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CHAPTER I

PASSIVE REPEATER APPLICATIONS

Microflect Company has been engineering, manufacturing

and installing passive repeaters since 1956 and has thou-

sands of units operating successfully throughout the world.

Passive repeaters are used to change the direction of a micro-

wave path to overcome obstructions, reduce the number of

active repeaters required, and provide for more convenient

locations for them near existing roads and power lines. The

Passives require no access or power lines and virtually no

maintenance. Total costs are therefore greatly reduced

compared to similar systems not using passive repeaters.

Examples in this chapter illustrate applications that are

installed and operating. An effort has been made to show a

variety of path configurations with the technical data

available.



Seattle City Light ecineers aad Microflect eupinesis anclyzed the proble-x of

Causmitting (elemetey and voice commuasications from Seattle Cy Light's

Diablo Powechonse anid Newhalera Powerhowse to existing monilucing Cavities

at Bothell Substation near Seattle

M Snow depths of 15" t 20" i this area of the Pacific Nortlwwest are aot unusutl
even at Teatively low elevations ef 4,000" auove mean ea level, Accordingly. i

was decided to place die one active repeater station required for the systett ul

rent, Creek near Datringion, Washington, Passive repeaters provide Ue aeoese

sary elevation for clear paths (o che respective points of caimucication:

Application of two addiviocal passive repeaters on Ross Ridge turned the New

hnglem Powerliouse iuto an active repeater‘cermiinal. It would ave beed a sptz

Cernninal if anaclive cepeuter had been plaved ul Row Ridge. Tes conversion of

Spur lerminals to tersninal repeaters is ant mereasingly command” preutice in the

buckbone of maunluinous ticrowave systems

canine o a] en,

le have acded this referenes tit to felp you quickly locate a specie example of 2 class oF passive repeater yppicaion

thet sy oF interert to

ITEM PAGE NO,

Longest Path (88,8 miles) wine 17

Mid and neor Mid-Path Aplications (2 mites) [22.5 miles] 48.6 miles) 11,13,18

Largest Refluetor (40 x 60)... 6,15

Backbone Systems... 14,15,16,17,18,20,21,23

Horn Antenna... 6,22

Longest Short Path {20,1 miles). 18

2GH7.,,,, BB AZAG.17.22,24

4GHE 17

GH... §,6,12,19,15,16,18,19,21,22,23,

87 GH. 744

74 GHe.., 58,9,10,11,20

14 GHe wee 9111,19,23,24

Fade Margin {highest} (48.7 AB)... 7

Fade Margin (lowest) 28.1 dB)... @

Largest Product of Path Lengths (878.4 ae 11

Shortest Product of Path Lengths (91 Fao... 24
Highest Transmitter Power (10 wattel oon 7

Lowest Transmitter Power {0.10 watts) |. 92

Highest System Density {1200 chars)... 7

Lowest System Density (72 channels)... 6,12,13,17

Space Diversity... 7

Frequency Diversity... 22

Lergest Antenna {16°}... 12,13

‘Smallost Antenna (8'} 13

One Reflectar in One Path ..

4.

B thre 10, 14 ehru20 and 22 thru 23,

11,12,13,18,16,18,19,20,21,24

1820.23.24

5,68,10,11,14,16,16,19,20.21.23, 24

~ 87.8.9,11 thru 24

12.13,18,16,18,21,23,

11,13,19,20,21,23.24

217.18
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A 30x40 passive repeater of this type was installed for

Citizens Utilities Company of California in the system

shown below.

SUSANVILLE, CALIF.

12° DISH

30x40

PASSIVE REPEATER

6 GHz SYSTEM

600 VOICE CHANNEL CALCULATIONS

GAINS

The footing levels of this 40x50 passive repeater, instatled by

British Columbia Telephone, were designed to conform to the

stoping site,

40x50

PASSIVE REPEATER

S2 MILE!

10" DISH S

15° DISH

CLEARWATER

MT, LOLO

7.4 GHz SYSTEM

240 VOICE CHANNEL CALCULATIONS

GAINS

Transmitter. +31,0 dBm Transmitter. +27.0 dBm

Antenna 1 44.6 dB Antenna 10° 44.5 dB

Antenna 10° 43.0 dB Antenna 15’ 48.0 dB

+118.6 dBm +119.5 dBm

LOSSES LOSSES.

7.7 db. .65 Miles(Near field)

145.2 dB 34.4 Miles

4.5 dB Waveguide, Equip., & Misc,

-157.4 dB

+118.6 dB

—38.8 dBm Received Signal Level

—81.2 dBm FM Improvement Threshald

— 38,8 dBm Received Signal

42.4 dB Fade Margin

Noise, Worst Stot, 23 d8rnCd.

Waveguide, Equip., & Misc.
40 x 50 Reflector

dBm Calculated Received Signal Level

dBm Measured Received Signal Level

dBm FM Improvement Threshold

.0 dBm Received Signal

¢B Fade Margin

Noise, worst slot, 25.0 dBrnCO



A 40 > 60 passive repeater installed for Mouatain Bell

Wyaming, near Rock Springs, Wyoming, ina @ GHz micron

vave system

PILOT BUTTE 40¥60

PASSIVE REPEATER

PINE BUTTE
407 MILES REPEATER223
INEAR FIELD) Lice

ROCK SPRINGS, WYOMING

10° Dis

6 GHz SYSTEM

600 VOICE CHANNEL CALCULATIONS

(KS.15676 HORN)

Continental Telephone Compaay of California ases this

30x40 passive repeater in the system shown below:

‘Oxd0 PASSIVE REPEATER

CRESTVIEW

2 GHz SYSTEM

72 VOICE CHANNEL CALCULATIONS

GAINS GAINS

Transmitter... -#30.0 dBm Transmitter + 93.0 dBm
Antenna 10’ 43.0 db 30" x 40" P:

Antenna (10° Hom)....... 43.0 dB 40" Dish

11160 68 10" Dikh

LOSSES LOSSES

46 dB 4.67 Miles {Near field) 113.2 0B. see S11 Miles

1447 48 38.58 Miles 129.2 dB. 49.55 Miles

64 dB Waveguide 8.9 aB. Equip. & Trans. Lines

=1547 4B -251.3 dB

+116.0 dB +198.9 dBm

= 38.7 dBm Received Signal Level

78.0 d8m FM Improvement Threshold

= 38.7 dBm Received Signal

393 dB Fade Margin

— 56.4 dBm Received Signal Level

— 92.0 dBm FM Improvement Threshold

= 55.4 dBm Received Signal

26.6 dB Fade Margin

Noise, warst slot 23.7 dBrnCO,



A 30 x 48 passive repeater instalted near Anchoraye, Alaska

for Chugach Electric,

A typical 30 x 40 passive repeater installation similar to the

one installed inthe path shown below for the Iranian Posts

Telephone and Telegraph earth satellite microwave back

haul link,

SHAH PASS

18° DISH

BARBAND

15° DISH

KUH-E-AMAGHULAKH

30x40

PASSIVE REPEATER

6.7 GHz SYSTEM

1200 VOICE CHANNEL CALCULATIONS

GAINS

Transmitter 40.0 dBm
Antenna 1 47.0 dB

Antenna ¢ - 47.0 dB

30x40 Passive Repeater.. 115.0 dB

+249.0 dB

LOSSES

145.3 dB. 38.0 Miles

129.9 dB -5.0 Miles

2.1 dB. . Waveguide and Coax

~277.3 dB

+249.0 dB

— 28.3 dBm Received Signal Level

-77.0 dBm FM Improvement Threshold

-28.3 dBm Received Signal

48.7 dB Fade Margin

S 30x48 PASSIVE REPEATER

ANCHORAGE, ALASKA

(SPACE DIVERSITY)

12" DISH

BELUGA SUBSTATION

CHUGACH ELECTRIC

(TYONEK, ALASKA)

(SPACE DIVERSITY)

12’ DISH

6.7 GHz SYSTEM

300 VOICE CHANNEL CALCULATIONS

GAINS.

Transmitter -+24.5 dBm
Antenna 12’

Antenna 12°

30x48 Passive Repeater.

+ 234.5 dB

LOSSES

126.0 gp 7 Miles
146.7 db 48 Miles

6.0 GB... .. Waveguide and Coax

— 278.7 dB

+2345 dB

— 44.2 dBm Received Signal Level

— 86.0 dBm FM Improvement Threshold

— 44.2 dBm Received Signal

41.8 dB Fade Margin



A Paw 3) deste rou

Patadis Peas by Paci

Ferra 1a tno re athe USE

Aewenest Bet

(OFIENT, WASHINGTON

COLVILLE, WASHINGTON

16 DISH

PARADIS PEAK

2430 PASSIVE REPEATER

Se ae

ae

by Brihh Colao Tesohens

20032

Passive REPEATER

17 WILES

WILLIAWS LAKE C0,

12 01s

TimoTHY

2. GHz SYSTEM 7.4 GHz SYSTEM

72 VOICE CHANNEL CALCULATIONS 600 VOICE CHANNEL CALCULATIONS

GAINS GAINS
‘Transmitter: +93.0 dBm Transmitter, 730.0 48m
Antenna 10” 33.0 a8 Antenna 18

Antenna 15) one 368 dB Antenna 12".

24 « 30 Passive Reneater 90.0 38 4124.8 d8m

3192.8 dBin

LOSSES LOSSES

4137 po 3.6 Miles 42.5 Miles

18, 28.8 Miles 1.7. Miles (Rear fietc}

19 w Harclware Waveguide, Connectors, & Misc.

= 2474
sieog +1245 dBm

54.6 dBm Received Signal Level

= 91.4 dBm FM improvemont Threshold

4.6 dBm Received Signal

36.84B _ Facte Margin

Noise, worst slot, 41.5 dBrnCO at- 91,4 dBm Received Signal

Noise, worst slot, 22.8 dBrnCO at- 54.6 dBm Received Signal

ae

~369 dBm Calculated Received Signal Level

=36.9 dBm Measured Received Signal Level

778.0 dBm FM Improvement Threshold

7369 dBm Recsived Signal Level

41.1 dB Fade Margin

Noise, worst stot, 19.5 dBen CO



‘A 30 x 40 passive repeater installed near Fallon, Nevada in

an 11 GHz path for Churchill County Telephone Company.

NAVY RANGE FACILITY

1 DISH

CHURCHILL COUNTY

TELEPHONE

FALLON, NEVADA
332 mies

30x40

PASSIVE REPEATER 12" DISH

11 GHz SYSTEM

600 VOICE CHANNEL CALCULATIONS

British Columbia Telephone uses @ 24 x 30 passive repeater in the

system below, Passives are available with either eight or fifteen

foot ground clearance (Distance from the bottom of the face

panels to the ground), The model above has an eight foot ground

Clearance. Higher ground clearances up to 10 feet are available

for special applications.

GREENSTONE

12 DISH

GNAWED MOUNTAIN

24130
PASSIVE REPEATER

LOGAN LAKE

12 DISH

7.4 GHz SYSTEM

300 VOICE CHANNEL CALCULATIONS

GAINS GAINS

Transmitter : Transmitter. +300 dBm
Antenna 12" 48.8 dB Antenna 12 46.4 dB
Antenna. ...12" TT 488 a8 Antenna 12". . 46.3 dB
30x40 Passive Repeater 24,3 dB 24" x 30° Passive Repeater....114.5 dB

FRTZ dBm

LOSSES

136.2 48 . 18.3 Miles
148.0 48 «.. 53 Miles

9.6 6B .. Waveguide and Coax .. Waveguide, Connectors, and Misc.

202.8 dB =280.0 48

+2489 dB +237.2 dBm

— 43.9 dBm Received Signal Level

—72.0 dBm FM Improvement Threshold

—43.9 dBm Received Signal

28.1 dB Fade Margin

= 428 dBm Calculated Received Signal Level

— 41.0 dBm Measured Received Signal Level

= 81.0 dBm FM Improvement Threshold

— 41.0 dBm Received Signal Level

40.0 dB Fade Margin

Noise, worst slot, 24 dBrnCO



‘A 24 x 30 passive installed for British Columbia 1 elephone.

Note haw an Interface siructure was used to support the!

passive ona sloping site,

UILLOOET 6.0, gos WS
25m. 10 DISH

24390 PASSIVE REPEATER

7.4 GHz SYSTEM

240 VOICE CHANNEL CALCULATIONS

A 90 & AB possive under consectin, Beak Celumia

Teleumncne usos th "yo of passive in the applieatic® shown

‘sPARWOOD

12" Dist

Boxe FERMIE

PASSIVE AEFEATER

10" Dish

74 GHz SYSTEM

300 VOICE CHANNEL CALCULATIONS

GAINS GAINS

Transmitter... 427.5 dam ‘Transmitter $30.0 dBm.
Antenne 10, 44.7 dB Antenna 1 ~ 44,8 dB
Aatenna 1 44.7 dB Antenna 12. pont 48.2 OB

+1963 dim 121.0 dBm

LOSSES LOSSES

143.0 dB., 25.1 Miles 141.7 dB. 24.3 Miles

2.5 Mites (Near field } 8.0 dB. 48 Miles (Near field)

Waveguide, Connectors and Misc. 10.6 dB....... - Waveguide, Connectors and Mise.

-159.9 dB -160.3 dB
+1169 dBm +1210 dBm

43.0 dBm Calculated Received Signal Level

-43.0 dim Measured Received Signal Level

~81.0 dBm FM Improvement Threshold

-43.0 dBm Received Signal Level

38.0 dB Fade Margin

Noise, worst slot, 25 dBrnCO

-10-

= 39.3 dBm Calculated Received Signal Level

— 39.0 dBm Measured Received Signat Level

- 81.0 dBm FM Improvement Threshold

— 39.0 dBm Received Signal Level

42.0 dB Fade Margin

Noise, worst slot, 19.8 dBrnCO.



Hore, 50 « 28 pasiue ropcter 1s “istalled ter phat aut the

opwiter in the buzky wad, This goasive repsitar install

iow Barres Ferry. blue.

DAWSON RIDGE Jonas

PASSIVE REPEATER

BONNERS FrRRy

1 aig

TROY

ueK LAKE a0<a2

PASSIVE REPEATER

11. GHz SYSTEM

600 VOICE CHANNEL CALCULATIONS

032

Twin 20 » 32 asssive repeaters lice this ere wers instuMed in

fs iviueonave aaih by Betis Caluatiia Telephene. Reads

end oower were nanexistont in the aren ard winter inthis

Betis Columbia Province would make an access asd impas.

able, (Note thal the produc: of the path lengtt's % 878)

30x32 PASSIVE REPEATER

CHITIN HOUNTAN

5
ws

2

AIYANSH

15" Disk

KITSAULT

3s" DISH

PASSIVE REPEATER

GAINS GAINS

Transmitter. dBm £270 dam
Antenna 1 “49.0 dB . 48.9 6B

Ae 12's crvnrnnn 89.0 AB Antenna 18° 489 dB

Passive Repeater 30x32 Passive Repester

inear field 0.9 mid. 38 &B (Tehitin Mountain... 116.0 4B

7129.3 dB 240.8 dB
LOSSES LOSSES

99 4B 7.0 Miles { Neav Field 1 142.0 dB 22.1 Miles

148.7 ap 258 Miles 138.5 4B 16.9 Mites

7.2 de Waveguicle and Cannectors 6.0 dB, 2.5 Mile Poth {Near Field)

W628 6B 25 4B Waveguide And Connectors

£1293 dB 788.0 ae
+240.8 0B

= 23.5 dBm Received Signal Level

= 75.0 dBm FM Improvement Threshold

~ 33.5 dBm Received Signal

415 AB Fade Margin

the

= 48.2 dBm Received Signal Level

= 81.0 d8m FM Improvement Threshold

= 48.2 dBm Received Signal

32.8 dB Fade Margin



PASSIVE REPEATER

CARLIN SS
NEVADA ay

g

ELKO NEVADA,

Double ts 9 passive repuntes cial i a GHe ico:

‘yave Fk fer Gurera! Tetophowy of etre Norchowst Lote.

