CHAPTER II

Electric Field#of & Corner Reflector Antenna

241 An Antenna and its Image. Before facing the investigation of

characteristic of corner reflector, let's consider the electric field
from an array at any orientation.
Case 1 Two short dipoles and inphase are placed parallel to Z axis.-

The electric field at distant point in xz plane is

Ey = 2kIcosecos(d cospcose)
If7 is O and 90°
; ) _A0
EH =2kIcosecos(drcose) =>h =0
=2kIcose =7 =90°
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Array of dipoles
View in Z-direction. View in Yedirection.

Case 2 Two short dipoles and opposite phase are placed in XY plane
and parallel to each other . To solve the field at distant point in
XZ plane, the dipoles should be resolved in X-direction and Ye-direc-

tion. The fields at far point will compose of field in X~-direction

and field in Y~directione.
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View in Z-direction. View in Y=direetion.

Array of dipoles

Fyx

EVy

We conclude that the arrays of inphase~short dipoles placed para-

j2kledn n sinesin( d_cosycose)

1

j2kIcosy sin(drcosqpose)

llel to Z axis, radiate the horizontal field which is
By = 2kIcosecos(d cosycoss)
and the arrays of opposite-phase-short dipoles placed in XY plane
radiate fields in Y-direction and X-direction which are
Evy

EVx

n

j2kIcos?s1n(drcoslcose)

j2kIsin751nQS1n(drcoszcose)




23

242 The Corner Refleqtor Antenna..

2.2+% Dipole Orientation. The dipole is placed in Y=2 plane and mékes

angle/B with Y~axise. The corner reflector angle is;7>, dr is the

Spase beluaer Efiole and corner angle, wh&ch is shown in Fige 2.1
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Fige 21 Arrangement of Dipole and Reflector

a) Side view,» b) Front view.
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2e 2.2 Field Analysis. The dipole in Fig. 2.1b can be resolved into a

horizontal and vertical component, as shown in. Fige 2.2. Bach compo-

nent has: its: images és;shown in Figes 2.3 and Fige 2.4,
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Fige 2.3 Horizontal :mages Fige 244 Vertical images of
of dipole. dipole.

The number of images are depend on corner angle of reflector, which

can be calculated from equation belows

N = 360° -1 (31)

e —
£y

where N = number of images

r?: corner engle
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We are now interested in the corner angle which forms an even nun-

bers. of dipoles, because a principle of arrays can be applied to
derive electric field at distant point,

A horizontal dipole prcduces a. horizontal electric field., The to-
tal field at far point is the sum of fields due to all arrays of
horizontal dipoles which orients around the corner. The phases of
dipoles which form anarray are inphase or opposite phase according
to corner angle, If it forms even numbers of arrays, dipoles: which
form an array-:are inphase, and if odd numbers of arrays are forred,
Phases of dipoles which form anarray are opposites

Let corner angle be ? whieh produces K arrays of the horizontsl

dipoles oriented around corner as in Fige 2¢5e The total field

E is >
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a) Side view b) Top view

Fige 2.5 Images of horizontal dipole

By = 2kIsinecosecos( dz“cc;sé)
' -ZxZKIsigacosecos(d cosycose)
+2x2kIsingcosecos(d cos(Zy)coseﬂ

>-2x2kIs1chosscos(d cos(37)cos$0+... i L3e)
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E. = 2k151qﬁgose cos(a cosa)

! (ar iR cos(drcos(nz)cose) + (-1)K‘)
& (33)
where K = 90/ s Kis integer. (34)

At the same time a vertical dipole produced a vertical field, To:.
al fields at distant point is the sum of fields radiated from dipole
and its images which are shown in Fig, 2.6. Dipoles which form an

array are opposite phase, ..
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a) View in Z-dircctior., b) View in Y-direétion.

Fige 246 Images of vertical dipole

To solve the fields, the dipoles are splited into X-axis and ¥-axis

as shown in 'Fig. 2.6b. The electric fields in X axis will be vanish-d
Therefore, the electric field due to vertical dipoles is
E, = jZkIcoiﬁsin(drcosa) + 2j2kIco§Bsin(drcos?COSGDCOS7
# ZjEkIcogﬁsin(d cosscos(ZQ))cqs(Zy)
. + 232kIco§ﬁ51n(d cosecos(B?))cos(}?) Siganiy S (98)
E, = J2kI COS/%?ln(d cose) + 2 :E: cos(nz)sin(d cos(nn)cooea

nsi
(36)
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where K = 90/, Kis integer - (37)

At® = 0 equation (36) becomes

K-

= jEkIcosfqéln(dr) + 2 :ég cos(nq)81n(drcos(n2ﬂ
n=\

(38)

It is seen from equation (33) and (36) that E; is inphase quadrature
with EV' The elliptical polarization in YZ-plane is obtained. The
circular polarization appears at some directions. But the circulsr
polarization in X axis is interesting. To receive this condition
requires that the amplitudes of EH and EV are equales From the equation

(33) and (38), and ate=0°

2kIs:Lnﬁ [2 2(=1)"cos(a cos(mz))+cos(dr)+(-1)K]

% ¥i=i K=i
-akIcosﬂ[g' 2cos( n)z) sin( drcos( n)Z) )+sin( dr) ]
K-1
2cos(nq?sin(drcos(n2»+sin(dr)
,tag/g = :;: - (39)
EE: 2(-1)ncos(drcos(nq»+cos(dr)+(-1)K
=1

