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UNITED STATES SPACE COMMAND .

PETERSON AIR FORCE BASE, COLORADO 80914-5001

11 DEC 1389

Dr Henry Azadehdel
24 Prestwood Dv.
Aspley Park
Nottingham NG8 3LY
England

Dear Dr Azadehdel

This responds to your October 21, 1989, Freedom of Information Act
(FOIA) request for information regarding any unknown object on the

Continent of Southern Africa during the dates of 6th and 7th of
May 1989.

The following information is releasable:

On the days of interest (May 6-7, 1989), six objects decayed
from orbit, but because these objects had a less than 5 percent
chance of surviving re-entry, no impact point was predicted nor
recorded. On May 8, 1989; however, one satellite did re-enter and
likely impacted within your area of interest. Details are:

International designator 1989-032B (USSR)
Satellite number 19942

Common name FOTON 2 (rocket body)
Launch date ' April 26, 1989

Impact time (plus/minus 1 min) 0119Z May 8, 1989
Impact location Lat - 18.0 degrees (S)

Long - 41.1 degrees (E)
Inclination - 62.8 degrees

Rev number since launch 181, descending to south-
west

Fees for this service are waived.
Sincerely

At | Verr Gt T 2 g

4
Y W. FELDER, Colone SSAC o1
Depity Chief of Staff || J‘ee Krclhile Moy 8,95 _ an D o Yomeaivon

D'SaléQéZéf-
f&/%&— 72:. 74—,1. 9/le¢:e,(}e(//
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LEED
.“é __S :;:}6 Comments Regarding your inquiry about phenomenon over
50
%) - southern Africa, a check of all back issues of the GVN Bulletin
since May 1989 revealed no meteor sightings reported in that region.
QO Please confirm receipt by voice phone at number listed above.
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READERS' GUIDE TO PERIODICAL LITERATURE March 1965-February 1966

CIAL satellites—Continued
>s and rockets world missile/space en-
)De%la 1965, 1l Miss & Roc 17:37-44+

..Of current space activity. R. N. Watts,
SKy & Tel 31:28-9 Ja '66

levator proposed to_link space to earth;
ect Skyhook. Scl N L 83:50 J1 24 6
lger%lcle log (cont) Aviation W 82:1

s" quiet satellites. Sci N L 87:262 Ap

>ovlet space probes; US lead in space
New Repub 152:7 Je 19 '65

nned scientific satellites; ruture hinxes

x(x)\o”u}\ned projeut plans. il Miss & Roo 117:

€e also
: vehicles

Astronomlical applications

telescopes in orbit to study stars in
i: for one of the_ orbiting &stronomical
er\atones Sci N L 87:248 Ap 17 '65
look at NGC 4565. N. G. Roman. {l
Ed 1:56-8 O '65

vehicle becomes major scientific pro-
m; zroundwork for expanded solar and
srplaneta r'a.mM D. E. Fin il
ation W §2: 116 18 r 16 '65
9 %rgigﬁs solar observatory. Aviation W
-3
‘\1 osxdsersGsLhrec more OSOs. Aviation W
0 .

spacecraft are designed to carry whole
ervatory units. T. D. Nicholson. 1l
tur Hist 74:28-30 N '65
-B telescope will scan stars mapped by
1 OA orbiting astronomical_observ-
Jl 19 %)5 Hibben. il Aviation W 83:74-
2 mlelllte in orblt R. N. Watts, ir. 1l
- & Tel 30:353-4 D '65
s told for manned observatories. W. S.
ller. il Miss & Roc 16:28-304+ My 17 '66
otype telescove for OAO-C tested. R. D.
bben. il Aviation W 82:714 Mr 22 ‘65
. to utilize 750-1,000-ft antennas; radio
tonomy explorer satellitee D. E. Fink.
Aviation W 83:106-74+ S 27 '65

nd orbltinz solar observatory R. N.
atts, jr. fl [) Tel 29:151-2 Mr '65
nd sun walch ni salellile now in orbit;
50-B 11 20 '656

ile space a.ntennas under study. R. Pay.

Miss & Roc 17:32-3 N 1 '65

e balloon vehicles seen inflating in orbit.

Sci N L 89:37 Ja 15 '66

ce observato successfully launched

bzlél‘ns zeop?yscal observatory. Scl N

ce sclence stresses optics, antennas. K

‘hnsen., Aviation W 82:3¢ Ap b

ln -dia, liquid orbiting eye proposed. R.
. 1l Miss & Roc 16:43 Je 14 '65

Communlication applications
See Communications satellites

Equipment
8ee Space vehicles—Equipment

Launching
ets two OV's for dual launch. W, E.
Vilks. Mlss & Rogo(}hls' htSUS callic
g satellites
rbltlﬁ 'ln one launching. Newsweek 66:61

'hl su,ellltes at once. R. N. Watts, ir.
ky & Tel 30:87 Ag '65

st industry-bullt Saturn &u Pegasus-
in precise orbit. Avlation 82:21 My 31

Maoplnq nnpllcatlonl
nc.hma.r\u in laser
to ohotom Exnlorer glnx 8.
Seller. 1 Mige & r&c 6:33+ Ap 12 'ss
0s- A hunched reluma data from orbit
‘;ghesr than planned. Aviation W 83:38 N

)f;lifi)vs; toﬂ elelﬂnd nlzlehandballlx'ape of ea l{ltth.

s fc ea

lécoo!{ev Sci NdIL 88'-133 sz sng Saiing
ungrading effo

t Roc 17:18 Ag 16 zeo?deUc e W Miny

Meteorological applications

‘loons and satellites trac

3 line’ chill: inck of oo sl b
ne c o era

Union. Reporter $2:1445 My h bV floeiet

'D steps_up weather satellite
16:16 wg -

3!

ylstra. Miss & Roc

ly bird speeds chart tran
F’]s{hered by Tiros D¢ 1 Mo ’°"'1 b

GAO charge to spur Nimbus Investigation.
GAV‘IMJ?n lWL L #i_ & f22 6g\hml)us I,
eophyvsical observations from
Nordberg bibliog 11 Science 1560:659-72 O 29

Global weather observation system urged;
testing Ghost for global horizontal sounc m‘.
technique. with_launch of Nimbus B. D,
Fink. Aviation W 83:34 D 6 '65

Hurricane Betsy viewed by TIROS satellites;
photographs. )Miw. : Roc 17:18 S 20 '65

John o' Groats_to 'I‘Imbuctoo, photographs
taken by the Nimbus weather, suellne Sci
Digest 57:inside back cover Mr

Latest weather meniter: Tir R. N.
Watts, jr. Sky & Tel 29:151 Mr 65

NASA launches first cartwheel satellite;
TIROS (television _infrared observullon
satellite) {1(pS1) Sci N L 87:88 F 6 '65

NASA weather satellne plans. il Aviation
W 84:40-24 Ja ¢

Radiation, inc, equlpping Nimbus-B_satellite.

Getler, Miss & Roc 16:35 Mr 8 '65

Satellite could show temperatures, pressures.
Sci N L 87:152 Mr 6 '65

Tiros 10 monitors Lroplcal storm belt. Avia-
tion W 83:36 J| 12

Weather bupy salel]ne link fs studied. W. H.
Gregory. il° Aviation W 82:54-54 F 8 '65

Mllitary applications
Base where MOL_ will be born air force's
Vandenberg. il Bsns W p70-24+ N 13 '65
Cosmos 57 believed dexlw\ed by Soviets;
ghologmphlc reconnaissance spacecraft.
W. J. Normyle. Aviation W §2:34 Ap 12 '65
Douglas gets a jump with MOL m'\nned
space laboratory. il Bsns W p50-2 D 25
From Washington: the air force In space and
peacekeeping assessments. H. Margolis. Bul
Atomic Scf 21:34-7 '65
Satellite photo station ready soon; Electro-
optical surveillance station. R. Pay. Miss
s (‘\] }Ioc 17:42 JI‘ IQMQIB
chriever reveals AS advances, Miss &
Roc 16:12-13 My 24 '65
Soviet article raps DOD space role; summary
%f zrzevgsrt M. Golyshev. Miss & Roc 17:17

Navigational applications
Satellites to aid in sea studies; nine oceano-
graphic ships planned H. Taylor. il Miss &
Roc 17:41-24+ S 6 '65
Ships _and_planes navigated by satellites.
. Von Braun i1 Pop Scl 186:76-74+ My ‘65

Power supply
See Space vehicles—Power supply

Trackling

AILOTS advances alrborne tracking R. Pay.
il Miss & Roc 17:26-7 N 22 '

He keeps score for the space race B. Lovell
and his radiotelescope at Bntalns Jodrell
bank. il Bsns W p96-84 O 30 'G5

How hams track space shots. R. Gannon. {l
Pop Sci 186:99-102 My '65

Satellite photo station ready soon; Electro-
optical surveillance station. R. Pay. Miss
& Roc 17:42 J) 19 '65

Tx&cl;w maﬁn.esexpert schoolboy. Newsweek €6:

Western satellite research network. G.

Cue and others. il Sky & Tel 30:88- 90 Ax

65
BRSFfle  ggsor L—Astmor.
5 zest :86-

0
Communications satellites—Tracking

Use in research

Aerojet demonstrates solid pulse motors. Avi-
ation W 82:30 Ap 19 '65

AT drafting own animal satellites; blosatel-
lite_program. H. M, David. Miss & Roc 16:
32Mr2%650v f disal 1 h W B

gets two s or ua aunc . B

Wilks. Miss & Roc 17:18 D 6

Application satellite technology: report wlll
decide navigation role. il Miss & Roc S
91-24 N 29 '65
AE-B to probe higher in atmo here. W. S.
Beller. 11 Miss & Roc 17:284- PP 16 '65

Benchmarks in space am nld mapping; Iaaer
heam to _photograph Dxnlorer E S.
Beller, 1l Miss & Roc 16:334+ Ap 12 '66

Biosatellite hardware nearly ready. H. M.
David. {1 Miss & Roc 16:344- F 22 65

Decision nearing on cislunar MDS; meteoroid
géleccstlon satellite. Miss & Roc¢ 16:14 Ap

ESRO II in early test phase; experiments
dealing with solar radla.lion measurements.
il Miss & Roc 17:26-7 J1 6 '66
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ARTIFICIAL satellites—Use In research—C«

Explorer 26, R. N. Watts, Jr. Sky &
29:96 F '65

Explorer 30. R. N. Watts, jr. Sky &
31:30 Ja ‘66

Hope grows for follow-on Pegasus. M. Get
il Miss & Roc 16:14-15 F 22 '65

Improved solar cells rvlmm(rl for IMI
B D,

Hibben. il Aviation W 83:53+4 Jl
65
Measuring meteoroids; orbiting Pegr
launched. il Time 85:58 I 26 ‘65

Meteoroid program may be expanded. 1
& Roc 16:17 My 31 '65

'\1|<)n. an _satcllite design near complet
. D. Hibben. 1l Aviation W 83:75+4
)) ‘65

\II'!OIH(H!:IHH] measurements. J _H. Wi

Electr World 74:42-3+4 N 65

)«/\.\z\ plans two optical ¢\1:r“1n nt aws
D. E. Fink. Aviation W §3:3 (

NASA will pick two (nr.vrw'r»' fnr
liminary O’ design y t |
nology satellite. Aviatio €

OAR to use own vehicl !
R. Pay. il Miss & Roc 32-4+4 17

OV2-1 will seek to determine extent of
Allen_belt threat; orbital vehicle. il A

tion W 83:113+ S 27 6

Pegasus r(~(nrninr’ mrrrurmd flux data
Aviation W 82:28 F 22 ‘65

Pegasus satellite flies. R. N. Watts, jir
Sky & Tel 29:210 Ap ‘65

Pegasus 2 launched; meteoroid-detection
tellite. R. N. Watts, jr. il Sky & Te¢
18-19 J1 '65

Pegasus 3 meteoroid- m)llu‘v'"s' sate
R. N. Watts, jr. il Sky & Tel 215 O

Proposed opntical satellite de: (!H!:. C
technolozy satellite. Getler Mi
Roc 16:304 Mr 29 °*

P.,uh'nmn monitoring satellite awaits I
111-C launching. S. Butler. Miss & Ro«
15 S 20 'G5

Satellites while orbiting could ald agr
ture. Sci N 87:216 Ap_ 3 '65

Study of advanced meteoroid detection s:
lite is planned. Aviation W _R3:34 Ag ¢
UK-3 to probe lightning's RF nolse
& Roc 16:30+4 Je 21 '65
ARTIFICIAL satellites, British
UK-3 to probe lightning's RF nolse.
& Roc 16:30+ Je 21 '65
ARTIFICIAL satellites. French

Fr-1 bolsters French civil space. ambi
W. C. Wetmore. il Aviation W 8§4:54
Ja 10 '66

France enters the space race, but—. |l
News 59:8 D ‘65

France in orblt il Newsweek 66:66 D 6

France injects first satellite Into orbit, L
FDotv 1lﬁA\)at|on”\V SR.29 D 6 ‘65
rance's first satellite. N. Watts,
& Tel 31:27 Ja 66 i =
i‘;?gnnﬁ Ql"}l{lplrj.\t q'nellllne Bsns W p54 D
nc satellit riati
SSD e e orbited. Aviatior
Pre- t\le(‘uon a eI ite launching sought h
g:o’mél_o government. Aviation W §3:2

Satellite balloon-watch; Project EOLE
measure air_currents, pressures and
peratures. Sci N L 87:115 F 20

ARTIFICIAL ss#tellites. Japanese

Japan moves toward launch of

?telme in '68. il Miss & Roc 17:

ARTIFICIAL satellites, Russlan
Cosmos 57 believed destroyed by Sov
recursor to manned Soviet flights. W\
- ormyle. Aviation W 82:34 Ap 12 '
ew chtures ot Elektron and C
Miss Roc 6:15 My 24 '65 ki
o Russ satellites scan
v e v 722 2
Russia _ believ

pisat

ed deployin
0 V8

Russians  ra U.S. >
launching, lgsns w ps;tzg 61352.3

Soviet satellite tests
Aviation W §2:21 I\;y §pa6cse AR

Soviet satellites watching u f i
I 0 Sl & 201538 R R
oviets boost recon satellite launch
!4%6 AQCOISénoSs satellites. {l Aviation W
ARTIFICIAL teeth, See Teeth, Artificlal

ARTISTIC abllit N
artistic, ete) Y. ee Creatlon (lite

:RTISTIC cookery. See Cookery, Ornam.
R’IX&TIC photography. See Photogrs

Moly
'65
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*E flight—Physiological aspects—QCont,

{ crucial to manned flight plans, H. M,

wvid. Miss & Roc 16:28-4 My 24 ‘65

I _will _emphasize calcium study. H, M.

