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Answer the following questions:

(22 Marks)

Question (1)

(a) Starting from Gauss law and Maxwell first equation, constitute the divergence
theorem. (6 Marks)

(b) Using two different methods, derive an expression for the electric field 1nten51ty E due
to an infinite sheet of uniformly distributed charge with density p; C/m’.
(8 Marks)

(c) A line charge, p;, = 40 nC/m is located along the linex =2 and y =3 in free space.

i) Find Eat (1, 2, 5). (3 Marks)
ii) If the surface x = 4 contains a surface charge density p; 20 nC/m?, which locus in
free space that have E,,,; = 0. (5 Marks)

Question (2) (23 Marks)

(a) Derive the boundary conditions at the interface between a conductor and a dielectric.
(5 Marks)

(b) A uniform volume charge density p, = 60p C/m’, lies within the cylinder p = 1 m, and
py = 0 elsewhere.

i) Find D everywhere. (4 Marks)
ii) What surface charge density p, should be on the cylinder p =3 m so that (D)p=2 is
twice (D), = 5. (4 Marks)

(¢) Two concentric conductmg spheres of radii a = 4 cm and b = 6 cm have equal and
opposite charges, 10® C on the inner sphere and - 10® C on the outer one. The region
between the spheres has € = g,. The inner sphere was kept at a potential of 500 V.

i) Find the potential difference between the spheres. (Derive any expression used)

(3 Marks)
ii) Find the capacitance. (2 Marks)
iii) Find the equipotential surface at which the potential is 100 V. (2 Marks)
iv) Plot the potential V versus r. (3 Marks)
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Question (3) (20 Marks)

(a) For the magnetic circuit shown in the Figure, assume constant permeabilities of 0.002
and 0.001 for sheet steel and cast steel, respectively. Assume also leakage and

fringing coefficients of 1.2 each, ¢, = 0.5 cm, N = 500, iron cross section aréa = 2 cm®
and D,, = 20 cm. Find:

i) The current I in amperes Sheet steel
required to establish a flux in
the air-gap of ® = 0.2 m Wb.

(10 Marks)

ii) The magnetic susceptibility
and the magnetization due to
the magnetic dipoles of the

Cast steel

sheet steel. (3 Marks) by D
iii) The self inductance of the
shown coil. (3 Marks)

iv) The mutual inductance
between the shown coil and
another coil of 100 turns
surrounding the air gap only.

(3 Marks) ,

(b) Using a scale of one cm (0 represent both 0.2 T and 400 A/m, draw the linear part ofa

magnetization curve that passes through the point (B=1.1 T, H=440 A/m), then
calculate the relative permeability of the material. (1 Marks)

Question (4) (20 Marks)

(a) Write down Maxwell's equations in the integral form for time varying fields in free
space. (3 Marks)
NOTE: YOUR ANSWER WILL NOT BE GRADED IF ANY SINGLE
EQUATION NOT APPLICABLE TO THE QUESTION IS WRITTEN.

(b) Consider a uniform magnetic field B. Deduce an expressions for the electric field E at
any point of the circumference of a stationary circular loop of radius r situated in a
plane perpendicular to B when:

i) B is atime varying field. (9 Marks)

ii) B is a steady field. (2 Marks)

(¢) A dc voltage supply of V volts supplies a resistance of R Ohms in series with a
parallel capacitor of capacitance C TFarads, relative permittivity e and thickness d
meters. Drive expressions for:

i) dD/dt in C/m*.s as a function of time. (3 Marks)
ii) Polarization at t = co. (3 Marks)
Good Luck

Assoc. Prof. Ahmed L. Shobair
Dr. Diaa-Fldin A. Mansour
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Answer all the following questions:

Question (1) (17 Marks)
a) Derive Townsend expression for current growth. What is the condition of breakdown
according to this mechanism? (4 Marks)

b) Plot the graphical representation of Paschen’s law. Explain the physical mechanisms in the
different regions of the graph. (4 Marks)

¢) The following data are obtained while studying the breakdown in a gas:
Gap (mm) | 0.7512.0 | 2.5 3 135140 (4550155 6
Ix10M(A) | 4 | 12 |18.66| 29 | 45 | 69.9 | 109 | 242 | 570 | 890

The minimum current observed is 4x107'* A. Calculate the values of the Townsend's

primary and secondary ionization coefficients. (4 Marks)

d) Compare between breakdown voltage of a gas gap under high DC voltages and under
impulse voltages. (3 Marks)

¢) Complete the following sentences: (2 Marks)

1. With increasing the mean free path of a gas, the probability of breakdown (increases —
decreases — doesn’t affect).
2. The gases in which electron attachment plays an active role are called

