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What is the difference between soft and hard constraints? Give examples of each type and

mention the importance of the constraints in the operation of the power system. (7 mark)

The input fuel in (Btu/h) for a power plant with min. and max. power of 20 and 100 MW
respectively is given by: F=(50+4*P+0.015*P?)*10°, where P is the generated power in (MW).
Plot the input-output curve of the plant. Calculate the heat rate and plot its curve against the

output power. Assuming a fuel cost of 0.15*10° $/Btu, calculate the incremental fuel cost in

$/MWh and plot its curve against the output power (7 mark)

Draw the flow chart to obtain the solution of the economic dispatch problem neglecting the

system losses. (7 mark)

Choose the best answer: (3 marks each)
(i) The diversity factor for a large number of loads may be in the range of:
a) 1.0 b) 1.02 c)l.l d)15 e)2
(i) The capacity factor can be used to calculate:
a) average demand b) rated capacity d) maximum demand  e) connected load
(iii) Reserve power can be obtained from:
a) standby units and boilers b) speed governor  c) valve position d) boilers
(iv) The load factor of a power station having a maximum power of 25MW, connected load of
50MW and an average demand of 15MW is:
a) 1.667 b) 0.6 c) 0.3 d) 1.33 e) 2 f) 0.5

The initial investment value of an equipment with a life time of 25 years is 1 million L.E. and
its salvage value is 0.2 million L.E. After ten years, a fire damaged the equipment, where its
salvage value was 10000 L.E. The owner purchased a new equipment for 1.1 million L.E. If
the owner uses the diminishing-value method of depreciation, find the total additional money

that the owner has to pay to purchase the new equipment. (7 mark)

A company uses the sliding-scale tariff method, where each kilowatt hour costs 0.1 LE. In
addition, the customer has to pay a penalty if the power factor is lower than 0.85. The penalty
is defined as 500 LE multiplied by the difference between the critical and the actual power
factor. Calculated the total cost of the consumed energy in the following cases: (a) the total
consumed energy is 1000 kWh at a power factor of 0.72and (b) the total consumed energy is
1200 kWh at a power factor of 0.82. (7 mark)

P.T.O.




(3-a)

(3-b)

(4-a)

(4-b)

(4-0)
4-d)

The incremental fuel costs in $/MWh for a plant consisting of three units are given by:

dr.
R =0.015P; +3.4, 2 0.018P, +2.6 and i) = 0.01P3. Calculate the saving in $ in the
dPy dpP, dP;

case of a load demand of 800 MW when the optimal dispatch is used compared to distributing
the load equally between the three units. The minimum and maximum loads on each unit are
respectively 100 and 300 MW. (7 mark)

The incremental fuel costs in $MWh for 3 generating units are given as: 9f _ 0.009P; +3.5,

dPy

dF2 _
dP2

0.012P, +3 and g% =0.008P3 + 3.6 .The minimum and maximum loads on each unit

are respectively 100 and 350 MW and the load demand is 800 MW. The loss formula is given

as: Pjoss =0.00014 P2 +0.00008 Py - P, +0.00009 P4 +0.0001PZ +0.00012 P, - Py, where P is

in MW. Find the optimal load allocation among the generators using only two iterations. Start

with a lagrange multiplier value of 6 and penalty factors of unity. (7 mark)

Classify steam power plants with all possible ways and mention the losses in each part showing
how can you calculate the efficiency of each part. (8 mark)
Mention in details the main parts of the hydroelectric power plants and explain the function of
each part. (7 mark)
Discuss the advantages and disadvantages of nuclear power plants. (7 mark)
Discuss the main reasons of using the renewable energy sources as an alternative to the
conventional centralized power stations and compare between fuel cells and wind turbine as

renewable energy sources. (7 mark)

Good Luck
(Dr. Ahmed Refaat Azmy et al)
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Ansawer all the quistions
1 aWDeseribes the construction of single-phase and three three-phase power rransformers.
by For 4 real ransformer has the following data,

*Single-phase . core-type and has a sguare cross-sectio area , the turns ratio=100. Hw=Ww = 0.5m.
AL=0.075 07,