avid. Miss & Roc 17:32-3 S 20 '65

g _around by voice control: ways to

mtrol an  astronaut maneuvering ~unit,

Time §5:80 Ap 23 '¢5

" much can_you take? weightless ma-

uvers around scale-mode] Space capsule,
};aglé{hn.n. il Sat Eve Post 238:32-44

v 22 o

double or nothing in Space: MceDivitt ang

hlise Gemini flight, {] Bsns W p 105-6
'65

QV._space activity ecalled strenuous. W,
Wetmore. Aviation W 82:25 Je 21 '65
est  journey; Gemin| 7/6 mission. j]
wsweek 66:60 D 13 '65
is moon-rated. i) Time 86:64-6 § 10 '65
\ _gets biolab recommendations: AES,
'RL and Apollo-X. H. M. Daviqa. Miss
Roc 17:36-8 Ag 23 '65
\'s firefly project. il Life 59:35-6 J1 9 '65
VA in next three Gemini flights, Miss
toc 17:14 JI 12 ’65
for man in space; medical reports on
ce flicht of Gemini-7. i Bsns W p544
S bbb
above, scrub below;
Newsweek 66:57 D 20
space and the inner ear. il Bsns W
-6+ Ja 30 '65
te  biosensors sought for astronauts,
ation W 82:36 Ap 19 "85
,‘m_;_»yemcnl studled. 11 Sel N L 87:262
4 b
ing  for space: Corlolis acceleration
form. il Time 85:78 Mr 12 ‘g5
nal manikin to aid MSC. M. Getler. i1
s & Roc 16:494+- Mv 17 '65
suited for orbit; Gemini 7/6 astronauts,
ewsweek 67:45 Ja 10 '66
e also
upport systems
medicine
itlessness

Psychological aspects

| effects of long space flights toler-
Sci N L 88:168 S 11 ‘65

Social aspects
sity and the éxploration of space; ad-
5. October 11, 1965 L. Dryden." Sci-
150:1129-33 N 26 65
flight simulators
mducting further space cabin atmos-
: studies in sixty-eight day test. H.
)avid. il Miss & Roc 17:29-30 O 18 ‘s
ots to simulate Apolio flight, H M
1. Miss & Roc 16:84-5 My 31 ‘65
S tests helium as atmosphere. H. M
I. Miss & Roe 16:38-41 Je 28 '65

Gemini 7 mission.
'65

o

-'s around scale-model space capsule,
'a\lé'_}\an. il Sat Eve Post 238:32-4+

2 '6d
space simulator designed. . D.
ncf il Miss & Rec 17:45-6 S 13 65
’ani 5'5‘15“54"’&"%2“-’5’5”“"" tests soon.
Space Sor min 3. Eberhart, 1I Scf
87:154-5 Mr 6 ‘65
irnaround completed day early. Q.
gge: Il Aviation W 83:32-3 D 13 65
ioaves ezg after eleven-story drop;
tive padding used {n Zero-gravity
Sci N L 88:345 N 27 '¢5
simulator will employ MHD. D,
a. Ul Miss & Hoc ‘T353%. MED. D,
a4 _to monitor biodynamics. M.
n?lr Miss & Roc 16:32-3 My 3 ‘65
¢ Elmulates LEM landings. il Miss &
243 My 17 '65 e -
hambers to check Apollo 1. 3
Cuss & Roc 17:27 D 6 '65
d lunar gravity simulated by device.
13) S?:l NKL 87:200 Mr 27 ‘65
sl astronaut performance, H. M.
0 Miss & Heo SFSrPenes H
also

ation simulators

aht to Jupiter

tlso

obes

ht to Mars

1 manned research: Mars, Venus
casible by 1980. il Miss & Roc 17:
N 29 65

t Mars stems urged, H, M.
Miss & Hoe 53" YFes

t odds over Mars goals, R, Pay.
Roc 165395 F 23

L.

ary 1966 999

Sm'}uls See Mars ag manned space goal,
2y 2 A\nrmylu, Aviation W 82:37 My 10 '66
I(‘_‘.\I‘!lrs or bust, I, Wolfert. i) Read Digest
87:63-8 JI '65
\\_hru‘ Will we land on Mars? W. von Braun,
il _Pop Sei 186:86-8 Mr 65
. See also
Space probes
SPACE flight to
See also
Space Probes
SP\ACE ﬂ'l]ght (io the moon
Apollo blueprint 1970. J, Ebe S "
ST:378-9+ Je 13 "¢ SR Sel 1
AES management plan  nears
,\m\llr_) extension system. I
Aviation W 83:16-17 J) 19 'g5

Mercury

completion;
), 3. Fink.

uS  program definition to be (In. Miss &
Roc 16:17 Je 7 'gs g %

U\[{Tmt‘sx] on the moon: profits to be made
0|£51 “_‘{:?n.lr exploration. {] Time 86:89-90

Conservative approach (Hr'mling lunar scl-
entific research plan, W, Normyle. Avi-
ation W Je 65

Funding boost
. & Roc 17:18 O
I'u'v"!m; lo start for Apollo lunar sclence,
W .\u:‘xn_\'h:, Aviation W 82:18-19 My 31

65

n;h\'ht cut Apollo cost. Miss
25 '65

“‘\Y'\i‘;-\\srs(‘ plln‘ns“to I(lw\nmIQr the moon; inter-
1 D 27 g5 - Mueller. il U S News 59:33-7
Kepler's dream, by J. Lear. Review
Sat R ] 48%41 AD 3 '65. W. D. Stahlman
Lm'mr Mmission retains to J.S. priority, W. J.
Normyle, jj Aviation K{V §2:105-84 'Mr’ 15

bl
Moon landing Possible In 1968? what U.S.
proved with four days in space. il U S News
98:40-1 Je 21 '65
NASA alerts Congress to plans for major
ggﬁt‘;.\pol!o missions, Aviation W 82:23
2 35

New post-1970 missions investigat d <
p‘Vllks. 11 Miss & Roc 17:22-3L Nei ‘XS o
aCe race pace qQuickens, J, Eberhart, {)
Sci N L 87:3874- Je 19 65

Special report, Apolio at mid-term; symposi-
um. il Aviation w 83:55-7+ "N "15 '65

Special’ report on_Apollo ‘applications. i1 Avi-
ation: W t83:64-5~i— OhlL’GS . : " s
ree, glant steps to the moon. {l°'Pop Mec
124:90-44 " O; 116-20+ N: 104-83-L D '65 h
TP Spacemaps to the moon. G. Bylinsky, 1
N Y Times Mag p6-7+4 My 30 '65

See also
Lunar probes
Space flight—Manneqd flights

Cost
Lunar landing: the big goal. 1 U S News
Moo atrai o 5 Coughlin, Miss & R
oon struck, - J. Coughlin,
16:46 Ap 12 '65 o o

NASA’s ‘target: keep date with moon. {]
Bsns W p23-9 F J)‘GS
International aspects
Moon race: fs It worth while? statements
from National youth conference on the
atom. {1 Sr Schol 86:20-1 F 4 ‘g5
Race to moon: can U.S. still catch Russia?
il U S News 58:46-8 Mr 29 '65
U.S. and Russia in space; the pace quickens,
i1 US News 59:25-6 Ag 30 '65
SPAdCE ﬂight to Venus
Advanced manned earch;
:asible by lﬁ_%aﬁ 2
- T e

Manned Venus flyby possible in 75, W. 8.
Beller. Miss & ¥loc 17:34 Ag 30 '65
See also
Space probeg
SPACE heaters, See Electric heaters
SPACE Industry, See Aerospace industries
It Bl lation of out
nternational regulation of o er space ac-
5%‘”9“%‘5"6153' Galloway. il Bul Atomic Sel 21:

Mars, enus
Tis o6 11}

L?su.esfor space debated. Scl N I, 88:197 S
Sl;ﬁ:’CEt ml"c"cmfe edicine t ditl

t cine to space conditions

seen. o1 § IGhSne fo, dr z

AA experiment proposals studled. 11 Miss &
Roc f7:23 D6 %5

Birds ald space study, Sel N L 88:34 J1 17 '65

Drugs studied to alq astronauts. {1 Miss &
Roc 16:33 Mr 15 ‘65

Gazenko dlscusses Soviet space medicine.
Sl)z"ag' Gazenko, 11 Aviation %V 82:40-14 Jeo
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SPACE medicine—Continued
Tegés show tooth needs. Scl N L 88:86 Ag 1

gmce mght-—r’hyslolonlcu.l aspects
Weightlessness

SPAé:E; )navlqatlon. See Navigation (space

SPACE perception

Stimulus variables determlnln§ sm\ce per-
ception in infants. T. ow bibliog
il Science 149:88-9 J1 2 '65

SPACE photography

Apollo crater landing seen osslble Ranger IX
{holg;; ?;\57 IZ. Wilks. Miss Roc 16:264
r

Can _you_see the moon in 3-D? L. Mallan.
il Pop Phot b57:52-5 '66

Close tracking of Marlner continues. il Miss
& Roc 17:14-15 J1 19 '

Complex system pxoduced Mars photos. 1l
Aviation W 83:67-8 J] 26 '6b

Crew of Gemini 6 \ehlcle provided demll%s
storm data. B, J. Bulban. i Aviation
83:68-94 S 20 '66

Drama from the moon; flight of Ranger IX.
il Time 85:48 Ap 2 'G5

First orbiter to plcture moon's far side.
Aviation W 83:30 O

Gemini V e\penmems on zodiaca! light and
gezenscheln ) 3 and F. Huch,
ibhoz il Science 150 53 6, 1629 ‘01, D 11

Gemlnl ghotos advance AES experiments:
with g otographs D. E. Fink. Aviation W

Gemmi 7 may take photographs of Gemini 6
re-entry sequence. W. J. Normyle. Avia-
tion W 83:23 N 29 '65

Gemini 6 crewmen to photograph Bahamas
in storm _damage studv W. J. Normyle.
'Aviatlon W 83:37 S 20 ‘65

G'-3 astronaut photographs Africa, Mexico.
il Aviation W 8§2:68-9 Ap 12 'G5

ngsvstshgy sislotethe space walk. il U S Camera

John o' Groats_ to Timbuctoo; photographs
taken by the Nimbus weather satellite. Sci
Digest 57:inside back cover Mr '65

king sharp; Questar telescoge for spuce
photography. i1 Newsweek 66: 2

Lunar results from Rangers 7 to G. P

LIgulpgg' bibliog il Sky & Tel,29:293-308

Manomw the moon: Ranger VIII. {1 Time
85:58-9 F 26 '65 .

Mariner 4 completes Mars mission. R.
Watts, jr. il Sky & Tel 30:136-8 S '65

Mariner 4 Dhot‘g’zraphs of Mars. il Sky & Tel

0:155-61 S

Mariner IV _photography of Mars: Initial
results. R. B. Leighton and others. il
Science 149:627-30 Ag 6 'G5

Mariner 4 photos, data reducing unknowns
about Mars. D. Watkins. il Aviation W
83:16-20 J1 26 '65

Mzzlzméesr observes Mars. il Sci N L 8S8:51 Jl

Mariner photozmphic fleld determined. Avia-
tion W 82:25 F 1
Maerss never seen. ﬂ Newsweek 66:54-6+4+ J1 26

NASA studies feasibility of color television
grom lugmr surface. il Aviation W 84:71+4
a

Photos point to Mars Janding difficulty. R.
Pay. il Miss & Roc_17:13-14+ J1 26 '65 __

Pirc)tu?r]escot success; Gemini 7. il Time 86:55

Portrait of lanet; flight of Mariner IV.
il Time 86 36 + J1 23 '65

Ranger 8 unar photos appear to confirm
Rar‘;ger 7 data, {1l Aviation W 82:20-3 Mr

Rangzer 8 lunar reconnaissance. il Sky & Tel
29:205-9 Ap '65

Ranger missions to the moon. H. M. Schur-
meijer and others il Sci Am 214:52-67 bib-
liog(p 134-5) Ja 'G6

Ranger 9 data Dromlses basic insights on
Junar surface, H, Watking., il Avia-
tion W 82:84-9 Ap 6 ° 5

Ranger IX may shoot Survevor site; with
editorial comment. W. L. Wilks, 1l Miss
& Roc 16:18+4, 46 Mr 1 '65

Ran er pro ram exceeds expectations, W. I.
S Vilks, iss & Roc 16:284 Ap & '65
anzers moon Janding areas, W, H,
‘i?"n & Toe 16:22-3 Ap 1265
ganxer s-eye view, 1l Sci N L 87:149 Mr 6 '65
esearch in Amerlca; Ranger 8 findi
Lear, |l Sat R 48:47-8 Dr3 Gn i b
Bo vast, g0 beautiful, so overpowering: pho-

ra hs earth
29 'OJ azr‘ 65un.ken from Gemini 6.

Surveyor unit ewnita lilve TV broadcast
rrmﬁ' Rnnger 9p D. Watkins. il Avia-
tion W 82:26-7 Mr Z'J '66

Techniques tomorrow; cameras belng used
ln ?)mce B. Sherman. il Mod Phot 29:404

'l‘cuuln of nelghbor Mars; plctures taken

135 million “mlies away. 1l Life 69:62A-62C
g 0 )

Via Ranger, rills and dimples; Ranger 8, {]
Newsweek 65:64-6 Mr 1 66

VAD group prorchd Mariner photoa R.
Pay. 1l Miss & Roc 17:284 Ag 9 '65

View from Gemini 7: the lonely moonrn and
l]he7h06rﬁllng in of Geminl 6. il Llfe 60:24-21
a

World's experienced observers make report.
Sci N L 88:197 S 256 '65

Zond designed to transmit photos re{matod]y
from extreme ranges. il Aviation 3
A 23 '6H

SPACE power systems. See Space vehicles—
Power supply
SPACE probes

Acrobats in space. G. Bylinsky. New Repub
152:14-15 Ap 3 '65

Advanced unmanned planetary misslons;
effort embraces entire solar system. il
Miss & Roc 17:103+ N 29 '65

Appointment in Amazonls: Mars-bound Ma-
riner 4. Newsweek 65:54 F '65

Asteroid belt probe. J. IEberhart. Scl N L
87:115 F 20 _'65

Atmosphere data to alter Vovager doql;:n
I. Stone. il Aviation W 83:66-7+ N 22 '65

Automated lab will search for Mars life.
] D. Watkins. il Aviation W 83:61+ Ag 2

Close tracking of Mariner continues. il Missg
& Roc 17:14-15 J1 19 '65

Comet flyby studied for Mariner backup.
l‘\IVZOC Wetmore. il Aviation W 83:45-6+4

'65
Distant qpace probe foreseen in ten years,
Sci N L 87:338 My 29 '65
Earth to Mars in 229 days; Mariner 4. J.
Eberhart. il Sci N L 88:19 JI 10 '65
TFirst close-up look at Mars. W. S. Griswold.
il Pop Sci 187:82-6_J1 '65
Flight of Mariner II changes theories about
planet Venus T. D. Nicholson. il Natur
Hist 75:52-4 Ja '66
Giant step. Sci Am 213:42 Ag '65
Gun- Ia.unched 18)robes yleld varied data, 1l
Aviation 4 '65
He keeps the space shots zooming:; W. H.
i’lclﬁerlﬂg (director of JPL. il Bsns W p 118-
A )
In-flight results from Mariner 4. R, N. Watts,
jr. il Sky & Tel 29:359 Je '65
Interest rises in comets, asteroid belt. H. D.
Watkins. il Aviation W 82:89-904 F 22 '65
Is_anvbody out there? Mars-bound Mariner
BV. lg’ (I;\g Spencer, il Sat Eve Post 238:44-6
e
Is there life on Mars? J. Eberhart. il Sci N L
88:74-5 J1 31 'G5
JPL dchating alternate methods for contact-
ing Mariner 4 in 67. ! Watkins., {1
Aviation W 83:32 Ag 2 '65
JPL to manage Voyager lander. H. Taylor.
Miss & Roc 16:14 My 3 '65
{911:‘%1-:%3; to Mars il It\Ie“s“eedeGbSZ Jll 19 1'65
£ on _a comet propose scientist
Sci N 1., 87: 13(‘ F 27 '65 "
Man hehind our mission to Mars: \Iarmer IV.
Kocivar. il Look 29:36-8+ JI 13 '65
Mariner data may limit Vovaf:er pavload
Maﬂmor\;}1 ‘;Atviatiotn W 83: ;11-1- Ag 65
ner flig continues. . N. Watts. r.
Sky & Tel 29:95-6 F '65 3
Mariner 4 completes Mars mission R
M;’?_Yl::.jtgﬁ. 41r il t@kstr & g‘el 'g) l.}fl;’ 8‘% '65 4
r contact ends 5 atts, Jr.
Skyv & Tel 30:285 N ‘65

