
































































































































































































































































































































Table 1. Coefficients in f and g. 

A 

B 

C 

D 

E 

F 

G 

H 

1 rz - rl 12 
= p. 

1 rl X rz 12 
J1-

( )
I!Z 1 1 [h - r,) . (WI x (el + U,)) ] PI rl x r. 

= p.tan(M/2) [U . (W )] 
(PI)I!. I I X el 

= - p.tan2 

J.I. 
- ( )I/Z 1 1 [(rz - r,) . (Wz x (e2 + Uz))] 

PZ rl x rz 

_ - J.l.tan(l::.B/2) [U . (W )] 
(pZ)I/Z Z Z x ez 

J.I. Z 2J.1.tan(l::.8/2) 
=-[Wlx(el+UIl] + 1 1 [UI ' (rz-rIl] 

PI rl x rz 
J.I. 2 2J.1.tan(t:>.8/2) 

= - [Wz x (ez + U2 ) ] - 1 1 [Uz· (rz - rIll 
pz rl x rz 

Table 2 Coefficients in eigth degree polynomial 

q. 1 - AZ (G - H) + A(ez - BZ) 

- AZ(4F - 4C) + A(2EG - 2BH) + 2E2 B - 2EB2 

<113 - A(8BF - 8EC + 2EF - 2BC) + ezG - H B Z 

<114 - A( 4BD - 4ED + 2FG - 2CH) + 4BEF - 2CBz - 4BCE + 2F B Z 

= D(2AG - 2HA - E Z + B2) + A (Fz - C 2
) - 2BCH + 2GEF 

<1>6 = D(4FA - 4AC + 2BG - 2BH) + 4FBC - 4CBF + 2BF2 - 2Bc2 

<117 = D(8BF - BEC + 2BC - 2EF) + F 2G - C Z H 

<11. - D2 ( 4B - 4B) + D(2F B - 2IfC) + 2FC2 
- 2CF2 

q,g = D Z(G _ H) + d(C2 _ F2) 
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S-BAND ANTENNA DESIGN AND CONSTRUCTION 

FOR AMSAT PHASE 3C 

Han~ van de G~oenendaat ZS6AKV' 
Henn~e Rheed e~ ZS6ALN" 

SUMMARY 

In 1981, SA AMSAT took the decision to become involved in 
satellite construction. Various projects were considered and 
practical experiments were carried out using balloon flights. 

When Phase 3C projects were discussed , SA AMSAT was 
the design and construction of the S-band antenna. 
designs were considered, built and tested: 

1. Planar antenna. 

2 . Combination helix with S-band helix inside 
L-band helix. 

3. Broad-band helix for both Sand L-band . 

4. Single S-band helix. 

allocated 
Severa l 

The paper discusses each design, construction and test results. 

INTRODUCTION 

At the Annual General Meeting of SA AMSAT held in Cape Town in 
October 1981, it was decided that SA AMSAT s hould get involved in 
the development of amateur satellites. The then President, Greg 
Roberts ZS1BI, approached various universities and industry for 
support of the idea. The main interest in the project came from 
members of the Amateur Radio Club at the University of Pretoria, 
ZS6TUK, and the Head of the Department of Electronic Engineering, 
Prof. Louis van Biljon. 

In July 1984, Gordon Hardman ZS1FE /KE3D produced a memorandum 
setting out proposals for SA AMSAT's involvement in the PACSAT 
project. He proposed that SA AMSAT be responsible for the 
development of the ground station. 

After some initial ground work, VITA, the sponsors of the project 
decided that, for control purposes, it would be better i f the pro­
ject was contained within the confines of North America. 

SA AMSAT was without a satellite project! 

'P~e~~den~ SA AMSAT, P.O. Box 13273, No~~hmead 1511, South AOhiea. 
"SQ~eLL~~e P~ojec~ Eng~nee~, SA AMSA T, P.O. SOE 1 3213 , N04~me&d 1511, 
Sou~h A6~~eQ. 
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To keep enthusiasts occupied and involved, the BACAR project was 
developed by Dave Woodhall ZS6BNT. BACAR is the acronym for BALLOON 
CARRYING AMATEUR RADIO. Radio amateurs from allover Southern 
Africa were and still are involved in the BACAR project. Various 
transponders were developed and tested at 70 to 80 thousand feet 
above sea level . Mode A, reverse Mode A, Mode B and a Store and 
Forward Mode (Parrot - 2 metre FM) units were built and tested. 
The major effort with these launches is in the recovery of the 
equipment. We a re not always lucky! 

