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NEAR FIELD L
FeSeLs = 20106 ( 4TID ) . - -, DB
" ( ' :\ ) i :
WHERE D =  DISTANGE £l
A = wavemeneTs ol
BLOCKAGE LOSS (DB) = 10 L0G (. 1 )
| ( LR~ )
WHERE R = CROSS=SECTIONAL AREA OF BLOCKING OBJECT .| " .
CROSS=SECTTONAL AREA OF ANTENNA. .
FAR FIELD
_ R
FeSeLe = 3646 + 20 LOG F + 20 LOGD ~ , |DB
WHERE D o= DISTANCE TN MILES
. ‘ |
F = FREQUENGY IN MEGAGYCLES - .|
o
THE BLOGKAGE LOSS IS MINTMAL UNLESS VERY LARGE OBJECTS
PROTRUDE 1IN THE CONE EXTENDED FROM THE ANTENNA FEEDER ;
DEFINING THE MAIN LOBE (3DB BEAM WIDTH ANGLE)s - '
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IT IS A WELL KNOWN FACT THAT THE ACTUAL PATH TRACED
BY A MIGROWAVE BEAM IN THE ATMOSPHERE IS NOT A STRAIGHT LINE. -
THIS BENDING IS CAUSED BY THE CHANGE IN THE ATMOSPHERE WITH

|
HEIGHT, TEMPERATURE, HUMIDITY AND CHANGE IN THE BAROMETIC

PRESSURE,

THESE GHANGES AFFECT A VARIABLE WHICH MEASURES THE
PROPAGATION LOOSENESS IN THE ATMOSPHERE AND IS GALLED THE @ |
REFRACTIVE INDEX. o L

THE LOWER THE REFRACTIVE INDEX THE FASTER THE WAVE 1

<

WILL TRAVEL,

UNDER NORMAL CONDITIONS THE REFRACTTVE INDEX DECREASES
WITH HEIGHT, THIS COULD MEAN THAT THE TOP PARTS OF THE WAVE

TRANSMITTED BY THE ANTENNA WILL TRAVEL FASTER THAN THE BOTTOM

PARTS, - THIS WILL CURVE THE WAVE PATH TOWARD THE REGION OF‘

TNCREASING REFRACTIVE INDEX. ‘ o

17/’

P

A) REFRACTIVE INDEX DECREASES WITH HEIGHT

5§;§p:‘ R P.t
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C) REFRACTIVE INDEX INCREASES WITH HEIGHT
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7O MAKE PATH PROFILES IN THIS MANNER A TEDIOUS AFFAIR ./
: | Y10US: AFFS |
SINGE TWO CURVED SURFACES HAVE TO BE DRAWN, : ~§
'TO SIMPLIFY MATTERS IT WAS DECIDED TO DRAW THE| BEAM
AS A STRAIGHT LINE AND CHANGE THE TRUE CURVATURE OF THE EARTH
TO ACCOMMODATE THE ADDITIONAL CURVATURE OF THE MIGROWAVE BEAM.
i
< B :
S A
| / |
~
Lo | .
ACTUAL EARTH RADIUS R, _ EFFECTIVE EARTH RADIUS R
K = R
{
R, :
NOTE THAT THE CLEARANCE F HAS NOT GHANGED IN BOTH.
PROFILES AND ALL THE OBSTRUCTION FEATURES ARE REPRESENTED IN
BOTH PROFILES ALSO, ' T




P.

RADIO PATH PLOTTED AS A STRA
LINE BY CHANGING: THE EARTH R

ACTUAL RAY PATHS ON A
MICROWAVE PATH.

K = 1 L
K o= 2/3

K 4/3

I

INFINITY. .

f. L T

THE FACTOR K VARIES ALL THE TIME AND FROM ONE LOCATION -
f A TO ANOTHER. THE RANGE OF K HAS BEEN KNOWN TO VARY FROM INFINITY
| o8, '
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e |
‘ ‘ EARTH BULGE =  dj dp T
1.5 K fEE
1 FOR EXAMPLE AT THE 10 MILES MARK FOR K= 4/3 ', ~ - |-
d; ~ = 10 MILES |
dg = 20 MILES B
I THEN EARTH BULGE = 10 x 20 = 100 FT, Sl
o ) o . o " ' S { vy
- 1.5 x 4/3 Py
i , . R
| i % !Q ’
! FIND THE BULGE AT 15, 25 MILES FOR K = 4/3 :
'f FIND THE BULGE AT 15, 25 MILES FOR K = 2/3
PIND THE BULGE AT 15, 25 MILES FOR K = INFINITY A
f P 'AS STATED PREVIOUSLY BENDING THE MICROWAVE BEMﬂ DE;PENDS
[ ON THE VALUE OF THE REFRACTIVE INDEX. FROM THIS 1T FOLLOWS THAT
K SHOULD BE RELATED TO THE REFRAGTIVE INDEX. e
: l
THE NATIONAL BUREAU OF STANDARDS HAS ISSUED A WORLP ATLAS
OF ‘ATMOSPHERIC RADIO REFRACTIVITY COMPILED FROM MEASUREMENTSI DONE ALL
l
OVER THE WORLD FOR MANY YEARS, THIS ATLAS IS NOT AS DETAILED AS IT
- SHOULD BE,' HOWEVER, DETATLS ARE AVAILABLE FOR THE U.S. A.
f B
H | { :
! 1
|
!
» ,




CHARTS, GRAPHS, TABLES, AND COMPUTATIONS
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Frours 9.3, - Mean No, May 0200..

Froure 9.4. Mean Ny, May 1400.
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November 0200..
November 1400 :

;
5
;
i
1
3

TABLES, AND COMPUTATIONS B
Mean _N.,,_»

iremansdienid lanicaid aea
Figure 9.7,

GRAPHS

Fieune 9,8 Mean Ny,
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MAPS ARE AVAILABLE FOR THE U.S.Ae AND THE REST OF THE

"WORLD INDICATING THE MEAN REFRACTIVE INDEX AT SEA LEVEL ALTITUDE-

" REFRACTIVE INDEX AT SEA LEVEL

i

INDEX AND

EXAMPLE$ =

R P

No

i

H

REFRACTIVE INDEX AT ALTITUDE hg

© hg IS IN THOUSANDS OF FEET

PAGE 15 SHOWS THE RELATIONSHIP BETWEEN THE REFRACTIVE

THE SITE ALTITUDE FOR DIFFERENT No-,Af~

 PAGE 16 RELTDS THE REFRACTIVE WITH K.,‘f_;!'

-FIND THE RANGE OF THE MEAN VALUE OF K IN NEW BRUNSWICK

FOR A SITE AT 1500 FEET ABOVE SEA LEVEL.

MEAN N, VAIRES FROM 310 -~ 340

FOR hg = 1.5, MEAN Ng VARIES FROM 296, 5 - 32

MEAN K WILL VARY FROM 1.35 = 1.40.APP..
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FRESNEL, ZONES

A RADIO WAVE CONSISTS OF A MULEIIUDE OF RAYS.;ISQME
. . "

OF, THESE RAYS (DIRECT RAYS) WILL REACH THE RECEIVING ANTENNA
l

WITHOUT REFLECTION WHILE OTHERS WILL REFLECT OFF -THE TER?AIN-
THE REFLECTED RAY WILL ADD TO THE DIRECT RAY'I% IHEY
ARE ﬁOTH IN PHASE. 1IF NOT IN PHASE, 'THE REELECTED RAY.WILL:
SUBTRACT FROM THE DIRECT RAY AND COULD DESTROY THE SIGNAL .
COMPLETLLY; DEPENDING ON THE DTIFFERENCE IN THE PATH LENCTH
BETWEEN THE DIRECT AND REFLEGTED RAYS THE SIGNAL COULD BE

STRENGTHENED OR WEAKENED, ’ A

REGIONS OF INCREASING POWER WILL FOLLOW REGION OF-
DECREASING POWER UNTIL AT SOME POINT THEY ARE BLOCKED BY ANL

OBSTACLE ON THE TERRAIN, THESE REGIONS ARE FRESNEL ZONES.

i ’ i

|<1———— [ R o B B e L Rt

8) PLANE.EARTH CASE

__TANGENLE PL“NE-—'"

hy J{____ el e e
J, N /’—;——-l "‘7"
et et 4y |

b) SMOOTH.SPHERE CASE

~ Reflectlons From Plane Earth and
Smooth Sphere

Pe
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SECOND ZONE

BREE >"ll

PATH_LENGTHS
nth ZONE:

3rd ZONE

2nd ZONE:

Ist szE,

.rFresnel-zono Radius on a

| ‘ - . ’
.

BO'UNDARY

R

. Microwave Path o . . 'ﬂu’eo Dimenslons
i L SRR I S

D+nA/2,
D + 37\/2

=3
==

=

?

" FIRST| ZONE
© - BOUNDARY - ™.

' ~,-Ropresenmﬁon of Fresnel Zones in

b% 7\/2

D+7/2

“PATH LENGTH=D=
- (FOR DIRECT PALF

ditda2 o




THE ODD FRESENL ZONES (1, 3 s5, .o -) ARE AbDITIVE. ‘ ;

THE EVEN 'FRESNEL ZONES (2,4,6,
THIS NOTATION

1

m = = w) ARE SUBTRACTIVE._.;

F3 ﬁ~'u?l* =

IDENTIFIES THE FRESNEL ZONES Fi,- 1‘2,

‘ ' T ’ ! i
Fl = 131.5 A.dy dy  FEET 3N
) N SR
A = WAVELENGTH IN METERS
D = PATH LENGTH IN MTLES
d]_ = DISTANCE TO NEAR END OF PA'].H IN. MILES:
dy = DISTANGE TO FAK END OF PATH IN MILES -
'F2.=VE}1 '
r3 =\V3 Ty | o
¥y “=U]‘F1c abCe o e 0 o - - . "
! / ‘
6 7
TE P
fyes v3° 15 f },} I
Fawy V5 F) | i O
Foss Vi F) e
: %o g2e|
;
BETRLE . | |
i« th - . ” e e ||l !|{ - " P
a 'unmn.nmmw
s Prasnelskone Rudil : !
' ‘ A Slga_Lul Smmmh vuuus meol Zlonas
| | . |
© Multiplylng Fuctor For Determining F\, When Fy Is Known. (F,| = Fy\/m)
n \\/ n n \/ n n \V n ‘n V n n \/—n
1 1.000 | 16 | 4.000 " 81
2 1.414 17 | "4.123
3 1.732 18 4,243
4 2.000 19 4,359
5 2,236 20 4,472
6 2.449 21 4,583
7 2.646 | 22 | 4.690
8 2.828 23 4,796
9 3.000 .| 24 4.899
10 3.162 25° 5.000
11 . 3317 | 26 5.099
12. 3.464 27 5,196 .
13'| 3606 | 28 | 5201 -
14 3.742° 29 5385
15 3.873 30 5.477




EXAMPLE; = CALCULATE F1, Fo and Fy7 AT 4 GHZfFQR]A PATHQ3
LONG WITH AN.OBSTRUCTION ON THE 10TH MILE, S

Fy

F17

BV 1 AU Y Pt A o S O SO PG SRR A OeY

=

il

U S PRI VT O R T DA

131.5 ' Ady dp

- D

)\ = «25 FEET

i

QMHES

i

= .25X .33 = ,0825 METERS

== 364

131.5 X 4364 [ dy dy =

A

10 MTILES

20 MILES

i
i

30 MILES

|
36 10 X 20 = 93 FEET |

|

!

30
4 J 2 Ty

i
I

L.444 X 93

17 Fi = 4,123 X 93 = 386 EEEF

i
i

132 ﬁEEF

.
i

'

o
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: Tx 4 Rx
5 F 0 ’
~ : i R= .
By ' ‘ T ¢ ) h, L
|
k=4/3 o C
L Y : R
4 — d,2 e O e Tl '
S ——— B V([0 S
TO CALCULATE THE NUMBER OF FRESNEL ZONES CLEAREDV
ABOVE AN OBSTRUCTION ' R
e\ 2 |
e = ) (NUMBER 'OF FRESNEL ZONES - :
Fq CLEARING THE OBSTRUCTION) EER
;I:ﬁ . , ,
F/F. ———p~ 0.5'77 , 1.|29 l.|53 - 1.|92 2‘.08‘- . $
| FOR PLANE EARTH . . N
E B e I . H Pl
ML I N N e AN
5 : l | ' oS
| | I FAl ey
0 FREE SPACE — | - ES

KNIFE « EDGE

LOSS

£
Z

D2 FROM FREZ=SPAC

(R=0)

N

.4+  DIFFRACTION \7//

T

-12

"mspuene PLANE - EARTH THEQRY — >\
DIFFRACTION S
(R=--1) — = 2SI n .%. ’

-16

(WHEN R=—1)
"-20 /

. ’ e |
i / .‘ /‘ L \
~24 L oo
no—e 0 [ 1 2 4 5
N i
-0f L0 ' N Y ' ' ' 2.0 '
| i = 7 o ACTUAL CLEARANCE _ -
: fy FIRST FRESNEL CLEARANCE

":.i\‘-:." Effect of Path Clearance on Radio Transmission




P. 22

REFLEGTION GOEFFICIENT S

USUALLY A PORTION OF THE REFLEGTED WAVE 1S ABSORBED BY
THE TERRAIN AT THE REFLEGTION POINT. |
’THE‘AMOQNT OF THE REFLEGTED WAVE ABSORBED WILL DRPEND
ON THE CONDITION.OF THE TERRAIN AT “THE REFLEGTTON POINT (SMOOTH
OR ROUGH), STILL WATER FOR EXAMPLE REFLEGTS MOST OF THE WAVE

WITHOUT ABSORBING MUCH OF IT.

'REFLECTION COEFFIGIENT AND VARIES BETWEEN O AND ‘sl

-
I

i

~1 MEANS THAT '100% REFLECTION OCCURSV

)

|

| = 0 MEANS THAT 100% ABSORPTION OGGURS
| | |

|

FOR A REFLEGTING PATH THE HIGHER THE ABSOLUTE VALUE OF R THE
o : . )
|IDEEPER THE FADES AT THE EVEN FRESNEL ZONES, AND HIGHER GAINS WILL_BE

ACHIEVED AT' ODD FRESNEL. ZONES. | S

i
THE SIZE OF, HUMPS (H) IN THE TERRAIN AT THE REFPECTION. ‘

POINT WILL DETERMINE THE ROUGHNESS OF THE TERRAIN¢

hY ' ) i

N
\ I\ mwva
s . J,( _‘,‘,.33’)\’/{ /&‘

¢ N W
! ‘uj‘\.; W
PRI T P vy P AVEVICE SRt
D e e e R R

SN
RS




| =
T .

|

—

Tk '. - -

LR 8 k=%

d3 l“—*—%—"‘*——-—*—k

Rx

try

. i
.l’}

|
temedi B MILES

- |

CHANGES WITH K.

' | b) EHANGE u(w d(.:CORRECTED EARTH BASIS

< | [ i Reflection Point versus k"

"AS YOU CAN SEE THE POSITION OF THE REFLEGCTION (AND dl)

"

THE RELATIONSHIP BETWEEN THE SIZE OF THE HUMP (H) AND

.ﬂ

o

¢ Ty i

. .
i H =
H .

I T B

| THE REFLECTION COEFFICIENT 1S SHOWN ON PAGE 24, WHERE

-,fWAVELENCTH IN FEET

'SIZE OF HUMPS FEET

hy . o4 ).

L 5280 ( ,EI T5K )

P
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o T ~
| - 1]
[
. E I A/::.....:';l.' } , s
- | | ) \
! :, Am,3 — I i Vo
| o Y | Il
- sé 067 11 . l | ;
}I'I S o :
i, cL I‘ I i : ‘ , :
ol /e eyt
. el .
ys"g 0.633 fa i .
el N ] oeee
v i | v mi.F/F ‘ . |
o .
LR - |
! . l it Slgnol Strongth varsus Clearance Whén
| ) |; I e ’Raflacllon Coofficlont Changes !
. ,
w..' ' R : ?
S
‘ ;Clauﬁge in Fréwwuco Cross«points with Rofinction Coofficiant, R _
| ' ' : ' . ) ;
folnt Polnt L ! ’ Y, ,' |
; ! A B .} 1 - 0 v Values of £l #; for palnts A, D G oele, of Elg, 20 as R varlos i
o : - : - i ]
R ivjf-*"'\ g_ﬁ“ LA 8 < D B | F -0 P
. ; E » %" ' ' l
10 ‘l W33 :1.667 F/F1 = 577 | 1.29 1.h3 1.92 2.08 2.38 2.h2 | )
09 || amt | ed6de |y o R02 | 198 LES | Lo 2,00 2,88 ) ’
0.8 1] | 860 LOSL |0 607 | 128 L 191 2.00 2.7 2.0
0.1 T IO S 1 (O A U R B 1 LBR | 100 2,10 237w :
0.0 A03 LhoT | 636 1,26 1.56 1.90 2.0 2.8 2.0
0ft || dzo | LARo [ 48 | 126 LRG| 1R e 2,536 2.0 ,
0.4 A6 1564 460 |y 125 (RUTI RP I L B A 2306 D .
08 || ara | glBas’ T T 672 Vhad ] w7 188 | 241 | 2860 | 26 o
0.4 AGS | 1,682 C.68A | L2d 15T 1,88 212 | = 2.5 2,54 :
! b _ .
S 0.]l A8 1516 690 1.23 .68 | 188 - 42.12 C2.8h . 2.h0
@ o i|] w0 | w500 | 707 | t2s | 168 | 187 | 242 | 286 | 255
:.V."\ ‘ 1 i l — ) . - > - : S .' I
Note:, ne &= na L_J r:‘-. ,d'ﬂ, Ny =0 4 2= 43383, ele | See S
5 ?., = g b 2 r 06T, ne = Dy -9 == [.OBT, etel } points /\ 1, O, ele, A(\(N(,
B : N . 4 ‘ '
ot
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ol DIVLRGENCE FACTOR

RAYS REFLECTED OFF A FLAT SURFACE ARE CONCENTRATED WITH

LITTLE DIVERGENCE. AWHILE RAYS RFFLECTED OFF AN OUTWARDLY BE NT
SURFAGE ARE SCATTERED WITH DIVERGENCE.

THIS MEANS THE HIGHER K IS, THE LESS DIVFRGENCE THEP
IS IN THE REI'LECTED RAYS, IN TURN THIS WILL CAUSE DEEPER I‘ADES

-'AND HIGHER GAINS AT THE RECEIVING ANTENNA. 1

D Df = ' . DIVERGENGE FACTQR
‘ oo ‘t | A ‘ (A. v
D

Il
.: L

c : 2
Co d
Lo+ A %2
D(1.5 Kh1 - df)
| }
T
y IA
+6+ — bt et i e et
TR
14 . . .
g T |
= ~ ‘
Q ' ~~
& ~
8 R
. \ N
e D4 -
i k '»4
j S *+ Effoct of Divergence Facior
S ’
! .‘»'- i

.P.
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CLEARANCE CRITERIA FOR NON-REFLECTIVE PATHS -

" FOR "HEAVY ROUTE", HIGHEST~RELIABILITY SYSTEMSV

AT LEASE 0.3Fy AT K = 2/3 AND 1.0Fq AT K = 4/3, -
WHICHEVER IS GREATER. 1IN AREAS OF VERY DIFFICULT.

- PROPAGATION, IT MAY BE NEGESSARY ALSO TO ENSURE A - .
CLEARANCE OF AT LEAST GRAZING AT K = 1/2, (FOR &+ =

L
o

2 GH, PATHS ABOVE 36 MILES, SUBSTITUTE 0,6F) AT ' .
. . R

s R

K =1,0), S

1 ‘ N
A

NOTE THAT THE EVALUATION SHOULD BE CARRIEﬁ.OUT'AFbﬁéf
THE ENTTRE PATH AND NOT JUST AT THE CENTER, EARTH BULGE AND %kﬁsNEL
ZONE RADIT VARY IN A DIFFERENT WAY ALONG THE PATH, AND IT OFfENC
HAPPENS THAT ONE CRITERION IS CONTROLLING FOR OBSTACLES NEAR THE

CENTER OF THE PATH AND THE OTHER IS CONTROLLING FOR OBSTACLES NEAR

ONE END OF THE PATH,

FOR YLIGHT-ROUTE! SYSTEMS WITH SLIGHTLY LESS STRINGENT

|
'

RELIABILITY REQUIREMENTS. . ‘ o

AT LEAST 0,6Fy + 10 FEET AT K = 1.0. o

AT POINTS QUITE NEAR THE ENDS OF THE PATHS, THE FRESNEL
ZONES AND EARTH BULGE BECOME VANISHINGLY SMALL, BUT IT 18 STILL
NEGESSARY TO MAINTAIN SOME MINIMUM OF PERHAPS 15 TO 20 FEET ABOVE

ALL OBSTACLES.

i ,ﬁ_____ i
hd L
- :
-~




EXAMPLE: = PAGE 29 SHOWS A PATH PROFILE FOR A HOP ON A 4 GHp SYSTEM,'
FIND THE LOSS OR GAIN IN STGNAL FROM F,S.L. LEVEL IF ANY AT THE

RECEIVING ANTENNA FOR K = 4/3,

FOR K= 2/3 BUIGE = dj dy
. 15K

i

dy 14 MILES

dy = 3 MILES:

i

© EARTH BULGE = - 14 X 3 42 FEET

FIRST FRESNEL ZONE (Fy) = 131,5

FOR 4 GH ~ Fy = 36

36 ’14)&3 = 57 FEET
\ 17 S

«3Fy = 17.1 FEET

i

D = 17 MILES

i

Fy,

TOTAL CLEARANCE REQUIRED = 42 4 17,1 = 59,1 FEET

FOR K = 4/3 EARTH BUIGE = 14 X 3 = 21 FEET

-2
Fy = 57 FEET
TOTAL CLEARANGE REQUIRED = 21 + 57 = 79 FEET

79 FEET> 59,1 FEET

1 S T B
. . N N AN A 1 .
T - ,:,\ AR A

TOTAL CLEARANCE = 79 FEET + 30 FEET FOR TREES = 109 FEET . "

P, 28 *(.'




