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Question 1 (20 Marks)

a) In free space, at a distance of 2.5 km from a VHF transmitter, the electric
field intensity of the propagating wave at a frequency of 150 MHz, is
given by:

E(z,t)=10sin(wt — fz)x V /m
Determine:
i) The direction of wave propagation
ii)  The magnetic field intensity, H(z.t)

iiil)  The phase constant 3
iv)  The Poynting vector, S, = %Re(Exﬁ] *)

V) The total power received by a yagi antenna of

effective aperture A=5 cm’.
(10 marks)
b) A 15-metre RG-8A coaxial cable of inner conductor diameter d=2.26
mm and outer conductor diameter D=7.24 mm is used as a feeder
between an 8-GHz microwave radio and a dish antenna. The diclectric

material inside the cable has a dielectric constant of 1.95. If the loss per
length is given by:

Loss(dB/m) = ﬁ'—@1 /—ﬂfﬁ
2ndZ, N ©

If for the copper conductor, the conductivity, 6=5.8x107 S/m, and the
magnetic permeability p=47x10”7 H/m, determine:
i)  The characteristic impedance of the coaxial cable, Z,.

ii)  The total power loss inside the coaxial cable.
iii) The cut-off frequency for the coaxial cable, thus confirm
that only one TEM mode operates at 8 GHz.
(10 marks)



Question 2 (20 Marks)

a) Design a circular waveguide filled with a lossless dielectric of relative
permittivity £=5.0. The waveguide must operate at a single dominant
mode over a bandwidth of 1.2 GHz. Determine:

1) The radius of the waveguide
ii)  The cut-off frequency for the dominant mode
iii)  The cut-off frequency for the next lowest mode
(8 marks)

b) The main field for the dominant TE,,,, mode in a rectangular cavity
resonator of length a, breadth 5, and length d, can be expressed as:

H, =-j2H_, cos(mﬂchos(nﬂyjsin(pm)
a b d

E.=0

1) Determine the expression for cut-off frequency for
the dominant mode
i1) If a=8 ¢m, b=6 cm, and d=15 c¢m, determine the cut-
off frequency for the lowest TE and TM modes in
the cavity.
(8 marks)
¢) Explain the principle of operation of reverberation chambers. Explain

expressions for the lowest usable frequency, and how it relates to the
lowest resonant frequency.

(4 marks)



Question 3 (20 Marks)

a) A reflector antenna operating in the upper UHF (800-MHz) band has
a far-field radiation intensity, U(r,0, ¢) approximated by:

U(r,0,¢)=20cos’ @sin* ¢
where 1, 0, and ¢ are the normal spherical coordinates.

Determine, for this antenna:

i) The power density, W/m?

ii) The total radiated power, in Watts

iii) The antenna directivity, in dB

iv) The antenna gain, if the antenna efficiency is 0.63

(10 Marks)

b) You are required to design a UHF amplifier operating at 800 MHz.
Use a GaAS FET with the following parameters:

S, =0.65£-95" S, =5£115°
S, =0.035£40° S,, =0.80£-35"
Z, =50 Q

i) Determine the amplifier stability using the K—A test
ii) Determine the centres and radii of the stability circles.
iii)Plot the circles on the Smith chart; hence identify areas of
stability.
(10 Marks)



Question 4 (20 Marks)

a) Using a low-pass filter prototype, design an equal-ripple high-pass
filter with a cut-off frequency at 9 GHz, an impedance of 75 Q, and
40 dB attenuation at 6 GHz. The ripple factor is 0.5 dB. Determine:

i) The minimum order of the filter required
ii)  The values of the prototype filter elements
iii)  The scaled element values

iv)  The actual filter circuit.

(10 Marks)

b) An rf design engineer is required to design a 3-section Chebyshev
transformer to match a 50-Q coaxial feeder line to a 120-C2 antenna.