N At about s oD, R e BT

ars

Hist 74:30-2 My '65 SRR, 11 St

Mariner IV measurements near Mars: initial
results; symposium; with editorial com-
ment, bibliog I Science 149:1179, 1226-48 S

Mariner 4 nearing filnal missi
D. Watkins. il Aviation VE’S g:? hi"yfs 65
Mariner 4 nears Mars. Sci N L 88:15 J1 3 '65
Mariner 4 photos, data reducing unknowns
about Mars. y w
B ut g are KL Watkins. il Aviation
Mariner 4 radio link 7.
Aviation W 82:66-7 Mtos beB fred. In 135
M':‘E"éi'néxyé texmirt\se Fcfdo“m lncrea.tsle!l due
enu o ere
J. Lear. Sat R 49%5 Ag '?.rtslan o

Mariner nears m -
ariner, nears moment of truth. Miss & R
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E probes—Continuoed
SILP;E, aplmosphere probe prolrgosssod;6 R. Lind-

. Miss & Roc 16:13
M:?')a; in '°§“i’é pégumur 1V prove. 1l Sr Schol
e \l Newsweek 66:54-6+ J1 26

Mars never seen.
M;Grﬁs observations wanted; Mariner-4 robe.
R. N. Wn.uaf ir. 4l Sl(ly & 'l‘clk29i:15(llh rsk(';ﬁ

X talizin uestion mar n e sky.
M%{'? it ﬁ 1% Y ‘Times Mag p 12-13+

: 11Suﬁléivnn.

J b

s vehicle becomes major scientific pro-
M&l’an D. . Fink. {l Aviation W 82:116-18+

Ir 16 "66
Martian atmosphere expe

riment urged for 1969
Voyager ve'rélcle. M. Yaffee.

Aviation

2:614+ F 8 '65
Mafstermlnds of Mars. R. S. Lewls. Bul
Atomic Scl 21:39-41 Ap '66 Sel

Mercury flyb roposed. J. IEberhart.
1. 87:83 Fys PS’

N 3 5
Metceors bombard Mariner. Scl N L 87:278

M .
hioo};\fﬂccd Mars. il Newsweek 66:58 Ag 9 '65
Moon-faced Mars; concerning Picu:n'cs taken

by é;p‘%geship Mariner 1V, il Time 8§6:58

A

NAEA promises versatile Voyager. H. M.
David. Miss & Roc 16:10 Mr 1 '65

NASA rests Mariner, readies other probes.

W p48 O 2 '65

Bsns
NASA revamping_Voyager development. D. E.
ink. Aviation W 83:20 N 1 '65

F
NASA still considering Mars capsule for 1969.
Miss & Roc 16:36 Mr 22 '65
NASA's Mercury history irks air force. E. H.
Kolcum. Aviation W 83:16-17 O 18 '65
Needle-nosed Mars probe suggested. W. S.
Beller. il Miss & Roc 17:24-56 JI 12 '65
Notes and comment: news from Mariner 4.

New Yorker 41:17 Ag 7 '65
On the Mars! Mariner IV vovage. L. Lessing.

il Fortune 72:106-11 Jl 65
Qur encounter with ars; successful com-
of men and machines. L. Wain-

bination
wright. Life 59:14 Ag 6 '65
Perils and triumphﬁs5 of Mariner 4. il Bsns W

p 102-4 J1 24
Photos point to Mars landing difficulty., R.
Pay. il Miss & Roc 17:12-14+ JI 26 '65
Pigrx_e(igr explores space, il Sci N L §9:23 Ja

buoved by

Planetary exploration hopes
Mariner flight. W. J. Normyle. il Avia-
tion W 83:86-74+ Ag 9 '65

Portrait of a planet: flicht of Mariner IV.
il Time 86:36-84+ JI 23 '65

Vovager; FY '67 seen  Aas

request

Project Vo
gglapﬁsmllhon. il Miss & Roc 17:61-24+ N

Real meaning of the Mars flight. il U S
News 59:41 Jl 26 'G5

Scientists detall Mars priority argument;
Voyvager program. . J. Normyle. Avia-
tilon W 82:694 My 10 '65

Seamans ctzstalllzes Voyager plans. H. Tay-
lor. Miss & Roc 17:17 O 25 '65

Severe Voyager sterilization criteria set. H.
D. Watkins. Aviation W 83:58+4+ D 6 '65

Solar system exploration study planned. I.
Stone. Aviation W 83:87-9+4+ JI 12 '65

Space life detection seen enhanced. H. M.
David. Miss & Roc 17:41-24 O 4 '65

Space life detector simulates firefly light.
Sci N L 87:201 Mr 27 '65

They try harder; with Russian-U.S. deep-
space box score. il Newsweek 66:62 N 29 '65

This is Mars; first close-up view. il Life 59:
30-1 J1 23 '65

To Mars or bust, I. Wolfert. 11 Read Digest
87:63-8 JI '65

U.S. starts catching up in space. Bsns W
p 164 Ap 3 ‘65

Ur,}n}%?ned launch studied. Sci N L §8:82 Ag

Voyager capsule RFP's due in summer,
. Taylor. Miss & Roc 16:15 Mr 22 '65
(4] er experiment decisions due in July.
Igu% Fink. Aviation W 83:71 N 22 '65y
Voyager R}'ocurement plans _uncertain. H.
- aylor, iss & Roc 17:13 J1 b '65
er program facing reorganization. H.
qu:ﬁor. iss & Roc 17:14 O 4 'G5
VcBr:ger to avoid Surveyor errors, H, M.
vid. Miss & Roc 16:15 Mr 15 '65
Webhb says Mariner winning Mars race; Zond
& month behind. H. Taylor., Miss & Roc 16:

16 F 15 '65
t we'll see on Mars. B, H. '
| Digest 58:44-63 J1 "65 Frisch, 1]
Bee also

Lunar probes

1001

PACE probes, Russian
Sl{ussmﬂs may skip Mars probe In 1966 D.
Winston. Aviation W 83:81-2 Ag 30 '65

re; Zond Il

obe fallu
Russinns report Mars pri e Sy

H. Taylor. 1l Miss & Roc
L roblems, R, N. Watts, Jr. 1
e : L E—
% Itussian-U.S. deep-
HoX score. H NEWHWEOK__@Q—N
avs Mariner winning Mars race; Zond
a )mosnlyh behind. . Taylor, Miss & Iroc
16:16 F 16 '66
See also

Lunar probes, Russian

SPACE rescue work
Need seen for global space rescue code. V.VérJ'.
1)

Normyle. il Aviation W 83:69-71 O 18
SPACE research
Ch:r'onolos:ly z%t' ?fcal 1965. Miss & Roc 17:
1t J "6
o In(,i;u!ht. R. Hotz. Aviation W

st il
Exploration explosion. 1 Sci Digest 58:9-12

Ag "05
1965 science review, il Sci N L 88:397-8 D

bl
OFpIimeE potato. J, Lear. il _Sat R 48:47-50
S 4 'Gh; Discussion., 48:92 D 4 '65
Space notes. R. N. Watts, jr. Sky & Tel 30:
285 N '65

See also
International councll of scientific unlons—

Committee on space research
International aspects

Across the sea. W. J. Coughlin, Miss & Roc
Ja "

18:46 3 '66
After spending 30 billions; how U.S. stands
in space. il S News 659:41-3 S 6 '65
France in space: collaboration with both
U.S. and US.SR? . K. McElheny, il
Science 150:1700-1 D 24 '65 )
Gains, pitfalls  seen in cooperation. Avia-
tion W §2:17 My 3 '65
report

Greater joint space effort endorsed; [
to White House conference on internation-
al cooperation; with editorial comment. W.
S. Beller. Miss & Roc 17:15, 46 D 6 '65

Ike on the missile gap: there wasn't any.
excerpts from White House years: waging
peace, 1956-61. D. D. Eisenhower, U S
News 59:20 O 4 '65

International space surge; __excerpts from
congressional tesurPt‘logév. i L. Dryden.

Aviation W 82:17
Japan's rockets: a future nuclear threat? f{l

U S News 59:12 S 6 "65
invited for

Non-U.S. experiments are
Gemini. Apollo, later flights., E. J. Bulban.

Aviation W 82:25 My 3 '65

One big race U.S. is winning: new products.
il U S News 59:84-7 S 27 '65

So little in it. Commonweal 82:101 Ap 16 ‘65

Space and the International_cooperation year:
a national challenge. A. W. Frutkin. Dept
State Bul 53:384-92 S 6 '65

_See also
United Nations—Committee on the peaceful

uses of outer space
Argentina
Argentina paces Latin space growth.k W, S.
Deiler. il Miss & Roc 16:354+ Je 14 '65
Europe, Western

ELDO, ESRO programs meet
W. Wetmore. il Aviation W 82:127+

'65
European space_ proposal. W. J. Coughlin.

Miss & Roc 17:46 J1 12 '65
Europeans frustrated in
Deller, il Miss & Roc isg%ﬁe-shggesg "é% s
Europeans reviewing space goals through
%rly 1970s. Aviation W 82:198-201 Je ‘i't

slippages.
r 15

Eurospace clings to transpor
& Toc 16:18 My 17 '65 ter i{dea. Miss
with editorial

Eurospace debates Its future;
;:o%rsment. il Miss & Roc 16:12-13. 46 My

Eurospace proposes expanded program: with
editorial comment. E, H. um. v
W §2:11, T6o17 My § g5 “oleum. Aviation
Eurospace views space program need E
Loewe; BE. P. Wheat ¥ 82
e M 10 6 on, il Aviation W 82:
a France
stronauts recoup space prestige: Pari
-“6‘5 Getler, 1l Miss & Roc 16:16-17 320‘2"5
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Misslon-oriented R&D |s anled threat to U.S8,

I! SPACE probes—France—Continued
\ France In  space: collaboration with Dboth civilian economy. R. G. O'Lone. Aviation
| U.S. and U.S.S.R? V. K. McIlheny. |l W 83:99+4 S 6 '66
| Science 150:1700-1 1> 24 '65 NASA ponders AIES Integration team.
i French retain ambitions glwe desplto Taylor. Miss & Roc 16:14 Je 21 '65

tight budget. il Aviation W 82:206-9 Je 14 NASA promises versatile Voyager. H.

Gg David. Miss & Roc 16:10 Mr 1 'G5
! How not to secll nbroad ‘W. J. Coughlin. Miss NASA to decide key AKS issues In June;
X & Roc 16:60 Je 66 Apollo extension systems. W, J. Normyle.
! NASA may aid ln French program, W, S, Aviation W 82:16-17 My 24

Beller. il Miss & Roc 17:22-3 JlI 6 '6b R%pou lrom2 b&pg4henne%y J. Harabin. |l
| eventeen -

Germany (Federal Republic) Row over rockets, Sci Digest 57:44-56 Ap '65

Soviet article raps DOD space role; suminary

$460-million German space push urged. W. C.
4 3:560 g+ ‘6 of report. M. Golyshev. Miss & Roc 17:17

G\Ve(moxiedll tAvia}l]lon W tt_} ;1 dlS 6 1&5 o o]
y erman industry hungry_ for funding. ’
o' Getler. il Miss & Roc 17:29-30+ Jl1 19 ‘65 Soviet sour grapes. R, Hotz, Aviation W £3:
) Increase so ght in German space effort, 1l 21 S 13
Aviation W 82:211-124 Je 14 '656 Soviet qpace a.cuvlties R. N. Waltts, jr. Sky
& Tel 31:27 Ja '6
! Great Britain Space (cont) il Lnre 69:35-6 J1 9 '65
U.K. industry awaits review_ findings: with bpt}cc a White House endorsement and a
: editorial comment. Miss & Roc 17:15, 46 JI NASA view on the attitudes of scientists
g ' b 'G5 toward the program. D. S. Greenberg. Sci-
India Sence 147d1269 70LMr 12 '65 . 2
India's nascent space program, V. K. Mc- pace and sociely; excerpts Irom remarks,
Elheny. il Science 149:1487-9 S 24 '66 v Seswaan, Jr. Aviaden W AT N
! Japan Splz)ace tzogxkia Nfor Bgezgt tw;cnéy years should
Japan moves toward launch of home-built € SELaing Ja
! satellite in '65. il Miss & Roc 17:29-30 D 20  SRaSe plans xaln Congress, confidence, G. C.
1‘ & Successful summer in space. R. Hotz. Avia-
; tj Russia tion W 83:21 Ag 16 '6 tfort b
i Assessment. W, J. Coughlin, Miss & Roc  SYNard §5% s™irged & G. O'Lone. Avia:
! ‘; Hzlilx;,dlyM?ssu&miut)%rl?oEp(l)acgn%%r W. J. Courh- Thlllgn rtn%nxliss:; feﬁfu?e 6:‘Comm-e':s considers
Mgré piciures. 3[507lstD4a£% story. J. Eberhart. éi’eFUsg space program. Cong Digest 44:35-
! 1 -
i . nt Russmn clivi N. Watts, jr, ’Ih&ees s&%}z‘ss fgsr“éaggr “fr U.S. spacemen. il
= 4
R.lfolcum. Aviation \Vn'stri?gi—t%polsEfﬁsH. T?\r}’igv% %{)Oaccems“u pﬁrrt 8\% piagpincivy
R%SJ;?grs “re ?n ga{(s ‘;Eoijze 13“11&“" - ‘gg PT:?]]? sngic%slaunch R. Hotz. Aviation W 82:
iss oc :12- y 4 ;
} Soz\ileé gguressrapes. R. Hotz. Aviation W 83: T?{%rét}hyggr}\gl%ré G.S,V J. Coughlin. Miss &
(I U.S. space teamwork comes of age. J. E.
U Soely par autempt 1o, SRLOTIETE L Wenh Fiiss & Roe I7STIN" 20" %6s '
Soviets on L University and the exploratlon of space; ad-
oViE seen exploiting huge new vehicle. dress, October 11, 1965. H. L. Dryden. Sci-
W:Yhh'zxdhﬁg}'ylxe iation. on. {}/sgi{?’z s b ence 150:1129-33 N 26 65
orm ion on space pro-
o gress. Sci N L 88:12 J1 31 '65 Vigor of fg’;gi,ogk%%"ggszfmgl;;ddﬁgess B 1
i { United States Where the space_race is paying off for the
‘ : U.S; chart. il U S News b 46-7 Mr©29 '65;
) i After the moon landing: Senate hearings : ' '
(. g%eélncwal%o {%63 de "}f}itﬁg p'5 5 Greenberk Sasngg. Eﬁgd Digest 86:108 Je '65
ol 1 € T
ol After the moon, what'; Sel N'L §8:18 31 10 'G5 Ul ad ot ol esranautics  and
bk AE managenient pan nears completion;
y 'i' Apollo extension syste D. E. Fink. SPACE sextants. See Sextants
{ Aviation W 83:16-17 Jl 19 ‘6 SPACE-simulation chambers. See Testing
. AIR:S I;Eoi.";‘a.]m 7deﬂnluon to begin, Miss & laboratories
B oc SPACE station simulators
ot A tin fm sux B T b Analog, digital computer combination will aid
Aslieéss.r]rlzerzié \6’% J. Coughlin, Miss & Roc 17: 3'2 5 Mr lnsu§séon simulation. Miss & Roc 16:
Avionics in space; excerpts from address, Hﬁ“}\"?ssl%kﬁoge%ﬁi?gegfor 20°%s in MOL cabin.

