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Chapter 6 Arrays: Linear, ...
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Linear Array of Point Sources Example (Fall 2003)

T
k:=0..359 thetay ;= k-——
180
N:=5 n:=0.(N-1) 5 point source elements in linear array
kzl, :=2-t-n-0.5 Elements spaced every half-wavelength starting at z =0

Uniform current distribution (same magnitude and phase)

N-1

[uniform;, := 1 Euniformly := Z Iuniformn-ej'kﬂn' cos(thetak)
n=0
|Eunif0rmlk| |Eunif0rm1k| \\
Euniform1dBy := 1f . < 0.01,0,40 + 20-log .
|Eun1f0rm190| |Eun1f0rm190| )

Half-Wavelength Uniform Linear Array
90

150/

Euniform1dB

210\

270
theta

Note: 3 dB beamwidth = 20.3 degrees, Maximum sidelobe level =-12 dB
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Binomial current distribution (different magnitudes but same phase)

Ibinomialg := 1 Ibinomialy :=4  Ibinomialy :=6  Ibinomialy =4 Ibinomialy := 1

N-1
: - : : j-kz1y-cos| thet
Ebinomial 1y := E Ibinomialy-€’ wcosthetay)
n=20

| Ebinomial 1k| | Ebinomial lkl A

|Ebinomia1190| ))

Ebinomial 1dBy := if( <0.01,0,40 + 20-10g(

| Ebinomiallg |

Half-Wavelength Binomial Linear Array
90

U

Ebinomial1dB
180

330

270
theta

Note: 3 dB beamwidth = 30 degrees, Maximum sidelobe level = -infinity
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Tschebyscheff current distribution (different magnitudes but same phase)

Ichebyg =1 Icheby; := 1.6 Icheby, := 1.9 Ichebys := 1.6 Ichebyy4 =1
s j-kz1y-cos(theta)
Echebyly = Z Ichebyn-eJ # i GOS HIEHk
n=20
| Echeby 1] | Echeby 11 )
Echeby1dBjy := if < 0.01,0,40 + 20-log
|Echeby190| |Echeby190| )

Half-Wavelength Tschebyscheff Array
90

Echeby1dB

Note: 3 dB beamwidth = 23 degrees, Maximum sidelobe level =-19.7 dB
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Elements spaced every wavelength starting at z=0

kz2,:=2-mt-n-1.0

Uniform current distribution (same magnitude and phase)

N-1

EunlformZk = Z Illnlformn-eJ z nCOS( eak)

n=0

| Euniform2| | Euniform2y| )

| Euniform20| )

Euniform2dBy := if( < 0.01,0,40 + 20-10g[

| Euniform?2 |

Wavelength Uniform Linear Array

Euniform2dB

Note: 3 dB beamwidth = 49 degrees, Maximum sidelobe level = 0 dB ("Grating" Lobes)
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Binomial current distribution (different magnitudes but same phase)

N-1
: : : ; ]-kz2y,- cos| theta
Ebinomial2j := Z Ib1nom1aln-eJ “om ( k)
n=20

| Ebinomia]2k|
| Ebinomial2 |

| Ebinomia12k| 1)
| Ebinomial2, | J)

Ebinomial2dBy, := if[ <0.01,0,40 + 20-10g[

Wavelength Binomial Linear Array
90

Ebinomial2dB
180

330

270
theta

12/52

Note: 3 dB beamwidth = 59 degrees, Maximum sidelobe level =0 dB ("Grating" Lobes)
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Tschebyscheff current distribution (different magnitudes but same phase)

N-1

Fohety2i = 3" Tohebyyd E20 )
n=20

h " |Echeby2k| 1 |ECheby2k| 1

Echeby2dBy := i TEcheby2o] 0.01,0,40 + 20-log Eeheby2o] )

Wavelength Tschebyscheff Array
90

Echeby2dB

180

270
theta

13/52

Note: 3 dB beamwidth = 52 degrees, Maximum sidelobe level = 0 dB ("Grating" Lobes)
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Figure 6.3 Element, array factor, and total field pattems of a two-element array of
infinitesimal horizontal dipoles with identical phase excitation (8 = 0°, d = A/4).