BACAR is an ongoing project, the current plan i s to fly Packet Radio. 

CHELTENHAM, ENGLAND 1984 

In J une, 1983, a meeting of various satellite groups was held 
in Cheltenham, England. 

At the meeting it was agreed that Sou th Africa would contribute 
the S-band an t enna a nd the electronics for the control of the 
pro puls i on motor. 

Once a full analysis was carried out, it turned out to be im­
practical to develop electronics 10 000 km from where the motor is 
manufactured. Finally, it was agreed that SA AMSAT would be re­
sponsible for the S- band antenna. 

SPECIFICATIONS 

At first little speCifications were available, so the design 
team under the leadership of Hennie Rheeder ZS6ALN agreed to work 
to the following spec ification: 

S- band Antenna Specification 

Centre frequency 

Gain 

Size 

Position on SC 

THE PLANAR ANTENNA 

2,4 GHz 

To match an 8 turn helix. 

As small as possible. 

Around the 145 and 435 MHz omni 
antennas in the centre of the 
spacecraft. 

The design team discussed several ideas . The helix was reviewed 
in detail, but as it is a standard antenna, the team decided to 
look for something more unusual. 
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The planar antenna was agreed on. The planar antenna is a 
microstrip constructed from high quality printed circuit board. 
By mounting two to four antennas flat on the satellite surface 
and interconnecting them with a suitable matching harness, the 
required gain and a circular polarization pattern could be 
achieved. 

The first planar antenna built measured 280 x 100 rnrn. A second 
model measured 205 x 100 rnrn. 

Fig. 1 shows the design. 

1 ) L = 

l 

;"0 
-2-

W 

J 
j 

Where ;.. 0 = wavelength taking velocity factor 

2) 

into account. 

Gain 0,9 x 8w 
;"0 

for 1 

Where the 0,9 factor represents 90 % efficiency. 

Gain dB = 10 Log 10 (Gain) 

Fig. 1 - Planar Antenna 
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TEST RESULTS 

Max . gain 10,2 dBi at 2 ; 33 GHz 

VSWR 1,42:1 at 2,32 GHz 

-3dB bandwidth 60 MHz 
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The antenna performed well.. We were not concerned with the 
slightly higher resonant frequency, as with experimentation the 
design parameters would be mOdified" to meet the correct specifi-
cation. ' 

The S-band team in Boulder reviewed the concept and tabled one 
major area of concern: Would the micro-strips adversely affect 
the spacecraft's thermal constraints? 

An extensive search was instituted for materials with high heat 
transfer conductivity. No suitable material was found; generally 
no test results to determine the PC board's influence on temperature 
control were available. 

It was agreed to shelve the idea and to change direction. Work 
on the planar antenna will, howe"ver, continue as part of the BACAR 
project. 

DESIGN OPTION 2 

S-band helix inside a L-Band helix 

After careful discussion and consideration of the various factors 
involved, it was decided to design a combination S-band and L-band 
antenna, two helices, one inside the other. 

The idea sounded simpl.e and logical. Despite an extensive litera­
ture search, no reference to two helices, one inside the other, 
could be found. The team set to work and produced a design. From 
a theoretical point of view the antennas should meet the required 
specifications. The construction of this configuration was further 
cOmplicated by the omni-directional antenna, which is mounted in 
the centre of the two helices. It was decided to first build a 
model of the two helices. 

A test model was made using the following materials: 

Two rectangular pieces of fibreglas 's material 80 rom 
in width and 500 rom in length 2 rom thick with slots 
cut lengthWise, epoxied together, offering a figure x 
coil-former with diameter of 80 mm. 

Two rectangular pieces of polycarbonate 15 rom by 6 rom 
by 10 rom thick epoxied to the x coil-former as base. 

10 turns of copper wire with diameter of 1 mm to form two 
helices with diameters of 40 mrn and 75 mrn and elngths of 
250 mm and 480 mm respectively, wound through pre­
drilled holes . 

Two SMA connectors offer separate feedpoints for the 
exponential pitch matching sections of the first copper 
wire turns respectively. 

300 mm square sheet aluminium offers the ground p lane attached 
to the polycarbonate base tapped for 3 rom diameter bol ts. 

166 



-6-

Fig. 2 shows the design formulae: 

r-D-j 

r---AO--
Exponential taper 

Ground plane . 

1 ) Input impedance = 150 ohm 

2) Tapered line is used for matching to 50 ohm 
on first turn length of f... o. 

