Colllins Radio Company
Microwave Transmission Slide Rule
Model C 19-T
Copyright 1965
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SLIDE RULE INSTRUCTIONS

S/N of 88.5 6b
dbal where sigaal/noise for

0 dbrncd - 1 pwpd
C message and FiA \mghlu\( is re-

ferred to a 1000 cps tm nmz and psophometric

—90 ddmpd —65

referted to 3 800 cps test
Model CI8 Siide rules:
S/NolWSdb 1 @drnch = 1pwpd ~ —5.5 ddal where signal/

or C message, FIA, and psophomelric weighting is referred to
b s test tone.

Note: Noise comversions are also commonly rounded of o:

S/Nof 88 b ~ 0dbrocd = 1 papd ~ —6 doat.
S/N = NPR + BWR — MR
Wei NPR - naise power ratio

. To determine Thermal Noisein FOM.SSB systems
For 31 ke channel bandwidths:
N, — P, — 2 log AE B
< Rectived carrier power in ¢om
N = Receives Noie Figure
Peak chanael deviation for chansel OTTL

[N Frequency of Channel
(T is assumed to be 290° Keivin)

Shide Rul!~54 m fade margin calculations, set hairline to received carcies
and receive!

1o channel frequency in mc on B scale and read thermal noise. (3)
For channel bandwidths of 3.1 kc and for 2 given peak r-f deviation,
set haitlne to CCIR channel loading and mave peak r-f Gevation in
mc on B scale under hairline. Then move hailne 1o channel fre
quency in mc on B scale and read thermal noise. (%) To correct for

0n Ba

in
1 0 B scale under bairline. Then set hairline
1o channel frequency in mc on B scale and read thermal noise.

X Peak r-f Deviation, A1 (mc)
Model C19 Stide rules:

Slide Rule—For QTTL channel deviations of 200 ke rms, set hairiine 10 the mum-
ber of channeis on CCIR channel Mhlmk )ld lnd mll!
deviation in mc above on B scale. For channel deviat
Mkm\&lh(nklmi!mksSﬂh&vlm!hmmd

channeis on CCIR channe! ioading scale and move 0.2 mc on B scale
under hairline. Then sef hairline to the rms OTTL channel deviation
in mc on B scale, and read peak 1 deviation in mc above on A scale.

