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Summary. 

EISCAT TECHNICAL NOTE No.8. 

OCTOBER 1978 

FEEDER ELEMENTS FOR THE EISCAT 

VHF PARABOLIC CYLINDER ANTENNA 

P-S. Kildal 

(Sections 3.4 and 3.5 have been 

prepared by E. S0rngård) 

The report describes results of cornputations and scale rnodel 

rneasurernents that have been done on the linear array feed 

antenna for the EISCAT VHF cylindrical reflector antenna. 

The proposed feed design isa linear array of crossed dipoles 

tnat rnatches the radiation patterns of the longitudinal and 

the transverse polarization with parallel rads, referred toas 

bearn rnatching rads. A rnethod of matching the irnpedance for both 

linear polarizations is proposed, using parallel irnpedance 

rnatching rads. 
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1.1. 

1. INTRODUCTION. 

During the period September 1977 to May 1978 a study of feed 

designs for the EISCAT VHF parabolic cylinder antenna was carried 

out by the author. The purpose of the study was to synthesize a 

feed design which optimize its performance for EISCAT purposes. 

This report gives a describtion of the computationsand scale 

model measurements that have been part of the study, and resulted 

in the proposed feed design using the author's idea with beam 

matching rads and impedance matching rads. A preliminary report 

was prepared and circulated in April/May 1978. 

The EISCAT VHF antenna isa parabolic cylindrical reflector 

antenna with an offset feed. The speci~ications for the antenna 

are found on pages 4 to 11 in Ref. ·.1. The antenna opera tes at 

224 MHz, e.g. with a wavelength A = 1.34 m. The mathematical 

analysis is found in Appendix A. The coordinate system and the 

mast important parameters are shown in Fig. 1.1 and 1.2. 

D = aperture width (40 m) 

L = aperture length (120 m) 

F = focal length 

E = extra offsetting of feed 

The feed isa linear array antenna with 128 dual polarized elements. 

An element spacing of ·0.7 A yields possibilities for phase 

steering to 25 deg from broadside before grating lobes occur. 

The feed is positioned along the x~axis which is the focal line 

of the reflector. There are two polarizations that are excited 

independently of each other, the longitudinal polarization with 

the dipoles parallel to the focal line, and the transverse 

polarization with the dipoles normal to the focal line. The words 

transverse and cross section will refer toa cut through the antenna 

at right angle to the focal line, e.g. the yz plane, throughout the 

report. 

Chapter 2 of the report isa discussion of parameters that are 

optimized in the feed design, such as aperture efficiency and the 

coincidence of the phase centers of the two polarizations. 

Chapter 3 contains a description of computer programs which have 



1.2. 

been used in the synthesis of the optirnum feed. Sorne results of 

these cornputations for corner reflectors of different shapes are 

found in Chapter 4. 

Sorne scale rnodels of feeds have been built and rneasured. Results 

for corner reflectors are given in Chapter 5. 

Chapter 6 considers the proposed optirnized feed design. The beam 

patterns of the longitudinal and transverse polarization are 

matched using beam rnatching rods. It is also proposed to match the 

irnpedance with rods, with impedance rnatching rods. Measurements on 

a scale model with 7 crossed dipoles are presented and compared 

with computed bearn patterns. 

Finally the over- all expected performance data of the EISCAT VHF 

cylinder antenna are listed in Chapter 8. 

z 
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Fig. 1.2. Reflector cross section. 
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2.1. 

2. PARAMETERS FOR OPTIMIZATION. 

Factors of particular importance in the feed design are aperture 

efficiency, cross polarization within the main bearn, distance 

between the phase centers of the two polarizations, spillover due 

to direct feed radiation, and irnpedance variations with scan angle 

(when phase steered). These parameters are interrelated and cannot 

all be optirnized simultaneously. Therefore it is irnportant to 

understand the influence on the system perforrnances of variations 

in the parameters. That is the subject of discussion in the present 

chapter. 

2.1. Aperture efficiency. 

The aperture efficiency for circular polarization is defined as 

a 
ncirc = 

Tä la 2 {n; + tn; 
2 

where n: and n; are the aperture efficiencies with spillover 

included for the longitudinal and transverse polarization 

respectively. na and na may be factorized as na = ncnl and 
a C j X Y X X X 

ny= nyny, or with the abbreviated notation introduced in 

Appendix A 

= nc nl 
x,y x,y 

(2.1) 

(2.2) 

C nx,y is the cross section aperture efficiency (Eq.(3.6) and (3.12) 

of Appendix A) .. 

E+D 
2 

lP2 

lf gx,1/1(1/l)dyl 
lf gX,1/1(1/J) 12 

F ]!. dtJ, 
. I 

E{p 
\I) cos 2 

C 1 
nx,y = = 

1T 1T 

D f I gx, 1/1 (.1/1) I 2d1/I D f I gx, 1/1 (1/1) I 2d1/I 
-'IT -,r 

where gx(\IJ) and g\lJ(\IJ) are the feed cross section bearn patterns 

of the longitudinal and transverse polarization respectively. 

p and \I) are defined in Fig. 1.1 and 1.2. 

(2.3) 
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I. 
nx,y is the longitudinal aperture efficiency. 

L 

I J fx,lj,(x)dx/
2 

/. 0 (2.4) nx,y = L 

LJ / f x' 1j, ( x l / 2 dx 
0 

where f (x) 
X 

and flV (x) are field distributions along the linear 

array feed axis for the two polarizations. 

a ncirc should be roade as high as possible to extend the range.of 

the radar. The linear array feed hasa uniform excitation so that 

the longitudunal aperture efficiency is unity. Therefore, due to 

the offset feed-reflector configuration, aperture efficiencies as 

high as 0.90 are potentially available. 

Spillover is included in Eq. (2.3). The spillover efficiency ns 

may be found separately as 
"12 

J I gx, 1j, c 1j, i I 2 dlj, 

"1 

-7T 

Thus, the spillover, e.g. the total direct radiated power relative 

to the total radiated power is 

s x,y 
s 

= 1 - nx,y 

The spillover causes spillover lobes that are evaluated in 

Chapter 2. 4 • 

2.2. Cross Polarization. 

The specification for the cross polarization is 20 dB (Ref. 1). 

That gives an axial ratio of the polarization e1lipse of 

1+0.1 
1-0.l = 1.22 

(2.6) 

(2.7) 
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Cross polarization in all directions within the main beam has 

influence on the performance of the radar. Therefore, the 

radiation patterns of the longitudinal and transverse polarization 

should be kept to the required axial ratio within the main beani .. 

These rather loose requirements for the cross polarization makes 

it possible to increase the aperture efficiency (Eq. (2.1)) by 

increasing the efficiency of one of the polarizations only, 

allowing some cross polarization. 

2.3. Phase Center Coincidence. 

Different phase centers for the two polarizations give extra· phase. 

errors across the aperture. The focal line should be placed some­

where between the phase centers to minimize the effect of the 

errors. The gain reduction caused by such errors will be evaluated 

presently. 

focal line y Ya 
y 

Fig. 2.1. Phase center displacement. 

Let the cross section field pattern of for instance the 

longitudinal polarization be g($) (=g (w)). It is assumed to 
X 

have a well defined phase center that is the same for all 

directions. Then, according to Eq. (1.5) in Appendix A, g(~) is 

real when the phase center coincides with the reference axis of 

the phase, e.g. the x-axis. When it is displaced a distance ~ 

from the x-axis in the direction ~O' the field pattern becomes 

complex (See Fig. 2.1,). 
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(2.8) 

1 /FT cS = k(p- p') ~ k~cos(tJJ 0-tJJ) (~ < 2 2 > (2. 9) 

The far field in the direction normal to the aperture is found 

in Eq. (2.16) in Appendix A. It is {a means proporsional to) 

E+D 

s E (0,0) a 
J 
E 

The aperture distribution is 

a(y) = filil 
/p 

g{lJJ)dy 
/p 

where lJJ and p are functions of y. Thus, the phase errors across 

the aperture are ö. ö may be written as a function of y. From 

Appendix A (Section A.4). 

cosl = 
2 

sin!= 
2 

1 

y 

2FI l+(L) 2 
2F 

If y
0 

is the aperture coordinate corresponding to w
0 

, then 

2 lJJo-w 
ö = k~cos(wo-w) = k~(l-2si~ (~2->> 

= k6(1-2(sin:
0
cos~ - sin~os:

0
)

2
) 

2k~ y-yo 2 

= k6 - (1 + <!i,,>2(1 + (~)2) (~) 

Thus, the phase errors vary almost quadratically over 

the aperture. The loss of gain because of small phase errors is 

given in Ref. 2 as 

G =. 1 - ~ + (6) 
2 = 1 - ö2 

G
0 

0 

(2.10) 

(2.11) 

(2.12) 

(2.13) 

{2.14) 

(2.15) 
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where? is the mean square phase error, and 5 is the mean 

phase error, both weighted with the aperture distribution. 

E+D 

J\acy>/c52dy 

2.5. 

ö.2 E = E+D (2.16} 

J I a(y) I dy 
E 

E+D 

J ja(y) \ödy 
5 = E (2.17} 

E+D 

J ja(y)ldy 
E 

ö0 is the mean square phase error calculated from the mean phase 

plane. 

Eq. (2.16} and (2.17) are evaluated numerically fora uniform 

aperture distribution a(y) = 1, a pointing direction of the 
0 feed w0 = 51, and F/D = 0.45. The result is 

ö0 = O.lkl61 rad 

= 36.0~ deg 

A phase error ö0 = 5 deg gives a gain reduction of 0.033 dB 

(2.18} 

(2.19} 

(Eq. (2.15}). That is equivalent toa displacement (from Eq. (2.19}) 

(2.20) 

of the phase center from the focal line. of the parabolic cylinder. 

Thus, phase errors due to defocusing of the reflector have much 

srnaller influence on the gain than random phase errors of the 

size kil. Ref·. 7 pag~ 57 gives a similar result for a circular 

aperture. 



• 

• 

Thus, the phase centers for the two linear polarizations must 

be closer together than 0.28A to give extra phase errors less 

than 5 deg r.m.s. 

2.4. Spillover Lobes. 

2.6. 

The design goals for the far sidelobes of the total radiation 

pattern of the antenna are -30 dB for sidelobes more than 10 deg 

from the axis, and -50 dB for sidelobes more than 60 deg from 

the axis. (Ref. 1) • 

Spillover lobes due to direct feed radiation occur within the 

angular range of -180 deg< e < 84 deg in the cross section 

plane with its highest value near to the boundaries e = -180 deg 

ande= 84 deg. ~ tradeoff must be roade between the wanted high 

aperture efficiency and the low spillover lobes, because a high 

taper of the aperture illumination with low spillover lobes gives 

a low aperture efficiency. The relative size of the spillover 

lobes Gs(0) is given as follows 

D 

Fig. 2.2. Cross section of cylinder antenna . 