This equation shows that circular polarization in the plane normal
to X-axié, will occur or not, depends on the dipole orientati&nfg.
For a given corner angle and dipole distance dr’ angle/g can be cal-
culated directly from ecquation (39). Not that equation (39)is valid
only in the case that corner angle must satisfyr equation (34).
If the value of/g calculated from equation (39) are equal to 0° or
900; they mean that no fields in both vertical and horizontal, Be-
cause total fields in each component are zero. The cufves of Fige

2.7 to Flg. 2410 shows the relatiom of dipole angle/B and dipole

distance d .
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The equation (39) is derived with the condition that cormer angle
of reflectors must provide even numbers of dipoles. Now let's derive
the same equatio n but is useful for the case that corner angle of
reflectors provide odd numbers of dipoles. ’

Let corner angle of reflectors beQWMﬁxh provides odd numbers of

dipoles as shown in Fig. 2.17. The electric field due to all horizone

tal dipoples are

EH = kIsil}@cosaeJdrcose -2kIsiyﬁcoseeJdrcos?coss
+2kIsiq@coseeJdr°°S(2Q)cose
-2kIsiq@coseeJdrCOS(BZ)COSG+......

; K- % (an) :
= kIsiaecose(eJdrcosa+ 2 E: L1l e/ Gkl
r=i
(40)
where K = (360°=1)/2 K is integer. (41)

The first term of (40) is field due to dipole on X axis, the sec-—

ond term due to all dipoles above X axis and below X axis
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a) View in Zedirection. . b) View in Y-direction.

Fige 2.17 images of horizontal dipole
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The electric fields from vertical dipole and its images shown in

Figce 2,18 ape
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a) View in Z=-direction. b) View in Y-direction.

Fige 2,18 Images of vertical dipole,

E_ = kIco§gejdrcosé+ 2kIco§300s?ejdr°°§7°°SQ
+ 2kIco§3cos(27)ejdrcos(27)cosg
+-2kIco§gcos(37)ejdrcos(37)cos9+....; ¢
K
: : N
= kIcoﬁbljeJdrcose+ 2:5: cos(n?)eadr°°5(n7)cossi
Viel 4
. (L3)
where K = (é§9?‘1)/2 and is integer. : , (44

Ev is the e?éctric field in Y-direction, the field in X~-direction

is vanished,
At 6 = Oo equation (LI-O) and (1+3) become
B, = kIsinged%r|1 + 2;§i (_1)nejdr(cos(n7)-1)) (45)

By = kIcoggejdr{1 ¢ 2;5? cos(ny) e
izl : (46}

jdr(cos(ny)-1)

Equations (45) and (46) are the fields due to dipoles equispaced on
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a circle of radius dr and center at origin. Both equations do not
show exactly the phase shift of EH and EV.

Let lﬂ

{, = phase of E

phase of EH

)

From equation (45)

K
2 Z (=1)2sin( dr( cos(mz)-’l))

‘Ean( % ) - ¥iz] s
142 3 (=1)"gos(a, (cos(np)=1))
Yi=1
K
2 Ei cos(nﬁpsin(dr(cos(nq)-1))
tan( “’2 )= gK

142 gy cos( nvz)cos( dr( cos( n’z)-'} ¥

For 90° phase difference tan(%{).tan(#&) = =14 Thus

K
2% (-1)"sin(a_(cos(ny)-1))

X

K
1+2 Z (-1)%cos( dr( cos(n‘lz)—'l ))
Visf

K
2 é’% cos( nrz)sin( dr( cos(ny)=-1))

= =1

K
o 1+2_§:': cos(niz)cos( dr(cos(mz)-’l))
4%; ; (=1)"sin( dr( cos(mfz)-']))cos(ntz)sin( dr( cos(ny)=1))

K
e (1 +2§ [( -1)%cos( d (cos(ny)=-1))+cos(ny)cos(d (cos(ny)=1) )}

K K
+4"§ %‘: (~1)"cos( dr( cos(mYl)-‘l ))ecos( mz)cos( dr( cos( n’,z)-ﬂ ) )J

k
2 Z [(-’l)ncos(dr(cos(n'z)-’l))+cos(mz)co.s(dr(cos(mz)-’l))}]

Yiz=t

K K I .
i 3y I (w1)%s0st ny) fcos( d (cos(my)=1))cos(d (cos(ny)=1))

mA ne4
+sin( dr( cos(mvz)-'?))sin( dr( cos( nlz)—1))5 = =1
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riz

4fk 1)%cos(d (cos(nq) 1))+cos(n7?cos(d (cos(nq9-1))}

Mg Yisd

+42:§: (=13 cos(nq) cos(dr(Zsin gggy.sin g%gq?) ==l . NS

Above equation is used to solve for dr for a given corner angle of

reflectors to obtain 90o phase difference of EH and EV' For a circular

polarization, amplitudes of EH and Ev must be equal.

From equation (45) and (L46)

Yiad

[ Z 2 K : < R Y
51n/9(1+2 (=1)2cos(a (cos(ny)-1))) +(22%(-4) 51n(dr(cos(n7)-1/,)
K

= COS%ZE 1+2 % cos( n?)cos( dr( cos( nz)-'l )) )2

K
+2 3] cos( ny) sin( d (cos( n72)-1)))2 J (48)
Tied

It is seen that circularly polarized wave will occur by means of roto-

ting dipole about axis of reflectors to an anglﬁx@ which is calculated

from squation (48).
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