[Antenna Theory (Fourth Edn) by Balanis]
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/ Ridative power
(d!ﬁ dom:a}
&
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180° 180°

1807

Total

Figure 6.4 Pattern multiplication of element, array factor, and total array patterns
of a two-element array of infinitesimal horizontal dipoles with (a) B = +90°,
d = M4. [ Antenna Theory (Fourth Edn) by Balanis]
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6‘2_ T ) 7(:_

180°
Total
Figure 6.4 (b) Continued (8 = —90°, d = A/M).

[Antenna Theory (Fourth Edn) by Balanis]
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]

{a} Broadside

¢b) Broadside/end-fire

Figure 6.6 Three-dimensional amplitude patterns for broadside, and broadside/end-fire
arrays. [Antenna Theory (Second Edition) by Balanis]
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Table 6.1 NULLS, MAXIMA, HALF-POWER
POINTS, AND MINOR LOBE MAXIMA
FOR UNIFORM AMPLITUDE o -
BROADSIDE ARRAYS _ (Bm& = 90, 5’3-’5"'¢’>
= coe-t [+ A
NULLS g, = ¢os (**WWN d)
n=1213...
n s N, 2N, 3N, . ..

MAXIMA by = CO8 ™! (+~—)
m=012...

HALF-POWER 6 = cos— |+ 1
POINTS R

MINOR LOBE 6 = con-t ] 4+ A2 1
MAXIMA sCOS = N

Table 6.2 BEAMWIDTHS FOR UNIFORM AMPLITUDE

BROADSIDE ARRAYS

FIRST NULL & <2 gﬂc{}sm;(i)]
BEAMWIDTH (FNBW) T2 Nd

K _, {1.391A
HALF-POWER @;, == 2 "2- — COS W
BEAMWIDTH (HPBW) mi/h < 1

1 1§ 3A
FIRST SIDE LOBE @s w2 "2" — €05 mz"d"ﬁ
BEAMWIDTH (FSLBW) mdih < 1

[Antenna Theory (Second Edition) by Balanis]
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Figure 6.8 Three-dimensional amplitude patterns for end-fire arrays toward 8 = 0° and
180°. [Antenna Theory (Second Edition) by Balanis]
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Table 6.3 NULLS, MAXIMA, HALF-POWER
POINTS, AND MINCR LOBE MAXIMA

FOR UNIFORM AMPLITUDE
ORDINARY END-FIRE ARRAYS
== —1 — Eé;
NULLS 8, = cos (1 N d)
n=1,2 3.
n ¥ N, 2N, 3N,
-1 mA
MAXIMA 8, = cos I = -
m=10,1,2,
HALF-POWER 0, = cos~ 111 - }ﬁ?jﬁ
POINTS n mdN
TAlA € 1
MINOR L.OBE 9. = ceé"‘”‘ 1 - M
MAXIMA ¥ ZNd
s= 1,2,3,...
wdiA < 1

Table 6.4 BEAMWIDTHS FOR UNIFORM AMPLITUDE

ORDINARY END-FIRE ARRAYS
FIRST NULL _ “ify A
BEAMWIDTH (FNBW) 8, = 2 cos (i Nd)

| » 1.391A
HALF-POWER s == 2 COS 1 - W
BEAMWIDTH (HPBW) AN

_ 3A

FIRST SIDE LOBE 8, ~2cos™! {1 — 2
BEAMWIDTH (FSLBW) AN

[Antenna Theory (Second Edition) by Balanis]
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Figure 6.10 Three- and two-dimensional array factor patterns of a 10-element uniform am

plitude scanning array (N = 10, 8 = —kd cos 6y, 6, = 60°,d = A/4)
[Antenna Theory (Second Edition) by Balanis]
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Table 6.5 NULLS, MAXIMA, HALF-POWER POINTS, AND
MINOR LOBE MAXIMA FOR UNIFORM
AMPLITUDE HANSEN-WOODYARD

END-FIRE ARRAYS
A
NULLS 6, =cos 1+ — 2
2dN / Y ‘@
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¥ ¥ a
n#N,2N,3N, ... Val:
SECONDARY R _ Al B T
MAXIMA 8, = cos {1+i1 (2m+1)}2m}
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wdfd <€ 1 ws
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HALF-POWER 6, = cos{ 1 — 013982 ,@f: ~(d*%
POINTS s TTTUNd
adfA <& 1 yféﬁfoxgmt#}bﬂ
Nlarge
MINOR LOBE 6 = cos-i[1 - A} =123
MAXIMA : Nd]  mdIA <1