Ge 

GF(S) is the. cross section radiation pattern of the feed, 

(GF(e
0

) = 1). GF is the cross section directivity of the feed 

(2.21) 
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in the direction e0 , e.g. the directivity relative toa line 

source that radiates isotropically in the cross section plane, 

but has the same field distribution as the feed along the line. 

It is defined in Eq. (1.11) in Appendix A as 

GF = 2rr 
Tr 

J GF(8)d8 

-rr 

And Ge is the cross section directivity of the cylinder 

antenna, defined in Eq. (3.10) in Appendix A as 

C 2rrD C 
G = A n 

where nc is the cross section aperture efficiency. Typical 

numerical values in dB are (for D = 30A). 

(2.22} 

(2.23} 

(2.24} 

Feed diagrams that illuminate the reflector properly will have 

a taper at the edges between -5 and -10 dB. Thus, the 

spillover lobes at the edges of the reflector will be 20-25 dB 

below the main beam level of the secondary radiation pattern. 

Spillover lobes below -50 dB will only be achieved in very 

limited angular regions within -180 deg< e < 84 deg. 

In the feed synthesis in Chapter 4 it is assumed that it is 

more important to have high aperture efficiency than to 

achieve the design goal with regard to sidelobes. 

2.5. Impedance Variations with Scan Angle. 

The impedance will vary with scan angle, and the variations 

are different for the two linear polarizations. The impedance 

should preferably be matched at broadside, but in order to 

reduce the reflections at 25 deg beamsteering angle a match 

at some offset angle may be preferable. The effect of mismatch 

is considered here. 

The 128 crqssed dipoles in the linear array feed are fed from 

two parallel completely branched transmission line systems 

(Ref. l}. 
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Fig. 2.3. Branched transmission line system. 
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2.8. 
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The two last levels (leve! 6 and 7), are shown in Fig. 2.3. 

The last power dividers are 3 dB hybrids with isolated in-

2. 9-. 

phase outputs. In front of them are 4 way matched power dividers 

with no isolation between the outputs. All divisions in front of. 

them are roade by simple matched T-junctions. Phasing devices, 

for instance phase cables, give a phase progression 6~ along the 

feed. All cable lengths within one level are the same, so that 

when 6~=0, all dipoles are fed inphase. The phase progression is 

llct> = kdsin8 (2.25) 

where 8 is the scan angle from broadside and d the element 

spacing. The transmission line system is analysed at the center 

frequency. 

If the array is assumed to be infinite, all dipole impedances 

are equal. The reflection coefficient is 

p ( 8) = 
z( e > - R

0 
Z ( 8) + RO 

where Z(8) is the (scan-angle dependent) dipole impedance 

and R
0 

is the characteristic impedance of the transmission 

line feeding the dipoles. 

The scatter matrix for the ideal inphase 3 dB hybrid in 

Fig. 2.4 is 

0 0 1 1 

s 1 0 0 -j j = 
12 1 -j 0 0 

1 j 0 0 

Fig. 2.4 is basis for the simple analysis that follows. 

Assume 

The reflection coefficient of the dipoles are p{8). 

(2.26) 

(2.27) 

(2.28) 

(2.29) 
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6 

Therefore, 

v; = p(e>v; 
v: = p(8)ej 2 ~<Pv~ 

The scatter matrix gives 

V3 
1 = 

12 

V4 
1 = -

12 

so that 

Substituting Eq.(2.25) gives the power dtssipated in the 

dummy load: 

2.10. 

(2.30) 

( 2. 31) 

(2.32) 

(2.33) 

(2.34) 

(2.35) 

(2.36) 

where P6 is the power.at level 6. This simple analysis has 

neglected the coupling between the outputs of the 4 way 

divider, and between the outputs of the T junctions in front. 

The power dissipated in the dummy load relative to the total 

power reflected from the two dipoles is 

p (9) 
p (0) = dummy = sin2 (kdsin0) 

dummy P61p(0) 12 

This formula is shown in Fig. 7 for d = 0.7A. 

. (2.37) 
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Fig. 2.5. Relative reflected power dissipated in the dummy load as 

a function of scan angle. 

The figure shows that for scan angles around 20 deg most 

of the reflected power is dissipated in the dummy loads. 

Therefore, the dununy loads must be dimensioned to (P
6 

= 6kW). 

P = 6/P(20 deg) j 2kW durnrny, max 

The reflections not dissipated in the durnrny load is reflected 

(2.38) 

to the outputs of the 4 way dividers. When e f O the reflections 

will not be in phase, and will, therefore, be coupled to the 

neighbouring ports of the 4 way divider. Something may also 

couple to the input and propagate back to the T-junctions in 

front where it may couple to the neighbouring output, and so on. 

That is because there is no isolation between the outputs. 

These coupled signals will cause amplitude and phase errors at 

the feeder elements. It is assumed that the error signal is 

approximately the same on all dipoles. The relative error 
signal is then (9 f 0) 

v 1 :::: j p ( e > c os ( kd si ne ) j 
V+ 

1 
(2.39) 
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According to the specifications in Ref. 1 the amplitude error 

in the excitation of the dipoles must be less than 0.1. 

Therefore when e f O 

2.12. 

I p (8) cos (kdsine) I <O.l (2.40) 

This gives for e = 25 deg 

I p ( 25 deg) I <O. 35 

or I VSWR < 2 .1 (2.41) 

Thus, the VSWR at the dipole input must be less than 2.1 

when the linear array is phase steered .to 25 deg from broadside. 

When 8 = 0 all reflections are inphase so that nothing is 

dissipated in the durnrny loads and nothing is coupled to neigh­

bouring outputs of the power dividers. Thus, for this ideal 

transmission line systern at the center frequency, the VSWR will 

be the same on all levels when e = O. 

The conclusion is: It is irnportant to reduce the irnpedance 

variation with scan angle in order to reduce the size of the 

dumrny loads, reduce the error signal distributed to 

neighbouring dipoles when e f O, and when e = 0 to reduce the 

VSWR seen by the transrni tter. 
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3.1. 

3. COMPUTER PROGRAMS. 

Some computer programs have been developed to investigate different 

feeder elements with regard to the design parameters given in 

Chapter 2. 

3.1. Aperture Efficiency. 

The program calculates the cross section aperture efficiency of a 

parabolic cylindrical reflector antenna as a function of F/D ratio 

and pointing direction of the feed. Adjacent parameters like 

spillover efficiency, the size of the spillover lobes and the taper 

of the aperture illumination are calculated. 

Assumptions: Cylindrical wave propagating from the focal line. 

Method: The aperture efficiency integral in Eq. (2.3). 

Author: Per-Simon Kildal, NTH. 

3.2. Phase Center. 

The program calculates the phase center of a given axial synunetric 

radiation pattern (amplitude and phase). 

Method: The phase center is determined as the phase reference point 

for which the root mean weighted square of the phase errors have 

its minimum value. The phase errors are referred to the best fit 

spherical wavefront propagating from the reference point of the phase. 

The weights in the r.m.s. computations are taken to be the 

amplitude of the radiation pattern. The computations follow 

Eq. (4.25 - 11) on page 150 in Ref. 3. (There isa misprint in 

the equation that should have a negative sign) • 

Author: Per-Simon Kildal, NTH. 

3.3. Impedance of a Linear Array of Dipoles over Ground. 

The program calculates the active impedance of a phase steered 

linear array antenna of crossed dipoles over an infinite ground 

plane as a function of pointing direction of the main beam for 
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a given number of elements, element spacing, height over ground 

and orientation of the dipoles. 

Assumptions: All element currents have the same amplitude with 

an ideal linear phase progression along the array. This isa rather 

crude approximation for small arrays, but when the number of 

elements increases (>5) the approximation becomes better (except 

for the impedance of the edge elements). The current distribution 

is assumed to be sinusoidal. 

Method: The emf method, Ref. 9 page 8. 

A detailed description of the computations of the mutual impedances 

is given in Ref. 10. 

Author: Egil Hauger. 

3.4. Corner Reflector with Dipole Normal to the Corner Axis. 

The programs calculate the cross section radiation pattern of 

a corner reflector with infinite length. The dipole is oriented 

normal to the corner axis. Variable parameters are: Corner angle (v), 

corner walls (a) , height of dipole over corner (h) , dipole length Cl), 
bends on the dipole arms (vd, la> in the plane normal to the 

corner axis. 

Fig. 3.1. Cross section view of corner reflector. 

Transverse polarization. 

Assumption: Sinusoidal current distribution on the dipole. 

Method: The radiation pattern is obtained by resiprocity. 

A distant current element I,(R&lJ, in the cros·s section plane 

produces a plane wave in the vincinity of the reflector. The 

total field ER from the current element with the corner reflector 
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present, is calculated. This isa two dimensional problem. 

If the current on the dipole is Id, the radiation field E~;~ 

from the dipole with the reflector present is now found by 

resiprocity (Ref. 11). 

E~<~l = 1}R J ER·Iadt 
dipole 

+ 
One way to calculate ER is to use the geometrical theory of 

diffraction (GTD) (Ref. 12), which says that in addition to the 

geometrical optics rays we have diffracted rays emanating from 

the reflector edges and the corner angle. 

An0ther approach is to use the E-field formulated integral 

equation for the current on the reflector induced by the instant 

current element. This equation is easily solved by the method of 

moments (MM) (Ref. 13). Once the induced current is known, the 
+ 

scattered field can be calculated, and ER is the sum of the 

incident and the scattered field. 

Programs for both methods were written, and the results were 
0 

compared. The two methods gave equal results for v = 180 . 

For other corner angles the GTD-program gave erroneous results. 

The reason is assumed to be that the doubly-diffracted field 

between the edges and the corner angle contributes a great deal 

to the total field in·this case. Rays emanating from the edges 

are diffracted by the corner. The edges are to be regarded as 

sources for this diffraction. In this case GTD is not valid, 

since it is an asymtotic theory requiring a diffracted ray path 

of several wavelengths, while the ray path now is approximate 

one wavelength long. 

Author: Eddy S~rngård, NTH. 



3.5. Corner Reflector with Rods and Dipole Parallel to the 

Corner Axis. 

rod 
(-Xj 'Yi ) 

• Dipole 

3.4. 

Fig. 3.2. Cross section view of corner reflector with rods. 

Longitudinal polarization. 

The programs calculate the cross section radiation pattern of a 

corner reflector of infinite length with the dipole parallel to 

the corner axes. In one of the programs any number of infinitely 

long rods parallel to the dipole may be placed anywhere outside 

the reflector. The rods are used to obtain a wanted radiation 

pattern. Variable parameters are: Corner walls (a), corner angle 

(v), height of dipole over corner (h). If rods are to be taken 

account of, following additional parameters are needed: 

The diameter of the rods, and the coordinates (x., y.) of each 
1 1 

of the rods. 

Method: The radiation pattern is again obtained by resiprocity. 

