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UNITED STATES SPACE COMMAND 
PETERSON AIR FORCE BASE, COLORADO 80914-5001 

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

Dear Dr Azadehdel 

11 DEC 1989 

This responds to your October 21, 1989, Freedom of Information Act 
(FOIA) request for information regarding any unknown object on the 
C9ntinent of .. so.utnern At"r.ica du:i;ing the dat~s of 6th an~ 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 

Satel~ite number 

Common name 

Launch date 

Impact time (plus/minus 1 min} 

Impact location 

Rev number since launch 

Fees for this service are waiv~d. 

Sincerely 

. -=r-.... t.9• -- I 
Y W. FELDER , Colone 
ty Chief of Staff I 

1989-032B (USSR} 

19942 

FOTON 2 (rocket body ) 

April 26, 1989 

0119Z May 8, 1989 

Lat - 18.0 degrees (S} 
Long - 41.1 degrees (E} 
Inclination - 62.8 degrees 

181, descending to south­
west 
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Telefax Cover Sheet 

Dr. Henry Azadehd el 

602 - 784 - 688 

Kevin K.ivimaki 

. 202-357 - 1511 

Augu s t 1 1 1990 

Sent to 

Telefax number 

Sent lnj 

Voice contact at 

Datef[ime 

·Comments Regarding your inquir y about phenomenon over 

southern Africa, a check of all back issues of the GVN Bulletin 

since May 19.89 revealed no meteor s ight ings reported in that region. 

0 Please confirm receipt by vci~ phone at number listed above. 
0 Please re~pond as soon as possi_ble ... 

0 by voice phone at number above. 
0 by FAX at 202-357-2476. 

8 In response to our earlier conversation. 
8 For your inf on.nation only~no need to respond. · 

- 202 357 2476 

04.Jvne ,m 
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CIAL satellltes- Contlnuea 
! S and rocke ts world m lssUe/s pace en­
>ped la 1966, U Miss & Roe 17 :37-H+ 
; ' 66 
• o t curren t space a ctivi ty. R. N . Watts, 
-5k y & T e l 31 :28 -9 Je. '66 
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0
rJlnl '/;~ {oe }? ttr~i 

v eh ic le lolf (cont) A v iation \V 82 :126 
16 ' 65 
s qu.let satellites. Sci N L 87 :262 AI> 
·,5 
t o~! ; ~:i,teb y~~7~ ;e Rs,6~ead In space 
J tn e d sclenU llc sat elll tes ~ruture hinges 
'bo3.'¼'19 J,>~ ject p la.n.s. il lss & Roo 17 : 
ee also 
; vehlcles 

Astronomlcal apcllcatlona 
telescopes In orbi t to study st.a.rs In 

i; for one oC the orbitin g a s tronomical 
erYe.torles. Sc i N L 87:248 Ap 17 ' GS 

look e.t NGC •565. N . 0 . Roman. ll 
E d 1:6- 8 0 ' 66 
Yehlcle becomes malor sclentlnc cro­

Jn ; 1troundwork tor expanded solar and 

iifi~~\~'12:1~~~~~As ~s Fink. 
11 

\ orbits solar obsen•a.tory. Aviation W 
:; F S ' 65 
\ orct ers three more OSOs. Aviation W 

-~p~c:C~t are designed to carry whole 
ervatory u nits. T . D . Nicholson. ll 
, ur His t H :28-30 N ' 65 
-B telescope w ill scan sta.rs ma00ed bY 

,;,._
0 i 0 ti. 0 ifl~b~. tfl1tii'i!~~w0 ~5s~lu: 

f ~~e;f,\e In orbi t. R. N. Watts, jr. ll 
,· & Tel 30 :353-4 D ' 65 
, told for manned observatories. W . S . 
li e r . ii Miss & Roe 16:28-30+ My 17 '65 
otype telescoue fo r OAO -C t ested . R. D . 
bbe n. II Aviation W 82 :71+ Mr 22 '65 
; to utilize 750- 1,000-Ct ante nnas; radio 
u-onorn.y explorer satellit e. D. E . Fink. 
Aviation ·w 83: 106-7+ S 27 '65 

•n d o rbi ting solar obse rvatory. R. N . 
atts. Jr. 11 Skfr & Tel 29:161-2 Mr '65 
~'o1-ifr "i"f akcc~ Df_ 6ttel~~\'hro-;. lfo or6~1t; 
, Ile space a.ntennas unde r study. R. Pa.y. 
Miss & Roe 17 :32- 3 N 1 ' 65 

-:e balloon vehic les seen inflating In orbit. 
Sci N L 89 :37 Ja 15 '66 

ce observ-a to~ successtu!IY launched; 
b~~f~ f~~rys cal observatory. Sci N L 

~~s! ~:ni~i~ss~ 
0/!AC:· A';,0 t[~tf· K. 

ln . -dla. liquid orbiting eye proposed. R . 
ay. II Miss & Roe 16:43 Je H '65 

Communication appllcatlon• 
Su Communications sa.tellltes 

Equipment 
See Space vehicles-Equipment 

Launching 

,•1f:.u &s°s 'iV'ifo/0[1 ,fr-b 1l°~~~h. W. E . 
j el.o:ht rnakq 300 · eight US sa.tellltea 
rblted In one launclwiir. Newsweek 65 :61 
ly 31 '65 
,bt aatelllt.ea a.t once. R. N. Wa.tts. fr. 
:Icy &: Tel 3-0 :87 A,r '66 
11\n ~=-g~/t ~t~'Jof ~u~:ile~S:Ufi 
oS 

Mapping application■ 

~=•t,b ~l:ot: ~Exa.~for'!1:l>fF\vlaB~~ 
lelleT. 0 Ml"" & ~ 16 :33+ Ap 12 '66 
os- A l&uncht:d. r e turns data. from orbit 
•ig~l\7 than Planned. Avla.tlon W 83 :38 N 

_i:;:gos to h el_p find s ize and abape or earth; 
'a,,,lve 1<-»deUc ear th orbiting satellite. 
lie-over) Sci N L 88:133 ~ 28 '65 
~COJ:.c ~ 7~{is"'~ln1~ !'&"f deUc ettort. 11 Min 

MeteoN>log lcal application■ 

:~<f~•L~ 7~109t~l l~t-«;g5 could tra.ck weather. 
-·d line chill; la.ck of coopera.Uon hv Soviet 
Union. Rep0rter 12:U + Mr 11 -r66 
:1 0 atep• up W!!&ther ea.tell lte work. D L. 
ZylJ!tra. Miu & Roe lG :U My 31 '65 • 
.rly bird •i>eede chart tra.n■ml@llon· data .1tf1!af1 t,y Tlro1 IX. U M:.J.u & Hoc i7 :8H 

GAO charge to spur Nimbus lnvesllgaUon. 

G ~ ~
1
1f~~~;a1'6bs

8
i ~ i iton; frt1~

6
t.1mbus I. W. 

N ordbe rg. blbllog ii Sc ience 160 :659 - 72 0 29 
'6 6 

G loba l weathe r obse rvation sys te m urg!'d ; 
tes li n fl' G bos l fo r g lobal ho r lzon lal sou mlt r,_g 
t echniq u e with la un ch of Ni mbus B . D . E . 
F ink . Avia tio n W S3:H D 6 '65 

Hu r ri can e Betsy v iew ed by T IHOS satellite s; 
p ho tos,raph s . Mi ss & Roe 17:18 S 20 ' 65 

John o' Groats to Tlmbuc too ; pho tographs 
ta.ke n by the Nimbus weather sate ll i t e. Sci 
Digest 67 : ins ide back cove r Mr '66 

Lates t w eathe r moni tor : Tiros 9. R . N . 
Wa.tts. Jr. S ky & T ei 29 :161 Mr '66 

NASA launc h es nrs t cartw heel sa te llite ; 
TIROS (tel ev is ion Infra.red observaUon 
sate llite ) 11 lp81) Sci N L 87 :88 F 6 ' 66 

NAS A w eather sate lli Le pla n s. Ii A via tion 
W 84 :40-2+ Ja. 3 ' GG 

Radiation. Inc. equlpping Nlmbus-B satellite. 
M . Ge Uer . Mlss & Roe 16 :35 Mr 8 '65 

SaJ~\li~ f,o~lf: 1i~oM.r tf~'J'tratures. press ures. 

Tlil°o~ \i Jn~fJt31s12u;ir1 ca1 storm belt. Avie.­
W eather buoy-satellite link Is s tudied . W . H. 

Gregory, il Aviation W 82 :54-6+ F 8 '65 

Military appllcatlons 
Base where MOL will b e born; a. tr force's 

Va nden berg. ti B s n s W p70- 2+ N 13 '65 
Cosm os 67 believed d es troyed b y 8ovie ts; 

phoLograph ic r econnaissa n ce spacecraft. 
W . J . N or myle . .Av ia ti on \ V 62:34 Ap 12 ' 65 

D ~~[~s la1;ot~at~r) ulrpBs~·i t~v 11JR1:'i Dm~rn,i~ 
From W ash in gton : the a ir force In space and 

p eacek eep ln i? assessm ents. H . Margo lis. Bui 
Ato m ic Sc i 21 :34-7 O ' 65 

Sa te ll_i te photo station ready soon ; Electro­
optical surve illance station. R. Pay_ Miss 
& R oe 17 :42 JI 19 ' 6 0 

Schrieve r r eveals MID AS advances. Miss & 
R oe 16 :12-13 My 24 ·r.5 

Sov ie t a r ticle raps D OD space rol e; summary <# {i6 ~'ll1· M. Golysh ev. Miss & Roe 17 :17 

Navigational applications 
Sate ll i tes to aid in sea. s tudi es: nine oceano-

fi"o~~~~ 41~~'1 i 1ar~if H . T a ylor. Ii Miss & 

Sh~.s V~~dBr~
1~~9J ;g-;t~lef 86:~~-7ftn~t~/5 

Power supply 
See S pa c e vehicles-Powe r supply 

Tracking 
ALOTS advances airborne tracking. R. Pa.y. 

Ii Miss & Roe l 7 :2G-7 N 22 '65 
H e k eeps score fo r the s pace race: B . Love ll 

a nd hi~ r a diote iescope at Bri tain's Jodreil 
ba nk. Ii B s n s ,v p 96-8+ 0 30 'G G 

H ow h a ms track space shots. R . Gannon. ll 
Pop Sci 166: 99-102 My '65 

Sa.lellite photo station r eady soon: Elec tro­
o p ti cal s u rvei ll a nce station. R . Pa.y. Miss 
& Roe 17 :42 Ji 19 '65 

Track man; expert schoolboy. Newsweek 65: 
69 Mr 15 '66 

Wes tern s ate ll i te res earch network. G. A. Mc­
Cue a.ad others. il Sky & Tel 30:88-90 Ase 
'66 

~ ere r;~ d~~ s~IBll,ltff go ? I Asimov. U 
..'.. c1 9i i?f St .86-___ , 

e n so 
CommunlcaUons satellltes--Tracklng 

Use In researc h 
AeroJet demons trates solid pulse m otors. Avi­

ation W 82 :30 Ap 19 '66 
AF draftlnR own anlma.l !111.tellltes; btosa.tel­

ltte prog ram. H . M. Dav id. Miss & Roe· 16! 
32 Mr 22 '65 

AFw1f~~ ~'ts~ ivlo/0[1 :~rb 1:-~~gh. W. E . 