FOR THE DASHED LINES (5¢e

hy = 150 FEET hy = 285 FEET

A = 150 = .52
an?

FOR K'

it

INFINITY ~  n
K = 4/3 ‘ n
K = 1 ‘ .'. n
K = 2/3 - '

AS WE CAN SEE THE

P,

ot

posye  32) ‘_ :
| D = 17 MILES
. i ! .o
B = 285 . = .97
=2
(17).

345 di" = 586 M;LES QD%~“>

i

= .365  dy = 6,2 MILES

= 437

= 382 d =: 645 MILES |

REFLECTION POINT IS OVER THE WATER, THE

WORST POSSIBLE CONDITION, SINGE R GOULD BE =l. .~ i -

IF WE GHANGE THE ANTENNA HEIGHTS AS SHOWN BY THE ‘SOLID LINE

Il

hy 260 FEET

A = 26030 = 795
n?

FOR ALL K ' n

REFLECTION COEFFICIENT

B = 1
5280

"H = 16 FEET

p
!

25 FEET

W
==}
~ .
>
i

- 1 A(_zg_q -85 )
52800\ 85 2 ) -

Co= o435 x 107 b

- 4,35 X 1070 X 16/,25 = ,278 ' -

T

AR

hy = -260/FEETffff**
B = 260-30'}f=‘5;1951f
| (17)2.2 f«:ff :{3:

= .5 dy = 8,5 MILES &

29




FROM PAGE 24

TOR BH'/>\ = 4278

DIVERGENGE FACTOR

K = 4/3
Dg = | ' 1
2
< .

L+ 4 X 72 X 8.5
17 (2 X 230 = 72)

CLEARANCE ABOVE REFLECTION POINT

FROM PROFILE DRAWING F = 195 FEET

Fy = 36 1 dy dy = 75 FEET

E—-‘.—_ J-_?E = 2,6 _-l=;\.':n.
Fy 75 '

n = 6.75

33

n

LEVEL FROM FREE SPACE = 10 LOG <1+ (RDf)2 + 2RDg COS (n~1) ':n:> ,

?.

30



LEVEL FROM FeS =

n = FRESNEL ZONE SR

|
!
|
|
i
i
i

10 LoG [1, + +08 + 57 COS (575 “r‘r)]

10 LOG L «08 4+ (57 COS 1,75 IT

~—n

10 LOG | 1+ (+33 X .855)% 4+ 2(,33 X +855) COS (6,75 1) TT

P
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10 ey

- ATTENUATION - dB/KM *

<]
-

—_

o
[&7]

0.05 |- |4

0010 Laoala

AT T o 720 30 40 60
- - FREQUENCY - GHz-

Lvimomessionnes A LLODURLION I roin il intonsity of: A, 0.25 vun/bre (drizzla) -- .01 in/hr

: : B, 1.0 mm/hr (Hght rain) -- .04 in/hr
C, 4.0 mm/lvr (moderate rain) — .16 in/hr
D, 16 mm/hr (heavy rain) - .64 in/hr
£, 100 mm/hr (very heavy rain) — 4.0 in/hr

G, 0.32 gm/m” {visibility about 120 meters)
H, 2.3 gm/m? (visibility about 30 meters)

" *Attn — dB/mile = 1.61 x (Attn in dB/km)

Attenunton Pue To Peecipitation (after CCIR)

e e e Attenuation in fog orcloud: + . F, 0.032 gm/m*® (visibility greater than 600 meters)

80 100
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RAYLEIGH ROUGHNESS CRITERION: =

PAGE 39 SHOWS THE SIZE OF HUMPS (H} NEEDED AT THE
REFLECTION POINT TO REMOVE THE THREAT OF A HARMFUL REFLECTION.
YOU CAN NOTICE THAT THE HIGHER THE FREQUENCE>THE'SMALLER”IS THE

, o :

N . ~
SIZE OF THE HUMPS (1) NEEDED FOR THAT PURPOSE,.:

POTARIZATION: -

PAGE 40 INDICATED THE RELATIONSHIP BETWEEN THE

POLARIZATION OF THE]TRANSMITTED WAVE AND THE REFLECTION COEFFICIENT

FOk REFLEGTIONS OF THE WAVE OCGURING ON SEA WATEﬁ.OR DRY SOIL. THE-
GRAPH ON PAGE 40 INDICATES‘THAT FOR'OVERWATER”PATHS A VERTICALLY
POLARIZED SIGNAL WILL MINIMIZE THE AMPLITUDE OF THE REFLECTED WAVE.
HENCE IT 1S RECOMMENDED FOR OVERWATER PATHS TO USE THE VERTICAL

l"Ul..A!.(lZaAT.L()Na_ - S . . . . e

38,
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P, 41

RELIABILITY OF A MICROWAVE PATH: =

THE RELIABILITY OF A MICROWAVE PATH IS ﬁESCRIBED‘BX
THE PERCENTAGE OF TIME THAT THE RECEIVED SIGNAL LEVELAWILL.NOTf
FADE BY MORE THAN 40DB, BELOW THE NOMINAL RECEIVED SIGNAL LEVEL..
THE WORST FADE'coNDITiON 1S DESCRIBED BY A FUNCTIOﬁ CALLED -THE
"RAYLEIGH?DISTRIBUTION". ‘£CC6RD¢NG5TO;THE’KAXKEiCH DISTRIBUTiON
99,99% OF THE TIME THE FADE IN THE RECEIVED SIGNAL LEVEL FOR A

- MICROWAVE PATH SHOULD NOT BE MORE THAN 40DB.

PAGES 42, 43, 44 INDICATE THE RELIABILITY FOR DIFFERENT
PATH LENGTHS AT 1GH,, 2GH,, AND & GH, RESPECTIVELY, BY STUDYING
THE GRAPH ON PAGE 45, YOU CAN NOTE THAT THE HIGHER THE FREQUENCY

THE WORSE THE RELIABILITY OF THE.PATH. .TT,SHOULD BE EMPHASIZEﬁ

- TUAT THE RELIABILITY OF THE PATH MENTIONED ABOVE IS THE PROPAGATION R

RELIABILITY ONLY AND DOES NOT INCLUDE THE EQUIPMENT RELIABILITY.
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P. 46
TO CALGULATE THE TOTAL RELIABILITY OF AVMULTIHOP SYSTEM;‘
USE THE MONOGRAM ON PAGE 47,
THE BELL SYSTEM TOTAL RELIABILITY. OBJECTIVE IS 99,98%
THIS OBJECTIVE APPLIES FOR THE TWO-WAY ANNUAL OUTAGE ON A LONG-HAUL
SYSTEM (4000 MILES LONG) OR A SHORT-HAUL SYSTEM-(zsb.MILEs LONG ).
| TO AGHIEVE THIS OVERALL OBJEGTIVE ‘PROTECTION CHANNELS
(FREQUENGY DIVERSITY) ARE PRovzbED“ON PRACTICALLY ‘ALL MIGROWAVE
'SYSfEMS~DESIGNED IN GANADA. 1IN GERTAIN CASES»(OVERWATER'PATH~6R‘
GERTAIN DIFFICULT REGIONS:FROM AN ATMOSPHERIC POINT QF‘VIEW).SPAGE
DIVERSITY MIGHT BE REQUIRED TO ACHIEVE. THE OBJECTIVE,
THE DEFINITION OF THE DIFFERENT TYPES OF DIVERSITY IS
SHOWN ON PAGE 48,  AS INDICATED ON PAGE 48, A SWITCH OR A cbmm

BINER IS USED. THE MOST GOMMON TYPES OF COMBINERS ARE: =

a) LINEAR ADDER GOMBINERS

53 OPTIMAL RATIO GOMBINERS

ADDITIONAL IMPROVEMENT IN THE TOTAL RELIABILITY GOULD .
BE ACHILEVED BY COMBINING OR SWITCHING THE RECEIVEb SIGNAL AFTER

EACH HOP OR NUMBER OF HOPS (SEE PAGE 50).
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EXAMPLE: -

- WHAT IS THE TOTAL-RELIABILITY OF A SIX HOPS
SYSTEM, WHERE EACH INDIVIDUAL HOP HAS A 99,99%
RELIABILITY, FIND THE SAME IF THE SIGNAL IS
COMBINED AFTER EACH HOP.
FROM PAGE 47, THE TOTAL RELIABILITY OF THE SYSTEM IS
99,94%,
- N '/ .
FROM PAGE 50, THE TOTAL RELIABILITY OF THE SYSTEM IF

THE SIGNAL IS COMBINED AT EACH HOP USING

-a)’ SWITGHED GOMBINERS 99,9999987%
b) OPTIMAL RATIO GOMBINERS 99,9999992% -
¢) LINEAR ADDER COMBINERS 99,9999985%
IT SHOULD BE NOTED THAT A RELTABILITY OF 99.99% MEANS THAT

THE SYSTEM WILL HAVE OUTAGES TOTALING ONE HOUR -DURING THE YEAR.
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FREQUENCY DIVERSITY:

MOST MIGROWAVE SYSTEMS TN GANADA OPERATE ON A FREQ&E&CY
DIVERSTTY BASIS. THIS TYPE OF DIVERSITY IS USUALLY AGHIEVED BY
ALLOGATING AN R.F. CHANNEL FOR A GROUP OF WORKING GHANNELS (USUALLY
3, 4, OR 5 WORKING ‘GHANNELS) TO AGT AS A STAND BY PROTECTION,

| “FADING 164 USUALLY FREQUENGY SELEGITVE PRocEsS. IS
MEANS THAT R.F. CHANNELS.WILL FADE INDEPENDENTLY IF SEPARATED>
ENOUGH IN THE FREQUENGY SPEGTRUM,

AT THTS TIME IT WILL BE USEFUL TO INTRODUGE THE
MGORRELATION GOEFFIGIENT" CONGEPT, THIS COEFFIGIENT VARIES IN
'VALUE BETWEEN O AND 1. TF ‘IO GHANNELS HAVE A GORRELATTON
COEFFIGIENT 1 THAT MEANS THAT THEY ACT IN UNISON (THEY FADE
TOGETHER). IT IS OBVIOUS THAT THE MAIN PURPOSE. OF DIVERSITYtIN
© THE fROPAGATION GONTEXT IS TO LOWER THE GORRELATION COEFFIGIENT

"OF DIVERSE GHANNELS AS MUGH AS POSSIBLE IN ORDER THAT GHANNELS

-MIGHT TADE INDEPENDENTLY,
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THE FIGURE BELOW SHOWS THE RELATIONSHIP OF THE
FREQUENCY CORRELATION COEFFIGIENT (kfz')- AND THE -FREQUENCY
SEPARATION OF TWO CHANNELS. AP IS THE STANDARD DEVIATION OF

PATH LENGTH DIFFERENCE DUE TO ATMOSPHERIC CONDITiONS.

’ R0‘“€“”*$“” — oz 2 i : . - :
NN L T |
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' \\\\S\' -\\\\\\ ' 7 ) \\‘=~s\
05 N AN N % —
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o 50 100 ) 150 .200. .?50» - 300 . 356 - 400
| L grma

" -~ V.:.-Frequency correlation. coeflicient k,? of tl;e reccived power,
THE GRAPH ON PAGE 53 IDENTIFIES THE - CHANGE IN THE
PROBABILITY OF FADE TO A CERTAIN POWER LEVEL BELOW F.,S. LEVEL
. _ A . ; _ )
FOR DIFFERENT FREQUENCY CORRELATION COEFFICIENTS (kf")o THIS
IS FOR AN ARRANGEMENT OF 4 WORKING GHANNELS AN'D A SINGLE PROTECTION

CHANNELL
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SPACE DIVERSITY: -

SPACE.DIVERSITY IS USED TO IMPROVE THE RELIABILITY

"OF A MICROWAVE PATH IN THE FOLLOWING 'CONDITIONS: =

a) ATMOSPHERIC MULTIPATH FADING,.

b) GROUND REFLECTED MULTIPATH FADING.

a) SPAGCE DIVERSITY FOR ‘ATMOSPHERIC MULTIPATH: =

' 2
THE SPACE DIVERSITY CORRELATION'COEEFICIENT_(kS )

“VARIES WITH THE PATH LENGTH, FREQUENGY, AND THE SEPARATION

BETWEEN THE DIVERSE ANTENNAS.
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THE GRAPH ON THIS PAGE SHOWS THE.IMPROVEMENT IN THE

RELIABILITY OF A MICROWAVE 'PATH INDUCED BY THE LOWERING OF THE-

SPACE DIVERSITY CORRELATION iCOEFFICIENT.
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.
PAGE 57 GIVES AN EMPIRICAL METHOD FOR DERIVING K_ .
EXAMPLE: -
A MICROWAVE PATH 26.5 MILES LONG OPERATING AT 4 GH, IS
SUPPOSED TO ACHIEVE 99.99% RELIABILITY. AFTER PATH TESTING IT WAS
DISCOVERED THAT THE RELIABILITY OF THE PATH IS CNLYV99% BEGAUSE OF
_ATMOSPHERIC GONDITIONS. IF THE PATH DESIGN REQUIRES A 15" D;su‘wiTH"
A GAIN OF 43DB AND THE TOWER CAN CARRY AN ADDITIONAL DISH NOT.LA?GER.
THAN 8¢ (GAIN 37DB). FIND THE ANTENNA SEPARATTON REQUIRED TO TMPROVE
THE RELIABILITY OF THE PATH, |
THE AGTUAL. OUTAGE RATE OF THE PATH 1% .
THE REQUIRED OUTAGE RATE OF THE_PAfﬂ .01%
AN TMPROVEMENT OF 100 TTMES TS REQUIRED.
THE DIFFERENCE IN THE GAINS OF THE ANTENNAS ARE 43 = 37 = 6DB.
| FROM ‘THE MONOGRAM ON PAGE 58 A K~ OF 2990 IS KEQUIRED TO
| AGHIEVE IMPROVEMENT IN THE RELIABILITYuf duiailet ariConns rtcved i (i5')

2 . 2 . o
FROM PAGE 57 FOR K, "= +990 > S = ,027
. DA



V.027° = 165

2 :
S = +027 D = 2645 X 5280 FEET
DY A= .25 FEET
32
= «027
2645 X 5280 X .25
2
S = 945 SQUARE FEET
.8 = 30,7 FEET
A SEPARATION OF 30,7 FEET IS REQUIRED FOR A DIVERSITY
ACHIEVED WITH TWO 15' DISHES.
. . ¢ N 2_
FOR AN 8f DISH K = ,960 & S = ,111
DA
2
5 = 111
. 26,5 X 5280 X .25
2

'S = 62,4 FEET

P.

60
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b) SPACE DIVERSITY FOR TERRAIN REFLECTION

WHEN FADING OCCURS BEGAUSE OF A LOCALIZED REFLECTION ON
THE PATH TERRAiN, SPACE DIVERSITY GOULD BE-USED SUCGESSFULLY TO

IMPROVE THE RELIABILITY OF THE PATH.

4

THE. DIVERSITY IS ACHIEVED BY SEPARATING THE TWO .RECEIVING
ANTENNAS IN ‘SUCH A MANNER THAT WHEN ONE OF THEM IS FADING THROUGH AN

EVEN FRESNEL ZONE THE OTHER ANTENNA IS GAINING THROUGH AN ODD ZONE.
EXAMPLE: = ' /

FOR THE PATH SHOWN ON PAGE 62 CALCULATE THE SEPARATION

REQUIRED TO AGHIEVE -SPACE DIVERSITY.

1
(FOR 4 GH,)
FOR K = @9 4 = 5.86 MILES
d, = 11,14 MILES
D = 17 MILES
F, = 70.5 FEET AND . F = 197 FEET
- { = X )
2
F
— == M
)
2



o loe

AT

K = oo

Ky

197

166
13 o
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TO ACHIEVE THE DIVERSITY NEEDED THE FRESNEL ZONE OF THE

SECOND ANTENNA SHOULD BE EITHER 8.8 OR 6.8. ~USUALLY THE SECOND

~ ANTENNA IS BELOW THE ORIGINAL ONE.

FOR W = 6.8‘ =/ F

| F, 1S APPROXIMATELY 9045 FEET

i

F ‘= F1 6.8

184 FEET
,/
FROM THE PATH ON PAGE 62, THE SEPARATION OF THE ANTENNAS IS
APPROXIMATELY 20 FEET.
WE OPTIMIZE THE ANTENNA SEPARATION AT K = INFINITY

BECAUSE THE:-WORST REFLECTION OCCURS AT'THIS‘CbNDITION SINGE THE

DIVERGENGE FACTOR WILL EQUAL 1.

SPACE DIVERSITY VERSUS FREQUENCY DIVERSITY  (BY R. F. WHITE)

ALTHOUGH EITHER FORM 0F~DIVERSITY.CAN PROVIDE .GOOD IMPROVE-

MENT AGAINST MULTIPATH FADING, THERE ARE SEVERAL THINGS WHICH MAKE
THE FREQUENGY DIVERSITY APPROAGH ATTRACTIVE. ONE, OF GOURSE, IS THAT.
IT REQUIRES ONLY A SINGLE ANTENNA AND WAVEGUIDE SYSTEM WHEREAS A
SPACE DIVERSITY REQUIRES TWO COMPLETE SETS. _%ﬁRTHERMQRE THE'SEACE
DIVERSITY ARRANGEMENT IMPOSES A HEAVIER LOADING REQUIREMENT ON THE
TOWERS ‘AND MAY, DEPENDlﬁG_ON THE CLEARANGE CRiTERIA:CHOSEN,'EVEN;.

REQUIRE THAT .THE TOWERS BE HIGHER THAN FOR FREQUENCY DIVERSITY. A'i

FOR '1 FREQUENCY DIVERSITY SYSTEM AUTOMATICALLY GIVES-100% EQUIPMENT

REDUNDANGY, - WITH NO -REQUIREMENT FOR DOING ANY SWITGHING:AT THE TRANSw

MIT END.. A POSTDETECTION SPAGE DIVERSITY SYSTEM GIVES RECEIVER STAND=

B _
BY, BUT IN ORDER TO GET TRANSMITTER REDUNDANCY IT I8 NECESSARY TO
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PROVIDE A DUPLICATE TRANSMITTER WITH AUTOMATIC SWITCHING AND

TRANSTER EQUIPMENT: IN ADDITION TO BEING MORE COMPLEX AND GOSTLY - -

“THAN THE SIMPLE TRANSMITTER ARRANGEMENT USED IN A FREQUENCY DIVERSITY

SYSTEM, THE SWITGHING AND TRANSFER EQUIPMENT ALSO INTRODUCES AN
ADDITIONAL POTENTIAL SOUECE OF TROUBLE, |

A POINT OF VERY GREAT IMPORTANCE_IN‘THE COMPARISON,
PERHAPS NOT FULLY REALIZED EXCEPT BY THE PEOPLE WHO HAVE TO OPERAIF AND
MAINTAIN A SYSTEM, IS THAT A FREQUENCY DIVERSITY SYSTEM ALLOWS COMPLETE
END - TO END TESTING, -LINE-UP AND MAINTENANCE.TO BE DONE OVER A PATH

WITHOUT ANY INTERRUPTION AT ALL TO SERVICE. THIS IS POSSIBLE, OF

COURSE, BECAUSE IN A FREQUENCY DIVERSITY SYSTEM THERE ARE TWO.

