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BASE RADIATION RESISTANCE R, OHMS

FIG. 24-3 Theoretical radiation resistance of vertical antenna for assumed lin-
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TABLE 2.2 RCS of Some Typical Targets

Typical RCSs [22]

Object RCS (m?) RCS (dBsm)
Pickup truck 200 23
Automobile 100 20
Jumbo jet airliner 100 20
Large bomber or 40 16
commercial jet
Cabin cruiser boat 10 10
Large fighter aircraft 6 7.78
Small fighter aircraft or 2 3
four-passenger jet
Adult male 1 0
Conventional winged 0.5 -3
missile
Bird 0.01 —20
Insect 0.00001 —50
Advanced tactical fighter 0.000001 —60
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FIGURE 5-11 Horizontal dipole mounted over a vertical 13 diameter pole at 0.254, 0.42,
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{a) (b) T3]
FIG. 24-7 Three types of insulators suitable for use in low-frequency antennas. (a) Strain
type. (b) Fail-safe type. (c) Fiberglass-core type.
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TABLE 5-5 Characteristics of a 90° Corner
Reflector with Infinite Sides and 0.42) Dipole
Vertex Directivity Beamwidth Input Impedang
Distance (1) (dB) (deg) (£2)
0.30 12.0 44.7 29.1 = jl1.1
0.32 12.0 44.6 349+ 04
0.34 11.9 445 409+ 1.1
0.36 11.9 443 47.0+ jO.8
0.37 11.9 442 500+ 0.3
0.38 11.8 4.1 53.0— 0.5
0.40 1.8 439 588~ 2.8
042 1.7 43.6 64.1 — j6.0
0.44 1.7 433 68.8 — j10.0
0.46 1.6 429 727 = j149
0.48 1.5 424 75.7 = j20.3
0.50 1.4 41.8 77.7 = j26.2
0.52 1.4 41.1 78.6 — j32.2
0.54 1.3 40.2 8.4 — j384
0.56 11.2 39.2 77.0 — j44.3
0.58 1.1 38.1 74.6 — j49.8
0.60 10.9 36.8 71.3 — j54.8 FIGURE 5-21 Pattern of a comer reflector made from 0.64-long rods spaced 1/64 with dipole

0375 from vertex.
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AF = 2[2 l. cos((2I +1)W)]
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AF =[2cos(y / 2)]x[2cos(y / 2)] = [2cos(y | 2)?

FY-F S
iy 90 Gl Ay o o Wolae v 5l ¢ S ases VYL il Aty g0 4 ) VYL il atd ) el 5 eege S
oSl g5y o ol il 4 nl US 9ip o po clagin 0y Caols Sl en 5b e - el 2008(p/2) e
S 9 oy plpls . el 2008( 12) o SU 9o and, g ¢ cnl [200S( [ 2)]F a5 VY, ans, S ool
Ll

AF =[2cos(y /2))* x[2cos(y / 2)] =[2cos(y / 2)]°

SN Jlaagul oyl ais ) 655 (6 dolee a5 8,5 amml (ylgine « 090 1S5« rion 61 slows sl 15 cpl ST .cl
1392 Wl 55 &g

AF =[2cos(y / 2)|" Y

aalys o8 ool B 53 Jloesnl Gl &) Gy e 3 08 ) CS ISy Sl (T as) (ages 5in 097
Jeo e (s b walss 2Lk o) s Dl GegenS (soie 57 098 ok b il Sl azje Lasog,
ol iy SIS 4l 4 S ol gl 25
& S 53b5 o) (550 5 08 (28 Gl GBI ¢ Jlagil (T 4 Crogas o5 W el 5 Jle b
] CB 1SS ] Al
25 SldSe sl N =1yl ar b 90 il g ¢ (gagee 95y haid . ol (L by lo (comm i i,
[Y\]P*-‘S“’ sanlin | Jlogil VO 5 ST ol il 555 omsy b,
=2 s @hls el olasi e b gin il A< 9412 51 a8 Lo (T alols 510 050 00y 45 b lan
S col iz o WA+ i an YU adle o 4, ol wog) Loye adl el Jlosisls oyl 4, Supe oyaly S92 aplysc
S8 chas o) o e b T slaw ceslie GBI b s g ool i o leiSy T and, oyl (oe 5l onlnly
45 200 palys o ol ath) S0 slo S o5 sl lam b 9929 (058 gf AT g Ol ralS ol ojlail 4 |,

29-4



IN =15 Binowaal
MN=2 Unifonm IN=4 Binonma

/1] J

9 A A
9 Fr-F Jss

b aalys 585 T ogd (ore g 3SaS ol o8 gl Wil i K il 4 x5l Sl ol Gip 4 s
adoles o 2B lead olas 5 0g) 2y (S

