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EFFECT OF BELLIPTICAL ORBIIS ON THE PERFORMANGE
OF THE NRL RECOMNABSANCE SATELLITE

INTRODUCTION

The MRL reconnaissance satellite groposal envisions thot the
aateilite will be plaged n & substantially ciroular orbit of meen altftude
between 400 ant 500 milea. At the present state of the art unconirolled
varfations 4n the launching flight might well couse the eatellite 1o assume
& gomevhat ellipticel orbit. 1 {s therefors necessary to consider the effact
of an elliptizal orbit oo the NEL reconnaissance satellite.

This pager will consider brisdly three guestions - the sfect of
altitude on svatem performance, the mechanics of an elliptical crbir, and
the probable effects of such elliptical orbits on system PErormsnes .

THE EFYECT OF ALTIPUDE ON SYSIEM PERFORMANCE

Successiul operation of the reconnaissance sastelilte reguirss thsy
three communications lMnks funciion -~ the intercept Mak (he path from
the enemy trangmitter to the satellite intercept receiber), the dma Yink (he
path_from the satellite data transmitier 1o the ground~baged intercent alte),
and the gommand link {me path from the command travsmitier to the selliie].
There is a further requirement that the intercept and data links apercte
simultansously. - The yequirement on the command lak depends on the precise
prograimn of the satellite timer. Fer the data and command links, satisfactory
operation means merely thet infcrmation can be successiully passed over the
lnk. Satisfactory operation of the intercept Yink not enly fmplies that the
satellite can hear the enewmy transmission but alse that the intercepts are oo
disposed thet an arc of position of the enemy transmitter can be compuied..

Censidering fivet the command ik, it is seen that provided
sufficient power is used in the command transmitter the ok can be made to
function whenever the satellite is In sight of the command wanemdtter.

Referring to Fig.. 1 & can be seen that r = ar o whete & s 'eﬁ-wgm-‘g‘z;.ami in radinng..

But cop a = r@! .‘{r& + h).. These relations can be used to wmwta the ling~of-

sight ground rangs as a function of altftude.. The results of such a computation
ave given in Table 1. '
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|
' Table 3
Altitude (novtical miles) 108 200 460 860 800 1200 1600
Ground Runge $20 1150 1586 1910 2180 2530 2820
Geongidering next the deta Mnk, becsuse of the Hmited transmiited
power it might be thought posstble thst the range of the Mok would be Mmited
by sensitivity congidaretions rather than kxs horizon digtances. The following
a%umytw«m will be mads wn.,.vm’xima the data Mak e '
%«msﬁ;ﬁmith Powar: J75 mow file figum of the reviged MRL propossl
davated by 25% to aliow for heating
of the satallite.}
Transmitter Antonra:  ~3 db relative to sctroplie
Receiving hntenna: +8 a%h relative to isolropic
Minimusn Ussble Bignal at Recelver Terminals: =124 dbm
Data Link Fregueacy: 86 Me
A simple caleoulation based on these assumptions reveals & maximum
slant range in free space of over 800U nautical miles.. For all practical
purposes the limtetion on the data path will be simply the herlzon distance
sz::h has bean tebulated in Table 1 above,.
In order to estimate the effest of altitode on the performance of the
intercest path, valoulations will be based on @ TOKEN of the following
agsumed chardoioristics:
f Radiated Power: 600 kw/beam ' .
hAntenna Galns f(relative to isotrople): Vertical Fan: +39 db w@ o 6° é:iu vatient)
o +31 db {i’) o zs el vation)
45" Fan +35 db {e® to 16" alevation)
{L.e,. | o7 ﬁlgw::imi
e \‘bﬁ b i‘i@ pﬁ%;} Qﬁﬁﬁ""
‘ Lot 7 o ﬁ‘féﬁ &m sation)
Masstmum Side-lobe Antenng Galn: +18 db
; Frequancy: 3000 Me
i TG
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Ealoulpiions based o ﬁmﬂ@ sgsumptions yields the relation
Btwaen mammm gain and silant wn@@: ﬁh@m& i Table 2.