.13565' E. C. Welsh. Aviation W §3:21 N 8 7e1r)o -G_slows astronaut Derrormance H. M.
Case for man in_space, S F. Singer. i1 Re- avid. il Miss & Roc 17:34+ N 8§ '05
J o SPACE stations

porter 32:25-8 Je 17
G.E.'s \vay -out man. B. IH. Across the sea.l%estions rex:ardmg a lunar
a

Dandridge Cole:
Iy Frisch. il Sci Digest 58:9-15 JI '65 lﬂ’lgqrnguﬁgglls mosaton 6 Coughlin.
o Death of a project; Project Orion. F. J. a
! Dyson, Science 149:141-4 JI 9 '6o; Discuss  Aqpospace,corp, given MOL, task. H. Taylor.
o EiO" 149:912+ Ag 27 'G5 Aerospace to get key MOL task despite con- )
} Europeans get eyeful of U.S. space work gressional cnliclsm I\ Johnsen. Avia-
. deleﬁalea to Eurospace conference amazed tion W 83:33 Ag 30 '6 3
‘ S. plants. il Bsns W p 1344 My 15 Air force glv\‘r,enJ mﬁnned space role; MOL
e program. . ormyle. Avi W 83:
! ‘;4 E:gaeriments in space H. Wujek, jr, fl 23 Ag 30 '65 ———
b lectr World 74:30- l+ J1765 Afr force moves quickly to exploit MOL
: Flth annual NASA issue; ed. by H. Taylor. with editorial comment D. E. Fin
Miss & Roc 17:354+ N 29 '65 Avlatlon W 83:17, 22-3 S 6 '65
1 Guldance, control studies under way; IERC's AF nears test ln inflatabl iss &
‘ g}zugdalﬂce étlnd control div. il Miss & Roc 16: Roc 16: lé n Ktahle stasion, L K
) y Assembly-in- orblt lan romisin w.
’ Hardly a time for complacency. W, J. Cough- Wilks. 11 Miss & Roc 16:38-40 Jg 21 '65
Jin. Miss & Roc 17:62 O 18 '65 Base where MOL_will be born; air force's
Btéemrgllue vov:adddyna.mﬂf sphuclcag Bl J)ort ex- Vandenberg. il Bsns W p70-24 N 13 '65
s from ress, Marc [ H. Behind the budget; milit development of
! i Humphrey, Aviation W 82:25 Mr 29 ‘65 the manned orbiting tlla oraet\égyop w. J.
lmmenslty of npa‘ce J Eberhart il Sci N L Coughlin. Miss & Roc 16:46 I 1 '65 3
i 19+ Ag 21 Bloastronautics for survival; manned orbiting 3
2 Leue]r from &he edltor W. J. Coughlin. Miss laboratory. il Time 86:58-9 Ag 6 '65 .
J & Joc 17:48 D 20 ' Case for man in space. S. F. Singer. 1l Re-
: M%glﬁmt{ﬁeaéweﬂwt ‘% spaé;e Eeﬁeai’}) & porter 32:25-8 Je 17 'Gb y
: i ) non) s oughlin Miss CIA control bld slowed decision on MOL. '
: Roc 17:46 O 11 'b5 B. Fink. 1l Aviation W 83:26-7 S 20 o i
‘ Men, ictusez lold uptwpﬁ story. J. Eberhart, Chan es raise MOI}L concept rellnblllw \
| b ormyle, il Aviation W 84:654+ Ja 17 “ “
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ICHOKES
A%E;Luurm blue globe artichoke. I)Mrt?s FJ. D

Rogers. Flower Grower 03:42
Sce also
Cookery— \Vegelables
ARTICLES for periodicals. See Periodlcal Ilt-
erature
ARTICULATION (speech) Sce Diction
ARTIFACTS, Indian. See Indlans of North
America—Anuuguities
ARTIFICIAL body parts. See Prosthesis
ARTIFICIAL features, See FProsthesls
ARTIFICIAL flowers. See Flowers, Artificlal
ARTIFICIAL fog. See Fog, Artificial
ARTIFICIAL heart. See Heart, Artificial
ARTIFICIAL heart valves. See Heart—Sur-
gery
ARTIFICIAL Iinsemination
Big changes culning Wth hog A.I. D. Hagen.
il Farm J 90:3v-1+ D '
These proaucers found ways to make beef
Al work, C. Peterson, jr. and D. Malena.
il Suc Farm 64:14-54+_ Mr '66
They're making swme Al work! J. Harvey.
Suc Farm 64:32 J] '66
We've bought our last bull. il Farm J 90:
56A-5613 D '66

See also
Semen
ARTIFICIAL insemination, Human
Fatherhiood in deep lrecze. H. Wray-McCann.
Sci bDigest 60:12-14 JI '66
Riddle oI A.l, Pruwtung suit poses legal
riddle. 1l Time 87:4% F 25 '66

See also
Semen
ARTIFICIAL inteiligence
Arunciar 1ntelnsence. M. L. Minsky. {l Sci
Am 215:246-52+ S '66
ARTIFICIAL istands
I'ragic sequel; collapse of sea- golng oil plat-
form. 1l Sci1 bigest 59:8 Mr
ARTIFICIAL Kkidneys. See hxdneys. Artificial
ARTIFICIAL lakes, See Lakes, Artiflcial
ARTIFICIAL larynx, See Larynx, Artificial
ARTIFICIAL limbs
Faster slep: temporary aluminum legs: pro-
cedure at Oakland research laboratory. |l
Newsweek 63:44-3 Ag 29
Instant prostheses. 11 Time ¥7:61-2 My 6 '66
New for amputees: Instant limbs; M. Weisss
immediale prosthesis procedure,
Jordan. Todays Health 44:37-9+4 D '66.
Same abr. with title They walk again, at
once, Read Digest 8§9:61-4 D ’'66
ARTIFICIAL organs. See Prosthesis

ARTIFICIAL respiration. See Respiration, Ar-
tificial
ARTIFICIAL rubber. See Rubber. Artificiaj
ARTIFICIAL sateilites
Ampex device to cut waste In ATS photos:
apphcauons technology satellite B. 7Tech
19:34 N 7 '6b
'l‘b a satellite’s satellite; Apgllcatlons tech-
Jology sateilite B. Sci N D 3 '66
A'l'S-13 to begin meleorolog&, communlc_a.-
tions, control tests. il ‘l'ech 19:16 D 5 "66
ATS ground station ready for installation In
Auslralia. il Miss & HKoc 15:36 My ‘6
ATS-1 data point to commercial payoffs W.
. Beller. il Tech W 20:28-30 Ja 16 67
ATS-1 offers improvement In air safety;
equipped to monitor weather. H. Taylor.
il Tech W 19:20 D 19 ’'66
A'l'S pnoutos retlect weather patterns. 11 Avia-
tion W ¥5:19-21 D 19 '66
A’l'S project seeks practical payoffs; applica-
tions technology satemles W. S. Beller. 1l
Miss & Roc 18:22-4 Mr 7
Aslrolog; current status of US missile and
space programs. See occasional issues of
Missiles and rocketls
How are sa.telhtes kept from tumbling? il
Scl Digest 60:83-4 O ‘66
IU's just a gaine: (JI’LMLX Goddard research
enkincering management exercise. J. Eber-
hart. sci N 40:2°6 O 1 '66
Jam in orbit; 6gunde and stntlsUcal record.
Newsweek 73- 17 '66
irrors are coming; mlrror—llke satellites to
reficct the sun and illuminate large areas of
earth at night. il Time 89:566 Ja 13 '67
I\Ln(, outlines satellite tasks; new responsl-
”mm] mkon on by the Natlonal environ-
D sate ite center, Tech W 19:20+4

Satemle elongntlon Into a true Sky-Hook.
D. Isancs and others. bibliog 1l Sc ence
13.1 682-3 F 11 '66; Discussion. 162:800 My 6

Satellites F%llldg Sci N 90:333 O
Sphce veRIcle Tog l(.unn—va'[ou u Ap
66

Uniﬂod earth-sensor orbiter considered. W,

Normyle., Aviatlon W S§6:2&-Y ln 16 'K7
\«Vorl(l missila/space mu":yclum:tlm LUbb6. 1l
Tech W 19:42-8+ J1 25 '66
See also

Spuce ~ehicles

Astronomical applications

Advanced large orbital telescope systemns
urged as astronomy goal. W, Normyle.
Aviation W 84:614+ F 14 '66

Europe begins its own orbltmn‘ observatory.
LAS. Sci \J v0:274 O 8

Go-Go OGO pro sram under a cloud. 1l News-
week 68: 65’. J1

Impact of Goddard report spreads. W. J.
Normyle. Aviation W 85:26-7 D 12 '66

NAS urges solar observalory work; step-up
in Orbiting solar observatory and Radio
astronomy explorer programs. H. M.
David. Miss & Roc 18:15 I 17 '66

NASA panel sets new guidelinea for observa-
tories at GGoddard center. H. Taylor.
Tech W 19:16-17 D 12 '66
ew orbiting geophysical observatory. R. N.
Watts, jr il Sky & Tel 32:836-7 Ag '66

Orbiting astronomical observatory. L. A,
hngra.m il Electr World 75:27-304 Mr 606

Orbiung  astronomical opservutory. k. N,
Watts, Jr il Sky & Tel 31:275.6 My b6

OAO fails on second day In orbit; battery,
short circuit suspected, G. Alexander. 1l
Aviation W §4:31 Ap 18 ‘F6

0.A.0 or bmnﬁ astronomical observatory,
representlng rst attempt to put telescope
in space. New Yorker 42:41-4 Ap 23 66

OGO 11l begins demanding mission. il Tech
W 18:18 Je 13 '66 B

OSO data nronocals under study of NASA.
Aviation W 85:78 Ag § '66

Science's most cophmucated task ever: orbit-
ing solar observatory. J. Colvin. il Sci Di-
gest 60:20-3 J1 66

Surprise package; OAQ’s alm, il Newsweek
67:68 Ap 11 '66

Communication applications
See Communications satellites

Design
See Space vehicles—Design
Detection
Spying on the sky: black art of radar signa-
ture analysis. J. Eberhart. il Sci N 90:226-7
S 24 '66
Equipment

See Space vehicles—Equipment

Launching

ESSA 11: satellite launch marks new de-
parture and new management. J. Walsh. |l
Science 1a1:1202-4 Mr L1 46

First Biosatellite launch set amid criticlsm.
H. David. il Tech W 19:204+ D 12 ‘66

Launch site shift paces super Diamant. W.
'(()5'6 Wetmore. il Aviation W 84:50-2+4 M\v 1b

Lunar Orbiter experiments under way fol-
lowing launch. Tech W 19:16 Ag 15 66
NASA readieg Pageos satellite for launch into
circular orbit. il Aviation W 5i:176-7+

Je 20 "6k

Orbiter launched toward moon to photograph
nine_Apollo sites. G. Alexander, il Aviation
W 85:34 Ag 15

Orbiting ATS-1 set for technology tests. il
Aviation W 85:32-3 D 12 '66

Roster of splace activity, R. N. Watts. jr.
il Sky & Tel 33:23-3U0 Ja '67

Launching sites

ggﬁm:os betrays new lawgh site, ﬁ.;, J. Klass.

Soviets bulld polar-orbit launch site. T
19:20 D 19 '66 o Teeh W

Manufacture
S8ece Space vehicles—Manufacture

Mapping applications
Geodetlc sartellite photos analyzed. Aviati
W 84:180 Je 20 €8 o viation

NASA readies Pageos satellite for launch
Irtomcl_r%c“ula.r orbit, i1 Aviation W 84:176-7+
)

Pa :056 R. N. Watts. jr. Il Sky & Tel 32:87+

|
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Constellation Gemini Shower
Expecied, Allegheny Head Notes

An orange “fireball” thal flashed through West-
ern Pennsylvaia skies may have been a meteor from
“hie constellation of Gemini, the dircctor of Allegheny

bsvatory said today.

) {\lc:m\\'hilc, scientists and Army and Air I'orce
ﬂﬁ.l(‘ln‘ls vesumed a search today for a “smoldering
object” reported to have fallen in a wooded area
near Keckshurg in Westmoreland County,

A shower of Gemini meteors had been expected
today, according to Dr. Nicholas Wagman, directlor
of the observatory, )

‘“ .

“As arule, they are numerous but not brieht.’ |
he sajd, “z hrighl one, such e i 2t
as the one sighted yoestor-
day, is generaliy sporadie.” |

¥ - E
Blue Smoke Reporled
Mis. Arnold Kalp, of RD 11
Acme, in the I<ecksburg arca,
' <aid che saw blue smoke yis

Mr. Wagman  said  (here
were reports of a shock wave

Ly adbegiicay W)

PHCEV LY WIS IW

hrated in a wooded area

Meicor Called ‘Fireball’ Cause

[Continued from Page Onel

{he hlaze which followed ns

told her he samwv an object| gyer a one thonsand fool
streaking  through  the  sky| area.”
“like st on five”
. ) : - ; ) nul near of  the!
Several vesidents in the area Dr. 1 A

covocted heavina a “thud” anc

nie man said it shook his ga-

rage.

OIf Roule 9572

The scarch was  conecen
Route 982, about five

[rom Route 31,

Stale Police from Greens-
burg, Army and Air Vorce
officials, scientists and vol-
unfeer firemen from Kecks-
burg conducted the search
in a T5-acre arca under o
full moon as about 150 oni-
lookers joked about “litte

Coreen omen”  and o diymy
oS ers,
Shortly hefore the search

volie off about 2 a. m., eight

offl
miles

o da

in parts of Wesiern Pennsyl-
vania at the

time  of (he
sigatings.
T OThe Iast sueh Suogek

avave was in 1938, and ki,

“{hdees . of  the  meteovifo |
were foead -narih of Dut-

“er,” he said. ol

I‘r‘nlu:nn sonrens
sald the flash could have beer
L meteer,

Y 0 Possibly Man-Made !
I Ahother theory advanced

!y § (hat the flash could have

~ hegn made by any one of 200

E},mmk' objects in orbil re:f '

m
enftring the atmospheic. {t
Western Pennsylvanians

\\'gg-n". the orly ones {u View,
1|'&; spectacuiar “fireball”

-

.nﬁily' before 5 p. m. yechr-H

i
|
i

car iml '
1 “{ :

.

ine trom the woeds aboul a

v nine persons reporied they
half mile from her home.

uv a bright, blue light in the

. ioht ' oods  aboul 150 feet from
“f sefmed dike it WIRDL 400 ey were standing on a
have been an ordinary fire | illside.

bui  in five wminutes

\
the |
smoke was gone.” [

A Stale trooper, who also
wy the light, descended the |
illside hut when he got about
UL way down, those sland-
‘g above said the light disap-
= ared. !

