Simple array of two antennas

Consider two identical parallel Hertzian dipoles

Antennas

separated by a

distance d
i91
ZA 2 ig
r r 1‘1
W 0
72 o i
\ /4
I >
7, d)2 d2 x
2 1
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Antennas

The dipole currents have the same amplitude and total phase
difference a

Ii(t)=1,cos(wt+a/2) = I;=1I, 0 J 02
phasor

Iy(t)=I,cos(wt—0/2) = I,=1I, o2
phasor

The electric far —field components at the observation point are

1 iBL Az e—jﬂ"1+j0!/2
Kl o

E,=1i sin @
1 91 E 475?1 1
: —jpra—jor/2
E, =7 KiPl,Aze sin @
2 02 E 47'[1’2 2
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Antennas

At long distance, we have

r>>d
6, ~6,=~6
lg1 =iga=1lg
d d
rlzr—icosy/ rzzr+5cosy/

and the field components can be written as

. ; —jPB(r—(d/2)cosy)+jo/2
E;=ig \/;J'BIOAze sin @
£ 47 (r— (d2)cosy )
. ; —jPB(r+(d/2)cosy)—jor/2
zzie\/gj’m"“e sin 0

475(r+W)

e}

© Amanogawa, 2001 — Digital Maestro Series 66
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After applying the approximations, the two components can be
combined to give the total electric field

E=F, E2~79J;’ﬂ’0“s‘“9 &P
E drr

X (ej(ﬂ(d/Z) cosy+a/2) + e—j(,B(d/Z) Cos W+a/2))

The final result is

B o »GJEJ,BIOAzsmH i zcos(ﬂdcozy/+a)

drzr

Y \

field of a Hertzian dipole located array factor
at the center of the array
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Antennas

The resultant radiation pattern  of the electric field is proportional to

(ﬂdco;y/+a)

sin@ X cos
——

unit N g
pattern group pattern

The unit pattern is proportional to the radiation pattern of the
Individual antennas, assumed to be identical.

The group pattern is proportional to the radiation pattern the array
would have with Isotropic antennas.

« Note: onthe X=Y plane, {J coincides with the azimuthal angle  @.

Following are examples of two —antenna arrays with specific values
of dipole distance and current phase difference
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d=A1/2 oa=0 Broad-side pattern
Z V4

xX X %

Unit Pattern X Group Pattern — Resultant Pattern
y

() R ()
[0}
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d=A/2 a=0

Broad-side pattern

Antennas

Radiation Pattern fde andH

Power Radiation Pattern

i 0 0 =° 0 0 =[°
‘ Two Dipole Array 30 o 30 = ¥
] &0 B B0
Current &, Current B a0 I a0 a0 I % a0
120 120 120 120
| | | | |
1 ] T 1 1
J - 150 150 150 150
1 — 180 180
Maximum Directive Gain ~ 3.5414 q B =80° Q 80 B =50"
120 T B
Total Radiated Power 04193 [ & ‘\‘
Dipale Lengths (wavelengths)) 150 30 150 30
a [« M
B4 foosa
Phaze Difference % deg ™ rad 180 0 180 - 0
L o
Distance between dipoles (wavelengths] 210 330 210 230
L] j — | \
Mz Dipole Current (&mps :
i (Amee) 240 e’ 300

a0 B 1.0

|lpdate
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d=A1/2

a=180°

End-fire pattern

Antennas

Radiation Pattern fde andH

Power Radiation Pattern

i 0 0 =0° 0 0 =[°
Two Dipole Array 30 ag ¥ - .
B0 B0 B0 B0
.-ff I Q\"{"“
Current & Current B 80 I _. S0
1\%‘“‘ “ﬁf_r
120 120 120 120
| | | | |
T T T T T
J - 150 150 150 150
_l I~ 150 180
Maximum Directive Gain 2 B0B Q] a0 g =00 q a0 | =e0°
120 &0 120 &0
Total Radiated Power 0.8704 [W]
Dipole Lencgths (Cawavelengths) 150 - "“"'\"m\ 30
a [ ] |
B4 3 | |0.05 A
Phage Difference & deg " rad 180 * f
F | » | 150 ;.
) . ™, &
Distance betvween dipoles Cwavelendgths) 210 ‘-.Mw i 230
1 | v [os A
hazx Dipole Current (Amps) o - P s
A 1.0 B0 Update | - -
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d=1/14 a=90° Cardioid pattern