Ar:i~~fJ-;
10

~ v1: !.~l~~e r~fi _hnu°'ws=s 1P1f~c 1~1 
91 - 2+ N 29 ' 65 

~~~e~ ifr~~t s h.Jt i~ 
1f.iJ§~0

~\\r~65W. S. 

Btne'ii_';::"a[~ ~~ofriga~ep~i:i~r~P£tK\iJ.as~~ 
B e ller. U Mis s & Roe 16 :33+ Ap 12 '66 

Dlosate lllte hardware nearly ready. H . M. 
David. II Miss & Roe 16 :34+ F 22 '66 

D eciMlon nearing on cls lunar MDS; meteoroid 
d c: lecllon sate llite. Miss & Roe 16 :14 Ap 
26 'GS 

E SRO II In early test phase; experiments 
deallnK with solar ra.dla.tfon measurements. 
U Mies & Roe 17:26- 7 JI 6 '66 
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ARTI F IC IAL satellites-Use In r esoorch-C, 
.t,;xplore r Z6. R. N. Watts. Jr. ::;ky & 

20:96 F ' 65 
Explorer 30. R. N . Watts , j r . Sky & 

31:30 Ja 'G6 
H ?f'}.1f;~wt f?:c rn':~1--fs" /~11lfGs9' M . Get 
Imorovc<.l solar cells planned tor !Mr 

R. D . Hibben . II Aviallon W 83 :53+ JI 
'GS 

Measuri ng meteoroid s; orbiting Pegn 
launch e d . II Time 85:58 F 26 'G5 

M rer~odd16 ~[,?¾~m31 ":'t{ be expanded. 1' 

Mli'.
11

TI°_n If{t}i~~~e 11 d~~~~tionnea.W c~tfJ:i 

11dfr~~eteorold meA..•urements . J . H . W u 
jr. i i Eiectr ·world 74:12-3+ N 'G5 

Nf>SAE_Plf,~r~k_t"J\.,~}~~ivJxH".~!i'1\nt1:f".'t 
N ASA will ni c k two contractors for 

g::i'~;~rysa~l1~e.d~~~t1;.
0 \iv 6~~gcaJ , ~• 

OAR to use own veh icles for OV sh 
R. Pay. 11 !ll lss & Roe 18:32- ◄ + Ja 17 

OV2- l will seek to determine extent or 
All e n belt threat: orbital vehicle. II A 
lio n W 83:113+ S 27 'GS 

P egasus returning meteoroid flux data 
Aviati on W 82:28 F 22 '65 

P ega sus satellite flies. R . N . Watts. Jr 
S k v & T ei 2~ :210 AP "65 

P egasus 2 launched: meteoroi d-detection 
t ellile. R. N. Watts. jr, ii Sky & Tel 
18-1 9 J1 '65 

P egasu s 3: meteoro id -collecting sate' 
R. N. W atts. jr. Ii Sky & TPI 30:215 0 ' 

P roposed 011tical satellite desc ribed: 0111 
t echn olo:::-y satellit e . !IL Getler . !-1is, 
R oe l G:30+ Mr 29 '65 

Rad iation-monitoring- satellite awaits T 
11 1- C launching. S. Butler. Miss & Roe 
15 S 20 'GS 

Sate lli tes w h ile orbi ting could aid a gr. 
tu r e . Sci N L 87 :216 AD 3 ' 65 

S tudy of a d v,rn ced meteoroid detection s r 
lit e is p lanned. A,•iatlon W R3:3 4 AR ~ 

UK- 3 to probe Ji g-ht ni ng·s RF noise. 
& R oe 16 :30 + J e 21 'GS 

ARTIFICIAL s atel lites, B rit ish 
UK - 3 to probe lightn ing' s RF n oise. 

& Roe 16 :30+ J e 21 ' 65 
ARTIFI C IAL satell ites . F r e nch 

F r-1 bols t e r s Fre n ch ci v il space . amhi • 
W. C. Wetmor e. II A viation W 84:51 
J a 10 '6G 

Fran ce e n I e rs the space r a c e, but-. II 
N e\\'S 59:8 D 6 ' 65 

Fra nce in o r bit. ii N ews week 66 ·6fi D 6 
Fra n ce In ject s n r st sa te ll ite Into ·o rbit L 

Dot y . ii Av iat ion W 83:29 D 6 '6 5 • 
Fr: ni-\f Rm }~t e_lJ~te. R. N . W atts, Jr . 
F ra n ce' s sile nt satell ite . Bsns W p54 D , 
Fr8ei: i ~ J'f1;j1~

5
sa telllte orbited . A via tior 

P r e - e lec tion sate llite la un ching sou c;h t h · ?
0
a t.'~ke ,::-oYernme nt. Aviation \ V S3:2 

Satelli te b a ll_oon- wnt c h ; Project E OL E 
m easure a ir currenLs, p r e ss ures and 
p e ratures. Sc i N L 87 :11 5 F 20 

A RTI F ICIA L s l! tellites. Japa nese 
Ja.oa n mov es toward la unc h or home ­

~tl'r;t e llite In ' 68. II Miss & Roe 17 :29- 30 

ARTI F ICIAL satellites, R ussia n 
Cosmos 67 be li e ved destroyed b v So\' 

precursor to mann ed S ov ie t fl is-hts. , , 
Normy le. Avln t10n W 82 :34 Ap 12 ' G; 

New pictures of Elektron and Cosmo 
Miss & Roe 16 :15 My 24 '66 • 

9t=tW0 W:;l Rus~faj_ satellites scan 
i . • Oictitn: I VikLIU il ✓i 82 :22 P 2 

R la s believed deploying 1Sa t . 

Rus~lans ra~ U .S. sa e ·tes : llfo l; 
la.unch lng_ Bsns W p 126 O 23 '66 

Sovie t satellite test1< space trans m lss 
Aviation \V 82 :21 My 3 '66 

Soviet satellites watching us R N w 
jr_ II Sky & Tel 29 :359 - 60 'je ··Gs . 

SovlPts boos t r econ satellite launch , 
1~66A.f0 ff'9ls satellltes . II Aviation w 

ARTI F ICIAL teeth , See Teeth, Artlllclal 
ARTISTI C ability. See Creation lllt e 

artistic, etc) 
A RTISTIC cookery, See Cookery, Ornam, 
ARTIST IC photography, See Photo~ Artistic e• u 



READERS' GUIDE TO PERIODICAL LITERATURE March 1965- February 1966 999 

: E fl ight-Pbysiol g icaJ asp ct..s--oo,it . 
,J rucla.I to m n nn d fl l,s;: ht Plnns. H . M . 
vid. i\J iss H oc lG :!l + l\Iy 2 1 ' 65 

.7 WIii empha..sl 7. LI lu m study. H . M . 
n.vld. Mis s c· Ro 17 :32-3 20 ' 65 
, in .er nround b)· voice ontrol : ways lo 
•ntrol an astronaut man uv ri ng unit. Time 5: O Ap 2~ ' 65 
• much an ou tnk ? w lgb tl s rna­
uvers nround scale- mod I s pace caf:s ul e. 
" 'fl\lfoban. 11 a t E ve Pos t 2J8: 2- 4+ 
double or nothln1< lo space : McDivltt an d 
bite GemJni flight. U Bsos W p 106-6 

ta1; •;gace a c tivity call ed s trenuous . W . 
W tmo re. Aviation W 2:26 Je 21 '66 

:es t journey; Gemin i 7 / 6 miss ion. JI 
wsw e k 66 : ·o D 13 '65 

is moon-mt d . 11 T ime 86:64 - 6 S 10 '65 
\ ire t blolab r ecommendations: AE . 
RL an ct pollo- X. H . M. David. Miss Roe 17 ::l G- Ag 23 '65 

.\ ' s firefly Proj ct. II Li fe 59 :35-6 JI 9 '65 
~VA in n xt three Gemin i flights . Mi ss Hoc 17 :H JI 12 '65 

~~r flVrti /,? 1~~1~i-7':1e11ii~n;ewtg54~ ' 66 
ai:>ove. scr ub below ; Gem in i 7 miss ion . 

·ew s,veek 66: 57 D 20 '65 
• space a nd U1e inner ear . II B sns W -G+ J a 30 '65 
•te bio ensors sou.crht for astrona u ts. n.t lon \ V 2: 36 J\ n 19 · 1, i; 

lllOV lll t! lll s t ud ied . II Sci N L 87 :262 

f~g'G
5 

for space ; Corioli s acceleration 
form . fl Time !; :7 Mr 12 'fi~ 

nal manikin to aid MSC. M . Getler . II 
s & Roe 16:49+ Mv 17 '65 
su ited for orbi t : Ge mini 7/6 astronauts. ·e \\·sweek 67 :45 Ja 10 ' 66 
'e also 
UPPo r t sYstems 

m edicin e 
1t1essness 

Psychological aspects 
etrects or lon g space fligh t.s toler-

Sci L 88: 168 S 11 ' 65 
Soc ial aspects 

sl tv an d the exploration or space ; ad­
~. October 11. 1965. H. L . Dryden. Sci-

150:1129-33 26 '65 
niqh t s im ula t ors · 
•nducting further sPace cabin a tmos­
~ s tudies in s b:ty- eight day test. H . 
)av id . ii M iss & R oe 17 :29- 30 0 18 '65 
ots to simula te A pollo fligh t . H. M. 
tl. J.'\I lss & Roe 16:84-5 llfy 31 ' 65 
s tes ts h el ium a.s atmos phere. H . M . 
l. ::IIis s & R oe 16 :38-41 J e 28 '65 
n uch can you ta ke ? weightless ma­
., rs a round scale-model space caps ule. 
"aul!'han . ii Sat Eve Pos t 238:32- 4+ ? '6 -
~ spi ce simulator designed_ C. D. 
•nd. U M iss & Rec 17 :45-6 S 13 '65 
Jans llrs t mann~ chamber tests soon. 
s & Roe 17 :14 N 22 ' 65 
s pace on earth . J . E berha rt . ii Sci 

7 :154- li Mr 6 '65 
1rna rou nd completed day ea rly. G . 
nder . II Aviation W 83 :32- 3 D 13 '65 

ovJ ls s e Mars ~ mann ed s paco goal. 
T WMJ. Normy] . A. via.lion W 2:37 My 10 '66 

i/0:1 .."S J~r ' G~ll St. I . W olfert. LI Read D ig St 
\ Vh n wlll w land on Mars ? W . Von Brau n. 

11.sfi?~180c l 186 : 6-8+ l\lr 'G5 
S pa ce Probes 

SPACE fl ig ht t o Merc ury 
.See also 

Spa ce Probes 
SPACE flig h t t o th e moon 

A p~\13o7 ~~~P3~nu9,1i· J . Eberhar t. JI Sci N L 
.AES m a 11ag m n t pla n near s comple tion; 

:~~P1~?on e{V fl/f6~ 17sJ18 l{9m,65 D. .El. Fink. 
AER• Program d flnlUon to begin . Miss & oc 16 :17 J e 7 ' 65 
B L!_s iness on th e moon ; proll ts to b made go:{/? ,615unar exp lora t ion . U T lm o 6:89-90 

0

~,S ift~
11

~-~~~;1c"?rg,~~~ ,'V_c tJ_llifori~;1,~: ,{3~/: 
atio n vV 82:17 Je 7 "65 

F u nding boos t mig h t cu t A.polio cos t . Miss Roe 17 :1 o 25 ' 6~ 
F unding Lo s tar t fo r A pollo lunar sc ie nce. \Y~ J . N on n yle. A vi n. lion '\V 2: 1 -19 .My 31 

H riw U.S. Plans to conqu er t h e m oon ; Inter­
v iew. G. E • .!Uueller . JI U S News 69 :33-7 D 27 '65 

K e p le r 's d r am, by J . L ea r. Re view 
Sa t R II 4 :41 A p 3 '65. W . D. Stahl man 

Lunar mission re ta ins toQ U.S. p r iority. W. J. 
:trmyfe. ii Avia tion ,V 2:105-8+ Mr 15 

M oon la n di ng Poss ible In 1968? w ha t U.S. r~4~i{.1 j !l~/~~~ da_vs lo space. iJ U S News 
NASA al e rts Cong ress to pla.ns for major 

~fs.\if Poll o m issio ns. A via ti on W 32 :23 F 

N ew Post- 1970 missions investiga ted . W. E . 
Wilks. II Miss & Roe 17:22-3 N 1 ' 65 

S pace race Pace quickens J E berha r t. IJ 
Sc i N L 87:387+ J e 19 ' 65 • 

Specia l r eport, Apollo a t mld -term; symposi­
u m . IJ Aviat ion W • 83 :55-7+ N 15 '65 

Specia l' report on Apollo a ppl icatloos . . II Avi-

1'i;1;.~ ~n~~t
83;f;p;4io 0tli' ~ ~n .'. l 1 · P~o ;iec.h 

124.:90- 4+ 0 ; 116- 20+ N :· 104-8+ D ' 65 
Two spaceniaps to the moon. G. Bylinsky. 1! 

N Y Times Mag p6-7+ My 30 '65 See also 
L una r Probes. 
S pace flig ht-1\fan ned l'llgbts 

Cos t 