#xo-load current =5A. secondary rated voltage = 318,198 sin{ 220007) v

*consiat desivn: B, =25 v, K, =0.27. I= 2.3 Afmm’
Determing: (1) the relative permebalty of the iron core & {2) the rated KV AL

2.adExplain why a leading power factor load leads (o cause a nse in secodary voltage  above the no-
load rated value?
AYThe following data per phase were obtained from short-cirenit and open-circull testes of three-phase
deital u\.lc 150KV A, 2400w {:Il‘l[h. S0hz t:ansfc e

' { ltem | No-load _- | Sh_ﬁ-r.—;.—n;ircuiL_ B k

' Voltage (v) ) | 600 ) _ 76:4 - ]
'.’_ urrent (A} | 3.34 208 i |
Puwn:r fw) I 484 754

D: termme: 1 the per phase uiuwaleut parameters refered 1o hi wh-side.
2- regulution at rated load and .90 leading power factor.
? transformer clficiency at fuli-load and 0.8 lagging power facior

3.a)Make & comparison between a two windmg ansformer and the corresponding autotransformer,
b} Three 7200/600 v, 500KV A transformers are operating parallel from 7200 v source, The percent
tmpedances are.
La= 534 % Fh= 608 %, L= g 20 9
What percent of the total current is supplied by eash transformer”

4.2)What is the oplimum conditions for parailel operalion of transformers? What happen if any one of
them is ymored?
by Twe SOKVA, 60 Hz lransformers have the following volmge ratios and equivalent low-5ide
inpedances;

if_rap_afurmm' [ | Voltage ratio {v) | Req. I;ohm:x} _ Heg. {ohm) - _'
A _ " 4800/ 482 | 00688 s 0.1449 ]
| B _ | 4800 /470 | 0.0629 0.1634 |

The transtormers are connected in parallel and oltuemu,ci from @ 4800 v, 60 Hz supply. Caleulate the
grrpuilating current,

5 4] Dirive the output equation of the single phase transformer design.
) Design a three-phase power transformer has the following data;
o 1000 KWA, 500 Kv /132 Kv, 50 Hz. core type.
o Bo=0ar B,=025 L= 50y, curreni density = 2.3 Admrm . Ki=0.9
& HwWw=3 Ai=00 4’ d,= 0.9d, won density = 7.8 gﬁumﬁ ;
Not that your design will incluode:
= Pranstormer main dimensions,
“Windings number of lurns and diametres.
("pst of the iron core if 1.0 Kg costes 5 E.L.
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Answer the followin esiions:

1. (a) Explain the following terms:
(i} Information capacity (ii) Thermal noise  (iii) Correlated noise

(b) If an amplifier has a bandwidth B = 30 kHz and a total noise power N= 2x
107, determine the total noise power if the bandwidth increases to 50 kHz.
(K=138% 10 Jouls/K)

(¢} For a nonlinear amplifier with sine wave input frequencies of 3 kHz and
5 kHz , determine the first three harmonics present in the output for each

mput frequency and the cross product frequencies produced for values of m
and n of 1 and 2.

2. (a) Sketch the block diagram of integrated circuit waveform generator and
explain its operation

(b) Sketch the block diagram of a PLL and describe how loop acquisition is
accomplished with a PLL from an initial unlocked condition unil
frequency lock is achieved

(¢ ) Determine the hold- in range for a PLL with an open loop gain of K;, =20
kHz / rad

3. (a) Sketch the block diagram of a multiple crystal frequency synthesis and
explain its operation.

(b) Describe the relationship between the carrier and sideband powers in an
AM DSBFC wave. .

{c ) For an AM DSBFC modulator with carrier frequency £, = 100 kHz and a

maximum modulating signal fumaey = 5 kHz , determine

(i) Frequency limits for the upper and lower sidebands.

{ii)  Bandwidth

(i)  Upper and lower side frequencies produced when the modulating
signal is a single frequency 3 kHz.

4. (a) Sketch the block diagram of a high level AM DSBFC transmitter and
explain its operation.