Gl 5 O ygar ] ALy o po ¢ 2idl @8lg XOY amio j08 glad b gl o pls Lo (g9, (5! abais BIN S

N-1
AF =" | e gl
0
Ol g as

R = r—a[cos(p, ) x+sin(p, ) y]-[sin(8) cos( ) x+sin(@)sin(p ) y]
=r—asin(d)cos(p —¢,)

Loplp 5ol oo aml jo

N-1
AF = Z |neJ[ﬂasm(H)COS(wﬂpi)wn]
0

i

|
~f '
|
Re |
. |
d, |
|
|
T 'ol’rr|
~ - =V
~ |
, B |
ap |
N1 % S
g ——= -
,..//\ J
@-
X

30-4



Sz 5o ad, cpl (dol Gyl b aels jiSTas a5 lgse STl oL oz ,0 il il cpl ofg 90,5 04 dalgs
S 0Bl yho gz ol e () IS 5 S lade Wb casl 6,9

a, =—pasin(0) cos(p — ,)
Al
¢ sl Lo oaitw o aS col SUF g SBY gypl sla oyl ans; « ggple 5l 4, Lol oY 5l (S
5 b Glaie o alls ) cpl jo aiiSiw colaiul sl IS Bl ja jo alide sl Sl slaas e g 4 ols IS (gl
.[T\]o)ﬂc«woc\g|)y5ﬂaa53ﬁ‘g}§o&é)m6udﬂ}l.ésmb
weage ol |y b Caz sl @onl le (T as, Sy JSS

Figure. 1.5. The experimental 300 m diameter Wullenweber antenna at the Univer-

sity of lllinois. (Courtesy P. J. D. Gething, “High-Frequency Direction Finding,” Pro-
ceedings of IEE, January 1966, p. 54.)
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FIG. 7-36 Monolithic 5-GHz phased array. (Courtesy of Frank

Cipoita, Ball Aerospace Systems Division. )
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Figure 1-4 Karl Guthe Jansky and his rotating Bruce curtain antenna with which he discovered
radio emission from our galaxy. (Courtesy Bell Telephone Laboratories; Jansky inset courtesy Mary

Jansky Striffler.)
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Figure 2.27 Companison of computed values of the dipole input reactance with the results of the
King-Middleton theory.
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merce/National Bureau of Standards, December 1976).

b-A IS

olas ol jeusls,) 585 (18 e Lolul 1 (s paie VO 8T SO sl e sl gl Cod g apS pls g IS o

Decibels (dB)

40 T T T T T T T
L ,-\ al
351+ / \\ Directivity (Dg) .
- // \ = == = Front-to-back ratio al
30+ P el -
- ~ ~ -
Al el
25 i \\ m
[ | al
20 "“*-..._h -
. \"‘*.‘ all
15 =~
i \_
5 - —
0 | 1 ] L
0.1 0.2 0.3 0.4 0.5

Reflector spacing (A)

oA U

Ll 00l 00l

Ade ol b yeaS plo alold ol o Sl oy polie ol 58 0y S



Decibels (dB)

40

\ -
] .
B Directivity (Dg) ‘l
5[ === Front-to-back ratio \ B
0 1 L L L L 1 \
0.1 0.2 04 0.5

Directors spacing (L)
VoA s

P Sbosl il lasie jlpan ) Jozr ol onds Sk ea yaie Sl G S0z b S sl o]
LIYY] el ooty ools cpais 90 3% Lo paie

TABLE 10-10  Normalized Frequency Response of a Four-Element Yagi-Uda Dipole

Antenna with a Crisscross Feeder Between Two Elements (Figure 10-11)

Gain,

Normalized 50-22 Source F/B Input Impedance VSWR,

Frequency (dB) (dB) (€2) 50-22 Source
0.90 7.0 12.1 30.1 4+ j14.0 1.82
0.92 7.1 17.5 426+ 4.0 1.20
0.94 7.0 21.9 40— 30 1.15
0.96 6.9 259 439 — 58 1.20
0.98 7.0 31.3 444 - 73 1.22
1.00 7.0 53.0 452 — j94 1.25
1.02 7.1 30.7 448 - j13.5 1.35
1.04 7.2 236 40.0 — jI18.8 1.60
1.06 7.0 19.0 29.0 — j20.5 212
1.08 6.5 15.3 16.5 - j14.2 3.29
1.10 5.0 11.9 80— 23 6.30

AN S
O3l 0 L 0T lgie oS slou!l 518 sl as,0 A+ a5 icwlio 4385 9 o2 p g0 Sb oyl g0 5l eolawll