COMPLETELY SEPARATE END TO END ELECTRICAL’ PATHS, EITHER ONE OF WHICH

. CAN CARRY THE SERVICE WHILE THE OTHER IS BEING MAINTAINED., THE SPACE

DIVERSITY SYSTEM, THOUGH IT HAS TWO END TO END PHYSICAL PATHS THROUGH
THE ATMOSPHERE;HHAS ONLY ONE COﬁPLETE ELECTRICAL-PATH.‘ IN ORDER TO

DO FULL END- TO END TESTING ‘IT IS NEGCESSARY TO INTERRUPT THE SERVICE.‘
IN THE TYPE OF 24-HOUR A DAY OPERATION TYPICAL OF MOST HIGH DENSITY -

MULTI-GHANNEL SYSTEMS THIS IS A DIFFICULT THING TO DO WITHOUT UN- -

DESIRABLE -REPERCUSSIONS. .

.ANOTHER. DRAWBACK OF SPACE . DIVERSITY IS THAT IT. DOES NOT

ALLOW THE USE OF ONE PROTECTION CHANNEL AS A STANDBY FOR TWO OR MORE

WORKING CHANNELS., FREQUENCY DIVERSITY, ON THE OTHER HAND, CAN BE .

'EXPANDED BY A SWITCHING ARRANGEMENT TO ALLOW ONE PROTEGTION CHANNEL

TO PROVIDE BOTH EQUIPMENT PROTECTIONZAND:A~CONSIDERABLE DEGREE .OF
DIVERSITY PROTECTION FOR AS.MANYuASuFOUR:OR FIVEswoRKIhG:CHANNELS.
SUCH SYSTEMS HAVE BEENIN:WIDESPREAD . USE IN THE COMMUNICATIONS IN

DUSTRY FOR MANY YEARS AND THEIR CHARACTERISTICS ARE WELL KNOWN.
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WHEN USED'IN A SIMPLE 1 FOR 1 ARRAﬁCEMENT,'WHERE ONLY A
SINGLE WORKING GHANNEL IS REQUIRED, FREQUENCY DIVERSITY OF COURSE
REQUIRES TWICE AS MUCH FREQUENCY SPECTRUM AS THE EQUIVALENT'SPACE:
DIVERSITY SYSTEM. THIS IS THE PRINCIPAL DISADVANTAGE OF FREQUENCf

) ‘

DIVERSITY, AND IT IS ONE WHICH BECOMES INCREASINGLY IMPORTANT AS
FRéQUENCY CONGESTION INCREASES.

A QUESTION OF GONSIDERABLE INTEREST IS THE RELATIVE MERIT
OF FREQUENGY DIVERSITY AND SPACE DIVERSITY, Co&s:nERED STRICTLY FROM
THE STANDPOINT OF PROPAGATION PROTEGTION. THERE ARE GONFLICTING
VIEWS ON THE MATTER, HISTORICALLY IT APPEARS THAT THE PREVAILING
VIEW HAS BEEN THAT VERTICAL SPAGE DIVERSITY IS MOST EFFECTIVE AGAINST.
GROUND OR WATER REFLEGCTED MULTIPATH AﬁD'FREQUENCY DIVERSITY THE MOST

EFFECTIVE AGAINST ATMOSPHERIG MULTIPATH., THOUGH WE HAVE LITTLE OR

NO DIRECT‘C\MéARAfivE-EVIDE&&E,deRfowﬁiékﬁﬁﬁlﬂNEﬁé”H&VﬁWLéb?To?ééﬁ’
CONGLUSION- THAT VERTICAL SPACE DIVERSITY ISHCERTAINLY,AS,EFFECTIVE
AS FREQUENGY DIVERSITY REGARDLESS OF THE SOURCE:OF'THE MULTIPATH, AND..
IN SOME CASES TS ALMOST GERTATNLY SUPERIOR. :

“IN THIS GONNEGTION, A POINT OF CONSIDERABLE IMPORTANCE IS
THAT IN FREQUENGY DIVERSITY ‘SYSTEMS THERE ISiﬁSUALLY, BECAUSE OF
ASSIGNED BANDS AND ALLOGATIONS, A LIMIT ON THE.AMOUNT OF FREQUENCY
SPAGING WHIGH GAN BE USED.‘ FOR EXAMPLE, 2% éPACING.IS>QUiTE WIDELY
USED EVEN THOUGH IT IS OFTEN GONSIDERED THAT. 5% SPAGING IS NEEDED 70
* PROVIDE ESSENTIALLY UNCORRELATED FADING. ON THE OTHER HAND, WITH
SPACE DIVERSITY SYSTEMS THERE IS-NO' BASIC LIMIT OTHER THAN. GOST TO
THE SPAGING WHIGH GAN BE USED. THUS THERE IS WITH SPAGE DIVERSITY
MORE FLEXIBILITY IN CHOOSING A LARGE ENOUGH SPACING, OR EVEN AN,
OPTTMUM SPAGING, IF INDEED AN OPTIMUM EXISTS. IT 1S ALSO RELATIVELY

EASY WiTH SPACE DIVERSITY TO CHANGE OR EVEN EXPERIMENT WITH THE
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SPACING IN THE F;ﬁLD, BUT THIS TS USUALLY A VERY DIFFICULT THING
T0 DO WITH. FREQUENCY DIVERSITY. |

A STUDY OF SOME OF THE FADING CHARTS TAKEN ON SPACE
DIVERSITY SYSTEMS INDICATES THAT THERE MAY BE' ANOTHER ADVANTAGE .
TO' SPAGE DIVERSITY. MANY OF THE LONG -SLOW FADES OF THE TYPE ;
WHICH USUALLY EXHTBIT LITTLE OR NO FREQUENCY SELECTIVE EFFECT;DO.
SEEM TO HAVE A CONSIDERABLE AMOUNT OF SPACE SELECTIVITY. THIS MIGHT
BE EXPLAINED UNDER THE ASSUMPTION THAT THE MECHANTSM PRODUCTNG THE
VARIATIONS, WHETHER DEFOCUSSING OR -SOME OTHER PHENOMEMON, MIGHT BE
PRESENT ON'THE UPPER OR.THE LOWER PATH WHILE ABSENT OR PARTTALLY
ABSENT ON THE OTHER, FREQUENCY DIVERSITY, OF COURSE, HAS ONLY ONE
PHYSICAL PATH. |

MUCH MORE.EVIDENCE 1S NEEDED BEFORE ANY DEFINITIVE GON=-
CLUSIONS CAN BE REAGIED ON THE'MATTERjQF‘RELATIyE MERITsfér THE
THO METHODS. GAREFULLY CONTROLLED STMULTANEQUS TESTING OVER LONG
PERIODS OF TIME, UNDER VARTED GONDITIONS, AND OVER PATHS WITH
DIFFERING CHARACTERISTICS WOULD: BE VERY DESIRABLE, BUT SUCH FULL
SCALE TESTING CAN BECOME SO COMPLEX AND EXPENSIVE AS TO BE BEYOND

THE CAPACITIES OF ALL BUT THE LARGEST COMMUNIGATIONS ORGANIZATIONS.







P.67
THE GRAPH ON PAGE 68 RELATES RELIABILITY TO THF OUTAGE TIME ;I
PER YEAR, FOR EXAMPLE A SYSTFM WITH A RELIABILITY OF 99 98% WILL HAVE
A TOTAL CUMULATIVE OUTACE OF 110 MINUTES PER YEAR, A SYSTEM WITH A

_RELIABILITY OF 99 998% WILL HAVE A TOTAL CUMULATIVE OUTAGE OF APPROXm

- IMATELY 10 MINUTES PER YEARo

.FREQUENGY DIVERSITY"SNITGHING EQUIPMENT: -

AS DISCUSSFD IN THE PROPACATION _SEGTTON oF THTS .COURSE :3E~

. FREQUENGY DIVERSTTY IMPROVES THE RELIABILITY OF A MICROWAVF SYSTEM, 8
iMOST MICROWAVE SYSTEMS OPERATE oN A FREQUFNCY DIVERSITY EASIS ™ THEﬁgﬂt
FORM OF A PROTECTION CHANNEL FOR 3, 4, 5 o Q%Q”; . WORKING GHANNELs;Tif:;-.

. THE TOP FIGURE ON BAGE 69 SHOWS A ONE HOP IF SWITCHING SECTION. THE}&.‘*”

AVERAGE NUMBER oF HOPS IN A SWITCHING SECTION 18 APPROXIMATELY 6 FORfj’Ui,i*-'
"NORTH AMERIGAN MICROWAVE SYSTEMS.

IT Is WORTH NOTING THAT THERE ARE THREE FUNDAMENTAL FREaA,f‘

“QUENCIES ‘IN THE MICROWAVE. EQUIPMENT.

‘a::BASEBAND FREQUENCIES (b/b) - SEE LOWER FIGURE on ff_fIQ .
‘immn69 | | . S

';‘_INTERMEDIATE FREQUENGIES (IF) o CENTERED ARoUND THE

70 MHZ FREQUENGY

- w;'RADIO FREQUENCIES (RF) ) THE FREQUENCIES PROPAGATED

'MFRoM ONE ANTENNA TO ANOTHERs~j1 L
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IN THE SWITCHING DIACRAM ON ‘'PAGE 69, CHANNEL A 18- IN THE :, E
FAILED CONDITION. THE SWITCHING FQUIPMENT DETECTED THE EXCESSIVE

NOISE IN CHANNEL A BY MONITORING ITS NOISE SLOT CENTERED AROUND 9 103 MHZ

AND A FEW KHZ WIDEQ THE PILOT AT 9% 023 MHZ ‘18 A COMMUNITY PILOTo_ AT L

’U.THIS POINT IN TIME, THE RECEIVE LOGIC INITIATED THE SWITCHING SEQUENCE,

‘AND VIA THE SWITCH ORDER FACILITY NOTIFIED THE TRANSMIT LOGIC TO l
_BRIDGE THE TRAFFIC OF THE FAILED CHANNEL TO THF PROTECTION CHANNELQ_ THE

SWITCH ORDER FACILITY CARRIES INFORMATION FROM THL RECEIVE LOGlC LO THE

TRANSMIT LOGIC EITHER BY TRANSMITTING THE COMMAND INFORMALION OF THE i' o

REGEIVE LOGIC TO THE. TRANSMIT LOGIC USING AN UNUSED PORTION oF TREQUENCY
'SPECTRUM oF ONE OR THO RADIO CHANNELE GOING 1N THE OPPOSITE DIRECTION,
_OR BY. EXTERNAL ORDER WIRE RADIO OR. CABLE FACILITIESe-

¥ THE PROTECTION CHANNEL 18 AVAILABLE OR IF THE - FAILED s
CHANNEL 1S A PRIORITY CHANNEL, THE TRANSMIT LG IC. BRIDGED THE TRAFFIC

.OF CHANNEL A TO THE PROTECTION CHANNEL WHICH THEN RELAYED THE INFORMATION

TO THE RECEIVE-END, COMPLETING,THE ERIDGINQ. THE INTERRUPT TIME,OF '““I;

CHANNEL A, WHILE BEING szTOHED’Is A FEw'MICROSECONDS§,OEPENDING.ON, s
THE NUMBER OF HOPS IN THE SWITCHING SECTIONO, THE' EFFECT OF THIS
INTERRUPTION wILL DEPEND -ON THE TYPE OF INFORMATION BFING TRANSMITTED

.ON THE FAILING CHANNELa ]

70




71

MAX TMUM TOLERABLE - _EFFECT IF TOLERANCF

TYPE OF TRAFFIC = - INTERRUPT TIME ~_ - . _ 1S EXCEEDED
vIDEo . .. £ 100 MICROSEGONDS = .  L0SS OF.SYNCHRONI&ATION
- ' © ROLLING
TELEGRAPH .. /_ L MILLISEGOND . -  ERROR
(50 BAND) - T R o
DATA | - &10 MICROSEGONDS - - ERROR -
MESSAGE .~ - . . T
CIRCUITS - (100 MILLISECONDS = . . SEIZURE OF CENTRAL & - -
S R . OFFIGE SWITGHING ~
QI*QUIPMENT° AR

OTHER CONSIDERATIONS WHEN DESIGNING MICROWAVE_SYSTENS%.L‘”‘

‘THERB ARE MANY OTHER‘CONQIDFRATIONS THAT INFIUENFCE THP STTE
SELECTTON PROCESS WHEN A MICROWAVE SYSTEM 15 BEING PLANNFD° ﬁ-f*‘*"

‘ g)‘:TO MINIMI7E THE COST 0F~ACCE59‘RoAbs"T6'A”MICkowAVE Z{fog;'f'.f‘

'*T. STTE AND- ITS MAINTBNANCE, 1T 18, OBVIOUS THAT THE IDEAL

ASITE WOULD BE THE ONE LDCATED CLOSE - T0 HIGHWAYS OR ROADS Qf? -

WHICH ARE WELL MAINTAINED SPECIALLY iy WINTERo = o

b) 1IT IS IMPORTANT TO CHOOSE THF MICROWAVF SITP IN AN AREA

SFRVED BY COMMFRCIAL POWER DISTRIBUTION LINE\O IF NOT,_J¥‘1= L

| THIS-WILL MEAN THAT ~MATN AND BAGK-UP DIESFL GFNERATORS
~ HAvE TO BE INSTALLED oN ITE WITH FRFQUFNT RPFUELLING
.fTRIPS REQUIRED FROM THE PERGONNEL ,-_" :
| 2) ’IF THERE ARE REQUIREMENTS TO BUILD A MICROWAVE STTE IN »7'5"'
AN URBAN AREA9 THIS SHOULD BE DONE IN SUCH A MANNFR Aq

©TO COMPLX WITH ZONING REGULATIONSo f“"IH‘




- d)

o

WHEN BUILDING MICROWAVE TOWERS LESS THAN 3 MILES
FROM AN AIRPORT “THE TOWER STRUCTUREiSHOULD’NoT BE -
IN DIRECT LINE WITH THE AIRPORT RUNWAYq AND, LIGHTFD

AND PAINTED PROPERLY TO CONTORM WITH DOT REGULATIONSQ_

THE GRAPH ON PAGE 73 SHOWS THE TOWER. HEIGHT REGULATION

FOR A TOWER STRUCTURE NOT IN DIRECT LINF WITH THF

-VAIRPORT RUNWAYS AND MTFTING THE PAINTINC AND. LIGHTING

'REQUIREMFNT SET. BY DOTo

DOT PUBLISHES MAPS oF CANADAAINDICATING:THE CENTFR'

LINES OF AIRWAYS AND THE MINIMUM FLYING LFVFL IN FFFT

'IN THFSE AIRWAYSO, A TOWPR STRUCTURE SHOULD BF MORE

.THAN A 1000 FEET BELOW THE MINIMUM FLYING IFVELS PIVE

e

MIIES ON EACH SIDE OF THE AIRWAY CENTFR LINEe ;w~'°5'"'
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STANDARD RADio SYSTEM‘PLANS_(SRSP)

THESE DOCUMENTS ARE AVAILABLE FROM DOC. THESE DOCUMENTS
INDICATE THE PROPER USAGE OF THE FRBQUENCY SPECTRUMo~ THE,EOLLOWING_fﬂ .

18 A NUMBERICAL LIST OF SRSPs.
SN0, .. TITIE -

3000 TECHNICAL REQUIREMENTS FOR INSTRUGTIONAL TELEVISTON .. . |

~ FIXED STATIONS OPERATING 1IN THE 2548 TO 2686 MH, BAND; .~

301 TECHNICAL REQUIREMENTS FOR Ly0:S. RADTO RELAY SYSTEMS (592526425

302" S e STRRENEREI A BRSNS i »:.\ff’"-.-n'f:‘ E K :;}““(:35"0‘0‘-\4:2.00

.306“ f_ '||-.f‘. : n. .1:An w ';fquri ;|T_£  u;._.(7725;8275

,367 S fu‘v o ':”:nlei:.~ﬁ l»h:‘ ﬁ i ._n'ia -:n_.; <6425 6590
T e (67706930
308 e RADIO RELAY SYSTBMS PROVIDING ™ol
AUXILIARY SERVICES IN THE BANDS 6590m6770 MH AND

6930n7125 MHZO

wig)
MHZ)¥;?3=~-~
MHZ)EE?; ii 
i)
o

MH,),f":' :
MHZ)_A - =
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254842686 MH,

| THIS BAND 1S ALLOGATED TO INSTRUGTIONAL T v°~FikED'STAT16N;1f'.Q

TO ALLOW THE ORDERLY GROWTH oF THIS SERVICE THF AREAS OF CANADA THAT

»ARE RELATIVELY HEAVILY POPULATFD HAVE ‘BEEN DIVIDED INTO A NUMBER OF

ZONES WITH THE CENTER OF EACH ZONE COINCIDENT WITH THE PROBABLE ITV

DISTRIBUTION CENTERS, THE RADIUS OF MOST ZONES I8 30 MILES WHICH IS L»

' THE OUTER LIMIT OF THE COVERAGE AREA FOR THESE ZONESo THESE_ZONES ARE

: IDENTIFIED ON

PAGES 717 AND 78.

IT SHOULD BE NOTED THAT WHEN oW DIRECTIONAL ANTENNAS ARE

' USED, THE MAXIMUM ALLOWABLE DISTANCE BETWEFN TRANSMITTERS AND RECEIVERS

SHOULD NOT EXCEED 30 MILESo

SYSTEMS JIN ADJACENT ZONES I9 II AND III MAY BE INTERCONNECTFD

BY ONE OF THE

‘a)

‘*:FREQUENCIES SPECIALLY ALLOCATED FOR THIS PURPOSE IN THE 'f '

FOLLOWING METHODS°

THE USE OoF THE STANDARD MICROWAVE RADIO RELAY SYSTEMS AT

7 GHy BANDo

b).

THE DIRECT WOFF THE AIR" PICKUP OP ONE OR MORE CHANNELS

. :AND THE RETRANSMISSION OF THESE SIGNALS OVER ANOTHER

.GROUP OF ITV CHANNELSOV WHFN LOW DIRECTIVITY ANTFNNAS

A-YARE USED THE EQUIVALENT ISOTROPICALLY RADIATFD POWER

SHOULD NOT EXCEED 25 DBWs‘ IN ADDITION THE SYSTEMS IN

.PROHIBIT THIS TYPF OF INTERCONNECTIONO- WHEN EITHER
70NE HAS CHANNELS IN SYSTEM #3 IN USE THE DEPARTMENT

-WILL ONLY CONSIDER THE CONTINUED USE OF THIS METHOD OF

INTERCONNECTION IF THE LICENCFE OF THE INTERCONNECTING

"LINK CAN SHOW THAT HIS SYSTEM WILL NOT INTERFERE WITH

“OR BE" INTERPERED FROM OTHER TTV- STATION';o };.4;

‘TONES I AND T MUGT NOT HAVE' GROWN T0. A SIZE THAT WOULD o
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~ Ceniter of .
' %one

" Radius
 Zone (Hiles)

of

-Vicﬁdria"

d

Vancouver

Edmonton

'Calgary |
| Lothbridge
| Saskatooi 
Regina’™
| Winﬁipég'"
f:;é 1Lakehead
- @puabury |
Windsor"f
Sarnia::
- Chatham‘
London
. Kitéﬁener~_'_

Hamilton

Oshawa -
- |Barrie

Peterborough

|Belleville

"q{ings{,on

Area .

Niagara Falls = | -

Toronto |- . -

P R = N e
HOH R R R R H W H
~ , A ' :

o
H oo

B
CII

t ,II«‘“ 
.:,iiji_"

' ﬂII;A,'“

s.ﬂA_..N‘49°

| w 9o s
1w ue°

A
| wouwe

N 48° 269

'3Nf50°

_25&

quéo 291
I wu® 200

N 420 58°

w2 25
w2
N 43°
N 43° 160
i
N u3§
"N“u3°
e
. Nl,bll:o
 NI44°

249

189

p

50
.:N:53o;34i
| w520 oue
49O k30
| w2 :08"'

59°
289

059‘

;410'
5l

1ov

W 123°

- W 113°
- W 124°
oW 112°

e W-206°

28% - W 104°

LW o97°
81°

83
820

- W

3

f82§7
o
80°°
f?go,
9
- 79°
78°

76°

(i
W 76>

-4

TS U DT T R
= = & = = = = = = =

8

v

A T s A4 o A e s ARt s amy s 2 = e s gt s e

- W 123°.

200 |
s?i,.__,
300 |
s00 |
35515 S
Lhe
6o°
006 t .
ahe |
w0 |
LI
320 |
s
29° 100
6%

520

20 -

230

'799'Ad€r

s
ose
_’,i36  J:::::C1
S e

- é;éaJ;if¥§ ;fffif  i?: :. 
oo
s
',;j'sbﬁ R

:1 1?3d i;‘fA
}33°f5;; I SRR

CUdenttd L




FERE X

Name

- ‘Zone
Classification

Contor ‘of SR

*|' Radius oi

" Zore (Miles

|

i

S
Cie

" Ottawa

Moﬁtrgal

Sherbrobké C

QuéBec o

'~Cornﬁa11 .

| Trois Rivieres-

Chicowtiui.

