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ANSWER ALL QUESTIONS (Total Marks = 50 marks)

QUESTION (1) (14 marks)
For the shown beam, draw the diagrams of inicrnal forces.
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QUESTION(2) (13 marks) | Tum 8

4
For the shown compound beam, draw the 41 1 1§ v ¥ ¥ ¥ i 3 J’
N.F.D, S.F.D. and B.M.D. Find the maximum ';’ A CT ' 2! 7‘% D
values of thc'scgatwc and positive bending | s0m o 8.0 m | 2.0m |
moments { A ). | M ! I
QUESTION () (12 marks)
For the shown fruss, Calculate the {orces in the marked members a,h,c,d.c,f and .
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QUESTION (4) (13 marks) y.
For the shown fuoting carrying the shown column loads, the footing -1,

arca propertics are: (A= 16 m’, 1,= 19.5520 m*, [,= 26.6755 m"). 1"
It is required to:
1} Calculate and draw the normal stress distribution under the  4m |
{ooting.
2) Check (recalculate) the given values of A, 1x and ly.
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Good Luck,........ Dr. Mostafa \S'iiawﬁy
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Answer All the Following Questions:

5L,
1) For the circuit shown in Figure 1, __Q——
find the value of & so that . :

the vutput voltage V,=2V,

5A n <10 | 1 ' 22 %

Fra-1

2) For the circuit shown in Figure 2,

the load resistance R, is adjusted to receive
maximum power. Find the value of R,

und the maximum power.
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3} Fintl the steady state voitage v (t) for - 3%
.. N 62 122
the circuit shown in Figure 3. J\f 4} /\(
' ' 1 : NS
+
I ‘90\/
' 200 MF == gmt= Vg
20 sin 1t -
Fy-3
4) Use source transformation to find /i, 2

in the circuit shown in Figure 4.
Then find the power of each source.
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; PART(II) A.C
5.2. The current through a series curcuit RLC{R=1%),L=1 Henry,and C=0.5 Farad) is given by

i(t) = e~ Sin(t) Ampere for >t >0 .
Find expressions for vg(t), Vi{t} ,Vc(t), and Vieralt).
i) Draw the waveform of i(t) and Viumit) ( compute three values only ,at0,at and maximum)
ii) Compute the value of the time at which current is maxlmum,and the stored energy in L at that time in
Joules. use the folowing : [ e~'Sin(t).dt = —0.5 e~*[Sin(t) + Cos(t)]
b. Two impedances Z, and Z; are connected in parallel, Z, consists of R in sereis with L and Z; consists of R in
series of C. If, L= R*C, prove that the equivalent impedance Is constant and equals to R for all frequencies.
Find i}the value of the equivalent Impedance when L=0.04 Henry and C=100 yF .
ii ) the resonance frequency .

6.2. A source of 2400 V(rms) at 50 Hz is applied across three parallel loads L1,12 and L3 as follows:
L1 absorbs 18 kW and 24 kVAR.
L2 absorbs 60 KVA at 0.6 leading power factor.
L3 absorbs 18 kW at unity power factor.
Compute: i) the equivalent impedance of the prallel loads as seen from the supply.
ii) the total active , reactive and apparent power.
fii) the current from the supply and its power factor.
b) The current source In the circult shown in Fig.{1) is 10 A, Use source transformation and
Thevinin'theorem , consider w =1000 rad/sec. Compute:
i} the value of resistance R for maximum dissipated power in it.Then calculate the value of this
maximum dissipated power.
ii) the value of resistance R for maximum dnssipated power in the whole circuit.Then calculate the
value of this maximum dissipated power in the whole circuit.

30 Ohm R
(Dma /
' 40 mH tﬁﬂ mH
Fig.(1)

7.a Find the equivalent parallel resonance circuit for the circuit shown in Fig.(2).Then , find the
resonance frequency, band width , quality factor and cuttoff frequencies.
IF the supply voltage is 200 voit rms, calculate the stored energies in L and in C at resonance.