X

She said her son, Ng_vin. 8,

- "= r
“3Fhe  orange  {lash  was;
sighted by airplane pilolsy
eng residents in Windsor.™
Onlario; Michigan; THineis;,

Indiana;  Morthern  Ohio; ; Reports  of d“l"l"s f“]"”g
New Yorlk, and Northerni ~re also made in Midland,

" XVest Virginia. Yt police there said no ob-
3 )

“ls were found. )
In Ervie, where (he fiveball!
as sighted at 1:50 p. m., ke
hnson, a reporler for an
ie television slation, said,
flashed across the lake,
rth-novthwest of the Ivie
rport, leaving a kind of cloud
smoke behind it.”
A woman in Elyria, Ohlo,
sporfed a fiveball the sizo !
ta “volley ball” fell into a [
3 onded lot icross from her
me. Lt Jack ‘Trumble, an
Iyria  fireman, deserihed

' A's‘pok(.‘smnn for the Nm’l‘.}?
Ariiguican Al Defense Comgy
mand (NORAD) al Colorad
Spripgs, Colo, safd Its (rack
1)y Btations did not track the
{&m of Jight. NORAD said if
1 were @ meleor it should
h."}‘m shown up on their radar
SCOPPS. 4
© The Keck:burp search got
under way aboul 6 p.m. after:
seven residents of the commu-
nity_of 500 venorted seclng o
emididering ohjert.crash. to.they
omlh

1| Baldwin Wallace ()l\QPl\T{Q(lI)"
in Ohio said the flash me;
have hear a holide, a meteor |
which disintegrates as il f:)ll:}

. to catrth, or a meteor shower |

cexnecled to come next week.

e added that the large
number of sightings by air-
plane pilots indicated valid-
ily of the reports. “Afler
all, these people \ll(lll'(l‘

about.”

lin, Ohio, and 4:50 p. m. in|
Iorie indicated a west-fo-cast
[1ine of Might by the object.

| Raymond \Wallings, a pui
vale airplane pilot  from

“ahout 0 small fires spread |

Lknow what they are talking Larticials at

Sighting times of 4:40 p. m. | Ohio, : ‘
in Indiana, 4:44 p. m. in Ober- | about what the obje

| Painesville, Ohin, | he
fIving over the lake
| cnw the “fireball” He <l
kept his eye .on it unfil
plummeteed into the lakr
No sizhtings were made
at Allegheny Observalory
here hecause of the day
light hour, @ spokesnin
said, but added the obsery
atory received many  calls
reporting the fireball.
| I'he I’ress Teael J
callers report the [l It
While Pentagon s s
dicated they believe
orange flash 1S a
Wrig Patt
| Air Force Dase at Da
refusced to
have been
Nalional Guard ani A
FForce personnel both de
catly 1epmts the [la

firom a rocket fired ¥
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for <gcameron@cc.umanitoba.ca>; Mon, 2 Dec 1996 03:12:14 -0800 (CST)
Sender: gcameron@cc.UManitoba.CA

Message-1ID: <32A28D69.21B9@cc.umanitoba.ca>

Date: Mon, 02 Dec 1996 03:12:09 -0600

X-UIDL: 848518238.001

From:.Grapt Robert Cameron <gcameron@cc.UManitoba.CA>
Organization: University of Manitoba

X-Mailer: Mozilla 3.0 (X11; I; SunOS 5.4 sundm)
MIME-Version: 1.0
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Subject: (no subject)
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Status: U

This is a multi-part message in MIME format.
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SUBJECT: MYSTERY OF METEOR ROAD STILL UNSOLVED FILE: UF01291

NEWS CLIPPING SERVICE

DATE OF ARTICLE: July 10, 1989
SOURCE OF ARTICLE: Tribune-Review
LOCATION: Greensburg, Pennsylvania
BYLINE: None

(C) Copyright 1989 ParaNet Information Service

All Rights Reserved.

THIS FILE WAS PROVIDED BY THE UFO NEWSCLIPPING SERVICE
AND PREPARED BY PARANET ALPHA -- PARANET INFORMATION
SERVICE

DENVER, COLORADO

NOTE: THESE FILES ARE NOT FOR REDISTRIBUTION OUTSIDE
OF THE PARANET INFORMATION SERVICE NETWORK

MYSTERY OF METEOR ROAD STILL UNSOLVED
By The Tribune-Review

There’s no telling who’'ll show up in Kecksburg August 13
when the Community Day Parade trumpets the 50th anniversary of
the Kecksburg Volunteer Fire Department.

A chance exists that someone will boldly go beyond the
inspiring tales of firefighting heroics into another world to
debate whether a UFO or meteor landed in a wooded area off Meteor
Road -- that’'s right, METEOR ROAD -- 24 years ago.

Talk threatens to climb beyond the stratosphere ever since
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Township earlier in they year. The footage shot -- no one seems

to Bnow what will be highlighted -- will form part of a two-hour
Spec}al scheduled to air in that country later in the year,
Possibly September.

Lore about what happened on Dec. 9, 1965, encroaches on the
Zone of Beyondo Bizzaro.

The Office of Special Investigations at Wright-Patterson Air
Force Base in Dayton, Ohio, won’'t comment on whether its
personnel were running around Meteor Road that day.

The township supervisors thought enough of what occurred
tpen to christen the byway as Meteor Road. As expected, the road
signs disappear as fast as a shooting star, said township
Secretary Ray Zimmerman.

"They 're a big item," he says.

Kecksburg Fire Department President Jim Mayes was on the
road that day, looking down into a field as military personnel,
state police and a swarm of authorities converged to do something
mysterious and keep area residents from seeing it.

"I remember it like it was yesterday," said Mayes. "We had
the four-wheel-drive truck and we took the military down. They
kept people there all night. There was a tractor-trailer and a

couple other vehicles, and I still say they took something out of
there. The big thing about it was the blue blinding lights --
like a timing light."

The field of Jerome and Valeria Miller was tramped through
by Boy Scouts a day later, searching for the magnet that would
later draw college students from the University of Colorado and
the film crew from Japan.

Valeria Miller was not at home at the time of the most
famous drop-in since John Martin Keck started the village of
Kecksburg in the 1860s.

Stan Gordon, who heads the Pennsylvania Association for the
Study of the Unexplained, hasn’t completely ruled out that space
debris -- and not a UFO -- went down in the area.

But the easier to swallow suggestion has choked one
eyewitness who disputed that theory in talking with Gordon.

The eyewitness, identified only as Pete by Gordon, said the
object resembled a giant metal acorn and contained writing that
“"looked like hieroglyphics" on part of its raised surface. The
object was supposedly loaded onto a flatbed trailer, covered with
a tarp and hauled to an unknown location.

Gordon is in search of more witnesses who might want to come
forward on what made the noise heard around the world, and
whether, Jjust by chance, anyone might have seen anything leave
that area before authorities arrived.
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Date: Mon, 02 Dec 1996 03:14:34 -0800

X-UIDL: 8498518238.002

From: Grant Robert Cameron <gcameron@cc.UManitoba.CA>

Organization: University of Manitoba

X-Mailer: Mozilla 3.0 (X11; I; SunOS 5.4 sun4dm)

MIME-Version: 1.0
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SUBJECT: REGARDING KECKSBURG CRASH CONTROVERSIAL FILE: UF02483

Regarding Kecksburg:

The descriptions of the object that I have read remind me of one thing:
A Soviet SOYUZ-type reentry module. These were designed for a ground landing,
the shape is similar, and the Russians flew several varients of the SOYUZ as
moonships (called ZOND), biological research satellites (COSMOS, but that’'s a
generic name for almost anything they launch), and more significantly, as spy
satellites. The Soviet Union figured out that economy of scale paid off where
their space program was concerned and utilized the same basic designs for
years. They still launch SOYUZ-class vehicles to rendevous with MIR.

What I think happened, and this is just a conjecture, a SWAG if you
will, is that either the DIA or the NSA figured out the command sequences for a
Soviet spy satellite. They commanded the thing to land, it came down in
Kecksburg, and the rest is history.

You have to remember that the best pictures from spy satellites are the
ones where you have access to the negatives. This implies a recovery vehicle
that can withstand re-entry. We had at least two series of spysats that
employed re-entry vehicles: Big Bird (launched by Titan from Vandenberg) and
the old Discoverers (launched by Atlas boosters). It makes sense to me that the
Soviets would want to do the same thing, and that given their habit of
recycling spacecraft designs they may have done it with the SOYUZ-type craft.

Why land the thing in Kecksburg instead of the desert? Either someone
screwed up or we didn't have reliable orbital data for the thing while it was
in orbit (these things happen; remember SkyLab?). Maybe it was a rush job.

The coverup was needed to prevent the Soviets from realizing what we
had done. Of course, once they couldn’'t find their satellite I think they
would ‘ve realized it anyway, but by the it's too late.
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Seace research and astronomy :

NOVEMBER-DECEMBER, 1965
SOUTHERN Malayan Tin Dredging, Ltd.—(C.S.), Nov.

25, 18f; (M.), DEc. 20, l4¢
SOUTHERN Rhodesia: sec RHODESIA ‘
SOUTHERN Rhodesia Act 1965—Parliamentary discus-

sion on: see RHODESIA: Constitution: British

Parliament
SOUTHGATE—synagogue fire (July): man charged: see

CADOGAN, Aubrey D.

SOUTHWARK—Bishop : see STockwoob, Rt. Rev. M.
—Credon school to be rebuilt, DEc. 14, 6g
SOYIKA, Mr. W. (Nigeria)—arrested; hunger strike,

Nov. 2, 7e; charges against, 4, 8d; acquitted,

Dec. 21, 8f
SoysAL, Mr. M. (Iran)—Shah complains about speech,

Nov. 15, 9¢
SPAAK, M. Paul-Henri: see BELGIUM: Foreign Min-

ister
SPACE research and astronomy :

Aurora—U.S. discoveries, Nov, 23, 9¢

Australia—Communications satellite: see Commu-
nications, below;—Orroral Valley tracking sta-
tion: photo., Nov. 6, 7,—Parkes radio tele-
scope: photo., DEc. 13, 16;—United States,
cooperation with: negotiations for use of Red-
stone rockets, DEC. 10, 9d (5*);—United States
tracking stations: plans, DEC. 28, 5f (5*)

Canada—Allouette II: successful launching to be
commemorated by stamp issue, DEc, 1, 10d
(5*);—Guns to be used to launch satellite,
Nov, 10, l1c (4*); government interest sought,
Dec. 23, 7d

Comet (Ikeya-Seki)—visible over Canberra, Aus-
tralia: photo.,, Nov. 3, 24; splits in two, 16,
12e (and 3*)

Communications by satellite — Australia-Britain
link : plans, Nov. 2, 8b;—Educational project,
possible, DEc. 11, 7c;—French station to deal
with messages sent by Telstar: photo., DEC. 9,
8;—Great Britain: discussed 1n Parliament,
Nov. 4, 16a;—International Telecommunications
Union conf. discussion, Nov. 13, 9d;—Unesco
conf., DEC. 7, 9¢c; 9, 8c; — United States:
Moon programme: 46 countries form consor-
tium to aid, Nov. 4, 9e (4*); contact lost with
satellite for radio amateurs, DEc. 23, 7d

Debris, injury from—s. by Sir F, Vallet on claims,
DEC, 6; 8b 55')
Europe—Launcher Development Org.: engine im-

proved, Nov. 16, Se (5*); Blue Streak leaves
for Woomera, DEc. 11, 6b; test firing of Cor-
alie rocket reveals fault, 16, 9g; Anglo-
German discussions, 22, 7a;—Research Organi-
zation: Junkers to build research satellite,
Nov. 30, 8g; Esro II satellite: thermal test
model built by Britain, DEC. 6, 8b; Satellite
(Heos) development plans, 10, 19¢ (5*);—
Western European Union Assembly discussion,
Nov. 18, 11a

France — A-1: launching plans, Nov. 26, 10b;
launched, 27, 8d; signals stop, 29, 10f (and
3*),—Communications: see Communications,
above;—FRI: Britain to supply instruments,
tI:ovb30, 17 Ogl; 2launﬁled; British gechnical direc-

r, DEC. 7, 12¢;—Russia, possible cooperatio
with, Nov. 11, 10c = o !

‘Germany, west—Inventors’ Soc. medal, Nov. 8, 8c
(5%); 5. by Pres, Liibke, 22, 8a (5*

‘Great Britain—Amery, Mr. J. (s.), Nov, 29, 6f;—
Communications satellites: see Communica-
tions, above;—Jodrell Bank telescope: design
study for new telescope, DEC. 7, 7e;—Parlia-
ment: discussed, Nov. 4, 16a;—Research sta-

207

Great Britain (continued): _ -
tion (Chilbolton): radiotelescope: model
§5:—Test chamber ncaring

hoto., DEec. 30, . ! .
gomplclion at Royal Aircraft Establishment:

photo., Nov. 1, 16;—Tracking centres follow
Gemini VII space flight, DEC. 6, 8b; photo., 10,
24 ) '
Human body, effect on: see United States, below
Indonesia—plans to send orang-outang into space,

DEec. 4, Tc
International Space Centre—

Guiana site, DEC. 20, 7a
Jordan—plans to launch first rocket, Nov. 22, 8c

(4*); cooperation agreement signed with U.S.,

DEc. 14, 8g

Leading article, DEC. 16, I1b

Meteorite seen in N. America, Dec. |1, 8¢

Moon—diamonds on: Mr, H. Urey (s.), Nov. 18,
10c; light leading article, 19, 13c;—Earth, ncar-
ness to: 400 m. years ago, Nov. 5, 9g;—Inter-
national agreement proposed: lcading article,
Nov. 30, 11b;—Light used for weather fore-
casting: see WEATHER: Forecasting;—Russian
programme: Luna-8 launched, DEec. 4, 8g: sig-
nals received, 6. 8b; fails to achieve soft land-
ing; crashes on surface, 7, 12¢ (and 4%);-
United States programme: consortium formed
by 46 countries to aid: see Communications,
above

Navigation satellites, proposed: see NAVIGATION

Nuclear weapons in space: see NUCLEAR weapons:

Abolition: Outer space
Planetoids—discovery by east German astronomer,

DEc. 14, 8g o .