L unar landing: the big goa). U U S News 59:54 N 1 '65 
Moon st ruck . W . J. Coughlin. Miss & Roo 16:46 AP 12 '65 
Ni~~;s,wa ~~i~ ~ ;,eef ,6iate w ith m oon. fl 

Internationa l aspects 
Moon race: ls It worth w h ile? statements 

from Nationa l Youth conference on the 
a tom. II S r Sch ol 86:20-1 F 4 ' 65 

R ace to m oon : ca n U .S. still catch Russ ia? 
ii U S News 58 :46-8 Mr 29 ' 65 

- saves egg after eleven-story drop; 
tlve Padding used In zero -gravity 
Sci L 88 :345 N 27 '65 

v s im u lator wfll em ploy MHD. I?, L . 
. u Miss & Roe 16 :24+ Ao 5 '60 

nera to monitor blodyn am fcs . M . 

U S a nd R ussia In s pace; t h e Pace qu ick ens. ·o ·u s News 59 :25-6 Ag 30 ' 65 
SPAAdCvaEncfleig ht to Venus h M V 

d ble b l Fff~foss 11&s. Rol~ 

• II MJs s & Roe 16:32-3 My 3 ' 65 
'. sim u la tes LEoi landings. ii Miss & 
;: 43 My 17 '65 

c h a mbers to check Apollo 011. S. 
• Miss & Roe 17:27 D 6 '65 
,1 lunar_ gravity simulated by d e vice. 
•3 ) Sci N L 87:200 Mr 27 ' 65 
s lows a.stronnut performance. H . M. 

11 Miss & Roe 17 :34+ N 8 '65 alao 
atlon s imu lators 
Jh t to Jupiter 
,1. 1) 
ob s 

1ht to Mara 
n1:1nned re earch.;_ Mars, Venua

7 1-a Ible by 1980. II .aa.l111t & Roe 1 : 
. • 2~ 'll5 
rt on Ma ra sys e ms urged. H . M . 
MLs & Roe 17 :22 JI 12 '66 

a t odds ove r Man .-oaJa. R. Pay. 
Roe 10 :a:1+ JJ' 22 'ill» 

anne enus fl :ir.by Poss ible in ' 75. W. S. 
Bell e r . Miss & Roe 17 :34 Ag 30 ' 66 See a lso 

Space probes 
SPAC E heaters. See Electric h eaters 
SPACE Industry. See A erospace Industries 
5

~~\~ :;,!!~na f regula tion or outer space o.c-
tlv llfes. El. Galloway. II Bui Atomic Sci 21 : 36-9 F '65 

Laws for space debated. Sci N L 88 :197 S 26 ' 65 
SPACE medicine 

A daptation o f medic ine to &Pa ce conditions 
seen . Sci N L 88:163 S 4 '65 

AA expe rim ent P,ropoaals studied. ii Miss & R oe 17 :23 D 8 65 
B irds aid 8Pace study, Sci N L 88:34 JI 17 '65 
Drugs s tud ied to a id astronauts. II Miss & 

Roe 16 :33 M r 15 '65 
Gazen ko di scusses Soviet s i;>_ace m edicine. 

o. G. Gazenko. ii AvlaUon W 82:40-1+ Je 7 '85 
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SPACE n,edlcln Oonti111tcd 
T ests show tooth n eeds. Sci N L 88 :86 Ag 'I 

'66 
See 111so 

Soace fll i.ht- Physloloitlca.1 asp cts 
'Weightlessness 

SPACE naviga tion. S e Navigation (space 
flig ht) 

SPACE perception 
Umulus variables d e termining space per­
ception In Infants. T . G. R . Bower. blbltog 
11 Science 149 :88- !l JI 2 'G6 

SPACE photography 
Apollo crater landing seen poss ibl eh· Ranger 1X 

photos. \V. liJ. Wilks. Miss & • oc l G :2G-l-
1\fr 29 '66 

Can vou see the moon In 3-D? L . Malian. 
II Pop Phot 67 :!i2-fi S '66 

Close tracking of Mariner continues. ll Miss 
& Roe 17 :14-16 JI 19 'G5 

Complex system produced Mars pho tos. ll 
Aviation W 83 :67 -8 JI 2G ' G6 

Crew of Gemini 6 vehicle provided detailed 
storm data.. E J . Bulban. It Aviation W 

3 :G -9+ S 20 165 
Drama from the moon: flight of Ranger IX. 

11 Time 85:48 Ap 2 'G5 
First orbiter to picture moon's far side. 

Aviation W 83 :30 0 4 '65 . 
Gemini V experiments on zodlo.cal light and 

~egenscheln . E . P. Ney and W. F. Huch. 
blbliog ii Science 150 :53-6, 1629 0 1. D 17 
'65 

Gemini photos adYance AES experiment s : 
with photographs. D. E . Fink. Aviation W 
83 :61-2+ Ag 9 '65 

Gemini 7 may take photographs of Gemini 6 
re-entrv sequence. \V. J . Normyl e. Avia­
tion W 83 :23 N 29 'G5 

Gemini 6 crewmen to photograph Bahamas 
in storm damage study. W. J. Normyle. 
Aviation W 83:37 S 20 '65 

GT-3 astronaut photographs Africa. Mexico. 
il A,·iation \V 82:G8 -9 AP 12 '65 

How they shot the space walk. il U S Camera 
28 :68-9-1- S '65 

John o' Groats to Tlmbuctoo: photographs 
taken by the Nimbus weather satellite. Sci 
Digest 57 :lnslde back cover Mr '65 

Looking sharp: Questar telescope for space 
photography. ii Ne"·sweek 66:88 S 27 65 

Lunar results from Rangers 7 to 9. G ... P . 
Kuiper. bibliog ll Sky · & Tel . 2'9:293-308 
My '65 . . . . 

Ma oping the moon: Rani:ser VIII. fl Tlme 
85 :58-9 F 26 '65 . 

Mariner 4 completes 1'fars mi~sion. R . N. 
,vatts, jr. il Sky & T el 30 :13G-8 8 '65 

Mariner 4 photographs of Mars. il Sky & Tel 
30:155-61 S '65 

Mariner IV photography o! Mars: lnltl~l 
r esults. R . B. L e ighton and others. 11 
Science 149 :627-30 Air 6 'G!i 

Mariner 4 photos, data r educing unlrnow11s 
aho11t Mars . H . D. \Yatkins. il Aviation \V 
83:16 -20 Jl 26 '65 

Mariner observes Mars. il Sci N L 8S:5 1 Jl 
24 '65 

Mariner photographic fleld d e tennlned. A via­
tlon W 82:25 F 15 'fi!'i 

Mars never seen . fl Newsweek 66:54-6+ Jl 26 
'65 t l .• NASA studies feasibili~y of. c~lor e ev1~1on 
from lunar surface. 1I Av1at1on W 84:71+ 
Ja 17 '66 . d·m lt R Photos oofnt to 1\fars la nding 1 en ~'- . 
Pay. ii Miss & Roe 17 :13-14+ Jl _26 'G!i _ 

Pictures of success: Gemini 7. fl Time 86:5.J 
D 31 '65 

Portra it of a planet: flight of Mariner IV. 
II Time 86:36-8+ JI 2'.l '65 

Ranger 8 lunar photos appear to conflrm 
Ranger 7 data. fl Aviation W 82 :20-3 Mr 
1 '65 

Ranger 8 lunar reconnaissance. fl Sky & Tel 
29 :205-9 Ap '65 

Rang-Pr missions to the moon . H. M . Schur­
meler and others. ii Scl Am 214 :52-67 bib­
lloglp 134-5) Ja '66 

Ranl!'er 9 data promises basic lnsf,A"hts on 
lunar surface. H . D . Watkins. 11 A vla­
tlon W 82 :84-9 AP 5 '65 

Ranger TX may shoot Survevor site: with 
editorial comment. W . E . Wilks. ll Miss 
& Roe 16 :18+, 46 Mr 1 '65 

Ran~er pro,cram exceeds expectation!!, W . El. 
Wilks, fl Miss & Roe 16 :28+ Ap o '65 

Ran1rers t;Q1Jflnn moon landing areas. W. El. 
Wilks. Miss & Roe 16 :22-8 AP 12 '65 

Ranger's-eye view. fl Sci N L 87 :149 Mr 6 '65 
Research In America; Ran~er 8 flndlngs. J. 

Lear. If Sat R 48 :47-8 Ap 3 '05 
So vut. eo beautiful, so overpowering: pho­

tof('raphs of earth ta.ken trom Gemini 5. 
Life 69:30 · 9 S 24 '66 

Surveyor unit pe~ lts Jive TV broadcast 
from Ro.n~ er 9. H . D. Watkins. 11 Avia­
tion W 82:26 -7 Mr 2!l '66 

T echnlriu es tom orrow: camera.a being used 
In SJJuce. B . Sh rman. II Mod P hot 29 :4.0+ 
D 'GG 

T orrnln of n e ighbor Mars· pictures la.ken 
135 million miles a.way. ti Life 5!1 :62A-62C 
A g G '66 

Vi a. Ranger, rill s and dimpl es ; Ro.nger 8. 11 
N ewsw ek G5:G4 -6 Mr 1 66 

VAD group µro ceased Mariner photos. R 
Pay. ti Miss & Roe 17:28+ Ag 9 '65 

Vi ew from Gem ini 7: th e lonely mo<,n o.nd 
the homing- In o! Gemini 6. U Life 60 :24-31 
Ja 7 ' 66 

World's experi enced obse rve r s make r eport. 
Sc i NL 88 :197 S 26 'G5 

Zond ct eslg- ned to transmit photos repeatedl y 
from ex trem e ranges. II A viation W 83 :32 
A g- 23 'G5 

SPACE power systems. See Space vehicles-­
Power s upply 

SPACE probes 
Acrobats In s pace. G. Bylln skY. New Ret>ub 

152:11-16 Ao 3 '65 
Advan ced unmanned planetary mlsslons

1
• 

e ffort embraces ent ire solar system. i 
Mi ss & Roe 17 :103+ N 29 '65 

Appointm ent In Amazon ls: Mars-bound Ma­
rin e r 4 Newsw eek 65 :54 F 22 '65 

As teroid • bel t probe. J. Eberhart. Sci N L 
87 :115 F 20 '65 

Atmos phere data to alt e r Voyager design. 
I. Stone. ii Aviation W 83 :66- 7+ N 22 '65 

Automated Jab wJIJ search tor Mars life. 
H. D . Watkins. il Aviation W 83 :61+ Ag 3 
'65 . 

Close tracking- of Mariner contin ues. fl Miss 
& Roe 17 :14-15 Jl 19 '. 65 

Come t fl y bv studied for Marin er backup. 
W. C. ·, Vetmore. ii Aviation W 83 :45-6+ 
N 29 'G5 

Distant space probe foreseen In t en years. 
Sc i N L 87 :338 My 29 '65 

Ear th to Mars in 229 days : Mariner 4. J . 
Ebe rha rt . ii Sci N L 88 :19 Jl 10 •~5 

First c lose-up loolc at Mars. W . S. G riswold. 
i i Pop Sci 187 :82 -6 Jl 'G5 . 

Flir:'ht of Mariner II chan~es theon~s about 
planet Venus. T. D. N1chol son. 11 Natur 
Hi s t 75:52-4 Ja '66 , 

<1i ant step. Sci Am 213:42 Ag 65 
Gun-launched probes yield varied data. U 

Aviation W 83 :54 0 4 '65 
H ~_ ke""" the space shots zoom ing: W . H . 

Pickering, director of JPL. II B sns W P 118-
20 , \g- 14 ·Gs 

In-fli g ht r esults from Mariner 4. R. N. Watts, 
jr. ii Sky & T el 29:359 Je '65 

Int erest ri ses In comets. asteroid belt . H . D . 
Watkins. ii Aviation vV 82:89-90+ F 22 '65 

Is anybody out there? Mars-bound Mariner 
IV. S .M. Spencer. ii Sat Eve Post 238 :44-6 
Je 19 '65 

Is there life on Mars? J. Eberhart. 11 Sci N L 
88:74-5 Jl 31 'G5 

JPL d ebating- alternate methods for contact­
ln i::- Mariner 4 in 19G7. H . D. Watkins. i! 
A viatlon W 83 :32 Ag 2 '65 

JPL to manage Voyager lander. H . Taylor. 
Miss & Roe 16:14 My :l '65 

Journey to Mars. ii Newsweek 66:52 Jl 19 '65 
L a nnin g- on a comet pronosed by scientist. 

Sc i N L 87:136 F 27 'fi !'i 