4 50 rriH
@ _ —— 5uF

50 Ohm

Fig.(2)
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b. For Fig.(3), a three phase supply of Vay =200 20 , Vgn= 200 < -120° , Vy =200 < +120° with sequence abs
is applied across a three phase load star connection in paralle! with delta connection as follows:
21 =104j0 §% 22=20+j0 fi, 23= 20+j0 (SL
24=25=26= 6+j8 K™
where N and n are the star polnts of the supply and the load,
Derive an expression for the voltage between n and N in terms of the given parameters
Compute :i} the currents from supply in each phase
ii) the total active , reactive and apparent power to the loads.

‘ASﬂJ:ly ' l‘-\star
A laa %
D) " lssoply | % 22 21
N _6 B > ’IBstar n
D 23 loa 1
c - — lcstar
Iesupply 24 5 |t
- _ %
Fig.(3)
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Part One: ¢ * \ '
d) . .
1. i Solve the following D.E [Iv- +(1- scc.\')y‘] tanx =y - - (4 marks)
: | X
| ' ! A " 1 \ '
: |
ii. Solve the following D. I ye* -‘Zy— =gt g g7 (4 marks)
v
: dy , ofdr) _ . . .
iii. Solve the following D.E x=+x’|—]| —p=0 (5 murks)
dx dx ]
iv. Solve the following D.E P4y + 4y = sink’x ' L " (5 marks)
v. Solve the following D.E P10y + 25y =™ feosPx (5 marks}
d?y

2 i . Given the differential equation a

+ !;—E‘f- +¢ p=f(x) ifthe function f{x) is not
e

d x?
one };f the standard forms and the solution of homogeneous cquan‘ons.can he obtained,
then prove how can?_p’ou get the particular solution in gencral form (4 marks)
ii. Solve the following D.E y -2yt H+y=xéinx (6 marks)
iii. Solve the following D.E x-{i';‘— + i + —I-y - isin Inx‘=0 (6 marks)
de® dx x X

3L Show that i y= & or & or sindc is a solution for the homogeneous
differential equation of U (142xcotx - 2% y=x cos X

then find the total solution (8 marks)

ii. By using the series solution find to the three terms the solution of the differential

equation. (.t_"’ +2)p 4 Ixy-y=0 (8 marks)



Part Two - -

- ]

N

4) -a) 'Derive a recurrence relation . for the integral

‘Fvaluate 7,
-b) Evaluate lim(1 +cosx)*™"
. _I.'-'.‘l

+
1

'5) a)If z=f(x° —}’i-Fg(ﬁ) cvaluate ygi—i-.r-?i_
y ax oy
b) Evaluate the stationary points of the function
hence determine their types. o '

4

i, = Isinh;' xdy. then

z=2x 4t +Sxt eyt

: - . L Tl-e™
¢) Using differentiation under the integration sign cvaluate I—-——-x—-dl az0
e €

’ I «i2?
6) a) Evaluate | [sec’(cosx)dd

ﬂ.l.'lr

Y " [_
b) Show that [e = dx =-‘T" L
]

ii) _1!

dx

—-Inx

) (0.5)

Evaluate

—— e o
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Good Luck
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Answer all questions:

Question (1)
or

a)If 2x+,° +/2 =0 and y=rt, find %:.- and —

ay

b) A lamina has the shape of the region bounded by the graphs : x? + 3 = a’,y=x+a and y2z0.

I the density of mass is given by p(x,y)=yx? gmicm® | find its mass.

o

. - r . N
¢) Prove that the integral / = Ie * d = —— and hence or otherwise evaluate the following integrals:
0 .2
<9 H 1 = H
D ffxye = ey iy fert ax
00 o

{ Hint: Note that the integrals are convergent |

Question (2)
a) Solve the differential equation  x?y* + x )/ + y=sec(lnx)

b} Consider the differential equation  xp" =2y +9x%) = 18x®. Show that the transformation ¢ = x’
q 3 }

2

. d ' . . ,
translorms the equation to 73}1 +y =2¢, and hence find the general solution of the original cquation.
!

