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INSTRUCTI ONS 

ANSWER ALL PARTS OF QUESTION 1 IN SECTION A AND ANY T l-IREE 
QUESTIONS FR OM SECTION B. SECTION A CARRIES 40 MARKS AND SECTION 
B CARRIES 60 MARKS. 

Importa nt Consta nts 

Permittivity of Free Space 

Permeabi I i ty of Free space 

Rest mass of an Electron 

Charge on an Electron 

Speed of light 

~lO 

111 

e 

c 

= 8.85 X 1 0' 12 F m·l 

= 4rcx 10-7 Hm-1 

= 9. } X l o-J I kg 

= 1.6 X IQ-I 9 C 

= 3 x 108 ms·1 
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SECTION A 
--+ 

1. a) A 100 MHz uniform plane wave£ = xEx propagates in the +z direction. Suppose t r = 

4. f-lr = 1. a = 0. and it has a maximum value of 1 o·..t VIm at 1 = 0 and: = 0.125m. 
.... -I 

i. Write the instantaneous expressions for E and H. [2. 2] 
-> 

ii. Determine the location where£ is a positive maximum when I =1 o·8 sec. (3] 

b) A plane travelling wave has a peak electric fie ld £0 = 6 vm-1
. lfthe medium is 

lossless with cr = 3, fir = 1, find 

i. peak Poynting vector and 

ii. impedance of the med ium. 

c) Show that the impedance of free space is given by Zo !!..£ = 120 rr D.. 
Eo 

d) A charged particle moves in a stra ight line through a particular region ol space. Could 

[2] 

(3] 

(3] 

there be a nonzero magnetic field in this region? If so. give two possible situations. (4] 

e) A lossy dielectric is characterized by £R= 1.5. ~tR= 1 and!!.._= 2.5 x 10-4
. At a 

{!)[; 

frequency of 200 MHz, how fa r can a uniform plane wave propagate in the material 

before 

i. it undergoes an attenuation 1 N p and 

ii. its an1plitude is halved. 

f) The carrier frequencies of FM broadcasts are much higher than for AM broadcasts. 

[4] 

[3] 

Explain why AM signa Is can be detected more readily than FM signa Is behind low hi lis 

or b u i I dings. [3] 

g) lf the magnetic field phasor of a plane wave travel! ing in a medium with intrinsic 
--> . 

impedance is 17 = 100 .0 is given by H5 =(lOy+ 207.)e-J4 x mAim. Find the 

associated electric field phasor. (5] 

h) Given the volume charge density p = -2 x 107 Eo.JX Clm3 in free space. ifV = 0 

atx = Oand V = 2 V atx = 2.5 mn1. Forx = l mm, find Vand Ex. [3' 3] 

SECTIONB 

-· 2. a) A time-dependent electric field intensity is given as E = xl0rrcos(106t- SOz)VIm . 
.... 

The fi eld exists in a material with properties Er = 4 and Jlr = 1. Given that j = Oand p 
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= 0, calculate the magnetic field intensity and the magnet ic induction vecto r in the 

material. [ 4. 1] 

b) The magnetic ector of a plane electromagnetic wave is desc ribed as follows: 

B = kB0 cos[(10 m - 1)y + (3 x 109s-1 )t] 
~ 

where k is a unit vector in the z-d irection. y is in meters. and 1 is in seconds. What is 

the time-dependent Poynting vector associated with thi s wave? (5] 

c) Most microwave ovens operate at 2.45 GHz, assume that CJ = 1.2 x 10-6 S/m and 

~lr = 500 for stainless steel interior. If £5 = 50L0° at the surface, find 
• 
1. 

• • 

11. 

• • • 
I l l. 

the penetration depth or skin depth 85 and 

amplitude of the electric field £5 as a function of the angle. 

Plot thi s electric fi e ld as it propagates in the stainless steel. 

[3] 

(3] 

(4] 

3. a) Two infinite length. concent ric and conducting cylinders of radii a and hare located on 

the z axis. If the region between cylinders is charged free and E = 3c0 , V = Vo at a. V = 0 

at band b > a. Find the capacitance per meter length. [I OJ 

b) Show that the ratio of the amplitudes of the conduction current density and the 

displacement current density is .!!_ for the applied fi e ld E = Em cos wt. 
WE 

[5] 

c) Find the di sp lacement current dens ity associated wi th the magnetic fi e ld 

H = A1 sin(4x) cos(wt - {3z) ax + A2 cos (4x) sin(wt - {3z) li2 . [5] 

4. a) A 3 GHz frequency wave (wavelength of 100 mm) is ca rried in a conductor A of ~lr 

and Cr equal to unity. Determine the intrinsic impedance. Zc fo r the conductor at 100 

mm. Assume that EW = 2.9 X 10 - 9 for cond uctor A; ~lo =4n :\ l o·7 Hm*1 and Co= 8.85 
a 

X 10.12 fm·1. (5] 

b) An open wire (parallel wi re) telephone line has the following I ine parameters: R = 

4.11 Okm·1
; L = 0.0033 7 H km·1

: G = 0.29 ~LS km· 1 and C = 9. 15 nF km· 1
• Find 

Zo, [3] • 

1. 

y and (3] •• 

11. 

iii. the input impedance 20 kn1 from a load of ZL =(50 +50j) n at a frequency • • • 

111. 

of 1000Hz. [4] 
c) A lossless line whose Zo is 50 0 is connected to a load ZL = 50/25.99° 0. Find Zin at I 

= 'A/8. [5] 
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5. a) A slab of perfect dielectric material (Er = 2) is placed in a microwave oven. The oven 

produces an electri c tif ld (as well as a magnet ic field). Assume that the electric f~eld 

intensity is uniform in the slab and sinusoidal in form and that it is perpendicular to 

the surface of the slab. The microwave oven operates at a frequency of 2.45 GHz and 

produces an electric filed intensity with ampli tude 500 V /m inside the dielectric. 

i. Calculate the displacement current density in the dielectric. 

ii. Is there a displacement current in air? If so. calculate it. 

b) At a frequency of 4 MHz a parallel wi re transmission line has the fo iiO\Ning 

pararneters: R = 0.025 .0 /m, L = 2 !lH/m, G = 0 ~ C = 5.56 pF/m. The line is 100 

meters long. terminated in a resistance of 300 .0. Find 

[3] 

[2] 

i. the standing wave ratio and (5] 

ii. vo ltage reflection coefficient of the load. (3] 

c) Distingui sh a lossless transmission line from a distortion less transmiss ion line. [2] 

d) Explain the difference between phase veloci ty and group ve locity. [2] 

e) What do you understand by the term '·standing wave.'? [3] 

6. a) A plane polarized electromagnetic wave in the Y -direction is incident on a conducting 

medium whose conducti vity a = 5.8 x I 07 (Wm- 1
) and frequency I 00 MHz. Obtain an 

expression fo r: 

i. penetration depth, 

ii. phase velocity, 
• • • attenuat ion constant and Ill. 

iv. intrinsic impedance of the medium. 

b) Discuss "gain" as appl ied to antennas . 

c) Suggest the factors that infl uence the design structure of a waveguide. 

d) State 2 similarities and 2 differences between the propagation of plane waves in free 

space and conductive medium. 

END OF EXAMINATION 
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[2] 

[3] 

(3] 

[4] 

[3] 

(3] 