— 0% e ]
—= O0.1x
10082

0.43320 X

0.5444)
0.4998)
0.4199)

IR FY

Feed

0.006) Diameter element

Beam direction

FIGURE 10-11  Multiple-feed Yagi-Uda dipole antenna

FIG. 28-10 Circularly polarized Yagi-Uda dipcle array.
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FIGURE 10-13 Cubic-quad traveling-wave resonant loop antenna.
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TABLE 10-13 Normalized Frequency Response of a
Cubic-Quad Antenna Resonant at a Spacing of 0,151

Normalized Gain EB [ml]::l;]::]:l.:lce TABLE 10-12  Characteristics of Resonant Cubic-Quad Antennas, 0.0002%-Diameter
Frequency (dB) (dB) () Wire
0.96 73 2.9 38.5— j1409 Element Feed Reflector Gain F/B Input
0.98 T8 11.0 72.9— 554 Spacing (1) Perimeter (&) Perimeter (1) (dB) {dB} Resistance
0.99 7.3 17.9 1005 — j22.4
1.00 71 32.8 128.0 0.10 1.000 1.059 T2 17.5 76
1.01 6.8 19.9 1507+ j13.3 0.15 1.010 1.073 7.1 328 128
1.02 6.8 14.8 167.04 242 0.16 1.013 1.075 7.1 46.1 137
1.03 6.2 12.1 178.04 j35.1 0.163 1.014 1.0757 7.1 59.6 140
1.04 6.0 10.4 18544 ;473 0.17 1.016 1.077 7.1 381 145
1.06 5.7 8.2 195.0+4 77 018 1.018 1.079 7.0 310 153
1.08 55 6.8 202.04+ 41134 0.20 1.025 1.082 6.9 246 166
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FIGURE 10-18 Single tum of helical wire antenna with a circumference of 094 and & = 13°.
The relative propagation constant P = 1.416 on wire.
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90 36 49 55 60 65 70
85 37 50 58 64 68 74
80 38 53 63 70 74 81
75 41 56 70 78 83 90
70 44 60 79 88 95 103
65 47 65 89 100 108 119
60 52 71 102 114 127 139
55 57 79 115 132
50 63 89
45 69 106
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FIGURE 11-12  Calculated pattern of a two-arm conical spiral with a 307 total cone angle,
a = 80°% 11 tums.
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Figure 12.8 Three-dimensional field pattern of a constant field rectangular aperture mounted
on an infinite ground plane (@ = 34, b = 24).
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Figure 8-8 Principal plane patterns for a uniform amplitude. uniform
phase rectangular aperture (L, = 204, L, = 10.). The complete pattern
is shown in Fig. 8-7. (&) The xz-plane pattern; u =sin 6. (&) The
yz-plane pattern; v = sin 8.
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) Figure 11.11  Three-dimensional freld pattern of a constant field rectangular aperture
Figure 11.6  Thres-dimersionzl lield pemieon of a consiant field rectangular aperture {@=3h, b=2h)

mounted on an infinite ground plane (#=34, b=24)
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Figure 11.12 Three-dimensional field patiern of a TE ,;-mode rectangular waveguide
mounted on an infinite ground plane (a=34, b=2\).
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Figure 12,13 E-plane beamwidths and first side lobe relative maximum magnitude for
TEp-mode rectangular waveguide mounted on an infinite ground plane.

Figure 12.14  H-plane beamwidths and first side lobe relative maximum magnitude for
TEjp-mode rectangular waveguide mounted on an infinite ground plane.
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TABLE 12.1 Equivalents, Fields, Beamwidths, Side Lobe Levels, and Directivities of Rectangular Apertures