Question (2) (17 Marks)

a) Describe with only sketches the cavity theory of breakdown in liquid dielectrics.
(4 Marks)

b) If the applied field to a liquid is given as E =2 * 10° X'? V/m and the relative permittivity
of the liquid is 2.1, calculate the force acting on an impurity with a relative permittivity of
3.0 and a radius of 20 mm travelling at a distance of 1 cm. (4 Marks)

¢) A solid dielectric has a relative permittivity of 4, a young’s modulus of 10° kg/em? and tan &
of 0.001 is subjected to an alternating voltage at a frequency of 50 Hz. If the heat dissipated
is 1 W/em® and the applied electric field is 5 MV/cm, which mechanism of breakdown is

expected? (4 Marks)

d) Explain electromechanical breakdown in solid dielectrics with driving an expression for the
highest field stress before breakdown. (3 Marks)

¢) Complete the following sentences: (2 Marks)

1. Breakdown into solid dielectrics usually takes the form of ..................
2. In pure liquids, the considered breakdown mechanism is
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Question (3) (18 Marks)

a) The number of stages of a Cockcroft-Walton type voltage multiplier with 80 nf capacitances

is 9 stages. If the voltage regulation at a load current of 8 mA is 8%, calculate the maximum
secondary voltage of the supply transformer at a frequency of 100 Hz. Find also the
percentage ripple and the optimum number of stages for minimum voltage drop.

(4 Marks)

Draw the schematic diagram of three stage cascaded transformer with center-tapped high
voltage winding. Show on the diagram the needed insulation for each stage.
(4 Marks)

Draw the equivalent circuit of Tesla coil. What is the needed condition for frequency
tuning? (4 Marks)

An impulse generator with each condenser rated for 0.12 pF and 130 kV. The load capacitor
is 1200 pF and the series resistance is 1000 Q. Find the number of stages and the damping
resistance needed to produce a 3.396/60 ps impulse wave. Calculate the maximum output
voltage if the charging voltage is 100 kV. (4 Marks)

Complete the following sentences: (2 Marks)

1. The voltage efficiency of an impulse generator is given by

5 bl LI AR RS is the process of eliminating the effect of stray capacitance in potential
divider by surrounding the resistor with a conducting metal kept at the mean potential of
the resistor

Question (4) (18 Marks)

a)

Compare between the attenuation factor in the following cases: (4 Marks)

1. Resistive potential divider.

2. Resistive potential divider connected to a measuring cable with capacitance Ch,.
3. Resistive potential divider connected to a measuring cable and compensated.

4. Capacitive potential divider.

A high-voltage, 50 Hz AC signal of amplitude X with a superimposed DC component of ¥

was measured by a peak voltmeter and an electrostatic voltmeter. The reading of the peak §
voltmeter was 40 kV and the reading of the electrostatic voltmeter was 30 kV. Find the

values of Xand Y. _ (4 Marks)

Describe with only sketches the mechanism of lightning stroke. (4 Marks)

A single-phase lossless overhead line with Z = 400 Q, vs =3 * 10* m/s and L = 30 km is
connected to a single phase lossless cable with Zg = 100 Q, vg = 2 * 10® m/s and Lg =20
km. At the sending end of line A, there is a generator with an impedance of Zg = Za/4. At
the receiving end of cable B is a short circuit. Calculate the voltage at the line-cable junction
at the time 0.4 ms. (6 Marks)

Best wishes:

Dr. Diaa-Eldin Mansour
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Remarks: You must show all of your work -- partial credit may be given to partially correct answers, while
answers with no justification may not receive full points. Please attempt all questions.
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Problem (1) (21 Marks)
a) The electric equivalent circuit of the armature and the {ree-body diagram of the rotor of a
DC motor are shown in Fig.1. The definitions of the physical parameters are:

ixed

' Sield
R I , LLK/
A Ty
+
4 i Armature {{
’ Q) cireuit ¢ g
A\

b0
Rotor

Fig. 1: Schematic diagram ol problem I-a

(R) electric resistance
(L) electric inductance
(K.) motor torque constant

(J) moment of inertia of the rotor
(b) motoxr viscous friction constant
(Ky) electromotive force constant
The block diagram representation of this system is as in Fig. 2. Drive a state-space
representation of the system (10 Marks)

V(s) 1 X=i| K =0 1 | Xi=6)
1 Ls+R 1 Js+b s
\
Ky

FFig. 2: Schematic diagram of problem I-a

b) The state-space representation of a satellite system is given by:

x(t) = [(1) é]x(t) + [(1)] u(t)
y(©) = [0 1]x()

i~ Calculate the state-transition matrix ®(t) (3 Marks) gt
ii- Find the system transfer function and check the stability (4 Marks),
iii- Check the system controllability and observability (4 Marks)

Faly

| 05 I

-+ Problem (2) (22 Marks)

vintp a) For the unity feedback control system shown in Fig. 3, ]
1 . TFind the range of K [or which the system is stable (9 Marks) 1