Man h f>hin d our mi ss ion to Mars: Marin er IV. 

D. Kocivar. 11 Look 29:36-8+ JI 13 '65 
Mn.rin e r data m ay limit Vovager payload. 

T. 8tonP Aviation W 83:!'ifi+ Ar:r: 2 'G5 
Marin er fli i:-ht continu es. R . N . Watts, jr. 

Sky & Tel 29 :95-6 F 'G5 
M:i.rin e r 4 comnletes Marn mission . R. N. 

,vn.tts, ,1r. 11 Sky & Tel :l0:l~h-8 S '65 
Mariner " conta~t enns. R. N. Watts. jr. 

Sky & Tel 30:285 N '65 
Mariner IV may provide u s with new knowl­

enge about l\fars. T. D. Nicholson. 11 Natur 
Hist 74 :30 - 2 1fy '65 

Mariner IV measurements near Mars: initial 
results·b symposium: with editorial com­
m ent. lbllog U Science 149 :1179, 1226-48 S 
l O '65 

Mariner 4 nearing flnal mission hurdles. H . 
D . Watkins. 11 Aviation W 83 :50+ JI 5 '65 

Mariner 4 nears Mars. Sci N L 88:15 JI 3 '65 
Mariner 4 photos, data. reducing unknowns 

about Mars . H. D . Watkins. II Aviation W 
8:J :16-20 Jl 26 '65 

Mariner 4 radio link to be tried fn 1967. 
Aviation W 82 :66-7 My 8 '65 

Mnrlner !V's expP.nse account: Increase due 
to ex treme t1multy of Mnrtla n atmosphere. 
.T. Let1.r. Rat R 4S :36 Aft 7 '65 

M ariner nen.rs moment of truth. Miss & Roe 
17 :11 JI 12 'G5 
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SPACE probes- Contimtod d 
,Ma.rs atmosphere prol>e pro1,>osed. R . Lin -

sey Miss Hoo lG :1:i l• 8 'G6 
Mo.r11· In rocus;. .Mi.u-111tlr 11/ proo . II Sr Schol 

!<7 . 1!1 - 20 8 11> '66 
Mars never seen. ii Newsweek GG :54- G+ JI 26 

'G6 Mars observallons wanted; Mo.rlner-4 pro~e. 
R N Wo.lls jr II Slcy & Tel 2!1 :160 Mr G5 

Mars. tn.nla.Jlzln/f . question rnnrk ln the S~Y-w. Sullivan. N Y 'l'lmes Mag P 12-1:l+ 
JI 11 '66 

Mar!! vehicle becomes mo.Jar sclentfflc pro­
gram. D. E . Fink. ll Avlatlon W 82 :116-18+ 
Mr 16 'G' . 

Martlo.n atmosphere experiment urired for 1969 
Voya..crer vehicle. M. Yaffee. Avlo.tlon W 
82 :61+ F 8 '66 

Masterminds o( Mars. R. S. Lewis. Bul 
Atomic Sc i 21:39·41 AP '66 

Mercury flyby proposed. J . Eberhart. Sci 
N L 87:83 F 6 '66 

Meteors bombard Mariner. Sci N L 87:278 
MY 1 '65 , 

Moonfnced Mars. II Newsweek GG :58 Ag 9 65 
Moon - faced Mars ; concerning plc tures tal< n 

by spaceship Marlner IV. Ji Tlme 86 :68 
Ag 6 '65 

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

NASA rests Mariner, readies other probes. 
Bsns W p4S O 2 '65 

NASA revamping Voyager development. D . E . 
Fink. Aviation W 83 :20 N 1 '65 

NASA still considering Mars capsule for 1969. 
Miss & Roe 16:36 Mr 22 '65 

NASA's Mercury history Irks air force. E . H. 
l{olcum. Aviation ,v 83:16-17 0 18 '65 

Needle-nosed Mars probe sugg-ested. W . S. 
Beller. ii Miss & Roe 17 :24-5 JI 12 '65 

Notes and comment: news from Mariner 4. 
New Yorker 41 :17 Air 7 '65 

On the Mars! Mariner IV voyai::-e. L . L essing. 
II Fortune 72:106-11+ JI '65 

Our encounter with Mars: successful com­
bination of men and machines. L. , vain­
v,ri ~ht. Life 59:14 AA 6 '65 

Perils and triumphs of Mariner 4. ii Bsns W 
P l 02-4 JI 24 '65 

Photos point to Mars landing difficulty. R. 
Pa:v. ii Miss & Roe 17 :1:1 -1 4+ JI 26 '65 

Pioneer explores space. ii Sci N L 89 :23 Ja 
8 '66 

Planetary exploration hopes buoyed by 
Mariner flight. W. J . Normyle. ii Avia­
tion W 83:86-7+ Ag 9 '65 

Portrait of a planet: flight of Mariner rv. 
II Time 86 :36-8+ JI 23 '65 

Project Voyager; FY 'G7 request seen as 
SI 50 million. ii .Miss & Roe 17 :61-2+ N 
29 '65 

Real meaning of the Mars flight. II U S 
News 59:41 JI 26 'GS 

Scientists detail Mars priority argument; 
Voyager program. W. J. Normyle. Avia­
tion W 82 :69+ My 10 '65 

Seamans crystallize~ VoyagE;r plans. H . Tay­
lor. MIAS & Roe 17 .17 O 2!; 6/i 

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

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

Space life detection seen enhanced. H. M. 
David. Miss & Roe 17 :41-2+ 0 4 '65 

Space life detector simulates flrefly light. 
Sci NL 87:201 Mr 27 '65 

The y try harder; with nuss ian-U.~. deep­
space box score. II l\'ewsweel< 66 :62 N 29 '65 

This 1B Mars; flrst close-up vlew. ii Life 59: 
30-1 JI 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 

Unmanned launch studied. Sci N L 118:82 Ag 
7 '65 

Voyager capsule RFP's due In summer. 
H . Taylor. Miss & Roe 16:15 Mr 22 '65 

VQYager experiment decisions due In July. 
D. E. Fink. Aviation W 83 :71 N 22 '65 

Voyager procurement plans uncertain. H. 
Taylor. Miss & Roe 17 :13 Jl 5 '65 

Voyager program !acing reorganization. H . 
Taylor. Miss & Roe 17 :14 0 4 'G5 

VQYager to avoid Surveyor errors. H . M. 
David. MIBB & Roe 16 :16 Mr 15 '65 

Webb says Mariner winning Mars race: Zond 
a month behind. H. Taylor. Miss & Roe 16 : 
16 F 16 '66 

score. 

Mariner winning Mars ro.coj, Zond 
a month behind. H . Taylor. Miss & Hoc 
16 :16 F 16 '65 

See af,SO 
Lunar probes. Russ ian 

SPACE rescue work 
N eed seen for global space rescu e code. VV:, J. 

Normyl e. IJ Aviation W 83:69-71 0 18 'o5 
SPACE research 

C hronoloi::-y of fiscal 19G5. Miss & Roe 17: 
150+ JI 2G 'GS 

Elgh l years h lndslgh t. 
83 :11 N I '66 

Ex 11l orul Ion explos ion . 
Ai:- '(i5 

R. Hotz. A v latlon W 

U Sci Digest 68 :9-12 

SS:J N L 88 :397-t_!? l!J65 scien.-:e review. 
0 

O~ potn.to. J . L ear . ll Sat R 48 :47-50 
S 4 GG: JJiscussio n . 48 :92 D 4 '65 

Space notes. H.. N. Watts. Jr. Sky & Tel 30 : 
2S!i N "65 

See also 
Inle rnaliona l council o( sclentlllc unions-­

Committee on space research 
International aspects 

Across the sea. "\-V. J . Coughlin. Miss & Roe 
18 :46 Ja 3 '66 

After sµending- _ :JO billions; how U .S. stands 
in space. ll U S News 59:41-3 S 6_ '65 

France in space: collaboration w1 lh both 
U .S. and U.S.S.R? V . K. McElheny_ JI 
Science 150 :1700-1 D 24 '65 

Gains. pitfalls s een In cooperation. Avia­
tion W R2 :17 My 3 '65 

Greater joint space effort endor_sed; r eport 
to ,vhile Hous e conference on 111ternat1on­
a l cooperat ion ; with editorial comment. W. 
S. Beller . l\1iss & Roe 17 :15, 46 D 6 '65 

Ike on lhe miss il e gap : there wasn't a~y; 
excerpts from White House y ears: wal,fing 
peace. 19.'i6- 61. D . D. Eisenhower. ii U S 
News .'i9 :20 0 4 'GS 

International space surge; excerpts from 
cong-ressional t estimony. H. L . Dryden. 
Aviation W 82:17 F 22 '65 

Japan 's rockets: a future nuclear threat? U 
U S News 5!! :12 S 6 '(i5 

Non-U.S. experiments are Invited tor 
G emi ni. Apollo. later flights. E. J. Bulban. 
Aviation W 82:25 My 3 '65 

One big r ace U .S. ls winning: new products. 
ii U S News 59 :84-7 S 27 '65 

So little In It. Commonweal 82 :101 Ap 16 '65 
Space and the Inte rna tional cooperation year: 

a na tional challenge. A . W. Frutkin. Dept 
State Bui 53 :384-92 S 6 '65 

See also 
United "ations--Commlttee on the peaceful 

u ses of outer space 
Argentina 

Arl!"enlina paces Lalin space growth W . S . 
De lle•·. ii Miss & Roe lG :35+ Je 14· ' 65 

Europe, W est ern 
ELDO. ESRO programs meet slippages. 

W . Wetmore. II Aviation W 82 :127+ Mr 15 
'65 

European space proposa l W .T Cou.i::-hlin. 
Miss & noe 17:46 JI 12 · '65 • • 

Europeans frustrated In space hopes W S 
Heller. i i Ml.ss & Roe 18 :34-5 Ja 3 '66. • 

Europeans r eviewing space goals through 
early 1970s. Avlatlon W 82 :198-201 Je 14 
' 65 

Eurospace clings to transporter idea. Miss 
& noc 16:18 My 17 'G5 

Euros pace debates Its future; with editorial 
comment. U Miss & Roe 16 ·12-13 46 -..ry 3 '65 • ' .w. 

Eurospace proposes expanded program; w ith 
ed llorlal commen t. E. H . Kolcum Aviation 
W 82 :11. 16- 17 My 3 '65 • 

Euros pace views space program n eeds E 
Loewe; E . P . Wheaton lJ Aviation W 82: 
74 -6+ My 10 ' 66 • • 

Fra nce What we'll see on Mars. B. H . Frisch. lJ 
Sci Digest 58:44-53 .Tl '66 

T •. Boe alao 
-..una.r probee 

A Rtronnuts recoup spac(;_l prel!tlge: Paris !!how "!ts Getler. 11 Miss & Roe 16 :16- 17 ie 28 
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SPACE probes- Frnnc Oontimtocl 
1''r11.nce Jn apace : collabornllon with both 

U.S. and U.S.S.R 7 V. K. McElh ny , JI 
Selene 160: 1700- 1 D 24 ' 65 

Fre nch r e ta in ambitions Jn apace despite 
tight bud1.-e t . JI Avlallon W 82 :206 - 9 J e 14 
'66 

How not to sell o.broa.d . W . J. Coughlin . Miss 
& Roe 16 :60 J e 2 'G6 

NASA mo.v a.Id In French program. W . S. 
Deller. Ii Miss & Roe 17:22-3 JI 6 '66 

Germany (Federal Republic) 
UGO -million German spnce push urged. W . ,<:;. 

W e tmore. II Avlallon \V 8:J :60-1+ S G 66 
Ge rman industry hung ry for funding, M. 

Getler. ii Miss & Roe 17:29-30+ JI 19 '66 
Increase sought in Ge rmo.n space effort. ll 

Aviation \V 82 :211-12+ Je 14 '66 
Great Britain 

U.K. industry awaits review findings; with 
