EE351 Fall 2004 3 Nov 2004 HW #8 Solutions

Exercise 13.6b: For the two-element antenna array of Figure 13.10, sketch
the normalized field pattern when the currents are:
Fed90° out of phase(x=1,d=0.251)

f(0)=|cos6|cos %(B dcosf+«)
. T T
unit pattern:\cose , group pattern=cos 7 coso +E
group patternnullsareat :
0==*1/2,+31/2
Unit Pattern Group Pattern Resultant Pattern

90 1 90 2 90 2

270 270 270

Problem 13.23: For the following radiation intensities, find the directive gain
and directivity:

A) U(0,$¢)=sin’0,0<0<m,0<p<2m

T 21

1 1 . 17 . 5
U,=—1| U dQ=— sin“0 snd depdo==| sIn"6 do
ave 4nf 417{{ ¢ 2{
3
1| cos @ 1/4) 2
U, == —CcosO | ==|=|===
ave 2 3 o 2 3) 3 ave
U .2
G¢— Uave—l.Ssn 0
D=G, =15

Page 1 of 7



EE351 Fall 2004 3 Nov 2004 HW #8 Solutions

Problem 13.23 Continued:
B) U(0,p)=4sin’0cos’¢p,0<0<m/2,0<p<T

Uave:if U dQ:i}}%inze cos’p sind d¢de

ave _[COS b d¢f 1-cos e)d(—COSQ)

111 sin2¢ |"| cos’o n17'r42
U, .=—|=¢p+ —C0s0O —l=ll=zl==
ave rr[zd) 4 || 3 o |\l 2 (3) 3
_ U _ . 2 2
G¢—Uave—65|n 0 cos ¢
D=G, =6

C) U(6,$)=10cos’0sin’(p/2),0<0<m,0<Pp<1/2

w ol/2

Uave:ﬁf U dQ—4Trf f 10cos0 szqb

_107 20
Uave_ 417 f

0

d¢f (cos’0)d(—coso)
10

Rt

Y _66.05c0s esmz(g

T

U
2

_10[1
ave 47T

=66.05

sino d¢do

=0.1514
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Problem 13.24: in free space, an antenna rediates a field
0.2cos’0 i

v At
A) The total radiated power

rad .[P dS_—J‘|E |2as

kV/m at far field Determine:

1 [0.04x10° "z"cos .
=5207 | 162 J'f r’sino dod¢
1 [0.04x10° to
5207 | 162 (2n)£cos 0 d(—cos0)
_ 0.04x10° [ cos’0|"_ 0.04x10° (g): 25
167°%120 5 Jo 167*%120\5) 3r?
P,_.=0.8443W

rad

B) The directive gain at 6=60"

G _4nU(e,$) 4mr’P,, ,[0.04x10%cos*0 |[3m°
a P P g 16 *r?(240m) || 25
G,=5co0s"6
o _l 4 o _l_i
cos (60 )—2—>cos (60 )_24_16
5
Gy er=75=0-3125=G, g

Problem 13.26: An array comprises two dipoles that are separated by one
wavelength. If the dipoles fed by currents of the same magnitude and phase:
A) Find the array factor

AF=2cos|= 2

1 (Bdcos@+o<) a:O,Bd:T*Azzn

AF=2cos(mcos0)
B) Calculate the angles where the nulls of the pattern occur

Thenullsoccur when:
+ 3
cos(mcosf)=0—-mcosfd=—=
2, 2,
T 271

0120
0=60 O33
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Problem 13.26 Continued:
C) Determine the angles where the maxima of the pattern occur
The maxima and minima occur when:

%zoasin(ncose)*nsinezo

sin0=0-0=0°,180°=0,

: 3
sin (rcos0)=0—-mcos0=0, NHQZO,%,W,TW
3 N
0=0°,90°, 180°,27o°:o,g,n,7"=g*1,vlez
D) Sketch the group pattern in the plane containing the elements
Unit Pattern Group Pattern Resultant Pattern

90 1 90 2 90 2

270 270 270

Problem 13.27: An array of two elements that are fed by currents that are
180° out of phase with each other. Plot the group pattern if the elements are
separtated by:

A) d=a/4

f(0)=cos|=(BdcosO+«)

1
2

21 A
——CO0SO+T1T
A4

f(0)=cos

1
2

T s
—CO0SO0+—

f(6)=cos 1 5

Nullsexist WhGl‘l%COSG-ﬁ-%:ig—»G:i%
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Problem 13.27 Continued:
Unit Pattern Group Pattern Resultant Pattern
90 1 90 2 90 2

,,,,,,,,,, \30
'IB ........................... 0
2B, T 430
270 570 270
B) d=A/2
f(0)=cos %(ﬁdcos@ﬂx)
1[2mA
f(0)=cos|=|——=cos0+
(©) 2|72 2 "
f(0)=cos %[cos(ﬂl}
Nullsexistwhencos0+1=+1-0=m
Unit Pattern Group Pattern Resultant Pattern

90 1 90 2 90 2
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Problem 13.29: An antenna array consists of N identical Hertzian dipoles
uniformly located along the z-direction. If the spacing between dipole is A/4
sketch the group pattern when:

A)N=2
1 A
f(0)=cos §(Bdcosa+o<)l,o(:(),(j[:Z
f(6)=cos M coso
4
Lintt Pettern Group Pattern Resultant Pattern

90 1 90 1 90 1

AF— sin2(Bdcoso)

sin%(ﬁdcose)

sin40 2sin26cos26
= =4co0s20cos0

’ siné@ sin o

%Bdcosé)

AF=4cos(Bdcos0)cos

21 A
—Tr—cose

f(0)=cos 2 cos

2 A4

T
—CO0so

~ coso
4

f(0)=cos >

COS
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Problem 13.29 Continued:
Unit Pattern Group Pattern Resultant Pattern

90 1 90 1 90 0.5

- : : 60

270 270 270

Problem 13.30: Sketch the resultant group patterns for the four-element
arrays shown in Figure 13.25.

A)
Unit Pattern Group Pattern Resultant Pattern

90 1 90 2 90 2

........ \30 0 \30
18 .......................... 0 18 ............................ 0 18 ......................... 0
210, - v 30 210 ST 530 210, P 30
270 270 270
N=2 d = lambda *1 alpha = 0 degrees
B)
Unit Pattern Group Pattern Resultant Pattern

90 1 90 2 90 2

270 270 270

N=2 d = lambda * 0.25 alpha = 90 degrees
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