. What is the value of K for critical stability and what is the frequency of oscillation

Pathys

L RE \(?\ - K BRICN
N s(s+d)(s2+s+1) | | -

Fig. 3: Block diagram ol problem 2-a
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The unit step response shown in Fig. 4 was generated from a second-order
system. Determine the transfer function for this system. (10 Marks)

g 7T

[\ s

1 / S

1Y) ZAN SE——— R SRttt B
-0.2
0 5 10 15 20 25
time
Fig. 4: Block diagram of problem 2-b
Problem (3) (22 Marks)
a) A unity feedback control system has the following open loop transfer function:

k
s(s+3)(s+6)
i Sketch the root locus for the system as K varies from 0 to oo. (12 Marks)
ii. Calculate the gain K value corresponding to a damping ratio 0.5 (4 Marks)

G(s) =

b) A unity feedback control system has the following open-loop transfer function: (6 Marks)

G(s) = -
) 5(0.55 + 1)(0.25 + 1)
Determine the steady-state errors for unit step, unit ramp, and unit acceleration inputs

Problem (4) (20 Marks)
a) For the block diagram given in Fig.5 (12 Marks)
11 I i
; Cls)
& ' 6 (- Gy | G, v

i Iy |

Fig. 5: Block diagram of problem 4-a
i- Using block diagram reduction rules, find the transfer function Y (s)/R(s)
ii- Cheek your answer using signal flow graph technique (6 Marks)
PO Page: 2/3
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Jowing forward transfer function:

b) Consider a unity-feedback system with the fol

' - §2—25+2
G(s) = ————
)= GTDE+2)

For each of the labelled points below (A - G) in
the root locus. You must provide ajus
calculations to judge, while others can be ruled in or out by one
Give your final answers in the form of a table. (3 Marks)

Fig. 6: Block diagran of problem 4-b

¢) i- Consider the RC low-pas

(g) = 1
B = T95RrG

et e e =)

R .
1 C 1;«&_;“ v 2 (t)

Fig. 7: Block diagram of problem 4-¢

ii- If we connect - in cascade - two RC low-p
expressions for 1,(s) and Ha(s). (3 Marks)

! —NN F -
v1(f) (5 ,lgj___n- Hi(s)  —r

e e

—=NN NN T
Ry (Txij"‘ _Jm;, 2

s filter shown in Fig.7, show that I,(s) is given by:

Fig.6, state whether or not each point lies on
tification for each point. Some points will require
or more of the sketching rules.

Va(s)

ass filters as in Iig.8, determine the

| st 4 vl(t) i r V2(t) 2 C‘?.“,. .V ,V3(‘|)
! } T. (< T (¢ | V: S|
vie) | omes) 28] Hp) b 3(s)

i ERTLLIE ERTRHE N
i i ! ook by

' Fig. 8: Block diagram of problem 4-c
ﬂ Good Luck

ljl'. Ahmed A. Ramadan
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Problem number (1) (3 Marks)

Define the following terms: Spinning reserve, Base load, Capacity factor, Diversity

factor and Load energy curve. (10 points)

b) || A thermal power plant has a min. and max. power of 35 and 450 MW respectively.
The input fuel in (Btu/h) for the plant is given by: I = (28 +2.16 P # 0,015 Pz)*106,
where P is the generated power in (MW). Illustrate the input-output curve, the heat

rate curve and the curve of the incremental fuel cost in $/MWh of the power plant

against the output power. Assume a fuel cost of 0.08* 10 $/Btu. (10 points)

An equipment in a power station has a capital cost of 4.6x10% L.E. and a salvage
value of 600000 L.E. at the end of the 20™ year. Calculate the depreciation using the ,
three methods at the end of the 10" year assuming that the annual rate of compound

interest on the investment capital is 4%. (10 points)

Problem number (2) (30 Marks)

The input fuel in ($/h) for 3 generating units are given by: F| =22+12P; +0.12 Pz,

Fy =50+ 9 Py +0.13 P2 and F3 =100+11P5 +0.08 P2. Given that the load demand

is 1200 MW and the power limits are: 150 <P, <450,250 <P, <800,60 <P; = 400,

find the optimal incremental fuel cost and the optimal allocation of load between the

| three units. (10 points)
b) | Compare between the Hopkinson demand rate of two-part tariff and Doherty rate or

| three part tariff methods. (10 points)

Page: 1/2




Consider a power system with two plants having incremental cost in LE/MW as:

dA,
| By, = 0.001, By, = 0.0024 and By; = 0.0005 considering the power in MW in the

2L o 1.0 A +200 and % =1.0 P, +150. The coefficients of the loss formula are:

| loss equation. Find the optimum schéduling for a system load of 100 MW assuming

a tolerance of 1%. Start with a lambda factor of 263 and penalty factors of 1.2 and 1.4

| for the first and second units respectively. (10 points)