Question (3)

a) Given the differential equation y" +4xy’ + (dx? + Dy =0.
i) Find the constant "a" such that y, = e® bea solution.

i) Discuss the possible methods to find the general solution and hence use only one method to solve.

b) Check the convergence or divergence of the given integral . If it converges, find its value.
T dx

 =2x+2

- "




Question (4)
a) Find the solution of the following initial-value-problem :

(x+ 1))+ 3" = 2x, p(0) = y'(0) =

b) Find the general solution of the equation

D(D" —16)y = cosx + 2x +e>*

Quecstion (5)

a) Use the power series method, near x =0 » to solve the differential equation

(+xh) V' ~4xy' +6y = 0. What is your comment on the obtained solution ?

b) Evaluate the following

o . X +cCOosx .. .l +sinx
o lim — i) lim
v ¥ —sin2x = | +cosx
Question (6)
) The charge Q on the capacitor in a R- C series circuit is given by the equation
Rd—Q +-g—_ = £, Q(0)=0.015 coulombs

d

Let R=10Q,E=50V, and C =4x10~" farad. Find the following:
Q1) . I(t), 1(0) and the current after a long time.

b) Solve the following system of differential equations:

X(Wy=1-p@t), and y()=x(t)-¢, with the initial conditions x(0) =3, »(0)=0.
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|Answer all the following questions)

1. If the kinetic energy of a proton is four times its rest energy, with what velocity is the
proton moving? ‘ (5 pts)

2. A spacecraft is launched from the surface of the Earth with a velocity of (0.8 ¢) at an
angle of (30.0°) above the horizontal positive x axis. Another spacecraft is moving past,
with a velocity of (0.6 ¢) in the negative x direction. Determine the magnitude and
direction of the velocity of the first spacccraft as measured by the pilot of the second
spacecraft. ' (15 pts)

3. Photoelectrons are emitted from a metallic surface with maximum velocity of 3.86 x 10°
m/s when a light with wavelength of 425 numn is used,
a.  What is the work function of the surface in eV?
b. What is the cutoff frequency for this metallic surface? ]
¢. What will happen if a light with a wavelength of 650 nm is used? (10 pts)

4. A photon of energy 600 keV (and moving in the +x direction) is scattered from a frec
clectron (initially at rest). The scattered photon makes an angle of 39.7° with the x-axis,
and the scattered clectron makes an angle of —51.8° with the x-axis. Calculate:

a. The energy of the scattered photon.

b. The cnergy of the recoil electron.

c. The momentum of the recoil electron.

d. The de Broglie wavelength of the recoil electron. (15 pts)

5. The'longest wavelength in the Lyman series (ny = 1) for Hydrogen is 121.5 nm. Calculate
the value of the Rydberg constant, - (5 pts)

6. In a transition to a state having energy of -3.41 ¢V, a hydrogen atom emits a photon with a
wavelength of 489 nm.
a. Determine the binding energy of the initial siate.
b. Determine the quantum numbers of the initial and final states. (10 pis)

7. An allernative development of the Bohr theory for the Hydrogen atom begins by assuming
that the angular momentum of an orbital electron must be an integral multiple of h/2m.
Show that this assumption leads to

Examiner: Dr. Amr A, EIl-Sherif Page 1 ot'2
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n*h%e,

nme?