(b) For a receiver with IF ,RF, and local oscillator frequencies of 455
kHz,1100 kHz, and 1555 kHz, respectively ,determine

{i) Image frequency

(ii) Image frequency rejection ratio for a preselector Q = 100



(¢ ) Determine the net receiver gain for an AM receiver with the following
gains and losses: RF amplifier = 30 dB , IF amplifier = 44 dB, Audio amplifier
=24 dB , preselector loss = 2 dB, mixer loss = 6 dB , detector loss = 8dB

Good Luck
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Answer the following guestions:
Use neat sketches and support vour answers with suitable equations:

First OQuestion:
Describe Townsend’s first and second lonization coefficients. How is the condition for

breakdown obtained in a Townsend discharge? (3 points)
Explain the Streamer theory of breakdown in air at atmospheric pressure. (3 puints)

What is Paschen’s law? How do vou account for the minimum voltage for breakdown
under a given *p x d° condition? (4 points)

What will the breakdown strength of air be for small gaps (1 mm) and large gaps (20 cm)
under uniform field conditions and standard atmospheric conditions? (3 points)

Second Question:
Explain briefly the various theories that explain breakdown in commercial liquid

diclectrics. p (4 points)
Explain briefly the different mechanisms by which breakdown occurs in solid diclectrics in
practice. o (3 puints)
State the main differences among the gas, liquid and solid dielectrics. (3 points)

Caleulate the surface tension of an insulating liquid contain a globule with 1.1 um radius
and g3 = 1.2 with a voltage drop of 180 volt across it. The liquid has g; = 2.3 and the
breakdown field strength is 48%.85 kV. (5 points)

if the supply frequency is 50 Hz. (6 points)
| et P T S

Third Question:
Explain briefly the different types of rectifier circuits for producing high de voltage.

{5 points)
What is the principle operation of a resonant transformer? Iow is it advantageous over the
cascade connection transformers? (4 points)

A Cockeroft-Walton type voltage multiplier with 10 stages is constructed with capacitors
of 100 nF each. If the load current is 2.5 mA and the percentage regulation is 4.2%,
calculate the percentage ripple and the optimal number of stages for minimum voltage drop




4-b

5-b

Fourth Question;

high ohmic resistance at a frequency of 50 Hy,

To measure a high ac volage, a high ohmic resistance with a ma
Assume that the residual capacitance is 20 nF, Calculate the equivalent impedance of the

Give the. basic circuit for measuring the peak voltage of (a) ac voltage, and (b) impulse
voltage. What is the difference in meastrement technigue in the above two cages?

State the relative advantages and disadvantages of using a series resistance microammeter
and a potential divider with an electrostatic voltmeter for
Why are capacitance voltage dividers preferred for ae v

measuring high de voltages?
oltage measurements? (3 points)

gnitude of 50 kO is used.

—_——————

(4 points)

{6 points)

Fifth Question:

voltage at the midpoint of the line at 37,

o OHTL

For the system shown in the following figure, draw the v
and draw the variation of the voltage with the time at the load terminals. Calculate the

oltage Lattice diagram up to 6t

Y =220 kv
7s=2090

the cable at the time

| Zo=200 0 |

L1 =600 2

A step of voltags F is applied to one end of an overhead line which 1
of 300 Q, 10 milg Jong and a velocily of propagation of v; = 1.87 mile/usec. The other end
of the line is comacted 10 4 cable with a surge impedance of 30 €, 30 miles long and a
velocity of propagsion of V2 = 0.2 v;. The far end of the cable is connected to a shun{
capacitor of 3.86 uF. Draw the lattice diagram and calculate the voltage at the far end of
Wien the first reflection arrives at the line-cable juncti

(3 points)

1as a surge impedance

on.___ (5 points) i
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Answer the following guestions:
| [1] | (@) A certain item is manufactured by three factories, say 4, B and C. Tt is known that A4 tums |

' (¢) The mean and variance of binonual distribution are 4 and 3 respectively; find Plx= I).

out twice as many items as B, and that B and C tum out the same number of items {during a
specific production period). It is known that 8% of the items produced by 4 and B are
defective, while 4% of those manufactured by € are defective, one item is chosen at random:
1) What is the probability that the chosen item is defective?

i1) 1f the chosen item was defective, what is the probability that it come from factory 7

(b} Three cards are drawn without replacement from a deck of 52 playing cards, what 1s the
probability that they are all aces?