Groverton and Veraunia, Ormaoa,

3092

PASSIVE REPEATER

VERNONIA

‘OREGON

3

hy
sw ISH

ye 25.02 MILES
We ois

10" oisi

seavERTON
1 ist ‘OREGON

0002

sosa2 PASSIVE GEFEATER

PASSIVE REPEATER

2 GHz system 6 GHz SYSTEM

72 VOICE CHANNEL CALCULATIONS 600 VOICE CHANNEL CALCULATIONS

GAINS GAINS

Transmitter. $33.048m Transmitter 27.5 dBm
Antennat0".... 34.5 08 Antenna 16: 47.0 a8

Antennai0" 345 ab Antenna 16! 47.0 8
Passive repeater 88.0 dB 30x32 Passive Repeater...112.8 dB

+1900 ab 4234.3 dB

Losses LOSSES

Masaa.. 6.71 Miles 128.548... 6.2 Miles
126.048 13.73 Mites 1904 db... 26.02 Miles

2298... Coax and. Connectors 42 4B... Wavequide and Coax

1008 “Double Passive 07 da... Double Passive

= 228.008 =2738 de

+ 190.048 +2243 B

58.0 dam Received Signal Level

= 93.0 dim FM tmprovement Threshold

= 58.0 dBm Received Signal

35.0 d8 Fade Margin

39.5 dBm Received Signal Level

= 79.0 dBm FM Improvement Threshold

= 395 dBm Received Signal

39.5 dB Fade Margin



Efficient use of mo passives ia one rieranave link for

Continental Telephone of Catifurnia

apo

Lee vinin PASSIVE AEFEATER

JUNE LAKE

2GHz SYSTEM

72 VOICE CHANNEL CALCULATIONS.

Another arraugumert of a doublu orssive rewater, This ane

isatmunt exactly midputh with ane rath 17.2 miles larg, the

other 11,3 eile Jang, If was “walle for Mountsin. Beil ot

Acizone,

24x30 PASSIVE REPEATER 16 bist

pig MILES

Tower MOUNTED

REFLECTOR 10x16

yous
2x20

PASSIVE REPEATER

260 FEET

# DISH

PAGE, ARIZONA

6 GHz SYSTEM

300 VOICE CHANNEL CALCULATIONS.

GAINS GAINS

Transmitter #330 dim “Transmitter. 4300 dBm
Passive Repeater 30 x 40... 96.1 dB Antenna 16. 4700B

Passive Repeater 30 x 40 sowmeunnnne 91.8 OB Reflector 10x15 and

Antenna 10am 34.0 dB Antenna 8! ..-- 41.6 0B

Antenna 10%. soe 34.0 dB Double 24x30 Passive 110.0 dB

288.9 ue 4228.6 6B

Losses LOSSES

105.4 aB... svc 1.28 Miles 11.2 Miles

107.0 48. 1.53 Mites 11.3 Miles

128.4 OBrien 12.77 Miles Waveguide and Coax

89 dB «Equip, and Waveguide Double Passive Repeater

[3aa7 ab 273.0 a8

+228.6 48$288.9 dB

787.8 dBm Calculated Received Signal Level

- 68.5 dBm Measured Received Signal Level

92.0 dBm FM Improvement Threshold

88.5 dBm Received Signal

33508 Fade Margin

Noise, worst slot, 24.2 dBrnCO

44.4 dBm Received Signal Level

— 81.0 dBm FM Improvement Threshold.

14.4 dBm Received Signal

‘36.6 dBm Fade Margin



Tae tertin srouad Ren, Nevada consists of deserenovetains aud

{las nd the Sierra Nevela muunain rage. There are no inet

pris from Sierra Pacis Power Company's Cental ConCol fact, f

im Reno, 0 anya Meir aubsnatans on genereting plans, Direet bre =

Of sight and proper Fuss) rone searmace exes to only one ot the Se

minis has a aves path to ss seaeited aotverspsater.” Yet, he

{gstem powder 29.7 AP qloe Face Margne ta the wn active ob

Fepenters and to Ie oa astve fciinns nthe ye
Va

7‘This accomplishment wes made possible throvsh the application of

pasive repeaters. ‘The Sieers Pacific Power Company decided they

wanted 9 mierawaee system which waE inexpomsive and easy 10

uuintain. To keep the expense of anlallation down mean using as

fow active tepsaters as neccesary ta accomplish the needs a” the

system. Dy Using the pasive vepeater, which is less expensive thin

aan accive repeater, fature upersting costs wars teduzs as the passives

require no power to operate sit no access -oals,

“Tn 70024 passioso* this ype mo seein sha stem.

Psi dacs val voy incre aewrom ua te bedi po

Toot passive

srruceee ALEANS HILL hoe ease
sont PAIVE Tooneasive

apt PASSE

300 VOICE CHANNEL SYSTEM PARAMETERS

Frequency 67 GH2

‘Tranemitter Power 127.5 Bsr

Average System Reeaivad Signal —41.3 dm

Fade Blarain (Average) 29:7 diam

‘8.16420 sazsve of the vps used at Crleane Hi

<a



The ruggedness of Jamaican terrain and the

luck of existing power and access facilities to

many of the islands’ peaks made the use of pas-

sive repeaters a “natural” for a new 960 voice

channel microwave systema installed by Collins

Radio for Jamacia Telephone Company. Sig-

nificant savings in operating and mainten-

ance costs can be realized in any size system

by using passive repeaters, The “one-time”

cost of a passive is relatively small compared to

the continua) cost of operating and muaintain-

ing an active repeater site.

A 20x74, similar to this, is the smallest passive Mieroflew:'s 40x80, the largest ip the aysiewr, is a'so the lurgast mexlel

in the system, manufactured.

AuauLanos pla

pe certent

+ HUGE gg

Bitte \

nase a

passive If <n a (oMGSTOW wes — ART BONY

“arracia Teechora Go. [Continental Telephone System}

SYSTEM PARAMETERS

TRANSMIT POWER +30dBm

MICROWAVE BAND 6GHz

RECEIVED SIGNAL LEVEL (AVERAGE) -36d8m

LOADING +14,8dBmO for 960 Voice channels SSBSC

-1s-



Tis gystem was instalied in Clscier National Back Fr Mountain

States ‘Telephone Company, & love clesation system, through

racrow meuntain passes would have provided me more than a

fow miles Eno-obsighe herwoen aetive stations, ‘The sppiicstian

fof passive repeaters allowed the nticrawave pathe to he “ele

vated"ta mopntain tops which geatly inciessed path lengths

‘while sel allowing active slations (0 be located neat “all

yess” rivals. The passives do mal require nuuantenanee and

‘were rherefore lncatel on the mast advantageous peaks repard-

Jess of accostibilty Heliooplers were used on sit of che seve

passive sites to fly an Microfluct erection crews and the passere

repeater materials, Vertical face anglus ef some of the pases

In selation to short paths and extreme differ

exceeded normai conditions, ‘Ube interface structore om the

rear Jegs of the pausve shown at left is an example of hows this

type af probiem son he evsily solved, “Where is 2 341 foot

Alfference in 1,7 miles in this passive applecation

See ae}
“Tis 1b & Se pouve le lanatad Levees Garry ane Siverin

6 GHz SYSTEM

‘oar

aes LacieR EDO

120 an

20.37 PASSIVE REPEATER tM



The Hawaiiun Telephone Company revised their

2GHz. system by increasing the Irequency to 4G1iz,

Both caleulations are shown below, There was no

change required in the passive since they are not

sensitive to frequency. In some installations the

ar

The G8. miles is almost

TANTALUS, OAHU

10° DISH

20x24

CoB passive

OP REPESTER

LANALCITY, LANAI

1g" Disk

Lanai

2.GHz SYSTEM 4 GHz SYSTEM

72 VOICE CHANNEL CALCULATIONS 300 VOICE CHANNEL CALCULATIONS

GAINS GAINS

Transmitter + 37.0 dBm Transmitter

Parabola 10°. 34.2 dB Parabols 10°

Parabola 10° 34.2 dB Parabola 1

20 x 24 Passive Repeater: 87.5. dB 20 x 24 Passive Repeater.

+1827 dBm 4211.6 dBm

LOSSES LOSSES

102.6. 1.0 Mile 1.0 Mile
139. 68.5 Miles 68.5 Miles

3. Transmission Line, etc. Transmission Line, etc,

~245.4 48 -257.4dB

4192.7 dBm +211.6dBm

- 52.7 dBm Received Signa! Level - 45.8 dBm Received Signal Level

- 87.0 dBM FM Improvement Threshold = 86.5 dBm FM improvement Threshold
-52.7 dBm_ Received Signal 5.8 dBm_ Received Signal

34.30B Fade Margin 40.7dB Fade Margin

lTe



ora viow of wee Uae 50 pane caary Win

bs

UD, RCA Aligka Comnunicstians, Ine instatlal tus
8 aut system requizing # double 40 x $0 pussive repwoa:er

ow la These sites are accessible only ding Alok

‘y ..
,

conditions saonumtere. ia this /upged euviinniest

300 VOIG CHANNEL SYSTEM PARAMETERS

6 GHz Common catsier H

Transmitter Bower +300Bm

Average System ceived Signal 42.0 dm

Une vee of asing passive sepeaters,

Per Hop Noise, FIA, Worst Slot 16.5 Bao

L

“tke



Many mvicroviave systems that, were engineered ten

years ago used the active repeater to tie the system

spur terminsls und backbone stations together, Some

ff these systems are Delis planncd for sehabilietion

fa the next few yeure and many will apply new pase

sive repeater techniques to make the aystem more

economical and celable.

‘One maior change involves 8 change in enginecring

approach. For example, consider you spur terminals

as repeaters, Why NOR an ElAlF the repeater is wl

ready here lt the forta of the terminal gear. Then,

‘onnect the terminal repesters together hy way of

passive repeaters. One major independent Teleyliane

Company did this jn a gencral upgrading of one of

their systems as shown below. One exisiing and one

panned active mountain ton ropeater was eliminated,

Maintenance personne) slety was incseased and

‘operating costs reduces.

poses FERRY

oun

qi

If preacuen MounTarn

© centAal orrice

A ACTIVE REPEATER,

K_rsseive nerenren

xsoN nia

out ass

Soca PAstive

‘SHeL00N MoUNTAN

-19



‘A 1820 passin: repeaters inetallad in the peth beween

Un Tique are Reaulroct,

SYSTEM PARAMETERS:

TRANSMIT POWER +28.5d8m Average

MICROWAVE BAND 7.5 GHz

RECEIVED SIGNAL LEVEL (AVERAGE) —42.0dBm

WORST CHANNEL PERFORMANCE 27dBriCO end to end

LOADING — 47,3dBm0 for 120 Voice channels

ORSIVE

“This 20x52 passive repeater is one of thee yosslver vied

toetween Bssuront and Rapid Plea waryoue vam

io, SP nesuwone
ea 1g orceuane

ey

wnt

tex oR ATR

‘CARIGNAN

‘Microflect supplied the eight passive repeaters used im this tele

communication system. It is operated by HydroQuebec, in

Qnebec Province, Canada

‘The system is a frequency diversity configuration and is used

for telemetry, relay vontzol, dat transmission and adminis-

trative voice communication, All active repeater stations are

located at either power gerterating stations, where they serve

as both terminals and repeaters, or adjacent to existing “easy

access” highways that run the length of the St, Maurice River

valley.

Severe winter weather conditions in Quetec, where tenipera-

tures drop ta -S0° Farenheit and heavy snows are drifted by
gale force winds, make the prospects of access to remote

active repeater stations undesirable If not impossible, Also,

the cost of road development and power development to

active repeater locations would have been excessive. Accord-

ingly, the passive repeaters were selected ss the logical option.

MONT CARMEL “The use of the passive repeaters on nearby hills permitted the

use of short stub towers ul all locations,



A200 prune wan nid bate Harbury

st Ook Kel

cn)

wow

aver cae

‘This microwave sysleu, completed for Siskiyou Tole-

phone Company, Fr. Jones, Califonia, is represent
athe of what new ideas ate accomplishing in the

application of massive renesters, Microflect engineers
worked closely with Siskiyou Telephone Company

to eliminate the novd for twa exishng nctive repeater

tions loculed on remote mountaintops, All active

repeaters ace aow located at central dit affices and

act as terminals as well as repeaters. Power lines and

access road malutenance has been aliminated. System

conte ware reduced and reliability inc

hating power Bne and access road.

fers ahd by reducing the amount ef active Fadia

equipment uset

nvee Sua pater re ae as ayter,

ne

12 ont

Rs

Panne REPCATERS

PASSIOE REPEATER

600 VOICE CHANNEL SYSTEM PARAMETERS

TRANSMIT POWER +31dBm

MICROWAVE BAND 6 GHe

RECEIVED SIGNAL LEVELIAVERAGE} —38dBm

WORST SLOT PERFORMANCE 17 dia0 end (a ond

FADE MARGIN 43db AVERAGE



Passive Repeaters have a orgjor advantage over active

repeaters from the evologist’s standpoint. IL isn’t

necessary Le gouge coads and power line rights of way

to the repeater site. The Passive Repeater requires

negligible maintenanve andl can be visited by horse-

buck, by foot, oF by helicopter when necessary.

From the cost analyst's standpoint, te Passive Re-

eater is almost always the least expensive to install

‘and is the least expensive to operate.

From an operational standpoint, the Passive Repeater

is ideal since it otfers both low maintenance and high

reliability

Two stputate microwave paths Use this

buss ve sinultanenusly ‘nan anplicacion

{oy Mountain Ral? af Wyoming.

sncaorvect

2x20 PASSIVE REPEATER 4

RAWLINS, View.

2 GHz SYSTEM BGHz SYSTEM

240 VOICE CHANNEL CALCULATIONS 600 VOICE CHANNEL CALCULATIONS

Gas Cains

10" Antenna, 33.2 48 10" Antenna..

10" Amtanna, 33.2d8 10° Horn,
24x20 Passive... 88.008 24x30 Passive.

187.4 dB

Losses Losses

1029 aB 88 Mite Path 112.008 os 98 Mile Path
125.1 0B vue 12.6 Mile Path 134.2 0B . 42.6 Mile Path
1908. Coax 6.4 08 . Waveguide

=229.9 dB {Total Lossest -282.6 d8 (Total Losses}
+1874 dB (Total Gains) 4213.2 dB {Total Gains}

= 42.5 dBm Received Signal = 39.4 dBm Received Signal

= 81.0. dBm FM Improvement Threshold = 81.0. dBm FM Improvement Threshold

—42.5 dBm Received Signal — 39.4 dBm Received Signal

38.5 dBm Fade Margin 41606 Fade Margin

22.



This double 24x20 passive repeater provides 119 d# goin in the

critical link of the Big Sky resort area system.

TWIN PEAKS

DOUBLE 24430

PASSIVE REPEATER

ee
24x30 PASSIVE REPEATER. Srey

“Tha 40x50 on Sheep Mountain provides proper path clearances

between Miner and Wast Yellowstone and maxes" passable”

otherwise finpassable mourns.

SHEEP MOUNTAIN

40x60 PASSIVE REPEATER

WEST.

1 DISH YELLOWSTONE
MINER,

aca mites

esky 1e-01sh

‘apis 19 Dist

11 GHz SYSTEM 6 GHz SYSTEM

600 VOICE CHANNEL CALCULATIONS 600 VOICE CHANNEL CALCULATIONS

GAINS GAINS
Transmitter... ‘Transmitter... 7

Antenna 10° Two 107 Antennas...

Antenna 10°... sesetseteateneceateeces

24x30 Passive Repeater (Nesr Field +119.0d8

+233.0 dB

LOSSES LOSSES

.3.71 Mile Path 6.5 0B... .. Near Field Loss

.12.89 Mile Path 142.1 dB... .... 30.7 Mile Path

Waveguide and Hardware

- Double Passive Coupling

274.3 dB {Total Losses)

+233.0 4B (Total Gains)

—33.0 dBm Measured Received Signal

—31.3 dBm Calculated Received Signal

—80.5 FM tmpravernent Threshatd

__=33.0 68m

47.5 dB Fade Margin

Idle plus intermad noise, worst slot=20 drnCo

For 600 channel loading, withaut emphasis.

3B. . Waveguide and Equipment

~ 155.2 0B (Total Losses}

+118.0.dB (Total Gains}

—36.2 dBm Received Signal Level

—79,0 dBm FM Improvement Threshold

36.2 dBm

42.8 dB Fade Margin

Noise, worst stot=22dBrnCO

-23-



The passive being erected for General Telephone of Catifarnia

is one of the 24x30 passives in the system shown below.

BAILEY PEAK

24x30 PASSIVE REPEATER

2.5 MILES
CEDAR SPRINGS

10" DISH

CANP PAIVIKI

24x30 PASSIVE REPEATER

DEVIL CANYON

10° DISH

2GHz SYSTEM

FOR TELEMETRY CHANNELS

GAINS

Transmitt

Antenna 1

Antenna 10°.

24x30 Passive Repeater .

24x30 Passive Repeater..

—333.3 dB (Total Losses)

+282.3dB (Tota! Gains}

~51.0 dBm Received Signal Level

—89.0 dB FM Improvement Threshold

-51.0dBm

38.0dB Fade Margin

Measured Power Noise = 19.0 dBrncO

MONUMENT

20x24

PASSIVE1.44 MILES

MONUMENT C.0

S
BLACK ROCK inai_&
20 x 32 PASSIVE SPRAY C.0.

(

LEFT HAND

20x22

PASSIVE
19°19.6"

2
2,

Ci &
a JOHNSON HEIGHTS

24x30 PASSIVE

1249177"

9.7 MILES.

100° 09."

MITCHELL

FLOCK

MOUNTAIN

20x24

PASSIVE

0.24 MILES.

300 VOICE CHANNEL SYSTEM PARAMETERS

Frequency...