T =

knowing that the attractive force between the electron and the nucleus of the atom is

1 e?

e$

the centripetal force is

Fe

and the potential energy of the cleciron is

PE == 1 e
B ey 7

4meyr? -

(15 pts)

Electron mass m = 9.1 x 1073 kg’

Examiner: Dr. Amr A. El-Sherif

Page 2 of 2
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1- a- Mention the different typos of light control. {1 mark}
b- Explain the importance of CRI and CCT In determining the light quality. {3 marks)
¢- What is meant by:
i. SPD,
i IP {1t mark)
d- Explain how the following lamps can produce light:
i.  Fluorescent
ii. LEDs
itl.  Tungsten Halogen Lamps
{8 marks)

¢- Four 500-W metal halide lamps are suspended 12-m above the ground at the
cornor of a square 10-m wide, If each lamp has an efficacy 95 Im/W:
. Calculate the illumination on the ground in lux at any point located along
the diagona) with distance x from the corner.

iil.  Sketch with scale the illumination as function of x.
lil. Indicate the point along the diagonal at which the [llumination Is
(8 marks)

minimum.

2- The following table includes data for the top half of a symmetric 50-Hz hysteresis loop for a specimen of

magnetic stoel:

B(Testa). [0 [0.2 | 0.4. 06 [0.77]08. :[/0.97[14:%]095.[0.9- {08 [(0.7 |06 |04.[0210
[H(AT/m){a8 |S2-]-58 |73 |85 |103 | 135.]193°[80 |42 2 -[:18z[-29°]-407 45 | -48
If H(t)=48 sin314t , draw B(t) {5 marks)

3- a- Explaln how to determine the transformer parameters using no-load and short circuit tests. How can the
percentage voltage drop of the transformer and its efficiency be estimated using these tests?

(4 marks)

b- Draw the approximate phasor dlagram of a single phase transformer for leading power factor and show
At which power factor can the secondary voltage be equai to the

how the voltage drop can be estimated.

no lead veltage? Justlfy.

(4 marks)

¢- A 16 kVA, 2400/240 V transformer was tested to by open-circuit and short-circult tests. Each test was
performed at the rated values. The following data was obtained:

Poc= 140 W Psc =150 W

i.  Plot with scale the transformer officiency at upf as function of percentage loading (n).
.  Determine the percentage loading range at which the transformer efficiency Is greater than 36%.
iii.  Plot with scale the transformer efficiency at full load as function of the load power factor.
iv. Determine the power factor range at which the transformer efficiency at full load Is greater than
92%. (5 marks)

d- A 12 kVA, 2500/250 V transformer has the following parameters referred to the primary side:
Ro=10 X200 X, and R. are neglected,

. Plot with scale the percentage voltage regulation as function of load power factor at full load.

fi. At which power factor the sacondary voltage is equal to 250V at full load?

iii.  Plot with scale the parcentage voltage drop at 0.8 pf lag as function of percentage Ioadlng (n}.

iv.  Detarmine the percentage loading range at which the percentage voltage drop at 0. 8 pf lag is less

than 4%. Comment on your answer,
{7 marks)

..,
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» This exam will be graded out of 30 Marks.
e Solve only 3 questions. All questions are equally weighted.
« In your answer sheet, only the first three ‘uncut’ questions will be graded.

a- Sketch the layout of a combined cycle steam power station showing all relevant components.

Describe the principle functions and advantages of such power stations. {2 marks)}
Environmental impacts of steam power stations represent a worldwide major concern.

List different types of possible emissions of thermal power plant, showing how these emissions
would be formed and describe a technology that aims to climinate such emissions. {3 marks)

A diesel engine power plant has one 700 kW and two 500 kW generating units. The fuel
consumption is 0.28 kg per kWh and the calorific value of fuel oil is 10200 kcai/kg.
Estirnate:

i.  The fuel oil required for a month of 30 days and

jii.  the overall cfficiency. Plant capacity factor = 40% {5 marks)

a- Describe the basic principle of operation of a hydraulic Pumped storage system. (4 msnrksl-

A hydro-electric power station has a reservoir area of 2.4 square kilomelters and capacity 5x10° m’.
The effective head of water is 100 m. the penstock, turbine, and gencration efficiencies are 95%,
90% and 85% respectively.