3) TID = ,,0. 
4 ) 

5) 

Gain = 15 C"',lo) 2 

6°LoGL12° 

Axial ratio = 
2N+1 
2N 

Half - power beam width 

N. S 
t::O 

= 

N = Number of turns 

1 for ciruclar polarisation 

Where 0 = wavelength taking velocity factor into 
account. 
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TEST RESULTS 

L-Band 

Max. gain 

Gain 

VSWR 

-3dB 'bandwidth 

S-Band 

Gain 

Relative gain 

VSWR 

-3 dB bandwidth 

-7-

14 dBic at 1,18 GHz 
(.::.. 1dB ripple with antenna checked 
against a rotating linearly polarised 
antenna) 

12,3 dBic at 1,27 GHz 

1 , 37 : 1 at 1, 26 9 GH z 

:;:> 300 MHz 

The gain measurement was interrupted 
by unexpected rain and prevented 
readings. 

Frequency 

2,45 
2,4 
2,34 

GHz 
GHz 
GHz 

Vertical 
Polarisation 

." 8,3 dB 
o dB 

+ 9,5 dB 

1,66:1 at 2~4 GHz 

Not definable. 

Horizontal 
Polarisation 

+ 9,6 dB 
o dB 

+ 8,9 dB 

The antenna gain at frequencies representing best performance 
appears to be adequate, as does the majority of sidelobe levels, 
which are generally suppressed 10 dB or more. The proQlem, however, 
is the vast fluctuation found mainly on the S-band helix. It is 
suspected that this is due to interaction between the two antennas 
at resonant and near resonant frequencies. The effect is like that 
of a transformer. 

The fact that the two helices were wound in the opposite directio n, 
did not seem to make any difference. 

The coupling between the two helices was less than 20 dB, as 
measured with a network analyser. 

DESIGN OPTION 3 

At this stage, time became a major factor. After reviewing the 
option, it was agreed to tackle the project on a parallel basis: 

(a) Continue with experiments to construct a combination 
antenna. 

(b) Construct a single S-band antenna. 

168 



-8-

S-Band -Helix 

As this is our first attempt at building an antenna to fly 
in space (BACAR 60 000 feet flights cannot be regarded as space), 
extensive investigations were carried out to select the core 
material. For the main core Tufnol (whale brand) was selected. 
A solid block of material was machined. The grooves were accurate­
l y determined to a close tolerance of 10 micron. The base was 
machined from B51S aluminium and treated with an alodyne finishing 
process. Bolts and nuts were used to attach the base to the core 
and the final turn of the winding are stainles s steel . The windin g 
was done with 1 mm diametre copper wire. 

The connectors are gold-plated SMA, forced crimped and soldered . 

TEST RESULTS 

S-Band only Hel ix 

Gain 11,3 dB ic at 2,41 GHz 

VSWR 1,3:1 at 2,4 GHz 

Frequency/gain 
variation: 10 dBic for both 2,31 GHz and 2,45 GHz 

See attached polar diagram. 

Although the S-band antenna performed well, it was felt that 
optimum results were not achieved. The antenna was shipped to 
the Boulder team for evaluation and as a possible standby, should 
an urgent requirement arise. 

Favourable comments were received and suggestions noted for 
consideration in the construction of the final S-band antenna. 

The Boulder team 's main concern was the weight and suggested that 
the core be constructed in a honeycomb fashion. This could be 
achieved by drilling a series of holes in the structure. 

L-Band and S-Band Single helix 

Because of the tremendous bandwidth of a helix antenna, it was 
decided to design and build one helix capable of resonating at 
both S-band and L-band. 

The practical results were disastrous. 
totally useless. 

VSWR 1,7:1 at 1,269 GHz 

1,3:1 at 2,4 GHz 

The radiation pattern was 
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CONCLUSION 

Although the S-band antenna project was a relatively small 
one, it has created new enthusiasm and has led to the establish­
ment of committees of excellence. Meetings will primarily be 
arranged on the air. 

Some of these committees of e xcellence will be dedicated to 
the Phase 4 projects. 
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AM SAT MODE-S TRANSPONDER 
by 

WILLIAM D. McCAA Jr., K0RZ 
October 11 , 1986 

Background 

I t is hoped t hat the add ition of an S-band transponder on Phase-
3C will help the transition of the a verage amateur satellite 
user into the microwave frequencies. The ready availability of 
good low cost crystal controlled receiving equipment in the MDS 
(21S6-216g MHz.) service can find immediate applie~tion in 
receiving a Phase-3C transponder in the 2400-2450 MHz. band. 

