support flange 1 Cl
4 Valve 1 Brass
5 Gland bush 1 Brass
6 Bush 1 Brass
7 Operating spindle 1 Alloy stesl
8 Washer 1 MS
g Studs 2 MS
10 Stud pins 1 set MS
11 Stut pins 1 set MS
12 Ntits for pin 9 2 sets MS
13 Nuts for pin 10 2 sefs MS
14 Nuts for pin 11 2 sels MS
15 Nuts for pin 9 2 sels MS
16 Packing 1 Fibre
17 Taper pin 1 MS
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sound in W/m# is

(a) 1x10°W/m?

(b) 1x10°W/m? (c) 1x10°W/m  (d) 10x 1075 W/m?

Student holds laser light of wavelength 633 nm that passes through a pair of slits separated by
0.300 mm and then falls perpendicularly on a screen, creating an interference pattern on it. The
student begins to walk directly toward the screen at 3.00 m/s. The central maximum on the screen
is stationary. The speed of the first-order maxima will be

{a) 0.63 cm/s (b) 0.36 cm/s (c) 0.58 cm/s (d) 0.78 cm/s

The speed of a sound wave is determined by:

(a) Its ampiitude (b) Its intensity

\

{¢) Mumber of harmonics present (d) The transmitting medium

(_{’J

sund differs from light in that sound:

1) is not subject to diffraction

(b} is a torsional wave rather than a longitudinal wave

(¢) is alongitudinal wave rather than a transverse wave

(d) is always monochromatic

No fringes are seen in a single-slit diffraction pattern if:

(a) the screen is far away

(b) the wavelength is less than the slit width

(¢) the wavelength is greater than the slit width

(d) the wavelength is less than the distance to the screen

A plane wave with a wavelength of 500 nm is incident normally on a single slit with a width of
5.0 107%m. Consider waves that reach a point on a mm?mém% screen such that rays from the slit
make an angle of 1.0° with the normal. The difference in phase for waves from the top and bottom
of the slit is:

(a) 1.lrad (b) 0.55rad (¢) 1l.6rad (d) 2.2rad
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Table 6 set up and shut down machine
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fixtures or clamping devices the intermittent operation, it have to be estimated

or observed by time study

Table 2
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