The distant current element is now parallel to the reflector axes, 

rti , and all E-fields have only a z-component. The radiation 
X 

field is given by 

Ex ( ip ) = it J 
dipole 

where c isa constant. 

ERiddz = cERI 

at 
dipole 

Also in this case one can use an E-field formulation to get an 

integral equation for the current induced on the reflector and the 

rods, and the equation is solved by the method of moments. The 
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scattered field from the reflector and the rods can then be 

found, and ER is the sum of the incident and the scattered field. 

When no rods is present, ER can alternatively be calculated by 

GTD. 

A computer program was written for each of the two methods, and 

the results were compared. For this polarization there is good 

agreement between the patterns calculated by the two methods for 

all corner angles, because the doubly-diffracted rays between the 

edges and the corner angle causing trouble for the other 

polarization, do not excist in this case. 

Author: Eddy S~rngård, NTH. 
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4. RESULTS OF COMPUTATIONS. 

The computer programs described in Chapter 3 were runa number of 

times to synthesize a good feed design. The variable parameters 

of the corner reflector were changed in order to optimize the 

design parameters in Chapter 2. The results given here are all for 

a parabolic cylindrical reflector antenna with F/D = 0.45. The 

feed is offset with one of the reflector edges along the vertex 

of the parabolic cylinder. More results, cornputed and rneasured, 

are given in Chapter 6 for the proposed feed design. When the 

aperture efficiency is rnentioned in the following, spillover is 

always included. The phrase "little influence on the radiation 

pattern" means that the change in the beam illurninating the 

reflector is so small that the apertur~ efficiency does not change 

by rnore than 1-2 percent. 

4.1. Dipoles Normal to the Corner Axis. 

- The illumination that y-ields the highest aperture efficiency 

occur fora corner angle of 180 deg. {- 0.887). 

- For corner angles between 90 deg. and 120 deg. the r.m.s. 

phase error referred to the best fit phase center is 

significantly higher than for cor.ner angles around 180 deg. 

- The phase center for 180 deg. corner angle is slightly 

beneath the ground plane (- 0.02A). When the corner angle 

decreases, the phase center moves upwards so that the corner 

reflector acts more and more as a horn antenna with the phase 

center near to the aperture. 

- The spillover lobes are much lower for 90 deg. corner angle 

than for any other corner angles. 

- Bending of the dipole arms when v = 180 deg. has unfavourable 

influence on the radiation pattern. When the arms are bent 

towards the ground plane, the beam broadens, and the phase center 

rnoves slightly upwards. When the arms are bent away from the ground 

plane, the phase center moves farther beneath the ground plane 

with insignificant effect on the radiation pattern. 

- For 180 deg. corner angle variations in the dipole height 

between 0.15A and 0.25A has little influence on the radiation 

pattern, but the spillover is slightly increasing when h 

increases. 

- For small corner angles, for instance v = 90 deg., variations 
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in the dipole height effects strongly on the radiation pattern. 

The best diagram occur when h = 0.7A. For this height the field 

normal to the corner walls is almost zero (theoretically it is 

zero when a + oo and h = 0.7A). 

For 180 deg. corner angle variations in half the ground plane 

size down toa= 0.75A has little influence on the radiation 

pattern, but the spillover and the spillover lobes increases 

somewhat. A good choice is l.OA < a < 1.25A. 

Some typical calculated results are shown beneath: 

Spillover 
s C at 

lobes 

V a/").. I h/A ö./A öo ny ny -130deg 84deg 

180 deg 1.0 .25 -0.028 1. 32 deg 0.934 0.887 -22.5dB -20.SdB 

120 deg 1.65 .5 0.618 11.62 deg 0.748 0.719 -18.5dB -18.0dB 

90 deg 2.0 .7 0.942 9.15 deg 0.964 0.534 -33.8dB -34.4dB 

v, a and hare defined in Fig. 3.1. 

h. is the position of phase center over corner. 

ö0 is the r.m.s. of the phase errors within the subtended angle 

of the reflector when the phase is referred to the phase center. 

(Computed wi th the program in Sec.". 3. 2) . 

nc and ns are the cross section aperture efficiency (Eq. (2.3)) y y 
and the spillover efficiency (Eq. (2.5)) respectively. 

4.2. Dipoles Parallel to the Corner Axis. 

No rods: 

- With 180 deg. corner angle the aperture efficiency is as low as 

o.a included 17% spillover. 

- The aperture efficiency is increasing when the corner angle 

decreases from 180 deg, having a maximum of - 0.873 for v ~ 140 deg, 

and is then decreasing down to ~ 0.80 for v = 90 deg. 

- The radiation pattern is for all corner angles relatively 

insensitive to variations in the height h when h < 0.25 A. 

- The phase center is moving upwards with decreasing corner angle, 

from near the corner axis to the aperture of the corner. 

The r.m.s. phase error over the wavefront is increasing only 

slightly ·with decreasing corner angle. 

- Variations of the size of the walls seems to have little 

influence on the radiation pattern as long as the aperture 

I 



of the corner reflector is wider than 2.0A, e.g. a > l.OA 
cosv 

4. 3. 

- The spillover and the spillover lobes decreases with decreasing 

corner angle. 

- The reason to the rnuch better performance of the corner reflector 

when the dipole is parallel to the corner axis is assurned to be 

that the field at the corner walls in the cross section plane 

through the dipole is always zero for this polarization, causing 

much less diffraction from the edges than if the field was not 

zero, as generally is the case for the perpendicular dipole. 

180 deg. corner with two rods. 

- With two rods only, symrnetrically placed on both sides of the dipole, 

the radiation diagram can be shaped very easily to give an aperture 

efficiency of up to 0.895. 

- The size of the ground plane has little influence on the radiation 

pattern when 2a > 2.0A. 

- The r.m.s. phase error over the wavefront within the subtended 

angle of the reflector referred to the phase center is less than 

2.0 deg for all positions of the rods. 

- The phase center is changing when the positions of the rods vary. 

There isa tendency of the phase center to move down when x 1 or/and 

y
1 

is increasing. The phase center may be below the ground plane. 

- To reduce spillover the height y 1 of the rods should be y1 < 0.5A. 

- The diameter of the rods was taken to be 0.025A. 

The highest aperture efficiency achieved was 0.896 when x 1 = 0.45, 

y 1 = 0.45 and h = 0.25A. 

- Small variations in the position of the rods in the area 

0.45 < x
1 

< 0.55 and 0.45 < y1 < 0.5 yields possibilities to match 

radiation pattern or phase center to the results of the dipole 

normal to the corner axis. 

- Variations in the height have little influence on the radiation 

pattern when h < 0.25A, but the spillover lobes increase somewhat 

with increasing height. 
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Some typical calculated results are shown beneath: 

r ....... , . ! I C bpil lover lobes a t 

,v(deg) a/Å h/Å fi/A,y1/A 6/A ö0 n! nx r-180deg . 84deg 

180 1.0 0.15 No I0.826 j o.8o5l-19.9dB l-18.8dB 

120 1.15 0.20 No 0.141 ; l.87deg l.0.945 i 0.845; -24.0dB i-22.0dB 
I ! I 

140 1.20 0.15 No 0.037 i 2.3 deg ,0.922 I 0.860i -22. 7dB 1-20.9dB 

1 
90 2.0 0.25. No 0.434 / 4.lldeg 

1
o.984 i 0.792j-28.4dB j-25.4dB 

i 1· 180 1.0 , 0.251 o.5 , o.5[-0.021 i 0.83deg ·0.937 1 o.aagJ· -23.6dB 1-20.9dB 

____ !~~ --~.:.~ __ _;_Q_'._2_5_J __ q_'._~?..!~- 0. 07 _j_}..:_38~;;Jo :..9531~. 896. -23_~5dB _J-21_. 0~ 

,. 

v, a, h, x 1 and y 1 are defined in Pig. 3.2. 

For 6 and ö
0 

see page 4.2. 

Fornsand nc see Eq. (2.5) and (2.3) respectively. 
X X 

4.3. Impedance Variations. 

Impedance computations were roade with the program described in 

· Chapter 3.3, fora linear array of crossed dipoles over an infinite 

ground plane. The computations were done mainly to have an idea 

of which parameters that would influence the mutual coupling. 

Measured results may be different, depending on the special dipole 

design, but the variations with the parameters should be the same. 

All calculations are for the center dipole in a linear array 

antenna of seven elements. Only the transverse polarization is 

applicable to the proposed feed design, and is considered here. 

The element spacing (d}, the height of the dipoles over ground 

plane (h}, and the length of the dtpole arms (/) have influence 

on the impedance performance. The element spacing is for the EISCAT 

VHF antenna d = 0.7A. The performance of the power reflection 

coefficient when the dipoles are matched at broadside is shown in 

Fig. 4.1 for the transverse polarization for this element spacing. 

The reflection coefficient clearly decreases with decreasing height. 

The reason is assumed to be that the mutual impedances decreases 

when the dipoles approach their images. The current on the dipole 

and on the image is out of phase causing the sum of the two 

field vectors on the neighbouring dipoles to decrease. 

In the matching procedure of the dipoles it is convenient to know 

the impedance variations with height and length of arms. That 

is shown in Fig. 4.2 for the transverse polarization. 
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Fig. 4.1. Power reflection coefficient versus scan angle when 
dipoles are matched at broadside. Transverse polarization. 

The calculated impedances are transformed through the lossless 

network mentioned in Ghapter 5.1, to take account of the special 

balun design. Note that the actual length of the dipole arms to 

be used in the program is the length of one arm (in Fig. 51) plus 

half the diameter of the arm. That is to take account of the 

thickness of the dipole arm. 



VI 
l: 
:I: 
0 

z 

Q: 

Lu 
u 
z 
<l'. 
~ 
VI 

VI 
Lu 
Q: 

100 

75 

so 

25 

0 
-50 

d = 0.77i.. 

l = 0.21 A 

-25 

l = 0.25A 

0 25 so 75 100 

REACTANCE X IN OHMS 

Fig. 4.2. Dipole impedance (R + jX) as a function of dipole 

height (h) and length of dipole arms Cl). Transverse 

polarization. Center dipole in a linear array of 

7 dipoles with spacing 0.7A. All dipoles are excited 

with the same amplitude and phase. 

4. 6. 

One way to compensate for the mutual coupling is to place baffles 

between the dipoles (Ref. 15). According to the reference baffles 

compensate the impedance variations of the colinear dipoles, e.g. 

the longitudinal dipoles, when the spacing is 0.5A. Calculations 

by the periodic structure approach (Ref. 14 page 216 and 247) are 

more difficult to carry out for other element spacings, because 

then grating lobes must be considered. Baffles also turned out 

to have high influence on the cross section radiation pattern of 

the transverse dipoles (see Chapter 5.2). Therefore, it was not 

put more effort in considerations of baffles. 



• 

5.1. 