Introduction 

The S band output, Mode-S, transponder described herein has been 
developed for flight in the AMSAT Phase-3C satellite which is 
scheduled for launch in Mid 1987, on the first flight of the 
Arienne 4 launcher. Since this transponder is an add on to a 
Phase-3 type satellite, the power consumption and physical size 
had t6 be h eld to the constraints of the satellite's origional 
design. Thus power efficiency a nd size became major design 
considerations. The transponder's current drain from the 
satellite's 14.0 VDC buss is 0.54 Amps . 

The transponder will operate eit her in the PSK (400 baud) beacon 
mode or transponder mode, 30 kHz. bandwidth, usable for both NBFM 
and SSB and have an EIRP of +17 dBW . The spacecraft S band 
antenna is a l eft hand circular 15 turn helix. 

The Mode-S transponder uses a portion of the Mode-B transponders 
receiver . A buffered output at 53 MHz. is taken from the Mode-B 
rec eivers first IF after AGC. The Mode-S transponder thus can be 
operated only when the mode-B recei ver is active, while the Mode­
S beacon can be operated at any time. The uplink power at 435 
MHz. required for access will be the same as that required for 
mode-B (about 1000 Watts EIRP max.). 

Transponder Construction Status 

The Mode-S transponder is completed. It has undergone Thermal­
vacuum testing in the Phase-3C spacecraft in May~ 1986 , a nd has 
completed over 1000 hours operation and burn-in. 

Path Calculations at 2.4 GHz. 

Transmitter output power at antenna 
Spacecraft antenna gain ( 15 turn heli x) 
Spacecraft EIRP 
Free space path loss (40~000 ~(m @ 2.4 8Hz.) 
Signal level at receive antenna 
Receive antenna gain (1 meter dish @ 50%) 
Signal level at receiver 
Receiver sensit ivi t y (75k ~ 20 ~(Hz.BW) 
Received signal to noiSE ratio 
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+0 dBW 
+17 dBie 
+1 7 dBW 
-192 dB 
-1 75 dB W 
+ 25 dBie 
-150 dBW 
-1 60 dBW 
+·10 dB 



INPUT AND OUTPUT FREQUENCIES 

Th e f ollowing d etai l s t he frequencies us ed in the Mode-S 
transponder-~ 

INPUT FREQUENCY TO THE S BAND TRANSPONDER (Fi n ) 
Input frequen cy from Mode-B tr a nsponde r 
Local crysta l controlled oscill ator ( LOI ) 
Local crystal controlled oscillator (L02) 
IF frequency including filt er (IF=Fin-LOI-382.32) 

IF FILTER BANDWIDTH 
Beacon in jection oscillator (SO) 
3X L02 in jection frequency 
1st upcon ver sion frequency (FI=3XL02+IF) 
18X3X L02 injection frequency 
2 nd upcon version f requenc y (Fout =54X L02+F I ) 

OUTPUT FREQUENCY FROM THE S BAND TRANSPONDER 
(Fout=Fin+56XL02-382.32=57XL02+IF) 

BEACON OUTPUT FREQUENCY (FB=57XL02+BO ) 

Modu l ation 

435.625 
53.305 
42.6 Q1 5 
4 1. 931,1 
11,1.700 

3Ql 
l !2L 6 3,,) 

125 .. 79Q) 
136.49111 

2264. 22!!1 
240QI . 7HI 
241110 . 71J!1 

240QI . 640 

MHz. 
MHz. 
MHz. 
MHz. 
I'IHz . 
KHz. 
MHz. 
MHz. 
MHz. 
MHz. 
MHz. 
MHz. 

MHz. 

The transponder i s a soft limiting t y pe th a t will be s uit ab le for 
use b y one or two NBF M signal or four simult a neous SSB signal s . 
The nonlinearity in troduced b y the amplifier and limiter d oes not 
limit i ts usefulnes s to CW or FM onl y. Since the recei v ed sign al 
to noise r atio will be less than 20 dB, SSB can be used thru the 
transponder as the intermod product s are generall y below 20 dB 
and thus below the recei ved noise level . This technique is being 
used sucessfully in the Mode-L transponder on OSCAR-10. 

General Comments On The Tran spon der Use 

It is n ecessar y to poi nt out that this transponder is i ntended 
for pure l y exper imental and educational purposes. Through us in g 
it, it is hoped that the satell ite users will gai n o perational 
and t echni cal experience in receiving microwave frequencies from 
an a mateur radio satellite. 