editorial comment. Miss & Roe 17 :16, 46 JI 
6 '66 

India 
India's nascent space prog ram. V. K. Mc­

Elheny, 11 Science 149 :1487-9 S 2{ '66 

Japan 
Japan moves toward launch of home -bullt 

satellite in '68. ii Miss & Roe 17 :29-30 D l!0 
'65 

Russia 
AssessmenL W . J. Coughlin. Miss & Roe 

17:168 JI 26 '65 
Hardly a time for complacency. W. J. Cough­

lin. Miss & Roe 17 :62 0 18 '65 
M en, pictures told space story. J. Eberhart. 

Sci N L 88:357 D 4 '65 
ent Russia n ai:: • •• i N. Wntts, jr, 

C ; _, 
R s 1 1 1 ary space t empo. E . H. 

Kol cum. Aviation Vv 82:113+ Mr 15 '65 
Russians report Ma.rs probe failure. H. 

Taylor. 11 Miss & Roe 16:12-13 My 10 '65 
Soviet sour grapes. R . Hotz. Aviation W 83: 

21 S U '66 
Soviets may attempt to eclipse Gemini-5. 

\V. J . Normylc. Aviation W 83: 24 JI 26 '65 
Soviets seen exploitln~ huge n ew vehicle. 

W. J. Normyl e. Aviation \ .Y 83:32 0 11 '65 
With hold information on USSH. space pro­

gress. Sci N L 88:72 JI 31 '65 
United States 

After the moon landing: Senate hearings 
open way for deba te . D. S. Greenberg-. 
Science 150: 1003-6 N 19 'GS 

After the moon, what? Sci NL 88:18 JI 10 '65 
AES management plan nears completion; 

Apollo extension system. D. E. Frnk. 
Aviation \V 83 :16-17 JI 19 '65 

AES proi:-ram d e flnltlon to begin. Miss & 
Roe 16 :17 Je 7 '66 

Are U1e tame cats in charge? omens of 
Orwell. P . Abel s on . Snt _H. 49 :_100-3 Ja 1 '66 

.Assessment. W. J . Coughlin. Miss & Roe 17: 
168 JI 26 ' 65 , 

Avionics In sp_ace ; excerpts from address. 
1965. E . C . Wels h . Aviation W 83 :21 N 8 
'65 

Cru;e for m a n In space. S . F. Singer. II R e­
porter 32 :25 -8 Je 17 'GS 

Dandridge Col e: G .E . 's way-out man. B. II. 
Frisch. 11 Sci Digest 68 :9-15 JI '65 

Death of a projec t; Project Orion. F. J. 
Dyson. Science 149:141-4 JI 9 '65; Discus­
sion. 14 9 :912+ Ag 27 ' 65 

Europeans get eyeful of U.S. space work; 
del eg,a tes to Euros pace conference amazed 
t,y U.S. plants. 11 nsns W P 134+ My 16 
'65 

E)fJ)erlments ln space. J . H . WuJek, Jr. JI 
E lectr World 74 :30-1+ JI '66 

Fifth annual NASA issue; ed. by H. Taylor. 
JI Miss & H.oc 17:35+ N 29 '66 

Guidance. ccntrol studies under way; ERC's 
Guidance and control div. 11 Miss & Roe 16: 
32-5 My 31 '66 

Hardly e. time tor ccmplacency. W. J . Cough­
lin. Miss & Roe 17 :62 0 18 '66 

Humphrey vows dynamic space support~ ex­
cerpts from address, March 19, 1966 . .tt , H. 
Humphrey, Aviation W 82:26 Mr 29 '66 

lmmem;Jty o! space. J . Eberhart. JI Bel N L 
88 :119+ AK 21 '65 

J..,etter from the editor. \V. J . Coughlin. Mis s 
& Hoc 17 :48 D 20 '65 

M~lc treea; effec t ot space research on 
.A111!!rl<·u11 economy. W. J. Coughl in Mi es & 
Hoc 17 :40 0 11 '65 

M.t:1, , pjc;tul'elf told 11µa.ca atory. J, Eberhart. 
IM N L 811:367 D 4 '06 

Miss ion -ori ented R&D ls Cl.I.lied threat to U.S. 
clvll lan economy. n.. G. O'Lone. Aviation 
W !!3 :Y9 + S G ' 66 

NASA ponders AES integration team. H. 
Taylor. Miss & Hoc 16 : 14 J e 21 '66 

NASA promises versatile Voyu.gcr. H . M. 
Do.vld . Miss & Roe 16 :10 Mr 1 ' 66 

NA SA to d eci de k ey A.ES Jssues Jn June; 
Apollo extcn 11 1on systems. W . J. Normyle. 
Aviation W 82 :16-17 My 24 'GS 

Report from Cupe KennecJy, J . Harabln. l1 
Seventeen 25 :88-9+ Ja '66 , 

Row over rockets. Sci Digest 67 :H -6 Ap 66 
Sovl e t article ra ps l.>OD space rol e; summary 

o! report. M. Golyshev. Miss & Roe 17 :17 
N 22 'G6 

Soviet sour grapes. R . Holz. A vlaUon W 83: 
21 S 13 '66 

Sovlet s pace a c tivities. R . N. Watts, jr, Sky 
& Tel 31 :27 J a '66 , 

Space (cont) ll Lite 69 :35-6 JI 9 65 
Space: a White House endorsement and a 

NASA view on th e attitudes of scientists 
toward the prngram. D . S. Greenberg. Sci­
ence 147 :1269- 70 Mr 12 ' 65 

Space and society; exce.-pls from remarkB. 
H . C. Seamans. jr. Aviation \V 83:17 N 
22 '65 

Space goa ls for n ext t wenty years should 
be se l. Sci NL 89 :25 Ja 8 '66 

Space plans gain Congress' confidence. 0 . C. 
Wilson. Aviation W 82:28-9 A p 6 '66 

Successful s ummer In space. R. Hotz. Avia­
tion \V 83: 21 Ag 16 '65 

Susta in space exploration effort but keep 
guard up, U.S. urged R. G. O'Lone. Avia­
tion W IS3:33 -4 A g 9 '65 

This month's featu re: Congress considers 
the U .S. space program. Cong Digest 44:35-
64 F '65 

Three steps forward for U .S. spacemen. U 
U S News 58:6 Mr l '65 

Top-level space support. V.' . J . Coughl in. 
llliss & Roe 16 :46 Mr 8 ' 65 

'Triple space launch. R. Holz. Aviation W 82 : 
13 Mr 29 ' GS . 

Twenty-year plan. W. J . Coughlm. Miss & 
lloc 17 :50 Ag 16 '65 

U .S. space teamwork comes of age. J . E. 
Webb. Mis s & Roe 17 :37. N 29 '65 

U nivers ity and the exploration of space; ad­
d1·ess October 11. 19G5 . H. L . Dryden. Sci­
e nce 

0

150:J 129 -33 N 2G '6 .'i 
Vi gor of space; excerpts from address. E. C. 

\Velsh. Aviation W 83:21 0 11 ' 65 
Where the space race ls pay ing off or the 

U.S; chart. il U S News 68 :46-7 Mr 29 ' 65; 
Same. Read Digest 86:108 Je '65 

See also 
United Slates-National aeronautics and 

space adml11istration 
SPACE sextants. See Sextants 
SPACE-simulation chambers. See Tes ting 

laboratories 
SPACE station simulators 

Analog, digital computer combination will aid 
in MOL mission simulation. Miss & Roe 16: 
34-5 Mr 15 '65 

H e lium looks feasible for u se in MOL cabin. 
ii Mi ss & Roe 17 :38 -9 D 20 '65 

Zero -G slows astrona ut p e rformance. H. M. 
David. II Miss ,& Roe 17 :34+ N 8 'G5 

SPACE stations 
A cross th e sea. ; ques tions r egard ing a lunar 

international laboratory, vV J. Coughlin. 
Mi ss & Hoc 18 :46 Ja 3 '66 • 

A erospace corp , given MOL task. H. Taylor. 
Mi ss & Roe 17 :15-16 0 18 'GS 

Aerospace to i::-et key MOL task despite con­
gress ional critici s m . K. Johnsen. Avia­
tion W 83 :33 Ag 30 '65 

Air force given manned space role; MOL 
program. W. J. Normyle. Aviation W 83: 
:!3 Ag 30 '65 

Air force moves quickly to e..~plolt MOL; 
with editorial comment. D. E. Fink. 
Aviation \V 83:17, 22 -3 S 6 '65 

AF nears test tn Inflatable station. 11 Ml.ss &. 
Roe lG :16 Ao 6 'GS 

Assembly- In-orbit p_la.n J)romlslng. W. E. 
Wilks. II Miss & Roe 16:SS-40 Je 21 'G6 

Base where MOL will be born; air torc~
6
's
5 Vandenberg. II Dsns W p70-2+ N 13 

Behind the budget; military development oJt 
the manned orb I ting !R.uoro.tory. W . • 
Coughlin. Miss & Iloc 16 :4G F 1 '66 

Bloastronautlcs tor s urviva l ; manned orbltlrut 
laboratory, II Time 8G :58-9 u 6 '66 

Co.s e for man in space. S. F . Singer. U Re­
porter 32 :25 - 8 Je 17 '66 

CIA control bid slowed d ecis ion on
8 2

M
0
qL-

65 D . Iil . Fink. II Aviation W 83:26-7 
Chang_es raise MORL concept rellnbllltY.

7 
)V
6

i 
J, Normyle. fl Aviation W 84 :65+ Ja l 0 
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ARTICHOKES 
Heu.ulifuJ blue globe a.rtJchoke. Mrs J . D. 

Kogers. Flower Grower 63: ,12 D '66 
;:;,;fj also 

Cooker ')'- \ ' ege tables 
ARTI CLES for periodicals. See Pel"io<l.lca,J lit­

erature 
ARTICULATION (speech) See Diction 
ARTIFA CTS, Indian. :::lee lndlarui or North 

An1.,r1~-Anuuu1 ties 
ARTIFICIAL body parts. See Prosthesis 
ARTIFICIAL fea tures. See Prosthesla 
ARTIFICIAL flower s. See Flowers, ArUflcla.l 
ARTIFICIAL fog. See Fog, Artiflcia.l 
ARTIFICIAL heart. See Heart, ArtHlclal 
ARTIFICIAL heart valves. See Heart- Sur-

gery 
ARTIFICIAL Insemination 

lhK c111u1~es co1u1ng w1U1 hog A.I. D. Hagen. 
11 Farm J 9u :Ju-1+ D '66 

These µ.-ooucers found wa.ys to make bee! 
Al work. C. Peterson, Jr. a.nd D . .Malena.. 
II Sue Farm ti~ :H -5+ Mr '66 

They' re making swine Al work! J. Harvey. 
sue Fa.rm 64:32 JI '6li 

we·ve wu~ht our ltU>t bull. il Farm J 90: 
56A-5b1J U 'ti6 

.See also 
Semen 

AR TIFICI AL Insemination. Human 
FatherliooJ in u.,~µ freeze. H. \Vray-McCann. 

Sc~ 1J1gest tiu:U- 14 JI '66 
Ridllle vi A .L Pruttrng suit poses legal 

rnJdle. 11 Time 7 :4~ F 25 '66 
See also 

Semen 
ARTIFICIAL Intelligence 

Artinc1a.1 mtell!J,;enct:l. M. L Minsky. 11 ScJ 
Alli 215 :246-52+ :::, ' 66 

ARTIFICIAL ISiands 
'1'rag-1c st::<1ue1; collapse o! sea-going oil plat-

fonu. 1J :::,c1 1.Ji)(esl 5ll :8 Mr • titi 
ARTIFICIAL kidneys. See Kidneys, Artificial 
A RTI FICIAL lakes. See Lakes. ArtHlcial 
ARTIFICIAL larynx. See Larynx, Arti ficial 
ARTIFICIAL limos 

Faster sLep; temporary aluminum legs: pro­
cedure a.t Oakland research laboratory_ II 
!\ewsweek 6b : 41-5 .-ur 29 '66 

InsL1:1.nl l)ro:-th~St'::>. I I Time 117:61-2 MY 6 '66 
New for aruputee.s: Instant limbs; M. \IVeiss's 

immediate pro.sthe:;is procedure. A. T. 
Jordan. Todays Health 44:37-9+ D '66; 
Sa.me abr. with title They walk a.gain, a.t 
once. Read Digest 89:61-4 D '66 