Transmitter powel

Received signal level{ Average)

System installed for Blue Mountain Telephone Co. of Oregon



CHAPTER II

PATH CALCULATIONS FOR MICROWAVE SYSTEMS

UTILIZING PASSIVE REPEATERS

This chapter provides technical data and procedures

necessary to calculate the performance of line - of - sight

microwave paths utilizing passive repeaters.

Curves and charts have been prepared for a frequency

range of 1.780 to 14.825 GHz and for rectangular passive

repeaters varying in size from 8 x 10 feet to 40 x 60 feet.

Data is included to cover commercially available parabolic

antennas, waveguide and radomes,

Building mounted passive repoater “Single 40x60 passive repeater



PATH COMPUTATIONS SINGLE PASSIVE REPEATER FAR-FIELD OF BOTH ANTENNAS

This example shows a typical passive repeater application with both antennas in the

far field. The values for the gain of the antennas and the passive repeater and the atten-

uation of the two paths are calculated rather than selected from charts and graphs. This

is done to illustrate the calculation of the values shown on the charts and included in this

text. The same path is evaluated on page 27using the charted figures for comparison.

It is not intended that this example be used as a work sheet.

Frequency 25 GHz

i +30. WaveguideTovag Poner Gurpat Watts —[Transmitter Output Level +3010 aBmKA) wovewice <2 F ap

| 7 Milliwatt 
cane =

‘ ‘ead ——
| oF Mes Rated Output Level __ Transmitse to Anyenro Feet _ _ _ FWaveguide and Component Losses =3.0 aB{®)
t a

' a 20 Log F (GH2}_7/6.5 a8
\ypansmitter 7 20 Log D (Ft) #216 48

a +75 det
7 7 88% Efficient Parabola Aadome Loss 8

Tr {antenna Gain +456 dB (C)

Antenna

Size /2 FE

20 Log F (GHz)

20 Logd (Mi.)

—[Free Space Loss

20 Log FIGH2) _“/6.5 ga

20 Leg F (GHz) 6.5.

Passive Repeater 20 Log A (Sq.Ft) 7 E48
asi

* 20 Log (Cosme) ABSize 30X40 FF art.

——-[Passive Repeater Gain *//2.0 dB [E)

20 Log F (GH?)

20 Log d (Mi.

== Mites

ee ~|Free Space Loss -131.5 dB|(F)

20 Log F (GHz) 7/65 ap
2 LogD(Ft) 7A46 ae

Antenna ap
Size J2FE Radome Loss > dB

wes -{ Antenna Gain 745.6 dB \G)
«55% Efficient Parabola
N

ao
Receiver _ Waveguide 25 6B

~S Connectors _-2.5 dB
a Other 4B

SLA Feed to R -

~Amenna Feed to Receive _ _ __1wisyequide and Component Losses =3.0 o8{)

* These values are constant from conversion of the formulas for gains and losses to logarithmic form.

COMPUTATIONAL RESULTS: ANTENNA SYSTEM LOSS = Algebraic sum of (CXDXEXFXG@)= 764-6 _ a

RECEIVED SIGNAL LEVEL = Algebraic sumof M@DOOODOOD= —-#2-4 _ asm

FADE MARGIN = Practical receiver threshold (-770¢8m } — Received signal level = 26? gp

-26-



SINGLE PASSIVE REPEATER, FAR FIELD OF BOTH ANTENNAS

Example of path calculation is shown in red

Frequency GHz 6.725 GHz

Transmitter

poor Antenna Gain dB +456 8

Antenna Size

Antenna Size _/2*7

a---- + ------4 Free Space Loss aB) 436.4 dB

Miles

14.4 sites

Passive Size

30%*40
Passive Size

t
|
|

1

i o¢
i I
! 1
bot

14
i

hot
1 |

po

Pood

1 1

,
| I

an
foto. oo B--------4 Passive Repeater Gain del #//2./ dB
1 12 -
; ot
hod

1

toy
toot

{
| 8

3!
| wy

ig

1 &

i 2] Free Space Loss dB -/31.6 4B
Io

ie
[oat
1 BI

i ia BO Nn enn Antenna Gain dB +456 dB
' aa | Receiver Ba
t '
» 1B Algebraic sum of =ig a es cisdali Antenna System Loss dB] 64.7 aa|
a c

ig fol

ey S WaveguideBot gy

I6o1 gy Connectors
ae Other * |
2 Ks ' “L—~ {Component Losses |
=| aly

gjzle | Waveguide |
asig | Connectors
% fey Other * |
3} ig L----- C Le
& rf omponent Losses bay

g 16 |
a

QT Transmitter Output Level qgBm| +30.0 dBm |

Antenna System Loss dB] -647 4B |

eee Received Signal Level dBm - 40.7 dam

* COMPONENT LOSSES

Component losses between the antenna feed and transmitter or receiver,
OTHER THAN WAVEGUIDE AND CONNECTORS, may be caused by circu- ** “7720 aB

lators, hybrids, filters, switches, combiners, or any other components that may Threshold y sis
be inserted between the transmitter or receiver terminals and the antenna feed.

** THRESHOLD Received Signal Level -40.7 dBm
A practical threshold for the receiver system is usually evaluated. This is =

often regarded as the FM Improvement Threshold, or the point where baseband -

signal - to - noise is 30 dB, It is the median threshold level provided by the Fade Margin 36.3 4B

system in the absence of fading.

-27-



SINGLE PASSIVE REPEATER, NEAR FIELD OF ONE ANTENNA

Frequency GHz] 2 GH]

Transmitter Antenna Size

a ———4 Antenna Gain a] 984 dB;

---+--7- 7-7-7 ~+--4 Free Space Loss dB 141.6 dB)

Passive Size

Receiver Antenna Size

einen ented Antenna Gain

Algebraic sum of

above values

Near Field Loss or Gain, « n=(—) OR (+) dB) +25 dB

as] +420 oo

Antenna System Loss dB] - 46.7 dB

Waveguide 4B 30 ap
z Connectors dB d dB
3 Other * dB db
Ed \ =
s I Component Losses dB -402 dB

| | ~ oO
é | Waveguide dB __©° dB

5 | Connectors —______dB Q dB
z ! Other + dB = 6B

“ L.._.~--1 Component Losses dB) -70 dB

Saaneinenel Transmitter Output Level dBm| +250 dBm

Antenna System Loss

Algebraic sum of F 7
abavasalass Received Signal Level dBm| -32.7 dBm

* COMPONENT LOSSES |

Component losses between the antenna feod and transmitter ar receiver

OTHER THAN WAVEGUIDE AND CONNECTORS, may be caused by cir-

Cuistors, hybrids, filters, switches, combinors or any other compenents that |
may be inserted between the transmitter or receiver terminals ard the an-

tenna teed. Hl
** THRESHOLD

A practical threshold for the receiver system is usually evaluated, This

is often regarded as the FM Improvement Threshold or the point where

baseband signal - to - noise is 30dB, 11 is the median threshold level pro-
vided by the system in the absence of fading.

| Threshoid”* dBm. 75.0 dBm

—¥P Received Signa Level dBm| —32.7 dBm

Fade Margin dB] 423 dB

es



DOUBLE PASSIVE REPEATERS, FAR FIELD OF BOTH ANTENNAS

Example of path calculation is shown in red. --. —_

Frequency GHz 6/75 GHz
foccco Transmitter

Antenna Size

i ae Antenna Gain dB] +446 dB
' oo

I 62
i a

' Free Space Loss dB -128.3 4B

0.9836 (6.175) (3402)

| CO)32)COS S572)
Passive Size “10 Ps 2 = ).02

| Passive Size 20*32 ap| |

| | \ See page 38
t | Feat 13 We
I - i “er Feet K
| & less than 0.1 use —1.0 dB for close coupling loss .

oy

! g
| Passive ia Close Coupling Loss « p dB 40 ap

| Size g Far, Field Gain, of Passive Repeater ust
BT passive ig With Smallest Effective Area. dp 7424 ap
“1 Size 30x32 ‘e - =
z) --—--1Net Passive Repeater Gain dB] + ///.¢ dB
5 —

i
ea _

5! Free Space Loss dB -/33.8 dB!

€ | Antenna Size

£| i Antenna Size /2 FT .
I 1m SE —| Antenna Gain dB +44.8 4B

5 Receiver
31

t a - _~

, «l iaserelc sum of [antenna System Loss dB -6l/ 4B
< ! 2

got gl
é g

' 5 ! 3 Waveguide dB
zg a 4 € Connectors. dB
Blo | i Other * dB
2 i) | =
S| B84 -—1Component Losses dB
3! 3

a

320 I Waveguide dB
° 2/2 | Connectors dB
A “8 1 Other * dB

* 3 bo {Component Losses dB

5 |e
2 15
| Transmitter Output Level

Antenna System Loss

Algebraic sum of
aiowe Galles Received Signal Levet

* COMPONENT LOSSES

Component Josses between the antenna feed and transmitter or receiver

OTHER THAN WAVEGUIDE AND CONNECTORS, may be caused by cir-

culators, hybrids, filters, switches, combiners or any other components that

may be inserted between the transmitter or receiver terminals and the an-

tenna feed.

THRESHOLO,

A practical threshold for the receiver system is usually evaluated. This
is often regarded as the FM Improvement Threshold or the point where

baseband signal - to - noise is 30. dB. It is the median threshold level pro-

vided by the system in the absence of fading.

[Threshote —

Received Signal LeveS

Fade Margin

-29-



DOUBLE PASSIVE REPEATERS, NEAR FIELD OF ONE ANTENNA

Example of path calculation is shown in red.

Antenna Size [Frequency GHz 6. 75 GHz

_ Transmitter antenra Size 
;

ns Oy ateteteteeen —7Antenna Gain | 743.2 dB

po 
-.

ian Will alee Free Space Loss dB —/40.2 dB

' 
——

\

i

i
«

| , Y= 0.03
t

sxe 083

V2
" passive 

Ik

| Size _ Feet

! oo Feet where }2is less than 0.1 use -1.0 dB for close coupling loss,
| Poss ze -

Isise —---[ Close Coupling Loss, ap a] “10 dB
|

|

i

I

|

|

|
i

|

i

!

I
|

t

i

|

t

i

I

I

'

\

|

i

|

i

1

l

! Passive Size Note: Use the smallest
| Passive Size 24 *92 ean effective area of the wo
i passives to determine « n,

‘ even though the passive

' je with the largest effective
a] Miles _esk== £=0.8 area may be facing the

ie 
; closer antenna.

2 |
lg Antenna Size | See page 40
| §) oo jpnoe nase \ 1a ;toe 1 \ Antenna Size yy 89

fo \ K
lost? Receiver ‘ \ ie
Vo \ Near Field Loss or Gain,o¢n=(—)or(+) dB -6.5 dB

; a! \

a | -| Antenna Gain as] +432 dB
£ —

ie!
tot x Algebraic sum of -z
1 ote eaten ‘Antenna System Loss aB| __-6laaB
‘sg \ a,

ole -
ig Wave guide a8 2-2 _ ag
ig ! gl Connectors 43 o_o |

2 8 | Other * dB

= +lZ L_-. Component Losses dB
=| 33

e
alZi, | Waveguide dB
6l22 1 Connectors aB
sicle | Other * dB
2) if2| 2 Component Losses dB |

S

g |
ai.fg - a
gl__~--- Transmitter Output Level dBm) +30.0 dBm |

[Antenna System Loss 8] ~6/.3 dB =)

Algebraic sum of : ,
ane tees [Received Signal Level dBm] -38.3 dBm

* COMPONENT Losses a
Component losses between the antenna feed and transmitter or receiver = SS = —

OTHER THAN WAVEGUIDE AND CONNECTORS, may be caused by cir-

culators, hybrids, filters, switches, combiners or any other components that i
may be inserted between the transmitter or receiver terminals and the an-

tenna feed,

** THRESHOLD

A practical threshold for the receiver system is usually evaluated, This

is often regarded as the FM Improvement Threshold or the point where

baseband signal - to - noise is 30. dB. It is the median threshold jevel pro-

vided by the system in the absence of fading.

-30-

[Threshold ** aBm| —720 dBm

Received Signal Level dBm] 236.3 dBm

Fade Margin aB| 38.7 ap



DOUBLE PASSIVE REPEATERS, NEAR FIELD OF BOTH ANTENNAS

Example of path calculstion is shown in red.

[ Frequency GHz

a Antenna Gain BI + 4i/ AB)

Passive Size

Passive Size /6*20
Transmitter

a ‘] Antenna Size

( | Antenna size _©*7
| | rs 1

I } 1 r

i "cea
| | ay t----4 Near Field Loss or Gain, en=(—Jor(+) dB] 2.5 dB

t 2 5 
=

Hl f = 2
I | a ——{ Free Space Loss 144.9 dB
| | 2 Miles
| i ‘®

Hl i a Miles
! I 5
H &

I !

1 H Antenna Size

[ A ior
1 | Receiver Amtenna Size

t gz
1 et
lot ’ Passive Size

! z| “ Passive Size
i i ¢ f
t gl n H r Near -2.4¢ dB
poh poo LLM!
1 Bos 1 ~

bog, ft be=-------—-4 Antenna Gain dB] +456 dB

Pogo ~
n ml at

: a) Algebraic sum of '

1 i 3) age ‘alies Antenna System Loss dBi ~s8.1 dB
Ie 1 BI

Ig 4 '
io 1 et -
18 ae Waveguide —______ dB dB

gy iB ft 2 Connectors —___- dB dB

gs) 16! 2 Other * dB dB
1 < 7

<lze18 1 *L-/Component Losses dB dB
ajsig -
5 Sle [ Waveguide sd B dB

oes} Connectors__ dg SB
B12 | Other * dB dB
S|) 2

a ' - —_ component Losses 4B dB
gle ~

2 15 _
= IS--—- — Transmitter Output Leve} dBm +370 dBm

Antenna System Loss dB| -58. dB oo- ———_—_J

Algebrai 
=e

ea [Received Signal Level dBm] 30.1 dBm

* COMPONENT LOSSES |
Component losses between the antenna feed and transmitter or receiver |

OTHER THAN WAVEGUIDE AND CONNECTORS, may be caused by cir-

sulators, hybrids, Filters, switches, combiners or any other components that |

may be inserted between the transmitter or receiver terminals and the an-

tenna feed.

** THRESHOLD

A practical threshold for the receiver system is usually evaluated. This

is often regarded as the FM Improvement Threshold or the point where

baseband signal - to - noise is 30 dB. !t is the median threshold level pro-

vided by the system in the absence of fading.

Threshold ** dBm -71.0 dBm

Received Signal Level dBm] ~3.!_ dBm

[Fade Margin dBi 409 dB

-31-



ADDITIONAL EXAMPLES OF MICROWAVE PATH

CONFIGURATIONS USING PASSIVE REPEATERS

The five system con‘iguations showa co dhe sight, althongh

somewhat unusoal, ace practical anangements and can be eval-

nugred and used with confidence. Examples and work sheets sre

not provided for these specific configmations, but the methods

Scmonsteated in the preceding examples may be extendod to

cover those situations. Obsiolsly, other arcangemerss may he

selected to suir the particular teraie available between two sta-

tions and provide @ radio path caeoting system requirouents,

A sytem configurarion not shown is on with both mtenas it

‘the near fiekt with respect to a single passive repeater. This is

nat @ practical situation since the size of the passive and perhaps

the antennas, would he reduced until a¢ least one path would he

far field,

Occasionally, path with an antonna and passive in the ncor

field, coupled wilh a second pastive in che near Geld sith the

(Grsc pustive must be evaluaced (two passives eut coupled close

enought to be is the sange of graph on page 38). The solution as

Deyoud the scope of thischapter bt the reade: isencouraged to

work wilh the Micoflect Engineering Department te salve any

problem af this syoe.

1k is necessary to Iry sessral eurahinations of antensa und passive

repeater sizes, in all tuations involving pasive repeaters, until

‘the optimum arrangemeet is Fouad. In a pasticn'

may be thot the passive cepeater site is limited in size andior

accessibility; In which vase a smaller passive, larger aacconas

or grealer {eonsurtler power muy be used: oF may ve that One

fr both antennas must be mounted on fal self supporting towers

hich would dictate the use of 2 larger passive with smaller a0

tennas, thus reducing the Lower sust

instance it

Teany cave it should be he ain of the system designer to reduce

the imlalted vost (ind annual maintenance cost) of @ system

‘without siciticing overall performance. To optimize 4 system

layout it f nevosucy to cuntulor site svilahility, ation appear

ance in sonsicive areas, eost and practiculty of roads and powsr

sins, cost of maintenance and hevards involved with ropair apd

lle maintenance.