The maximum reflection coefficient allowed, I';=0.015. Determine:
i) The reflection coefficient for each section

ii) The characteristic impedance for each section

iii) The fractional bandwidth of the designed transformer

(10 Marks)
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APPENDIX 2: USEFUL MATHEMATICAL FORMULAE

Useful mathematical tables

C.1 A brief list of series

4

-1} 4 —1}n -2
d+x)Y' =14nx+ nin )x’ -+ nin Xn )x3 o+

5 5 <
—1 ~n -2
=xY=1-nx+ n(’lzl )xz _ e 3)’(’2 )¥3+.~-jx| <1
1 +1 2
(=) = 2T D0 20 3).("+ Lt <1
l+%+%+%+~ = 00
I=t+t-ty =)
l+l 1 7
3 5 7 T4
l+l 1+l ...7(2
2Tt Ey
1+1 1+ ~gr{*?
2203 Y
T R O A
TR RTTR
P AR LR
sm(x).,_x-gf_pg_!.-_ﬁ.;.“.
X2 xt x®
cos(x)=1~.2-?+a_.é?+...

o0 "3
In(l+x) =Y (1" forallx
n
n=1l

+2 Alist of trigonometric identities

--------------------------------

8t 93 g
e = cosh(6) + sinh(§) = | +9+.2..{ o+ 3 + Z.l._,t.
el = cos(f) + jsin(8) where j = /~1

cosh(f) = 1[ef + &%}



Appendix C Useful mathematical tables

sinh(0) = [e? —e7*]
cos(d) = 1[e/* + 7]
sin(9) = 55[e/” — €™/
sin{—~a) = — sin(«) sin(a) = cos(e — 7/2)
cos(—a) = cos(er) cos{er) = — sin{e — 7 /2)
cosh(ja) = cos(a)
sinh(jo) = j sin(a)
cos(jB) = cosh(8)
sin(jB) = Jj sinh(8)
sinh{a + B) = sinh{e) cosh(8) + cosh(x) sinh(B)
cosh(a + B) = cosh(e) cosh(8) + sinh(e) sinh(S)
sinh(er + jB) = sinh{a) cos(B) + j cosh(a) sin(f)
cosh(ar + jB) = cosh(a) cos(B) + j sinh(e) sin(B)
sin(a + jB) = sin(e) cosh(B) + j cos(a) sinh(f)
sin{a — jB) = sin(a) cosh(B) — j cos(a) sin(8)
cos(a + jB) = cos(a) cosh(B) — j sin{e) sinh{f)
cos(a — jB) = cos(a) cosh{B) + j sin{a) sinh(B)
sin(e + B) = sin{e) cos(B) + cos{a) sin(B)
cos(a + B) = cos{a) cos(B) — sin{xr) sin(8)
sin{2a) = 2 sinfe) cos(a)
sin(3or) = 3 sin(@) — 4sin* (@)
cos(2e) = cosi(a) — sin"(oz)

= 2cos*(a) — 1

=1 — 2sin*(a)
cos(3a) =4 cosB(a) — 3cos(w)
sin®(@) + cos{a) = 1
1 + tan®(e) = sec’(a) 1 + cot?(a) = esc? (o)
sin®(a) = (1 — cos(2a))
cos?(a) = (1 + cos(2))
sin’ (@) = L(3sin(er) — sin(3e))
cos?(@) = }(3 cos(er) + cos(3a))
2 sin(a) cos(B) = sin{e + B) + sin{e — )
2 cos(a) cos(B) = cos(e + B) + cos(ar —~ )

2 sine) sin(B) = cos{e — B) — cos(a + B)
tan{ce) + tan(B)

tan(e + B) = 1 — tan(a) tan(B)



C.3 Alist of indefinite integrals

---------------------------------

In the list of integrals that follows, C is simply a constant of integration.
let X = Va? 4+ x?

2
R

dx
— = 2 X
7 Vx+C

1 2
fXd.\':ExX+%lni.r+X|+C

[.erx:%X?‘—}-C

d
f%:m[ﬂxuc
dx

= aye
[&-al5-12) e
/X}‘:x =X+C
fﬁ%:%tan"'(x/a)%—C

dx _ x i
/ @+ " 2a%aE v T3
f;;—% = %lnla2 + 13+ C
x dx _ 1
(@ +x22 wZ(az -+ x2) +
dx 1 _ l 1
/ ST =5 Inj(a + x)/(a —x)+ C = ~tanh x/a)+C
a? — x 2a a
X dx _
@—x5H -

tan‘](.x/a) + C

C

1
—3 Inje® = X* +C
1
/sin(ax) dx = - cos(ax) + C
I
/cos(ax) dx = ~ sin(ax) + C
a

sin?(ax) dx = =
f@m\at) X >

sin2ax)