XL Yien Sigal/Wose, ik
PTP
Video 5/“""'(““) 10507 + P,— Ny + 2 hog Al

PP

[72] 1. Bawic Path Equations L =985+ Wiogd + Vgt i ul;mmv,-maw,mm 1 = Frequency in Ge E«‘:‘ﬁﬂg‘f-wld"h&f&ua”ﬂ;m w
g AP =R—NRL Wher ¢ = distance in miks mum&-mmmxwmwl Passive s in farfied i indax of B scale, pastive repeater s in lar-feld. - g
= Whare: P, = Medlan roceind 11 st el 0 ot 1o R greselector = reqwency in Gc PRTE YN7 ¥ Mt Path Loss — NPL and L,
e (6hm) 8. For antemna fficiencis othad than $5%. 7 m
o—Sel nominal 11 frequency of A
E Py ’mﬂ""‘m'“"'m"“‘"“““" St m.euﬂ":m:‘:%tm;nmhw- “‘_'.xu_m,,.’go&' Where: = distance in ik of shorter leg WLl L =
— frae space loss above on L, seal . . )
= NEL = o path s (08 o N St RSt il ey of st A . s ;:“"""”'"m' rlnlw'-:‘:.m A A =
Antensa h st it under ™. - it e of o in ot of - _— - —
2 B ML = ln ol = L+ Lt L WL ol il A L g :'mumc":m‘“n‘w"'nﬁhmmr:'%‘nwm'f: “"‘“'“:"“" 3 of pmsns L =815+ Wogd— 0 logt— Mg O, — log m
— : - [ L bearmwit < —
Where: : ::m‘:ﬁ:‘““'“ A o 55 i st Caprnd it o ot A s WO - S Patha with passie repestes: =2
[ . = 0-db beiow the caster paters) 0. move included " 7
Gatan . ) ) i Lo = 15589 + logd, + Alogd—20
5 L o o e o il 8, G =15+ 2kgD+ Mgl = UB—Big e, W, Far-fiod Passive Rapester Gain — 6, oA - Al w%”::m i —Dlogenh, ;
: ) : Gameterof antenna Refstive 1o istropic radiators} hailne 10 { i Gc on the C sca
&= Gr, = Sumofll antoana gains (G i &b s = W ¢ o " shore on the G sca Wheie & = path o longer ag distance in s g
wl Lol il 8 L + D! & = shorter lag distancein mikes =
w - i ot s S —— B. To deteine ifpasive i in the ar-fsd: i i r=
a 1 Apporont Fron Spuce Loms —L, m;‘“‘mﬂ"&ﬂm@w"“': o = okt g o v lmed by v g of G In | S Rl b und s of e e o e e e | ) =2
(Reltive o otropc rodiaton) and H plae 3-db besemmidths on O, scale degress. e i (1 ot Sl A e D anteama diamater in feet (55% efficency) o
. scale and read L, or bor a predetermined L, move hairine 1o L, Side Rule—Set haiine 1o received carrier pomer in dbm on P, scale. Move Non scale, a0d read belom on B, % scale for pon-dversty N = Radio baseband intrinic nose i
g ok s nﬂmdl\m-t'- efectve passve area. To detemine total area eceiver mise figure in db on NF scale undes hairie. Set haiine e, o . (20 sl o ety s s o e A s s [°<]
3 passive, A, move right index of su:'m’ tm:ni lh;m o W'G::ml Mhdﬂ um: I’mﬂl on B scale. lm-_x mmum) lh.:ay‘lmh lhl:'««w peobability of outage N, = :a:m" ‘nmml:u. noises of each antenad feeder :
withoot TR i ot e 1, h e T b receives i e comection in (below fade margin) in % of time for the worst monh from muiti ancem sptem.
= & Som i :::" i, O ke g db on TC scale. and reduce FADE (margin) reading 0 Ny scile alh fading. Fo Gty sylems with 11 henpency separsion WS e — S
(X Slmmlp—mMﬂxulnnﬂhmmmmlumlmle Move f in Gc on ,mmw,,mhmm““ m-v-mmnnonmu under hairline by this correction to obtain the approximale fade uﬂlwuvulvlms% square the non-diversity readings. m
i . For channel frequencies lower than 2 TC correction ade margin allowances shouid aiso be made for slow fading effects N, Noise conteibution of baseband coupling and bassband ampii-
=1 S o B s S A in feet on C scale under haine and read eliectie passive of —§ set hairine instead on —6 on 1C scale and reduce FADE oo b i 11 path refii et =
= antenna diametes in feet on D scale. 1 antenna sizes are not equal. opposite L, For amwuxmlomnnmu,mm o mn..mummmub,smm.m imating overall path refiability. equipment.
"7’ e o ";:ggmm"f"m‘m‘; e to e index o e, Toen move e huw-bﬁl' [ D R R AR N = Noise contribution of multiphex equipment. ,E
- e it te s ADE (oargi. Ten e 1t i ircuit Noi "
z e L g o A — e ] R —— e | T
-_ meter of antennas. For Net Path Loss, add fixed losses L, and J 3 e u - R fontie RRk 1o T Mt Noise tiglex channel . =
w s . - (i) o8 Mo e ad e e i o - | g o e s - b wthing o e S/ ol ORI Sy *’m‘u S
= B. For paths with a passive repeater Where: P, = minimum transmitter ovtpet pomet in dbm N o= 3N+ Wi, o+ Ba) + (e, + Mg + SMy + SN with combiners, feduce the oise by 1 db for minimum =
2 Sl ol—Se e o the dstoc o e, 0o ngr ke of gt Stte oSt b I Tx poe o i 0 N e 204 v WPL i DR T i S G S T =
A it (1 G on & s unde haine (Nl o | on L, scale under haiise. Move Kaiine to 2 marker on L, , ) Where: SN, = sum of radio therma nase of each path of system at highest =
mc,mnm‘mmmmummummu wummrm in dbm. Video Fade Margin = 102 6o — 10 log B — NF + P, channel or st frequency Q'
slide at this point or after moving ") marker under hairline). —— b—]
§ Move hairine to the distance in miles, d, of shorter eg of path on | V- Fade Margies P — He Nomber o: baseband r-f terminal gairs in tandem:path system . . ] s
3 B scale. Moe "% marker on L, scale uader hairine. For 10-t00t A For approsimate fade margins in 3.1 ke FOM-SSB systems to a moise evel ) G =ANRa——— cowins  Copyright Collins Radio Co., 1967 =
diameter antennas, move hairline o_effective area of passive on A of 52 4ba. (S8.5 dbrnel) Slide Rule—Set hairline 1o FADE in Gb below median received carries level on M. = Radio intermodulation noise in calculated siot 74 (7]
A Conversion of Noise Units acress 3.1 ke Bandwidth. Slide R«lt—fm ‘N“L‘R&ol LF scale for number of channels on CCIR Channel bandwidths of 31 ke and OTTL ﬂ;llﬂ(l deviations gﬁmnn“?o%?) Where: LF CCIR nofse kead ratio (koad lactor) in 6b N, Receiver noise figure in @b
Model €19 Side rules T (o e e mm: Afa = rms OTL chanoel Geviation in mc A = peakir deviaton in me

Assmaptons: Temperstar is 20 Kb, sde bandidth 3
limited to 4.5 mc, and the weighting network improvement
7't for Bell System or CA networis and 102 8 o SR
recommended networis.

