Tanta University Final exam (2012/2013) 3" year
Facuity of Engineering Antennas and Wave Propagation (1)
Electronics and Electrical Communications Dept.

Answer the following questions: (Time: 3 hours)

Question (1)

(a) For slotted line of characteristic impedance Z, terminated with load impedance Z,, prove
that the phase of the reflection coefficient is given by 8 = m + 28 L,i,-
(b) For a rectangular wave guide slotted line with characteristic impedance Z, = 500
determine: [(a) The operating frequency (b) The terminal load impedance Z; ] if:
[.  For short circuit load, the voltage minimum values are recorded at z= 0.5cm,
2.5¢m, and 4.5¢cm.

3]

The short circuit is removed and replaced by the unknown load Z;. The maximum
measured voltage is Ve = 3volt and the minimum measured voltage is
Vinin = 2volt which are located at z= 0.85¢m, 2.85¢m, and 4.85¢m.

Question (2)

(a) For a rectangular waveguide which is fed from the center point of its back wall,
determine the mode of operation. Derive the expression of the longitudinal field
component. Express the transverse field camponents in terms of the longitudinal ficld
component.

(b) An air filled rectangular waveguide has the following cross-sectional dimensions (5 X
2)em. The  longitudinal  clectric  field in the waveguide is given by
E,(x,y,2z) = 107°sin(20m X) sin(50n Y) cos(wt — 120m Z) V/m.

I. Determine the operating mode and its cutoff frequency.

2. The frequency of operation.
.

3. Check if other modes can propagate inside the wave guide or not. Comment on your
answer,

[

I. The diclectric attenuation constant if the tangent loss (tand = 0.035).

Question (3)

(a) For a circular waveguide operating in the dominant TM mode, write down the
expressions for the different field components.

(b) Consider a cylindrical wave guide of radius a = 5cm filled with a loosy-dielectric

~

material having &. = 9 and g, = 1. The longitudinal electric field in the waveguide is
given by: E,(p, ¢, z,t) = 107%e %% | (48.1 p) cos(18m x 10°t — B Z) V/m.

I. Determine the operating mode.

2. Determine f, fo, 5,10, 21y

3. ay if the tangent loss (tand = 0.0004).

4. The waveguide length if the total phase shift along it is 80"
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Values of p,, for TM Modes of a Circular Wavegulde

n Poy Pn1 Py

0 2405 5520 8.654
1 3832 7.016 10.174
2 S.135 8.417 11.620

Question (4)

(a) Briefly discuss the following points:

I. The main differences between the co-axial and the cylindrical wave guides.
2. The microstrip line cannot support TEM modes.
(b) For a microstrip line for characteristic impedance Z, = 5002 and a 90" phase shift at
2.5GHz. The strip width is 0.39 lem.
[. Determine the substrate thickness, and the line length if the substrate diclectric
has &, = 2.2 and i, = 1.
The filling factor.
3. agy if'the tangent loss (tand = 0.025).
4. a, if the walls conductivity § = 4 x 107s/m.
5. Total attenuation along the line.

§9)

Hint: use the following relations
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uestion (5

(a) Brielly discuss the following points:

I. The advantages of impedance matching.

2. The factors that may be used to select the proper matching network.

(b) Design an L-section matching network using smith chart to match an antenna of input
impedance 766.78 + j657.24 to a transmission line which has a distributed inductance

ol 3mH /km and distributed capacitance of 0.01uF /km at a frequency f = 600MHz.
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Remarks: (Answer the following questions. Assume any missing data...)

Problem number (1) (19 Marks)
(a) The following table gives the number of scrams at 20 nuclear reactor units. Summarize the
data with a graphical descriptive technique.
1 0 3 4 | 2 10 4 ? 12
3 8 2 0 9 3 13 A 7 3
(b) How many samples of 6 persons can be selected from 14 person to do some job.
(c) State and prove Bayes' Theorem.

(d) A die is thrown n times. What is the probability that "4" comes at least once in the n throws.

Problem number (2) (24 Marks)

(a) A die is tossed and independently, a card is chosen at random from a regular deck. What is
the probability that : (i) the die shows an even number and the card is from a red suit.

(ii) the die shows an even number or the card is from a red suit.

(b) Suppose that certain bolts have length L = 200+X mm, where X is a random variable with

density f(x)=k(1-x*) for—1<x<1 and J(x)=0,0therwise . Find k and a number ¢ such
that with a probability of 95%, a bolt will have any length between 200 + ¢ . Also find F(x).

(¢) Deduce formulas for the mean and variance of the exponential distribution.

(d) A production line manufactures 1000 ohm resistors that have 5% tolerance. Let X denote the
resistance of a resistor. Assuming that X is normally distributed with mean 1000 and variance
2500. Find the probability that a resistor picked at random will rejected.

Problem number ( 3 ) (24 Marks)
(a) A computing system is currently undergoing shut down for repairs. Previous shut downs
have been due to either hardware, software or power failure. The system is forced to shut down
73% of the time due to hardware problems, 12% due to software problems and 15% due to
power problems. Maintenance engineers tell that the probabilities of hardware, software and
power problems are 0.01, 0.05 and 0.02 respectively. What is the probability that the current
shut down is due to software failure?

(b) The masses of 1500 ball bearings are normally distributed with a mean of 22.4 gand a
standard deviation of 0.048 g. If 300 random samples of size 36 are drawn from this population,
determine the expected mean and standard deviation of the sampling distribution of means if the
sampling is done - (i) with replacement, (ii) without replacement.

(iif) how many of the random samples would have their means between 22.39 and 22.41 g.

(c) The amount of converted sugar in a certain process at various temperatures. The data were
recorded as follows:

Temperature x 1.0 1.1 1.2 1.4 1.5 1.6 1.7 | 1.8
Converted sugar y 8.1 7.8 8.5 9:8 8.9 8.9 102. | 93

(i) Draw a scatter diagram (i) Compute r (i) Find the regression line of y on x and y(1.65).

Problem number (4) (18 Marks)

(a)What sample size from normal distribution would be needed to produce a 95% confidence
interval of length equal o .

(b) A rivet is to be inserted into a hole. A random sample of 15 parts is selected and the hole

diameter is measured. The sample variance was 64 %107 (mm)? . Construct a 98% confidence

bound for 2.
P.T.O. For Continue



(c) The specification for a certain kind of ribbon call for a mean breaking strength of 185
pounds. If 5- pieces randomly selected from different rolls have breaking strengths of 171.6,
191.8, 178.3, 184.9 and 189.1 pounds. Test the null hypothesis 12 = 185 pounds against the
alternative 4 is less than 185 at 0.95 level of confidence.

Good luck Dr. Manal Mohamed Hekal
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