ANTENNA GAIN

THEORETICAL GAIN AT 65% EFFICIENCY FOR PLANE POLARIZED PARABOLIC ANTENNAS
OIAMETER IN FEET: 20 Log Foz + 20Log D + 7.5

DIAMETER IN METERS: 20 Log Fgyz + 20 Log D + 178

FREQUENCY 4

GHz ANTENNA DIAMETER (FEET)

2 4 6 8 10 12 15 16

1.780 — 24.5 28.0 205 32.4 34.0 36.0 36.5

2.000 _ 255 29.0 315 335 36.0 370 375

_ 26.1 29.6 32.1 340 6.6 37.6 38.1

2.595 _ 27.8 31.3 338 87 73 39.2 30.8

3.950 25.4 31.4 349 37.4 30.4 4.0 42.9 435

4.700 269 329 36.5 9.0 40.9

6.175 29.3 3 B8 413 43.2

6.725 30.0 36.0 39.6 424 44,0 45.6 475 48.1

7.000 30.4 36.4 39.9 42.4 aah 459 479 48.4

7.436 30.9 36.9 40.4 429 449 46.4 48.4 49.0

8.075 31.6 WB a 437 45.6 47.2 49.) 49.7

11.200 35 405 44.0 465 48.4 50.0 525

12.450 354 44 449 ana 40.4 51.0 535

12.825 36.6 41.6 45.2 477 49.6 51.2 53.1 537

12.075 68 a8 45.3 478 49.7 51.3 53.3 538

14.825 36.9 429 46.4 48.9 50.9 52.4 544 549
Theoretical IncrementalGain(dB) 6.02 352 2.50 1.94 758 7.94 0.56

RADOME LOSS _ __WAVEGUIDE LOSS _
6.0 | =—=—SSe= oa

PARABOLIC
ANTENNA FREQUENCY (GHz)

DIAMETER

(FEET! 2.0 4.0 60 11.0

4 o4 a2 04 1.3 5.0

6 0.1 0.3 05 13

8 o.1 03 0s 14

4.0

10 0.1 0.4 08 19

2 0.1 04 09 19

Typically 0.1 dB radome loss for shrouded

antennas with hypaion covers,

The values shown for antenna gains and radome and wave-

guide losses are typical values and are listed here as a con-

venience only. Final path calculations should reflect actual

manufacturers’ published values.

ATTENUATION IN dB PER 100 FEET
— — Rigid rectongular waveguide

Semi-rigid elliptical waveguide
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FREE SPACE LOSS BETWEEN ISOTROPIC RADIATORS

‘The chart below may be used to determine the feve space loss, for

the frequencies listed, with the distance expressed in miles 0 Kilo-

acters. The [ree space loss, for distances mot charted, say be “TM-

ftecpolaucd or calculated

, _

3| [ l
Sealy ! } i !
sla! 8 i » .212 | § : vl ois x1 |e 5
gle > is Se)! 5 iSes] a lpe) hfe Epes) ej Fler s a) B)e]le |S
ge | & 8 | g 8 g 8 (as ® agle | |

v0 | so: |e [oo | a2 sro] ea fra] v6 ven | ace

97 | eg [f 11: 08s. sa jtoae| so rae? 72 [azza]ire are ioe | 209] 20 | 2563] sea | oar
7 i ays TM ae py

vom [een] 12/158 | 9a ans] so [ano] 28 [iraa] 2c 2180) ane | 2420] 200 2884] mo | sa

Te Pan] | 8 22! rez! ae 22 [nga | 166 | aren} m0 \aaas| wa | gas

1a | 202 va7 | a0 | r909| 124 lata7|ise (225° | woo Lanse] oxo ome
ano | est | { \

zie | eva? (ia Sil ee he

16 | 408 oo fisae | w+ |-ese| 28 jaare| irs azo] 20 [oro] sso wes

2100 | sa i 1 - ——-- |—4
19 | aa var | ae weeafiao [zeae] vee [in| so jane | m0 joamn

fe

2a | 628 t tt]
ve [sas Tiees | 88, 1ae9| 9 |uaw v3 | a0 |s0e9| 220 | ras

stogk’ EY a aia aaa lg

290 1 19°)" § | se vega] ve lraoetiae [aasa] wo [ase| 0 cua! 720 | once

4700 | saa] | 20 | ene ‘g2| 92 frszaliae [207 |e [2% zoo [3°43] 70 | anc

av Vanm|{ 2a [eae oa [reas] iae [220] 200 |2e02] 0 aie! mua | arse

iS 7 oo t i
vom) vese]| 28 728 aa lrwe2|1az ‘2ecs|oo | anael eo 'are2| sso |ces0

= 25 | 796 | a7 [ree] ca laze ior sna7| <6 | zaz0| 220 2600 20 [see | oso ]aae
eta || 28 i | : |

26 bean | aa ‘sama | ro jreso] ica lane |sas | 2sai| 225° 27a] ao lexe7 [row | aon
11.200 \ 29.06 j

a7 909, 43 [rasa] 19 [irae toe '0m [reo [2aee [2x0 [ara] on [ozs fem | war

240} 210 || —t : |? ee

[Pe ]] ze Feee Poo frase | 72 [ore] ine zor] a2 [2508 | zoe |araz| eo [same] 00 [ons
aig > Vee 22> (ee <> ee "°° Ve

‘iaea 1 za] t i
20 az | os frat | rz fizarl ine lange] i80 [asve| aco |2rer| cou saa |iis0| arzt

rams 221|l 30 [asa | v2 [aaaa] 70 [rm [ 112 [2ose| m0 [2ase| 25 [2770] sao |anca| an0| ane

ranas | aaa i 31 983 sada | 75/1750] 11.4 [ase tye | 2987 | 25.0 |27a6| San | see5, 476.0) 94

ramet: F¥7.435 GH, ~225 Miles

Puth tore 96.5 + 17.43 + 27.04 = 141.07 8 Path joss = $2.0 * 20,08 + 70.43 ~ 133.81 48

WHEN DISTANCE 1S 10 MILES:

Frog space loss» 96.8 20 Lag P gig + 20 Lop d Milas

Example: F142 6H,

WHEN DISTANCE 1S 1N KILOMETERS:

rae spice loss ~92.4 + 20 Lon F Gwe +20 Log d Kitamorers

0.50 Kitomaters

TAI



PASSIVE REPEATER GAIN, dB

FOR %=0 @ 100% EFFICIENCY (Except tor shaded areas B,C,and D)

8

(4)

facrementat ‘{Sizas: Height in Feet X Width in Feet / Dimensions in Meters)

Gain (dil 198 484 168 104 310158 194 250 1022.50 19

A f / /AEG. afl of o/
tGHie} a) | € Se

Ir | Sm | eed & og

oF Band | fax fe jx & je
? B\E VE ani

np ‘ge |W iy 8 |

170 | 1035} 7193] 76371 7.95| 79.29} w2%| 2397] e591] o9.a1| v9.43 99.88

220 | 71.66] 73.24 79.26| 80.60| #a70| e520] e722] e972! aoa] gare 101.70 |

(2.009 72.37! 7395| 78.38) 7997) 81.31} 94.41] s599| 87.93} 90.43] 91.45| 9395| 9589 | 97.47] 100,32] 10:90

2720 | 7aga| 2496] 70.20| eosa| e222| 05.2] a7.00| e695 | 01.04] 9240] 9406 | 9620 | o2.4a| 101.29] 10207

2100 | 7354] 7522| 7966] 21.14] e240] esse | e716] 29.10} 21.60] e202 97.08 | 98.64 | 101.49] v03.07

2170 | 7a70| 75.27] 79m] etm] 42.73[ e503 | 07.21] 29.25 | 91.56 | 92.07] 98.67 | 07.31 | 92.09 | 201.74] nase

2190 73.95] 75.53] 7997) 81.55) 67.29! 95.90] a7.57! eos: | 92.01| 93.09) 95.63] 97.47 | 99.05 | 101.90 | 102.48

2608 | 76a0| 78.47| e291] 24.40] ase) an.03| anss e296 | 90.47 | 9¢.47 | wo. | 01.99 { 10484 | 106.42

950 | eatal as77| 9921] 91.79| 9213] 9623] 97.81] 99.75 | 102.28 [ 193.27 105.77 | 107.71 | 109.20] 122.04 | 1372

s7oo | 9721} #379] 9323] 9481] 96.15 | 99.20 | 10080 102,77 | 108.27 | 106.29 | 108,79 | 170.78 }r12.31 | 206.26] 196.74

6.175 | 91.95] 9358] 97.97] 9955] 100.9! 10399] 10887] 107.1 | 190.01 | 111.09 11359] 115.47 1117.08

2725 | 93.aa| 95.02 | 99.26| 201.08 107.06] 108.00 | 111.50 ] 112.62

7.000 | 94.13] 96.7: | 100.18] 101.73 107,78 | 109.69 | 192.19 | 11321 | 196.74 | 117.08 | 119.28

2425 | 98.18] 9676 | 101.20] 102.78] 104.12] 107.22 | 108.80] 110.74} 113.24] 11426 | 11676] 11870 171

07s | 9661] 98.19] 102.63] 104.21 1927 | 114.67 | 116.60 | 118.18 17256 | 128.14

11.200 | 192,90] 103.8] 108.22] 100.90 117.96 12382 | 125.40

12.450 | 108.14] 10572] 110.16| 111.74 11970 12472 | 128.66 | 127.24

2.25 | 10265| 10625} 130.67] 112.25 116.68 120,23] 126.17 [127.26

voor | 1499) 10857] 111.01] 11259 117.08 12467 | 12651

14.825 107,17) 108.75 | 113,19[ 174.77] 116.11] 119.21 123.23 | 124.25 | 126.75

(1) Use the values shown above in
coajunetion wilh the correction NOTE: Use lose fexxurs cf TB, 20? awed

factors shown on page $6. Run ior arge oss ves used at higher evra
nae Feequencias 1 computations sing the

@) Values shown above are calculated grep fer nei Fld loses ara gers! These
frou the relationship: eee

pages :

Passive Repeater Gain = 20 Log 4 tt (Are

Zone A is a combination of small passive repeaters and low frequencies where the effects of

surrounding terrain and large objects in the vicinity of the passive, may produce echoes

Gntermodulition noise) and thus degrade system petformance, The selection of this area is

arbitrary and is presented to alert the user to the necessity for a careful site evaluation be-

fore selecting a passive repeater from within this range,

Zones B,C, and D contain gain figures reduced by 1,2, and 3 db respectively from those cake

culated in (2) above. These reductions are arbitrary and are an attempt to reflect the re-

duced efficiencies expected when very large passive repeaters are used in systems operating

at the higher microwave frequencies.

Por all passive repeater applications above 12GHz, snecin] face flatness requixements must

be met, Consult Microflect Co, when planning such an instullation
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EXPLANATION AND DERIVATION OF PASSIVE

REPEATER GAIN

Because of the connotation often placed on the term,

“gain” one must return to definition in order to understand

gain of a passive repeater where the device is completely

passive with no external energy injected into the system at

that point.

The following definition was developed by an ELA.

subcommittee for revision of E.ILA, standard RS-195-A.

“DEFINITION FOR MIRROR - TYPE: The one - way

gain of a mirror - type passive repeater, defined as a func-

tion of frequency, is the ratio of the power density at a dis-

tant point due to the passive repeater to the power density

which would exist at the same point if the passive repeater

were replaced by a matched, isotropic antenna of 100 per

cent ohmic efficiency located at the center of the reflecting

face of the passive repeater and fed with RF power equal to

that accepted by the passive repeater. Uniess otherwise stated

the gain shall imply the maximum (on-axis) gain.

Notes: (1) The gain is usually expressed in decibets

relative to isotropic. (dBi).

(2) The gain is usually expressed as the “two -

way” gain to account for the part which

pertains to the incoming energy and that

which pertains to the reflectéd beam.

(3) When the mirror (reflector} is in the Fresnei

Region of a direct radiator, the gain is usually

expressed as a correction factor in dB to the

far - field gain of the direct radiator.”

The key relationships are that of gain related to

directivity and the reference devices, the isotropic receiver

and radiator. Thus gains for passive repeaters are deter-

mined from directivity and the efficiency with isotropic de-

vices as the basic reference.

The efficiencies involved are the polarization efficiency

and the aperture efficiency. The polarization efficiency is

usually considered 100% on microwave systems where an

effort is made to match polarizations by adjustments of

antenna feeds. * The aperture efficiency is taken as the ratio

of the gain, G, to the dimension-less ratio ,4A/A*, where A is

the area of the projection of the microwave aperture on the

normal to the beam axis, For most passive repeaters the

efficiency is taken as 100%** and “A” becomes Ae, the

effective area. For flat - face reflectors the effective area,

Ae, is then coincident with the geometric area taken as the

projection of the reflector face normal to the beam axis.

The far - field gain is then determined by the following:

PASSIVE REPEATER GAIN (dBi) = 20 Log 474 “ee
A = wavelength, Ae = effective area*

*See chapter VII — Polarization Shift and Effective Area Front and back views of a 20 x 24 passive repeater.

** See note 4 on page 35 for some nominal efficiency reductions
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ap IN dB
35

NOTE:

422 = Smalier effective area of the two passives

~ b?. = Larger effective area of the two passives! |
| 4.

Use xp =—1.0 dB for all vaties of Taq? tess than 0.1)

~8 See page 36 Tor discussion of ettective areas.

-6
t

i

NOTE: Use loss factors of -0B, --2dB, and

-3dB for large passives used at higher micro~

wave frequencies in computations using the

graph for “near field losses and gains”, These

losses are not shown for the examples on

pages 28, 30 & 31. (See page 36)

DOUBLE PASSIVE ORIENTATION

Double passive repeaters are normally used, in place of a single passive repeater, when the transfer angle, W ,

is less than 50°. A clearance of about fifteen wavelengths should be provided between the incoming path and

the adjacent passive, See figure 2-1.

Transfer Angle

DOUBLE

PASSIVE

REPEATERS

FIG, 2-7 FIG, 2-2 FIG. 2-3

A NZ
1BA

Use when ¥< 300 Use 2-2 and 2-3 when Y > 30°

When site conditions When A is unequal to B,
permit, make A=B

YBa AtB=



MINIMUM FAR FIELD DISTANCE

7

Distance D (Kilometers) o L

a I MINIMUM FAR FIELD DISTANCE (Miles)
UL

|

Effective Area (Sq. Meters) F

1000 1500 2000 2500
PASSIVE REPEATER EFFECTIVE AREA, 52 (So. Feet)

Ve = TAd a _

4a i/, = 25 For Far Field a2 = A casx

TTTTTTT? Tit tt rt yr rit Tt)
8 50 700 750 200

The graph shown above is used to quickly determine whether or

not a passive is in the near field with respect to the adjacent an-

tenna. if it appears that a near field situation may exist, calcu-

late the value of 1/K (see page 40), IF it is less than 2.5, use the

graph on page 40 to determine “%"". The algebraic sum of the

antenna gain and “an” represents the net gain of the antenna,

the near field path, and the passive repeater.
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an, dB

NEAR FIELD LOSSES AND GAINS

dlFeer)

Fiat Passive Pe

Repeater

~—

a |

b-0\TM%2

Etfective Ares

r Small Vertical Path Angles

& jn Sq. Feet

A = Normal area of

in square feet

passive

= page 36 arct (

Use loss factors of -1d6, -2dB, and |)

-3dB for large passives used at higher micro--

wave frequencies in computations using the

graph for “near field losses and gains”. These

pages 28, 30, & 31. {See page 35}
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KX =

VA AS

Wy acta acme.

Microflect Double 30x32 Passive Repeaters

Passive Repeater

CONVERSION FACTORS FOR METRIC UNITS

1 METER = 3.2808 FEET

1 KILOMETER = 0.6214 STATUTE MILE

1 FOOT = 0.3048 METERS

1 STATUTE MILE = 1.6004 KILOMETERS

DETERMINATION OF WAVELENGTH, A

FEET \ = 0.9836/FoHz

CENTIMETERS = A= 30/Fouz

POWER LEVEL CONVERSIONS

WATTS dBm

0.05 +170

0.10 +20.0

| 050 +27.0
[070 [485 |

[00 +30.0

2.00 +33.0

3.15 $35.0

aco | #880

5.00 +37.0

[8.00 +39.0

10,00 +40.0

NOTES ON CALCULATED

RECEIVED SIGNAL LEVELS

The performance requirernents of the system, such as the noise

objectives, will generally dictate the signal levels ta the receiver,

However, the calculated received signal levels typically may be

acceptable at the following levels.

NO. OF CHANNELS IN SYSTEM MINIMUM INPUT LEVEL

~ Kea) —40 dBm

600 — —37 dBm
960 =33 dBm
1200 —28 dBm

The table below lists the minimum input levels (measured in the

absence of fading) for the C.C,I.R. international reference circuit,

MINIMUM INPUT LEVELNO. OF CHANNELS IN SYSTEM l

+

=82 dBm

46 dBm
-% _

-33

2

+23

dBm

adam

960

1800

dim

Bm

TYPICAL PRACTICAL THRESHOLD

FOR MICROWAVE RECEIVERS

LEVELS

NO. OF CHANNELS IN SYSTEM 6 GHz

67 dBm

—74 dBm

-41-



COMMENTARY ON CHAPTER IL

The following questions, answers and precautionary

statements are appropriate for the correct application of

the information in this chapter.