‘Fredericton .

Saint John|

Moncton

Sydney

Stp:Johns}

I
i

i
|

Halifax .

IITA

. :

. IIA

H M OH R

‘:'-Nu§5é quf;

. N 450 267
'-N:45°ABQ° -
N 2
| :-x n65 gifl;.
N 6% A9t L W

| N-us?fzsf“g,w‘f
":N?45é 58h{’iw*x
| omse o
T1“N:u65;65i ;:wv
Cww ko oW
_Nf#éé,lQ'jm§W;

N u7°ﬂ§#7,§fﬁ

= = = = =

7&9_u4°,f': 'i
7o |
~j73°'35‘§l‘f?ﬁff
¢71§753fﬁ}_;fi_f'
57z°f33}j;-1_5‘
|
poy o
55073éii’ v :

o |

60° 100

2% |

B0

4 e s




15925 = 6425 MHZTV~

THE MAIN ROUTE OF THE rIRST 6 GHy SYSTIM. IN AN ARFA SHOULD
PREFERABLY USE THE rREQUENcIES IN THE A GROUP As SHOWN ON PAGE 80..”
\OTHER SYSTEMS WHIGH' GOULD POTENTIALLY CONFLICT WITH AN EXISTING ‘A
| TVYPE SYSTEM SHOULD CONSIDER THE USE OF FREQUENCIES N THE B GROUP9~
AS SHOWN ON PAGE 80. THE FREQUENCIES ASSIGNED TO A MAIN ROUTE SYSTEM.”--
SHOULD BE REmUSED ON THE BRANCHING OR SPUR ROUTESQ,*HL“° 4
SUPERVISORY9 CONTROL, AND MAINTENANCE INFORMATION MAY BE B
I CARRIED ON THE FOLLOWING rAcILITIES LISTED IN ORDER OF PREEERENOE- B
A..A) WIRELINE CIRCUITS OR IN THE SUBuBASEBAND OP THE MAIN“]f'
S;; RADIO RELAY SYSTEM |

' B) IN THE BASEBAND OF THE MAIN RADIO RELAY SYSTEM ABOVELI_Q.Q;: it

_THE REGULAR TRAFFIC BAND
o) THE SAME RF BAND9 oN FREQUENOIES DESTGNATED- rOR
AUXILIARY RADIO RELAY SYSTEMS. 'CHANNEL CARRTER N.ZI:E._;,
~_..FREQUENCIES EOR'AuxiLIARY;RADIOIRELAYASYSTEﬁSEAREIIQOiv_
GIVEN ON PAGE. 800::.“.; i _L 4 », . ‘.“._ |
.,D)1~IN ANOTHER FREQUENCY BAND ALLOOATED O Low cAPACITY‘:5¥1IL}iSj,

“SYSTEMSo' -

' SYSTEMS SUBMITTED FOR LICFNCING SHOULD EVENTUALLY HAVE

-_THE CAPABILITY TO TRANSMIT AT LEAST 600 TELEPHONE CHANNELS OR “THE. f»j

'EQUIVALENT LOADING OR TV ON EACH RADIO CHANNELo
A RATIO OF THREE WORKING TO ONE PROTECTION WILL BE PERMITTED
IN THIS BAND AT FULL CAPACITY THE SYSTEM WILL HAVE 6 WORKING CHANNELS

AND 2 PORTECTION CHANNELSO.A




© Group A

Channel Carrier Frequencies

. Channel No.

_Ffequéncy'(Mﬂz).":

1 5945.20,.
2 5974.85"
35 . 6004.50
. 6034s15.
5. 6063.80 .
6. - | 6093.45-. -
7 | 6123.10 |
8 . | 16152.751
S o} 6197.24
AR - 6226.89 %
C3v o 6256.54 0
A . 6286.19-
st T 6315.84 0 T
6' o f .6345.49"
A 6375.14 . .
S 6404.79 -

" “Group B -

. Channel Carrier Frequencies.

_Channel No.

" Frequency (iHz) |

©5930.37-

. -5960.0277 .
0 5989.67 -
. 6019.32 .

o e 6048.97

) 60780627
ool oel08.27 0

B~y S G N

10l e182.41 L

3 i 6241,71 0 -
o4t T 16271036
LS. T 6301.01
6. 6330.66
L7V Y 6360431 0
oo8" 1 706389.96 -

613792

c2r | ea12.06 ]

iCarrierCFfeQuencieS fbr'Auxiliaxy Qédio-Bé1éyﬁsystgﬁsfA\

_.Type(off
‘Modulation

; lChéhne1 Designatioin -

om0 | 592601 61719

. ‘Return
b A T

6178.1° " 6423.9 |

M L 59255 6172.5 . 6177.5 - 6424.5| . .




P; 81;f§',

THE TRANSMIT POWER DELIVERED TO THE ANTENNA INPUT SHALL

’\NOT EXCEED THE FOLLOWING VALUES: = |
a) 5 WATTs - FOR SYSTEMS WITH GAPAGITIES UP TO. 1260 :';
- VoIcE CHANNELS PER RF ‘CHANNEL L
_-;b) 10 WATTS = FOR SYSTEMS WITH CAPACITIES FROM 1261 “ﬁi;-ﬂ-ﬂ"""
":1800 VOICE CHANNELS PER RF CHANNEL ;5'n — o
:fc)_ IN NO EVENT SHALL THE PowER DELIVERED TO THE

ANTENNA BE PERMITTED TO EXCEED 20 wATTso.;._Nif L

‘ THE TRANSMITTED FREQUENCY SHALL BE MAINTAINED WITHIN +

0,027, oF THE ASSIGNED FREQUENCY. & ﬁ'."‘
THE SMOOTHED DIRECTIVITY PATTERN oF THE ANTENNA FOR BOTH

. POLARIZATION MUST REMAIN WITHIN THE ENVELOPE SHOWN IN PAGE 829

T SHOULD BE NOTED THAT THE CENTER OF THE MAJOR LOBE oF };ff}jffIi,~"
nbANY ANTENNA MUST NOT BE. DIRECTED AT LEss THAN 2 DEGREES FROM THE
GEOSTATIONARY SATELLITE ORBIT I B
FULLY DEVELOPED rREQDENCY PLANS ARE' SHOWN oN PAGES 83 AND SR
84, THE GIRGLED NUMBERS SHOW. THE. ORDER OF GRowTH 'PREFERRED ON- PAGE ij57
83 AND ALTERNATE ON_PAGE 840_ THE SOLID LINES on BOTH PAGES INDICATE '
-THE MAXTMUM NUMBER OF CHANNELS THAT COULD BE USED. ON A SINGLF ANTENNALI- -

- PERATIONo'
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S Pe 85

3500-4200 MH

 THIS BAND ALLOVS THE FULL DEVELOPMENT oF 16 TWOmWAY RF.CHANNELS
- WITH A CAPACITY ON EACH RF CHANNEL OF UP To 1260 VOICE CIRCUITS OR THE i
EQUIVALENT LOADING OR o THE OTHER ARRANGEMENT PERMITS 8 TWOmWAY RF f3”
CHANNELS WITH A CAPACITY PER RF CHANNEL EXCEEDING 1260 AND U TO 2700
VOICE GIRCUITS OR THE EQUIVALENT 'LOADING OR MULTTPLE TVQ' THE TREQUENCIES
' ASSIGNED TO MAIN ROUTE. SYSTEM' SHOULD BE RE»USED ON THE BRANCHING or . SPUR
| ROUTESo |

| THE LOWER FOUR TREQUENCIES 3550, 3570, 3590 AND 3610 MH - ALTHOUGHT

-'EXPOSED TO POSSIBLE INTERFERENCE IN CERTAIN AREAS CLOSE TO THE UoS /CANADA

BORDER OR COASTAL“AREAS,:MAY BE,USED.SUBJECTCTO-SATISFACTORY;QO%QRDINATIQN';Q;~ e

© WITH THE UoS,

SYSTEMS SUBMITTED FOR LICENCING MUST HAVE: EVTNTUALLY THE
CAPABILITY TO TRANSMIT AT LEAST 600 TELEPHONE CHANNELsg OR THE EQUIVALENT
LOADING -ON EACH RoFo. CHANNEL.. -

THE . FOLLOWING PROTECTION GHANNEL ARRANGEMENTS ARE PERMISSIBLE: -

a)’ ONE PROTECTION CHANNEL FOR ONE TO SEVEN WORKING CHANNELS

b) TWO PROTECTION CHANNELS FOR EIGHT TO FOURTEEN WORKING
. CHANNELSa

SUPERVISORY9 CONTROL9 AND MAINTENANCE INFORMATION FOR THE MAIN
RADIOwRELAY SYSTEM OPERATING IN THIS BAND MAY BE CARRIED ON THE FOLLOWING
FACILITIFS LISTED IN ORDER OF PRFFERENCE' §~j'

" a) WIRELINE CIRCUITS OR IN THE SUBmBASEBAND OF THE MAIN RADIOa
RELAY SYSTEMo ' B

'b) TN THE BASEBAND OF THE MATN RADIOQRELAY SYSTEM ABOVE THE
* REGULAR TRAFFIC BAND,.

¢) . IN ANOTHER FREQUENCY BAND ALLOCATED TO LOW CAPACITY SYSTEMS. - . - *




R

THE TRANSMITTER POWER DELIVERED TO THE ANTENNA INPUT SHALL NOT = . =

"EXCEED'THE FOLLOWING‘VALUES( i
a) 5 WATTS - FOR SYSTEMS WITH CAPACITIES OF . 600a960

TELEPHONE CIRCUITS, OR EQUIVALENT, OR TV PER RF CHANNELo

b) 10 WATTS ] FOR SYSTEMS WITH CAPACITIES OF GREATER THAN 960

A(CIRCUITS OR EQUIVALENT, OR MULTIPLE TV PER RF CHANNELQ

) C)iVIN NO EVENT SHALL THE POWER DELIVERED T0 THE ANTENNA BE
| o PERMITTED TO. EXCEED 20 WATTS PER RF CHANNELOZ_T iA o
THE CARRIER FREQUENCY SHOULD BE MAINTAINED WITHIN + O 02% OF

'I’THE ASSIGNED FREQUENCYQ'

.:- THE SMOOTHED HORIZONTAL DIRECTIVITY PATTERN OF - THE ANTENNA FOR7C*N"

.*BOTH POLARIZATIONS MUST REMAIN WITHIN THE ENVELOPE SHOWN ON PAGE 87a-j
. THE CENTRE OF THE MAJOR LOBE OF ANY ANTENNA SHOULD NOT BE
';DIRECTED AT LESS THAN 2 DEGREES AWAY FROM THE GEOSTATIONARY SATELLITE
iORBITe - ' _

PAGE 88 SHOWS A FULLY DEVELOPED FREQUENCY PLANy AND THE F

NUMBERS IN THE SMALL SQUARES INDICATE THE PREFERRED ORDER or GROWTHo

PAGE 85 SHOWS THE SINGLE ANTENNA OPERATION FOR THREF CHANNFLS

AND FOUR CHANNELSo -
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ERR USRI

6425“65907MH2_AND'6770r6930'MHZ ‘

THE BANDS 64256 500/6770 - 6930 MH, ARE ﬁ“RTrrULARLv VALUQBLP-
FOR RADIO»RFLAY SYSTEMS OPERATINC ™ THE CONORDINATTON 70Nt ot~gnhrn_;
~STATTONS IN THE COMNUNIPATION SATLLITTF SERVIGE BECAUSE OF ffgfﬁhowé}v“
 SHARTNG' ASPEGT WITH COMMUNICATION SATELLITE %YQTTMnnjffﬂﬂfFﬁﬁQUEﬁéY‘jv

- PLAN CCULD B /\RRAN(‘I‘D N '[“\IO FASH]ON.»; one /\}\RAI\TGY".MEN'?* IS ISASI“.I)‘ ON

20 i, CHANNFIIING BANDN]DTH AND WILL PROVIDP 8 TNOnUAY Rr PHANNFI FOR:}; I

MULTTPLE HOP RADIO«RFLAY SYSTEMS U]FH A CAPACTTY ON EACH RF PHANNIL or
up 10 1260 ¢ 55B FOM TFLFPHONY CHANuqu OR THE- pDUIVALPNr LOADTNC OR- TV ’iA”
- THE OTH]R ARRANGFMFNT 19 BASED ON A 40 MH CHANNFLL[NG B\NDWTDPH AND .
:WTLL PROVIDE & TVOaHAY RF CHANNFIH TFOR MUL&TPLr HOP RADTOmPPLAY sv TPM‘jjiff'>.“
:»wau A CAPACTTY PFR RF CH»NNrL F%PI!DINP 1?60 A0 up 1O 0700 3SB rnn TFL;i >:7'
: PHONY (‘HANN[‘LS OR T"I FOUTVALI‘NT LOATHNC OP MIII.'I‘] PLT 'l‘V (H/\NNFLu- TII_F. |
1FRPQU]NCIF§ ASSTONED 70°A MATN ROUTE 8Y8 TFM ,HALL-BE=Rgfu3nn;QN,Tumgf‘f
~ BRANGHTNG OR SPUR ROUTEuo*:'. o - o
TuF rOL,m«TNc PROTFPTJON (nAﬁNlL ARPANPIM}NT, APF:PFRN]SSIB!P o
'a) ONE PROTECTION CHANNFL bOP ONE, TUO OR . THPFF UORVINC |
| |  CHANNFLLo | _ | -
b) TWO PROTECTION CHANNELS FOR FOUR, >FIVD 0R€SIXZWbRKTNGKéHANNEﬁSm
-SUPERVISORY CONTROL AND MAINTENANCE INFORMATION MAY Bb CARRIﬁﬁ"
ON . THIE FOLLDWING FACILITIES, LISTED IN ORDER OF PRrrrRrNcnej B

Ay UTRPIINF CIRCUTTS OR TN THE SUBmBASFBAND OF THE, MATN RADIO=H
" RELAY eysTrMO S : L

~b) IN THE BASEBAND OF THF‘MAIN RADIOnRFLAY SY%TEM ABOVF Tur e
~ REGULAR TRAFFIG BAND, E ‘ R

¢)' TN ANOTHER FREQUENGY BAND ALLOCATED TO LOW GAPAGTIY SYSTEMS,



kS Po; 01

THE TRANSMITTER POWFR DELTVFRFD To. THF ANTFNNA.INPﬁT suALr
NOT rxcrrn THF FOTLOUINC YALURS ¢ | |
‘a) TFOR SYSTEMS WITH CAPAGTTIES OF up To 1°60 §58 FDH-
-  TrrrpHoNY nuANNrLs or FOUTVALFNT Pr RF{CHANNEL;:%
5 WATTS (7Dm«\ S
by  FOR SYSTEMS WITH.CAPACTfiES GRﬁATERfTﬁAﬁ-1é66”ANb¥UhAﬁ;fj
'f,‘;TO;18OOKSSB;ébeTtLEbﬁONY CHANNELS{QR IDUTVALFNT PER :‘

_RF GHANNEL: 10 WATTS (10 an). (ITfT PlCOPNT’FD VTTH

' (‘APA(‘TTTFQ (“RFATTR THAN 1800 (}‘JB I‘DM I‘TU PHONY (‘IMNNI L) S

_OP I'()UTV/\LFNT PTR RF (‘H/\NNI‘L TH/\T PO‘NR; (‘PFATFR THAN

"-:10 NA’I"P“ (]O DBW) M/‘Y BE Nl'(‘FQSwARY\

e) TN NO LVFNT QHALL TIIE POUFR DFLIV]RFD O’ rnr ANTINNA .Tf}.»“*“

| _TNPUT BE PFRMITTFD TO FKCFID 20 WATF ﬂ3 nnu) PPP RP ~‘ﬂ
1 }bHANNrLe | v SR
THr CARRTER® FRFOUENCY SHALL BE MAINTAINrn wffuwﬁfﬂfdéﬁéi Oﬁf;f
THRE AquCNrD FREQUFNCY | e
THE )MOOTHFD HORT7ZONTAL: DTRFCTTV1TY PA[TFRN‘OT THE ANTFNNQ{A“
._FOR BOTH POLART'ATION MUoT RFNAIN WTTHIN THF FNVILOPF euouwfoutPAqng:f"J
- RN
.TﬁE:fULLY DEVﬁLOPﬁD fREQURNCY PLANS:ﬁSTNGEMOﬁbfANﬁ-ﬁﬁAﬁi
POIART/AFION ARr STOYN' ON PAPI) 93 ARD 94 RF‘PF(LIVIIX,. UH]lh PAFI“:f
95 AND 96 nuow FTR%E‘AND srromn HY“TFM; ™ AN ARIA AND ]HIYR (lN]Rl

' FR?E’.()UENCTES TO BF.:U I‘I) TO" /\CHTFV!‘ PIJLL l)l,Vl‘IOPM[‘NT \'1'11[ /\ LOADIN(‘ 0]&3{

‘1260n2700 LTRCUIT‘/RF CHANNEL,»
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‘MEASURED' RADIAT(ON .MUST BE

WITH VERTICAL OR WORIZONTAL POLARIZATION|

| WITHIN THIS ENVELOPE FOR E & H FIELDS
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- FREQUENCY
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. 'RADIO FREQUENCY CHANNEL ARRANGEMENT

. CHANNEL .
- FREQUENCY. | -~
~ {MHz} ,ca%‘rg_m.

{ SYSTEWS WITH CARACITIES OF 1260 ~ 2700 TELEPHONY CHANNELS OR EQUIVALENT )
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. .’ _RADIO FREQUENCY CHANNEL ARRANGEMENT .
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P, 97

1710-1900 MHz

THIS-BAND HAS ™O ARRANCEMENTS‘THAT PROVIDE POR THE~DEVFLOP»'

:MENT OF RADIOnRFLAY SYSTEMS WITH CAPACITIES OF MORE THAN 60 AND UP TO
‘300 SB=FM TPLTPHONY CHANNELS OR THE FOUIVALFNT LO\DING, AND FOR SYQTEMS
WITH CAPACITIES or: AT LEAST 6 AND UP. TO 60 SSB-IFDM TELEPHONY CHANNELS

- OR THE‘EQUIVALENT LOADING.. THESE ARRANCEMENTS ARF DESIGNED FOR SYSTEMS

COMPRISED OF ONE WORKING AND ONE PROTECTION R.F.'CHANNELS. 1IF FULL.