Siide Rllh—sd hairline 10 received carrier power in dbm on P, scale, and move
receiver noise figure in db on NF scale under the hairline. For peak
i deviations of 4 mec, set hairline to Z' marker and read
cnweigied o S/ on the viden S/AEAE (@) sae, o e
1he hairline to the Bell/EIA V' marker for Bell System or ElA

wighing e, or o the CCIR id 7 makr o CER eom
mended weighting networks, read the appropriate -Hm!d

ru(mlly'/.oluuml

11.808
i

Sh6¢ Rube—Set hairline 1o patk length in miles on A scale. and move frequency

mined by tangential ray at obstacke.

[72]
=
o
m
=
=
-
m
=
4
=
(=4
in @m on P, scale, and move receiver nose fgure in db on Vito S/N-gc- (Bel/EIAWG) = 11217 + P, — N + Dlog &1 14 [x]
R~ banidt . bsebond moduiaton bdidth e e R 1 e ke i e 13 = 002 N i ( bt ideo S/M onthe Wto S/N g (@) scle. Toese readngs =
audio bandwidth OTTL channel derations ic_ RMS, set hairline ] s: be corrected for basedand noise contribations. Note the number =
requency in mc on B scale, and read thermal nose in pwp below Mode! C18 Stide rules: Nideo smfmﬁouu wid) = 11537 + P, — N, + 20 log Al of picowaits under bairline 0n N,., scale. Then set hailine to S/N
AR = COIR noise load ratio = —15 + 10 log N for N =2 280 on N,., scale (Note: The standard test siot frequencies of while F+12=2 baseband poise limit (S/N of about, 72 ¢b wtd or 68 db flat) and =
channels or —1 +4 log N for N < 240 channels noise test sets are marked on the B scate by arrows). (2) For channel “" M,. Where: P, Received carries oowet in Gom 204 the picowatts under hairline on N,., scale to the picowatts (7]
(7] previously noted. Set hailine to the sum of the picowatts o N,., f,. = Frequency in mc of program channel subcarier Whete: A Wavelength in inches O — I%FI . 4 distance in miles from terminal to obstace. ”
= e 04 1ead oreced o S/N on the Vo S/N-Fur (80 | reavency i ge. . i3 ¢ el i Gl caiton e s o K = |
=3 i fue—Se hrin o ccived care pom n b on P e and e 0 st Fresmsl Zonn rodies, 0 7 morker for 06 st el mosmnmz«-m —
P scdbe. "'W"“MWM'NI‘MI'M“}M" noise figure on NF scale undes bairline. Set hairine o pro- Sinde Raie—Set hairline to A marker on  scale. Move 1 in gc on C scale under 0s Side Rule—Set 5 marker on B scale opposite X factor on A scale. Moe E
B i e ey ¥ el i - 3"‘“ ‘“‘,;ﬂ”m e ‘3.:.‘.*5.'.’1 ot Wairine and read waveleogth in inches on D el e b o Zone o s, o 7 marker for 05 first Fresnel Zone radius, of pai (:d Stancs, ‘ .uum [} u:k wcr m“ :: :;
elevation in requied
= nmunnmmmumawwm nd read video mu.uunnns«mmmwmm SN i u,v moswrm«mmmuu«umnmm gath above the elevation of obstacle. Add Fresnel Tone clearance =
o Smumwvm 5 (0b) scale. 4 nadivs mmam!utwlnuzk ements for line-of-sight clearance. When d, is between 10 and (—
e el e of$id) 0 124 srogram chsnel S/ on S/ (smt) (,mn.uy gl Teading by 10 For sutions sl 100 miles, multpty B scale reading by 100. This calculation must -
g o gt -wumu piangmiilon of path, move the fraction of path, ‘T,mmmkumw :gmmﬂmmyufzﬂ%'mm m
- L 154 FM Pragram Chanae Sigual/Noise e 'W"" '”‘"" g e g o Wy oy g line, and read the Fresnel Zone clearance requirements on D scale clovations less actaal_grou i can be -
Al imately 7. higher. Read picowal opposite lef index of slide. adjusted by the catio of the distances of each portion of the path. =
wi SN = HASS + P — N, + Doy £ scale opposite the S/N mmma wlse finchuing ¢ emhati . 4 P
— impr sum of Where: R - cadius of first Fresoe) Zone in feet vumlmmmxm-muymnmelhm(—) <1
= Where: /R = signal/noise ..»ui Istc 14 rogn et ot wﬂnumn,.,mnmwsmmmwmm)mk " S — i =
as "'m“mm\ augio deviation of =75 ke for corrected program channel sigaal/naise. ] Total path heagth in miles XV. Eth Comvature mn.mlmpun by this resuit. =3
i ‘channel noise.
(] poo= l:amd carrer x in dbm o shortet distance from end of path 10 obstruction n miles . 24 g
3 IK
[=} . XN Waveheagth in t frequency in gc
e Wy = Receiver ooie figure avength ia Free Space Wnere: b clevation of terminal antenna in feet required above obstacle m Copyright Collins Radio Co., 1967 g
A At chanael subcarries peak mmn of microwave in N elevation for line-of-sight clearance of earth curvature detes- & b3




