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Sheet (3)-solution

1. The maximum radiation intensity of a 90% efficiency antenna is 200
mW/ unit solid angle. Find the directivity and gain (dimensionless and
in dB) when the
(a) Input power is 125.66 mW
(b) Radiated power is 125.66 mW

(@) D, = A4m u“,‘j‘_-" - Am(200x|03) = 2222 =13.27dB
frh 0.9 (12566x103)

Go = €x-D, = 0.9 (22.22)=2p =13.0|dB

(b) D= AT Umase ~ 4n(200 XI62)
iy (125. €6 x103)

=20 =13.0|4dB

Go= €D, =0.9-(0)=18=2.554p

2. A lossless resonant half-wavelength dipole antenna, with input
impedance of 73 ohms, is connected to a transmission line whose
characteristic impedance is 50 ohms. Assuming that the pattern of the
antenna is given approximately by U=B,sin’0. Find the maximum gain
and maximum absolute gain of this antenna.

U|m:uu = Umax = Bu

2T T T 371_2
Pmi:f f U{g,(p;sinedwfp:zns‘,f sin*edﬁv:BH( . )
0 0 0 y

Unnas = E = 1.697
.Pmd 337

Dﬂ = 47

Since the antenna was stated to be lossless, then the radiation efficiency e.; = 1.

Gu = IE’“;D{] = 1[169?} = 1.697
) = (0.965

73 —50
73 + 50

ee=1-'P) = (1 —l

G!hb.\' = E;}Du = D%Sflﬁg'?} = 1.6376
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3. A uniform plane wave, of is traveling in the positive z-direction. Find
the polarization (linear, circular, or elliptical), sense of rotation (CW or
CCW), when
(a) Ex =Ey, Ap=¢py—¢x =0 (b) Ex #Ey, Ap=py—¢x =0
(c) Ex =Ey, Ap=py—¢x =n/2 (d) Ex =Ey, Ap=py—px =—m/2
(e) Ex =Ey, Ap=py—opx =n/4 (f) Ex =Ey, Ap=py—px =—n/4
(g) Ex =0.5Ey, Ap=9y—¢@x =n/2 (h) Ex =0.5Ey, Ap=@y—@x =—n/2

(2} Linear because A2 =0.

¢ Linear beause AZ=0.

) Circular because 1. Ex=Ey

2. Ag= ) CCW
cd) Circulay because 1. Ex = E:,,

2. Aﬁ: - rr;‘_':a CW

©) Ellipticl because 4% is not multiples of Wa. CCW

(£) Elliptical  because 4g is vt mutiples of T2 Cw

9. Eliptiod because 1. Ex # E,

R AZ (s ot zerp or multiples of .

e

CCw
(h) Elpticd beaause 1. Ex %Ey
2. AZ (s not zZero er muttiples of .

Cw

4. A wave traveling normally outward from the page (toward the reader) is

the resultant of two elliptically polarized waves, one with components of
E given by:

‘ﬁ" — 3 cos wi

, 4
€, = Tcos (mr + E)

And the other with components given by:
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€, = 2coswt

. b4

€’ = 3cos (wr — —)
' 2

(a) What is the axial ratio of the resultant wave?
(b) Does the resultant vector E rotate clockwise or counterclockwise?

(o) By= S E; = 3Cswt + 2 swk = & coswt
Ex= EX+E! = 7@sS(@t+3)+3coswt~-L)

= ~ISinwt +3Sinwt = -4 &nwt

A :-E—}'-:lngﬁ
R % 5

(b) At wt=o, E = 5dy
A+ wt=T2 FE=-4dx 2 Rotation in CCW

5. Design an antenna with omnidirectional amplitude pattern with a half-
power beam width of 90°, Express its radiation intensity by U=Sin"0.
Determine the value of n and attempt to identify elements that exhibit
such a pattern. Determine the directivity of the antenna.

Solution: Since the half-power beamwidth is 90°, the angle at which the half-power point
occurs is # = 45°. Thus

U@ = 45%) = 0.5 = sin" (45°) = (0.707)"

or

n=?2
Ulmx=1
W § T 3
Prad=f f sin® @ Sil‘lﬂdﬂdq&:—ﬂ
i 0 3
4 3
Dy = —— == = 1761 dB
°T 823 2

6. The normalized far-zone field pattern of an antenna is given by
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b (sinfcos’¢)'/? 0<B<mand0<¢ <n/2,3m/2<¢ <27
o elsewhere

Find the directivity using
(a) The exact expression
(b) Kraus’ approximate formula

L= éz- |E|*= L Sing cosly =2 Umar= j‘;f

(OJszzl TE,"Z n_'_.‘-\ 3 _L]T m _-rTr_:'
vl L L 2y Sin 8 sl dedy = 3 F)3)* &n
D= 4llmac - 4r(3y) _ 16 -5.09=T.07dB

Prad 2 BETPW

8
(b). Umax = ;’,E arf;:"f;é B=0

In the elevation quhe 'H'Jr‘oujh Ahe moximum F=0 and U:{%?Siﬂﬂ_

The 3-dB Pofwt occurs when 5

U= 6.5 Umax = 0.5(1,‘“;:1{?'5;;164:} G =sSin (0.5) =30°

Therefore @ = 2(70~-30) = [20°

Inthe azimuth plane through the maximum 6= T2 and u:‘%(bsj@”_

The 3-d point occurs (hen = 0.5 Umay = 0.5 {i—‘,{)zlim*e; >
@, = Co5'(0.707) 345" @), =2¢Fe~45°) = Jo!

ﬂer@forf u-siwj Krays ;ﬁ::rmul& - %—%% =3082=5.824dR8

REPORT
1. The normalized radiation intensity of an antenna is represented by

U(@) = cos’(B)cos’(38), (0<8 <90°, 0°<¢ < 360°)

Find the exact and approximate directivity.
2. The radiation intensity is represented by

1 — Upsin(msinf), 0<f# <a/2and 0 <¢ <27
—]o elsewhere

Find 0yp and draw the radiation pattern.

Good Luck.
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