Uniform Distribution Aperture Uniform Distribution Aperture TE3-Mode Distribution Aperture
on Ground Plane in Free-Space on Ground Plane
o —af2=x' =af2 E, =4,.E —af2<x' ' <af2 T —af2<=x" =a/2
Aperture distribution of Lo =4,E , H — _i Ey E, =4a,Ejcos (—.a") )
tangential components —b/2 =y =b/2 a =~ ) =b/2 =y =b/2 a —b/2 =y =bf2
(analytical)
Aperture distribution of H A
tangential components b
(graphical) /T
V-
X
“2ixE, |-a/2=x <a/2 M,=-iixE,| —a/2<x"=a/2 “2ixE, |-a/2=x"=a/2
- M, = —bj2 <y < b2 B e M, = b2 <=y <b/2
Equivalent 0 elsewhere Jo =i xH, bj2=y =b/2 0 elsewhere
J= 0 everywhere M, ~J, ~0 elsewhere J= 0 everywhere
Far-zone fields E,=H =10 E, =H = E, =H =0
ka | ) L. sinX sinY _C . . sinX sin¥ o cos X sin ¥
X = 5 sin # cos ¢ Ey = Csing X Y Ey = 3 singd(1 + cosd) ¥ Ey = —5( sm¢oﬁ Y
(X) = (?)
kb sin X sin Y C sin X sinY 3 ‘cos X sin ¥
Y = Tj sin @ sin ¢ Ey = Ccosdcos ;b"“x_ I\”Y Ey = 5 cos@(l + cos f-’]% \”y E; = —%C cos cost,ﬁ% ““y
(X2 — (E)
_abk Ege %" Hy = —Eg/n Hy = —Eg/n Hy = —Eqg/n
T 2w Hy = Eo/n Hy = Eofn Hy = Eo/n
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, 146 nas Iy
First null b>A b/A b/N b/A
beamwidth T
-plane
(derees) g \ 1146 114.6 1719
a= —
a/A a/N a/A
First side E-plane —13.26 —13.26 —13.26
lobe max.
(1o main
max.) H-plane —13.26 —13.26 _23A
(dB) a® A az A a»
Directivity Dy 4 ( ab ) 4m _ ( ab ) sLis [ ( ab )] = ab
L = — — (area)=dx| — 4a 0814w
(dimensionless) N (@area) o\ 2 % {rea)=Ae \2 g A2 \
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Figure 8-20 Pamern of a 104 diameter uniform circular aperure. It
Figure 8-19 Radiation pattern of a uniform amplitude, uniform phase, 10-wave- equals the pattern in any plane passing threugh the center of Fig. 8-19.
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TABLE 12.2 Equivalents, Fields, Beamwidths, Side Lobe Levels, and Directivities of Circular Apertures

Uniform Distribution Aperture
on Ground Plane

TE11-Mode Distribution Aperture
on Ground Plane

/
E,=4,E, +44E, r=a
Aperture distribution of E,=4%E) p <a E, = EoJi(x},0'/a)sing’/p' Xip = 1841
mngem.ial componenis Ey = EoJy' (x],p0' [a) cos ¢’ ! i
(analytical) dp’
Aperture distribution of : i
tangential components . - —
(graphical} y
-y .y
¥ o xr
-2ixE, p' =a -2MxE, p'=a
N M, = M, =
Equivalent 0 elsewhere 0 elsewhere
Jo= 0 everywhere k= 0 everywhere
Far-zone fields E, =H =0 E,=H, =0
J(Z) J (£
Z = kasiné Ey = jCsing IZ ) Ep = Cpsing 1)
ka?Eoe /¥ J(Z) N(Z)
Ci=j— Ey = jC)cosbcosg Ey=Cycos0c08 p— =
i ! z ’ =@/,
ckaEoJi(x1)e '™
=j—— Hy = —Ey/y Hy = —E4/y
X, = 1.841 Hy = Eg/n Hy = Es/n
NW(Z)=0(Z) - (2)]|Z
ol 0 alie 5T 93 55 5 JSB 53
Relative
magnitude Relative

nwgnitude
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H-plane (x-2.¢ = 07) E=plane (y=2. ¢ = 90°) H=plane (x-2. ¢ = 07} E-plane (y-2, ¢ = 90°)

Figure 12.17 Three-dimensional field pattern of a constant field circular aperture mounted on Fig_ur.e _12-]8 Th]'L"f-fii"WUSi“"*_i] field pattern of a TE,;-mode circular waveguide mounted on
an infinite ground plane (a = 1.54). an infinite ground plane (g = 1.54).
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First null a® A a/\ a/\
beamwidth
degrees
e H-plane 69.9 98.0
a®» A a/\ a/\
First side
lobe max. E-plane -176 -17.6
(to main max.)
(dB) H-plane —17.6 —26.2
Directivity D, 4w 7, ( 2aa )2 ( 2aa )2 a\?
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Table B-1 Characteristics of Tapered Circular Aperture Distributions
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A-10 BEAM WIDTH AND SIDELOBE LEVEL FOR
RECTANGULAR AND CIRCULAR APERTURE

DISTRIBUTIONST

Aperture field distribution

Rectangular ur linear aperiures

Eix)