Radiation Pattern fd andH

Power Radiation Pattern

; 0 0 =° 0 =0°
| Two Dipole Array 30 ap T 20 w7
0 B0 B0 B0
.-”rﬂ ..-"’"‘“
A
_ F ;fj I -; I
Current & Current B 80 ; I =0 a0 I |0
x“‘ “1,%
L Y
120 120 120 120
| | | | |
1 1 1 1 1
J - 150 150 150 150
7 — 180 180
Maximum Directive Gain 30025 1] a0 A =00 q an A =80°
120 &0 120 B0
Total Radiated Power 04951 [W] . .
/J_.-r"" H'\\ KP’,»N”“"W&M‘
Dipole Lengths (wavelengths) 150 a0 150 a0
A4 » | |0.05 A ’ ;
B|4 M foosa
- 1] -
Fhase Difference & deg " rad 180; 1802 ‘
4 3 |EE
Diztance betvween dipoles (wavelengths) 510 \\ 330 10 -‘\_\\ 330
! Moz a . - ™
Max Dipole Current (&mpsy | T
0 0 Upd 240 300 240 300
Al B 1. pdate | 270 270
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d=1/4 a

—90°

Cardioid pattern

Antennas

Radiation Pattern fde andH | Power Radiation Pattern
: a a =0° 8 0 =0°
| Two Dipole Array a0 a7 30 a7
B0 EO B0 B0
| ”\1 | .
Current & Current B a0 I J an a0 I an
N ““,f"‘
120 T 120 120
| | | | |
T T T T T
J - 150 150 150 150
a - 180 180
Maximum Directive Gain ~ 3.0025 q a0 B =50° q a0 B=50°
120 &0 120 B0
Total Radiated Power 04951 W1 1) el
P T i,
B .~ ..
Dipole Lengths (wavelengths) 150 \\ 30 150 *, 30
a [ ] e |
gl o5
Phaze Difference ™ deg € rad 180 ¢ . a0 ¢ i0
L a0
Distance betvween dipoles (wavelengths) 20 /:' 330 510 ‘/f 330
. Moz s 13 o S——
I . i
hazx Dipole Current (Amps) oy i i 209
Ao B|1.0 Update 270 270
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d=A1/2 a

90°

Antennas

Radiation Pattern fde andH

Power Radiation Pattern

i 0 0 =P 0 0 =P
| Two Dipole Array a0 a 7 30 an 7
B0 B0 B0 B0
i
Current & Current B a0 "] I } a0 a0 a0
b
S
120 120 120 120
| | | | |
T T T T T
J | 150 150 150 150
9 — 180 180
Maximum Directive Gain  3.0025 L] g A =080 i a0 A =00
120 B0 120 Bl
Total Radiated Power 04951 [W] ;”/p "\1,‘\\ {fg' M‘“h
Dipole Lengths Cwavelencgths) 150 g 30 150 % 30
A4 W foos a
B[] H][oos s *. ,
Phase Difference % deg ¢ rad 180 * : o 180 . 0
F ’ | |50
Distance between dipoles (Wavelengrgs; , 210 E{ 330 210 i 330
1 | 3 | )
\ i i‘\ I.r"#
Mai Dipole Current (Amps) 24[? ....... - A0 24;5 ------- ' 00
Ao B 1.0 Update | . .
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d=1 a=0°

Antennas

Radiation Pattern fd andH

Power Radiation Pattern

| Two Dipole Array o 0 m 0 o 0 0 70
B0 B0 B0 B0
- . -
£ | ~ | =
Current & Current B 50 I _. 30 a0 I |0
x“ﬂ- _J,-f‘; el e
120 120 120 120
| | 1 | |
| 1 1 1 1
- 150 150 150 150
J
1 r 180 180
Maximum Directive Gain 2,892 L] a0 A =00 q 90 g =00°
120 p"'"“l.ll EO 120 Illlr"'ullll &0
Total Radiated Power 0.574 [W] f"‘ i Fo
Dipale Lengths (wavelengths 150 30 150 30
a4 Moos s - 5 e )
B4 b | |0.05 8 ;‘r
Phaze Difference % deg = {7 rad 180 ¢ : 180 ¢ ’
Bl gl g ) /
Diztance betvween dipoles (wavelendgths) 210 b 5 230 210 250
[ BIfT—»
Mz Dipole Current (Amps) " il"'-., J,f'? a0 " J". a‘li. a0
A0 B 1.0 Update | 270 270
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d=21

a=180"