Radio astronomy — ‘ mysterium” emissions dis-
cussed by American Astronomical Soc., DEC.
30, 8c;—Quasars: see Stars, below

Russia—Cosmos launchings: 95, Nov. 5. 12¢c (4*);
96, 24. 11c; 37. 27, 8f (4*); 100, DEec. 18, 6d:
102, 29, 6a (5*);—France, possible coopera-
tion with: see France, above;—Moon pro-
gramme: see under Moon, above;—Pacific
tests for landing equipment; warning to ship-
ping and aircraft, DEc. 15, 10d (3*); rocket
tests completed; 16, 8e;—Proton series: second
launched, Nov. 3, 12d;—Telescopes: radiotele-
scope in Ukraine: photo.,, Nov. 16, 22;
electronic methods of recording, DEC. 6, 8d;—
Venus programme: see under Venus, below;
—Voskhod space-craft three-man (Oct. 1964):
space sickness disclosed, DEc. 13, 8c

Satellites—debris from: see Debris, above;—Solo-
mon Sea: investigation into gravitational pull
of sea bed, Nov. 9, %

Stars and galaxies—Night sky, Nov. 1, 13a; Dec.
1, 3f; 31, 13a;—" Blue stellar objects ”’: article,
DEec. 31, 3d;—Bodies discovered by infra-red
technique, Nov. 1, 7d; — Quasar discovered,
Dec. 17, 9f

Sun—U.S. satellite gathers information, DEc. 17,
12b (4*)

Sweden — Chalmers University: radiotelescope :
photo., Nov. 17, 22

United States:

Australia, cooperation with: see Australia, above
Australia, tracking stations in: see Australia,
above
Canada, cooperation with: see Canada, above
Correspondence, DEc. 21, 9d; 30, 9
Euroaﬁe, western—American delegation to offer
are in space projects, DEC. 22, 8d

possible use of French
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OFFICE OF THE SECRETARY September 23, 1991

MEMORANDUM FOR SAF/AAZ
SUBJECT: Freedom of Information Act Request - Case #91-1128

. The attached correspondence is forwarded for your action
in accordance with AFR 12-30.

Request you provide us with:

a. Releasable records requested, and if necessary,
information in writing on which to base a reply to the
requester; or

b. If you determine that parts or all of the records should
be withheld, prepare a response addressed directly to the
requester citing the specific exemption(s) from AFR 12-30.
Coordinate your letter with SAF/GC (Mr. Wren, x56552) and this
office before signature. Only authorized denial authorities can
sign a final reply withholding records.

If you estimate search and duplication costs will exceed
$25.00 or amount requester agreed to pay, which ever is higher,
please call us before starting the search.

To meet time limits imposed by law, we need your response by
October 1, 1991.

Keep any releasable records for 2 years. Keep recCords denied
or partially denied for 6 years. '

Refer questions to Rhonda Jenkin ;Xt nsion 5499

P

RHOHD NK
Freedom of Inf

ion Office

2 Atch
1. Requester ltr w/atchs
2. DD Form 2086
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DEPARTMENT OF THE AIR FORCE
WASHINGTON DC 20330-1000

$ 0 SEP 1991

OFFICE OF THF SECRFTARY

Dr. Armen Victorian
P.O. Box: 99
West PDO
Nottingham, NG8 3NT
England
Dear Dr. Victorian:
We are responding tc your Aprii 11, 1991 letter (DH-391).

Paragraph 3 of your letter wa: treated as a new request, we
are attaching records.

‘1 cerely,

/ /zfﬂ/é @\JU((/

“9“AROLYN W.//PRICE
F1eedc Information Manager

1 Atch
Responsive records

91-1128

\ 84 0CT 1991

Yee anyue, oyer 6&7( E



DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE SPACE COMMAND
PETERSON AIR FORCE BASE, COLORADO 80914-5001

21 AUG 1990
Dr Armen Victorian
PO Box 99
West PDO
Nottingham NG8 3NT
-England

Dear Dr Victorian

This replies to that portion of your July 12, 1990, Freedom of
Information Act (FOIA) request pertaining to Information
(Scientific) on Ground Based Electro-Optical Deep Space
Surveillance System, capable of detecting 23,000 miles or so into
space.

Ground-Based Electro-Optical Deep Space Surveillance System, Phase
1 Training Handbook and Fact Sheet are totally releasable and
attached. We hope they will be of use to you.

Fees for these records are waived.

Sincerely
) ; 7
;ﬁ%éﬂt/hj (///7423
SHARON A. LAW 2 Atch
Acting Chief, Records Management Division 1. Training Handbook
Directorate of Information Management 2. Fact Sheet

GUARDIANS OF THE HIGH FRONTIER
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GROUND-BASED ELECTRO-OPTICAL
DEEP SPACE SURVEILLANCE

PHASE | TRAINING
HANDBOOK

prc | PRC .

Technical Services Division
P 2862 South Circle Dnve
lanning Research Corporation Suile 240
Colorado Springs, CO 80206
/



i e ‘.&f‘:\\ J-:‘ " .‘t!m MO o - e

AT 2 TR o o e
TR - - — T~ - 4 =

914,-:'0[/ aéw/mfwmnj fﬂyw’ma/(;/&/f ga/ /(,',,f'

en 3$/pcecem « Ne ‘Mua/ 7

Hmm/e(ﬂ,- e 'ma/ft:w; g aﬂr'/xaﬂ,ﬂﬁ’&i/ﬁ .
/m,fg et flilon capabily of % Ly

%.-érs_

q.——-‘:"s

/' }‘)402_;2. ‘f&éé é’;/‘/t



-

1. GEODSS. GEODSS is an acronym for Ground-Based Electro-Optical Deep Space
Surveillance. The GEODSS system employs telescopes and computers to distinguish
faint objects in the night sky. The reflection of sunlight on a space object
makes it visible to the system.

The primary GEODSS mission is to track deep space satellites beyond 2000
nautical miles (nm). 1In a more limited data gathering capability, the system
tracks near earth satellites at a distance of 350 to 2000 nm.

GEODSS site locations are shown in Figure 1. The system is intended to
be a worldwide network of tracking stations spaced at approximately equivalent
intervals around the globe. All sites are located in the northern hemisphere,
with the exception of site 4, located at Diego Garcia.

2. THE HISTORY OF GEODSS. Early space observation efforts were directed
toward the VANGUARD project. Satellites designed during the VANGUARD project
emitted radio signals that could be tracked from ground tracking stations.
Before VANGUARD could be implemented, the Soviet Union launched their SPUTNIK I
satellite. It transmitted a radio signal using a frequency that the VANGUARD
project was unable to receive or detect. Because the satellite had a different
signal, U.S. ground tracking stations were unable to track it. This shortcoming

led to the development of two major systems, SPACETRACK and Missile Early
Warning System (MEWS).

The SPACETRACK system provided a means for detecting, tracking, cata-
loging, and identifying satellites by using tracking radars. The dual system
MEWS organization was developed to provide missile defense of the North American
continent. The sea-launched Ballistic Missile (SLBM) system detects missiles
fired toward the coast of the North American continent. Ballistic Missile Early
Warning System (BMEWS) consists of a sensor network that can provide early
warning for all types of ballistic missile attacks against the United States.
With the increase of satellite populations, all of the systems were incorporated
into SPACETRACK. A second BMEWS mission, BMEWS SPACETRACK, came into existence.
Its purpose is to detect, track, and report orbiting objects in space.

GEODSS is an evolution of the Baker-Nunn camera system which, from 1960 to
1982, comprised the primary dedicated deep space tracking system. In the early
1970's it became apparent that the Baker-Nunn system could not continue to pro-
vide the projected mission support requirements that were seen for the 1980's
and beyond. Trade-off studies conducted during 1972-75 indicated that an
electro-optical system provided the most cost effective means of acquiring the
needed capability. In May, 1978, TRW was selected by ESD through competitive
procurement to be the production contractor, with RC\ subcontracted to TRW for
the initial 0&M effort. Production and integration of the hardware and software
were conducted at the TRW Newbury Park, California, facility. Subsystem testing
and initial DTXE testing was conducted at this facility throughout 1981. Full
system DTLE and IOTLE were performed at the Stallion RCC site during January
through May 1982. An initial operational capability (IOC) was declared for the
Stzllion site on 15 May 1982. The Korean site at Taequ achieved 10C during July
19€2 and the Maui site quickly followed suit in achieving 10C during September.
The formal declaration of system operational capability was made by CINCNORAD
during March of 1983. Since 1 October 1983, the 0&M of the system has been
competitively bid by Space Command, with PRC Kentron being awarded both the
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original and the follow-on contracts. Maintenance of the hardware, software,
facilities, and operations of the site are conducted by contract to private
industry, with a complement of 6-8 Air Force personnel per site performing
overall monitoring of the contractor's performance and providing liaison with
other Government agencies.

3. GEODSS SITES. When system installation is complete, there will be five
GEODSS sites, with locations in Socorro, NM; Taegu, Republic of Korea; Maui, HI;
Diego Garcia; and Portugal. Each site has its own unique characteristics, but

an effort has been made to standardize the sites to the greatest extent
possible.

The physical GEQDSS sites consist of the facilities (Real Property Installed
fquipment [RPIEJ), Prime Mission Equipment (PME), and Prime Mission Related
Equipment (PMRE). Space is provided in the facilities for administrative offi-
ces, maintenance shops, secure communications, the Space Surveillance Operations
Room (SOC) where mission operations are conducted, the Computer Operations Room
(COR), and various storage areas. The floor plan for each of the five sites is
similar and a typical layout is illustrated in Figure 2. Additional support
facilities, such as power generating plants, motor generator sheds, etc., vary
for each site. However, the prime mission equipment and the operator interface
is nearly identical at each site, with the minor variances that are present due
to site specific requirements resulting from the physical location.

4. SYSTEM OVERVIEW. GEODSS sites consist of the facilities (RPIE),

Prime Mission Equipment (PME), and Prime Mission Related Equipment (PMRE).
Space is provided in the facilities for administrative offices, maintenance
shops, secure communications, the Surveillance Operations Center (SOC) where
mission operations are conducted, the Computer Operations Room (COR), and
various storage areas. .

a. General Characteristics. The GEODSS system detects reflected
sunlight from satellites by using specially designed telescopes, high resolution
television cameras, and video signal processing electronics. The hardware
complement is driven by a sophisticated software system that processes the digi-
tized video signals, performs automatic recognition of the satellite and pre-
sents the operator with the necessary displays. - In the normal mode of
operation, Precision Positional Measurement (PPM), the telescopes are driven at
the same rate and direction as the star field, thus the stars appear as point
_ images and the satellite as a streak. 12_Ehg_§QgEg_QQjgg;_ldgngifigggigﬂ\iégl)

mode of operations the telescope is driven along the path of the satellite a
the computed satellite angular rates. The satellite image is retained in the
field of view of the radiometer so that the intensity of reflected sunlight can
be measured. The software system provides the operator with full control over
each mode of operation. The general specifications for the system are provided

in Figures 3a through c¢c. A simplified block diagram of data flow is provided in
Figures 4a through d. Referring to Figure 4:

(1) The software system computes the position of the satellite
and sends the appropriate commands to the mount control electronics which
drives the telescope to the desired position.

(2) Reflected sunlight from the satellite is focused on the
television tube face plate and the radiometer if in the SOI mode of operation.

——
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(3) The camera electronics progesses video data. whi 1

. : ch consists
g:t:oth the satellite image and stars (Threshold Video), and Basses the
(Link ? he Automatic Moving Target Indicator (AMTI) adaptive signal processors

o and Link II?._ These processors, in conjunction with the AMT] computers,
gsanggz the WOStfcr‘t‘ca] function in the system by subtracting the stars and

=Nt noise trom the video frames (Background Rejecti i

satellite image (OR-Frame). 9 J on), leaving the

(4) Satellite position and rates are computed from the processed
frame.and compared by the Applications computer software with the predicted
position of the satellite. If the measured position is within allowable
tolerances, the satellite is considered to be correlated and the satellite
ngmber and correlation factor are passed to the graphics channels for
display with the satellite image at the operators console. If the position
does not fall within allowable tolerances, the satellite is considered to
be an uncorrelated track (UCT) and a Candidate UCT (CU) number will be
displayed along with the image. At this point the operator has several
options available to him that will be discussed during the UCT procedures
of this course.

(5) Control of system operations is conducted from two Console
Control and Display Groups (CCDG) that are depicted in Figure 4D. Each CCDG
is a two position console, thus a total of four positions are available for
controlling the three telescopes. In the normal configuration, three positions
are designated for telescope operations and one position as the Supervisor
and Communications position. Control over any of the three telescopes can
be exercised from any console positions and is solely dependent upon how
the system is configured during console log-on. Each pqsition is ?asica]]y
comprised of a primary and secondary graphics video monitor that displays
satellite and telescope data, an alphanumeric display terminal for commun-
icating with the computer system and a joystick for controlling/selecting
menu data from the primary graphics monitor d1sp1ays: The genter of the
console contains the necessary equipment for collecting strip chart
recordings of intensity data and a telephone for each operator.

(6) The video from any sensor can be displayed at any console
position by switch selection, regardless of the sensor assignment. This
capability allows two or all of the operators to perform simultaneous
tracking of a satellite while having visual access to what is occurring at
each position. It also allows the Supervisor to monitor console activities

at each sensor from his position.

i i leted, the
7) When detection of the satellite has been comp ,
operator is piozided the option of transmitting the observed data to the North
A: jcan Aerospace Defense Command (NORAD)through the GEOQSS communications
s tal Network (AUTODIN)line and a dedicated

i tic Digi
system. A worldwide Automatic U1g T o e o AORAD a¥e: Hhe: T

ommunications Contro ( :
22::2:;dm2:;: gf communications. Voice communications are conducted over world-

wide Automatic Voice Switching Network (AUTOVON) and commercial lines.

b. Major Modes of Operation. The GEODSS system operates in eight

i figuration. Each of
including the daytime maintenance con
5;;m3£§r?:?§§51 modes cgn be exercised either under software control or

manually by the console operators' function keys.
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(1) Non-Mission Mode. In this mode the consoles are generally
logged-off and the alphanumeric terminal acts as a normal peripheral terminal
to the computers for performing software maintenance tasks. 1In addition
the graphics monitors are inactive. This is the normal mode of operation
during the daytime while both hardware and software maintenance activities
are being conducted. The remaining modes all pertain to mission operations.

(2) Calibration (CAL). Routines are available for calibrating
the mount and the radiometer on a nightly basis and the camera on an as
needed basis. Selection of calibration is conducted either under software
control or manually by selecting the CALIB function key on the operator's
consale. The major calibrations routines are:

" (a) Full (Global) Calibration. This function is used
to calibrate telescope mount pointing and is performed during the period
between civil and nautical twilight. Optimum results are obtained when the
sky is relatively clear so that stars are selected throughout the hemisphere
where the system software automatically points the telescope at a series of
stars around the sites hemisphere. The offset of each star from the telescope
boresight axis is measured and entered in the global calibration data
base. These errors are subsequently used for correcting telescope pointing
and observational measurements during mission operations.

(b) Radiometric Calibration (RADCAL). The RADCAL function
is used to determine the boresight axis of the radiometer in relation to
the telescope axis and to calibrate the radiometer response curve. The
function is normally performed just prior to collecting data on the first
SOI task, with optimum results obtained under clear, dark sky conditions.

(c) Camera Misalignment Correction (Part 1). This
alignment is used to determine the error between the camera axis and the
telescope mount, with the measured deviation used to correct the observations
collected by the system. This function is normally exercised only when the
camera has been removed for maintenance or there is a reason for believing
the corrections may no longer be valid.

(d) Camera Tube Misalignment (Part 2). This function
is used to determine the alignment errors between the camera tube and the
telescope boresight axis. This function must be performed when the camera
tube is replaced. As with Part 1, the measured errors are used in correcting
the computed position of the observations.

(e) Sky Brightness. The intensity of the sky background
mey be measured at any time through selection of this function. Typical
applications, when called through the CALIB function, are for determining if
2 bright sky was the reason for failing to detect an object or to determine
if the sky is dark enough to perform a task. The Sky Brightness function
is also called from the GVM (CALIB box) when performing an SOI track and is
used to correct the collected radiometric data.