Half-power Level of first
beam width sidelobe, dB

Tapered to 4 at edge (~10 dB Q 59° 16
down) E(x) = 1 — 2x%/3 7,

=1 0 x+1
Tapered Lo zero at edge Q 66° 91
Eix) = 1 = x* = cos (nx/2) ¥ T

L
Tapered to zero a1 edge C 2 83 .
Elx) = cos? {mx/2) T, -
Circular apertures E(r)
Unif L 18

milorm v -
D

f—D,—~
Tapered to £ at edge (~10 dB Q 66 on
down) Efr) = 1 — 2r%/3 D =

1 o r 1
Tapered to zero at edge 73 E
Eirj=1-r LR & .=
Tapered 10 zero at edge & .
Eir) = (1 — 22 A = =3
tL,=L/i D,=D/i It is assumed that L, » | and D, » 1. For 2 unilorm rectangular or linear

aperture HPBW = 51°/L; with first sidelobe — 13 dB. Sez also Tables 12-3 and 13-1.
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—jpr 27 b
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Figure 13-29 Stacked septum horns with E-plane metal-plate lenses for feeding 110-m Ohio State
University radio telescope. The aperture height (=4h in Fig. 13-28) 1s 3 m. (See also Fig. 12-53.)
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Figure 7.5 Simulated current distributions of the CPW-fed disc monopole with r = 12.5 mm, W =

47mmand i = 0.3 mm
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Table 7.1 Optimal design parameters of the CPW-fed disc monopole and relationship between the
diameter and the first resonance

Diameter First resonance Wavelength Optimal W Optimal &
2r {mm) 1{GHz) Aoat f (mm) 2rfA {mm) W/2r (mm)
50 1.52 1074 0.25 90 1.80 0.5

30 2.57 116.7 0.26 56 1.87 0.3

25 3.01 00.7 0.25 47 1.88 0.3

15 5.00 58.9 0.25 28 1.87 0.1
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Table 7.2 Optimal design parameters of microstrip-fed disc monopole and relationship between the
diameter and the first resonance

Diameter First resonance Wavelength

2r (mm) J(GHz) A at [ (mm) 2rfh W (mm) W/2r it (mm)
20 3.51 85.5 0.23 42 2.1 0.3
25 2.96 101.4 0.25 50 2 0.3
30 2.56 117.2 0.26 57 1.9 0.3
40 1.95 153.8 0.26 75 1.9 0.4
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Table 8.1 Category of ITWE antennas.

Directional Oomnl-directional
i
é Vivaldi Antenna
= Taperad Blot Antenna Planar Dipols
= Log-periodic Antenna Blot Antenna
E Planar Log-3piral Antenna Printed Antenna on PCB
g Conical Bpiral Antenna
P
5 TEM Horn Antenna Loaded Cylindrical Dipols
2 Ridge Horn Antenna Bi-conical Antenna
_g E.eflector Antenna Dizg-cone Antenmna
i Roll Antenma
ar)
=
=

il oads ooly HLIS(YY-VY ) USS o o ‘_',';ﬂ ol Elgl 5l By

RF Feod

Figure 31 Tapered zlot artenna in it basie form Figure 82 TEM horn antenna Fipure 83 Disc-cone antenna
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YL sl LS 3 j0 28T 18 gom daxgi 050 VAAY ol by eaisS wais opl 5l aieidois

©S eaS o slo yslasl 0 oS Dads o e g 0l ol 558 la oyl cdl ¢ g tankis § 299,50k

VY USS
5 leil 51 e my Jade j0 aiSe Jes cwnbline | g0 aile (b, sl 5,8 0 LDRA
w‘od.oil.&:ui uL?JJ)L&SS_)LMW

amage Gl [ s T 5l S 5 S Wstis aibles ogite sl slo S 4y (DRA) S, S

Company Material Dielectric
Constant
Countis Laboratories C'D-Series (solid state 6.3 -140.0
solutions of magnesium,
calcium, silicon, and titanium
oxides)
Emerson & Cuming Fccostock 3-30
(Materials not specified)
Hiltek Microwave Lid. Magnesium Manganese 9.2 (+/-0.406)
Aluminum Iron Ferrite
Magnesium Titanate 16.0(£0.8)
Lithium Ferrite 200(x 1)
Zirconium Tin Titanate 37.0( 1)
Titania Ceramic 80100
Morgan Electro Zr. Sn titanate 37
Ceramics Mg. Ca titanate 20
Ba, Nd titanate 88
Ba, Zn titanate 30
Steatile [
Murata U series 36.6-38.9(£0.5)
(Materials not specified) | M series 37.7-392( 1)
V series 335-351(x0.5)
R series 29.7-31.5(+0.8)
B scrics 279+05
E series 24.2-249(£04)
F series 23.8-242(x0.5)
Dielectric substrate 38-92(x1)
Pacific Ceramics, Inc. PD-Serics 6.5-270
(Materials not specified)
Temex Components & (Zr.Sn, Ti) Oy 373-377
Temex Telecom Ba. Zn, Ta,. O 29.5-32
Ba, Sm, Ti 78£05
Trans-Tech Zirconium titanate based 447 46.2
Ba, Zn, Ta-oxide 29.0-30.7
Barium titanate 350-365
Ba, 7n, Ta-oxide (perovskite) 295 310