Th e transponder can be used for normal vo ice a nd data 
communications v ia narrow band FM~ CW or SSB modulation. Doppler" 
shifts can be quite significant, up to 50 KHz. depending whe r e 
the sate l lite is in its orbit. Doppler should be a minimun at 
apogee, and it is planned that the transpond er or beacon will 
operate only at apogee. 

Receiving sse and CW requires less recei ver band width than NBFM. 
With reduced bandwidth, the required receiver sensitivit y or 
antenna size d e creases for a given sign al to noise ratio. 
However, SSB and CW recept i on at 2401 MHz. requires e xcellent 
r ece i v er freque n cy contro l via a crysta l controlled converter. 
With NBFM modul a ti on~ the ground station receiVer c ould use AFC 
to overcome r eceiver dri ft and doppler. 
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Mechanical Pac~,aging 

The transponder is packaged in two separate housings . 

F'ACKAGE 1 S- TX 

This module contains the following: 
S-Band mi xer, S-Band amplifier, and 18X multiplier. It is mounted 
at the arm end next to Mode-8 receiver. Package size i s 10.0 11 X 
2.23" X 3.QiQt " . 

PACI<AGE ~ S- I F 

This module contains the following: 
VHF stages, lIijVDC converter , Beacon generator, 4 2 MHz. 
oscillators, 3X multiplier, a nd I HU interface. It is mounted on 
top of the Mode-B transmitter. Package size is 13.85 X 4.12" X 
1. 5 11 

• 

Dev elopment Te am 

The development of this Mode-S transponder has been shared among 
many amateurs. The specific task leaders are listed below : 

TASK AREA 

Project Coordination, Construction 
S-Band Hous ing 
S-Ban d Miltiplier , and Mixer 
Loca l Oscillators and 3X Mulitplier 
VHF Mi xers, IF Amp, Control, 
Pl acement, Spacecraft Interface 
S-Band RF Power Amplifier 
S--Band Antenna 
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CHAR ACTE R 1ST ICS 

POLARIZATION 

TYPICA L HA LF -POWER 
BEAMWIDTH 
:'"lU O v. 36( 1

) 

TYPICAL GA IN 
:; ·18 
BANDWIDTH 

POLARIZATION 

TYPICA L HA LF -POWER 
BEAMWIOTH 
2'0'" )( ;;.:~ ,") 

TYPICA L GAIN 
2 dB 
BANDWIDTH 
10% 

POLARIZA TI ON 
Linear 

SYMMETRIC TYPICAL 
HALF-POWER BEAMWIOTH 
40 °.lt 40° 

ASYMMETRIC BEAMWIDTH 
20° x 60° 
TYPICAL GA IN 
5 I v 20"8 
BAN DWI DTH .. 

PO LARIZATI ON 
Clrr:u lar 

TYP ICAL HALF -POWER 
BE AMWIDTH 
li OO x tl Or) 

TYPICAL GAIN 
5 ;0 10 rl 8 

BANDWIDTH 
2 1 

PO LAR IZAT ION 
Circular 

TYPICAL HA LF-POWER 
BEAMWIDTH 
80° 
TYPICA L GAIN 
·3 10 +4 dB 

BANDWIDTH 
11 0 I 
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CHARACTE R IST ICS 

POLARIZATION 
L ln~;)r 

TYPICAL HALF - POWER 
BEAMWIDTH 

TYP ICAL GA IN 
.: r::, 

BANDWID TH 

POLARIZATiON 

TYPICAL HALF -POWER 
BEA M WIDTH 
;.;,:.~' _ ; ;y,/ ,( '))(, (1 

TYPICA L GAIN 

BANDWIDTH 
3 ; 

POLARIZATION 
C,, (.:..;l ar 

TYP ICA L HALF- POWER 
BEAMWIDTH 
60Q x 60° 

TYPICAL GAIN 
51')808 

BANDWIDTH 
; .• , 

PO LAR IZATION 
c." _,:;' 
TYPICAL HALF - POWER 
BEAMWIDTH 
~(p ~ ~j60'~' 