5. SCALE MODEL MEASUREMENTS. 

To verify the computed radiation patterns and to measure 

impedances, scale models were built at 1.5 GHz (A = 200 mm), 

e.g. a reduction in scale at 1:6.63. The design of the models, 

and some of the measurements, are given below. For the proposed 

feed design, however, the complete measur~ment results may be 

found in Chapter 6. 

5.1. Dipole Design. 

The dipoles were roade with a shielded balun to allow adjustment 

of height above the ground plane (for matching purposes). The 

design is shown in Fig. 5.1. The two cables feeding the two 

orthogonal dipoles in one crossed dipole unit are 50 ohms SR-2 

cables with teflon dielectric from Suhner. The attenuation of 

this ca~le is 0.9 dB/m, which is calibrated out by referring the 

impedance measurements to point A on Fig. 5.1 by using a shorted 

SR-2 cable of length 138.7 mm, e.g. equal to the length of the 

SR-2 cable in the dipole. 7 dipoles were roade. The free space 

impedance was measured when the length of one dipole arm plus 

half the diamenter (J in Fig. 5.1) equaled 0.25A. The resistance 

Rd and reactance Xa were for all 14 inputs within 

Rd = (105 ± 2.S)ohms 

(except for one crossed dipole where Rd = 115ohms 

and 112.5 ohms). 

xd = (53 ± 5.5)ohms 

The free space impedance may be calculated in several ways, hut 

will not be equal to the measured ones unless the special feed 

gap configuration in Fig. 5.1 is taken into considerations. 

In Ref. 10 the free space impedance is calculated using Hallen's 

integral equation, extended boundary conditions anda series 

expansion of the current distribution in terms of trigonometric 

functions. The impedance of a half-wave dipole with diameter 2.5 nun 

(e.g. 0.0125A) was found to be (92 + j42)ohms. The computations 

should be very accurate. In order to explain the discrepancy with 

the measured impedances, an equivalent circuit was roade for the 
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Fig . 5 .1. Design of crossed dipoles. 
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Fig . 5 . 2. Original idea with dipoles ma king a 45 deg angl e 

with the array axis . 
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feed gap, using the dimensions of the physical structure 

between the impedance reference plane A and the feed points 

(Ref. 10). With this circuit, the calculated and measured 

impedances matched quite well. Here a transmission line 

equivalent will be used, a lossless transmission line with 

5.3. 

characteristic impedance 125 ohms and length 0.0278A. When the 

computed free space impedance is transformed through this network, 

it becomes (105 + j54) ohms. A physical explanation of the 

equivalent circuit will not be given. It may be considered as an 

equivalent circuit that is "fitted" to the problem to equalize 

calculated and measured impedances. It is, however, believed to 

give a good representation of the feed gap because the free space 

impedance of (92 + j42)ohms is computed very accurately. Anyway, 

the equivalent circuit is lossless and_will have only a small 

effect on principal impedanc~ variations. Only the principal 

behaviour of the impedance variations is of interest in this report. 

The program described in Sec. 3.3 computes the active impedance of 

a linear array of crossed dipoles. It isa simple program, assuming 

sinusoidal current distribution and equal current amplitude (but 

progressive phase) on all dipoles that have the same orientation to 

the linear array axis. A finite diameter of the dipoles is not 

considered, and must be accounted for approximately by adding half 

the diameter to the length of the arms (Fig. 5.1). This is to extend 

the current distribution around the edge at the end of the dipole 

arm to be zero on the axis at the end of the dipole rather than on 

the edge. The free space impedance computed with this program is 

(73 + j40)ohms. Transformed through the transmission line equivalent 

of the feed gap it equals (83 + j57) ohms. This is far from the 

measured value of (105 + j53)ohms. The discrepancy is caused by the 

simple analysis using a pure sinusoidal current distribution. But 

the program gives a good representation of the principal behaviour 

of the impedance, as is seen by comparing Fig. 6.12a and 6.13a with 

Fig. 6.14a and 6.15a respectively. The computed impedances in 

Fig. 6.14, 6.15 and Fig. 4.2 are all transformed through the 

equivalent circuit of the feed gap. 

The first propq·ijJll for a linear array feed for the EISCAT cylindrical 
. :t·', 

antenna was to use crossed dipoles above a ground plane, placed 

with a 45 ~eg angle to the linear array axis (Fig. 5.2). The two 

polarizations were fed individually from two transmitters with 
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equal amplitude excitation of each dipole of the same 

polarization (I1 and I 2 in Fig. 5.2). Then it was possible to 

steer the amplitude of the longitudinal and transverse polarized 

field by phasing the two transmitters only (but transmitting full 

power in both,I1 = I 2), so that circular polarization could be 

obtained in the main beam although the longitudinal and transverse 

polarization illuminates the reflector differently. The active 

impedance of such an array was measured as shown in Fig. 5.4, but 

with all 14 inputs of the 7 dipoles excited. An extra adjustable 

phase shifter was used to provide a phase difference between the 

currents r 1 and I 2 in FigJ. 5.2. The impedance with the array 

transmitting left circular polarization turned out to be different 

from the impedance when the array transmitted right circular 

polarization. There exists coupling bet~een one dipole excited 

with current I 1 and all neighbouring dipoles, both those excited 

with I 1 and with r 2 • The only dipole which does not couple is 

the orthogonal dipole in the same crossed dipole unit. Thus, the 

impedance of a dipole excited with I 1 is sensitive to the phase 

of I 2 , and is, therefore, different for right and left circular 

excitation. This unwanted coupling between orthogonal dipoles 

could cause problems with matching and polarization control. It is 

also more difficult to compute beam patters and to find methods 

of forming the beam patterns to optimize the illumination of the 

reflector. Therefore, longitudinal and transverse dipoles were 

chosen rather than the orientation in Fig. 5.2. The sensitivity 

of the impedance to the transmitted polarization was also 

computed (with the program in Sec. 3.3). 

5.2. Radiation Patterns of Corner Reflectors. 

Measurements were roade on a 3 element array with the dipoles of 

Sec. 5.1 placed in a 90 deg corner reflector, a 120 deg corner 

reflector, and over a flat ground plane. In all cases there were 

baffles between the dipoles that had a spacing of 0.7A. The cross 

section radiation patterns with all 3 dipoles excited were measured, 

and the aperture efficiences computed (from the measured patterns) 

with the program of Sec. 3.1. Phase measurements were not made. 

The baffles had no significant effect on the radiation patterns 

when the dipoles were parallel to the corner axis, causing the 

measured patterns to be equal to the patterns computed with the 
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program in Sec. 3.4. However, when the dipoles were normal to 

the corner axis, the baffles had a severe effect on the radiation 5.5.: 

patterns. Therefore, the patterns were very different from the 

patterns computed for the case wi thout baffles wi th the progr_am 

of Sec. 3. 3. --- ~ --- . 
~ 2 3. 

(See Fig. 3 .·1 ard 3 ." 2) _ .. q. • section 
tross 

Polarization a/>i. h/>i. Baffle C oattern 
V height n ( 0_2QdB) Corrunents 

Par. to Corn. 180 deg 1.0 0.15 0.3>i. 0.803 .I\ campare 
page 4.4 

--~--

Norm. to Corn. 180 deg 1.0 0.15 0.3A 0.835 (\ High infl. 
of baffles 

Par. to Corn. 120 deg 1. 65 0.45 0.83A 0.866 n Campare 
page 4.4 

·--
120 1.65 0.45 n High infl. Norm.te Corn. deg 0.83A 0.909 lof baffles 

- I 

Par. to Corn. 90 deg 2.0 0.4 1.4A 0.780 (\ jCompare 
page 4.4 

Norm.te Corn. 90 deg 2.0 0.4 l.4>i. Q.814 n High infl. 
of baffles 

The 120 deg corner seems to be a good solution even if the shapes 

of the radiation patterns are slightly different. However, the use 

of baffles was given up because of the difficulties associated with 

the computation of the patterns in the cross section plane. 

5.3. A linear Array of Seven Dipoles over Ground Plane with 

Parallel Rods. 

180 deg. Corner with Rods: Based on the computations in Sec. 4.1 

and 4.2 a ground plane was roade, 2>i. wide and with possibility to 

place parallel reds indifferent positions over the ground plane. 

The design is shown in Fig. 5.3 together with the numbering of the 

dipoles along the 'array. The diameter of the reds was 0.025>i.. 

plexiglass plate with holes 

parallel rods 

for di poles 

Fig. 5.3. Plane reflector with rods. 
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Impedance Measurements: The impedances were measured with all 

dipoles excited as shown in Fig. 5.4. The reference point of all 

measurements is the feed gap in the dipole, as explained in 

5. 7. 

Sec. 5.1. The flexible cables (RG 5) used to connect the dipoles 

to the 8 way power divider were all cut to the same electrical 

length (±5 deg), one of them, however, was cut to the same length 

as the others with the directional coupler included. The accuracy 

of the measurements depends on the isolation of the directional 

coupler which was measured to -53 dB. This gives an error signal 

of -33 dB when the coupling is 20 dB. Thus, the impedance can be 

measured with an error in the power reflection coefficient of 

0.022, e.g. SVWR 1.044. Reflections from connectors and cables 

(SR2 and SR3 with zk = 50 ± 1 ohms, RG 5 with zk = 50 ± 2 ohm) 

yield additional errors. 

Phase Cables: To phase the linear array antenna, 16 cables (SR3) 

were cut in lengths 

18/17A, 19/17A, 20/17A, 21/17A, 5/17A, 6/17A, ..... , 16/17A 

toan accuracy of ±3 deg. A proper arrangement of these 16 cables 

provides possibilities to measure at the following scan angles 

( S ee Ref. 18 ) . 

n = 1, 2, 3, 4, 5 

e.g. at e ~ 5 deg, 10 deg, 15 deg, 20 deg and 25 deg. 

Results of measurements of the active impedance for these scan 

angles are shown in Sec. 6.3. 

Radiation oatterns: The measurements are shown in Sec. 6.3. The 

rneasured and cornputed patterns does not coincide well for 

directions outside the main beam. The reason is mainly measurement 

errors because of reflections from unwanted objects near to the 

antenna. The pattern of main interest, however, is the beam 

illurninating the reflector, e.g. within ±50 deg from the rnain 

direction. 
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6. OPTIMIZED FEED DESIGN USING BEAM MATCHING RODS. 

Reference is .made to the ·comp-µter_analysis in Chapter 4. Crossed 

dipoles over ground·plane give· a highly efficien~ illumination of 

the reflector for the transverse polarization. The longitudinal 
. . ' 

polarization, however, has too broad a beam pattern in the yz plane. 

But it is possible to form this pattern_ to give a very high aperture 

efficiency, using.two beam matching rods. The ·proposed positions of 

th~ reds are shown in Fig. 6.1. 

0.45\ 
I• ..,i 

• 
0.45A 

2A 

• •- Beam matching rads 

.__. Crossed dipole 

~ Ground plane 

Fig. 6.1. Cross section view of proposed feed design. 