* GROWTH AS INDICATED ON.PAGE 98 1S NOT ACHIEVED ‘AND‘IT‘&S NoT POSSTBLE -
TO RE-USF THE SAME SET OF SYSTEM FREQUFNCIES WITHIN THE HoP ASSOCIATFD
_ WITH A uPUR JUNCTION POINT OTHER UNUSED RF CHANNELS FROM PAGE 98 CAN-BE

-USED FOR THIS PURPOSE. (SEE PAGE 99)0_':1"

FOR SYSTEMS WITHVCAPACITIES OF 6 TO 60 TELEPHONY CHANNELS
REFER TO PAGE 100.\;

MOST 300 CHANNEL. CAPACITY SYSTEM° REQUIRE AN ANTENNA FOR
EVERY TWO ‘RF* DUPLEX CHANNELSo

QUPERVISORY’ CONTROL AND MAINTENANCE INFORMATION MAY BF
CARRIED IN THE SUBwBASEBAND OF RADIOnRELAY SYSTEM.‘ USUALLY‘RADIO

RELAY SYSTEMU IN THIO BAND CARRY SUPERVISORY, CONTROL AND MAINTFNANCE

: INFORMATION FOR OTHFR RADIOmSYSTEMS (1oe. 4GH7 AND 6°ClH,, BANDg),

THE TRANSMITTER POWER DELIVFRFD TO THE ANTFNNA INPUT SHALL

NOT PXCFED 2 WATTS PER RF CHANNFLo

_ THE CENTRE FREQUFNCY‘OF THE EMISSION SHALL BE MAINTAINED

WITHIN + .01% OF: THE ASSIGNED FREQUENCY.

e THE SMOOTHED DIRECTIVITY PATTERN OF TUE ANTENNA FOR BOTH

lPOLARIZATIONS*MUST REMAIN WITHIN THE ENVELOPE SHONN ON_PAGE 101¢
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|6 - 60 TELEPHONY
- GHANNEL SYSTRMS

'CHANNEL CARRIER  FREQUENCIES

. G0 Froquency RETURN - - Frequency
Chamnel No.. . (MHz) . _ Ghannel No. (MHz} ’
A7 1770 A7V o 1825.5 ¢
B7 - 1924.0 - BT 1832.5
A8 ‘ 1731.0 - A8 1839.5
. B8 . - 1738.0 - B8 18L6.5
A9 1745,0 - | A9t $1853.5
' B9 1752.0 - B9 1860.5
A10 ©1759.0 A10! : 1867.5
B1O . 1766.0. . ~ B1O' 18T7h.5 i
© A1l o 1773.0 ALY . 1881.5 -
Bl 1780.0 . B11! 1888,5 |
A2 * 1967.0 | AR - 1895.5 _
CBlR 1790 | o Bl2Y 1902.5 |

_ - 60 TELE PHONI CHANNE SYS“"‘&
ERE’)UD;\T\J PAIRING FOR DUAY, RF GHANNYL “SYSTEMS

o | (fst Hop) REGTURN Go (2nd hop) RETURN
Syotam {1 | A7-A10 V. A71-ALOY ¥ - B7'-B10' V. BJ-BLOV
Syobem 2 | AB-ALL M AB'SANLY H | BS'SRIL' H - BG-BALH
System (13 |A9-A12 W(H) A9'=AL27 (i) B2 V() B9-B12 V{H)

- Notess - This nlan is repeated on the third and fourth hop
' ‘with ~ross—polarization,

An opposj_te polarization scheme than -
_that suggestad above mey be. employed,
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GENERAL CONSIDERATIONS

a) FREQUENCY PLANS ARE EITHER WO FREQUENCY PLANS OR FOUR
FREQUENCY PLANS (SEE PAGE 103 FOR DETAILS)o
b) IN A PROPEREY DEVELOPED FREQUENCY PLAN NO STATION SHOULD

TRANSMIT THE FREQUENCY IT RECEIVESo IF_THIS SHOULD OCCUR SERIOUS INTER=

' FERENCE NOISE COULD MAKE THE SYSTEM UNUSABLE . THE TRANSMITTED SIGNAL IS

AT A MUGH HIGHER LEVEL THAN THE 'REGEIVED SIGNAL AT ANY STATION. TO AVOID
INTERFERENGE FROM THE TRANSMITTER INTO THE REGEIVER, THEY MUST BE SEPARATED
IN THEIR FREQUENGYo B o | o

70 AVOID SUGH A HAPPENING IN A FULLY DEVELOPED PLAN ANY
LOOPEDVSYSTEM-SHOULD.HAVE AN EVEN NUMBER OF HOPS.

¢) THE LARGER THE SIZE OF TUEiANTENNA, THE MORE IS ITS

DIRECTIVITY. THIS WILL MiNiMIZE THE AMOUNT OF TRANSMITTER POWER OUT-
SIDE THE MAIN. LOBE AND CONSEQUENTLY REDUGE THE GHANGE OF . INTERFERENCE
IN FORETIGN SYSTEMS OPERATING AT THE SAME FREQUENCY TN THE SAME ® GEO-

GRAPHICAL AREA.

.d) - LOOKING AT THE FREQUENCY PLAN ON PAGE 103, TRANSMITTER A
GAN GAUSE-LESS. INTERFERENCE IN REGEIVER G THAN TN RECEIVER D SINGE
REGETVER D OPERATES ON THE SAME FREQUENGY TRANSMITTED FROM A, WHILE G
1S SEPARATEU IN FREQUENGY FROM TRANSMITTER‘AQ HENGE, IT IS RECOMMENDED'
TO GROSS POLARIZE FREQUENGIES FROM'A TO B AND FROM G.TO D TOZFROYIDE

MORE DISCRIMINATION.
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BASEBAND FREQUENCIES: «

PREVIOUSLY WE STUDIED THE PROPERVARRANGEMENT USED-WHEN‘TRARSm
MITTING MICROWAVE CHANNELS AND HOW THE.IE SWITGHING FUNCTIOES PROVIDE
RF PROTECTION, ON PAGE 165 WE WILL FIND THE EQUIPMENT ARRANGEMENT FOR
THE TRANSMITTING END.BEYOND THE IF SWITGHING TILL THE OUTPUT OF THE
MULTIPLEX. IN EFFECT WHAT IS SHOWN ON PAGE 105 IS THE BASEBAND PORTION
OF A MICROWAVE SYSTEM'S TRANSMITTERS, THE MULTIPLEX_EQUIPMENT 13 USUALLY |
' LOGATED IN THE CENTRAL OFFICE WHERE THEESWITCHING EQUIPMENT IS.  THE
MICRODAVE RADIO EQUIPMENT COULD BE LOCATED AT THE GENTRAL OFFICE,LWHERE
THE WIRE LINE ENTRANCE_LINKS CABLING COULD BE A FEW FEET LONG, 1IN URBAN
AREAS WHERE . THE PCSSIBILITY OF BUILDING BLOGKAGE IS PRESENTEOR BECAUSE OF
ZONTNG Aﬁn ATRPORT RﬁszICTiONs; THE_MIGROWAVE RADIO_EQUIPMENT COULD " BE
LOCATED A FEW MILES AWAY FROM THE GENTRAL OFFICE, IN THE OUTSKIRTS OF THE
URBAN AREA, - | , | |
"IN THE BASEBAND‘HIERARCHY FOR‘AN'FDM_SYSTEM; -

12 VOICE GHANNELS (OR TELEPHONE CIRCUITS) = 1 GROUP

60 VOICE CHANNELS (" o mo) = 5 GROUPS 1 SUPERGROUP
'600 VOICE cﬁANNELs " R Cw ) =10 SUPERGROUPS = 1 MASTERGROUP
3600 VOICE CHANNELS (" n i ) = 6 MASTERGROUPS = 1 JUMBOGROUP

TT SHOULD BE NOTED THAT JUMBO GROUPS ARE NOT CARRIED ON _
MICROWAVE FACILITIES BUT RATHER ON CABLE FACILITIES (AT&T“S L4 CARRIER)o
THE BELL SYSTEM BASEBAND HIERARCHY IS SHOWN ON PAGE 106oiv

ON PAGE 107 YOU WILL FIND THE CARRIER FREQUENCY ALLOCATIONS
FOR TYPICAL BELL AND CCITT SYSTEMSo THE Ll MULTIPLEX WAS THE ORIGINAL

" BELL SYSTEM MULTIPLEX DEVELOPED FOR THE TD=Z MLLROWAVE RADI09 WITH A
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IENCY ALLOCATIONS

Qs?

{SPECTRUM FREQUENCY

CHANMEL SIDEBANDS ARE EREC

»
(&}
£
SRR
e H
-
- T
r F'
(5]
z 34
W&o
b= u
g un
gy
L ¥g -
o co .
5 W2
o Mg
-3 &

3
M

WCREASES WITH INCREASING AU

CHMANNEL SIDEBANDS ARE 1Ny
IKCREASES WITH DECREATIN

N

>

TOP NUMBER iNDICATES LOWER BAND T OGE OF-

SUPER GAOYP,

" BOTTOM NUMBER INDICATES UPPER BAND EDGE OF .
KUMBER CUTSIDE OF BOX INDICATES ‘SUPER GROUP.’

[;

N

SUPER GROUP,

s,

.~ . N

B e

»

-f

U
" i wQ

et K B I -rm “N”M
.5 & px@

& .z X W
=] x X .
E B o Hmm

5SS 28 E

AE .., WJ_ . ’ nmA .Wmﬂu
E 8% eE wo2
ES "..wrm. e 269
£ ’ ~

e .NWW. Rm. ..WPI..
5 =z - of ‘cwm
a wa W (S Y
- D D -
Y-S o mui

S5 qw - 83 575 .

- . s 2
Soi. EZg 0 4 265
B B Bm . Fok
“e @ . R
%5 Om Zm. - & “ .
we- 23 ok .MMY
‘Se 9 | Za =8
=¥ w 8. 8F;
Wi W.Y feopn ]
=k ‘. . ogau
d3  E8 g Ede
N .

o it ) sk e e 152 ah %0 00~

-—— . -

. © -

C weeaD

— l.,..l..l..l.,'-rL

b

L

~

@
n
»

)
~
o
5]
-*

E
o~
g
2
©® ©

2Livt s

. peeni|”'®
) G501
i

oarci| 118

N
atoz 5%

A woss (L

g Lo
SRR (XY 628

1134

v

tagoi] B .

R

MM .

i

!

o

§
18,000

o
R
“t
2
12,000

- o= ]

1,000

Ke

; 3 pre9 loae 1
. . Z109 . . . oV 19 Ov 19 yo09 Joa
o . e o e e o e e e e - 0066 0 | e 10068 S | -
‘e e 2688 . 2600 v ., . . N :
vy ) : voce ] - ) reres
y 2% |8 | v2es |9 . rooe .._w
. Cololes . XTI 9226 1o .
' 9406 |4 | oi06(t | |24 lerz 1.
o L < N T - Up——
- e = {0908 e st e e 090G - = - {5700 . m
. . ozoy |¥- m~ ozaw |® mh paly |NE
' 028 0Z0v 08LY :
' oosv |8 oos v |® ovgy |12l
: T 215 ) © .H
. ) Zee |¥ ) . wev|? A LI
wev > oz D> . — .
moiv]lg ) seee |22 m
o e - | DYEE - 086 - ——]
o : : e
2¢ |9t ovee Lo (92T .
ton oue | e
. < 269% " =
: s mal® g ,
’ ' 250 -
rman v : evels esee |92
"
h"mom A : . 96i¢ |, :
sllllntgwnon I AP Et Y P h illlm
o ”Mm poicly ] .- . forez .
B0 |, _?3 0’ 9292 I g
pog2 [0 = . -
ovez : oocs |t 9852 { oz
' [} . vEe
- 00¢Z . :
e . w 2152 &1 2z .
‘ wEa m__ e @N«.NN s geiz)® ¢ ooy |52
D ; z . - 2c0¢ 1% e, L= S
_———— A Ty I e .t 1 L e (r-Ta I .
o R @ : vom [0 R i, o . |vont sk )
g 96 41 = it Cpeniy,, ¥
96.21 . 621 9641 2191 P L esar],
4_wan_ ocgr |4 ., ogg1 [ @] 3 ssst |4 g R .
b Gl . ovel |, faver ), - 1. @ Gvel | TR E UGl oy
Ton_ ' oort |2 .. s oot 21 g goei |? m O AMOM__.
00¢1 00¢! ' ot |, .- ar . , 100€1 . ooct |, = oc o .
hog_ osor {8 - - losor 1. m%m. . ,_owo_ M- i N ”cho_ g .l
e e e oo fHZGOL e 2600 | =~ = —[2600 |,y w¥es — = — Hagon | s.)l.!l.ll...!l_uno_ -wlll 2601 ==
T.a : 2ie. )" zig P \_\.w N A_Ns v o), N:.u.ﬂ.v & B 1T w .
' +08 ' +08 - .  fvoe.dup L vO8 ) v0D T (LI T .
A_ecm . vag €. ¢ - soaf> 28 et A ) vos |§ vog |9 ‘ vo5 J
T,,.n Se e UGS ey | - 1EE e |7 i ,
RIEXS 21 21g N . T
Wﬁlw . = memv_wn E ; oosl> sk > cos >
W) ‘. t : .
9 89 09 L :
— vof>” = ogf>t——y . :
’ 3 i 3 LBy v X ' radl %3 Vv,
2 £h 4'Y L2295 - %
. S LR . = nFHG T x
r . ~ O . co GO o ) .
- : W L e ~- L ZESEe 3o
. ol GsT e -
. . . VLS wxt ) X
; . Yo NI X -
fﬁ\\ ( T z . .mw ;T e

6000

AEVISED P-63




P, 108

CAPACITY OF 600 V.Fo CHANNELSo . THE L3 AND L4 BASEBAND- FREQUENCY
ALLOCATIONb ARE USED ON THE BELL SYSTEM“S L3 AND La CABLE CARRIERSo " IT
SHOULD BE NOTED, HOWEVER, THAT MASTERGROUPS 1 AND 2 ALLOCATIONS oN THE

L4 SYSTEM ARE SIMILAR TO THE BASEBAND FREQUENCY ALLOCATIONS FOR THE TD=3

: (BELL‘SYSTEMSMICROWAVE‘SYSTEM WITH;1200 VoFo CHANNELS CAPACITY) ASSIGNm

MENTS.,
THE CCITT 4MC SYSTEM FREQUENGY ASSIGNMENTS ARE USED FOR

MICROWAVE SYSTEMS WITH A CAPACITY OF 960 V., Fo CHANNELSO HIGHER CAPACITY

SYSTEMS HAVE TO USE THE 12 MHZ BASEBAND FREQUENCY ASSIGNMENTSaigFOR MORE

.'DETAILS ON THE CCITT QMC QYSTEM SEE PAGE 109 AND 110,

AT THIS TIME WE WILL LOOK IN. DETAIL AT THE BELL SYSTEM"S 1200

CHANNEL CAPACITY BASEBAND MODULATION PLANo THBSE ARE SHOWN ON. PAGES lll,

112 AND 113, ..
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; MICROWAVE INTERFERENCE:

[

_ ~IT WE HAVE TWO MICROWAVE RADIO RFLAT SYSTEMS WITH THE HOP AB ON
THE FIRST SYSTEM AND CD ON THE SECOND THE AMOUNT OoF INTERFERENCE CAUSED BY
TRANSMITTER A JINTO REGEIVER D WILL DEPEND ON THE FOLLOWING: =

a) . THE POWER OF TRANSMITTER A GOMPARED TO THE POWER OF
TRANSMITTER Co |
 b) THE DISTANCE AD GOMPARED TO DTSTANGE GD, -
‘c) THE ANTENNA GAIN AND DISCRIMINATION GHARAGTERISTICS AT
BOTH A AND D, |
°d) ' THE FREQUENGY SEPARATION BETWEEN THE FREQUENGIES TRANSMITTED
FROM A TO B AND THE FREQUENGIES RECEIVED FROM G AT Do

e) THE FILTERING GHARAGTERISTICS OF THE RECEIVER AT Do
£) THE TERRATN PROFTLE GHARACTERISTICS BETWEEN SITES A & D,

8) THE CHANNFL LOADING OF HOP AB AND GD,

LET US DISCUSS BRIEFLY SOME DEFINITIONS THAT WE WILL NEED FOR THE

RFST OF. THE COURSE,

114
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THF DECIBEL IS A UNIT FOR COMPARING THE LEVEL OF POWER BETWEEN

TWO-: POINTS ON A CIRCUIT, PROPAGATION PATH ETCo o &

A : ] B
BWATTS _ O WATTS

'TO COMPARE THE POWER BETWEEN INPUT POINT A AND OUTPUT POINT B
WE USE THE DB  UNIT. »

THE. DIFFERENCE IN POWER LEVEL BETWEEN THE OUTPUT AND THE INPUT
ISt = -

10 LOG.L9,= 10 X 3 —-3'DBQ

=

5 SN
OBVIOUSLY THE DEVICE IS AN AMPLIFIER AND ANY SIGNAL INPUTED IN

- IT WILL BE AMPLIFIED BY 3 DB.

o

INSTEAD or COMPARING THE DIFFERENCE IN POWER LEVEL BFTWFFN TWO
POINT39 THIS UNIT COMPARES A CERTAIN POWER RELATIVE TO A POWER FQUAL ONE
WATT.

FOR EXAMPLE A 2 WATT POWER IS EQUAL TO

10 LOG <2 WATTS)“:.' 10 LOG 2 = 10 X .3 = 3DBW, .
\ 1 WATT o ‘
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oy

10 WATTS " TS - 10 L0G (10 WATTS) 10 LOG 10
© ("1 WATT.) o
«;510 X1 =10 DBW

 dbm
THIS UNIT COMPARES A GERTAIN POWER RELATIVE TO A POWER
EQUAL TO ONE MILLIWATTo B |
”11 WATT 1000 MILLIVATTS

FOR EXAMPLE A HALF WATT POWER IS EQUAL To 500 MILLIWATTSo

10 LOG )00 T T=‘ i0 x 2 7 “ 27 dbm
T ' » .
roR,z WATTS, 10 L0G 2000 me o 10 % 3.3 =,33‘d5m°
: ' - -1 ‘{mw A’ a

THE DIFTERENT POSSIBLE SAMEmFREQUENCY INLERFPRENCF SOURCES

ARE _SHOWN ON PAGE 117o OFFuFREQUENCY INTERTERENCE BETWEEN FREQUENCIE%
Fyi AND Fg ARE NOT SHOWN on. THIS FIGURE0‘1“ -
EXAMPLES o -
| FOR THE WO HOPS SHOWN ON PAGE 118 FIND THE TOTAL
DISGRIMINATION? (an LEVEL OF THE DESIRFD CARRIER/THE INTERFERRING GARRTER )

. THB LRANSMIL POWER OF STATTON A= 10 LQG 5000 = 37 dbmo,

THE GAIN OF THE DELAY LFNq L =30,7 dbe
~ (SEE PAGE 119) -

i

ERP. (EFFECTIVE RADIATED.POWER) TX POWER - ANTENNA GAIN

ERP AT A =.37 4 30,7 = 76,7 dbo -
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OVER &mcu IITERFERENCE . v ,/
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: ADJACENT SECL'IQ_L —_—— «\\ DS
ucmassﬁancg, - LTI
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IITERFERENCE
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. DACKEONE TO SPUR
- INTERFERENCE

e pdadad AP Al et gt e ns e

© UOTE: SAME SECTICN |NTERFEREHCE 1S CAUSED DY
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‘ 'AmAcsm szcnw mTEéFEPEmct IS CAUSED -
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. Microwave System RF: Intérfe_rentes .
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THE GAIN OF THE 89
_ERP AT ¢ =

'ERP ADVANTAGE AT D,

fl

DISTANGE ADVANTAGE =

‘-ANTENNA DISCRIMINATION AT A - =

4 (SEE PAGE 119)

]ANTENNA DISCRIMINATiON AT D =

TOTAL DISCRIMINATION

' § DISTANGE ADVANTAGE

* THE TRANSMIT POWER OF STATION G =
DISH =

27 + 37,3

B ANGULAR DISCRIMINATION =

. aTION

10 LOG 500 = 27 dbmo

37, 3 dbo (snn PAGE 120)
é'_64;3'abo:"

ﬁRP AT;Cim ERP AT A° '

5403.; 760?A S 1204 ab.

20 LOG (75 MILES) = 20 LOG AD

(15 MILES) - GD.

20 Loc 5= 14 dbe

_$Oﬂdb:(X[POLAR¥éAiiON};
39,5 ;}50.~=} 89,5 db;
EEP ADVANTAGE ‘ ?1204‘db
-

£ ANGULAR DISCRIMINm ‘:iggigmggf;;

4+ 91,1db -

'DESTRED CARRIER/INTERFERRING CARRIER = 91,1 db,

= 9L,1 dbs

§39¢5,db'(SAME‘POLARIZATION){_

Po
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P

SAME_FREQUENGY INTERFERENGE CRITERIA

THE ‘RATIO C/I IS RELATED TO THE NOISE IN THE BASEBAND V Fo

"GHANNELSO THIS RELATION IS

G/I = 88 - NOISE = RECEIVE TRANSFER GHARACTERISTIGo

iNOISE_IS_EXPRESSED IN dbraco, WHILE‘THE RTC IS EXPRESSED IN

“db,

THE RTG FOR DIFFERENT BELL SYSTEM OR GCIR LOADING IS GIVEN

ON PAGE 1230_

EXAMPLE° 5

A CCIR 'SYSTEM' WITH A LOADING OF 600 CHANNELS 1S INTERFERING

JIN A'BELL SYSTEM'WITH 1800 OHANNELS-LOADINGO ,THE&CALCULATEDfTOTAL

N THE BASEBAND? |
INTERFERING 600 CGIR B
‘ DESIRED - 1800 BELL SYSTEM
FROM THE TABLES IN PAGE 123 ; ReG I=l_5é1-4bga
/1 ; '50 b |
c/1 = ASSIP NoISE a;be:'

‘59

i

88 o NOISE = 5,1
NOISE = 23p9,¢bfncoo‘;ﬁ .
FOR A PROPERLY DESIGNED SYSTEM THE NOISE CAUSED BY AN INTER-

' FERENGE EXPOSURE SHOULD NOT EXCEED 4 dbrncoo

122

 DISGRIMINATTON ng59*dbd,{EINDQTHE NOISE. INTRODUGED TN EACH VoF. CHANNEL




. Interfering

| Desired

'BELL SYSTEM -

CGOIR:

40
600
720 -
960
11200
1800~

480

20,1
1643

9.1
4,2

600
21,0 =
18,8

18,1

: ].30 8
119
T2 -

RECEIVER TRANSFER CHARACTERISTIC

3B

Bell System- -

720

21.1

1902

18.6

14,6
12,7
e

960

21,6

2004

2001
1707,
1605
12,7 -

20,7
2004

1200

21.6

1806
17.6 .
L4st

1800
(217
20,9

20,7
19,8
19,2
1703 |

480
20,0
16,9
15,9
10,7
8,5
“3¢7.