+ C
4a




Appendix G Useful mathematical tables

. (2
/cosz(ax) dx = al + sin(2ax) +
2 4a
) ) cos{a + b)x  cos(a —~ b)x
4 bxYdx = — -
fsm(ax)cos( x)dx N h) ah as# +p
. . ( sin(a — b)x  sin(a + b)x
: oxydx = -
fsm(avc) sin{bx) dx @b TEETSE a#+b
) sinfa — b)x  sin(g + b)x
S (bx)dx = .
/cos{ax)cos\ X) dx e =) A a # +b
2a;
[sin(ax) cos(fax)dx = —COS( ax) +C
J 4a
o _sin"(ax) _
/sm (ax)cos(ax)dx = -——-———-———(n T +C, n#-—1
1
ftan(ax) dx = - Injcos(ax)l + C
/cot(ax) dx = élnl sin(ax)| + C
. | I X
/x sin(ax} dx = —5 sin{ax) — — cos(ax) + C
a a
1 J
/x cos{ax) dx = = cos{ax) -+ -;—C-sin(ax) +C
1
/tanz(ax) dx = ~tanfax) —x + C
a
y 1
fcot“(ax) dx = —Z cot(fax) ~x+ C
]e‘” dx = 1— e 4+ C
a
1
Qx : — b(ﬁb\‘
/b dx a_ln(b) +C
e**
/xe“" dx = —(ax — 1)+ C
a2
1
/x/teax dx = — x"e® — B/“rn—leax dx
a a
ax
/ ¢ sin(bx) dx = ?ﬂeﬂi [asin(bx) — b cos(bx)] + C
. eax .
fe“' cos(bx) dx = m[a cos(bx) + bsin(bx)] + C
fln(ax) dx = xInfax) —x + C
3 n-1 xn+l
/x"ln(ax)dx:n+lln(ax)—m+C n#—1

f 1 In(ax) dx = lfln(ax)]z +C
x 2

f sinh{ax) dx = alcosh(ax) +C



F o

667 C.4 A partial list of definite integrals

/ cosh{ax)dx = é— sinh{ax)+ C
ftanh(ax) dx = ;1— In[cosh(ax)] + C
fcoth(ax) dx = %in] sinh(ax)| + C
[sech(ax) dx = -:; sin”'[tanh{ax)] + C

1
fcsch(ax) dx = —~In|tanh{ax/2)| + C
a

inh{2a <
fsinhz(ax)dxz sinh2ax) _ X | ¢
4a 2
n inh(2ax) «x
fcosh‘(ax)dx=w+}—+€
4a 2

1
f tanh®*(ax) = x — — tanh(ax) + C
a
/ coth®(ax) dx = x — lcoth(ax) +C
a
1
f sech®(ax) dx = —tanh{ax) + C
a

1 ,
[cschz(ax) dx = ——cothfax) + C
a

C.4 A partial list of definite integrals

---------------------------------

% I
f e dx =~ (a>0)
i} [43

xe ¥ dx = vl'z- (a >0
a

S~
3

8

X dx = —23 (a > 0)
a

8

1
: n!
e ¥ dx = —  (a>0,n>~—1)
an+l

g

. ! 1
x"iem ™ dx = Egvn/a (a>0)

x~ 120" gy = J/nja (@ > 0)

\‘ﬁok*ﬁo\'\g::\sh’c\-’\

> b
e sin(bx)dx = m a>0
= a
A e ™ cos(bx)dx = Py (a > 0)
o 2ab )
/0 xe~ sin(bx) dx = 655"%5'2")5 (a >0



Appendix ¢ Useful mathematical tables

a? - p?

~——-——(az T (a > 0)

o
f xe % cos(bx)dx =
o
2n
f sinfax)dx =0 (a=1273, .. D
027{
f cos(ax)dx =0 (a=1,2,3,.. )
0
2
f sinflax)dx=n  (a=123,..)
0
2
f cosl@x)dx=n (a@a=1,23...)
OJT
f cos(ax)dx =0 (a=12,3,...)
o
r 1
f sin(ax) dx = «a-Il — cos{an)] (a=1,2,3,...
0
f sin*(ax) dx =
0

(a=1,2,3...2)

b4
2
g— (@=123...)

big
f cos*(ax) dx =
0
f ‘ sin(ax)sin(bx) =0 a#b(a and b are integers)
0
f cos(ax)cos(bx) =0 a# b (a and b are integers)
0

g
f sin(ax)cos(bx) =0 a=0b(a and b are integers)
0

=0 az#bbut{a+b)even

2
= “b2 a # bbut (a + b) odd

/2
f sin(ax) dx = -j;[l — cos{ar/2)]
0
n/2 1
f cos(ax) dx = — sin{an/2)
0 a
w2
f sin‘(ax) dx =
0

nf2
f cos*(ax)dx =
0

(@a=1,2,3,..)