Fig. 6.2 shows how the computed beam pattern in the cross section 

plane is formed to be almost equal to the pattern of the transverse 

polarization, which is not influenced by the rads. The patterns may 

have been matched even better with a slightly different position of 

the rods~ But in order to maximize the aperture efficiency for 

circular polarization, the positions of·rods yielding the highest 

aperture efficiency were used. althoug.h there isa small cross polar 

component. The aperture efficiency for circular polarization, defined 

by Eq. (2 .1) , and the cross polarization are shown in Fig. 6. 3 and 

6.4 respectively, both with and without beam matching rods. The 

pointing direction of the feed is chosen as the one that maximizes 

the aperture efficiency. See Fig. 6.5. The aperture efficiency has 

increased from 0.823 to 0.89, e.g. with more than 8%, when beam 

ma tching r.ods are used· and F /D = O • 4 5 . 

The computa~ions in Chapter 4 show that a corner reflector (with 

corner angle less than 180 deg) cannot give the same high aperture 

efficiency, mp.inly because of the "bad" radiation pattern of the 



• 

6.2. 

transverse polarization. Therefore, the proposed feed design in 

Fig. 6.1 is ·the one of the evaluated designs (e.g. general corner 

reflectors and using two beam matching rads), that yields the 

highest aperture efficiency for circular polarization. The two 

beam matching rads act in a way like a polarization sensitive 

corner reflector. 

The height of the dipoles over ground is taken to be h = 0. 25Å, 
. I 

to allow a common .balu~ design with no shielding tube around it. 

Although the impedance variations with scan angle may be smaller 

with a lower height. (See Sec. 4.3). 

The aperture efficiency hasa maximum for F/D = 0.45. The best choice 

from mechanical considerations may be slightly greater, because the 

longer the focal length, the more effective use is roade of the 

reflector area. The re~son is that the length S of the parabolic 

curve in the cross section plane becomes more equal to the aperture 

width D when F increases. A cross section reflector illumination 

efficiency nr. may be defined as the cross section aperture circ . 
efficiency nc. divided by the curve length relative to the circ 
aperture width, S/D. Thus 

c D 
r ncirc 

ncirc = s 

C This efficiency has its maximum fora higher F/D than n .• It circ 
gives the optimum F/o· ratio fora given reflector area, while the 

maximum of n c. r gives =the optimum F /D ra tio for a given aperture 
C1 C · 

area. nr. is shown .in Fi-g .• 6. 6 for circular polarization, wi th circ 
and without beam matching rads. The best choice of F/D ratio isa 

question of price balance between the reflector and reflector 

backing structure and the feeder bridge support towers. The 

spillover increases, and the near sidelobes increase because of 

more uniform aperture illumination, when F/D increases. For the 

EISCAT VHF cylinder antenna it was more natura! to regard the 

aperture width as a fixed parameter rather than the reflector 

curve length at the time when the feed design was completed • 

Therefore, F/D = 0.45 was chosen. An extra offsetting E = 1.5 m of 

the feed will reduce the geometrical feed blockage of the aperture 

to zero. 

The proposed parameters of the feed and the reflector, believed 

to be very close to the optimum choice, are summarized below. 
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Feed: 

Reflector: 

Nidth of· ground plane 

Height of dipoles 

Height of beam matching reds 

Spacing between beam matching 

Diameter of beam m~tching 

Aoerture width 

. Focal length 

Extra offsetting of feed 

reds 

* Pointing direction of feed 

Subtended angle 

reds 

* The optimum pointing direction of the feed is 

the negative z~axis (Fig. 1.2). It is greater 

6.3. 

2a = 2.00)i. 

h = 0.25)i. 

Y1 = 0.45A 

2x1 = 0.9 Å 

0.025A 

D = 40.0 m 

F = 18.0 m 

E = 1.5 m 

"'o = 54 deg 

"12-"11 = 91.4 deg 

measured from 

than given in 

Fig. 6.5 because of the extra offset E. The offset E = 1.5 m 

gives ~l = 4.7 deg. 
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Fig. 6.2. Computed beam patterns in the cross section plane. 

, All patterns are normalized toa cross section directivity 

of 6.64 dB. 

The transverse polarization is computed with GTD without rads. 

The longitudinal polarization without rads is computed 

with GTD. 

The longitudinal polarization with rads is computed with 

moment methods. 
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6.9. 

6.1. Additional Impedance Matching Rods. 

The impedance of.the longitudinal and transverse dipoles will be 

different, due to the different mutual impedances between colinear 

and parallel dipoles. Therefore, separate matching of each 

polarization is necessary. One method is to use internal matching 

such as impedance transformers in the cable feeding the dipole. 

Here I propose another technique, using impedance matching rods. 

The scale model in Fig. 5.1 and 5.2 did not allow interna! matching 

of the two polarization. It was, however, possible to match both 

polarizations properly by using two extra rods parallel to ·the 

linear array axis in metallic contact with the shielding tube 

around the balun, as shown in Fig. 6. 7 .. The rods act as a displaced 

ground plane for-the longitudinal polarization, whereas they have 

no influence on the impedance and beam pattern of the transverse 

pola~ization. They have also insignificant influence on the beam 

pattern of the longitudinal polarization, as shown in Fig. 6.8. 

Comparison with Fig. 6.2 shows that it becomes in fact slightly 

more equal to the pattern of the transverse polarization. 

0.4S"'A 

~ 0.45A 

• • 

2"'A 

.-- Beam rnatching rads 

.-- Crassed dipale 

lmpedance matching rads 
G raund plane 

Fig. 6.7. Cross section view of feed with additional impedance 

matching rods. 



6.10. 

The position of the phase center changes,but is still within 

the lirnits discussed in Sec. 2.3. 

The rnatching procedure in the scale medel was as follows. The 

transverse dipoles were matched by adjusting the height over 

ground plane and the length of the dipole arms. (See Fig. 4.3). 

Then the longitudinal dipoles were matched by adjusting the 

height of the irnpedance matching rads and the length of the dipole 

arms. A matchat same offset scan angle was preferred, according 

to the discussion in Sec. 2.5. The parameters for properly matched 

dipoles in the scale model were: 

Transverse polarization: Length of dipole arms J. = 0.214A 

Height of dipole over 

ground h = 0.25A 

Longitudinal polarization:Length of dipole arms J. = 0.215A 

Height of extra rads Y2 = O.lA 
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1. 2 
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0.8 
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ANG LE IN DEG 

Fig. 6.8. Comparison between computed beam patterns without and 

with impedance matching rads. The patterns are normalized 

toa cross section directivity of 6.64 dB. 
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6.2. Scale Modei Measurernents. 

The results of measurements on the scale rnodel in Fig. 5.2 are 

presented here. All pattern measurements and impedance rneasure­

rnents in the figures below are done with bearn matching rods and 

impedance matching rods, placed as shown in Fig. 6.7. 

6.12. 

The measured beam patterns of the transverse polarization were 

not influenced by the beam matching rods and irnpedance matching 

rods, except fora filling out of the deep nulls in the pattern 

(-45 dB). The measured and computed patterns.for the transverse 

polarization are compared in Fig. 6.9. The computations roade with 

GTD and moment methods were almost equal (see Sec. 3.4), in fact 

they differed by less than 0.1 dB within ±78 deg from axis fora 

sufficient number of subdivisions of the ground plane in the 

moment method program. The measured and computed patterns coincide 

well within the main beam, except for some small shoulders in the 

measured pattern. The reason for their existance is believed to be 

the finite length or the scale model, causing diffraction from 

the ground plane edges at both ends of the dipole array. This 

diffraction is rnuch greater for the transverse polarization than 

for the longitudinal polarization because the transverse diooles 

are parallel to i;hese edges. 

The measured and computed patterns(using moment methods)of the 

longitudinal polarization are shown in Fig. 6.10. They agree 

rernarkably well within the main beam. The same agreement is also 

present without the impedance matching rods, but the diagram is 

slightly narrower, see Fig. 6.8. 

Neither the patterns in Fig. 6.9 nor in Fig. 6.10 coincide well 

outside the main beam, e.g. more than 90 deg from axis. That is 

caused by measurement errors due to reflections from nearby Qbjects. 

It is seen how the measured pattern oscillates about the computed 

pattern, typical for reflections. The difference is also due to 

the mounting tower and feeder cables on the rear side of the 

scale medel. 

The measured patterns in the cross section plane are compared in 

Fig. 6.11. They correspond to the comparison of the computed 

patterns in Fig. 6.2. 
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6.13. 

Impedances measured on the scale mode! are shown in Fig. 6.12 

and 6.13. They are active impedances, measured with all dipoles 

excited with the same input power (see Fig. 5.3), and may be 

compared with the computed impedances shown in Fig. 6.14 and 6.15. 

The computations were roade with the program described in Sec. 3.3 

fora linear array af 7 crossed dipoles over an infinite ground 

plane, without any beam matching or impedance matching rods. The 

rads have no influence on the impedance of the transverse dipoles. 

The impedances along the line is for this polarization computed 

with the same height and length that the actual dipoles have, see 

Sec. 6.l, and transformed through a lossless network that simulates 

the balun design, see Sec. 5.1. Campare Fig. 6.12a with Fig~ 6.14a 

and Fig. 6.13a with Fig. 6.15a, and see that the principal 

behaviour is very similar. The disagree~ent is due to the measurement 

accuracy (see Sec. 5.3) and the mechanical accuracy in the 

construction of the dipole (see Fig. 5.1}. These errors give typical 

measured impedances as in Fig. 6.12a where the impdances of dipole 

1 and 7 (2 and 6, and 3 and 5) should have been equal. Other 

reasons are the ·finite size of the ground plane, but that has only 

small influence on the impedance, and the approximation that is used 

in the computer program pescribed in Sec. 3.3. This approximation 

has the greatest effect an the end dipoles. The measured impedance 

on the transverse end dipole differs therefore more from the computed 

impedance than the imp~dance on the center dipole do. 

The measured results for the longitudinal polarization is also shawn 

in Fig. 6.12 and 6.13. They are not directly comparable to the 

computed results because the rods greatly influences the impedance. 

The computed results are, therefore, done fora dipole length 

l = 0.213 and height h = 0.19A which turned out to give an impedance 

near to 50 ohm. The computatians were only done to see whether the 

main variations were the same with and without rods. It is seen from 

a comparison of Fig. 6.13b and 6.15b that the impedance variations 

.with scan angle is less with rods (measured) than without rods 

(computed). Thus, the beam matching rods had a beneficial influence 

on the mutual coupling. Impedance as a function of frequency is 

shawn in Fig. 6.16. 
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Fig. 6.11. Comparison of measured beam patterns. 

Feed design with 4 rads. 
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6.17. 

>~2• / . . ·, 
i . 

b) Longitudinal polarization 

Fig. 6.12. Measured variations in the active impedance along the 

linear array. The numbering af the dipoles are shown in 

Fig. 5.2. Feed design with 4 rads. No phase steering, 

e.g. scan angle 0=0 deg • 

. --- ·-·· .•. -··- ·--- •.• -• I 

--~- __ · =--~~----~- - -~:-:··· -~-- --~ ~ -. / -.. 