Table 1.1 Some DR suppliers, along with the materials and dielectric constants of

their DRs
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F=cin -1, — 0.5k, (I, + 1, — I — I, )+1.16k, sin6 J, (k,asin 6)D, — 0.581k>a
N, (kyasin @)+ J, (k,asin 6)|D, }
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i =X_1'1 1.841
Foa a
1 :Lajl(k p)] LP'sin)dp'
2= [ 1k, oV (kopisin6)dp
L=l
0

1= [ 1k, PV, (k. p'sin)p'dp’
Iy = [ 1k, oV, (ke p'sin®)p' dp'
joajz(k PV, (k, p'sin@)p'dp'-
Sgis Ola H = JoF a5l 10 500 lose.c!

Do lid |y ool awloxe g 0ol (6,5 ojlasl il GlewslS 3 15 Joue

(%
(k, o).
ke, oV, (k p'sin8)p'dp
(k
(
(

Sampleno. [ @ (cm) | d(cm) ald Calculated 7, ,GHz Measured /. ,GHz
1 0.3 1.0 0.3 10.13 ~10.1
2 0.3 0.6 0.5 10.67 ~10.5
3 0.5 03 1.67 10.24 ~10.5
4 0.3 2.0 0.15 9.90 ~9.9

Table 1.3 Comparison between calculated and measured resonant frequencies.
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Figure 5.1 Rectangular and cylindrical DRAs mounted on a ground plane
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Ground Plane

Figure 5.11 Impedance matching using a flat metal strip for a probe-fed DR.
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The CP cylindrical DRA excited by the perturbed annular slot with a
backing cavity. {a) Perspective view. (b) Perturbed annular slot with
opposing stubs. (From [92], reprinted with permission from IEE)
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E-plane Field Pattern H-plane Field Pattern

3-dB Front-to- 3dB Front-to-

Beamwidth, back Ratio, Beamwidth, back ratio,
degree dB degree dB
Single-element DRA 148 1l 75 14
2x2 DRA subarray 49 11 54 22
4x4 DRA array 26.7 22 24 22

Table 1.5

Summary of the radiation pattern characteristics.

Fig. 1.36 displays the overall comparison of the antenna gains for the single
element, 2 x 2 subarray, and 4 x 4 array. The gain of the 4 x 4 array at its resonant
frequency (4.56 GHz) is about 16 dBi, which is 5.2 dBi and 11.2 dBi higher than
those of the 2 x 2 subarray and single element, respectively. Note that the gains are
near their maximum values around the resonances, which is to be expected.

FYoNY S



YSoAY

Cain, dH

Fig. 1.36

20
° /_\/\
10 P ik =-—
P ~
- \"-..
5 - - e
- PR - PR L
T L = -
o _ .
_ﬁ- St
) 4 4.2 4.4 4.6 4.8 5

Frequency, GHz

Measured antenna gains. single element,

____________ 2«2 subarray, — 44 subarray.

FEY S



[Y0] (Fresnel zone antennas) b 2ly Q.‘;.;T -\¥

dsado —V-VY¥

a5 it Jloysils sl g (50w 5 ez Ll b mhas )l Ygono bo (s g bo 52505,
R KoL PR VEp PE SV L PR VE UL SIS R L N

O3 5 S 3L rmsls Sole slo (il s ol ale g5 a5 wen b (il @l pgo 65,5 5o
Sy g o S8 Bl ol S5 ble 6l cnl jo i gdan pled (5] gl adgs )0 g 039 eauiS 4335
Dguis Ol

Lo il onl jodigdone Olas qwae 5,550, sl (1 g2 o b8 4l sl (il (Koo 55 50
Gl iS5 ) Sy Mo, 395 Lot citlizes clo & yguas wlgins 45 el (55T pebaos o 5B i ¢ IS ol
oy Sy 59y Slyis (Jif Al Cedl pwie Sy g oad el pli by s (55, Wlsnee (B8 4l
Dgd b gy S d s, S by Pl

5299550 lemdlS 3 jo.lusl Cg5 (25 5 ol cealy JWl g U5« o9 o)) 5T ol bl
el G ply Sole (5l ) b anglie LB

St @y azio Sy oS ol ) S8 Gululad sl we0is8 ()8 )0 o5l e nl ool
Lol 5l oo, Zlgal Flosius £7/2 58 WS L ool piaid slo JUSw 4 dgioes o
Sgdiae Sl o3 (o 5 ped SGeaS a1 S 4z 50 VAL L g st Bd>