Questions often arise regarding the required accuracy

of the horizontal included angle and the vertical angles

of the microwave paths as viewed from the passive repeater,

The accuracy of angles required for engineering and in-

stalling a passive depend upon the stage of the project.

For instance, the passive repeater size can be selected from

map information but footing tocations for the passive must

be obtained by surveying methods with appropriate con—

sideration given to the adjustment range of the passive. As

the project progresses it is desireable to make an accurate

setting of the passive repeater face using conventional

surveying methods.

When the passive repeater effective area and gain is

determined by the horizontal included angle, 2°, it is ap~

propriate to question when the true angle between beam

paths, C, should be used to determine the effective area and

gain. If the vertical path angles are small, 10° to 15°,
there is little difference in the gain values using ‘2.04 ” or

“C". However, when the vertical angles are large the ef--

fective area should be computed by using the true angle,

C. When there is any doubt about significant gain dif—

ferences by using “20 ” or “C” in the computations, and

where polarization shift may be a concern,the computa~

tions should be made using the true angle between beam

paths, (See Chapter VID.

Most passive repeater applications allow the use of

the horizonta! angle, 2 , to determine gain. When the

values of gain on page 35 are used care should be taken to

include the gain reduction factors on page 36 and when ap—

propriate the efficiency reductions indicated by the shaded

areas of the chart on page 35 should be included. The ef-

ficiency factors also should be included in calculations in-

volving passives in the “near-field” and ‘‘closely~coupled”

double passives, These efficiency reductions are not in

cluded in the graphs on pages 38 and 40.

Another common question is: “How do you know

when a passive repeater is in the near-field of an antenna?”

The graphs on page 39 are provided to make a rough

determination of near-field distance (actually minimum

far-field distance) where effective area, distance and

frequency are related, Anather “rule of thumb” sometimes

helps: When the passive far-field gain is within 10dB of

the free space loss calculated for the path, check for a

near-field situation.

The final check for a near-field application should

be made by calculating “1/K”. (Refer to the graphs on

page 40). If “1/K” is less than 2.5 the passive is in the

near-field of the antenna. Note in actuality the transition

from near-field to far-field is not a single distinct point in

space but the “1/K=2.5” test is practical and accurate

enough for system computations. At “1I/K=2.5" the

various curves on the graph very nearly come together.

For closely-coupled double passive repeater applica—

tions an effort should be made to make the effective areas

nearly equal (as standard sizes allow) for the most efficient

use of reflector areas. Also, the best configuration for the

site and path angles should be selected from the figures on

page 38. Note that the gain of the passive with the smaller

effective area determines the net gain along with the close—

coupling loss, ot p.
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CHAPTER III

RADIATION PATTERNS FOR PASSIVE REPEATERS

ABSTRACT ~ A method for calculating radiation patterns for

passive repeaters is presented. The method is intended for flat-faced

reflectors typically used on microwave communications systems. As

there is no apparent uniform method of determining interference

conditions when passive repeaters are employed, the method described

is suggested for general use in the telecommunications industry. The

mathematics and plotting method are described with qualifications and

assumptions. Some pattern plots from field measurements are com--

pared with theoretical calculated plots, Examples of plotting methods

are presented, and a suggested computer program is listed for con—

venient reference.

INTRODUCTION

The far-field radiation patterns of passive repeaters are

those of a uniformly illuminated aperture. The reflector in

infinite space may be viewed as the complement of an opening

(aperture) in an infinite conducting screen.

The pattern plot reveals a distinct and significant major

lobe (main beam) and side lobes with decreasing peak values.

Radiation pattern plots and pattern envelope plots for passive

tepeaters are very similar in representation to plots made for

parabolic microwave antennas. Refer to Figure 1 and Figure 2

for comparison of the pattern shapes in their typical graphical

forms.

Patterns for passive repeaters vary with reflector sizes,

cartier frequencies, and reflector shapes. Many passive re-

peaters used on systems employing microwave frequencies

have very narrow beam widths. This fact makes them very

compatible with large microwave antennas when interference

conditions are investigated.

Rectangular reflector shapes are used most often for passive

repeaters, Elliptical reflector shapes usually are preferred for

periscope systems with a resulting circular aperture shape.

Thus. emphasis is placed on rectangular shapes in this de~

scription of methods for radiation pattern plotting. However,

the parameters for circular and rhombic shapes are described

and exemplified.

PATTERNS NEAR THE “MAIN BEAM” AXIS

A general form of a pattern near the main beam axis can be

developed for each aperture shape. A pattern cut in a prin—

cipal plane is developed mathematically, whereby a parameter,

“w’, is related to the dimensions of the aperture and wave-

length with consideration given to aperture shape. General

plots for rectangular, circular, and rhombic apertures are

depicted in Figures 3, 4 and 5 respectively. The general

mathematical releationships for the plots are shown with each

figure, These figures can be used to avoid plotting the curves

each time a plot is desired. Only the scale for the angle, 8,

requires change for cach new set of values.
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FIGURE 1

TYPICAL GRAPHICAL REPRESENTATIONS

PASSIVE REPEATER RADIATION

Beam axis

{ Envelope = 20 Log u for square
hae or rectangular passive

aon S) tsing)

Degrees 0 + Degrees (0)

RECTANGULAR DECIBEL PLOT OF PATTERN

(for principal plane, near the beam axis)

CALCULATED

Beam Axis

dB

© Degrees 180

PATTERN ENVELOPE PLOT

(rectangular decibel form}

CALCULATED
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FIGURE 2

TYPICAL GRAPHICAL REPRESENTATIONS

MICROWAVE ANTENNA RADIATION

Beam axis

{position of max. gain}

\ + May be presented as pattern

envelope instead

RECTANGULAR DECIBEL PLOT OF PATTERN

(for principal plane, near the beam axis)

Beam axis

4

0 Degrees «180

PATTERN ENVELOPE PLOT

(rectangular decibel form)

Beam Axis

Degrees



FIGURE 3

GENERAL RADIATION PATTERN

RECTANGULAR OR SQUARE PASSIVE REPEATERS
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APERTURE SHAPE VIEWED ALONG
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7 FAR FIELD

_,| he
1 = Angle from axis of main beam

St in principal plane of pattern

208 ' being studied, degrees
APERTURE H
ILLUMINATION, { mS
UNIFORM Ne
AMPLITUDE ?
(AND PHASE IN The figure at the left shows a

a typical plan view, The pattern

may be studied in the other principal

plane (vertical) by using the effective

height in place of a’

-45-

a = (Width (COS &)

Us (my (SH sine)

0.9836
= ENGTH = ———— tteet)A = WAVELENGT! TiGHe)

NORMALIZED POWER RADIATION PATTERN:

piu -(SINU |? FOR RECTANGULAR OR
u SQUARE APERTURES



FIGURE 4

GENERAL RADIATION PATTERN PASSIVE REPERATERS WITH CIRCULAR APERTURE
uu ue
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FIGURE 5

GENERAL RADIATION PATTERN RHOMBIC PASSIVE REPEATERS
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EXPLANATION OF MATHEMATICAL RELATIONSHIPS

LIMITATIONS, QUALIFICATIONS AND ASSUMPTIONS

Before the mathematical relationships shown on Figures 3

4, and 5 are used to make pattern and pattern envelope plots,

the limitations of the formulas should be understood. The

formulas cannot be used for developing a plot for “@" values

to 180° on a rectangular plot or 360° on a polar plot, Nor

can three-dimensional plots be developed from the information.

The original assumptions made Tor the development of the

formulas require that only small angular deviations from the

major lobe axis be considered for very accurate results.

Uniform i!lumination by a plane wavefront also is required

(passive repeater in far-field of antenna). It has been proven

that the formulas yield good results for far-field patterns of

rectangular passives to the Sth minor lobe, and the trends of

the measured patterns indicate a probability of good accuracies

for pattern envelopes to 30 or 40 minor lobes for many appli-

cations.

and measured data is exemplified by figures 7 and 8

In order to abtain complete calculated pattern envelopes it

is necessary to devise an approximate method that yields

practical results for most applications of passive repeaters. Of

caurse, the practicality of the approximations depends upor

the use of the information, some interference investigations

A high degrcee ar correlation between calculated data

have simplifying assumptions in methods that would not justify

requiring extreme accuracies for pattern envelopes of all

devices. A neglected obstruction may be more significant by

several dB than the inaccuracy of the calculated pattern:

direct energy from an antenna illuminating a passive repeater

may be more harmful than energy reflected from the passive

The general functions for evaluating the envelope of the

minor lobe peaks are indicated on Figures 3. 4, and 5, such as,

“20 Log wy” for a rectangular aperture in Figure 3. For most

passive repeater applications (rectangular in shape) it is prab—

able that “20 Log uy" will yield results of practical accuracies

for “8” values to 20°. Also one-half thy two-way gain, Gp/2,

can be used as a theoretical front-to-back ratio. Thus, the

pattern envelope could be represented in the manner illustrated

by Figure 6.

A computer program listing using the procedures illustrated

by Figure 6 is shown on page 49.

FIGURE 6

/

~
2% / 8

f ame Front to back ratio = Gp/2

RADIATION PATTERN ENVELOPE

{RECTANGULAR OR SQUARE PASSIVE}

u= (1) (= Ysin ©)

a = (Length) (COS &}

For vertical cut in principal ptane and smail

passive face angles (tilt):

a = Height

20 Log u

Et Straight line based on slope of 20 Log u near 200

i} \ UY ..

ny Ae

4 degrees | ——=>

taking into account the actual angle between incident and

reflected beams, rather than the horizontal included angle, 2%

This may be adviseable when one or both beam paths arc in

excess of 20° from the horizontal. Effective aperture size in

the vertical plane must also be appropriately adjusted from

nominal retlector height for extreme vertical angle.

Sce page 50 for figure illustrating path geometry and comp-

utations far effective area using the actual angle between

incident and reflected energy.

4 HA© Gpi2 = 10 Log 4. re) (COS %)

x

Sometimes the effective area, A cos &, should be computed
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CALCULATED FHEORETICAL
PATTERN}

fra 9 2

MEASURED PATTERA|
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10

20

30

40

60

70

80

90

100

110

120

130

140

REM PROGRAM DEVELOPED BY MICROFLECT CO. INC., SALEM, OREGON

DIM a${10]}
DEG

FIXED 2

FORMAT 5/
WRITE (15,50)

PRINT * RADIATION PROGRAM WRITTEN FOR THE HEWLETT-PACKARD 9830A COMPUTER,

PRINT " USING THE H-P VERSION OF THE 'BASIC' LANGUAGE"
PRINT TM JERR ABH ORE R HE HOR HO AG AIH

WRITE (15,50)
DISP "FREQUENCY IN GHZ";

INPUT F

DISP "PASSIVE SIZE (V,H) IN FEET";
INPUT W1,W2

150 DISP "*H'ORIZONTAL OR 'V'ERTICAL CUT";
160

170

180

190

INPUT A$

IF Ag="V" THEN 230 ae

AS="HORIZONTAL" Computer Program Listing
DISP "HORIZONTAL INCLUDED ANGLE (DEG)"; for

200 INPUT A Suggested Radiation Pattern Plots
210

220

230

240

E=W2*008(A/2) f
GOTO 270 or
A$="VERTICAL" Rectangular Passive Repeaters
DISP "VERTICAL INCLUDED ANGLE (DEG)";

250 INPUT A

260

270

280

290

E=W1*C0S(A/2)
WRITE (15,280)F
FORMAT 10X, "MICROWAVE FREQUENCY =",F7.3," GHZ.",/

WRITE (15,300)W1,W2

300 FORMAT 1OX,"PASSIVE REPEATER SIZE =",F3.0," X",F3.0," FEED",/
310 WRITE (15,320)A$
320 FORMAT 10X,"PLANE OF DESIRED RADIATION PATTERN: ",F1.0

330 WRITE (15,340)A
340 FORMAT /,10X,"INCLUDED ANGLE BETWEEN PATHS =",F7.2," DECIMAL DEGREES", 2/

350 WRITE (15, 360)E
360 FORMAT 10X, "(EFFECTIVE APERTURE AREA =",F7.2," SQ. FD.),5/

370 U1=10*LGT(4* BIW *W2*C0S (A/2)*FT 2/0, 983612)
380 PRINT " RADIATION PATTERN FROM PEAK 0 FOURTH MINOR LOBE"

390 PRINT * (IN DECIBELS DOWN FROM PEAK)"
400 WRITE (15,410)

470 FORMAT /,X,"DEG",53X,"ZERO DB *",/
420 FOR T=0.001 TO 100 STEP 0,02

430 U=F/0.. 9836*PI*E*SINT
440 P=10*LGT((U/SIN(U*180/PI) )t2)
450 IF_P>30 THEN 480

460 PRINT T;TAB(2*(30-P)+6)"* "y—-P

470 GOTO 500

480 PRINT ;-P
490 REM U=14,.1 IS APPROXIMATELY THE PEAK OF THE FOURTH MINOR LOBE

500 IF U >= 14.1 THEN 520

510 NEXT T

520 WRITE (15,530)

530 FORMAT 2/,10X,"PATTERN ENVELOPE FROM FOURTH MINOR LOBE TO 180 DEGREES", /
FOR I=INTP+1 TO 21 STEP 2

550 K=U

560 REM 20*LGT(U) IS THE PATTERN ENVELOPE
570 U=20*LGT (PIXE*F/0. 9836*SINL)

590 IF U >= U1 THEN 610

590 PRINT 1;TAB(86-U}"* ";-U

600 NEXT i

610 M=(K-U)/2

620 FOR J=I 70 150 $' 5

630 2EM THE CURVE HOW DBOREASES. LINEARLY

640 U=U-M*2,

650 IF U <= in THEN 679
660 GOZO 630

670 PRINT J;TAB(S6-U)"* ;-U
680 NEXT J

690 REM THE PATTERN NOW HOLDS CONSTANT AT THE FRONT-TO-BACK RATIO

709 FOR TO 180 STEP 10
710 BRING ;TAB(S6-U1)"* "5 -U1

720 NEAT r
730 PRINT 180;TAB(S6-U1)"* "3-1
749 WRITE (15,50)
750 END
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FAR-FIELD, NEAR-FIELD

PATTERN DIFFERENCES

In this presentation emphasis is placed on far-field radiation

patterns. However, it is worthwhile to consider the effects on

the radiation pattern when a passive reflector is in the near~

field of an antenna. In general the major lobe may be slightly

broader, the peaks of the minor lobes near the major lobe axis

will be raised a few dB, and the nulls will fill-in, See Figure 9

for a general comparison of far-field and near-field patterns.

Near-field pattern

dashed lines

FIGURE 9

GENERAL COMPARISON

FAR-FIELD, NEAR-FIELD PATTERNS

An exact evaluation for each near-field application is very

difficult to accomplish. However, an awareness of the general

effects on patterns due to near-field applications would allow

for some practical engineering judgments. The following ad~

justments to the far-field pattern envelope might be used:

a, Raise [St and 29¢ minor lobe peaks 3dB

b, Raise 314, 4th, and Sthminor lobe peaks 2dB

c. Raise pattern envelope from 6th minor lobe peak to

@= 2091 dB

d. Use far-field pattern from @ = 20° to @ = 180°

-50-

PATH GEOMETRY AND.

EFFECTIVE AREA COMPUTATIONS

Tu

CQ station

2

vy
Horizunta! plane

True passive bearing

(Normal to passive face!

Ta station 1

PATH GEFOMETERY

The angle C may be evaluated from the following relationships

sin 8, + sin @5

cos C/2 = =
Zsin 63

where: Q, is the least vertical path angle

@, is the greatest vertical path angle

93 is the vertical face angle of the passive

@, and 6) may be measured or may be caleulated from the

site clev

following:

ions and path lengths, and 6, is calculated trom the

(tan a ) (cos 8) -cos 64)

3a = snd
tan (cos 8; + vos Oy)

(cos 8a) (sin 8) + sin By)

tan ®3 = (eos ee J (cos 8, # cos Oy)

Sign convention: all cosines positive, Sines are positive when

the angle from the passive is below the horizontal and nega-

live when above.

(411 Area) (COS $)
x

Passive repeater gain = 20 Log



POLARIZATION EFFECTS

ON PATTERNS

Concern often is expressed that pattern envelopes may vary

significantly for various types of polarization of the propagated

wave. In general it is practical to assume there is no significant

difference in patterns between vertical and horizontal polar--

izations for linearly polarized systems.

PLOTTING PATTERNS

The graphical representations of Figure 1(page44) illustrate

three convenient forms of plotting radiation patterns and

pattern envelopes. The rectangular decibel plots often are used

for convenience in extracting specific values from the graphs,

but polar plots provide a better visualization of the spacial

distribution of the pattern envelope.

The rectangular decibel plot of the pattern near the main

beam axis (center of major lobe) provides specific values of

off-axis radiation levels for small angular deviations from the

peak of the major lobe. This information is helpful for evalu-

ation of structural rigidity requirements, alignment procedures,

interference conditions, and response to angle-of—arrival

changes of the wavefront. Unless the angular scale is carefully

observed on this plot, a misleading general impression that a

passive repeater pattern is very broad may be derived from the

appearances of the graphical representation.