INEEE R

(@=1,2,3,...)

12



APPENDIX 2: MAXIMALLY FLAT & EQUAL-RIPPLE FILTER PLOTS AND TABLE

PLR (dB)

Attenuation (dB) versus normalized frequency for Maximally-flat Filter prototypes

N=10 N=8 N=6.

480
TOU

,,,,,,,,,,,, -90 4

/) e

0.1

Normalized frequency (o/w.-1)

LR (dB)

Attenuation (dB) versus normalized frequency for Equal-ripple Filter Prototype:
0.5 dB ripple level

106
o0

Normalized frequency, {w/w.-1)
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Attenuation (dB) versus normalized frequency for Equal-ripple Filter Prototypes
for 3.0 dB Ripple Level

=8 =7 N=6
7

IL (dB)

01 1 10
Normalized frequency (o/o.-1)

0 N &N U s W N — 3

n —th order Butterworth Polynomial
(s+1)
(s> +/25 +1)
(s+1D(s> +s+1)
(s> +0.765s +1)(s> +1.8485 +1)
(s+1)(s> +0.618s +1)(s* +1.618s+1)
(s> +0.518s +1)(s* ++/2s +1)(s” +1.9325 +1)
(s +1)(s> +0.445s +1)(s* +1.247s +1)(s* +1.802s +1)

(s> +0.390s +1)(s> +1.111s +1)(s* +1.6663s + (s> +1.962s +1)
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N g g2 g3 g4 gs 2 g gs 2 gio gu
1 2.0000 | 1.0000

2 1.4142 [ 1.4142 | 1.0000

3 1.0000 | 2.0000 | 1.0000 | 1.0000

4 0.7654 1 1.8478 | 1.8478 |0.7654 | 1.0000

5 0.6180 [ 1.6180 | 2.0000 |1.6180 |0.6180 | 1.0000

6 0.5176 | 1.4142 |1.9318 [1.9318 [ 1.4142  0.5176 | 1.0000

7 0.4450 | 1.2470 | 1.8019 |2.0000 | 1.8019 | 1.2470 | 0.4450 | 1.0000

8 0.3902 | 1.1111 | 1.6629 | 1.9615 | 1.9615 | 1.6629 |1.1111 | 0.3902 | 1.0000

9 0.3473 | 1.0000 | 1.5321 |1.8794 |2.0000 | 1.8794 | 1.5321 | 1.0000 { 0.3473 | 1.0000

10 ]0.3129 {0.9080 | 1.4142 |1.7820 {1.9754 | 1.9754 |1.7820 |1.4142 |0.9080 | 0.3129 | 1.0000

ELEMENT VALUES FOR MAXIMALLY FLAT LOW-PASS FILTER PROTOTYPES (g,=1, ®~1, N=1 to 10)

N g g 23 g4 gs g g7 gs .0 1o gu
1 0.6986 | 1.0000

2 1.4029 |0.7071 | 1.9841

3 1.5963 | 1.0967 | 1.5963 | 1.0000

4 1.6703 | 1.1926 | 2.3661 |0.8419 | 1.9841

5 1.7058 | 1.2296 | 2.5408 | 1.2296 |1.7058 { 1.0000

6 1.7254 [1.2479 12.6064 |1.3137 |2.4758 |0.8696 | 1.9841

7 1.7372 11.2583 | 2.6381 | 1.3444 | 2.6381 |1.2583 |1.7372 | 1.0000

8 1.7451 | 1.2647 |2.6564 {1.3590 |2.6964 |1.3389 |2.5093 | 0.8796 | 1.9841

9 1.7504 | 1.2690 | 2.6678 [1.3673 |2.7239 |1.3673 | 2.6678 | 1.2690 | 1.7504 | 1.0000

10 |1.7543 [1.2721 | 2.6754 [1.3725 |2.7392 |1.3806 | 2.7231 | 1.3485 | 2.5239 | 0.8842 | 1.9841