ARTIFICIAL organs. See Prosthesis 
ART I FICIAL respiration. See Respiration. Ar­

tificial 
ARTIFICIAL rubber. See Rubber. Artiflclal 
ARTIFICIAL sate lli tes 

Ampex d eYice to cut waste In ATS photos; 
applications technology satellite B. Tech 
W 19:34 N 7 '6ti 

ATS : a saLellite·s s.1telllte; Applications tech­
nolo~ satelli te B. Sc! N 90:471 D 3 . '66 

ATS-13 to begin meteorology, commun1ca­
tions, control tests. ii Tech W lll : 16 lJ 5 ' G6 

AT::; ground station reaay tor Installation In 
Australia. ii .\lls:; & ltoc llS :36 My 2 '66 

ATS-1 data point to commercial payoffs. \V. 
S. Deller, i1 Tech W 20:28-30 Ja 16 '67 

ATS-1 of!ers Improvemen t In air safety; 
6<.Juipped to monitor weather. H. Taylor. 
II Tech W 19:20 D 19 '66 

ATS piwlOs reflect weather J")atterns. 11 Avia­
tion W lS::i:lll-21 V lll ' titi 

A'l':::, project 11eeks practical payotrs; appllca­
uons techr,olo,K}' satellites. W . 8 . Beller. 11 
Miss & Hoc l/i:li! - 4 Mr 7 'ti6 

A.strolog; current status of U.S. missile and 
space _pro~rams. ~ee occasional Jsimes ot 
Mlsslles and roc!<ets 

How are satel li tes kept from tumbling? ll 
Set lJli::est 60:83- 4 0 '66 

It's Ju:-t a gea,ne; GHE)1BX. Goddard research 
t:n1<11,,, erlr11, m :1n :11{ement exercise. J. Eber­
hart. ;-;ci :-.; :,1,:2.·,1; O I 'liG 

Jam in orbit; _,guide and stD. tlsUcal record . 
11 Newsweek 68 :73-5 0 17 'G6 

llirrora are comlng1 mirror-like satellites to 
retlt:et Lhe sun a.na lllumlna.te large areas ot 
(:anh at nl~ht. II Time 80:56 Ja. 13 '67 

l'O:;,">c; ou1ll11tn aatelllte UUsk&; new re.sponsl­
bitltle11 taken on by the Nations.I environ­
mental 11ateUlte center. Tecll W 19 :20+ 
N 2H 'flCI 

Be.telllte elongation Into a true Sk}'•Hook.. 
J. D . J1w1Xc11 a.11d others. hlbllo,c fl Science 
}kJ :1182-1 II' 11 'U; Diacunion. L52 :800 My 6 

:l Ap 

Unmc enrLh -sensor orbiter con s id ered . \V. 
J . Nor111 :vle. ,\vlallon \N SG :21< - \J ,Jn l G 'ti7 

\Vorld 11,1sslle/sµu.ce e11 cyc1opeu1f~ l~tib. 11 
.r ch W 19 :42-8+ JI 25 '6G 

See also 
Spu.ce •. eh 1cles 

As tronomica l applications 
Advanc u large orbita l t ele.;cope systems 

un~eJ u.s astronomy goal. \V . J . l\'orrnyle. 
,-\ ,, iu.tiu 11 W 84:6l+ F 14 '6G 

Euro1Je IJegins its own orbiting observatory; 
L ,\ ::i. Sci N })0 :274 0 8 '66 

Go-Go OGO~ program under a cloud. 11 News­
week 68 :6.: JI 4 '66 

Impact or Goddard r eport spreads. W. J. 
Normyle. Aviation W 85:26-7 D 12 '66 

NA::i urges solar observatory wurk: step-up 
In Orbiting solar observlitory and Hadlo 
astronomy explor er prugrlirns. H. 1l. 
David. Miss & Hoc 18: 15 F 7 '66 

NA SA panel sets n ew guidell n ea ( o r obsen ·a­
tories a.t Goddard center. H . Taylor. 
T ech W 19 :16- 17 D 12 '6fi 

N ew orbiting ~ eooh:vslcal ohserva tory. R. ::-;. 
\Valls. jr ii Sky & Tel 32 :86- 7 Ag '66 

Orbiting astrono 11ri cu.l obst:inatury. 1J. A . 
!mg-ram . i i El ec tr W orld 75 :27-:JiJ+ .\lr '6G 

Orl11t11 1K a.stronu1nica1 oosernuury, h . :-.. 
\.\'alls, jr i i Sky ti, 'rel ~· : .!7f>-ti ,\1y h6 

O.AO fail.s on second day In orbit: hattery, 
short circuit suspected. 0 . Al exn,,der. 11 
Aviation W S4:3 1 Ao 18 'lifi 

O .A .O; orbiting astronomical observatory, 
r epresenting flrst attempt to put tel escope 
In soace. N ew Yorker -12 :11-4 Ap 23 "66 

OGO Jll begins d emanding mission. 11 Tech 
W 18:18 J e 13 '61i 

OSO data. propo!'als 11nder study of -:,.; AS.A. 
Aviation vV 85 :78 Ar! S '66 

Science's most sophisticated task ever- orbit­
ing solar observatory. J . Colvin. ii Sci Di­
g-e!'t 60:21\-~ JI '6fi 

Surprise paclcage; OAO's aim. 11 Newsweek 
67:68 Ap 11 '66 

Communication applications 
See Communications satellites 

Design 
See Space vt:ihicles-Design 

Detection 
Spying on the sk y: black a rt of radar signa­

ture analysis. J. Eberharl. ii Sci N 90:226-7 
S 24 • G6 

Equipment 
See Space vehicles-Equipment 

L aunching 
ESSA ll: satellite launch marks neiv de­

µarture and new rnana~ernc:nl. J. \Va l .sh . II 
Sc-ie11 r,-, 1:d : 121J~-~ i\,11· ll ' i i li 

First Diosalellite launch set A.mid criticism. 
H. M. David. il T ech W 19:20+ D 12 '66 

Launch site shift paces super 1J1amant. \V . 
C. Wetmore. ii .Aviation \V 84:lio-2+ ~v lti 
' 66 • 

Lunar Orhlter experiment/'! under way fol­
lowing launch. Tech \\' 19 : lli A1oe Iii "66 

NASA readies Pageos satelli t e f o r launch int o 
circular orbit. ii Aviation \V 11-l : l,li - 7-r 
Je 20 "Gfi 

Orbiter launched toward moon to photograph 
nine Apollo sites. G. Alexander. ii Aviation 
W 85:3~ ,\g- 1;; ' 6fi 

Orbiting A TS-1 set for technology tests 11 
Aviation W 85:32-3 D 12 '66 • 

Roster or space activity. R. N. Watts. Jr. 
ii Sk_v & Tel 33 :2~-30 Ja '67 

Klass. 

Tech W 

Manufacture 
Bee Space vehicles-Manufacture 

Mapping appllcatlons 
Geodetic satellite photos analyzed. Avlntion 

W 84 ;180 Je 20 '66 
NASA readies Page<;>s sat ellite for IA11nch 

Into circular orbit. n Aviation W 84 :176- 7+ 
.Je 20 'fl/I 

Pal{eoa,. R. N. Wa.tta. Jr. II Sky & Tel 32 ;87+ 
Ag 'u6 
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Wagrna . Says 
· (}, t> / O I c .') 

Constel lc1tion Gemini Sho'1ver I 
Expected, All egheny Mecsd Notes 1 

An orange "firrball" lhaL flasll ecl Lllro11gl1 Wes L­
ern Pennsy l vaia sk ies mav have bcrn a m cLeor from 
~le consle lln.lion of Gemini, Lhe clircclo r of Allegheny 
Ob~'- -vaLory ~aid today. . • • 

. ~lc;i11 ,, •ii iic , sci~i il isis :incl J\rmy all(l t\ ir Force 
n ff_1e1a ls rcs11 111 r d a sea rch today roi- a "s m o lderin g 
0 bJcrt" reported_ to have fa llc11 in a woo cl cd area 
n ear I,{ccksburg Ill Westmore!and County . 

A shower of Gemini m et~ors had bee n expecLed 
t oday, accordrnp; Lo Dr. Nicholas Wagma~1, direc tor 
of tile observatory. • 

' 
(Co nti1111cu from Poge On e I l l1r hl :t'l' \I hil lt fnllo11 r d n I P;iinCS\ illr, ()l11n. s;ii,I J,r ·-~-

":1hrn1l O , 111 :1 II flr r<1 ,p1rnfl fl_,·1 11~ o\rt th<' lak,. ,, Ii 11 I,.. 
!old lwr h e s;t\V all ohj c!'I 01 rr a Olli! l11 ou-;a111 I fool sa11· 111,-. "fi1r·hall" ii"' 1 

' 1 I" 
streakiJ1g 1'1 1 ou g lt l!H' s i< y nrrn.' ' , l,rpt his rir .on 1t I nlll 1' 
" li kr a star 1111 J it,. " plurnmrtrrl into lltr hk". 

~ . . 1)1 !'nil /\11 111•;11 · o f Ille 
Scvc1al l l's1cl r n ts 111 tlw arra • \ r 0 in hll11g- • ,,r,,. 1wirl r> 
1 , 11 , t, •(l l 11 •:ti ii_l '; ;i_ " l1 111d:' n11d I 11al cl wi n \Vall aC'r Ohsrr\'a l01 Y al llr;hrny 01,.,,. 1 ,;itnry 

•111c man s,lld tl shook lt 1s ga- in Ohio s,11rl 1hr Jl ,1sh route[ li r rn hrc·:iu-.,· of 111,. fl 1y-
tagr . h,1\· r• IH'Cll ;i_ hnl1dr, a mct0or Ji i:-ltt hour. a ,prrhr~111:111 

01 C ltuul r n,;·: wlti !'ll d1>i11i <'g 1atrs as ii fall s said. hut :Hlllrd 11,,. oh r11 • 
The scat'l'li 1,·:i s co11<·c 11 - lo 1·a1lli , 111· a meteor ,how!'r atory rcl'rhcil 1tL111' tall'> 

1 rat r ll j LI a , 1 0011f'cl a rra off cxprC'l r u lo come nrxl wrck. rept1rl in~ 1hr f irrhall. 
l1ou te !IS~. ,1houl Ji ve miles Il l' :uld,·il th at th r larg e _ I Tlw / ', ," /11,,/ '! 1> 
l rom Iluule 3 1. 11 11111hrr or sigltti11gs hy air- ;.,,l[,.rs rrp11rt th1 /1,nlr.1 

~tale l ' nli('r, fro111 Grrr11 , - plane pilot. 111 llir ·atctl ,alid- \\"hile f'cntagon so111rcs m 
l.Jurg-. Army 11 1111 /\ir For('r it y of flt e n ' porf s. " .\ fl cr cli c.itcrl tltry hrlic1·rd ti" 
orli<' ials. sl' i ,·11 t is fs :111<1 , ·ol - all . lltcsc peopl e shn~lld orange !l :1sh 11a,; a 1111 lr()r, 
11 11 f<'cr fi1 ·1•111,· 11 frn111 J'-r<'k c:- l11to1V what llt<'Y nre lalku,~ nf[icials at \Vngllt I'atlr'r ""ll 

1t1 irg- ,·m11lt1 L· l1' i l f11 e scan·lt :ihoul." Air Forci> r; 1sc at Pa) 1011 , 
i 11 ;1 'i :i -:H·re area 111ulrr a ,' ig lilini:; ti mes of I In p. p1 Ohio. 1C'fu,rd to "!Jl'Ctil,tr 
Ju li 11 ; 01111 as al 11, 11 l. l ;,11 on - in Jn di;i, 1;,, -1: 11 p. 111 . t l OtPr· about ,1hat the obJect m1gl1L 

_"As :i r u le, {he_y ;Jl'C' lllllll en iu s hu t 11 0 t bri rrh t" I lorr!((·rs ,iok<', I ahm1t. " l itfl e Jiu, ()hi ll , :rnd -l ::iO (l . m. i n h111r brcn 
hr ~:11,I. ". \ hr i•~J ,t 011 1·, .~11, ·lt · •'- ..•. • --~ - ..-- ~- - ' , ~ :_:rc,·11 llll 'll' ' a111l i iyi11,'\· 1-:ii r inrl k;itrd n 1,·rs l -t o-r11sl ·,1tiP11al c;,,a1cl ;in,\ ,\ 
:1~ 11i·c~ · fllH' sig ;ll,·d Jt"•d r r - rnnr Sn10l,e ltcpnr l c1l ._ :111 , ,.,-s. Jin " of lli gltl t,~- thr ohj Pc l. Foree prr,011nrl holh rlr11•~~ 
day, i.c, g1•11 1• raliy sporadi c· ." J\ l i:;. /\rn,ild J, ;, lp. 0 [ HD I t j J1.rtyn1,1 11r! Wallin g<, a p t i- C':ll I) l q,,,, ts lhP fla 
. . ,. ,, . . I /\ cinr, in tlt c J~cl'l ,::,IJutg :u ca, Sho1tl_v hdorr l ite sr:i1lh \'ale ai iplane pilol f t om [1 nm a. rockr firrrl' 