600
2066 -
17,8

1659

12,0
9,9
. .’5‘:,1:‘. ‘

ce

720
20,9
18,5
17,7
13,1
1L.1
6.4

iR,

960

214
19,7
19.1
153

13,5

1201

"21:6

20.3

19,8
16,8
15,2
o o1lel

1202

21,6

20,6

2002
18,1
16,9
i3§4 .

1800

2167

20,8

- 2046
19,2

18.4

15,8

© T4z0
600 .
720
960
1201
1202
1800

.zigo
19,7
18,5
15,8

13,6
10.4
70’].

21,6

20,7

19,9

17,8
15,9 -
13.1
100

21.7
20,9
20,2
1803
1606 -
13,9

10:9

22,0

21,5
91,1

20,0

191
17,3
15,1

22013
2106 -

. 2].0 2‘ :

2004

19,7
'1863/
1664

22,1
. 21,7
2L.4
20,8

2004

196
18,6

20,9

18,3
15,4
_.l3ol'

9,9

. 6 06 ‘.

2104
20,2
1%L
16,5
14,3,
11.3

8,0

21,7
2006
19,7
17,3
1503
12,4
t9,2

22,0
21,2
20,6
1808
17.2
14,7
11,8

22,1
. 2165
21,0 -
19,6

1804

1602
1346

22,1
2106'
21,2

20,2

19,3
17.7
15,6

221
21,7
21,4
20,7

2061 -

19,0

17,5

ggl cd




.PE 124
THE TABLES ON PAGE 125 GIVE THE DESIRED C/I FOR DIFFERENT '
LOADTNGS ON CCIR OR BELL SYuTEMS MICROWAVE RADIOS, AssUMING THAT A & dbrnco-
~ OF NOTSE COULD BE ALLOWED PER Exposum:°
| EXAMPLE: - . | |
EOR BELL SYSTEMS RADIO FIND THE PROPER C/I"IF:THEJINTERFERING“
- CHANNEL HAS 480 V.F. CHANNELS IN OPERATION WHILE THE INTERFBRED .
CHANNEL HAS. 1200 Vo Fo CHANNEst ‘
ANOIS_E = » 4 _dbrnc_o -

RTC

N

901 db. '“.(SEE PACE.123)'1NL7
¢/1 = 88 ; b o 9,1 'A = 74,9 db.

: _WHICH 1S APPROXIMATELY EQUAL TO THE 76 db - SHOWN ON PAGE 1250

- OFFmFREQUENCY INTERFERENCE CRITERIA

THIS TYPE OF INTERFERENCE USUALLY COMES FROM FOREIGN SYSTEMSo
NOISE CONTRIBUTION 19 USUALLY CALCULATED FOR THE WORST CASE WHEL NEITHER

CARRIERS ARE MODULATEDo

PAGE 126 SHOWS THE RECOMMENDED C/I FOR OFFmFREQUFNCY INTERFERENCE
CASES. | o |
EXAMPLE ;":l - ) | | |

| To SYSTEMS HAVE 600 V,F, CHANNELS 'LOADING AND ARE' SEPARATFD |
BY 6 My, PIND THE RECOMMENDED C/;e_)f

'FROM PAGE 126 ~ .- G/I = 55 dbo



. Interfering

-i?Desifed'

48 0 =

600 :

720

CARRIER TO INTERFERENCE RATIO

Bell System

960

- db.

" FOR 4 DBRNCO OF NOISE

480

600

720

CCIR
960 1201

1202

1800

480

960

- BELL SYSTEM

1800 -

Ceoir oo

1800

600

2720
1200

"?*480'

‘600

1; }720 "--‘:'u
:féédT

g0l e

1202

ek
67
68
8l .
g5
f‘éslg
-574:;,

77

63

65
n
73
_778

62

ﬁé}f‘

66,
- 68 .
7L

74

e
65 -
66 -
A?O ot

’ 72' 

7

T3
“eh
.66

o
200

73

62 .

62
64
68
63

e

v'69':'

64 -
66 -

62

65 =

67

62

63

65

62

62

64

64 -

66

C6b
66

@

" 1200 1800 -
'éé
63
| 65t#.
ek
“651

,;62 
*52 -
63
”{63
“éé..
o

;'65., 

64"
6T
e
74_1,
if‘iéf:
8L ..
} ;’63 E
65
-[féa"
" 69

 71%>_”
o I

77

63

66

67
72;'
75
80 -
e
155:

68 .

.73

76 .

70 .

63

65

7

74

79
62
63

64

67

69

72

75

62
64

65

69

0o

76

62 o
63
63

65

' 67

69

72

6
Y
o
68
69
:74 .
62

63
63
65
66 3
'-;634 S

70

.
- 6k
64

66

- 67

7

62
62 -

64

66

- 68

65 .

62
63
6t
65

66

62

62

63

: 63

63

69 .
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Gz1.°d -



. R R T -ALLOWABLEINTERFERENCELEVEL o e s e

o=y
il

R ~'Co—channe! mferference producf limit: 10 pW FIA for each mferference source.‘ -

. 2, -Spunovs leve! is —65 dBmO or smaller for an unmodulated mferference s:gnu!

: 3. : 'Adpcent channe! rewlfs in crosstulk Iower tbon bcmc nolse under uny propclgahon condmons, L

Effect of CCIR pre-emphusxs mcluded

HURPURRE: + SRR b/ W SIS PR :
S e Loy . C g
[ )

“Ratlo “dB

o

~_.Devmhon s ZD kHz RMS for 300 600 and 960 channels und is 140 kHz RMS for !2(X) channels o
. . .- 4...-:-~ ::~ ~:~ '., .

3
=

} .;L-.

-3
L L
8
()
>
g
E..'
|
&
Q
g - .
[|
]
|
|
[

ekt

er \
s

- S
"

D < D I

E=c==x¢

—— 5 - A' - '_4'__..__1___600 Channels I »
i ENN R B> A | x

. T

HBRLL
L]

s wenitea/ Unwantod Corrl
aul ‘ |

_ Requnrement I . ;
-+ e —%?‘:k";':_":- PR

}‘ "300. Chdnnels i

—f- %

- ,Adjaceflf Cl-rcmﬂel

A 'Requirement R

) i -
4t
6.2 04 o4 1.0 2. . 4 e "'8'16}' R
| S FREO FERCY B “Ff’:s\f’lf &Eiwsz DESIE D ND !NTE:{F[ ING CARRFIS (w;»\ e




- e o

SATELLITE - INTERFERENCE CRITERIA

EV COMMUN ICATIONS SATELLITE SYSTEMS OPERATE: N BOTH THE
:4 GH, AND 6 Gy FREQUENCY BANDSo GEOSTATIONARY SATELLITEs ARE
'POSITIONED 22 ;000 MILES OVER THE. DQUATOR (o DEGREES OF LATITUDE),‘EM.
AND- ROTATE AT A SPEED EQUAL TO THAT OF THE EARTH. - THF LONGITUDE
[fioF THE SATELLITE GOULD VARY WHILD THE LATITUDE 1s ALWAYS AT O
E.DEGREESO E. |
| THE UPWARD LINK 18 IN THE 6 GHZ BAND, WHILE THE DOWNa
J::WARD LINK. - IS m THE & GH BAND° THIS MEANS THAT TERRESTIAL
:x:SYSTEMS OPERATING IN THE. 6 GHZ BAND COULD. INTERFERE WITH THE f;{f"
" SIGNAL RECEIVED AT THE SATELLITE WHILE THF SATELLITE INTERFERFS ;:"
;:WITH TERRESTIAL SYSTEMS OPERATINP IN THE 4 GHZ BAND
-'EXAMPLEs“; R . S
A TERRESTIAL MICROWAVE SYSTFM OPERATING IN THE " GHZ
‘ BAND 'HAS- A’ RECEIVER WITH A LATITUDE Or 48 DEGREEs AND AN ELEVATION
B ANGLE OF + 005 DEGREEO' ITS AZIMUTH FROM SOUTH TO EAST IS 78°
i rIND THE INTERSECT ANGLE OF THE STATIONARY ORBIT BY THE RADIOmRELAY
| ANTENNA EEAMOf IN ADDITION FIND THE LONGITUDE OF THE INTERSFCT
' poINT OF THE STATIONARY ORBIT° I“"'i
“FROM THF GRAPH ON PAGE 128
- WITH AN ELEVATION ANGLE OF .+ o5 DEGREE

AND.A_LATITUDE = 48 DEGREES %
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, L . P, 130

. - THE ANTENNA A?IMUTH FROM SOUTH FOR A DIRECT INTERSECT or

| "STATIONARY ORBIT IS 79 DEGREES,

THE DIFFERENCE IN THE INTERSEGT ANGLE I8 79« 8 == ONF DEGRFEo
iT- IS RECOMMENDED THAT THE DIFFERENCE IN THE INTERSECT ANGLE BE MORE
THAN FOUR DEGREES AND NOT LESS THAN TWO DEGREES.

.IF THE LONGITUDE OI‘ 'I‘HE MICROWAVE' RECI‘IV}"R IS X THFN THE -

LONGITUDE OF THE INTT‘RSECT POINT OF THE STATIONARY ORBIT IS: "én

(X = 76) . DEGREES . (SEE.PAGE 129),
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WE WILL DEAL INVTHIé PORTION OF THE COURSE WITH THE NOISE

PERFORMANCE OF A MICROWAVE SYSTEM.

THERE ARE BASICALLY TWO TYPES OF NOISES IN A TRANSMISSION .

SYSTEM.

a) IMPULSE NOISE: -~ WHICH IS OF TEN.THE NOISE PRODUCED

BY EXTERNAL SOURCES TO THE SYSTEM ITSELF., THIS TYPE
OF NOISE IS HARD TO PREDICYT AND IS MEASURED FOR A

CERTAIN DURATION OF TIME, SINCE AS THE NAME INDICATES

IT, THE IMPULSE NOISE IS NOISE PRODUCED DURING A SHORT

DURATION OF TIME.

131

IMPULSE NOISE COULD BE PRODUGED BY HIGH VOLTAGE SWITGHES

AND HAS A VERY MARKED EFFECT ON DATA TRANSMISSION,.

b) - STEADY STATE NOISE: = THIS TYPE OF NOISE iS INHERENT TO

‘ : R THE SYSTEM ITSELF AND PRODUCED INTERNALLY, AND GOULD BE

\

| .

| PREDICTED BY CALCULATIONS.

| THE STEADY STATE NOISE INCLUDES: -

1. THERMAL NOISE: ~ THIS NOISE IS INDEPENDENT ON SYSTEM

LOADING, HOWEVER, BECAUSE OF THE PROPAGATION CHARACTERe'

ISTICS OF MICROWAVE PATHS, IT WILL BE A FUNCTIQN OF

THE FADING ON THESE PATHS. FADES DUE TO PROPAGATION

- ARE TIME DEPENDENT AND COULD BE EXPRESSED STATISTICALLY

RELATIVE TO LONG PERIODS OF TIME (eoges ONE MONTH). -

SYSTEM LOADING, HENCE IS TIME DEPENDENT DUE TO VARY«

ING TRATFFIC CONDITIONS. HENCE, MAXIMUM INTERMODULATION

|
| .
2, INTERMODULATION NOISE: -~ THIS NOISE IS DEPENDENT oN
NOISE COULD BE EXPRESSED IN TERMS OF "BUSY HOUR™,
|
\



THE MOST PROMINENT SOURCES OF THERMAL NOTSE ARE THE:

Lo
20

3o

b

BASEBAND AND MODULATING EQUIPMENT
LOCAL OSCILLATORS
ReFo AMPLIFIERS

RECEIVER "“FRONT LEND!

THE MOST PROMINENT SOURCES OF INTERMODULATION NOISE

ARE THE:
Lo
2

3e

4o

PHASE CHARACTERISTICS OF RF AND IF CIRCUITS
AMPLITUDE CHARACTERISTICS OR RF AND IF CIRCUITS
AMPL".FTUDE - LINEORITY CUHARACTERISTICS OF THE
BASEBANﬁ EQUIPMENT |

ECHOES

THE EFFECT OF PHASE DISTORTION IS SHOWN ON PAGE 133,

. u'Po 132

A SINE WAVE, WHICH REPRESENTS THE SIGNAL IN THIS CASE; 18 COMPOSED

OF MANY HARMONICS, WHICH HAVE DIFFERENT FREQUENCIES. IF A CIRCULT

PASSES DIFTFERENT FREQUENCIES AT DIFFERENT SPEEDS, THAN THE HIGHER

HARMONICS WILL ARRIVE AT A CERTAIN POINT IN THE GIRCUIT LATER OR

BEFORE THE LOWER HARMONICS, WHICH CAUSES THE PHASE DISTORTION.

ON PAGE 134 AND 135 THE THERMAL AND INTERMODULATION NOISE

1S SHOWN FOR THE RoF. PORTION OF A MICROWAVE RECEIVER.




PLrar

PHASE DISTORTION

N\t FIRST HARMONIC
\ ' ~ '

e
PHASE DELAY
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PAGES 137 AND 138 GIVES DEFIﬁITIONS oF 19 .
NOISE MEASURING UNITS. WE WILL DISGUSS INADETAIL SbME
OF THEM. |

WE ﬁAVE ALREADY DISCUSSED.THE UNITS db, dbm
AND dﬁw IN THE PREVIQUS PORTION OF THE COURSE. ALL
THESE UNITS EXPRESS REILATIVE OR ABSOLUTE POWER UNITSQ
WE WILL NOW DISCUSS THE UNITS USED FOR MEASURING NOISE

IN A VOICE FREQUENCY CHANNEL.

THE UNITS dba AND dbyn ARE CLOSELY RELATED :
UNITS: 1IN FACT dba MEANS dbin ADJUSTED. BOTH TERMS
ORTIGINATED FROM RESEARCH DONE AT BELL LABRATORIES..
SINE NOISE MAY CONSIST OF RANDOM FREQUENCIESVNiTH-WIDEIX
VARYING AMPLITUDES, IT WAS NEGESSARY TO EVALUATE THE
INTERFERTNG EFFECTS OF SINGLE FREQUENGIES TO OBTAIN
USABLE DATA.

A LARGE NUMBER OF LISTENING.TESTS WERE MADE
. WITH DIFFERENT TONES INTRODUGED AS INTERTERENCE. fﬁE
DEGREE OF INTERFERENCE WAS DETERMINED Bf"COMPARING-THE

POWER OF EACH TONE WITH THE POWER OF 1000 HZ TONE THAT

P,

136
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DEFINITION OF NOISE MEASURING UNITS.

dBa

dBa

tiBa

dBalb

dBm

cieml

Ay
G

dBmlp

déy

dByn

dBrn

Ay

(dBrn adjusted) Weighted circuit noise power tn dB referred
to 3.16pW (-~85dBm) which is OdBa,
Use of waighting indicated in parenthesis as required.

(F18) Weightsed circult noise in dBa measured on @ line by a
noise measuring set with FiA welghting,

Note: 1m of a 1ke mod, tone reads «B5dBa, but the same white
noise power (300-3400cps) will read +B82dBa dus to frequency
walohting. . :

(HA1) Waeighted circuit noiss powér in dBa measurad across
a 302 type receiver with HA1 receiver weighting,

GCircuit noise powsy in dBa referrsd to or measured at a polnt:
of zero relative transmission level (0dBr ar OTLP).

Note: It is preferred to convert circuil noise readings from
dBa to dBal as this makes 3t'unnecessary to know or state the
relative transmission level at point of actual messursment.

Powar in dB relative to im\4,

dBm referred to or measured at a point of zero transmission
lovel, )

(B psophometrically weighted) Unit of noise powss in dBm
measured with psophometric waighting., Conversion as follows:

dém(psoph) = 10 logqg pWp ~90 = -84 = dBm - 2.5 (for flat.
naise 300 JAOOcps)

Circuit noise in dBm0 measured cn a line with & noiso
measuiring set having psophomstvic welghting.

dB relativs to point of zepo transmission leval.
(Decibels above reference noise) Weightdd civeuit noiss

power in dB ref. 1pW (~90dBm) which is OdBrn. ~Typ@ of
waighting indicated in parenthesis.

Nots: &) With 'C' message weighting, a fm¥ ke tone will

read +90dBrn, but the same powsr with white noite
. randomly disthibuted over a 3kc band .(300-3400cps) -
~will .read +88dBrn.’

b) With 144 weighting a 1md 1kc tone will read +90dBen,

but a 3kc band of white nolse will read +82dBra due to
the diffsrent frequency weighting.

(144-1ine) Weighted circuit noiss power in dBren, meesured
on a line by a noise measuring set with 144 line wsighting.




12, dBrn
13, dByn
or

dBrne

14, dBrnc

15.. dBpn

16,  OTLP

FIRg

(144-raceiver) Weighted circuit noise powsr in dBrn hﬂaaured
across the receiver of a subset with a 144.receiver by &
noise measuring set with 144mrecaiver waighbingo

(C-measage) Weighted circuit noﬂse powur in dBLﬂ9 meaaured

on a line by a noise msasuring sat with C mcosagc wnightingo

Noise measured in dBrnc referred to zaro- transnfsﬂion level
point. (OTLR) :

(f1 - Fz) Flat noise power in dBrn, maasured over & 1raquancy

band betwesn frequencies f4 and f, (eg., 3ke flat).

Zaro test level point (=0dBr), point of zero relative
- transmission level, .

17, = Psophometric Voltage or "Psophometric p.d." Circult noise voliage

' 18@ V DU}

19,  plip

meassured on a line with paophmmecric weighting (CCIF 1951)

applied. .

Nota: &) Do not confuse with psophomstric enf, mhich is the
emf of & gensrator or line with 600 ohm impedance. This
is numerically double the psophemeteic voltagse.

b) Psophometric voltags to dBmp convemion0
dBm(psoph) = 20 logqg V - 57.78 '
(V in psophometric mil}wvolt°)

(Picbwatt equal to 1012 watt or ~90cBi) Aunit of absoluts
powsr used for both weightsd and unwetmhcad noisan

(p¥ psophometrically weighted) Nolse powsy measured .in
picowatis via a CCIF psophometric filter.
piip = 0.56pW (for flat noise 300-.3400cps)

NOTE: See Fige 2. for direct converqiun of nalse nea%urinq
units,
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CREATED THE SAME DEGREE OF INTERFERENCEO FOR EXAMPLEgv_

IF THE INTERFERING EFFEGT OF A PARTIGULAR TONE WAS Téi‘
BE DETERMINED, THAT TONE WAS SUPERIMPOSED ON A $PEc1ALLY
SELECTED GONVERSATION AT A REFERENCE POWER LEVEL, WHEN
THE INTERFERING TONE WAS REMOVED, A 1000 HZ TONE WAS
SUPERIMPOSED ON THE SAME CONVERSATION‘AﬁD ITS POWER LEVEL
ADJUSTEﬁ UNTIL THElLISTENER JUDGED THAT IT HAD THE SAﬁE‘
INTERFERING EFFECT. THE DIFFERENCE NOTEb BETWEEN THE
POWER LEvﬁLs OF THE SELEGTED TONE AND THE 1000 HZ GYGLE
TONE WAS THEN CONSIDERED TO BE THE<DIFFERENCE IN INTER=
FERING EFFECTG WHEN THIS SAME TEéTAWAS PERFORMED FOR A:
NUMBER OF DIFFERENT TONES IN THE VOIGE FREQUENCY GHANNEL
AND FOR A NUMBER OF DIFFERENT LISTENERS USING THE SAME
TELEPHONE SET, IT WAS POSSIBLE TO PLOT A GRAPH FOR EACH .

TYPE OF TELEPHONE SETS SUGCH AS THOSE SHOWN ON PAGE 140,

T,
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THE GRAPH OR PAGE 140, CALLED WEIGHTING
CURVES, SHOWS THE RELATIVE INTERFERING EFFECTS OF
DIFFERENT FREQUENCIES IN THE V.Fo CHANNEL SPECTRUM
COMPARED TO 1000 HZ,

IT WAS FOUND THAT AN INTERFERING 1000 HZ
TONE AT »90 dbm HAS ANVEXTREMELY NEGLIGIBLE INTERFERING
EFFECT. HENCE THE TONE AT 1000 HZ AND =90 dbm POWER -
WAS USED AS THE REFERENCE POWER, AND' ALL OTHER NOTSE
POWERS LIKELY TO BE ENCOUNTERED WOULD HAQE A POSITIVE
INTERFERIﬁG EFFECT THAT COULD BE QXPRESSED IN db ABOVE
REFERENCE NOTSE -OF '=90 dbm AT 1000 HZ OR IN ABBREVIATED -
FORM AS dbrme

THE EARLY EXPERIMENTS WERE CARRIED WITH THE
WESTERN ELECTRIC 144 HANDSET. LATEﬁ AN IMPROVED HANDSET,
THE WESTERN ELECTRIC TTA, GAME INTO GENERAL USE. SIMILAR
TESTS WITH THE NEW HANDSET INDiCATEﬁ:THAT1THE:FIA'GAVE
APPRCXIMATELY A5 db‘IMPROVEMENT 6VER TﬁE ELECTRICAL AND.