L2

"22 Bia rk’s

{a) Use the moment generating function to obtain the mean and variance of the random
variable X whose density function is given by:

1 i«
f(.x}=5 H, -n0 < X <60

(b} If X is a random variable its density function 15 given by
Ex(il—x), Box<=1l
Flh =l ;
by, otherwise

L5

1) Find the value of £,
if) Find the cumulative distribution function™
iii) Find Pfx<0.2)

(¢} Derive a formula for the mean, variance and moment aenerating function for the Poisson
distribution.

(31

i5 }fiarks

_Final (¥) 82 | 66 | 78 | 34 47 | 85 | 99

(a) If X~ N {1, o °}, such that P fp-ko <x < peke) = 0.823, find the value of &

(b) The probability that a student pilot passes the written test for a private pilot license 15 0.7,
find the probability that the student will pass the test on the third try.

(c) The grads of a class of 9 students on a midterm examination (X and on the final
exarmnation { ¥) are as follows:

Midterm (%) |_77_| 50 | 71 | 72 | 81 94 | 96 99 | 67 |
99 | 68 |

1) Compute the correlation coefficient.
i) Find the linear prediction equation.
iif) Estimate the final examination grade pf student who received a grade of 85 on the

midterm examination.




[41 |

18 Marks

4

{a) A machine is producing metal pieces that are cylindrical in shape | a sample of pieces is
taken and the diameters are 1,01, 0.97, 1.03, 1.04, 0.99, 0.98, 0.99, 1.01, 1.03 centimeters, find
a2 95% confidence interval for the mean diameter of pieces from this machine.

(b) All boxes of a certam type of coffee indicate that they contains 21 grams of coffee, a
government agency receives many consumer complaints that the boxes contain less than 21
erams. To check the consumer complaints at the 5% level of significance, the government
agency buys a sample of 100 boxes of this coffee and finds that the sample mean 18 20.5
grams with a standard deviation of 2 grams. Should the government agency order the seller to
put more coffee into its boxes?

(c) If we have a finite population of five observations 3, 5. 7, 9. 11; find the sampling

distribution of the mean if we draw a random sample of size 3.

H
1

¥
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~ Answer the fﬁllﬂwﬂliq uestions: (Maximum degree 70)

O(1): For the mechanical system shown, find the transfer function X, (8)/F(8).(9 degree)

.

f{v)
b_@; [a] The characteristic equations of linear control systems are given below. Apply
Routh-Hurwitz criterion o determine the root distribution and the system stability.
(10 degree)
1- 6 485" 4257 +45° + 25 +4 =0

3 % -
2- g2 st + 287+ 25" +354+5=0
3- g8 +et s 25t 7 4350 28420

[b] Using signal flow graph, find the transfer funclion of the system Y{s)/R(s)
and Y{s)/E(s).(13 degree)

O{3): For positive values of K, plot the root locus for unity feedback control system having the

- = o : K

following open-loop transfer function (s} =——————-—.
st + 35" + 25+ 2)

For what values of gain K does the svstem become unstable? Find also the value of k at
which the damping ratio is 0.3 . (12 degree)

(A Gadial i)



Q(4): [a) For the system that have the following transfer function
W +3)+4)
UGl s(s+1)(s7 23545 )

Give the state Space in pole-zero fo

{1} Forthe following system draw 1
- [0 17 1o
i';::} uf"‘ll

-2 =3[~y

N

(i) Determine whether the

[b]

e
}H

. -l

given system in (b
Gl Ghven s oo qone e ond observable ornot. (5 degree)
5 Givena system described by the dvnam;

%i—tj = Ax{t) + bu(t) ¥(t) = ex(t)

where
[0 1 {:ﬂi- o]
A=[0 o | b=|ll’}i|, and c=[1 1 g
[0 -1 -2 [1]

(1) The characterstic equation, (3 degree)

(if) Find the transfer function ¥ (s)/U(s). (3 degree)

C equations

m and in controllable form. (9 -+ 3

he state diagram. (3 degree)

-1) 15 stahle, completely state

G il il



(1-a)