. Jl_[ i • . \ , ,7,._111a 11 s,11rJ fh !'l'I' s::ti-l ~- IH' .sciw l,]u r :,n,,Jl,. r, :·i:; - rnkc of[ ;1hou t ~ a. m ., cigltl • 
~\.CJ r 1 <'JlO I Is _?r a. shor·k wr1vr in~ Jrorn th~ wnr: rl s abuul a r n ine prrso11s r<'por lr1l tl1ry 

o~ 111 .Jl.!.rt s ,, f h1'.S 1:r11 .P C' nnsy l-1 h;lr mile from h <' r home. tw a hri.~111 , hl11r Jiglll in the 
vania al I he t 1111r o[ the 

1

- <Hrds ah11ul 1 '. ,11 fr•rl from 
(I) si_~ :1ti11gs. - . . "II sr:!m -:d l ilc ri. if. iu i.~h(, 1 l tr·r 1· they ll'<'re standin g 011 a 

! ~ , han: hcr 11 a 11 onll 11 : ry lr rc ,1 i llsidr . • 
:.· ''Th ,~ J:->.SI sudi !-.'.,11:k • hut . in fhe _ 111 i

1

1,1u!cs !Ile I A Stale trooper, who c1 lso 
.\V:l\'e \\'a .•; in rn:1s, a 11 1I Jii,T ' I C \ \'.JS none I 

' ' l;tiit·es . or thr m rlr.nrilr.,, s n Hi, • " • : 1 tw the li gh t, cl rsccndrd tltc j 
f. \ Vt·1·e founc l • 11 0:·th or nut-. _. Sh<' said lw r son , Nevrn, _8, i ll sidc hul \\'hen he got about I 

·rl 

. • Ju," h r sail!. , -; I ' .. ~llin ;,r:111,,·r • ·ji;;·s11· ~,.-asf.'1 11f way dmrn, those stand-
·• . I i " 

•. ~rnt .i;::nn ::;011rc:--s car l1e1 { ,,i.1ht cd _h.r air ~i lanc .. pil ots.,-, ·g ctbovc said I lic li ghl disap-
- ~alcl lh<' fl ash cou ld !Jave beer 1· u11<! 1:cs1dc11t s _ 111 \\11!11 ·~'.' ,-: .-.. ·arccl . ! 
~.h __ 1nct 1·r:r. , Onbno; Jl l id ll g' :t ll ; JII IIH l_l ~,}i°1 n r 10rts o[ debris Jal\l11g- . 

l 11di:i11.1 • N ori hl' rt t 0 11 111; y.- I • 
! . • l'o:;,; ihl y J\lan-niatle ' . Nr:w y;,rJ,, a11d Northc\r ll r; •• re also m ade in l\lirlln11d , 
i • • .i\i101 her theory · ;idv;inccd -'i'l-'r:fi t. V ir~i 11 in. _• 1t police lhr ie . aid no ob-

; }\'1!ii !hat the f lash c,iuld have .I' · .. · A\ spo l<C:snlnn (or the Nort :: -· ·: Is ll'crc found. , 
/ hr)fn made hy ;iny onc of 200 • ·.: !(\rJ\~rir:an A ir f)l'fr ns," Corn~i I n -~rir'. \l'lll' i-e lite f i1Phall ·:_ 
I Jllwl lllLHIC' ohjrr ts in orl>H I e -1 • 'wmr l I NOi t/\ I) ) :tl Co lor:1d . as s1r:'1tl'd at . j :SO }). 111. , Jo:de ' 
/ ~11 el ing lh r. almo~p!l<' l c. j 1 1 J J I L, 

I 
. cs ter n Penw~H·,•aiiians' Spr'}1r.s, Cnlr1.: salr ts trnc ' -'111s011, a r r11ur l cr f or .in · 
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SUBJECT: MYSTERY OF METEOR ROAD STILL UNSOLVED 

NEWS CLIPPING SERVICE 

DATE OF ARTICLE: July 10, 1989 
SOURCE OF ARTICLE: Tribune-Review 
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MYSTERY OF METEOR ROAD STILL UNSOLVED 

By The Tribune-Review 

FILE: UF01291 

There's no telling who'll show up in Kecksburg August 13 
when the Community Day Parade trumpets the 50th anniversary of 
the Keoksbura 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 y ear. The footage shot -- no one seems 

to ~now what will b e hig hl ighted -- will form part of a t wo - hour 
special scheduled to ai r i n that c ountry later in t he y ear, 
possibly September . 

Lore ab out what happened on Dec . 9, 1965, encroaches on the 
Zone of Be yondo Bi zz aro . 

The Office of Special I nvest i g ation s at Wr ight - Patterson Air 
Force Base i n Day ton , Oh io , won 't comment on whet her its 
pe rsonnel were r unn i n g a r oun d Meteor Road that day . 

The township supervisors thought e nough o f what 
t hen to christen the b yway as Meteor Road . As expected, 
signs disappear as fast as a shooting star, said 
Sec retary Ray Zimmerman. 

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

occurred 
the road 
to wnship 

Kecksburg Fire Department President Jim Mayes was on the 
road that day, loo k ing down into a field as military personne l, 
state police and a swarm of a uthorities converged t o do something 
mysterious and keep area r esident s fro m seeing it. 

" I remember it li ke it was ye s t erday , " s a id Mayes . " We had 
the four-wheel-dri v e t r uc k a nd we too k the military down. They 
kept people there all night. Ther e was a tractor -t rail er and a 
couple other ve h icles, an d I s t il l say they took something out of 
there. The big thing about it was the blue bl ind ing lights 
like a timing light. " 

The fi eld of J er ome and Va le ria Mi l ler wa s tramped through 
by Boy Scouts a d ay l ate r , searc h ing for the magnet that would 
later dr a w co ll e g e student s fr om the University of Colorado and 
the film cr e w fr om Japan. 

Va le r i a Miller was not at home a t the time of the most 
famous d rop- i n since John Ma r tin Kec k s t a rted the village of 
Kecksbu rg in t he 1860s . 

Stan Gordon , who heads the Pennsylvania Association for the 
Study of the Un explained , hasn 't c omp letely ruled out that space 
debris - - and not a UFO -- went d own in the a rea. 

But the easier to swal l ow s uggestion has choked one 
eyewitness who d isputed tha t the ory i n tal k i ng with Gordon. 

The eye wi tness, identified only a s Pete by Gordon, said the 
obj e ct r esembled a giant meta l aco r n an d con t ain ed wr iting that 
"looke d like hieroglyphics" on part of its r aised su rface. The 
object wa s sup posedly loaded onto a flatbed t r ail er, cove red with 
a tarp and ha ul ed to an unknown location. 

Gordon i s in search of more wi tnesse s who might wan t t o come 
forward on wha t made the noise heard around t he world , and 
whethe r , j u s t by chance, anyone might have seen anything leave 
that area be f ore a uthorities arrived. 

8/89 
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SUBJECT: REGARDING KECKSBURG CRASH CONTROVERSIAL 

Regarding Kecksburg: 

FILE: UF02483 

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 
theit space program was concerned and utilized the same basic designs for 
year . 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 py satellite. They commanded the thing to land, it came down in 
Kecksburs, 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 v hicles: 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 
recyclina spacecraft desian they may have done it with the SOYUZ-type craft. 

Why land the thina in Keoksburs 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 thini happen; remember SkyLab?). Maybe it was a rush job. 

The ooverup was needed to prevent the Soviets from realizing what we 
had done. Ot course, once they oouldn't find their satellite I think they 
would'v~ realized it anyway, but by the it's too late. 
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tium to aid, Nov. 4, 9e (4*)· contact lost with 
~atepi~e for radio amateurs,' DEC. 23, 7d 
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w1 • Nov. 1 I, I Oc 

·Germany, west-Inventors' Soc. medal Nov 8 8 
1"! (S•); .a. _by Pres, Lllbke, 22, Sa (5•) ' • ' c 
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Jordan- plans to launch first rocket, Nov. 22, 8c 
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Moon- diamonds on: Mr. H . Urey (s .), Nov . I 8, 
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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 Germa n astronomer, 

DEC. 14, 8g 
Radio astronomy - " mysterium " emissions dis­

cussed by American Astronomical Soc., DEC. 
30, 8c;-Quasars: see Stars, below 
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electromc methods of recording, DEC. 6, 8d;­
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Satelhtes--debn~ fro'!l: _see p ebris, above;-Solo­
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Stars and galaxies-Night sky, Nov. l 13a • DEC 
1, 3f; 31, 13a;-" B!ue stellar objects ": ~rticle: 
DEC . . 31, 3d;-Bod1es discovered by infra-red 

D
techmque, Nov. I, 7d; - Quasar discovered 
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Sun- U.S. satellite gathers information DEC J 7 
12b (4•) ' • ' 

Sweden - Chalmers University: radiotelescope . 
photo., Nov. 17, 22 • 

United States: 
Australia, cooperation with . see Australia b 
Australia, tracking station~ in : see A~ ~ 0
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ganada, cooperation with : see Canada above 
orrespondence, DEC. 21, 9d; 30, 9e ' 
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O F"FIC E O F" THE SECRETA RY 

DEPARTM E N T OF THE AI R FORCE 
WA S HINGTON DC 2 0 3 0 - 1000 

Sept mber 23 , 1991 

MEMORANDUM FOR SAF / AAZ 

SUBJECT: Freedom of Information Act Reque s t - Case #9 1-1128 

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

Request you prov ide u s with: 

a . Releasab l e r e cords r eques ted, a nd if necessary, 
informatio n i n writing on which to base a reply to the 
requester ; o r 

c_ 

b . I f you determine that parts or al l o f the recor ds should 
be withheld, prepare a response address ed d irec tly to the 
requester citing the specif i c e xemption (s) f r om AFR 12-30. 