ACCOUSTICAL PERFORMANGE OF THE 144, @ BECAUSE OF THE ‘

DIFFERENCES IN SENSITIVITY AND FREQUENCY RESPONSE, NOTISE




D, _1.42

NOISE MEASUREMENTS WITH &HE FIA-WEIGHTING PROVIDED

~ INDICATIONS ABOUT 5.db HIGHER THAN WITH THE 144
WEIGHTING, RATHER THAN CHANGE EXISTING STANDARDS,

A NEW REFERENCE NOISE POWER OF =85 dbm WAS INTRODUCED
QHICH PRODUCED IDENTICAL NOISE MEASURING SET READINGS
OF EQUAL TRANSMISSIONkIMPAIRMENTSo THE CHANGE 1IN
REFERENCE NOISE POWER NECESSITATED A CHANGE IN THE
UNITS USED TO EXPRESS INTERFERING EFFECT AND RESULTED

IN THE ADOPTIONVOF.A NEW UNIT CALLED dba WHICH MEANS
DECIBEL ADJUSTED,

WITH THE INTRODUCTION OF 500 TYPE HANDSET,
THE C MESSAQE WEIGHTING WAS INTRODUCED, AND THE RE~.
-FERENCE NOISE POWER WAS REVERTED AGAIN TO’m90 dbmse

THE UNIT RELATED TO THE C MESSAGE WEIGHTING IS THE

dbrnce
TELEPHONE NOISE MEASURING SETS HAD TO TAKE
INTO ACCOUNT THESE DIFFERENT CHARACTERISTICS CF THE

- TELEPHONE HANDSETS,. ACCORDINGLY RMS NOISE MEASURING
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SETS WERE DESIGNED; WHIGCH HAVE THESE CURVES INCORPORATED

.

INTO THEM., -THIS MEANT THAT ANYWHERE ALONG THE CIRCUIT 
THE EFFECTIVE NOISE THAT WOULD BE REGCEIVED BY THE
LISTENER USING A TELEPHONE SET COULD BE MEASURED.
OUTSIDE NORTH AMERICA, THE INTERNATIONAL
STANDARD TELEPHONE WEIGHTING CHARACTERISTICS IS CALLED
THE CCIF PSOPHOMETER CURVE., TN THIS CASE THE REFERENCE

FREQUENCY USED WAS 800 HZ AND THE NOISE UNIT WAS EITHER

EXPRESSED IN MILLIWATTS (dbmp) OR PICOWATTS (pwple A
PICOWATT TS TEN WATTS TO THE POWER OF =12,

THE FOLLOWING IS A COMPARISON TABLE OF VARIOUS

NOISE MEASUREMENTS.




NOISE UNIT
dbrnc

dbrﬁ 3KC FLAT
dbrn 13KC FLAT

dba

PSOPHOMETRIC
VOLTAGE (600 ohms)

PSOPHOMETRIC
EMF

INTERFERING MNOISE AT O dbm LEVEL

100C HZ

90 dbrnc

90 dbyn - - ————"""

90 dbrn
85 dba

870 MV

1740 MV

1.26 X 10° pwp

O
l--l
-]
[v3)
4v]

0 TO 3 Kiz

88 dbrnc
8808_dbxn
90 cbrn
82 dba

582 Mv

1164 MV

5.62 X 10° Pup.

87.5 DBT

WHITE NOISE OF
=408 dbm/KHz,

88,4 dbrnc

90,3 dbrn

97,3 dbrn

82 dba

604 MV

1208 MV

8 ..

" 6,03 X 107 EFWP

87.8 DBP

1 °d
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IN A LONG SYSTEM WHERE A STRING OF LOSSES AND GAINS

PRODUCED BY CABLE SECTIONS, REPEATERS, AND OTHER COMPONENTS 1S .

ENCOUNTERED, IT IS NECESSARY TO ACCOUNT FOR THE SIGNAL MAGNITUDE

AT MANY POINTS RELATIVE OT ITS MAGNITUDE AT OTHER POINTS. THIS

IS ACCOMPLISHED BY CHOOSING A REFERENCE" POINT, CALLED THE TRANS-

MISSION LEVEL POINT. 1IN THE INTEREST OF CONVENIENCE AND UNI«

FORMITY, THE REFERENCE POINT IS DEFINED AS THE O db TRANSMISSION

"LEVEL POINT (OTLP).

a
5 22407
It

EXAMPLE: » NOISE MEASURED ATilOOOAH%/AND ON A BANDWIDTH

Fine

- OF 0 TO .3 KHy.IN THE FOLLOWING UNITS: - dbrno 3KC FLAT, dbrno

15 KGC FLAT, dbao, dbpo -

’

dbrnco //

90

o

0

dbrno 3KC FLAi// 0

dbrno 15 KC FLAf//o

{
dbao ///

0

3

32 =

3 Ky,

3 Kl

3 KHz,

3 KHys

3 Ky,

58 db

88 - 58
88,8 ~ 58
90 = 58
82 - 58

87.5

58

30 dbran m‘

30,8 dbrno - 1 Kiys 90 = 58

32 dbrno

32 dbrno = 1 KHzs .90 « 58

32 dbrno

24 dbao = 1 KH,, 85 - 58
| - 27 dbao
29.5 dbpo ~ 1 Ki,, 91 - 58
- ;g 33 dﬁp;

A
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THE TABLES SHOWN BELOW INDICATE HOW db MEASUREMENTS SHOULD

. - BE ADDED

DIFFERENCE TOTAL* DIFFERENGE TOTAL
0 3 346 1.57
ol 2,96 db . 3.8 1.51
o2 2,92 440 .46
.3 2,86 442 o4
o4 2,81 A 134
.5 2,77 | 46 1429
.6 2,72 : - 4,8 1,24
o7 2,67 500 1.19
8 263 o 5.5 1.08
¢9 2,58 6.0 .98
1.0 2.54 - 645 .84
1.1 12449 = 7.0 .78
1.2 2,45 7.5 .71
1.3 2.4 8400 .64
o4 2437 805 - .58
. 1e5 2,32 900 .52
' 1.6 2,28 9¢5 W47
1.7 2,24 10 ’ 42
1.8 2.2 11 .33
1.9 2,16 12 027
2,0 | 2,12 13 | .22
202 2,05 14 .16
2.4 . 1,98 ' 15 14
266 1.9 ' 16 o 11
2.8 1.8 17 09
3,0 1,78 18 W07
3.2 . 1.7 ‘ | 19 j 006 -
34 1463 - 20 Cw0s

* BY ADDING TO THE HIGHER OF THE TWO POWERS

i
i
H
i
t
$
t

O
b

B
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EXAMPLE: = FOUR SOURGES OF NOISE EXIST ON A CIRCUIT WITH THE |
FOLLOWING MAGNITUDES 10 dbrnco, 9 dbrnco, 8.8 dbrnco, AND 2 dbrnco.
FIND THE TOTAL NOISE IN THE GIRCUIT.
| 10 dbrnco IS THE HIGHEST NOISE.

10+ 9 dbrnco = 12,54 dbrnéo (SEE' PAGE 146)
12454 « 8,8 dbrnco = 3,74

12,54 4 8.8 dbrnco 12654 4+ Llo51 = 14405 dbxrnco
14,05 =« 2 = 12,05

14,05 + 2 dbrnco = 14,05 + ¢27 = 14,32 dbrnco

TOTAL NOISE = 14,32 dbrnco

CCIR/CCIT HYPOTHETICAL REFERENCE CIRCUIT

IN ORDER TO PROVIDE A BASIS ON WHICH TO ESTABLISH NOISE
OBJECTIVES CCIR/CCITT MAKE REFERENCE TO A '"HYPOTHETICAL REFERENCE
CIRCUIT" (hoerece)s AT THE PRESENT TIME THE herece FOR LINE=OF=SITE
SYSTEMS WITH CAPACITIES GREATER THAN 120 VOICE CIRCUITS PER RF
CHANNEL IS 2500 km LONG AND IS COMPOSED OF NINE HOMOGENEOUS MODULATION '
SECTIONS. . _ j

IT SHOULD BE NOTED THAT WHILE CCIR/CCITT HAVE DEFINED THE : ?
MULTIPLEX ARRANGEMENT AT EACH OF THE RADIO DEMODULATION POINTS, THE |
NOISE OBJECTIVES ESTABLISHED FOR THIS GIRCUIT EXCLUDE THE CONTRIBUTION
(OF THIS EQUIPMENT.

THE CCIR HAVE PROPOSED THE FOLLOWING RECOMMENDED NOISE
PERFORMANCE VALUES FOR THE HYPOTHETICAL REFERENCE GIRCUIT:
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i _
' . ‘ "THE NOISE POWER AT A POINT OF ZERO REIATIVE LEVEL FOR
) - ANY TELEPHONE CHANNEL ON THE 2500 km hexsce SHOULD NOT EXCEED THE
FOLLOWING VALUES",

(i) 7500 PW (PSOPHOMETRICALLY WEIGHTED), MEAN POWER
‘ IN ANY HOUR.

(i) 7500 PW (PSOPHOMETRICALLY WEIGHTED), ONE MINUTE
MEAN POWER FOR MORE THAN 207% OF ANY MONTH.:

.(iii) . 47,500 PW (PSOPHOMETRICALLY WEIGHTED), ONE
MINUTE MEAN POWER FOR MORE THAN 0.1% OF ANY
MONTH,

(iv) 1,000,000 PW (UNWEIGHTED), (WITH AN INTER=
GRATING TIME OF 5ms) FOR NOT MORE THAN 0.01%
"OF ANY MONTH.

[ NOTE THAT THE SIGNIFICANCE OF "ANY HOUR" IN (i) IMPLIES
THE "BUSY HOUR" DURING THE WORST PERIOD OF PROPAGATION.

® THE EQUIVALENT "WHITE NOISE" LOADING LEVEL REPRESENTING
| THE TELEPHONE TRAFFIC IN THE "BUSY HOUR' HAS BEEN DEFINED BY GGIR
AS: «15+ 10 LOG N dbmO (FOR N GREATER THAN 240) WHERE N IS THE

NUMBER OF VOICE CHANNELSy

THE "ONE-MINUTE MEAN" USED IN (ii) AND (diii) CORRESPONDS
TO THE AVERAGE DURATION OF TELEPHONE CALLS. THE "INTERGRATING TIME
OF 5 ms" IN (IV) IS RELATED TO THE REQUIREMENTS OF TELEPHONE SIG-
NALLING AND TELEGRAPHY CHARACTERISTICS.

REAL CIRCUITS

IN ORDER TO APPLY THESE OBJECTIVES TO REAL SYSTEMS CCIR
HAVE MADE A FURTHER RECOMMENDATION FOR SYSTEMS THAT DO NOT DIFFER
APPRECIABLY FROM THE heroce AND ARE BETWEEN 280 AND 2500 KM LONG:

"NOISE POWER.(PSOPHOMETRIGALLY WEIGHTED) AT A POINT OF
ZERO RELATIVE LEVEL FOR ANY TELEPHONE CHANNEL OF A
. ‘ ' o ‘ SYSTEM OF LENGTH L km SHOULD NOT EXCEED:
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(i) 3L pw, MEAN POWER IN ANY HOUR.
(ii) 3L pw, ONE-MINUTE MEAN POWER FOR MORE THAN 20% OF
ANY MONTH. '

(iii) 47,500 pw ONE~-MINUTE MEAN POWER FOR MORE THAN - -
(L/2500) X 0.1% OF ANY MONTH.

NOTE: THIS THIRD RECOMMENDATION IS TO BE TAKEN AS A
YPLANNING OBJECTIVE! AS IT IS RECOGNIZED THAT
THIS IS EXTREMELY DIFFICULT TO MEASURE.

THE ABOVE ARE BASED ON THE FINDINGS THAT, FOR LOW NOISE
LEVELS ((i) AND (ii)) OGCURING FOR THE GREATER PERGENTAGE OF THE
TIME, NOISE POWER TENDS TO BE DIRECTLY PROPORTIONAL TO SYSTEM LENGTH:
AND THAT FOR HIGH NOISE LEVELS (iii) OGGCURING FOR RELATIVELY SHORT
PERIODS OF TIME THE TOTAL TIME AT A GIVEN NOISE LEVEL TENDS TO BE
DIRECTLY PROPORTIONAL TO SYSTEM LENGTH., THIS ILATTER IS JUSTIFIED
ON THE GROUNDS THAT DEEP FADES WHICH PRODUCE HIGH NOISE LEVELS ARE
GENERALLY OF SUCH SHORT DURATION THAT THEY OCCUR FOR VERY SMALL
PERCENTAGES OF THE TIME AND ARE UNLIKELY TO COINCIDE.

IT SHOULD BE NOTED THAT: «
dbp = 10 LOG (PWP)

pwp = ANTILOG (dbp/10)

BELL SYSTEM HYPOTHETICAL.REFERENCE CIRCUIT

TRANSMISSION OBJECTIVES FOR BOTH LONG-HAUL AND SHORT-HAUL
SYSTEMS ARE SUMMARIZED BELOW:

OBJEGTIVE ' LONG~HAUL SYSTEM . SHORT=HAUL_SYSTEM
Noise .
4000 MILES 41 dbrnco " NOT - APPLIGABLE
250 ﬁILES : A - 29 dbrnco o 32 dbrnco
RELIABILITY _ -
TOTAL TWO-WAY ANNUAL OUTAGE 0402% ’ 0602 %

(4000 MILES) © (250 MILES)

THEVBELL SYSTEM HYPOTHETICAL REFERENCE CIRCUIT INCLUDES THE

" MULTIPLEX NOISE. ON THE 4,000 MILES SYSTEM ALLOWANCES ARE MADE FOR 2 X

16 MULTIPLEXES




REAL CIRCUITS

A REAL CIRCUIT COVERING DISTANCES SHORTER THAN 4, 000 MILES
SHOULD HAVE A PRORATED RELIABILITY BY USING THE FORMULA: -

THE NOISE OBJECTIVE FOR A SYSTEM D MILES LONG =
41 « 10 LOG (4000/D)

EXAMPIE: - A LONG=HAUL SYSTEM IS 975 MILES LONG. FIND THE NOISE
OBJECTIVE IT SHOULD MEET.

OBJECTIVE = &1 - 10 LOG (4000/975)
= 41 - 10 LOG 401 = ‘l‘l L d 6.13

= 34,87 dbrncoe

WHITE NOISE MEASUREMENTS

THE MOST COMMON NOISE TEST MADE ON A MICROWAVE SYSTEM IS
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THE WHITE NOISE TEST. THIS TEST IS PERFORMED BY CONNECTING ‘A WHITE -

NOISE GENERATOR AT THE FIRST TRANSMITTING HOP OF THE SYSTEM., THE
WHITE NOISE WILL COVER ALL THE BASEBAND OF A CERTAIN R.F. CHANNEL
EXCEPT FOR A SINGLE VOICE CHANNEL IN THE BASEBAND WHERE A FILTER

IS INSERTED AT THE TRANSMIT END. THIS FILTER IS TO CLEAR THE WHITE
NOISE IN A PARTIGULAR VOICE SLOT. AT THE RECEIVE END OF THE SYSTEM
A WHITE NOISE MEASURING SET IS TUNED TO MEASURE THE AMOUNT OF NOISE
THAT HAS LEAKED IN THE CLEANED SLOT. THE GRAPHS ON PAGE 135 ARE
DERTVED FROM SUCH A TEST. THE VARIOUS CHANNEL LOADING IS DERIVED
BY INSERTING DIFFERENT FILTERS TO CLEAR A SLOT EQUIVALENT TO THE
120TH, 300TH, 600TH, OR 1200TH BASEBAND CHANNELS. (SEE PAGE 151)
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BELL SYSTEM STEADY STATE NOISE OBJECTIVE

" AS SHOWN ON PAGE 153 THE APPROACH "USED IN DERIVING

CUSTOMER-~TO-CUSTOMER NOISE OBJECTIVE: =~

a) DETERMINE CUSTOMER TOLERANCE OF NOISE BY USE OF -

SUBJECTIVE TESTS.

b) DETERMINE NOISE PERFORMANCE OF TOLL NETWORK THROUGH

MEASUREMENT SURVEYS.

c) BY COMPARING BOTH A AND B THE GRADE OF SERVICE
BETING RENDERED IS DETERMINED. AGCGCORDINGLY IF GRADE
OF SERVICE IS NOT ADEQUATE, IMPROVEMENTS HAVE TO BE

INCORPORATED IN THE NETWORK.

THE SUBJECTIVE '""CUSTOMER TOLERANCE OF NOISE'" TEST IS
DONE BY USING A CERTAIN SET, RECENTLY THE 500, CONSTANT SPEEGCH
o o
LEVEL AND VARYING THE STEADY STATE NOISE LEVEL., THE SUBJECTS ARE
ASKED TO RATE THE DIFFERENT CONNECTIONS AS EXCELLENT, GOOD, TFAIR,
POOR AND UNSATTS?ACTORY, THE RESULTS OF THE TESTSVARE SHOWN ON
PAGE 154, TFOR EXAMPLE 507 OF THE SUBJECTS THOUGHT THAT 30 dbrnq
OF NOISE ON THE‘5OO SET GAVE AN EXCELLENT CONNECTION, WHILE QOZ

RATED 40 dbrnc FAIR OR BETTER.

THE NOISE SURVEY OF THE SWITCHED NETWORK WAS DIVIDED
IN . TWO PARTSg CUSTOMER LOOP SURVEY AND TOLL FACILITIES SURVEY
FROM CLASS 5 OFFICE TO ANOTHER CLASS 5 OFFICE. (FOR MORE DETAILS

SEE PAGES 155 AND 156),
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THE RESULTS OF THE 1964 LOOP- SURVEY ARE SHOWN. ON PAGE 158.
THIS SURVEY SHOWED THAT 50% OF THE.BELL SYSTEM LOOPS CONTRIBUTED
LESS THAN 5 dbrnc OF NOISE ON THE CUSTOMER CONNECTION, WHILE 90%
OF THE LOOPS CONTRIBUTED LESS THAN 20 dErnCe

TﬁElRESULTS OF THE BELL SYSTEM TOLLVFACILITiES SURVEY
SHOWED THAT FOR ALL DISTANCES 97% OF THE CONNECTIONS WERE GOOD OR
BETTER WHILE 0,3% WERE POOR OR WORSE (SEE PAGE'159). THE GRAEH~ON
-PAGE 159 SHOWS THAT FOR MEDIUM DISTANCES 507 OF THE CONNEGTIONS WILL
PRODUCE A NOISE OF 25 dbrnc FOR THE CUSTOMER. FROM THE SAME GRAPH
YOU CAN SEE THAT THE PERFCRMA&CE OF LONG TOLL CONNECTIONS NEED IM=-
PROVEMENT o | -

NOISE BUDGET ALLOCATION FOR TCTS

THE NOISE BUDGET IS DEFINED FOR A HYPOTHETICAL CIRCUIT
4000 MILES LONG ON A MICROWAVE SYSTEM WHICH HAS 16 SECTIONS OF 250

MILES EACH.

ITEM QUANTITY NOISE PER UNIT * TOTAL NOISE
f/R BAYS 140 HOPS 16,94 dbrnc 3840 dbrnc
RoFo INTERFERENCE 140 HOPS 8,95 dbrnc - 30041 dbrac
I.Fe SWITCHING 27 SECTIONS 15,94 dbrnc 30.25 dbrnc
FM MODERN 32 TERMINALS  11.96 dbrnc : .27;02 dbrnc
WLEL 32 RUNS 9,25 dbrnc 24,3 dbrnc

MUX , 32 TERMINALS 19,53 dbrnc 35,3 dbrng

TOTAL NOISE OF A 4000 MILES CIRCUIT 41 dbrnc

157
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BECAUSE OF FADING CONDITIONS, FATLURE OF EQUIEMENT,
MAINTENANGE CONSIDERATIONS, ETC. + o IT IS IMPOSSIBLE TO MAINTAIN
A 4000 MILES SYSTEM OPERATING WITH A TOTAL NOTSE OF 41 dbrmco ALL-
THE TIME. PAGE 161 INDICATES THE NOISE OBJECTIVES THAT SHOULD BE

MAINTAINED FOR 50%, 98% AND 100% OF THE TIME.

| THE NOTSE PERFORMANCE OF VARIOUS SYSTEMS COMPARED TO
THE OBJECTIVES IS GIVEN ON PAGES 162, 163 AND 164, THIS PER-
FORMANCE IS IN TERMS OF WORST CHANNEL ON THAT PARTICULAR CARRIER

SYSTEMe.