TYPICAL GAIN 
o (J8 

BANDWIDTH 
4 I 

POLAR I ZATION 
L ,rlf-ilt 

T YP I CAL HALF-POWE R 
BEAMWI D TH 
2~/() ~ i,On 

T YPICAL GAIN 
12 n8 

BANDWIDTH 
20'~· 
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TYPE 

PARABOLOID 

CASSEGRA IN 

GREGORIAN 

NEWTONIAN 

HERSCHEl1AN 

FRESNEL 

LENS 

MANG IN 

MIRR OR 

Quasi ·Optical Apertures 

RAY OIAGRAM 

, Mp 

M ---Mirror ' 0--<=::: 
-- -~ axis 

, 
, Mp 

M, 
Mirror'L 
--E -------aXIs • 

---------- I 

_____ _____ ~~Mp 

Mirror M, ~ 
- --- -:~- ---
";, ~~ 

Mirror 
ax is 

.!--

, Mp 

/ \ 
~\ 

M 
p 

• 

O PTI CAL 
ELEM ENTS 

Refle-ctive 

MO '" Par~bo lo jda l 
mir ror 

Reflective 

M p '" Par~boloida l 
mirror 

Ms" Hy~rboleidel 
mirror 

Refle-ctive 

Mp = P~fr~~Oidal 

~.\ '" Ellipsoidal 
mir ror 

Reflective 

Mo'" Paraboloidal 
m ir ro r 

M,'" Reflecting prism 
o r plane miffOf"' 

Reflective 

M "Paraooloidal 
o mirror inclined 

ax IS 

Refractive 

L:> " Specia l 
frC"Vlel lens 

Re1ractive· 
re flect ive 

Mp ~ Spher ica l 
ref ractor 

Ms ' Spn.eflcal 
reflt."Ctor 
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PERTIN ENT DESIGN CHA R AC T ER ISTI CS 

I . F ree from spher ical aberration . 

2. Suffers fro m off ·ax is coma. 

3. Available in small and large diameters 
and f/numbers . 

4. Low IR loss {Reflective!. 

5. Detector must be located in front of oPlics. 

1. Free trom spherical aberration. 

2. Shorter than Gregori an . 

3. Permits location of detector 
behind optical sy st em. 

4 . Quite extensively used. 

1. Free fr om spherical aberration. 

2. Longer than cas~rain. 

3. Permits location of detector 
beh ind optical system. 

4 . Gregorian less common than cassegrain . 

1. Suffers from off·axi s coma. 

2. Central obstruction by prism or m irror. 

1. Not widely used now. 

2. No centra l o bstruct io n by aux iliary 
lens . 

3. Simple construc tion . 

4 . Sutters from some coma. 

1. Free o f spherical aberration 

2. Inhere ntly lighter weight. 

3. S mall 3)(ial space . 

4 . Small thickness reduced infrared 
absorption . 

5. Difficult to produce ...... ith pres.ent 
infrared transmitting materials. 

1. Suitable to r 1 R Source systems. 

7. FrE'(' 01 s[)n/:rlcal Jt>'~tratll)n 

3 Mon SUi t.lblc f Of small aperture~. 

4. Cover s ~all angular held . 

S. Us.cs ~t>hcrical surfac~. 
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PARABOLIC ANTENNA 

FEED DESIGN 

SPACE A TTENUA TlON VS. FEED ANGLE 
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TO USE, 

I. Stort with aperture edge illuminat ion & f l O. 

2 . Find feed ongl. l"'ing fl O. 
l . Find space attenuation u sing f..o ongle . 
4 . Subtract lpoe. oftenuation from desir.d 

edge- illumination to get f •• d to~r. 

S. Find fe.d 10 db b.amwidth usini f..-d taper. 
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MULTIPLE FEE D TECH NI QUES 
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POLARIZATION D1PLEXING 

SIGNAL 
1 , 

SIGNAL / 
2 

LOW FREQUENCY 
SIGNAL 

X r LOW-PASS 
FILTER 

"'-HIGH-PASS 

HIGH FREQUENCY FILTER 
SIGNAL 

FREQUENCY DIPLEXING 

SPACE 01 PLEXING 
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SPACE DIPLEXING TECHNIQUE 

FEED 1 

FEED 2 

FOCAL POINT 
FEED 3 

----

BEAM 3 

---_/ 

BEAM 1 

RADIATION PATIERNS 

_______ REflECTOR 
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PATTERN COMBINATION 

BEAM 1 

;- + BEAM 1 

, ':,AA: 3 ~/'EA;' 3 I 

1_ \ 1 BEAM 

_ )( BE~,"\ I~ - - "! BE'..", , 
3 

LESS THAN 
CRITICAL 
SEPARATION · 

CRITICAL 
SEPARATION 

BEAM 1 

I ~BEAM 

GREATER THAN 
CRITICAL 
SEPARATION 
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