ntenmns Gatn +18 db - #30 db +31 db +35 db +39 ¢k

lai Bange Wy 745 860 2868 2200
&i«mmmm ¥aflen) ' ‘

- ’ ok S 4 . 4 .
%ﬁ - m%}g + (3440 + h }3 «G0B0 (3448 + h) cosh  and
c¢osa = sin &@Eﬁ - @) = sin {MQ 4+ a) = 13440 + k) siub / £y

5 body ©Ff this
; angle for @ given ’
aesr faﬁ m:&s w%:;@ 49 saputated :

ﬂ of %&w mi&uhﬁm& are «gwm &’a mﬁm a. wa f_ iy
ble, ssch ontry ¥ i Janl rax

%&u&i@ Emd

psavse of the b

M of ia?isla é&a _jms m&ﬁ%ﬁ:ﬁm *“v@mf:ml*
" ORI &M““m m‘:%xa “13’* fm@ *LH
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in excess of 700 miles would be undeetrable because of the slent range
Unitation. :

U the sensitivity of the intorcept toveliver could be Incrddeed from
~47 dbm to ~50 dbm, Table 2 would be repleved by Table 5 and the

Table 5
Antenna Gatn #18db 30 db  #1db +35db  +30dd |
glant Range 265 1085 1130 1780 2070  Weutical Milles

lower half of Teble 4 would apply. In this event altitudes irom 400 to 3200
oaitioal mﬂﬂ_ would be mtmﬁmmm mxmgh sltisudos below 699 mj ny

CRBW MEBECEANIUS
K;E f:hra tz:bmwn@sa taf msa i:amh, adr mmzm, and izm mmm:mi v 0f 2&)@

There is ond 5
in cospdinate and mmmmatum smm. ‘Hmsx is‘: *h 't:%m @wmaxx
are kmmm at the momont of satelliite sepurption, ﬂm ofit can be pre;

mversely . w lsce the aammm dn some deégired oibit it 48 necessa Tty
the sa e some point on that orbit and m@an to 4k the veloolly chasaoturial
c&f mﬁt g»:ssm in the grbits

X:E a uimuiar mﬁ:ﬁt m giwﬁ m@ms &nﬁ inc&inan@ﬂ 2& cﬁwmg, :!,1: m

at an axtitmi@ @f 5% mm:% ¥
altitude of 560 miles and tre
slightly legs than 4 miles per saconds,
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7 APPENDIX

tiptie avbit of semi-major 2
from tm mmm‘ 'm,, a‘f:“a:mm on has & W; dity given by

2w ww fu
ragpest 20w

mﬁ w"ﬁ B
{2’ /u }
r @ neaily vireular arbit the follos

g1

dafdv =

wing opprosimations cen be made
| .

fuo= r=a yielding

v = 2a/v o dafa = 2dv/va

-4 4000 miles altitede = 360 mﬂw) B 2% ervor dn v will couse
agor in @ wﬁh ,,‘@ ﬁi@m mf me*s veE‘ mmsﬁ»ﬁ%&mg o
g ang

g N R e, I i Hﬁ?‘“”ﬂ £ \3““’1 :
| _ean AFARET | © Ly EHTINOT ACSTRTED

Approved for Release: 2024/06/08 CO5025738

e e



C05025738 . Approved for Releése: 2024/06/08 C05025738

@mm VE;‘ Eﬁm&mwz} i‘mn any iélhp%

shiere | he amiwmimmmwc mwmmm m@ Mym&ﬁm w&m Es nmz%z m&

F} e Page 13 of 13 Pages  yanDit i\’m
1y Swrest DR H ORLY

. enpoed o
Lo
=k

oo
LY

Approved for Release: 2024/06/08 C05025738