EXAMPLE : . SHE PAGES 165 AND 166 FOR DETAILS.

THE ONLY ACCEPTABLE PLAN AGCORDING TO THIS EXAMPLE IS
PLAN Co
EXAMPLE: - THE FOLLOWING IS THE DESGRIPTION OF A 7GHy SYSTEM

OPERATING ON A PATH 25 MILES LONG.

|
;ﬁgﬁg}giii : STATION B ' ‘U
—— . .
ANTENNA HEIGHT 100 ¥FT ANTENNA HEIGHT 200 FT ‘
10! DISH ANTENNA 10! DISH ANTENNA
GAIN = 44,5 db GAIN = 44,5 db

i

FREE SPACE 1.0SS 3606 + 20 LOG d - 20 10G £

d = 25 MILES £ = 7000 MH.,

FREE SPACE LOSS = 36,6 + 20 LOG 25 + 20 LOG 7000 = 141.5 db
TYPE OF WAVEGUIDE AS IDENTIFIED BY MANUFACTURER (SEE PAGE 167)
IS WR112,

LOSS OF WR112 .IS 2.75/100 FEET (SEE PAGE 168).




AT TauTRes e,

E

-~
-

deme

-NOI

10000

FIGURE L

3

i el ezt
G

fad- 4
1-%8.
h =
A 8
n&ﬂ w -
) X
-] (<
[~ ) 1
. i
o o i
i B3 o
- i -y = )
- i -
H .
- 1
— LI [Te) -t =
S N S
e e o | i s 04 &G
H = oA o ]
T ]
e w2 R
wlw? ™~ I
w3 w0,
1. NI&E8E N
T g
= s w = EIET T
RS I =k ==
= W gl 3T
=z TTled e &y (3T
1= —EEs3T
gl P
o Do o
L IR A IR o o e et
b ot e o w
e 8 W
SR S v
Rl PR NCE farit i aiy 1
EE=: =
3 oy peve 4 deay j=cd
R8BS =i ad
et gt cod
bl b ain w
- [ QRO =
=
o<
T

PiRtrrd &

LiK. 08J
HOW. 0B,

¢ WORST CASE

-

]
i

5

TT

T
E

i
1

i
N

TRUNK LENGTH — MILES

$orfelt

]

THTITNT T

NN 1L s 29 ,

NN y =g Lillls

TS o Y I IAEN R ] SRR E n BEER RS = = 9 ER RS e

e G Emmreasla, St i = 2 EHEEE

= Lm W) EFEE EEE S SESET R w = W = 7 b~ SEERETE

= .—.m i SoRit] SEeEreE 2 =) = T <
—Iizh I =1 A I A i o P A = 3° = .r

1ol O ERw oo =3 - o B T ’ g e

S5 Eall SR Y ) ] e P o} e il VOB ek o o S g WY Ryt S e :
EE W EES T EE D ooz ¢« i =& [ S fou o ! SOl gl one G i B o pe

ke g 5% il 46 ISR v 1N o = M i e

B e L ot A o Ot Sy 51 ot ol S = 0 . o e 0 S Eov el et s

R D3t GiohE = I~ == =l b g o g Sl R bt e ¥ 3 yak

O of loae QEES = cHRRES 1=RE PR { =

= e TR R T um...nﬂrx, e = 3

T M D e e 3} = oI

190 000 il Wy e : 3 —

LG, Bt o o e

= =

=

o
= iy .
Se=RIN & B !
B == R §| 1
FEw R L EE S e :
v R .4 e o e 3
u g ma N P g R TT ] gt & e .
pu Q e e M i -
i o el Sl b oo S e i
(M) P H
1200 N2 im hﬂmnc 3
TS EEE ooy ;
- TR S ¥ t
St s e MV - et
Hp- b -8 W 1 LY -
+H . T } -
L] N - :
i
i

T
LTITefy LEE NN

0
=t
i

. o ]
I
o HEEE)
——
R
I
yr—t —
B
I
§
————
e
IR
et -

T
—

5
s
@
3
3
%




——
.7 wh
\ s
.\ ., .y# rm.... i m
o | " :
" . g
S o

,IH:u . o
E s - 8
- o gt sl
- = = —
i o Fof S
by - e E
o - et \
) = = Tuﬂw
- - U s
- ™ gL g
- i~ - B 5
~, . - N — o~
Vﬂﬂ/ - - {1 -1
\ - : .

| 26

'6/(_

€

/ﬁ“c

1000

T,

nef

Siems &'r

500

-

vy

wd

=

: =

' : i 4

N\ BT = I s hets i o ol s s = = =
W B B RS R RS N = =t e
S e g R R e ke o i I ““M I ol —~ o ux.nll.‘.iuﬂm =
VG it == oo i B o H e oLige 8 S b
) 5 iy R A e by e —
= - - E [ e e Afes e Ay~ L_f— e el op s =
o i Sy el el ol o ol o ey bu x

EQ . - 3. o

R EEEEEIN = = 2

N Sk T &=

200

¥

HORST CASE
LIt. 0BJ.
NOM. 08J.

P gl

{
1

£

i
{

CTIVES

Pl

TRUNK HOISE
- dBmcd

OH, T + W3 Ceur,
]
|

T O T T T e

£ e

= SRR, EEL 5
TR e i
== 1] = B ¢
b= % P [ NMV i m.\u

/

o~
W

I SERR11RRE
T

ORS
T

HITING OBIECTIVE

H
)
w
L
T
H

IRRERAERRALIALIEE

JNK MCisE

1
)

RUKK LI

REFERRED TO OTLP

[RARERE LN &

g
i

U.r\n = . w
et =R e

i NOMINAL OBJE

v
i
|

ENGINEERIN

E

1
RRAR

S
T

v

AR EEHIL I RN AR R EA RS

s iy

i

R R EIR R LRI IR I N R R E AR R TR LR

IBUTIONS CF TR

FOR Gl

| O T T L Y T o

11
|
t

AT TG THO I T T e T e g

RUNK MOIS

RN RS E LA T ERREERARR AR ITIL (I LGHH

TV s iy i o

ECTIVE NOISE AT

i
-~
T

IR B

F

'
.+_,_.'.~___
oA 5
> i f
]

bt

1}

P
%
o

1T
T
Dis
E
f
.

2]

Ly
s
S e
1
k=g

7
il

P?I’ A-/ ene c'/‘ ”'z/ Dl

i g
T

H
]
!
1
T

-
T

0

7
-
i
i

::_._l_f
1
e
il
1
T
Crgsy
-+
P
#F

ST i

HOISE
dBmch
50
45
40
35
ki

77




10000

~—
- = ER I T T M,n..
TN - i " b=}
. = - i 3 =

o L T~ Uy
" I & 7
X & : ..m o
\ s - g m
. * - —..w . ey
: + - o v w0
S - P -8 N~ ”
= L QRS
e a2 N [ S
o 3 ER Bt e Bk
- N == LESR
L i
- - ..lw,: v o
N -
. - - i ISR S o
b - :
! * n ,M
A w3
I wln N n NG
TTT T WRiow o
A Ny o N

T

100%
)
1N

H
1600
ls/

e Y v W "o S
SEd S QB
ST B B3R EERTE
: ENges
ESES i ESBRs
o i g = e
& i R Rl = e Rl 5
e o e - i
o T o o (U 58 vol oloatio
B e o N
¢ Cr] 5 . .
)y = K
™M Mo v

23

3%
31

RN RN

I

e

Tdb

TRUNK LERGTH - MILES

A
f
|
)
t

i

[

)

g

P

wde b4 2

4. 0BJ.

WORST CASE
. LI 0BJ.

NO
!
I

T

1

¥
ES

TRUNK HOISE

.
MR 1 g -
rcalr 2] =L (=2
G E : 4y et = = EETmE ¢
: U S e S ! I
1A o P I B % oy - o £2 Y . =z
.p._mm_f“r E o =9 = = A= E I ;
: =1 =i . 4 B I = - : .
- & EE & EE G 1 )
= 2 Ly C == O o Rt =
MQHHCvs"“HL foegh oyl cpebdnte SR SRR Gt £ oLt . = ITh
| D o o o O o o et ol <A B ey 5 .,
N ol el L e o L U - = 5 :
g o i ﬁ..vylznmu..L T2 F 1= ,
o S 02 BE N OFES B EEEE 2 E g |
~ T i~ ST hon oo o d
T s ) S e ot o o 0 e By et = .
Rl ot e o Ml e i i |
(OB B S e s LT
WC\% [ Q fe B w0 TSN B |
£ EEe RS —mﬂuwun:.;.nm.i T !
b E o RS =R W Il TEA T ~ |
v ol v g e ST 1
o QR 2
g i gl g S e o
| Rl e
< T Er® g
A F2 L5t
" AL A Frw
’ 1T ey
| mn | i
., SRS S
e rep el et
YL IRSRERARAS!

]

- hOISE
6em
50
%




" HOISE

" 6Bmcd

L]

0
10000

FIGURE 1

vl
‘

47
4

e
I3

81

ERREY W ol

5000

it i

8525
42.15
375

LT

Frisger
1 I"'

i boy
ey

435
405
5

Y
.1.’

i
.4‘}‘

H.l:i‘.l. = F ‘H.... e 3
ol i o w I o

Efrss S N - .Jw =

-.ﬁ.. H = <+ 3 e fofojilie .

- . A ﬁn.Tl

i

e
f{»? i

3
$
T
1
1
!

35.75
285

| 26
395

% W wy JEE :
. I o Raaa
- o & & EEerig
] Pt

= ™ -

¢ e M

= = wny wy BT :

W ey

A e eu [ETEET i

- K

N

¥

o b r— At s N % ]
& w.
T = s I
[ | T =
Ry e L) - R
b= - - = UI [ae B o r SR SN} el }
o 0 o e 38 o g et Seed [t soerve ey R T ..um
Numm. P8 Lt e olhar -ttt o L s vt s e 2 w S et o
vvs () S 3N ey I 1 — o IThIIIY >
o 1 B e e R A S ] .
ot B X et o
: . — e I
) - =
ol O S ] B TINTA - : - 2 ;
O e it e N\ lrruwyr N b= n m
z e i 3= P o i o o =
Y - A @ = -
. Ml):(..vlr : .—UwOO t & v
L. L.} A : b s : 3
o pi B
e y LY Y I =3 :
ES -t

L1 i\
s ! 2
] i 23
= S -
B fea T - X .n :
FE b ELE S, B ESE =9 =
RS SR Y e e <o & ! g
r,m.w.,m..mw» e . EETN) e L _mu =
r..,...mMnD- AL e B e 1Y S ] == S
o ke EEE SRR O =3y : e
B N e o T s R B i o o B o T By
LD QEES b, o SEEEEER = o3 R !
B e e A et o By =] o oy
31 62 Bk \mwwum_zl-:luud = o SEs
T 1 B Gieh it O = = : a
EE @ EES MEEe o O = : hl
--E s FRE R e Q g N
R Y T = = { :
S O B EEE T e DT s .“
—ET S s e DR we T T = &
SeEE MK TE W 02 TRiobR s B :
- == Al P ¢ i ol il s et s ‘-
CEE M EEE L S w s _
s B Q R, W s ispee heh o el o i
1+ O Hois s e == SRt vem e ¥
ey &2 Yt et e e 3
e el v R e N RS o B i - o =
ae 8 S ELT: ot
SRR o o o i - o o s et
A. mw,.?nhu|"u.?_ S OV D O OO I - s + 1 &
L] L [T g oy I B i 5 =+ §
- T Fh - B g ko = 4
X.. R S dod %
lé* : 7.L+ 10 ¥
NS . ! !
N m ﬁ ' ﬂ 1 L 0 T 1:@
. e S5 BN et e i 1 ot
D B R : [ ;| L& T
R e
LT PO




. .. N . ' u v
: € )
] -
© SAets “
. Geea .ﬂ!”_w : ’ ”
D " :
mn..,vﬂ-w
LA
€5
¢ Suniener ]
e
ApLa e
S1mm
&=
N
&)
.
'
ﬂuUl,wwn(.E.‘. (e
E 0 Y |
C— Emmsia S B i )
° o =
B GRG =
. Lot .
: : & g
-
B Rtrrku
\
e
SHa s e ey 3 St oeerrng




| @ & | S S e oSl oap D

ey @5 &5ha , A TP g . nﬂu.w Ll Pags

5D @] 15D 6D e

LR CRED TR O LED

B 0D | D e e
G D e I

Te TR AR T e




TECHNICAL SUMMARY

GENERAL
Frequency Range .
Application
GCapacity

Repeater Type

TRANSMITTER

Power Output

Waveguide

IF Characloristlcs
Frequency

Inpul Level

Input Impedaice
Return Ldss, ! 10 MHz

L.O. Freguency Stability

RECEIVER
Waveguide

Noise Figure

RF tnput Level

Squelch Threshold

L.O. Frequency Stabilily
AGC Range ~ .

IF Characteristics

Froquency

3 di3 Bandwldih

Oulput Impedance

Oulpul Leval

Oulpul Return Loss, * 10 MHz

7.125 1o 7.725 GHz

Medium route

960 FDM voice circuits or television signal

. Heterodyne

500 mW nominal

(nnpul to channel branching lilter)

WR112

70 MHz

0.3 to 0.5V rns

75 ohins, unbalanced
30 diB3

t 0.0005%

" WR112

8 di3 nbminal
~36 dBm nominal
=76 dBm nominal

A 0.0005%

40 dB

70, MHz
35 MMz

. 15 ohims, unbalanced

. 0.5 V rms nominat

.30 dB

DROP/INSERT CHARACTERISTICS.

Channel Gapacity . Up to 120 FDW voice circuits

Baseband Frequency Range . .. 60 1o 552 kHz
Input/Output Impedances
input Level

~ 20 dB8m nominal

200 kHz rms

Output Leve! (with awx. amplifier)

Test-Tone Deviation (oxcl. pre-emphasis)

SERVICE CHANNEL CHARACTERISTICS
. 300 Hz to 20 kHz

600 ohms, unbalanced
- {600 ohms balanced, optionat)

Frequency Range
Input/Output Impedances

" —3 dBm nominal
75 kHz rms

Input/Output Levels

Tes! Tone Daviation

BRANCHING RETWORK CHARACTERISTICS
Wavequide WRt12
’Iran.smit Channels Up 1o lour ..
Receive Channels Up to four

Antenna Port VSWR

POWER SUPPLY CHARACTERISTICS
(-48 V SUPPLY")

Inpul Voltage Range

1.07 (with optiona! Antenna
. Circulator Assembly)

...—42 o =-56 VDC

Power Consumption 800 watts nominal

(Basic lwo-way dual channel repealer)

* 115 VAC opceration optional
ENVIRONMENTAL CONDITIONS
Ambient Temporature - .
0“C to 1-50°C
—30¢C lo +-55°C

Oporataes within specifications

" Operales with reduced porlorm—mce

Non- oporahonal
Relativa Humidily
Altitude
Shock/Vibration .,

: Up fo 95%

. 75 ohms, unbalanced

—45 dBm nominal {(—51 dBm min) .

~54°C 1o +85°C

iz . .Up 1o 15,000 ft ASL
: I\s encounloied in shlpmont :




- Attenuation and Power Rating

ATTENUATION M DECIBELS PER 100 FEET

£ v
v

8.0

Andrew
Typo Ho

EW17

Nota:

Frequency, Power,
GH v

Pk D NS AN
NpNtmoNDO N

27.9
7.3
39
3.0
2.5
1.7
1.2
0.9
0.7

-

Ratings basod on temparature rise
BN of 25°C (45°F) with an ambient tem-
perature of 55°C (130°F) and VSWR

. of 1.0. All waveguides shown are
6.0

copper.

WS fabricated of

high conductivity

. AVERAGE POWER RATINGS
HELIAX ELLIPTICAL WAVEGUIDES

RIGID RECTANGULAR WAVEGUIDES
Yype Numbers  Frequency, Powaer,
EIA  IEC v
WR430 R22
WR229 R40
WR187 R48
WR159 RS58
WR137 R70
WR112 R84
WR112 R84
WRS0  R100
WR75 R120

2

NNRNOONOO N

2.4
5.4
31
2,5
1.5
0.9
1.0
0.6
0.4

-k - m
PloNoosa

RIGID CIRCULAR WAVEGUIDES
Type Numbers  Frequency, Power.
ElA 1EC GHz kvt
WC205 C40 6.
WC150 C56 9

o
oo
&

VSWR 1.0

" Attenuation curves based on: B

Ambient Temperature 24°C (75°F)

Conversuon Data:
1 dB/100 feet =

3.28 dB/100 meters.




TOTAL WAVEGUIDE LENGTH = 100 + 200 = 300 FT
TOTAL WAVEGUIDE LOSS = = 2475 X 3 = 8,25 db
TOTAL LOSS = 141.5 + 8,25 = 149,75 db

500 mw = 10 LOG 500
= 27 dbm

i

TRANSMIT POWER (SEE PAGE 167)

TOTAL ANTENNA GAINS = 445 + 44,5 = 89 db

TOTAL GAIN = 89 4 27 = 116 db

POWER AT THE RECEIVER = 116 = 149,75 = =33575 dbm
I.F. BANDWIDTH (SEE PAGE 167) = 35 MH,

RECEIVER NOISE FIGURE (SEE PAGE 167) = 9 db
RECEIVER NOISE LEVEL = =174 + 10 LOG 35,000,000 -+ 9

« 89,56 dbm

i

RECEIVER THRESHOLD (SEE PAGE 167) = =76 dbm
CARRIER/NOISE = 33,75 » (=89.56) = 55,81 db

FADE MARGIN TO THRESHOLD = 33,75 =(«76) = 42,25 db_
SYSTEM CAPACITY = 960 V.Fo CHANNELS

HIGHEST BASEBAND FREQUENCY = 4188 KH, (CCIR)
TRANSMITTER PEAK DEVIATION = 4 MH; APPROXTMATELY

FM IMPROVEMENT = 20 1.oG [(4/4.1887]

= w20 X o019 = ~0,38 db

BANDWIDTH IMPROVEMENT = 10 LOG [ (TeFoBoWe)/(2 X VF BW) ]

= 10 LOG (35,000/6)
= 37,66 db

. PRE-EMPHASIS IMPROVEMENT = 3,388 db

C(SEE PAGE 170)

 TOTAL IMPROVEMENTS : = 40,668 db

Pe

169




CCIR EMPHASIS IMPROVEMENT

T L
y D . ) . “ Jﬂi N
. ' W FRONY END THERHEAL NOISE - N
CCIR - 4 : SLOT FREQUENCIES
NEBER OF FREQUENCY : :
CHANNELS RANGE (KHz) 7OKHz 5341z 12481Hz 2438KHz 3B86KHz | S5340KH2
300 " 60 =1300 -3.939 | -2.0i5 | 3.679 . - .
600 : 80 =2660 «3.967 | -3.475 -|-1.480 { 3.280 N
| 960 : 60 -4188 -3.973 | -3.771 |-2.901 |-0.334 s.388 | - °
| 1260 - 80 -5636 -3.974 | -3.862 |~3.368 |-1.821 0.842 | 3.568

CYHE IDEAL PRE-CHPHASIS CHARAGTERISTIC IS GIVEN

BY 'THE EXPRESSION:

]

-f

CCIR RECOMMENDATION 275-1
PAGES 63-08 (1950-1066)

B 5.80 |
| e
BEVIATION (RELATIVE T0 | « 5. - 5. 15
TEST TONE DEVIATION) (dB)} P 510 M08 e a
| - (?R ?>é a8
| ! vt
UNERE: fn = 1.25 funx fuax 1S BAXINUH BASEBAND

FREQUENCY

1§ SLOT FREQUENCY UNDER CONSIDERAYION.




.p. 171
7 .- MULTIPLEX LOADING FAGTOR IMPATRMENT = =13 + 10 LOG (NUMBER OF CHNS.)
& - . =113+ 10 106 90 |
- | | .13 4 29.82 = 16,82 db
OVERALL IMPROVEMENT = 40,668 = 16482 = 23,848 db
STGNAL/NOISE = CARRIER/NOTSE -+ OVERALL TMPROVEMENT

55081 4+ 23,85 = 79,66 db

1l

CHANNEL THERMAL NOISE = 88 = 79.66 = 8,34 dbrnc
INTERMODULATION NOISE GIVEN BY MANUFACTURER = 8.3 dbrnc -

TOTAL RADIO NOISE = 8,34 AND 8.3 dbrnc = 11,3 dbrnce