. ·--~ :~~:=:~lt:&(_ . -; :: ---

a) Transverse polarization b) Longitudinal polarization 

Fig. 6.13. Measured variations in the active impedances as a function 

af scan angle 8 an center dipole (®), e.g. dipole No. 4, 

and an end dipole (A), e.g. No. 7. Feed design with 4 rads. 

Dipole No. 7 is only measured for 0=0°, 25° and -25°. 
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~------. ..-:.-- '. . ---
,.~ \ . .. ; : -------

_·.·.~--•. · 

~ .. · ;· ~---. . . . . .. . . : 
. . . . . ~ 

a) Transverse polarization b) Longitudinal polarization 

Fig. 6.14. Computed variations in the active impedance along an array 

of crossed dipoles without rads. 7 elements that are 

nurnbered successively from one end to the other. Scan 

angle 0=0°. Program described in Chapter 3.3. 

... ~.. . - . . . ~ .•. 

a) Transverse polårization b) Longitudinal polårization 

Fig. 6.15. Computed variations in active impedance as a function of 

scan angle e, on center dipole (0), e.g. dipole No. 4, and 

o~ end dipole (A), e.g. No. 7. Crossed dipoles without rods. 

Program in Chapter 3.3. 
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Fig. 6.16. Me~sured impedance variations with frequency on the scale 

model. Scan angle 0=0. Center dipole. 
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6.20. 

6.3. Performance of Feed. 

A list of performance data·is given at the end of this section. 

Fig. ·6 .17 shows the poweJ::' dissipation in the dununy loads calculated 

from Eq. (2.36), using the measured impedances in Fig. 6.13 for the 

center dipole. Fig. 6.17 also shows the relative error signal caused 

by_reflections·from the dipoles, calculated from the measured 

impedances on the center dipole and Eq. (2.39). The error signal, 

e~g. the reflection coefficient referred to the input of the hybrids 

(see Fig. 2.3) is high for small scan angles because the reflections 

th~n add almost in phase on the input of the hybrid. It is clear from 

Fig. 6.17 that a better matchat 8=0, resulting in a higher mismatch 

at 6=25°, is preferred if the maximum error signal is to be reduced 

tq_ le·ss than O .1. The power dissipation will still be less than 600W. 

0.16 
450 

L&J 
0 

V, :::> .... .... 0.12 .... 
<t: 

_. 
a. 3 l:: 

~ 300 <t: 

a:: a:: w 
Transverse 0 

3 a:: 0.08 
~ a:: 

dipoles 

~ 
L&J Transverse 
L&J dipoles 
> I~ 150 .... 
<t: 

0.04 _. 
La.I 
a::: 

0.00 
0 s 10 15 20 25 0 5 10 15 20 25 

S CAN ANGLE IN DEG SCAN ANGLE IN DEG 

F.i,g. 6.17. Power dissj.pation in dummy loads and the reflections 
·referred to the input of the hybrid (375 kW average power). 



6.21. 

A study of the table on the next page makes it clear that the 

feed satisfies the requirements discussed in Chapter 2. There 

are two exceptions. The spillover lobes will be higher than the 

design goal. A reduction is not possible without decreasing the 

aperture efficiency severely. The mismatch of the dipole impedance 

at 9=0 is slightly too high. 

The power dissipation in the dummy loads, Fig. 6.17, may have been 

less for the transverse polarization if the impedance curve in 

Fig. 6.13a had passed more nearly through the center of the Smith 

Chart. The impedance variations may also have been less for the 

transverse polarization if the dipole height over ground plane 

were smaller, see Fig. 4.1. 
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7. CONCLUSION WITH EXPECTED OVERALL PERFORMANCE. 

A feed design for the EISCAT VHF cylinder antenna is proposed. 

It consists of crossed dipoles over a finite ground plane, and 

uses beam matching rods to form the beam pattern of the longi­

tudinal polarization. When F/D = 0.45, the aperture efficiency 

for circular polarization is 8% higher with these rods than 

without. The optimum dimensions of the feed and the reflector 

are shown in Chapter 6. 

7.1. 

~ If the proposed feed design is used, the overall performance of 

the EISCAT VHF cylinder antenna will be as shown in the table 

below. The performance parameters are given at broadside, e.g. 

with no phase steering of the line feed, at the center frequency. 

The expected performance is based on expected data (E) from 

computations and measurements, and guaranteed data (G) from the 

antenna manufacturer. The blockage efficiencies are calculated 

using simple geometrical blockage. 



7.2. 

! 
Design goals at center frequency 

Aperture efficiency (Eq. 2.1) 

Eff. Loss(dB). 

(Spillover included) 

Blockage efficiency, feed 

Blockage efficiency, 
support towers 
and diagonal beams 

Opening between reflectors 

Design 1 or 2 0.89 '0.506 

1.5m offset 

0. 3m 
30cm beam 

10cm 

1. 00 

0.9925 ·Q.033 
0.991 '.0.039 

0.9975 0.011 

Random surface errors '} 

Systematic surface errors : 
(with gravity and wind up to 12m/s) 

2cm r .m. s. 0.966 0.150 

Random dev. of feed line from 
focal line 

Systematic dev. of feed line 
from focal line 

Random phase errors of line feed 

Amplitude balance of line feed 

Phase errors across the cross 
section feed pattern with focal 
line as ref. 

Insertion loss of power distr. 
system 

Insertion loss (and VSWR) of feeder 
elements 

Total 

1 
2cm r .m. s. 0.966 

4 deg r.m.s. 0.994 

0.5 dB 0.995 

3 deg r.m.s. 0.997 

Attenuation 
(with· RL345) 

l .4VSWR 
0.85 
0.972 

0.150 

0.025 

0.020 

0.012 

0.700 
0.122 

0.02dB loss 0.9954 0.020 
··-·--·-·---·······-·-·-· .. . ..... - ·-

i nover all I O • 6 6 ; 1. 7 9 b--·-· .. --:::::::::.::;.:.:...-.::..J~---~ .... : .. . -- .. - .!. .. -·· .. : - . 
G = guarantees from antenna manufacturer 

E = expected performance from scale mode! measurements and 

calculations. 

Aperture dimensions 120 m x 40 m yields an effective aperture 

area referred to the TX terminal of 

2 2 
Aeff = n•4800m = 3200m 

E 

E 

G 
G 

G 

G 

G 

G 

G 

E 

G 
G 

E 
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APPENDIX A: MATHEMATICAL DERIVATIONS OF APERTURE EFFICIENCY 

INTEGRALS. 

A.l. 

The parabolic cylinder antenna is fed from a linear array feed 

positioned along the x-axis (see fig. 1.1). The feed has element 

spacing close enough to suppress grating lobes. Phase steering 

is not considered. The source field is expressed in terms of x, w 
and p where p is the length of the radial line from the x-axis to 

~ the field point and w is the angle between this line and the 

negative z-axis. 

.... 

-+ -+ -+ + -+ + -+ + 
"in a I a I az I a I aw , aR I ae and acp are unit vectors the 

X y p 
direction of increasing x, y, z, P, w, R, e and cp respectively. 

ZO is the wave impedance in free space ,. e .g. 

The equations in Section A.2, A.3 and A.4 in this appendix must 

not be confused with the equations in Chapter 2, 3 and 4, although 

they are numbered in the same way . 



• 

A.l. Feed Pattern_Approximations. 

The reflector is assumed to be in the near field region of the 

linear array feed antenna (Ref. 5, page 33), e.g. F < L
2/A. The 

lateral extent l of the radiating parts of the feed, e.g. the 

dimensions in the cross section plane (yz plane), must satiesfy 
2 

F > 2L or l < / AF (see end of this section) so that the 
A 2 

Fraunhofer approximation may be used for the cross section 

radiation pattern of the feed. With these assumptions the field 

A. 2. 

-+-F 
from the source E (x,w,p) propagates in the form of a cylindrical 

wave with the predominant components of the field in the tangent 

plane of the cylindrical wavefront, as discussed in Ref. 4 page 151. 

Therefore, when the x-axis is taken to be the phase reference point, 
the source field may be written as 

-+-F E (x,tJ,,p) 
-jkp 

= b (x,tJ,)-e __ (1.1) 
vp 

-+-b ( x, tJ,) 
= { :x(x,ip)ix + bip(x,1/J) il/i 0 < X < L 

X< 0, X> L 
( 1. 2) 

This approximation neglects end effects at x = 0 and x = L such 

as the broadening of the beam anda field component in the radial 

direction. The overall effects are, however, small when 

p << L
2/A. This is clear from a study of the field patterns in 

Ref. 5 page 4. 

The analysis is restricted to cases where the x and tJ, variation 

of the field are separable, e.g. for the x and tJ, polarization 

successively 

bx(x,tJ,) = Kxfx(x)gx(tJ,) 

btJ,(x,tJ,} = KtJ,f~(x}gtJ,(~) 

where Kx and KtJ, are constants, fx(x) and ftJ,(x} are the field 

distributions along the x-axis, and gx(tJ,) and gtJ,(tJ,} are the 

cross section field patterns of the line feed. The following 

abbreviated notation will be used 

(1.3a} 

(1.3b} 

( 1. 4) 

fx(x) and ftJ,(x} are functions of the excitation of the linear 



A. 3. 

array source. When phase steering is not considered, they are 

usually real functions.gx(w) and g$($) are in general complex, 

but when the feed hasa well defined phase center which is the 

same for both polarizations and coincides with the x-axis, they 

are real. The phase centers for the two polarizations may not 

coincide. If for instance the x polarization of the feed hasa 

defined phase center that is displaced a distance ö from the 

x-axis in the direction w
0 

, the Fraunhofer approximation 

(ö < ~/ A~) yields that (See fig. 1.3) 

(l.Sa) 

ö = k(p- p') ~ köcos(~o-w) (1. Sb) 

The power radiated by the feed in each of the two polarizations 

is 

7T 

= ! I f 
-7T 

1 ,~F ~ 2 ~Z E (x,$,p) •a .I dxpd$ 
Q X,tlJ 

( 1. 6) 

Substitution of Eq. (1.1) and (1.4) gives 

7T 

I fx,1/J (x) I 2dx J I gx,1/J (1/J) I 2d1/J (1.7) 

-7T 

The Fraunhofer approximation was used for the cross section 

radiation pattern of the feed. The condition for this is 

discussed in more detail here. Consider Fig. 1.3. Let ö = f 
be a displacement of a radiating part of the feed from the 

x-axis. The distance p' toa field point on the reflector may 

be expressed as 

(1.8) 

The expansion 

Il+ X + ••••• (1.9) 



A.4. 

yields 

p' = p/1. - 2~oscw0-w> + <%> 2 

p' = p(l - %cos(w 0-w) + !<%) 2 
- !<%) 2

cos
2 cw 0-tP) + ..• ) 

The Fraunhofer approximation yields p' ~pin amplitude 

expressions and 

in phase expressions. The condition for this is that the 

second order term in the expansion gives a negligible phase 
2,r 

contribution, for instance less than 16 . Thus · 

1).2 < p:\ 

8sin
2 (w 0-tP) 

If tPo is any direction, then 

p > F 

so that 

I). < !. / F:\ ( 1.10) 
2 2 

Introduction of the lateral dimension A = 21). of the feed 

gives 

l2 
F > 2 -X-

which is the most common condition for the Fraunhofer 

approximation. 