The following pattern plotting procedures and examples are

for cuts in a principal plane, usually a horizontal or vertical

plane. Thus, the normalized power patterns are a function of

the apesture dimension in one of the principal planes,

To make pattern plots the information in Figures 3, 4, and 5

can be very useful. Copies of the graphs can be made on an

office copier and used far plotting patterns neat the major lobe

axis. The appropriate scales for the angle, “@", are affixed to

the copies of the graphs in accordance with the effective

aperture size and wavelength. In other words, the graphs are

general for the shape of the aperture shown ,and there is no

need to plot the curves for each application; only the scale for

“O” varies, The angular scale for “@" can also be translated to

a scale for turns of a particuler adjusting mechanism. The

mathematical relationships are shown in vach of Figures 3, 4,

and 5 for calculating the angle, 8, in terms of the aperture size,

wavelength of the propagated wavefront, and the general para-

meter, “2

The following examples illustrate plotting procedures.

EXAMPLE 1

Given:

24 feet high by 30 feet wide rectangular passive repeater

frequency = 6.175 GHz

horizonta} included angle (2 OC ) between incident and

reflected beams is 900 (O{= 450)

Required:

Pattern and Pattern Envelope in horizontal plane

4A cos %

x
Gain, Gp, at 100% efficiency = 20 Log

Dx 0.9836 fog = 0.9836
f GH, 6.175

= 0.1593 feet

(4 772430) Cos_45°)Gp = 20 Log

(0.1593)2

= 108 dB

Front-to-back ratio assumed to be

Gp/2 = 108/2 = 54 dB

Effective aperture size, a = (width) (cos & )

a = (30) (cos 45°) = 21.21 feet

21.21= Asi = aw= (1 ¢ 4 sine) (7G 01593 \Msin@)

u = 418.4 sin @ or sin 8 = 0.00239 u

3 dB points at U= 1.39, 8 =0.19°

HALF—POWER BEAM WIDTH = (2) (0.19) = 0.38 °

10 dB points at w=2.32: @=0,32°
{common reference for structural rigidity requirements)

40 dB points at n= 3.11; 8 =43°

(this angle of “8” very near 1St null point in pattern)

“urat

Minor Lobe Lobe Peak 20 Log uw © degrees

1 4.5 13.3 0.62

2 77 17.8 1.05

3 10.9 20.8 1.49

4 14.4 23.0 1.93

$ 17.2 24.7 2.36

37 10

41 15

43 20

4S 25

from @ = 20° to front-to back ratio (54 dB) use slope of

are = 0.4 dB/degree
1

SEE FIGURE 10 FOR PLOTS
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FIGURE 10

PATTERN AND PATTERN ENVELOPE PLOTS FOR EXAMPLE NO. 1
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|
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RADIATION PATTERN FOR EXAMPLE NO, 1

24 feet x 30 feet Rectangular Passive Repeater

f = 6.175 GHz, 20¢ = 90°

34-43,

04 28

20 + 28 = 58°

* © at 54 oB

0 © where straight - line

9 approximation begins

20

30

ap

80
$4dB

60

aa 80 120 7180

eo

PATTERN ENVELOPE

EXAMPLE NO. 1
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EXAMPLE 2

Given:

Periscope System -

Flat-Face ) Oft x 15ft Elliptical Reflector

Geometry of system is such that reflector aperture is

circular (D = 10ft)

frequency = 6.175 GHz

Required:

Pattern and Pattern Envelope

(In this case assumed identical for horizontal and vertical

planes}

ee . . . 41% Ae
FarField Gain, Gp, at 100% Ett-= 20 Log age

2 2
TAc = effective area = “BP”. ae = 78 Sq. Ft.

A = -22836- peey 098386 = 1503
t GH, 6.175

4m) 7Gp=20 Log 4? 78) 92 ap
(0.1593)

Frontto hack ratio = Gp/2 = 92/2 = 46 dB

= ba = 10w= CMD snes = CAF Fay sino)

Ws 197.2 sin 8 or sin 8 = 0.00507 u

6=0.47 ©

HALF-POWER BEAM WIDTH = (2) (0.47) = 0.94°

3 UB points at u = 1.61:

10 dB pointsat u = 2.73, @=0,79°

EXAMPLE 3

Given:

Periscope System -

Flat-Face JOft x 15ft Rectangular Reflector

Geometry of system is such that reflector aperture is square

frequency = 6.175 GHz

Required:

Pattern and Pattern Envelope

(In this case assumed identical for horizontal and vertical

planes)

449 Ay

Far-Field Gain, Gp, at 100% Eff. = 20 Log 5

Ae = effective area = (10) (10) = 100 Sq. Ft.

= 2.9836 sey = 0.9836. = 0.1593 ft,
GH, 6.175

457 4100Gp = 20 Log 00) = 94 4B
(0.1593)

Front-to-back ratio = Gp/2 = 47 dB

4 . 10
we CT CR Hsin) = CT IC STRAT sine)

u = (97.2 sin @ or sin © = 0.00507 u

3 dB points at u = 1.39: @=0.40°

HALF-POWER BEAM WIDTH = (2) (0.40) = 0.80°

10 dB points at u = 2.32; 8 = 0.67°

“ul at ae “uv at

Minor Lobe Lohe Peak 30 L085 g acgrees Minor Lobe Lobe Peak 20 Log u_—«@ degrees

J al *175 LS 1 45 * 133 1.3

2 8.4 * 23.8 24 2 7d * 178 2.2

«39 8 3 10.9 * 20.8 3.2

"42 10 4 14.1 * 23.0 41

a4 12 5 17.2 * 24.7 5.0

*31 10

* 34 15

- 1 *37 20
from @ = 10" to front-to-back ratio (46 dB) use 38 a5

slope of 44:39 = 1.25 dB/degree

Pattern envelope at

46 UB from 13 to 180"

* Some adjustments should be made for neartield appliva~

thon

SEE FIGURE 11 FOR PLOTS

from @ = 20° to front-to back ratio (47 dB) use slope of

= 0.4 dB degree

Pattern envelop at

47 4B tram 45° to 180°

* Some ajustments shoull be made for near-field applica-

tion.

SEE FIGURE 12 FOR PLOTS
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FIGURE 11

PATTERN ANO PATTERN ENVELOPE PLOTS FOR EXAMPLE NO.2
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RADIATION PATTERN FOR EXAMPLE NO, 2

10 feet x 15 feet Elliptical Reflector (Periscope System)

i) 50dB

10 (Note A)

dB 20

{ 20

ao

46 dB
50 

46dB

60

49 80 320 180

i

PATTERN ENVELOPE PATTERN ENVELOPE

EXAMPLE NO. 2 EXAMPLE NO. 2

NOTE A

The spacing of the antenna and reflector along with

compatible shapes in a highly efficient combination could

justify the front-to-back ratio indicated by the dotted line

of the envelope plot.
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FIGURE 12

PATTERN AND PATTERN ENVELOPE PLOTS FOR EXAMPLE NO, 3
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RADIATION PATTERN FOR EXAMPLE NO. 3
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EXAMPLE 4
Given:

16 feet high by 24 feet wide rhombic passive repeater

frequency = 6.175 GH,

horizontal included angle (2 & ) between incident and

reflected beams is 120° ( & = 60°)

Required:

Pattern and Pattern Envelope in horizontal plane

4 1 Acoso
Gain, Gp, at 100% eff. = 20 Log ras

= 09836 gece 0.9836 _ 9 1593 It.
7GHz 6.175

(4 Tf (12)(16)(cos 60°)
Gp = 20 Log

(0.1593) 2
& 94dB

front-to-back ratio assumed to be

Gp/2 = 94/2 = 47 aB

Effective aperture size, d = (width) (cos o<)

d = (24) {cas 60 } = 12.0 feet

12.0a= (Ir L ysin ©) = C47 Kgtigs) sine

u = 236.7 sin @ or sin @ = 0.00423 u

3 dB points at u = 2.00; 6 = 049°

HALF-POWER BEAM WIDTH = (2) (0.49) = 0.98°

10 dB points at u = 3.50: @ = 0.85°

u at

Minor Lobe Lobe Peak © 40 Log u/2 O deurees

1 90 26.5 2.2

2 15.5 35.6 3.8

40.5 5

43.7 6

46.4 7

47.0 73

SEE FIGURE 13 FOR PLOTS

COMMENTS ON EXAMPLES AND CLOSELY

COUPLED DOUBLE PASSIVES

The examples display relative values of radiation levels tor

pattern envelopes that ate reasonable for the applications

shown. However, the approximations made to complete the

envelope are simple and not substantiated by tests, which

would tend to make the patterns optimistic for some parts of

interference investigations and conservative for some of the

angles investigated. For example, actual reflector panel edge

construction would cause the pattern to be slightly unsym—

metrical.

It is worthwhile to note also thal {ront-to-back ratios may

be better than the examples display for periscape systems

with spacing and relative shape of antenna and reflector

engineered for high efficiency. The high efficiency of the

antenna reflector combination would indicate that little

energy is available for radiation in undesired directions. Thus,

it may be justifiable to use a higher front-to back ratio than

that shown in Example No. 2.

FOR CLOSELY SPACED DOUBLE PASSIVE REPEATERS IT !S

LOGICAL TO USE THE FAR-FIELD PATTERN OF ONE OF THE

PASSIVES ONLY FOR INTERFERENCE STUDIES. THE PASSIVE

USED WOULD DEPEND UPON THE DIRECTION OF TRANS-—

MISSION. THIS APPROACH MAY BE JUSTIFIED BY
CONSIDERING ENERGY FROM THE FIRST PASSIVE ENCOUNT--

ERED BY THE WAVE-FRONT CAN BE RADIATED ONLY AT

VERY LOW LEVELS DUE TO BLOCKING BY THE SECOND

PASSIVE

NOT INCLUDED IN PATTERN ENVELOPE

CONSIDER VALUES SEPARATELY

WA, CLOSE
COUPLING

BLOCKAGE OF MAJOR PORTION

OF FNERGY

IF DISTANCE IS FAR ENOUGH THE VALUE OF “20 LOG U”

IN THE UN-SLOCKED ANGLES COULO BE USED FOR THE

FIRST PASSIVE TO THE LEVEL OF THE FRONT TO BACK

RATIO OF THE SECOND PASSIVE ENCOUNTERED BY THE

ENEAGY.

+ SOf -



FIGURE 13

PATTERN AND PATTERN ENVELOPE PLOTS FOR EXAMPLE NO. 4

|
{—

| Aperture shape
— Ae | Wewes'aiana

: direction at

Aperture yc | Bropagation |
Mlumination * —-—_1

Uniform | lan '
_ Amplitude NGO The figure at the left
\.and Phase c) _ shows a typical plan

view. The pattern may

| be studied in the other

principal plane (vertical)

by using the effective

height in place of “d"*

\.

40—-

10

—— 98 —~ degrees

RADIATION PATTERN FOR EXAMPLE NO. 4

16 feet x 24 feet Rhombic Passive Repeate

f= 6.175 GHz, 20 = 120

°

10

dB 20

| x
40

50 470B

60

40 80 420 180

e—

PATTERN ENVELOPE

EXAMPLE NO. 4
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t, Horizontal Cut
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DETERMINATION OF 348 AND 10d8 POINTS FOR VARIOUS MICROWAVE REFLECTORS

(Values calculated are typical, not a standard for specific manufactured devices)

A = Wavelength = 0.9836/FGHzin feet or 30/F GHz in centimeters

A. Parabolic reflector, circular aperture (typical for many microwave antennas}

(Ke CE
Half power beam width 26. jyp=

70%

D

©.dB point for deflection angle allowable, @ $2

B. Flat - face reflector, circular aperture {typical for ellipticat reflectors in periscope systems)

feccm CT]
Half - power beam width, 26 yp

10 dB paint for deflection angle allowable, @= 500

C. Flat - face reflector, rectangular or square aperture (typical for passive repeaters}

View along path of wave propagation

Ww = (width) (COS }
Note:

For the rotation of a flat -

of, the deflected beam angle, @ may vary fromd to 2d

oC

Halt - Power beam width, 29 yp= SIA
WorkK

10 dB point for deflection angle atiowable,@ = 4A
"8° Wort

face reflector about its center an angle,

in accor-

dance with the reflector system geometry (path angles and reflector orien-

tation with reflector center as a reference).

CONCLUSIONS

The methods described for making the calculations for

patterns and plots of patterns are useful to adopt as a uniform

way of describing passive repeater radiation patterns and

pattern envelopes. The information can be used to evaluate

alignment procedures, structural rigidity requirements. angle—

of~arrival effects on performance, and potential interference

problems.

Admittedly some refinement should evolve with use of the

methods. Some conditions could be more completely de-

scribed with use of complex mathematical relationships and

special solutions by computer applications. Tests may be

made to improve the upproximations for pattern envelopes

and near-field patterns,

When the envelopes are used for interference investigations

judgments should be made to evaluate the probable accuracies

of the envelopes compared to the over-all methods and assump-

tions used for the interference studies.

Some interference studies utilize a ‘‘standard” pattern

envelope for all passives irrespective of shape, aperture size,

and frequency. The general pattern envelope is assumed to be

conservative. If a potential interference problem is displayed,

the engineer is required to make a more detailed study of the

situation. The methods described in this writing may be

viewed as an improvement over the use of one general pattern

envelope because the relationships for aperture size, aperture

shapes. and carrier frequencies are maintained.



CHAPTER IV

NOTES ON MICROWAVE INTERFERENCE INVESTIGATIONS

ON SYSTEMS UTILIZING PASSIVE REPEATERS

The following notes were developed to illustrate the use of the radiation patterns described in Chapter Il and to guide

the engineer making interference investigations in areas with passive repeaters. The figures and notes are considered to be

self-explanatory.

TYPICAL MICROWAVE ANTENNA SYSTEM TYPICAL GRAPHICAL REPRESENTATIONS

ANTENNA RADIATION (DISCRIMINATION)

{Reciprocal transmitting

and receiving) a

s) 6B

Antenna reflector

Beam axis

{ Antenna gain, dBi

(position of max. gain)

. wn» May be presented as pattern

\.__ envelope instead{

i

1

|
to)~t Degrees Degrees

power level, toed 7 Rectangular Decibel Plot of Pattern for Principal Plane,
nput fo antenna i Near the Beam Axis
dBm '

5 Loss, dB,

{ waveguide,

{ connectors, Beam axis

| components

|
i

! aB

Power level, —* Toon ;

Tranamitter output Tons or
or receiver input eceiver

DETERMINATION OF POWER LEVELS 0 Degrees «180

Power Level at Transmitting Antenna Feed

Rectangular Decibel Plot of Pattern Envelope for Principal
Transmitter power output level = (+, dBm)

Plane, 0° to 180° From Beam AxisWaveguide & component loss = dB)

Power level, antenna feed = (+ __ dBm)

Power Level at Distant Receiver

Transmitter power output level = (+ d Bm) .

Waveguide & component loss, XMTR= {- 8) S Beam Axis
Transmitting antenna gain = (+ Bi)

‘Transmitting antenna discrimination = (-______ dB) Na besrees
Free space loss = ( Bi)

Obstruction loss = {- dB)

Receiving antenna gain = (+ Bi)

Receiving antenna discrimination = (- aB)

Waveguide & component loss, RCVR = (- dB)

Receiver Ingut Level = {- dBm}

XMTR = Lo. Obstruction |
aa
CS ae RCVR

Polar Decibe! Plot of Pattern Envelope for Principal Plane, 0° to 360°
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PASSIVE REPEATER

Wavefront from transmitting

microwave antenna

—

—

a

=>

—

—

—

Effective dimension = {length} (COS a)

PASSIVE REPEATER EQUIVALENT

t
% Two - way gain, dBi

5 ctennecin aperture

% Two - way “Ae
gain. dBi

Transmission line considered perfectly

matched and without ohmic lossesReceiving aperture | for most applications of flat reflectors.

Transmitter power output level = (+ dBm)

Weveguide & component loss, XMTR = (- dB)

Transmitting antenna gain = (+. dBi)

Transmitting antenne discrimination= (- 2B)

Free space loss = (- dBi)

Obstruction loss = (- dB} |
% passive repeater gain = (+ Bi) |

*Equivalent power ievel, point “A”

TYPICAL GRAPHICAL REPRESENTATIONS

PASSIVE REPEATER RADIATION {DISCRIMINATION)

Beam axis

Envelope = 20 Log u for square

dB y or rectangular passive

SU (af) (sing)

Degrees O-~ Degrees (6)

Rectangular Decibel Plot of Pattern

for Principal Plane, Near the Beam Axis

Beam Axis

r

1800 Degrees

Rectangular Decibel Plot of Pattern Envelope for Principal

Plane, 0° to 180° From Seam Axis (Calculated)

*Power received from microwave transmitting antenna in the ‘far-

field” of the passive repeater. 1

Beam Axis —a_|! ee

=

Polar Decibel Plot of Pattern Envelope for Principal Plane, 0° to 360°

(Calculated)
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POWER LEVEL AT MICROWAVE RECEIVER WHERE INTERFERENCE EVALUATION IS REQUIRED

FOR POWER REFLECTED FROM A PASSIVE REPEATER

Position of maxirnum passive gain for

energy from interfering transmitter

MPP

Normal path, receiving antenna \

Me

!
\\ !