(f) Atmospheric Extinction. As the name implies, this
function is used to measure the absorbtion of light through the atmosphere.
It is also used for determining if atmospheric conditions, clouds, haze,
dust, etc., were the reason for a failed detection. The function is also
used both pre and post SOI data collection to gather correction measure-
ments applied to radiometric data.
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libration. f;e Local Calibration function
(g) Local Ca ful PPM detection.

is an option presented to the operator following a success
The function selects a series of stars around the point-of-track to perform
a miniature global calibration. The measured errors between the true
stellar position and computed telescope pointing are applied to correction
of the observation.
(3) Maneuver Query (MQ). The MQ mode serves two functions.
Primarily, the mode is meant to quickly measure the current position of a
satellite, compare it with the predicted position, and display the results
to the console operator in the form a maneuver/non-maneuvered information
box. . Secondarily, the MQ function is executed prior to the first measurement
in a PPM task to correct the boresight positioning of the object in order
to bring the PPM as close to the boresight axis as possible. Minor errors

due to tube non-linearity are thus avoided.

(4) Precision Positional Measurement (PPM). The PPM mode is

the normal and most accurate mode for collecting satellite positional
data. Positional data is computed from the centroid of the streak data
discussed earlier.

(5) AMTI Assist. 1In this mode of operation the cousole operator
has manual control over the streak recognition process. The automatic PPM mode
is bypassed. In the ASSIST mode the satellite streak will continue to build on
the screen until the operator ends the process. He then designates each end of
the streak with the Graphics Video Monitor (GVM) cursor. Positional data is
then computed from the center point of the two streak designation points. This
mode of operation is inherently less accurate than the PPM mode for several
reasons. Foremost, the positional data is measured from the graphical represen-
tation of the streak, rather than the streak data itself. Secondly, it is
nearly impossible to precisely position the GVM cursor while designating the
beginning and ending points of the streak. The combined errors result in a
positional measurement that is 3-4 times less accurate than the PPM mode.
‘lowever, use of the ASSIST mode is sometimes essential to obtaining posi-tional
data when the software system is unable to recognize a severely fragmented
streak due to weather or dimness, or the satellite is tumbling/-rotating and the

intensity randomly exceeds threshold sensitivity.

(6) Sensitive Track (ST). The ST mode is the most sensitive
mode of operations. In this mode over 60 video frames are collected and
integrated. It is possible to detect satellites that are very dim and
would otherwise be below the threshold sensitivity in the PPM or ASSIST
modes. Because of the large number of frames processed, the ST mode is
also the most time consuming method and is normally only used when the PPM

and ASSIST modes have failed to detect the satellite.

(7) Space Object Identification (SOI). The SOI mode is used
for collecting measurements of the satellite's reflected light intensity.
In this mode the primary instrument is the telescope radiometer, while a
portion of the energy is fed to the camera for operator display and telescope
steering. The SOI mode is commonly referred to as a rate tracking mode as
the telescope is driven along the satellite's path at the same angular rate

the satellite is moving relative to the site.

—— .
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terfaces for the communications system. The Office Automation System can be

econfigured with the Applications computer providing all communications func-
tions in the event that the Executive computer is unavailable for maintenance or
software activities. Under extreme conditions, a Model 40 Teletype (TTY) unit
is available at each site and may be configured for message trans-mission and
receipt. However, since messages can not be transferred to the prime GEODSS
computers, this configuration is rarely used. Communications support is
accessed from the Control Console and Display Group (CCDG) through the Master
Menu. The console position that is used for communications must be logged on as
a station and be designated as the communications position. The major capabili-
ties of the system include:

(1) Circuit configuration with either the ADCCP or AUTODIN
line acting as the prime circuit, with back-up provided
by the other circuit in case of primary line failure.

(2) Message Preparation and Edit. Upon selecting this function,
the operator is permitted to select a blank message format
for originating a message or to select a "canned" message
format, such as a Status Report, Element Set Request, etc.,
to be edited and subsequently transmitted. In the Edit
mode, the message may be scrolled, lines deleted or
inserted, lines printed, or the function may be exited.

(3) Received message file maintenance. The File Services
option of the communications system permits the operator to
display or print the message log, and to display or print
individual messages from the message log.

(4) Message transmission/retransmission. When the message
generation function is completed, the operator will
normally review the contents to ensure it is correct and
then exit to the transmit option. The operator is then
prompted to enter the classification, priority, sender
AUTODIN or data circuit, and routing code file number.
Previously generated messages may be retransmitted through
the File Services Menu - Data Circuit (or AUTODIN) Transmitted
File.

(5) Primary and Alternate Routing File Maintenance. The GEOQDSS
communications system permits the operator to establish
files of predetermined addressees. The files are sequentially
numbered and are used by various functions in the system,
such as observation and SOI data transmission, to auto
matically attach the appropriate routing indicators on
transmitted messages. The files may also be used when
generating and transmitting a message to specify the
appropriate addressees. The files are created, edited, 1
and deleted through Communications Services Primary Menu j
- File Services Menu. Three primary files are maintained
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that each contain a set of Route Codes, with the file to
be used selected when the communications circuits are
enabled and defaults to Routing File #1.

(6) Flash Message Review. On occasion, a very high precedence
message (FLASH) will be received on the AUTODIN circuit.
These messages are normally associated with New Foreign
Launch element set distribution and notifications of the
launch. Receipt of a FLASH message will cause the audio
alarm on the CCDG assigned as the communications position
to be activated and FLASH will be displayed at the NOTICES
QUEUED 1ine on the alphanumeric display terminal. The
received message may be viewed at the line printer or on
the terminal through the Communications Services Primary
Menu - Display Flash Message.

(7) Classified message maintenance. One of the more important
features of the communications system is a timed buffer
for classified messages wherein the transmission of the
message may be terminated within the first 60 seconds if
an improper classification was inadvertently assigned.

b. Communications Initiation and Interface. The communications
segnent is entered from the system Master Menu - Option #4. The communications
services menu is displayed to the operator and provides him with access to
all sub-menu items and functions.

8. ORBITAL MECHANICS, PHYSICAL CONSIDERATIONS.

a. Introduction. The basic data necessary to describe the orbit of a
satellite so that its position may be determined at any civen time is contained
in the Orbital Element Set (OES). The GEODSS system has the capability to
create a new orbital element set and to refine an existing element set, with
both functions using observations collected during the tracking process. These
two functions are referred to as Initial Orbit Determination (I0D) and
Differential Orbit Correction (DOC), respectively. The operator is a key com-
ponent in this process, as the decision to accept or reject the results of the
computations are the operator's responsibility. This decision is based on
observation of the satellite characteristics during the track, evaluation of the

positional data record, and evaluation of the computed element set displayed at
the GVM.

(1) The ability to visualize where the satellite is in respect to
the site, what the probable (or known) type of orbit is, and an appreciation of

—

the orbital characteristics are some of the most valuable assets an operator
mzy have for it allows the operator to make rational decisions on what steps
must be taken to maintain track on an object and the reasonableness of computed

values in the T00/DOC process. The value of having this ability is also

cerried to normal operations in making decisions on steps to take when an object
is not acquired.

(2) Visual clues are presented at the GVM in the form of azimuth,
elevation, and the actual streak length and direction. By interpreting this
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information, the operator may make some valid assumptions as to the type of
UCT satellite being tracked. If an existing element set is being used (as

is the case for the DOC function), then the range of the satellite and the

sun angle are also displayed.

(3) In order to understand what the information being displayed at
the GEODSS consoles means, a basic understanding of orbital mechanics is
necessary. This section is meant to provide the student with sufficient infor-
mation to understand the terms that are used in discussing orbital element sets,
the basic characteristics of the major types of orbits and the relationship to
the 100/D0C function. It is not meant to make the student an orbital analyst,
although, when certified, he or she will have sufficient knowledge to conduct
meaningful discussions with the NORAD analysts and to make valid decisions
during 100/DOC operations.

(4) The mathematics of orbital mechanics are minimized in this
section. For those students wishing a more detailed study of orbital mec-

hanics, a bibliography of reference material is presented at the end of the
text.

b. General. Johannes Kepler and Sir Issac Newton formulated the basic
laws of motion over three hundred years ago. These laws are as applicable
today as they were then and form the basis for all space exploration, including
earth orbiting satellites. This discussion will delve into Keplerian and
Newtonian principles primarily as they apply to earth orbiting satellites. In
order to maintain the context and clarity of the lesson, these principles have
been rephrased to apply to man-made, earth orbiting satellites.

(1) Kepler's Laws of Satellite (Planetary) Motion. Kepler's most
detailed studies were of Mars. From these studies, he formulated his first two
laws of motion that deal with the type of orbit and the relationship between
velocity and distance.

(a) The Law of Ellipses. <epler's Law of ellipses states
that:

The orbit of each satellite is an ellipse with the earth always
located at one foci.

Figure 5A illustrates this principle, with F1 being the earth's center. The
ellipse is a closed curve such that the sua of the distances from the foci

to a point anywhere on the curve is constant. For example, the sum of the
distances from F1P1F2 is equal to the sum of the distances F1P2F2. An ellipse
may be drawn by simply connecting a piece of string between two tacks and
tracing the curve with a pencil holding the string taut. One should be

able to visualize the concept that as the string becomes longer, with the
tacks in the same position, the curve that is traced will progressively
approach the shape of a circle. We will discuss the properties of the ellipse
and its various parameters in the following sections.

(b) The Law of Areas (Equal Area in Equal Time)., Kepler's
second law states that:

Each satellite revolves around its foci so that the radius vector
between the two sweeps out equal areas in equal intervals of time.



20

Keler’s First Lov
The CFbit is on Ellipse
P2

~] =3 P

&S

cb{ a

eccentricity = e = ¢/a

The Circle

circlec =0

For an ellipsex eccentricity = ¢/a = 0/a = 0
0 <e<l
A C
Kegler"s Second Lay. Keoler’s Third Lav
Equal Area in Equal Time The Lar of Harsonics
Ken Distance = Sesi-Ha jor Axis = o
b
- c
A A,
d
g
The time to transit from a to b
sare o5 that to transit from ¢ to d 33 2.2
The geas (4 & A2 are equal. 0,/a, = P, /P,
‘ B 0 = sami-sajor axis P = Period 0

Figure 5.

Keplerian Principles




21

Figure 5B illustrates the law, wherein the area inscribed between a-b will

be equal to the area inscribed by c-d, given that the time for the satellite
to travel between a-b is equal to the time to travel between c-d. The impor-
tant concept to understand from this law is that the closer the satellite

is to the foci point, the greater its velocity. Conversely, the farther
from the foci, the slower its velocity. Thus, if the satellite took 30
minutes to traverse the two segments of the curve in Figure 5B, clearly

it must be moving slower when travelling from ¢ to d. This concept is
important when evaluating the streak length and direction on the GVM. A
short streak indicates a slowly moving object, thus we may presume that it

is at a fairly long range. The streak length, along with the streak direction
and the pointing position of the telescope, will be shown to provide you

with significapt information as to the type of satellite being observed.

(c) The Law of Harmonics. The third Keplerian law that we
are concerned with, The Law of Harmonics, states that:

The squares of the periods (the time it takes to complete one
revolution) of any two satellites are in the same proportion as the
cubes of their mean distances from the earth.

This means that the greater the mean distance the satellite is from the earth,
the orbital period will increase proportionately. Figure 50 depicts the
relationship in Kepler's third law and, when one considers that the satellite
remains in orbit because of its inertia as discussed below, it is clear that
the larger orbit takes a longer period of time to complete.

(2) Newtonian Principles. Newton was able to mathematically prove
to the world Galileo's law of inertia wherein it is stated that: "A body at
rest will remain at rest unless acted upon by.an unbalanced force, and a body
in motion wiil continue to move with uniform velocity unless acted upon by
an unbalancad force." This law is known as Newton's first law of motion
and is impertant in our discussions on orbital geometry as the earth acts
as a force zn the satellite. The next few paragraphs will deal with some
basic Newtunian principles that are important to understanding how and why
a satellite remains in orbit (or is drawn back to the earth), why the
satellite displays some of the characteristics that it does in the elliptical
orbit, and how a satellite is transferred from one orbit to another.

(a) Law of Inertia. Newton's law of inertia is a slight
rephrasing o’ Galileo's wherein Newton states that:

A body at rest will remain at rest and a body in motion will remain
in motion unless acted upon by an outside force.

Again, the outside force for an earth orbiting satellite is the earth. We
may equate this law to the life cycle of a satellite from the time that it

is launched into orbit by either a booster or the shuttle spacecraft, is held
in the earth orbit by the balance between its own momentum and the gravita-
tional attraction of the earth, and then eventually succumbs to that attract-
ion and decays into the earth's atmosphere. Several important principles that
are associated with the law of inertia include:
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l (b) Equilibrium. Equilibrium is the state of balance that

is produced by the counter action of two forces. In our case, this is the
equilibrium that is produced between the momentum of the satellite and the
earths gravitational attraction. If the satellite is given exactly the right
amount of velocity when it is launched, then a state of equilibrium will be
achieved wherein the orbit described by the satellite is correct for its
intended mission. Too much velocity and the satellite will either be in the
wrong orbit or could even escape the earths gravitational attraction and
continue into space. Too little velocity and again we could have the wrong
orbit, or in the worst case, the satellite would be pulled back to earth.

A good example of too little velocity occurred in 1984 during a shuttle launch
of the Westar and Palapa satellites. The rocket motors that were supposed

to take them out to a 20,000 nm circular orbit failed to provide sufficient
velocity and the satellites ended up in elliptical orbits at approximately
650 nm and were useless for their intended communications mission.

(c) Motion. As discussed earlier, we are concerned with how
fast the satellite appears to moving and in what direction on the GVM. The

principle terms that we are concerned with are speed, velocity and the velocity

vector.

(1) Speed. Linear speed of an object is the rate of
motion in a straight line. Angular speed is the change of direction per unit
time. Angular speed is the value we will most generally be concerned with
as the GEODSS system provides the rate of motion of a satellite in angular
rates. The relationship is straight forward wherein:

S(peed) i D(istance)/T(ime)

(2) Velocity. Velocity includes direction as well as
the speed of an object. Thus when we discuss the velocity of a satellite we
are describing its direction as well as speed. For example, we may say that
the satellite was observed to be travelling in a northernly direction at 33
arcseconds/second.

(3) Velocity Vectors. The velocity of the satellite may
be graphically represented by a line whose length represents the speed and
the angle from the y-axis representing the direction of motion. The direct-
ion of motion is normally depicted graphically with North being up and the
direction of rotation being clockwise from O degrees (North) to 360 degrees.
Both speed and direction must be present in order for it to be a velocity
vector. These components are depicted in Figure 6A.