Table 6.6 BEAMWIDTHS FOR UNIFORM AMPLITUDE
HANSEN-WOODYARD END-FIRE ARRAYS

FIRST NULL 6. 20011 -

BEAMWIDTH (FNBW) n TaN

HALF-POWER o A\ mind
BEAMWIDTH (HPBW) 8, = 2cos (i 0.1398 Nd) N large
FIRST SIDE LOBE o |
BEAMWIDTH (FSLBW) ©; = Zcos (1 Nd) mdf A€ 1

[Antenna Theory (Second Edition) by Balanis]
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Figure 6.12 Array factor patierns of a 10-element uniform amplitude Hansen-Woodyard
end-fire array [N = 10, 8 = —(kd + #/N)] [Antenna Theory (Second Edition) by Balanis]
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Figure 6.9 Array factor patterns of a 10-clement uniform amplitude end-fire
array (N = 10, d = M4). [Antenna Theory (Second Edition) by Balanis]
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Array Directivity
d
BROADSIDE Dy = 2N (I) ( ) ( )
Nn‘d/k - 00, L > d
END-FIRE d Only one maximum
(ORDINARY)
2Nnd/A — oo, L >>
d Two maxima
po=an(f) =2(1+3)=2(5) @8R
END-FIRE Dy = 1.805 [43\{ (d)} i 805[ ( -—) d] = 1.805 [4 (-;1)]
(HANSEN- A dj A
WOODYARD) 2Nrd/A o0, L > d

[Antenna Theory (T}hird Edition) by Balanis]
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Uniform Broadside Arrav Directivity example

Examine a uniform broadside array of 6 elements with quarterwave spacing.

dx = 0.25 kd := 2-m-dA N:=6 I0:=1 B:=10
1(6,08) == kd-cos(8) + n:=0. 180 0, = %-n— 0.0001

From Table 6.8, find the estimated maximum AF directivity

Dest := 2-N-dA Dest dB := 10-log(Dest)

Remembering that the [AF|* is proportional to the radiation intensity U and
that the AF 1s independent of ¢, calculate the "power radiated" as

Tr

[

am[i -(kd-cos(B) + |"’nj:|

Prad .= 2-m -sin(6) db Prad = 142.598

sm[é (kd-cos(B) + |"n:]:|

“0

Remembering that the maximum of the |AF| =N, then U__. 1is proportional

ax

3 . . -
to N“. Now, we can find the exact maximum directivity D__ .

2
4-m-N
Prad

Dexact = Dexact dB := 10-log(Dexact)

Compare the Table 6.8 estimated AF directivity with the exact directivity

Dest = 3 Dest dB = 4.771 |  dBi

Dexact = 3.172 | Dexact dB = 5.014 | dBi

Very good agreement, especially considering the Table 6.8 requirements
that Nnd/. approach infinity and L >> d.
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Uniform Broadside Arrav Directivity example cont.

Also, the directivity D(0) as a function of angle 6 1s

12

sm[g -(kd-cos(B) + |"||]:|

-am|:% -(kd-cos(8) + |"’n]:|
- Prad

D(8) :=

Darray, := D[Hﬂ:\ D dB, = lO-log[Dan‘ayﬂ]

Darraygg = 3.172 D dBgg = 5.014 dBi

Half power points occur when D(@) =D, .. /2 =1.586 or 5.014 - 3.01 = 2 dBi

01 := 72.61 62 := 107.30
D(Hl il J 1.586 T
Ten | T Dl 62-— | = 1.586
180 [ 135]
HPBW := (62 — 61) HPBW = 34.78 | deg

The Table 6.1 estimate of the HPBW for a broadside array 1s

[ 1391 ) 180
HPBWest := 2+ 7 —acos| | I HPBWest = 34.337 | deg

Pretty good agreement.
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Uniform Broadside Arrav Directivity example cont.

90
120 60
150 30
Darrayy
180 0
Darrayy
210 330
240 300
270
I::-}:lf].:l_ E:lﬂ

Dnorm_dBy, := if(D_dB, — D_dBgg + 40 < 0,0.D_dB, — D_dBg + 40)

150 A\ " /‘ 30

180

ARV AR A
A

Dnorm_dBy

Dnorm dBy