ELEMENT VALUES FOR EQUAL-RIPPLE LOW-PASS FILTER PROTOTYPES (g.=!, ®.=1, N=1I to 10) - 0.5 dB Ripple

N g g g g4 gs g6 & gs g g0 gu
1 [1.9953]1.0000

2 13.1013 |0.5339 |5.8095

3 [3.3487 [0.7117 [ 3.3487 | 1.0000

4  [3.4389 [0.7483 [ 4.3471 |0.5920 | 5.8095

5 [3.4817[0.7618 [4.5381 {0.7618 | 3.4817 | 1.0000

6 |3.5045[0.7685 | 4.6061 [0.7929 | 4.4641 |0.6033 |5.8095

7 [3.5182 [0.7723 [ 4.6386 | 0.8039 | 4.6386 | 0.7723 |3.5182 | 1.0000

8 |3.5277 |0.7745 | 4.6575 | 0.8089 | 4.6990 | 0.8018 | 4.4990 | 0.6073 |5.8095

9 [3.5340 | 0.7760 | 4.6692 | 0.8118 | 4.7272 [0.8118 |4.6692 | 0.7760 |3.5340 | 1.0000

10 |3.5384 |0.7771 1 4.6768 |0.8136 | 4.7425 | 0.8164 |4.7260 | 0.8051 '4.5142 |0.6091 |5.8095

ELEMENT VALUES FOR EQUAL-RIPPLE LOW-PASS FILTER PROTOTYPES (g,=1, =1, N=1 to 10)- 3.0 dB Ripple



APPENDIX 3: MICROWAVE AMPLIFIER DESIGN FORMULAE

i)

ii)

i)

iv)

The K-A Test for Stability

Al=1811822 = 512821 <1

1—\311\2 -\322\2 +A2\

K| = > 1
2\521512‘
The p Test for Stability:
2
J
H= l 11‘ > 1

\522 ASIl’ ‘512521’

Input and Output Reflection Coefficients

S1,17S 52114512
' |_311 + 21270921 ‘ ut\ __t%_f_<
=Syl —S11dg
r 7y —7Z, r _Zg—ZO
L ZL+Z °Zy+7,

Load (output) and source (input) stability circles with centre C, and radius Ry,:

| = (s ;ASTlg* _ 5122521 :
sl = 1A sl - 1A
NG AS;2)* _|__S12521
S sl - laP sl 1A

Conjugate Matching for Maximum Gain, Gt

16



. —\/Bl2 —4c, _— ‘”\/B% —4iC,f
eM 2C, LM 2C,
By =1+ =Suf —[a” B, =1+(Sy,[" -8y AP
C, =S, —ASh C, =Sy —AS)
G =G,GGy G, =Sy
G, - 1 2 G, = 1= [T’
1- ‘FgM‘ 1=yl

APPENDIX 4: QUARTER-WAVE TRANSFORMER DESIGN FORMULAE

i) The reflection coefficient at the n-th section is:

— Zn+1 — Zn
n
Zn+1 + Zn

ii) Defining 'y, as maximum reflection coefficient that can be tolerated:
1 207,72 ?
— =1 J{—O—L—secem)
1—‘m L (o]

r. (22,2,
cos0,, m
RN [rzL—z 1)

i) The fractional bandwidth is:

Af - 2(F, - f.,) 2f 40 4 T, 242,72y
= e R 2——
f, f, f, n h1-121Z1-2Z, ]

iv) The first four polynomials for the Chebyshev transformer design are:

T,(x) =x; Th(x)= 2x% -1
Ty (x) = 4x° —3x; T,(x)=8x"* —8x% +1

17



APPENDIX 5: WAVEGUIDE PARAMETERS

ﬁg,mn -

Pa

\‘.le

/

fC

Jmn

fr

2 31.3
s ab

EZ

zZm

v 8(n2a2 +m2b2) n

fo = 1 \/(mﬁ
27w~ ue a
E, _ E, _ Jou
Hy H. Ay i
v, = do =y
g.mn dﬁg,mn p
- nzma3b3

LOSSES IN A RECTANGULAR WAVEGUIDE

[

1+
a

2b

A

2]

alO

T o onb

L 1_[]"}10]2 _

BESSEL FUNCTIONS Jou(kea)=0:

BESSEL FUNCTIONS J’ ya(k.a)=0:

n— 0 1 2 3 4
m
1 2.4 383 |514 638 |7.59
2 552|702 [ 842 9.76 |11.06
3 8.65110.17 | 11.62 13.02 | 14.37

n—> |0 1 2 3 4
m
1 3.83 | 1.84|3.05|4.20 |5.32
2 7.02 | 5331671802 |9.28
3 10.17 | 8.54 | 9.97 | 11.35 | 12.68
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