i.  Calculate the total electrical energy that can be generated from the power station.

it.  If aload of 15,000 kW has been supplied for 3 hours find the fall (reduction) in reservoir

level. (6 marks)

a- The fission of Uranium235 (U™ nucleus yields about 220 Mev on the average. Knowing that
Avogadro’s number is 6.0225%10® molecules per gm molecular weight and | eV equals
1.6021x10"" ), determine: )
i- the heat energy generation rate in MW-day of 1gm U**fuel bumt,
ii- If the catorific value of coal is 7.5 kWh/kg, find the coal consumption in tons to
produce the same amount of heat energy of | kg U™*burn up.
iii- If the thermal efficiency is 80% and that of the generator is 90%, what is the net
output electric energy produced by the burn of 1 kg U2*? {5 marks)

A central reservoir solar thermal power plant uses 1000 heliostats that have 50 m? of reflecting
surface area, The average solar incident radiation energy during 10 h operation on clean sunny day
is 750 W/m?, The overall efficiency of the plant is 5%. The efficiency of the.steam power plant is

Il

1 1




--m| flat terrain with grass or very low vegetation, airport runway

2

30%. A constant 20% of the incident energy of the reservoir is assumed to go to storage during
operation. Estimate the power plant output in MW, at peak condition and at shut down. Assume
the efficiencies are constant during the day. {5 marks)

4- a- Define the term cut-in and cut-out wind speeds. Explain briefly the different control techniques
of wind turbine speed to deliver as much power as it is designed for. {4 marks)

b- Supposc that a NEG Micon 750/48 wind turbine is mounted on 50-m tower in an area with 5 m/s
average wind speed at 10-m height (all heights are referred to see level). Assume standard air
density (1.225 kg/m®), with roughly cultivaied area of low crops and obstacles. Consider the
surface roughness table given below. Assume an overall efficiency of 30%.

i.  Calculate the Specific Rate Capacity (SRC) ol the turbine,
ii.  Esumate the annual encrgy delivered by the plant. {6 marks)

Tublel Surface Rouphness Coefficients

class I roughness landscape features

0 e
l- 0.0002 | open water, tidal flat, snow with fetch above 3 km
.m 0.005 | featureless land, ice

roughly cultivated arca, low crops, obstacles of height H separated by at
opcn least 20 H
5 0.25 open landscape, scattered shelter belts, obstacles separated by 15 H
or 5o
w Iandscape with bushes, young dense lorest etc separated by 10 H or
\ | $0

closed open spaces comparable with H, eg mature forest, low-rise built-up
area
‘ chaotic N over 2.0 \

irregular distribution of large elements, eg city centre, large forest
" with clearings

Good Luch
Dx. Nabil Qbasy
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Physical constants: e=1.6xl 0-'?Coulomb.™My=9.1x1 0'3‘kg , h=6.62x1 0 1oule-sec =4.15x 107 5%e.V-sec
c=3x10°meter/sec , m(v)= m((})i(l-[il:')"2 where = vic
SOLVE THE FOLLOWING QUESTIONS:
1-a- Find an expression for the particle momentum in ierms of its energy at rest or E(0) and its total encrgy
when moving with a velocity E(v).
b- An electron moves in a potential of 10° volt .What is the value of its momentumn.? [10 points]
2- a-bExplain the photo-electric effect. .
b-A photon of wavelength X =0.3 p meter. It falls on a surface of work function ¢=1 € volt. What is the
value of the emitted electron energy in eV.? {10 points]
3-The single electron model was based on the force equation : mv? /R= ¢ /4ngq R? and the quantum
mechanics law mvR=nh. Find the expression for the radius of the orbit and the electron velocity.
Use the above relations to get the kinetic energy and the potential energy .Add up to get an expression for the
electron total energy of the form: E» = Ry/nl. (15 points)
4- a- Explain Hund's rule for electron distribution among energy states described by
the quantum numbers [nlms] .ina multi-electron atom
b- Draw a table as Tectron NOj -— -[n]-—--[l]-—-[m]-—--—-ﬁ