(1Y + 290) 05 0yt 15 e s (658 Ay S0 Glgim (G0 b (5] g98 ol o Solw 2525 L
VAPA jou0s i anlis J B ez sl il L cnlpln g cdls 555 e,8 slaS 115 4
oS 3 0 GlahbYAAY 06, S - b -VVdB o8 5,50 Sl 35,68 VY .l 38 ,0.Maddaus «
3 asoss 195,Sule el il (gl dhand peile b 5T ol VAAY Bisbioeas, 1Y 0,40 45 35,0155 ¥
b by ol enl g9, Jlo o

i Lo ails T sl g5 10 48 el o0y oSt (5,0l ol adl> 5l adsl sl ]
32 Bl e i o e 5y GlaS s S5 8 il sy g il o5 5T ol 052 435 izt
Lo ez o0:0,5 oo (258 o > @0 ] il jo plgtee 000 (81 slpaigllae )l (il Cons
o o] opahonds Sgats |y mdg Blgime cglite oo 4 o calizee slagiyy Sl goaxio glo a¥ 5,8

2,8 Jelos cplae Jio (00 sledis, L lses |



ol J5 5 g aivo Y-\ ¥
S8 e by L ol s a5 Sl (g9l g5 (cwie b g (ol ¢ Tl lgil 65 Jgene

oo Jip >l -1V

Algine a8 el (Gloo ;0 SO jaka)o i b g Blad gail> 2le | i 8 2l damie S
Sl sl ol as s gl Mie.asS Jas ((oolSasl ), 9508, L g (5 908 C) omie &g
CAl> 50 g a5 i g5 0 Blad o Caod 3100,5,35 Zlgal (5900 Sl 0009 e JIG S,S
S5l eolainl b ¢ oSl cdl> jo.aivgins poz 55 10 sola sl Cond jlaunl WSais zlgel ¢ cwlSa]
g e « Sl 2lgi Slasle po ) Blad 2le S lgie (Blad Olbos cuiy 14 alold b ain
i S 1) )15 9 00,5 S

03,5 youe b 9 ) oSl > o anSaie slpslone a5 wigds b (gy9b (g STl 6l ol jo
el job 4 b o il adls lawg 4 Canst /2 B iSTos L (656 lylo ((awae cl> o
ybas ( Jlgo >lei ad U glS alold ol 5 pl 6l o (V- Y S Wgios oz o2 b (95 alads jo
S b 412

R,=f+ni/2  ()-\F)

Fig. 2.1 Hlustration of a circular zoneplate.

VVF S



e a0 VAL 5B WSl g 472 of, B! .cel pIn axl ad U eilS dlolBR, 5 S5 alold f oS
Cewl plyp aml ool nglads a5 0lo Las g Sole adisd 5B oo SlulSal a5 sgicwe cely ulSal
L

nA 4f
=— [1-— Y-\f
Pn > " ( )

L el ).3‘).3 a=l u.ouo‘ Nodd odnlg wbcb.u !

nzA?

A, = (p? - pt,) = ma(f +§)+ (¥-1F)

Jgl & le o biod .l attsly axb 1 sae b as gl amb y0 mdaw 45 soase yLas YU bl

. _ ) . . R nA
J}L:).g‘).g\’ J.‘B‘do-c).oj)).aé.»}f G:ylfé\.laalﬁsd.o.c)d.w‘ >

— =L ol YU akl
(f + 4/4) 2 @y 30 Ay jo pgo A

ion pelaeo Lo i il sle auml (gl 4 amae ol &Jﬁ@“m% ol Y g sl g0

Ty J}b du.>)‘ uw.u).u 0)7:.».: dl.x.:‘ L».Aaad)‘d L)L“S" )J‘soéy Azﬂ'ﬂ(f#—%) L:)J‘).as dsLm.A la asl>

O

Syt Jip o>l ¥YN

Ea= 5o 00 iiS andwl alw vgmg Sl Hg e o)l Gleols cole 5 b (gypls 2y ax S
>le slilo aS s colawl cudl U jLale 5l I cpl gl pcasl SYIL lls gl cuataiznne |l
M Sl lJ 9 )L‘B IRVELY u,uji.pc Ao L’ )5.»513) ¢ oolw &‘5." 6‘)‘d d..a‘s...uo C)'b w‘ o] 63L“‘“"° S
Al gl