( 1.11) 



A.2. Aoerture Field Method. 

The field in the main secondary beam may be calculated using 

the a~erture formulation, see for instance Ref. 6 page 220. 

The reflector hasa parabolic cross section so that 

(see Section A.4 in this appendix) 

A. 5. 

F 2F p = 
cos 21 

= l+costJJ ( 2 .1) 

2 

y = 2Ftg 1 
The aperture plane is chosen to be the xy plane in 

Fig.1.1. Thus, the normal to the aperture is 

(2.2) 

-+ -+ 
n = a

2 
(2.3) 

The aperture field Ea is approximated using geometrical 

optics (GO). The rays diverging from the focal line (Eq. 1.1) 

are reflected from the reflector with reflection coefficient 

-1, and proceed parallel to each other so that 

-+a 
E (x, y) 

-j2kF -+ 
= - e (b (x,tJJ)i + b

111
(x,tJJ)ay) 

/p X X 'f' 
(2.4) 

-+a 1-+ -+a 
H (x,y) = ~z a xE (x,y) 

0 z 
(2.5) 

where the relations between p, tJJ and y are given by Eq. (2.1) 

and (2.2). The scattered far field E5 (8,cf>) a distance R from 

the aperture plane is found in Ref. 6 page 220 to be 

Es ( e, cf>) = 

(2.6) 

-+ 
where aR is the unit vector in the direction of the field 

-+ 
point and ris the position vector to the aperture field point 

-+ 
r = ( 2. 7) 



1. 

Alternative formulations are possible based on only (; x Ea) 
-+ -+a 

or only (n x H). See the principle of equivalent sources in 

Ref. 11 page 106. Eq. (2.6) rnay be written in terms of the Ea 

field only, because 

-+ -+a 1 -+a n x H = - -E 
ZO 

Thus 

The direction normal to the aperture is considered first, 

e.g. the on axis far field. Here 

The vector identity 

-+ -+ -+ -+ + -+ -+ -+ + 
ax (b x c) = (a•c)b - (a•b)c 

yields (use also Eq. (2.3) and (2.9)) 

= - Ea 

-+ -+ 
Eq. (2.9) and (2.12) give for the on axis field (r•aR = 0) 

. -jkR f f E5 (0, 0) = a~µ(e R ) ioEa(x, y)dxdy 

aperture 

The relation 

= jwv'µE = .i 
21r A 

and Eq. (2.4), (1.3a) and (1.3b) give 

. -jk(R+2F) 

{Kx ! E+D g (lJ,) 

Es c o, o > J. (e ) f (x)dx J x dy 
-+ 

= a 
A R 

X E /p X 

L E+Dg. (lJ,) 

ay} + KlJ, f f~(x)dx f ~ dy 
0 E fP 

A.6. 

(2.8) 

(2.9) 

(2.10) 

(2.11) 

(2.12) 

(2.13) 

( 2. 14) 

(2.15) 



Eq. (2.15) may be written with the abbreviated notation in 

Eq • ( 1 . 4 ) . Th us 

A. 7. 

~,y<O, 0) = --~~~-:~+2

F) :~~-,W···r fx,W(x)dxf g~W) dy (2.16) 

Eq. (2.2) gives (see also Section A.4 in this appendix) 

dy= F 
2 1P dv, = pdv, 

cos 2 

which is substituted together with Eq. (2.2) in Eq. (2.16). 

The on-axis far field is then 

(2.17) 

L lV2 

Jfx lJJ(x)dx J gx,~.~W)dW · 
0 

' cos~ 
Es (0 0) = X,y I 

. -jk (R+2F) 
.l e ;:;=. 
A( R )~FKx,lJJ 

·1'>1 2 .._ _______________ ------ ----- ( 2.18) 

An alternative formulation is found if p and 1JJ are expressed in 

tenns of y, see Appendix A. 

v, = 2arctg (h) 

p = F ( 1 + (L) 2) 
2F 

3. Aperture Efficiency Integrals. 

The directive gain in a given direction is defined as 4~ times 

the ratio of the radiation intensity in that direction to the 

(2.19) 

( 2. 20) 

total power radiated by the antenna. The maximum value of the 

directive gain is the directivity which for the parabolic cylinder 

in Fig. 1.1 is in the direction nonnal to the aperture, e.g. on axis. 

The directivity will be found for each of the two polarizations 

using the abbreviated notation introduced in Eq. (1.5). The indexes 

x and 1JJ are used for the feed polarizations while the corresponding 

indexes are x and y for the secondary bearn polarization on axis. 

Thus, the directivity G is x,y 

G = x,y 
(3.1) 



where r:~; is the radiation intensity (power per steradian) 
on axis. Eq. (2.16) gives 

!max R2 
JE!, y ( 0, 0) I 2 = 2z

0 
x,y 

IK 12 L 
2 

E+D 
gXlp(t/J) 

2 
r 

J = x,t j f t/J (X) dx 
2Z A2 

, -dy 
x, /p 

0 0 E 

PF is the total power radiated by the feed so that Eq. (3.1) x,t/J 
gives the directivity with spillover included. PF ,r, given by 

x,"' 
Eq. (1. 7), and Eq. (3.2) is ·substituted in Eq. (3.1). 

The result is 

L E+D · 

I J . 12 I J gx , "' c "'> dy 12 fx,lJ) (x) dx 

G 
4n 0 E /p 

= 
"2 x,y L 1T 

J I fx,ljl (x) j 2dx J I gx,ljl (ljl) 12d"' 
0 -lT 

The effective aperture is 

"2 
A = -G x,y 4n x,y 

a It is convenient to write the aperture efficiency nx,y 

A ,( c 
= ~ = n n LD x,y x,y 

e.g. separated into a longitudinal apertur~ efficiency 

anda cross section aperture efficiency n c • 
C x,y 

n is the aperture efficiency in the plane normal to x,y 
linear array feed axis. 

1T 

D f lgx,ljl(ljl) 12dljl 
1T 

as 

the 

nx~y is the ~perture efficiency in the plane parallel to the 
lin~ar array axis. 

A.8. 

( 3. 2) 

(3. 3) 

(3.4) 

(3.5) 

(3.6) 



... 

A. 9. 

L 

I J f x , 1/J (x) dx 1
2 

l 0 (3.7) nx,y = L 

L 
( I fx, 1/J (x) 12 dx J 
0 

A cross section directivity G c may be defined. That is the x,y 
directivity in the cross section plane compared with an isotropic 

line source, e.g. a line source with a rotationally symmetric 

radiation pattern in the cross section ulane. G c is defined by x,y 

G C 
x,y 

21TD C 
= -A-nx,y 

In the same way a longitudinal directivity G A is defined. x,y 

{3.8) 

That is the directivity if the antenna had an isotropic radiation 

pattern in the cross section plane, but the same field 

distribution f ,,.(x) along the x-axis (see for instance page 13 
x,"' 

in Ref. 1) , e • g. 

G l 
x,y 

Some alternative expressions to Eq. (3.6) may be used. The 

relation between Eq. (2.16) and (2.18) gives (~ in radians) 

1T 

D J !gx,1/J(i/J) 12di/J 
-7T 

The aperture distribution a (y) rnay also be introduced x,y 

ax,y (y) 
= gx,$(2arctg(h>> 

IF (1 + (~F) 
2

) 

( 3. 9) 

( 3 .10) 

(3 .11) 



A.10. 

From Eq. ( 2 . 1 7) 

1T 

I I gx,lj, (1/J) I 2d1" 
-1r 

where a {y) is extended to infinity although the boundaries x,y 
of the aperture are y = E and y = D + E. The reason is that 

C spillover is included in the expression of n • x,y 

A third alternative of Eq. (3.6), the cross section aperture 

efficiency, is, therefore 
E+D 

I J ax,y(y)dy,2 
E 

D f lax,y(y) 12dy 
-oo 

( 3 .12) 

(3 .13) 



A.11. 

A.4. Geornetrical Relations. 

Re.ference n;· rnaa-e· tö Fig ~ · 1.1 and Fig. ·1. 2. The parabölic · 

cylinder surface is in the rectangular coordinate systern x,y 

described by 

• It is convenient to use cylindrical coordinates x, p, 1/J as 

defined in Fig.1.2. The equation becomes 

l 

2F F 
p = =----

l+coslJ., cos2 1. 
2 

Some useful relations between p, 1/J, z and y fora point on 

the surface are shown below 

y = psinlJ., = 2Fsin$ = 2Ftg~ 
l+coslJ} 2 

z = -pcos1l1 = - 2Fcos$ = -F(l-tg2 i) 
o/ l+cosl/) 2 

y_ 

sinl = 
2 

cosl = 
2 

sin$ = 

COSl/J = 

dy= 

dz 
dl/) 

2F 

y 

1 

y 
F ( 1 +-(·L) 2) 

2F 

l-(L)2 
2F 
y_2 

l+ ( 2F) 

F 
2 $ dl/J 

cos 2 

= 
FsinJ 

cos 3 i 
2 

. ,. 



0 

A.12. 

2 t cos 
2 dy 1 d dl/) = = F F(l+<TF>2> y 

/y2 + 2 = F(l + (L) 2) p = z 2F 

The derivations of these equations are based on simple trigonometr·ic 

relations like 

sinl/J = 2sin!cosl 
2 2 

coslJ, 2 1V sin 2 1J, 2cos 2 tµ - 1 1 2 sin 2 i = cos 2 - 2 = = -2 2· 



B.1. · 

APPENDIX B. NUMERICAL RESULTS. 

B.l. Longitudinal Polarization with Two Rads. 

I 



B.2. 

• • • å • • • • • • * • * • • * • * 

• CORMEP REft rcro·, MITH RuDS • 
• DJPOLF PARAI..El.l TO CORNER • 
* THE MOHFNT ME T Ht)D * 

• • • i • • • * • * * • * • * * • • 

" 

... WIDTH or WAtL~ I A .. 1,00 LAMBDA 

OIPOLE HEIGHT I H • ,25 LAMBDA 

CORNEP ANGLF I V • 1es0,00 DEG, 

SUB. DIV~ OF A WAI I_. I NI" 20 

NO. OF RODS, ONC ~rr,E • NI• t • 
DlAMETEP OF ROOS I os. ,02 LAMBDA 

P OS I T T OM fJ F R n DS c I I i l- A M B D A F RO'-' C O R NER ) : 

• 
X C i ) • + Y ( 1 ) ZI 
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... 