Radiation Pattern fde andH

Power Radiation Pattern

: ) a =0° 8 0 =0°
| Two Dipole Array 30 a0 7 - o M
(=] B0 B0 B0
Current A Current B a0 a0 a0 I a0
120 120 120 120
| | | | |
T T T T T
. - 150 150 150 150
. r 180 180
Maximum Directive Gain ~ 3.1216 ] 120 B =80° q 120 a0 B =80"
B0 =11
Total Radiated Power 04762 [W] {"'“"a,\‘ o 1{31 {NIM‘ ol
i
Dipole Lencgths (Cawavelengths) 150 30 150 30
a [ I | g}
B|4 Hfoosa
Fhase Difference & deg & rad 180 - 0 180 |:|
1 | 3 | 150

Distance betvween dipoles Cwavelengths) 210 330 210 330

[ Bl S
e Dipole Current (Amps) 24;5“»*"; IRIMSDD e : -
A 10 B 1.0 Update | 270 B -
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Antennas

CASE STUDY - 1) A radio broadcast transmitter is located 15 km
West of the city it needs to serve. The FCC standard is to have 25
mV/m electric field strength in the city. How much radiation power
must be provided to a quarter wavelength monopole?

We consider 0=90° for transmission in the plane perpendicular to
the antenna

3 : oI o
E=ig ‘/‘uje {max cos(ﬂ'cos% ) A/2 dipole
g€ 2zmr sin90° 2

E =120z max — _ 0025 vim = Inax =625 A
27t % 15,000

In a monopole , the lower wire is substituted by the ground. The
equivalent radiation resistance is half that of the corresponding
dipole. Therefore, the total radiated power is half the power
radiated by the half-wavelength dipole, for the same current,
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7 Monopole

N4

GROUND PLANE

A perfect ground would act like a metal surface , reflecting 100% of
the signal. The ground creates an image of the “missing” wire
delivering to a given point above the ground the same signal as a
complete dipole. The transmission line connected to the antenna
sees only half of the radiation resistance , with total radiated power

Fipt = ;Ilznax \/E - 0.193978/2 =0.5- 6.252 . 73.07

o 7
4

Req

=T713.6 W
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2) Improve the design by using a two

A good choice of array parameters is

d=A1/4

Antennas

—antenna array.

phase(antenna B) — phase(antenna A) = ¢ = —90°

which gives a cardioid pattern

130

130

210

240

Pl

----------

A 330
-

15 km |
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The Poynting vector is given by

2
(P@t))=1i \/; Tmax cos” (ECOS 9) 4 cos” (,Bdcosy/+ a)
r
€ 87° r*sin” @ 2 2

N J
. Y, g

/1/ 2 dipole Poynting vector (array factor) 2

2
- | 7 cos 6 T /4
=i, ‘/E > ;naxz cosz( )4c052(cosw—)
€87 r sin” 6 2 . 4 4/

v

(array factor) 2

Note
cos i = sin@sin @ Rcosy |6

Rsin @sin @ \ v
WPl Rsing

4
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The total radiated power s

Only W2 because it is a monopole

4

P, =r j ;’/ *sin6 do j :”<P(t)>d¢

2
2 (72 / 1 > ( wcosO
Pyyy =1 j H 5 g‘a.X 5 COS
0 E 87[ H 2

rosin

2
j " 4cos? (Zsinﬁsinqp—j)d(p

. J/

'

(array factor)2
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The integral over the azimuthal angle ¢ gives
2r o W, . T
4‘[0 CoS (4s1n9s1n¢—4)d¢
2z(1 1 T
=4 +—cos| —sin@singp—— | |d
h ( 2 (2 ? 2)) Y
1 1 T
=4 +—sin| ——sin @sin do=4r
(2 2 (2 ¢)) y
For a monopole , we only have the integral

jjﬂdqp: 2
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In the direction of maximum