Problem number (3) (30 Marks)

Aided with neat sketches, Explain the methods used to improve the thermal
(10 points)

efficiency of gas-turbine power plants.
Explain in detail the main components of the hydraulic power plants. (10 points)

Discuss the operation principles of fuel cells. (10 points)

Good Luck

Course coordinator

Dr. Ahmed Refaat
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Answer the followmg questtons

The first question [10 marks]
Calculate and sketch the magnitude spectrum for the following:
a. A periodic saw-tooth waveform with a period of 7 and with value of zero at t = 0 and value of one at
t = . Use the complex Fourier series,expansion.
b. A non-periodic saw-tooth waveform with value of zero at t = 0 and value of one at t = 7. Use the
Fourier transform

The second question [ 15 marks]
Consider a modulating signal m(t) = A, cos(2mf,,t) and a carrier signal c(t) = Accos(2mtf,t).
a. Find the equation of the Standard AM signal, Sketch the signal, and its spectrum.
b. Find the equation and sketch the signal and the spectrum of suppressed carrier AM signal.
c. Sketch a block diagram for generating the Lower SSB AM signals. What is the function of each
block?

The third question [ 15 marks]
a. Show how to demodulate the following signals (sketch a block diagram or circuit with your answer):
i.  Standard AM signal. '
ii. DSB-SC AM signal.
iii. SSB AM signal.

b. For an AM signal s(t) = 2[1 + 0.5 cos(w,t)]cos(w,t)
i.  Find the modulation index, carrier amplitude and the modulating signal amplitude if K, = 0.2

ii.  Find the average power of each component in its spectrum.

The fourth question [10 marks]
a. Ifthe carrier signal is c(t) = A; cos(2nf,t) and the amplitude of the modulating signal m(t) is very
small. Show how you can obtain an FM signal. Draw a block diagram.
b. A receiver picked up an FM signal, s(t) = 10cos[107 x 10°t + 0.7 sin(1600mt)]. It is known that
the modulating signal amplitude is 4 volts. Find:
i.  The frequency deviation, bandwidth and carrier power
ii.  Show the effect of changing modulating signal amplitude to 7 volts and frequency to 400 Hz.
Dr. Sumeh A, Napoleon
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Problem number (1) (22 Marks; 8 + 7 +7)

(a) An urn contains seven black balls, five white balls and two red balls. If we draw
three balls without replacement, what is the probability that they are of the same
colour ? '

(b) Seven fair coins are flipped. What is the probability that two heads are obtained ?

(c) Prove that if the random variable X has a binomial distribution with parameter
n and p,then p=np and o*=np(l-p). |

Problem number (2) (23 Marks; 8 +8+7)

(a) Consider the following density function: .

S(x)=ax , 0<x<1, f(x)=2-x1<x<2 and S (x)=0 otherwise . Then find

(1) a, (ii) the cumulative distribution function (iii) p(0.2<x<1.2) and p(x >1.3)

(b) A company has three plants to produce an electric relays with 50%, 30% and 20%

. respectively of its product. Suppose that the probabilities that a relay by these plants is
defective are 0.02, 0.05 and 0.01 respectively. If a relay is selected randomly from the all
output,

(1) what is the probability that it is defective?

(i) if the selected relay is defective, what is the probability that it is from plant 2 7

(c ) In a manufacturing process that laminates several ceramic layer's, 1% of the

assemblies are defective. A sample of 200 independent; units is tracked for warranty

performance. Find'the probability that the sample has at least four defective units.
Problem number ( 3) (24 Marks; 8+8+8)

(a) Find the moment generating function of the exponential distribution, then from it find

the mean and variance of this distribution.

(b) 500 ball bearings have a niean weight of 5.02 grams (g) and standard deviation of 0.3

g. Find the probability that a random sample of 100 ball bearing cho'sen from this group

will have an average weight between 4.96 and 5.0 g. . -
(c) The following table gives degrees of 8 students in both the laboratory and lecture of

physics
Laboratory x 8 3 9 2 7 10 |, 4 6
Lecture y 9 5 10 1 8, doh e 3 4

(i) Draw a scatter diagram (i) Compute r (ii) Find the regression line of y on x and y(5).

Problem number ( 4) (16 Marks; 8 +8)
(a)An automatic filling machine is used to fill bottles with oil. A random sample of 16
bottles results in a sample variance of fill volume of S? = 0.0153 . Determine a 98%

confidence interval for the variance. ;
(b) The brightness of a television picture tube can be evaluated by measuring the amount
of current required to achieve a particular brightness level. A sample of 10 tubes results

in X=3172 and S=15.7.Find (in micro amps) a 99% confidence interval on mean
current required. L

P.T.O. For tables Good luck Dr. Manal Mohammed Hikal
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