- 1 1 — —— —————

to show the electrons distributon among the energy states for an atom with atomic nunber =Z= 7 using
Hund's rule {10 points]
5-a-The nuclear binding energy per nucleon=-AE/ A is function of the atomi¢ weight [A]. Sketch this curve
and explain the meaning of fission and fusion of nuceii .
b- State the terms included in the liquid drop model for the nuclear mass and show how they are related 10
the atomic weight A .
c-State the semi-emperical terms that are related to the values (A-Z ) and (Z). (15 points]
6- a- Give an example for onc dimensional crystal.
b- Sketch the possible shapes of a two dimentional crystal.
¢-In a single crystal a plane intersects the x-axis at lattice point=1 and it is paralie] 1o both the y —axis and
the z-axis. What are the plane~s Miller indices? (10 points)
7-a- What are the number of lattice points per lattice in 8 face cornered cubic lattice?
b-A crystalline solid with a body centered cubic lattice has a density = 16 gramfcm’. The lattice distance
a4 A° . What is the atomic weight of the material's atem? {10 points]
8-a-What is the meaning of an energy band diagram and the energy band gap in a soiid?
b -Use the above statements to show the difference between a conductor, 4 cemriconductor and an insulator

{10 points}
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Answer the following questions:

Part 1: electrical circuits:

0-1:
If each resistance in the circuit shown equals |
ohm, find the equivelant resistance between

N
<~z

0-2:

Find i, icand 1.

4id

100

"

50
1/4—.
'

<1>ib 2“: '@,

=
y

0-3:
In the circuit shown, if R is adjusted to absorb ‘<>_—
maximum power from the circuit . Calculate The 4 2q
value of Ry, and its absorbed power. 1/ I JV
- 10
R -
200 \(D - 200 X100V
+ h l +Cl)
L 40 3 01/—‘_
!
4 41 $ 5% 120 v
At t=0, switch S, is closed were open. After 2 I \
seconds , switch S; is closed. Find : '
) i(t)and fort>0. + 52 hev i heo
i) calculate v at t = 1 sec, and 4 sec. 40V C) -
20

W0V




Part 2: Electromagnetics Fundamentals

Answer ALL the following Questions:
0-5

A capacitor s formed of two concentric spheres of radii @ and b (a<b). The charges on
the spheres are O and —Q, respectively. The region between the spheres is filled with a
dielectric medium whose relative permittivity at a distance r from the center is
3 (Y
£=[£J e (") ,asrsh.
r
Determine the capacitance and the energy stored in the electrostatic field.

Q-6
An iron bar of 20cm long and 2em? diameter is bent into a ring, the gap between the ends
being Imm. The ring is then uniformly wound with 5000 turns of wire. Calculate the
current required to produce a flux of 0.5mW?b in the magnetic circuit.

The magnetization curve of the core material is given by the following table:

H [AT/m] 2500 3000 3500 4000
B [Wb/m®| 1.55 1.58 1.6 1.615

97 ___

A rectangular loop carrying a constant current / is located in the x-z plane centered at the
origin as shown in Figure 5. The loop is subjected

to a constant magnetic field B= By a y-

a. Determine the net force acting on the loop.
b. If the loop is oriented in such a way that the unit

vector normal to its plane makes an angle & with B )
find the torque acting on the loop, if any.

Figure 5




-8

Find the force of translation on a square loop of 4cm side and located in the y-z plane
when subjected to the magnetic field of a very thin wire of infinite length located on the z
axis, as shown in Figure 6. Assume that /;=15A and /,=50A.

Hint: The flux density B is perpendicular to the plane of the loop.

‘!‘z
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