0=90° & @=90°= array factor = 2

The same field strength (25 mV/m) is obtained by applying half the
current of the original monopole to the array elements (also
monopoles)

Iy = 6‘225 =3.125A

The total radiated power is proportional to the square of the current,

and the integral over ¢ gives a factor 4 1tinstead of 2 1t for the array.
Overall, the total radiated power needed by the array, to produce
the same electric field, is half that of the individual monopole

I)tot=7;4=357w
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| Linear Antenna I 8 - 0 &7
&0 B0
a0 a0
—I Cipale
I Current
120 120
150 150
180
For a monopole PLOT: & E-HFiglds ¢ Power ? &l o
Radiated Power= 0.5x1428.3127 Output Data 180 a0
=714.155635 [W Radiated Power = 1428.3127 [4 ]
Fadiation Resistance = 73.1 29616 [£2]
Rad. Resistance = 0%/3.129616 Directivity = 1.5400222 150 0
= 36.564808 Q]
Dipole Length {(wavelengths)
1 9 IEI.E & i ool
SAME FEEDING CURRENT UL EHIET ()
FOR BOTH DIPOLE AND | }|I*® Update | 200 T
MONOPOLE
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For monopoles

Radiated Power

= 0.5x714.1532
= 307.0766 [W]

SAME  FEEDING
CURRENTS FOR
BOTH DIPOLES

AND MONOPOLES

| Two Dipole Array I . a a P
0 G0
l:: an I fan
Current & Current B I b
“M’f
120 120
| | | | |
1 1 T 1 1
J | 150 150
—l 180
Maximum Directive Gain  3.2819 q a0 g =90
120 &0l
Total Radiated Power 14532 W] 1] el
i, “"‘"x\
Dipole Lengths (wavelengths) 150 \\ 30
ald | »]os
I > o5
Phaze Difference & deg ¢ rad 160 ¢ .
[«]] D |EE ;
Distance betvween dipoles (wavelengths) 210 330
[« ] plfozs s Lo S
Mz Dipole Current (Amps) = : 200
A [3125 B [3.125 270

PLOT:
*' E-H Fields
i Power

oo

L[]
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N-Element Antenna Array

Assume a uniform array of N identical antennas. The elements are
fed by currents with constant amplitude and with phase increasing

by an amount o from one to the other. The spacing d between the
antennas is uniform.

r r—(N-1)dcosy

IM=1,; I2)=1,e/% .. ; IN)=I,/N "D
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The electric field at the observation point (  r, ) is of the form

E(r,p) = Eoe_j'Br + Eoe_jﬂ(r_d cosy) e
4 B - IBr-(N=Ddcosy) j(N-Da

=E,e /P" [1 yelPdcosyta) |
4 ej(N—l)(,Bd cos W"‘a):l

1— ejN(,Bd cosy+a)

_ —jpr
= So 1 — oJ(Pd cosy+a)
-1 N(fd
We have used NZ ejn(ﬂd cosy+o) _ 1-— eJ (ﬂ cosy+a)

o 1- ej(,Bd cosy+a)
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The magnitude of the electric field Is given by

1— ejN(,Bd cosy+a)

Er,y)|= ‘EO‘ 1 — J(Bd cosy+a)
3 \E sin[N(fd cosy + a) /2]
?" sin[(Bd cosy + o) /2]
arrayvfactor
We have used
‘l—ejx =2 jsin> ¢/*2 /=2 sin®
2 2
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We can rewrite

sin[N(fd cosy + o)/ 2]
sin[(fd cosy + o)/ 2] |

group pattern

1
E(r,w) = N|E

|\

The group pattern has

Maxima when fBdcosy+a=0,2x,47...

Nulls when N(fdcosy + a)=2mrn
for m = integer # 0, N, 2N,...
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Examples

6 =90°)

Broadside array (plots on the azimuthal plane, with

4 dipoles

2 dipoles

90
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8 dipoles
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0 =90°)

End-fire array (plots on the azimuthal plane, with

; I
SRR R
I | |
A

! \
. \ s

4 dipoles

2 dipoles

92
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0 =90°)

Cardioid array (plots on the azimuthal plane, with

4 dipoles

2 dipoles

94
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16 dipoles

8 dipoles

95
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