FIXED LOSSES

w/

Fizod Lons
74" Comial Air Dietectfic-Flexidle 12 6 per 100" at 29¢
1% Coaxia! Air Diebectric-Flexible 1160 per 100 &t 24¢
Fleudi toctanguia: waveguice muyw:u:mmm-a

1054c| tlge | 12c| 13gc | 159

Roctanguiar waveguide RG.75 loss per 100" | SI R[S0 (46 0|44 cd | 4260
Webax weveguide EW-107 ess per 100 36@®|am[ize| — pad

17-%0gc 6-8gc |10-Nx

446 Foot Rademe Loxs 04 8 s | 128
§ Foot Radome Loss ot o e | Lz®
10 Fook Radoms Loss 08 % e | 158
Hyperion Rasoms Lots lor Shivuded

Anlennzs 01 & wae |02
Clrcwtator Forwarg Lons Betweea Ports 056 s e |05

0ss (L, -
088 (L, - 26,
-0

FOM-SSB NOISE MEASUREMENT FREQUENCIES

No. 1t Band Limits In-Band Shots

Cuacely | HighPass | LowPass Center
u 12k 108 ke 05 0k 105 ke
&0 12 ke 82 ke 0k 185 k Wi
® 60 5 300 ke 0% 185 ke mx
| Wk Stk | Mk % 54 &

0 60 xe 1052 ke Wk 54 ke 1002 ke
00 0 % 1300 ke 0 ke 53 n 1248
600 60 ke 2660 * 0k 108 (X

960 @ 4028 ke 70 ke 24% 336 M

980 316 k. 4188 ke EUE 2438 i 3886 ke
1,206 316 S.564 ke 34k 3886 ke 5340
1800 316 % 8204 8¢ $34 ke 886 8002 %
2700 N6k [ 12388 ke 534 ke I | 12090 %

*Nots — Highss! mddeiation Ireawency for 600 chanaeis it 2540 ke In CLITT systems.
a0d 2788 ¢ in WECD 1600 sysiemms.
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ECHO DISTORTION

/AR
COLLINS
W

o Dishrt
Echo distortaon carves are in db. S/N 5a1 wesghted and noise, 6030, To comvert for
other leeder losses. wsk wiveguide loss chart 1o determine iferences in feeder loss.
from the waveguide used in Ihe Lurve (multipty by two to allow for complete travel
of echo signal). (1 the beeder loss is lower. 204 this Giference to the echo noise of
he corve. 1 the feeder loss @ hegher, sublract thiy Gifference from the echo noise
of curve.

Echo curves are based on anteana and equipme: YSWR's of 1111 For athes VWIS,
4 of sublract the lofhowing correctsons.

Equipment YOAR 10%) Los:1 7
Antenna VSWR B8] 1151 151
Conection Factor ~ % % “n e

WAVEGUIDE  LENGTH
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ANT/ REFL GAIN

100 200 300 400 500 600 800FT
ANTENNA REFLECTOR SEPARATION

®

[ 200 300 400 %0 600 600FT
ANTENMA  REFLECTOR SEPARATION

)

100 700 300" 400 500 600 830FT
ANTENMA REFCECTOR SIPARATION
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ANT/REFL GAIN

100 200 300
ANTENNA  RIFLECTOR SEPARATION

00 200 300 400 300 600 800 FT
AHTENNA REFLECTOR SEPARATION

W0 400 500 €0 60071

©

160
ANTENWA WEFLECTOR SEPARATION
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