4 e ol et Slaise (0.0l NA/2 ks (>lg 5l e IS a5 ol o] adl LS
e b wlg> ez 1o g (8 e slaadelsl b

x’2+y'2=4fn(z'+fn') (-1 %)

ol Wbglel )b sln SgilS bbb f =nA/4 a5

29 Stz 0 Ll b gl amao Zlaal a1y o) (g5 50 caaie (69,5 Zlgel dglpl )b o5 sl
(YVF o) asSemw Jhous o)



P 224t o conpl ottt by v et .
YOVF S

WSl el 1l ead wSaie sl Glane daadglal )b jome p 3gec gZ'=cte L (ol axio (s,

&l amiio lyal ol oy 5,5 salgs bl Cansl pras ok 45 ¢ Colt e o a8lol nA/2 L ol al,
212 o3lash sy ol o BT LS 5 LulSal aSul &y az g8 ey (Jlgie gl 90 i1 0 oas ol
L1, Lo 0ol ol 4 0uiS 5« Cendl T ol ool odgoma cymass (gl pcails aalys o, bl ]
wsly 7 s b azmao 5 0500 a5y )0y a5 g5k ) 05,5 0,95 5 0 ahals )5 7' jeme L AT Jibe azo S
bli ples (97 - wiSe @i (blES jo 1) b adglgnl by amio (uleedls 00,5 wlad (V- F JS) (o5l | @
Sgdo pSaie Jlgie slo @blis oo 5l Glo plase (ol ply wies (85 oo lasdglell 59, g
syl ol b i ol b oo 51 cand] ] ol ongiomn el lo ol GYESIA/2 o3l &

Fig. 2.3 A set of confocal paraboloids cut by a skew plane.

YoV F S



‘) u.&.a_wl.a (':_9‘3 UT )& (5‘>‘5_’ M‘W 456‘ dotie o ‘s‘ilSc ‘5‘>‘9.a oo5m u..u..x.a 6‘).3 U=
orrSan 7 T g 5 L5l b 0 o, 153,50 g Lo it gy o a5 08,8 i
¢ gl b olas b e doliie Slaizu slaw beas g (5l dlads (laie 4y asmao cly jo (gl i 4
0d9dte @2 o dio g 1 adglel (nl o @bl Lol S pasiin 1) Jlnes wSddal )b 5l (295
WS et | 595 alold 00" abolss alads g ¢ilS alads oy alold g 00 ST adin |y g
Sz 50 7' e b guuas seleie Dlaibw (>l 0dga0me sl g e O jle O959) Caws 4 sl
(YN S0 oo i 0Y'7" arbs g g jo dxio abled lad Cyg> 10 Y jgome >lei dxban 1 0ges
oo a8 )3 18 Slgaxio aS 7=0 axis )
y'= yeosa
xX'=x

Z'= ysino+ f F-\F)

Clls pulem F-V 0 #-V OVoleo yolo )l 3 L cusl axas aygly @ 5 S5 alolB f aS
x*/b* + (y-c¢)/a® =1

O-YY)
Q] 404
a = b/cosx
2 2 112
b= [nfA+ (nA2) (1 + tan o))]
¢ = 2f tanc/cosor G-V )

ol 635 5l @l Oliwe 90092 (€0.0) S0 g ba sla ylad b pan ST ]

e = sina.. (V-1 ¥)
6‘)“5 a J_'Lod 4_‘9‘) L L§'>‘9.§ dman SO S pan u_>‘9.> sl 00gdZte dod LYV QL..M.’ Yi Q)L,.C.CM»‘
et L33l coli Sgls alols Ky b aS amage Glis $VE ISEaitas 655 5 5 ml i K,
WS yides SV Cwend o 1) g

5 -14



(@) . o

Fig. 2.4 Zonal patterns with different offset angles: (a) 0% (h) 25° and (c)
309

FVF S

iSee paseiia | o )lomle Mo 0ait B il Cugz 7' jemme g

adais b i g 009y (ped ady; 5 (lSal 51 50 Jg 09 (s 5 5T (6l YU Lo 4z S
S S 15 T Ao 4y Connd ] gl ey oyilS

Jib e Tl bty -Y-Y
od ouildigy Colpas ol L gola 3l b3 cwae Glbl G a5 0uiSio (2,8 Sdoggw Sl
Gl 58 (o slb oy 5l Lol siais « sgiane 405 b SO L 8l ol S8g (0 JSa)asl

ebloe sll,z L b of lste o5

Jp =-nXE (over transparent zones)

n =Ccosq z - sint y

3,5 il

Fig. 2.8 Theoretical model of an offset Fresnel zone lens.



Fig. 2.7 lllustration .ofrhe co-ordinates for analysing a Fresnel lens.
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(b} H-plane patterns.

Fig. 2.9 Co-polarised patterns of a Fresnel lens with fixed width and -
different offset angles.
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