Normal path, passive

Normal path,

Passive

(- a a Path from interfering XMTR_
"> Normal path, XMTR Ant.

Transmitting antenna, interfering transmitter

General Plan of a System with a Potential Interfering

Signal Thru a Passive Repeater

Transmitter power output fevel =_ (+

Waveguide & component loss, XMTR

Transmitting entenna gain =

Transmitting antenna discrimination

Free space loss, XMTR to passivi

Obstruction loss, XMTR to passi

Equivalent power level at passive repeater site with % passive gain and transmitting pattern = (

% passive repeater gain = (+

Passive repeater discrimination = (-

Free space loss passive to receiver = {—

Obstruction loss, passive to reve. = [=

Receiving antenna gain= (+

Receiving antenna discrimination = (~

Waveguide & component loss, receiver = (—

Input Power Level at Receiver

Note: The passive repeater gain is the two - way gain based on the

horizontal angle, 2% , between the interfering transmitter path and the

maximum gain position for reflection of the interfering sianat (angle of

incidence = andle of reflection!

Aptenna receiving pattern

Overshoot energy

4 "

\
\ Reflected

thin”

\

Passive repeater

transmitting pattern

Equivalent for Interfering Transmitter & Passive Repeater

Energy direct

from XMTR. yu
‘ passive

repeater gain

dBm)

dB)

dBi)

B)

dBi)

Sub total

ds)

Bit

dBm)

dBi}

dB)

dBi)

dB)

dBi)

dB}

de}

dBm)

Discrimination figures in dB for the antennas and passive repeater

typically are taken from a radiation pattern envelope tor a principal

plane positioned horizontally, Thus the possible discrimination for

vertical angles is not usually included in the discrimination figure,
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Example No. 1

INTERFERENCE INVESTIGATION

Site where concern for interference thru passive from site "A" transmitter is 10°

from path azimuth ta site “C’”’ and 5 miles from the passive,

Site "A"

12' Antenna

Site "Cc"

PLAN OF EXAMPLE SYSTEM.

See Chapter |I, page 27

Transmitter output level = (+ 30.0 dBm)

Waveguide & component loss, XMTA = +3.0dB)

Transmitting antenna gai {+45.6 dBi}

Transmitting antenna discriminatio {-0.0}

Free space loss, XMTR to passive= (136.4 dBi)

Obstruction loss, XMTR to passive {-0.0)

% passive repeater gain= (+ 56.0 dBi)

Equivalent power level, passive site with % passive gain = {-7.8 dBm)

% passive repeater gain= (+56,0 dBi)

Passive repeater discrimination = (-38.6 dB)

Free space loss, passive to receiver = (-127,1 dBi)

Obstruction loss, passive to receiver = (0.0)

Receiving antenna gain= (+ 44.04Bi)

Receiving antenna discrimination = (-3.0. dB)

Waveguide & component loss, receiver = (3.0 d8)

Input power level, received at "OD" = (411.5 dBm)

Note: {t is likely the interfering power level at “D" would be lower

than -i11dBm by several dB due to more discrimination from vertical

angles and possible obstructions between the passive and “D”.

-55 -

Site "8"

30 X 40 passive repeater

F = 6.725 GHz, Transmitter output fevel = +30.0d8m

yi— a = Effective aperture

dimension

w/o"

7-%= 10" Dia, Antenna 10° from
interfering path,

3 dB WG. loss

Calculation of Passive Repeater Discrimination

ua (44) (sind)
Discrimination = 20 Log u

a= (L} (COS&) = (40} (COS 55°) = 22.9 feet.

A = Wavelength = 0.9836/6.725 = 0.146 feet.

229

0.148

20 Log u= 20 Log 85.7 = 38.6

us (7) | 3 (sin 10°} = 85.7



Site where concern for in

on azimuth from "A" to

Transmit

10 Ft.d antenna 10° from

interfering path, 3 dB W.G. loss

EXAMPLE Na. 2

INTERFERENCE INVESTIGATION

ference thru passive from Si ite"A" transmitter is

and 5 mites from the passive repester,

Elevation differences assumed to

exemplify obstruction losses

aA |

14.4 miles

Calculati

ist Fresnel zone radius at”

(76,000 feet) (26,400 feet)

H= 3,000 ft.

effective height difference for

caiculating obstruction loss assumed

“knife edge”

ion of Knife Edge Diffraction Loss “A” toE"”

oof A 9192

a+ d2

= \f (0.146}(76000)(26,400)

Transmitter output level = (+ 30,0 dBm}

Waveguide & component loss, XMTR = {-3.0dB)

Transmitting antenna gain = (+ 45.6 dBi} 4

‘Transmitting antenna discrimination = {-0.0) 1st Fresnel zone radius at SA feet = 14
Free space loss, XMTA to passive = (- 136.4dBi)

Obstruction loss, XMTR to passive= {- 0.0) Knife edge loss #20 Log 2H

Passive repeater gain= (+ 112.0 dBi) ©

Passive repeater discrimination = {-56.0d8)

Free space loss, passive to receiver = (- 127.1 dBi} (2) (11) (3,000)

Obstruction loss, passive to receiver = (0.0) Knife edge loss = 20 Log = 81 dB

Receiving antenna gain= (+ 44.0481) 4
Receiving antenna discrimination = {- 35.0 dB)

Waveguide & component loss, receiver = (- 3.0 dB)

Input power level, received at “E” = —128.9dBm

Compare with power directly from transmitting antenna at“

eee + 48.6dBi - 138.9dB - 510B + 44.008) - 35.0d8 - 30d8 = -1113d8m

XMTR W.G. Ant.Gain FS.L. Obstruction Loss. Ant.Gain Ant. Discr. W.G. Input power level,

“At 19.4 miles. RCVR "E"
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EXAMPLE No. 3

INTERFERENCE INVESTIGATION

Site where concern for interference thru passive from site “A” transmitter is 10°

fram azimuth “A” to “B’, 14.6 miles from "A" and 2.5 miles from passive.

(Require interference power level at receiver site “F", XMTR at “A’)

Transmit

40 ft, diameter antenna 10° from path, “A” to “F";

3dB waveguide loss. @ RCVR

10°

2.5 miles

No obstruction loss assumed for path, B” to “F**

Transmitter output level = (+ 30.0 dBm)

Waveguide & component loss, XMTR = {- 3.048)

Transmitting antenna gain = (+ 45.68}

Transmitting antenna discrimination = {- 0,0)

Free space loss, XMTR to passive = (- 136.4 dBi}

Obstruction loss, XMTR to passive = (-0.0)

Passive repeater gain = {+ 112.0 dBi}

Passive repeater discrimination = (-56. dB)

Free space loss to receiver = (- 121.1 dBi)

Obstruction loss, passive to receiver = (0.0)

Receiving antenna gain = {+ 44.0 dBi)

Receiving antenna discrimination = {- 50. dBi)

Waveguide & component loss, recever = (3.008)

Input power level, received at “F’ = (-137,.9dBm)

Compare with power directly from transmitting antenna at ‘A’

+30,0dBm-3.0dB+ 45.6dBi ~ 38.0dB - 1365d8i — 200dB +44.0d81-35.0dB ~ 3.0dB= -115.9dBm

XMTR “A WG. Ant. Gain Ant. Diser. FLS.L. Obstruction Ant. Gain. Ant. . WG.

Lass
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€XAMPLE No. 4

INTERFERENCE INVESTIGATION

Concern for interference at site receiver from site “G"”

transmitter: assumed obstruction toss “7B” to "H"" = dB

10 Ft. Dia, antenna

3d8 W.G. loss

For example assume 25 dB obstruction loss ""G”’ to “HZ

23.5 miles direct path “G” to ws |

Approx, 22°

10 Ft, Dia, antenna

3dB W.G, toss

linterfering XMTR}

+ 30.0dBm XMTR output

Transmitter output level = (+ 30.0 d8m)

Waveguide & component loss, XMTR = (- 3.0 dB)

Transmitting antenna gain = (+ 44,0 dBi)

Transmitting antenna discrimination = {- 21.048)

Free space loss, XMTR to passive = (- 139.2 48)

Obstruction loss, XMTR to passive= {0.0}

Passive repeater gain = (+ 110.9 dBi)

Pagsive repeater discrimination = { -43.0d8)

Free space loss, passive to receiver= {- 133.2 dBi)

Obstruction loss, passive to receiver = {- 6,0 dB}

Receiving antenna gain = {+44 0dBi)

Receiving antenna discrimination = { - 24.048)

Waveguide & component foss, receiver = (- 3.048)

Input power level, received at "H" = { -143,5dBm)

Note: 2 % for normal system = 1109: gain of

passive for interference fram site “G”’

based on 2& of 120°.

Compare with power directly from G” to “H’””

+30,0dBm-3.0d8 +44.0dBi - 38.08 -140.6dB 26.948 + 44.0.dBi

XMTR“G" W.G. Ant.Gain Ant, Disc. F.S.L. Obstruction Ant. Gain

Loss

-47 dB

Ant. Diser.

-3.0dB =

WG.

-138.6dBm

input power level,

RCVR “H"



INTERMODULATION NOISE CONSIDERATIONS

WHERE PASSIVE REPEATERS ARE EMPLOYED

(Wide Band Communications Applications)

The portion of the chart for gains on page 35 shown as

“Zone A” indicates that there can be some intermodulation

noise problems at lower microwave frequencies with the

small passive repeaters. This problem has been reported to

Microflect only in a few instances over the many years of

selling passive repeaters and the hundreds of installations

involved. The loading capability of most systems has not

been intended for more than 1200 voice channels, but a few

have been intended to allow a traffic capability of 1800

channel design, Whether passive repeaters are used or not,

a precise quantitative evaluation of intermodulation noise

levels is not practical to undertake. However, when passive

repeaters are applied the following comments and guide-

lines may be used to establish some quantitative criteria for

the system design with respect to intermodulation noise.

(1) Passive repeaters are linear devices and they do not

introduce any significant noise ta the system in their

most practical form of construction. (Intermodula-

tion noise is most often caused by non - linear

components in the microwave system.)

(2) A. significant level of discrimination between the

passive reflected signal and energy from other reflect-

ing objects illuminated by the direct radiator can be

maintained by applying a passive repeater with an

effective area large compared to the “effective area”

of other reflecting bodies. For many objects this level

could be compared in decibels and used as part of the

quantitative system evaluations. (Keep in mind the

possible lower level of energy received by the other

reflecting bodies and their low aperture efficiencies.)

(3) The application of microwave antennas with narrow

beam widths will cause many of the undesired reflect-

ing objects to be illuminated with a much lower level

of energy. This may also allow the possibility of

“notching out” one significant reflection point.

With the use of the above guidelines and the notes on

interference displayed in this chapter the problem of

intermodulation noise could be treated as an interference

type problem.

OVERSHOOT - DOUBLE PASSIVES

Also it is worth while to note the possibility of “‘over—

shoot” energy for double passive configurations with very

small transfer angles. This also should be treated as an

interference - type problem rhaking certain that appropriate

diffraction losses are accounted in the problem for the

terrain features on the total path. This problem can occur

with the use of the configuration shown as Fig. 2-1 on

page 38 where % is only a few degrees and the obstruction

losses for the direct path are small thru the expected range

of refractive index changes.

Transmitter

(Lower microwave frequencies)

Large cliff or escarpment oriented for significant energy reflection to the receiver.
Srvalll Passive

Mountain

Receiver

Figure 4-1

Illustration of terrain features that may cause intermodulation

noise problems at the lower microwave frequencies

Receiver

Very small angles (Both horizontal and vertical)

—
Transmitter {Lower microwave frequencies) Very short paths

Figure 4-2

Illustration where return loss should be evaluated for energy

returning from the passive to the transmitter,
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CHAPTER V

SPACE DIVERSITY ON MICROWAVE SYSTEMS USING PASSIVE REPEATERS

INTRODUCTION

In the past frequency diversity techniques have been

preferred over space diversity techniques for overcoming

multipath fading often encountered on microwave commun-

cations systems. However, a frequency diversity scheme

requires twice as much frequency spectrum as the near

equivalent space diversity scheme. This principal disad-

vantage of frequency diversity requires the application of

space diversity as a worthwhile alternative for obtaining the

required system reliability during conditions of deep fading

from multipath propagation.

Two types of multipath problems are usually considered:

(1) multipaths from specific reflection points, and (2)

atmospheric multipaths (secondary path generation due to

meteorological layering). A space diversity scheme typically

employs one antenna at the transmitting end of a path and

two antennas, spaced vertically, at the receiving end. This

type of antenna arrangement is typical whether either one or

both of the sources of multipath fading can occur. Fora

secondary path from a specific reflection point a good

approximation of the required antenna spacing can be

calculated directly from the geometry of the system.

However, one cannot make a geometric analysis for optimum

spacing of antennas where atmospheric multipaths are

considered the source of the fades.

As the conventional space diversity system has two

apertures on the receiving end of a path, it is logical for one

to question the effects of having a passive repeater on the

system between a transmitter and receiver. In effect the

passive repeater is both a transmitter and a receiver as it

re - directs the energy it receives.

A hasty conclusion might be that two passive repeaters

(in place of a single passive) are always required for space

diversity schemes. This reasoning is consistent with the usual

conception of the diversity operation unless one considers a

phenomenon that might be described as “aperture diversity”.

Briefly, the mechanism of aperture diversity can be visual-

ized by considering that the vertical dimension of the

passive may be large with respect to the interference pattern

over the passive face. The result is that a large passive re -

peater or antenna integrates* the received power over a

significant portion of the interference pattern.

*Note: This is not to imply that the passive has any com-

bining effect on the energy. The passive is a linear

device and will reflect (transmit) the energy in the

form received without changing the amplitude and

phase as seen by the electronic receiving equipment.

GENERAL CONFIGURATIONS OF SYSTEMS

EMPLOYING SPACE DIVERSITY TECHNIQUES

WITH PASSIVE REPEATERS

The following configurations with their associated quali-
fications and notes exemplify the possible uses of passive

repeaters on systems employing space diversity techniques.

These general examples should not be interpreted as the only

situations applicable to passive repeaters, but they can be

used as guidelines for judging other specific system con-

figurations.

PASSIVE REPEATER )- 4+ Ria
—m RECEIVE

- R) 18
n a

TYPICAL 30°

4 VERTICAL
TRANSMIT SPACING

ONE-WAY TRANSMISSION

The methods of determining transmission reliability are

applicable for space diversity applications with the following

qualifications:

a. The system has one - way transmission only.

b. The passive repeater is in the near - field of the

antenna or close enough so that reflection points or atmos-

pheric multipath fading, on the short path, do not signifi-

cantly decrease the system reliability.

PASSIVE REPEATER aot

1A, 2

ig

wr wo

TR

TWO - WAY TRANSMISSION

The methods of determining transmission reliability are

applicable for space diversity applications with the following

qualification:

The vertical dimension of the passive repeater must be

large (for many microwave carrier frequencies 20 feet or

more). The result at the passive location is a phenomena

that might be described as aperture diversity; that is, the

passive repeater aperture is large enough to act as though

space diversity of smaller apertures were applied.

Note: The effects of aperture diversity improve as the

vertical dimension of the aperture gets larger.

Sizes may be limited in the vertical direction by

refractive index changes and their probability

distributions in time. In general, the closer the

reflection point is to the passive, the smaller the

fresnel interference pattern is across the face. A

high-low reflection path with the passive at the

low end would result in such a pattern.
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For concept of aperture diversity introduced by

test results refer to ‘‘Path Loss Testing of the

Trans-Canada TD--2 Route”, W.Von Hagen,

A.N. MacDiarmid, and L.V. Goldenberg, I.R.E.

Convention Paper 49 presented at Toronto

Canada, October 16-18, 1957. For calculation

of space diversity improvement refer to: “Space

Diversity on a 6 GHz Path witha Billboard

Reflector”, A. Vigants, Bell Telephone Labora-

tories, Holmdel, New Jersey.

May also be thought of

as “route diversity” with

wide spacing of passives

{TWO PASSIVES)

T2

Ria

R1B

TYPICAL 30°

VERTICAL

TRA SPACING

TWO-WAY TRANSMISSION

The methods of determining transmission reliability are

applicable for space diversity applications with the following

qualifications:

a. Compensation for different arrival time of signals must

be made by a phase - delay network in the diversity

combiner scheme,

b, The passive repeaters must be spaced as far apart as

practical to lessen the possibility of reflections from one

affecting the other path, and/or

c. One path from the antennas to the passives should be

as short as possible so that the antennas and passives are

close - coupled (1/k less than 2.0 if possible.)