(4) Acceleration. Acceleration is the rate of change
in velocity; any change in the velocity of an object - either to start it,
stop it, speed it up, slow it down or to change its direction - is considered
acceleration., If the velocity increases, you have positive (+) acceler-
ation. If the velocity decreases, you have negative (-) acceleration (e.q.,
it decelerates).

c. Falling Motion. A concept that is somewhat more difficult to under-
stand, but forms the basis for a satellite remaining in orbit, is that of
“falling motion". For example, consider the motion of the moon in Figure
62. Presume the moon moves 3350 feet in its orbit and falls (is attracted
by the eartns gravitation) 1/20 of an inch towards the earth, However,
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because of the earth's curvature, the moon remains the same distance from
the earth. Thus, even though the moon continually "falls" towards the
earth, it never gets closer. The same principle applies to man-made satel-
lites, although it is somewhat more difficult to visualize for elliptical
orbits wherein the satellite does come closer to the earth.

d. Law of Force and Momentum. Newton's second law deals with the
effect of an outside force acting upon a body. This law states that: "If
an outside force acts upon a body, the body will be accelerated. The
magnitude of the acceleration will be proportional to the magnitude of the
outside force and the direction of acceleration is in the direction of the
outside force." Keep in mind that acceleration can be both positive and
negative. For ‘example, when we hit a golf ball (object at rest) with a
club (outside force) we are exerting a positive acceleration to the ball
(hopefully in a straight line). When the ball hits the ground (again an
outside force) it receives a negative acceleration and will eventually come
to rest again due to rolling friction.

(1) Force. Force is defined as the rate at which it produces a
change in the momentum of the body upon which it acts. In our example above,
if we hit the ball with a driver as opposed to the putter, we are exerting
a greater force upon the ball. In the case of a satellite, the closer to the
earth the satellite is, the greater will be the effects (force) of the earths
gravity and the greater the velocity of the satellite (Kepler's second law).
The gravitational effect will also change the direction of the satellites
motion. The combined effect is portrayed with vectors in Figure 6C. In
the diagram, the "normal direction" and the earths gravity "force vector"
form what is commonly referred to as a parallelogram of forces, with the
resultant vector being the revised path of the satellite. In reality this
is a constant effect on the satellite, with the earths gravity exerting a
constant "pulling" action on the satellite and is continually changing its
direction. This continual change in direction results in the shape of the
orbit.

(2) Static Equilibrium. When two forces act upon each other to
cancel out, the object does not move. It is said to be in "Static Equi-
librium". This situation occurs very momentarily at two points in the satel-
lites orbit - apogee and perigee. It also occurs for synchronous satellites
where the velocity vector closely matches the earths rotational speed and
gravitational attraction. In this case the satellite remains stationary
over a point above the earth's equator. These "synchronous" satellites form
the basis for all of our major transcontinental and television communications
satellites.

(3) Law of Gravitation. The effect of the earth's gravity on a
satellite was expressed by Newton as: -

"Between any two objects in space there exists a force of attrac-
tion that is proportional to the product of their masses and
inversely proportional to the square of the distance between them."

A means of visualizing this concept is to think of a weight tied to the end
of a string. If you spin the weight around your body, the faster you spin,
the greater the force the weight exerts in trying to break loose. If the

— e . e =




25

weight is heavy enough, or you can spin fast enough, the string will break
and the weight will fly off in its own direction. The same is true of satel-
lites. The earths gravitational attraction acts as the string, while the
velocity of the satellite, when combined with its weight, acts as the

weight on the string. Given enough velocity, the satellite would break the
earth's attraction and fly off into space - which is exactly the concept

that was used for the lunar missions.

e. Law of Action and Reaction. Newton's third law of motion states:

Whenever one body exerts a force on another, the second body exerts
a force equal in magnitude and opposite in direction on the first
body.

For example, when you fire a gun, the explosion exerts a force both on the
bullet that is positive and an equal force, in the opposite direction, on the
gun itself (the so called kick). This law is used extensively in spacecraft
to maintain the attitude of the satellite and to perform adjustments in its
orbit.

f. Summary. The basic physical laws that have been presented form the
basis for planetary motion, as well as launching and controlling the orbit
of all spacecraft. These laws will subsequently be combined with the parameters
that define the shape of the orbit to provide you with an understanding of
the satellites that you will be routinely observing with the GEODSS system.

9. PROPERTIES OF THE ORBIT

a. Orbital Parameters. As previously mentioned, every earth orbiting
satellite has an elliptical orbit. The shape of the orbit (ellipse) is
described by twelve classical parameters. Of these, several are used to
form the orbital element set that is used by the GEODSS system to determine
the position of a satellite at any given time. In this section we will
discuss the basic parameters associated with the orbit. It is important that
you understand the basic concepts presented, as they will form the basis for
the remainder of the discussions in this section, the lesson on UCT concepts
and procedures, and for search concepts. The few mathematical formulas that
are presented are for the purpose of demonstrating the relationship between
the individual components that describe an orbit. It is not the intention
of this section to delve deeply into the analytical geometry that is used in
actually computing the orbit.

(1) The Parameters of the Orbit (Ellipse). Refer to Figure 7 during
the discussion of the parameters that define the ellipse. These parameters
will subsequently be used in describing a portion of the format of the NORAD
element set and in presenting practical applications for visualizing the orbit
while operating the consoles.

(a) The Foci. An orbit has two foci, one of which is at the
center of gravitational attraction (the earth for earth orbiting satellites),
and the other being an imaginary point within the orbit. The two foci (F1
and 72) are depicted in Figure 7A.

(b) The Major and Semi-Major Axis. The major axis is the
longest axis of the ellipse and passes through both foci., Referring to

T
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Figure 7A, the major axis is the twice the distance of (a) - the semi-major
axis, The major axis is referred to with the symbol (A), while the semi--
major axis is denoted by (a). The semi-major axis is normally the distance
that is used when computing other orbital parameters such as eccentricity,

(c) The Minor and Semi-Minor Axis. The minor axis is the
shortest diameter of the orbit and is twice the distance of (b) - the semi--
minor axis. The minor axis is usually denoted with the symbol (B), while the

semi-minor axis is denoted by (b). The minor axis is normal (perpendicular)
to the major axis.

(d) The c-Distance. The "c" distance is the distance from
the center of the orbit to one of the foci. This distance is depicted in
Figure 7A . As we will see momentarily, the length of (c) is used in com-
puting the eccentricity of the orbit. The relationship between the c-distance,
major axis, and the minor axis describes the shape of the orbit.

(e) Eccentricity. The eccentricity, denoted by "e", is the
amount that the orbit deviates from circular. Eccentricity is expressed as

the decimal relationship between the c-distance and the distance of the
semi-major axis.

e = c/a

Four major shapes are described by eccentricity:

(1) Circle. If the foci and the center of the orbit are
the same point (e.g., only one focal point), the c-distance is zero and the
eccentricity will be zero. The orbit is a circle. The circle is sometimes
referred to as the special case of the ellipse. (e =0).

(2) Ellipse. As the foci move apart, the c-distance
becomes greater than zero, the shape becomes elongated (elliptical), and the
eccentricity becomes greater than 0. The greater the elongation of the
ellipse, the larger will become the ratio between ¢ and a. The eccentricity
of the ellipse will always be greater than zero, but less than one.

(0 <e <1).

(3) Parabola. When the eccentricity reaches one (¢ =

a), the shape described is that of a parabola. In this case the satellite
would no longer be orbiting the earth. (e = 1).

(4) Hyperbola. If the eccentricity evceeds one, the
shape becomes even more flattened and describes a hyperbola. Both the hyper-
bola and the parabola may be used for other than earth orbiting satellites,
with the deciding factor usually being which plane will require the least
energy for the booster and injection rockets. (e >1).

Each of these orbits is depicted in Figure 7B. Some relationships that are
interesting to note:
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Semi-Major Axis (a) Semi-Minor Axis (b)

Eccentricity (e)

IF: Increases AND: Increases THEN: No Change
No Change Decreases Increases
Increases May: Increases

Increase
Decrease
No Change

The change in eccentricity is strictly dependent upon the relative lengths

of the (c) and (a) axis. The GEODSS system will track satellites whose eccen-
tricity ranges from 0 to .97. Typically these orbits will range from a few
hundred kilometers to 100,000 km or more for objects in highly eccentric
orbits. A table of the more common satellites that you will be tracking and
their basic elements is presented after the discussion of perigee and apogee.

(2) Distance and Height Measurements. Frequently the range to a
satellite is expressed in either height or distance. The difference between
the two is equal to one earth radius or approximately 6378 kilometers. There
are two terms that are associated with these distance measurements that

concern the orbital parameters - apogee and perigee. The difference between
these measurements is depicted in Figure 7C.

(a) Apogee Distance. Apogee is the distance from the center
of the earth (or other primary foci) to the farthest point in the orbit.

This is also the point in the orbit that the satellite will normally display its
slowest angular rates relative to the observer.

(b) Apogee Height. This is the distance from the surface of
the earth to the farthest point in the orbit.

(c) Perigee Distance. Perigee distance is the distance from
the center of the earth (or other primary foci) to the closest point in the

orbit. A satellite will normally have its greatest angular rates relative
to the observer during, or near, its perigee passage.

(d) Perigee Height. Perigee height is the closest point to the
surface of the earth in the orbital path.

(e) Range. Range is another term that is often associated
with the orbit, but is not to be confused with the orbital parameters. Range
is most commonly associated with the distance from the observer, or site, to
the satellite. Thus range is a dynamic measurement that varies with the
orbital parameters and specific point in the orbit being observed.

(3) Mean Distance and Mean Height. Mean distance and mean height
are the average distance and height of the orbit.. They can be measured f(om
the point where the minor axis intersects the orbit to the center of gravita-
tional attraction (earth) and are measured to the surface of the earth,
respectively. This distance is equal to the length of the semi-major axis.
It is also equal to one-half the sum of the apogee and perigee distances.
The relationship between these distances is depicted in Figure 70.
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(4) Some Typical Orbits. The following table provides a summary
of the major type of orbits that you will be tracking with the GEODSS system.
The distances given are approximate and will vary from satellite to satellite.
The student should note that as the perigee and apogee heights approach each
other the orbit becomes more circular (e approaches 0). In contrast is the
case of Prognoz, wherein there is a very large difference in the perigee and
apogee heights and the eccentricity is approaching a parabolic orbit.

yo S,

Common Name Perigee (km) Apogee (km) e Period (mins) Type
Molniya P/L 720 39,600 72 718 Elliptic
Molniya R/B ' 480 40,600 .74 732 Elliptic
COSMOS 1,000 39,300 Wk 718 Elliptic
GPS 20,100 20,100 .00 718 Circular
Synch Sat 39,000 39,000 .00 1436 Circular
Near Earth 210 450 .02 91 Near
Circular
Prognoz 980 197,400 93 5687 Highly
-Elliptic

(5) In summary, the physical laws derived by Newton, Galileo, Kepler
and others, apply to both the mechanics of launching a satellite in its orbit
and determine the shape of the orbit once it has been launched. The major
orbit that concerns the GEODSS operations technician is the ellipse. Every
earth orbiting satellite is in an elliptical orbit, if one considers the circle
as an ellipse with eccentricity of zero. (In reality a perfectly circular
orbit is never achieved, thus eccentricity will be greater than 0).

10. THE ORBITAL PARAMETERS.

a. The Orbital Elements. Up to this point we have been discussing the
simple geometric properties of the ellipse. Although these parameters ade-
quately describe the shape of the orbit, they do not fully describe its
orientation relative to the earth. The next few sections will discuss the para-
meters that are used to describe the shape of the orbit and its orientation to
the earth.

_ b. General. A unique set of parameters are associated with the orbit
of a satellite that allow us to describe its shape, orientation to the earth,
and to predict where the satellite will be at any given time. These parameters

are contained within what is commonly referred to as the Element Set. The

vast majority of the element sets that GEODSS uses are generated by NORAD
and reside in the GEODSS Resident Space Object (CXRSOC) and Element Set

(CXELEM) files. CXRSOC is a file of the element sets in the NORAD format.

CXELEM is a file of the element sets that have been transformed into the

format necessary for GEODSS use. The CXELEM file is also the file that

will be used for site generated element sets and for storing a site or

NORAD element set that you may have refined with the DOC process.

c¢. The Basic Elements. There are six parameters stored in each file
that comprise the basic element set. These parameters_are referred to as the
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Keplerian orbital elements. Additionally, there are several other parameters
stored that are necessary in order to uniquely identify the satellite and to

allow prediction of a future position. The six basic elements and their
symbols are the:

(1) Semi-major Axis (a)

(2) Inclination (i)

(3) Argument Of Perigee ( )
(4) Eccentricity (e)

(5) Right Ascension of the Ascending Node ( )

(6) Epoch Time (t)

d. Describing the Size and the Shape of the Orbit. As we have seen,
the semi-major axis and the eccentricity describe the size and the shape of
the orbit. Thus, the longer the distance of the semi-major axis, the larger
the orbit. The greater the eccentricity, the more elliptical the orbit.

(1) The minimum orbital height is approximately 200 nm. Orbits

less than this experience drag from the earths atmosphere and will soon
decay.

(2) The eccentricity and semi-major axis are determined prior to
launch. These two parameters, in conjunction with the other terms we will

be discussing, must be established so that the orbit of the satellite fulfills
its mission requirements. Normally these parameters are established so that
the satellite "sees" a specific portion of the earth at a specific time.
instance, the synchronous satellite orbit is set so that it remains over a
given longitude. The majority of these satellites support transcontinental
or transoceanic communications. Control of the longitudinal position is
important so that the users, both the transmitting and receiving parties,
sustain constant communications. On the other hand, surveillance satellites
may need to be in a highly inclined circular orbit and phased with each other
so that they "see" specific regions of the earth that are sunlit,

For

e. Orientation of the Orbital Plane. The orientation of the orbital

plane in space is described by the Right Ascension of the Ascending Node (RA)
and the Inclination (i).

(1) Right Ascension of the Node. If we were to extend the plane
of the equator into space as a flat plate, a satellite will intersect the
plane at two points. The point at which the satellite intersects the plane
when travelling from south to north is referred to as the ascending node.
Conversely, the point that the satellite intersects the plane when travelling
from north to south is referred to as the descending node. Referring to
Figure 8A, the position of the ascending node where it intersects the
equatorial plane is one of the elements we use to orient the plane of the
satellite. The angle formed between the hour circle of the star Aries and
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the satellite as it crosses the equatorial plane on its ascending node is
referred to as the Right Ascension of the Node. The angle is measured
eastward from Aries. Given this point, the time that it ocurred, and the
other orbital parameters, we can predict a future position of the satellite.

(2) Inclination. Inclination is simply the angle that the plane
of the satellite makes with the equatorial plane. This angle is depicted in

Figure 8B. There are also four types of orbits that are associated with
the angle of inclination.

(a) Prograde Inclination less than 90 degrees.
(b) Retrograde Inclination greater than 90 degrees.
(c) Polar - Inclination is 90 degrees.

(d) Equatorial Inclination is 0 degrees.

1

f. Orientation of the Orbit within the Orbital Plane. Now that we
have the size, shape and orientation of the orbital plane described, the
next step is to orient the orbit within the plane. To clarify the orientation
of the orbit within the plane, presume the orbit is an ellipse. There must
be a means for describing where the apogee and perigee points occur.
Consider the perigee point. Does it occur over the US ?; the Soviet Union 7;
or maybe even Australia ?. Within the plane of the orbit, any of these
points are possible by simply rotating the ellipse around in the plane.
The parameter that describes this position is the Argument of Perigee.

(1) Argument of Perigee is the angle formed along the orbital path
between the ascending node and the point of perigee (the satellites closest
point to the earth). The angle is measured in the direction of motion of the
satellite. The Argument of Perigee is depicted in Figure 8C. In this par-
ticu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>