PHASE CENTFP, r.JSTA!JCf OVER ORIGO , '16 6 I . Mt ti Cl A 

HlAt.1 PATTFRN: 

ANGLF. r>B P~iASE IN. OEG • FROM HEF 9 POINT 
Pt-iASE Cf.NTER ORIGO DZ 

.00 .• 0,,1 •1,50 ,74 ,06 
6·.00 ... 03 ~1.15 ,95 ,31 

12.00 ~. t s .. ,,27 1,4b !93 
1e.00 !•38 .. 19 1,86 1,53 
24.00 .. ,.a, 1.58 1,76 1.11 
30.00 wl,6Q 1.1e ,84 1~12 
36.00 .. 2 I 9 ·1 1.11 ·•1, 1 J -!44 
.42.00 •4,61 ... 4c, "4,27 -.J.09 
48.00 .6,91 ... 2,99 ... a,tH ~6;91 
54~00 •9,86 •6.61 •14,17 -.11,sa 
60~00 •13,5'1 4'11.21 •2A,85 '917,93 
66 ~(10 •18,31 •16~42 •28,28 11!124,69 
12·.00 -25,3'- •20,51 ~34,69 .. 30,40 
78.00 •39.61 3.36 •tJ,2, .. 8!19 
84.0~ •3J.0f. 113,55 94,51 100.2a 
90.00 •28,3'"' 101.12 86,20 92;12 
96.00 •'26,,11 93.93 69,93 77.20 

102.00 •26~36 76.60 50,13 5a;1s 
108.0A •26,51 56.61 27,75 J6.b0 
114.00 -.').7 .0<1 34.63 3,45 12~90 
120.00 .. 2a,0, 11.00 .. 22,40 e12;2a 
126.0'1 t1129,4') •15.25 •50,7~1 ~39,98 
1J2.00 -.3t,51 •47.95 ,..55,37 9!'74~03 
1Ja·.00 •32.9'1 •9t.50 •lJA,68 ~11s.s0 
144.00 ·3~.2'1 wl.34 4 52 -.175,26 •162~91 
150.00 ~3t~21 195,64 153.55 166,Jl 
156.00 •3t,1'i 173,13 129,91 143.D1 
162~00 •34.47 1.46.35 102.24 115~61 
16A.00 ... 31,2,; 95,53 50,77 64.34 
174,_00 •34,97 51,47 6,JJ 20;01 
1a0.00 .33 • 5 'i 40~61 •4,66 9~06 

WEIGHTEP P~M~s: PHA3F. ERROR FOR ANGLf:'S LESS THAN 

WlTH pH~Sf. CEtJTER Aa REF, POINT 

WITH ORIGO AS R[F, PQJNT 

: 11 38 DCG, 

; WITH PEF. POINT 07• 1 02 LAMDA OVER ORIGO• 2,14 DEG, 

B. 3. 
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CVLINORJCAL P~R~ROLIC RCFLECTOR ANTENNA 

WITH OFFSET FrED AND ~o BLOCKAGE 
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••*I••*•**•••*** •. ***•*• * 

APF.RTURF. w1nTH : D = -10,00 METER 

EXTRA FfEO OFFSET I OOFf = 1,50 Mt::Tf.R 

WAVELE"NGTH i LAMBDA• 1, .34 METE.R 

FEEO, CROSS SEC T I 1·1N GA IN • fGAIN ~ 6,91 DB • 

NEXT P4GE1 

FEEO CROSS SECT l 0 1·! UEAM PATTERN (RELATIVE POWER) 
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- • - • ! . 
~··-·---~----------·-----l F/0 ' ' • .45 
1 S/0 = 1~25 ' ' PS~~UB z 9J~43 Df· .. G ' . • ~ fil' • 

·-------~----------·----~--~--~·-----~----------------~-.--~----~ 1PSJNOT IAPFRTUPE TAPfR &SPILL• ' APER. ' AP, 1SPILLOVERLOBES ' 1 1 L11WfR I Ul'PER l OVf:.R ' TURE l t:FF t / ' LOWER ' UPPER ' 1 CDEG) I (DB) . ' ' ... ( Q~) 1 EFF . ' ' E~F, ' C SI(> l ' CDB) I (DA) 1 
•••••••••••·~•-••••••••·~~----.~•~w~~••••·~~~~-~-.-~---~~~--~--~~~ 
I 45.~ 1 -t4•A 1 •8,9 1 ,941 1 ,892 1 ,716 I -21.0 ' -.21,6 ' 1 46.0 ' •5,2 1 •8,4 ' ,942 J ,896 I ,719 ' •21,4 l .. 21,2 I 

" l 47.0 I -.5.6 1 •A,0 l .941 l ,899 l ,121 1 ~21,a ' .20.8 ' 1 48.0 I •6 .. A 1 •1,1 ' ,940 l ,901 ' ,723 ' ~22,J ' ~20~5 ' 1 49!JJ ' •6.J 1 ~1!J 1 1938 l 190l l 1723 I 9!122., l •2012 l 
~ 1 50.0 I •647 1 e6 1 0 ' ,036 l ,901 ' ,,23 I -.23,1 I .10,a I 

I 51,0 I •7.t I •6.6 ' ,933 1 .900 l ,722 1 .,2J,5 I -!19,.5 ' 1 52.0 ' -.7,5 l •6,2 ' .929 ' ,897 ' ,120 ' •24,iJ ' •19,2 ' l 53.0 ' ... s, 1 1 •5,9 1 ,925 1 ,894 1 ,718 1 111t24.,5 ' •18,9 ' 1 54.0 1 ~s,1 l •5,6 ' .921 I .890 ' ,714 I •25,.2 I .. 18,6 I 
I 55.0 I .,9.1 1 •5,3 ' ,915 ' .sa4 1 ,,u, ' -.25,6 l 111118,J ' I 56.0 I . ..,9~5 1 •5,0 ' ,909 1 ,878 1 ,704 ' .. 26,0 1 .. 1e,1 I 
1 57.0 ' -10,0 1 •4,7 1 ,903 I .a,1 1 ,699 ' •26,5 ' ~11,e ' I 58.0 ' -10.e 1 •4,5 ' ,896 1 ,863 1 ,692 ' -,27,1 ' .,11,5 ' . 
1 59~a ' -11,J I •4,2 ' ,889 ' ,854 ' 685 ' .~1.a ' •t7,J ' t 
1 60,0 1 ~ ! 2 • t . I . ~ •~, 0 I ,ssi ' ,844 l ,678 ' .. 2a,6 ' •17.0 ' --------~--------·-·-----~-~---·----,-----~--~-~-,---------~------~ 

• 

" 
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B.2. Transverse Polarization. 

' 



B .. 9 .. 

• * • r1 • * * * • • * * • * • * * • 
• CORMEP REFLECfO~ • 
* DTPOLf. ~-IORMAL TO CORNER • 
• G·.., T • o·o * 

• ' • d • f, • 6 • 6' • • • * • * • .,,, 

f. 

i DlPOLE LENGTH 8 L = 950 LAMBOA 

WIDTH ar WALL~ g A • 1,00 LAMBDA 

DIPOLE HEIGtH ; H ~ ,25 LAMBOA 

CORNER ANGLE a V ~ 179,90 DEG, 

SUR. otv. OF .. Dlt'~ARMI NMAX " 5 

a 



B.10. 

PHASE CENTER, DlSTAl•CE OVER ORIGO •,029 LAMBDA 

REAM PAlTERMt 

ANGLE OB P"iASE IN t)EG, FROM REF' t POINT 
PHASE Cf.NTER ORIGO DZ 

.00 .0l, 4!1'1.34 •2,Jf> 99J,05 
6.'10 .,0:, •1,06 .. 2,01 •2,67 

j 12,00 -.01 "', 30 -.1,0A .,1,6:2 
18.00 •,2A .64 ,14 .. ,21 
24~00 .... ,11 t.39 1,28 1,20 

.f 30,00 •1.44 1.66 2,04 2,30 
36.00 ·2,54 t.19 2,16. 2984 
42~00 ... 4 • 0:.> •• 20 1,4!> 2!60 
4A~'20 .5,9t •2~70 ... ,28 t,40 
54,00 ttl!'8 ,21 .. 6.49 ,..3 ,2,. .,,95 
60~0A • 10 • 9·1 .. 11,14 ~7,56· .. 4,66 
·66~00 •14.2i1 •18.,65 ... 1J,60 ·•9, 93 
12.00 -1a~1, .. 21.42 •21,26 ,-.16,99 
78.00 •23. 1{~ .. 3a,21 .,31,00 .... 26,80 
84~00 •30.,3'3 •49,92 ·•41,64 .. ~5,89 
90.00 •36.9"> •141.70 .. tJ2,JJ ~125!83 
96.00 •3J.9C, 94.64 l05,0Q l12,J4 

102~00 ~29.04 81,72 93,24 101,24 
108~00 •27 ~ 0i~ 67.97 80,5-1 89,26 
114 .00 •26.l~ 54.49 68,08 77,51 
120.00 .,i,27,06 41,09 55,64 65,74 
126~0'1 •29.7'S 25.17 4A,6J 5S,J6 
132~00 •36.2~ -.10.97 5,JJ 16,65 
138.00 w34 4 81 •110.48 -~93,41 1!181,56 
144~00 •28,54 •138,65 .. 120,90 .,,0a,57 
150·.00 -26.31~ •149 .. 14 .. 130,1.9 .,,,a,06 
156~00 •27,1'5 .1ss.11· •136,87 .. ,23,80 
162.00 -32.51 •162,59 •143,36 •130-."1 
168~00 .,43,59 45.78 65,29 78,83 
174.00 •29,63 25.54 45,22 58,88 
1e0·.00 •26. 7t.') 24,86 44 1 6A 58,30 

WEIGHTEO F'~M.s: P11ASE ERROR POR ANGI.ES LESS THAN 50,0 DEG, 
-

WITH pHASf CENTF'R AS REF, POINT • 1,27 DEG, 

WITH ORIGO AS RF!F • l'OINT • 1,64 DEG, 

f WITH REF. POINT 01.• .02 LAMDA OVER ORIGO ; 2,1a DCG, 

tT 
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CVLTNnRJCAt. P\RABOLIC REFLECTOR ANTENNA 

WITH OFFSF.T FrED AND ~o BLOCKAGE 

• 
* 

• * • • * • * • * • • * * * • * * * • • * - • • 

APERTURE WIOTH ' 0 • 40,00 Mt;:TlR 

EXTRA FEEO nfFSfT I OOFF = 1,5" HETER 

WAVELENGTH ' LAHBUA • 1,34 Mt:T(R 

FEED, CPOSS SfCTinN GAIN ; FGAlN 1' 6,64 DB 

NEXT PAGE& 
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