The foregoing example configurations may be expanded

to apply to other situations, For example, a double passive

installation may be used in place of the single passive shown,

Aperture diversity applies to large apertures in general.

Therefore, one large antenna may be considered in place of

two smaller ones for some space diversity applications.

Although, the antennas used on typical microwave systems

(6 feet diameter to 12 feet diameter), usualty are not large

enough,

ANTENNA SPACING FOR SPACE

DIVERSITY CONFIGURATIONS

The antenna spacing for reflection points may be deter-

mined from Figure 5-1 and the associated formula:

g = (13D) G08)
a)

Where:

D = total path distance in miles

f = frequency in MHz

h= height in feet of the transmitting antenna above the tan—

gential plane

S= spacing between antenna centers in feet

It was pointed out that it is not possible to make a

geometric analysis of the paths involved due to atmospheric

multipath type fading condition, However, the following

formula presented in C.C,LR. Report No, 376 (Oslo 1966)

is used by some for comparison of calculated spacings with

those known to be successful by experience.

Ps =exp [0.00210 nr V0.4¢ |

Where:

Pg = correlation factors (the optimum value is considered

0.6)

Ah = vertical spacing between antennas in METERS

f = frequency in GH,

d= path length in Km

The separations normally lie between 100 and 200

wavelengths, Experience has proven that acceptable divers-

ity improvement will be obtained with spacing intervals of

about 60" at 2GH,, 45° at 4GH,, 30° at 6GH,, and 15° ta

20° at 11GH,.

Curvature for “K" Factor Assumed

Receive Antenna

Reflection Point Transmit Antenna

Figure 5-1

-61-



APERTURE DIVERSITY (Integration)

Sometimes the spacing at one or both ends of a path

becomes relatively small or nearly equal to the dimensions of

apertures that might be used, There is a reduction in fading

due to multipaths caused by the aperture integrating the

received signal power over a significant portion of the inter-

ference fringes. Thus, on systems employing spacing of

apertures for diversity action, a single aperture may be

adequate at some locations.

The following illustrations of Figure 5-2 graphically show

the effects of aperture integration. The fading relative to

free space is related to the ratio of the aperture vertical

dimension to the vertical fringe pattern, A/F; where “F”

is equal to two ‘‘S’, *“S” being the calculated spacing for

two apertures spaced vertically.

EXAMPLE SYSTEM SPACING

COMPUTATIONS AND CONSIDERATIONS

Assume the system depicted in Figure 5-3 is contemplated

for operation as a space diversity system,

The following notes and computations illustrates some af

the thoughts and methods used to confirm the possibility of

obtaining good diversity action on the paths shown in Figure

5-3

Upon examination of the system it could be judged that

atmospheric multipaths are not a likely problem at 6 GH,

on the 9.5 mile path (optimistic for many climates).

A single large antenna with the large passives may offer

the advantages of “aperture diversity” on the shorter path.

Often the differences in antenna sizes at each end are chosen

for system gain requirements, and the location of the large

antenna is chosen for physical reasons. In this instance there

may be a distinct advantage to place the larger antenna on

the shorter path.

With a probable reflection point out from the passives on

the short path (the passive being considered the transmitter

end), and the passives being 400 feet above the tangential

plane, the vertical spacing required for two antennas would

be calculated in the following manner:

1.3) (D) (10) _ (1.3) 9.5) 408)
Cf} Ch) ~ (6,000) (400)

wm S.1 ft.

i
A

| ae

Antennas

Signal Strength

Vertical Fringe Pattern

Space Diversity

Passive Repeater

+10

RANGE OF

POSSIBLE

SIGNAL

LEVELS
=

Correction to allow for

Antenna Directivity

10 Fading Range Relative to Free Space (dB)
§

V owe 2 3°

Aperture Integration for Dish Parabola from GEC-AEV

Figure 5-2

31.5 Miles

One 16' Dia. Antenna (EI 5,100)

In actual trial two

R antennas

2
— needed.

“aT,

gp Mies

81°
42°

L. 30° Vertical Spacing

Double 40° x 50”

Passive Installation (El. 6,100°)

System Frequency = Nom. 6GHz

Figure 5-3
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This spacing is small compared to the planned 16 ft.

diameter aperture. Thus the prospects of aperture integra-

tion over the interference pattern occurring are favorable.

The fringe spacing, ““F”’, is two “S”, or about 10 feet. The

aperture to fringe ratio, A/F, is 16/10, or 1.6. In accordance

with Figure 5-2 the diversity action for the single aperture

should be good for the one reflection point of concern (not
for atmospheric multipath).

Next, it is logical to conclude that the 40 ft. high

passive is large enough for aperture integration for signals

transmitted from the 16 ft. antenna. However, the adequacy

of the passives should be investigated for transmission from

the 10 ft. antenna to the passives over the 31.5 mile path.

Over this longer path the possibility of fading due to

atmospheric multipaths should be considered. The spacing

for this fading problem is estimated by using the semi-

empirical formula introduced by C.C.I.R. with an assumed

correlation factor of Pg = 0.6.

Pg = exp[ -0.0021Anf v0.40 | =
exp[ {0.0021)(ah) (6) VO.4VGT5) 1-61) |

Qhz9 meters330 feet

The 40 ft. high passives should operate satisfactorily for

aperture integration during atmospheric multipath condi-

tions, and the 30 ft. spacing of the two 10 ft. antennas

checks with this computation.

The final check of the system would be to check for

points of reflection on the 31.5 mile path.

With a probable reflection point on the long path where

the 10 ft. antenna transmits 200 ft. above the tangential

plane the required aperture spacing (if two were used) at the

passive site is determined in the following manner:

(1.3) (D) (0% _ (4.3) (1.5) (109)
Wc) = ~~ (6000) (200) 34 Ft

F = 28 = 68 ft.,; A/F = 40/68= 0.6

Refer to Figure 5-2 for aperture integration. It is seen that

the possible signal level below free space might be about

3dB down for A/F = 0.6. This exhibits good diversity action

with the large passives on the longer path. If this same

reflection point were assumed reversed; that is, transmission

assumed from the passive site, the 30 ft. spacing of the 10 ft.

antennas would be judged as adequate.

RELIABILITY CALCULATIONS

The space diversity improvement for the system operating

through a passive may be approximated by the following:

5 2 F/10
7.0 x 10 x Foy, XH x10

D
Improvement factor =

FGHz = Frequency in GH,

H = Nominal height of reflector, feet

F = Fade margin, dB, for selected sizes of antennas,

passives; power level of XMTR, etc.

D = Distance of longest path in miles.
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The use of this method of calculating the space

diversity improvement factor requires the reflector
size be selected for a suitable fade margin, the un--

protected fade probability be calculated, and the im-

provement needed to meet transmission objectives

be determined. Then the improvement calculated is

compared with the improvement desired.

CONCLUSIONS

Many microwave systems employing single passive re-

peaters (or the typical double passive installation) will per-

form satisfactorily for transmission reliabilities expected of

space diversity schemes. In fact, many existing installations

that were not specifically designed for diversity operation

may be experiencing the benefits of space diversity through

the size of the passive and configuration of the system. It is

important to realize the conditions under which passives are

compatible with space diversity schemes so that the full

economic advantage of the passive repeater application can

be assessed. (For over - water paths larger apertures have

been proven advantageous over smaller apertures because the

larger, narrow - beam aperture tends to discriminate against

the water reflections.)

Finally, it should be recognized that some of the dis-

advantages of space diversity as compared to frequency

diversity cannot be overcome by any configuration, size,

arrangement of apertures, or by special electronic circuitry.

In a very general form some of the possible disadvantages

are listed for easy reference or recollection:

1, Equipment costs and complexity can be greater.

2. Maintenance without service interruption can be a

problem.

3. Arrangement of protection channels is not as con-

venient.

4. Compensation for delays on wide - band systems may

require special attention.

5, Passive repeaters will not always be a substitute for the

conventional space diversity scheme using antennas

only in combination with special electronic equipment,

but in some cases a single large passive (or two for

closely coupled double passives) may be all that is

needed.



CHAPTER VI

EFFECTS OF "ANGLE OF ARRIVAL"

ON PASSIVE REPEATER PERFORMANCE

REFRACTIVE INDEX CHANGES

For Line - of - Sight microwave systems obviously the

earth’s atmosphere is the transmission medium, The control-

ling factor is the vertical distribution of refractive index.

The refractive index of the atmosphere varies with dielectric

constants, which in turn depends upon pressure, tempera-

ture, and humidity, The “K” factor used for profiling

microwave paths varies with the refractive index gradient.*

Thus the microwave wave is slightly refracted or bent

through the atmosphere in various amounts as atmospheric

conditions change,

BEAM WIDTHS OF LARGE APERTURES

MICROWAVE DEVICES

The beam widths of large - aperture microwave devices

such as large reflectors become smaller as the frequency

increases, Therefore a 30 foot high reflector on an 11GH,

system has a very narrow beam width that can cause the

Teflector to be responsive to atmospheric changes. The

variances in bending of the wave front will cause the front to

arrive at various angles to the reflector norma! aperture.

This “decoupling” of antennas and reflectors may cause a

Joss in signal that should be accounted in the design of the

transmission system. The loss is most significant on very

long paths with extremely narrow - beam apertures,

CALCULATING CHANGES IN ANGLE OF ARRIVAL

FOR CHANGES IN "K” FACTORS

For situations where the refractive index may be approx-

imated by a linear gradient, the factor “K” is calculated or

assumed, and the angle of arrival change from K =00to K = X

will be:

0.079D
A= OK 2) OK =00) = OPP mrad

K

-0,.0045D

or rr Degrees

Where D is the distance in kilometers and K is typically a

factor of the order of magnitude of 4/3, 6/5, 7/6, 1, 2/3, 1/2.

K is 4/3 for “normal” propogation

K is often chosen as 6/S or 7/6 for optical sighting.

age 157

dN
1574 GF

ok is gradient in N units per kilometer

N = radio refractivity
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RECOMMENDATIONS FOR GAIN CALCULATIONS,

FADE MARGINS, AND LIMITING VERTICAL

DIMENSIONS OF PASSIVE REPEATERS

It is not recommended that angle of arrival changes be

represented in the determination of the passive repeater gain.

It_may be desireable, however, to consider the possible

effects of angle of arrival when selecting a fade margin.

The limiting vertical dimension of the passive repeater

depends upon the expected “K” change, the system fre—

quency, and the path distance, It is seldoin that practical

selections of passive repeaters will have the vertical dimec-

sion limited by refractive index changes. But an awareness

of the potential problem is worth while. The graphs on page

64 relate path distances, K” changes, system frequency,

3B points, und reflector heights. These graphs cannot be

used 10 conclude a limiting height of reflector, but they imay

be used to assess an order of magnitude of the problem or

definitely eliminate the problem from consideration. Por

example, the dashed Lines on the graph show that a 3 dB

fade may occur from possible refractive index changes for 4

30 foot high reflector at 18.2 Gilz fora 20 mite path

(ohange in "K” from 4/3 to slightly less than K= 1).

CHAPTER VIL

PASSIVE REPEATER BEARING ,

EFFECTIVE ARLA, POLARIZATION SIFT

Whenever, a microwave wave front encounters a smooth,

flat, metallic, surface, such as a passive repeater, with the

linear dimensions of the passive large with respect to the

wavelength of radiation, specular reflection takes place.

‘A main characteristic of this reflection, which also accounts

for the imaging properties of mirrors, is a compliance with

Snell's taw for reflection; that is, the angles of incidence and

teflection are equal and coplanar. Stated in another more

specific manner the law involves the following two require-

ments

(1) ‘The incident ray, the reflected ray, and the normal

to the reflecting surface all lie in the same plane.

(2) The incident and reflected rays make equal angles

with the normal,

The following illustration shows the angles involved for

the “radio micror”, the passive repeater.

‘The basic ungles surveyed or caleulated from coordinates

and elevations are the horizontal included angle, 26, and the

vertical path angles, @,, and © . The passive face is then

oriented in accordance with the face angle, @ 3 , and the

horizontal correction angle, , The angle “C” is measured

in the plane of the incident and reflected beam axes, and it

may be desireable to use this angle for determination of

the effective area and possibly the polarization rotation.

The example calculation on page 66 illustrates a typical

determination of O3andAcv, The blank form on page 67 is

intended to be used for other calculations, where the page is

copied with an office copier

DEGREES FROM TRUE Passive BEARING

24.3, ALL ON HORIZONTAL PLANE

8), 82 MEASURED UP OR GOWN FROM HORIZONTAL

Alp Rrovanizarion ROTATION ANGLE

Y AXIS ON HORIZONTAL PLANE { POSITION ABOVE OR BELOW TRUE

PASSIVE BEARINGAYDEGREES FAOM PATH ISECTOR AND 83,

PATH TO

TRUE PASSIVE SEARING

(NORBAAL TO PASSIVE FACE |

PATH TO STATION No. 1

as

AIS Minus

i
Figure 7-1
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EXAMPLE COMPUTATIONS , FACE ANGLE £ BEARING

PASSIVE REPEATER BEARING CALCULATION SHEET FOR ®3 AND aa

Passive 20 ’ Site WEST GLACIER Location NORTHWESTERN MONTANA
Size O'%x 24 PASSIVE REPEATER Wal NEAR WEST GLACIER

Horizontal included angle between paths: 2% = 69.88 degrees
|

One-half the horizontal included angle x = 94.44 degrees

Smaller vertical path angle from horizontal: 6, = 4,58 degrees SZ iS en

Larger vertical path angle from horizontal: Qj = /4 76 degrees rd Bown

cos Oy = 0.9996 cos Oy = 0.9996 |

cos @ 9 = 0.9790 cos 89 = 0.9790

cos, + cosOg = 1.9786 cos @, — cos@2 = 0.0206

sin®, =4 0.0276 tanx = 0.6857

sin 2 =+ 0.2038 cosx = 0.8247

sin®, + sin@2 =4* 0.23/14

cos, — cosOg (0.6857 00206 )

tanQx = tan x = = 0.007/

cos@, + cos@, (49786 )

WOES Ge 05 MEASURED FROM Ax = Oa¢/ degrees toward £AS5ALLE

Oder 0°25" cos A\% = /£,0000

cosyx sin@, + sin®, (40000 \40.23/4 )
tan @4 = 

= 
= 0.1418

cos = cos, + cosO, (0.8247 WA9786 )

(when tan @ 3 is negative}-——» Up
= &.07 degrees

8. 8 (when tan 83 is positive»—-f Down
(8° 04')

Cosines and tangents are positive. Sines are positive when the angle slopes

, downward from the passive repeater, and negative when the angle slopes up-

Sign Convention: ward from the passive repeater, Note that Z\ < always rotates the passive

bearing towards the path with the least vertical angle, 8).

Sketch (s6E PAGE /e WEST GLACIER vert L, 0,= Can-! (5907-3098) +303
FOR COMPLETE SYSTEM) 9 aur. 3268" 7% ‘ (21.3)(5,280)

AMSL

fed Mm. 8,= 158° down from passive

‘ ’
299°44aes ee'sam\ Vert 2, @,= Lan’ (907-3269)

( Big ‘ (2.4) (3,280)
ee nn ESE o57"

- 2508S WEST GLACIER 02 = 176° down
LASAL , PASSIVE REPERTER NO. 1
& ANE 3098

arise Soro ' 9.5"
ye\2 er Sauter \2ALarth's Curvature Correction & (rites) feet REFERENCE ravens sk 1234 YQ"

2 aS FOR SETTING um 134098 =
for 263 vale path Lh. 303 pp FACE PNGLE a "%

‘ 

@

(09) 060.8267

+ 66 -



PASSIVE REPEATER BEARING CALCULATION SHEET FOR © 3 AND Ax

Passive Site Location
Size

Horizontal! included angle between paths: 2a = degrees

One-half the horizontal included angle “a = degrees

Smaller vertical path angle from horizontal: e, = degrees ve?
. - . = di eS UpLarger vertical path angle from horizontal: © legrees Down

cos 61 = cos Oy} =

cos 0 9 = cos Oo =

cosG1 + cosOg = cos @, -— cos@2 =

sin@, = tan =

sin @9 = cOSK =

sin@, + sin@2 = L

cos@, ~ cos@2 i x )
tanQnx = tanx = =

cos 8 1 * 69s 8, ( )

ax = degrees toward

cos Am = |

cosA\x sin@, + sin@, ( Ya )

tan Og = = =

cos % = cosy + cos@y ( Te )

5 - U

6. = degrees (when tan 63 is negativey——_ Pp

3 (when tan ©3 is positive}——» Down

Cosines and tangents are positive.

downward from the passive repeater, and negative when the angle slopes up-

ward from the passive repeater. Note that 4 < always rotates the passive

bearing towards the path with the least vertical angle, 8).

Sign Convention:

Sines are positive when the angle slopes

Sketch

Ange
Lp Wilierotiastpaeretinet

‘bon 363.0007

Customer 
By Date

Copyright 1967
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