(1-b)

(J-c)

(2-a)

(2-b)

(2-¢)

Tanty University Suhject: Econormje Operation of power SVstems
Faculty ofEuqueering Final examinatign 2008-2609

Third year Time allowed: Three hours
Full mark: 9g Byia dany Date: 18/1/2009

The input fuel in (Bruh) for a Power plant with min, yng max. power of 20 and 100 MW
respectively is given by: F"=|[SD?'-4*P+{}.{]IIS*P1)*I 0%, where P is the generated power in (MW),

Plot the mput-output Curve of the plant. Caleulate the hegt fate and plot its cyrve against the

output power, Assuming 3 fyel cost of 0,15%)¢°¢ $/Btu, calculate the incrementa] fuel cost in

3 MWHh and plot its curve against the output power (7 mark)

Draw the flow chart to obtajn the solution of the economije dispatch problem neplecting the

system losses. (7 mark)
,____.______,__ﬂ__,_,,_ ———-—_________

Choose the best answer: (3 marks each)

(i) The diversity factor for a large number of loads may be in the range of*

a) 1.0 b) 1.02 c) 1.1 d} 1.5 e) 2
(ii) The capacity factor can be used to calculate:

) average demand b) rated capacity d) maximum demand &) connected load

(1ii) Reserve Power can be obtained from:

a) standby ynijts and boilers b) speed governor ¢) valve position d} boilers

(iv) The load factor of a power station having 5 maximum power of 25MW, connected load of
SOMW and an average demand of 1 SMW is:
a) 1.667 ¢)0.3 d) 1.33 e)2 £} 0.5

The injtia mvestment value of an equipment with a life time of 25 years is 1 myj llion LE. and

its salvage value is 0.2 million L.E. After ten years, a fire damaged the equipment, where jis

salvage value wag 10000 L.E. The owner purchased g pew cquipment for 1.1 million LE. Iy

the owner uses the diminishing-valye method of depreciation, find e total additional money

that the owner has to pay 1o purchase the new equipment, (7 mark)

A company uses the sliding-scale tarifr method, where each kilowatt hour costg 0.1 LE. In

addition, the customer has to pay 5 Penalty if the power factor is lower thap 0.85. The penalty

[ is defined as 500 LE multiplied by the difference between the critical and the actyal power

factor. Calculated the total cost of the tonsumed energy in the faﬂnwing Cases: (a) the tota]

consumed energy is 1000 kWh at 4 power factor of 0.72angd (b} the total consumed energy js
1200 kWh at 4 power factor of (1,82 (7 mark)




(3-a)

(3-b)

(4-2)

(4-b)

(4-c)
4-d)

The incremental fuel costs in $/MWh for a plant consisting of three units are given by:

Eﬂ = {}.IDISPI +34, —2 _ {}.{JISP2 +2.6and EEl = D.{JIP3 - Calculate the saving in $ in the
dP dp, dPy

and maximum loads on each unit are
(7 mark)

respectively 100 and 300 MW,

The incremental fue} costs in $/MWh for 3 generating units are given as: g% =0.009P, +3.5,

:—g— =0.012P5 +3 and ;i;% =0.008P; +3.6 The minimum and maximym loads on cach unit
- |

are respectively 100 and 350 MW and the load demand is 800 MW, The loss formula is given

23: Ploss =0.00014 P2 +0.00008 p, P2 +0.00009 P5 +0.0001P2 +0,00012 P, Py, where P is

in MW. Find the optimal load allocation among the generators using only two iterations. Start
with a lagrange multiplier value of 6 and penalty factors of unity. (7 mark)

——
Classify stcam power plants with all possible ways and mention the losses in cach part showing

how can you caleulate the efficiency of each part. (8 mark)

Mention in details the main parts of the hydroelectric power plants and explain the function of
each part, (7 mark)

Discuss the advantages and disadvantages of nuclear power plants. (7 mark)

Discuss the main reasong of using the renewable CNCTgy sources as an alternative (o the

conventional centralized power stations and compare between fuel cells and wind turbine ag

renewable energy sources. (7 mark)

Good Luck
(Dr. Ahmed Refaat Azmy et al)
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