Coordinate your letter with SAF/GC (Mr. Wr en, x56552) and t his 
office before signature. Only authori zed den ial authorities can 
s ign a f i nal reply withholding records. 

If you est i mate search and duplication costs will exceed 
$25.00 or a mount requester agreed to pay, which ever is higher, 
please ca l l us before starting the search. 

To meet t i me limits imposed by law, we need your response by 
October 1, 1991. 

Keep any releasable records for 2 years. 
or part i ally denied for 6 years. 

Refer questions to Rhonda 
J~n~ 7ns.ion 

/~NK 
Freedom of Inf 

2 Atch 
1. Requester ltr w/ a t c h s 
2. DO Form 2086 

denied 

Office 
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DEPARTMENT OF THE AIR FORCE 
WAS HINGTON D 2 0 330 - 1000 

, 
~~V" 

n rr-1c r or- lHF SH : RFTARY 

Dr. Armen Victorian 
P.O. Box: 99 
West PDO 
Nottingham, NG8 JNT 
England 

Dear -Dr. Victorian: 

8 o SliP 1991 

We are responding to your Apr i l 11, 1991 letter (DH-391 ). 

Paragraph 3 of your letter wa ; t reated as a ne w r equest, we 
are attaching records. 

1 Atch 
Responsive records 

\ 
I 
I , 

' I 
\ 
\ 

\ 
\ 

~ ~cerely, 
I . /J 

Clhl~~~ce • 
F1ee d t - Informat ion Manager 

91-1128 

' 
\ 

\ DA OCT 1991 
\ 

\ 



DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FORCE SPACE COMMAND 

PETERSON AIR FORCE BASE . COLORADO 80914•5001 

2 1 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, 19 90 , 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 Surveil lance 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 
./\ 

:J~z10 {//)/aJ 
SHARON A. LAW 
Acting Chief, Records Management Division 
Directorate of Information Management 

GUA"DIANS OF THE HIGH FI\ONTIER 

2 Atch 
1. Training Handbook 
2. Fact Sheet 



GROUND-BASED EL,ECTRO-OPTICAL 
DEEP SPACE SURVEILLANCE 

PHASE I TRAINING 
HANDBOOK 

Planning A••••rch Cor,,oratlon 

PRC . 
Technical Services Division 
2862 South Circle Onve 
Sulle 240 
Colorado Springs. CO 80906 

I 
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1. GEODSS. GEODSS is an acronym for Ground -Based El ectro-Optical Deep Space 
Surveillance. The GEODSS syst em mploys t el sc opes and comp ut er s to dis t i ng ui sh 
faint object s in the night sky. Th e r fl ec tion of sunli ght on a space ob ject 
makes it visibl e to the syst em. 

The primary GEODSS mi ss ion is to track deep space sat ellites beyond 2000 
nautical mil es (nm). In a mor e limited data gathering capability, the syst em 
tr acks near earth satellites at a distance of 350 to 2000 nm. 

GEODSS s ite locations are shown in Figure 1. The syst em i s i nte nded t o 
be a orldwide network of tracking stations spaced at approxi matel y equi valent 
intervals around the globe. All sites are locat ed in th e north ern hemi sphere , 
wit~ the except~on of site 4, located at Diego Garcia. 

2. THE HISTOR Y OF GEODSS . Ear ly space observation efforts were directed 
to ard th e VA NGUARD project . Satellites designed during the VANGUARD project 
emitted radio signals that could be tracked from ground track ing stations. 
Before VAN GUARD could be implemented, the Soviet Union launched t heir SPUTNIK I 
satel lite. It transmitt ed a radio signal using a frequ ency 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 t he development of two major systems, SPACETRACK and Miss i le Early 
Warnin g System (MEWS). 

The SPACETRACK system provided a means for detecting, tracking, cata­
loging , and identifying satellites by using trac kin g radars. The dual system 
ME 'S orga ni zation was developed to provide missile defense of the Nort h American 
continent. The sea-launched Ballistic Missile (SLBM) system detects mis siles 
f ired toward the coast of the North American continent. Ballistic Missi l e Ea rly 

arnin g System (BMEWS) consists of a sensor network that can provide early 
warnin g for all types of ballistic missile attacks against the United States . 

. Wi t h the i ncrease of satellite populations, all of the systems were incorpor ated 
in ~o 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 i t became apparent that the Baker-Nunn system could not continue to pro­
vide the projected mission support requirements that were seen for the 1980 1 s 
and beyon d. Trade-off studies conducted during 1973-75 indicated that an 
electro-opt i cal system provi ded the most cost effective means of acquiring the 
needed capab i lity. In May, 1978, TRW was selected by ESD through competitive 
procurement to be the production contractor, with RC.\ subcontracted to TRW for 
the initia l O&M effort. Production and integration of the hardware and software 
were conducted at the TRW Newbury Park, California, facility. Subsystem testing 
and initial DT&E testing was conducted at this facil 1ty throughout 1981. Full 
system DT&E and IOT&E were performed at the Stallion RCC site during January 
t hrough May 1982. An initia l operational capability (IOC) was declared for the 
Sta llion site on 15 May 1982. The Korean site at Taegu achieved IOC during July 
19E2 and the Mau i s ite quickl y followed suit in achieving IOC during September. 
The formal dec1arat i on of system operationa l capability was made by CINCNORAD 
dur ing March of 1983. Since 1 October 1983, the O&M of the system has been 
co~petitively bid by Space Command, with PRC Kentron being awarded both the 
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original and the follow -on contra ct s . 
facilities, and operation s of th e s ite 
industry, with a compl ement of 6-8 Air 
overall monitoring of th e contracto r ' s 
other Government age ncies. 

3 
-Mai ntenance of the hardw are, softwa re , 

ar e conducted by contr act to private 
For ce personnel per s ite performi ng 
performanc e and provid i ng li aiso n wit h 

3. GEODSS SITES. When ·syst em installation is complete, th ere will be five 
GEODSS s i tes, with locations in Socorro, NM; Taegu, Republic of Kore a; Maui , HI; 
Di ego Garci a; and Portugal. Each site has its own unique characteristics, but 
an effort has been made to standardize the sites to the greatest extent 
pos s ibl e . 

The physical GEOOSS sites con s ist of the facilities (Real Property In stalled 
Equi pment [RPIE~), Prime Mission Equipment (PME), and Pr ime Mission Relat ed 
Equ i pment (PMRE). Space is provided in the facilities fo r 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 
simil ar and a typical layout is illustrated in _Figure 2. Add i t ional support 
facilities, such as power generating plants, motor generator sheds , etc. , vary 
for each site. However, the prime mission equipment and the ope rator interface 
i s nearly identical at each site, with the minor variances th at are present due 
to s i te specific requirements resulting from the physical locat ion. 

4. SYSTEM OVERVIEW. GEOOSS sites consist of the facilities (RPI E), 
Pr ime Miss i on Equipment (PME), and Prime Mission Related Equipment (PMRE). 
Space is provided in the facilities for administrative offices, mai nte nance 
shops, secure communications, the Surveillance Operations Center (SOC ) where 
mi ss i on operations are conducted, the Computer Operations Room (COR), and 
various storage areas. • 

a. General Characteristics. The GEODSS system detects reflected 
_ s unli ght from satellites by using specially designed telescopes, high reso lut ion 

te l ev i s i on cameras, and video signal processing electronics. The hardware 
compl ement is driven by a sophisticated software system that processes the di gi ­
tized vi deo signals, performs automatic recognition of the satellite and pre­
sent s 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. In the S ace Ob"e • ication (SOI) 
mode of operations the telescope is driven along the path of the satellite a 
t he computed satellite angular rates. The satellite image is retained in the 
f ie ld of vi ew 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 figur es 3a through ·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 appropri ate commands to the mount control electronics which 
dr i ves the teles cope to the desired position. 

(2) Re fl ected sunlight from the satellite is focused on the 
television tube f ace plate and the radiometer if in the SOI mode of operation. 
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of both the s~f~ 11 ~~: ~amera electronics pro~esses video data. which consists 
data to the Automatic ,ma~e and stars (Threshold Video), and passes the 
(Link I and Link II) M~~,ng Target 1nd ic ~tor (AM T! ) adaptive signal processors 
perform th t .•. ese processors, in conjunction with the AMT! computers, 

. e mos cr1t1cal function in th t trans1:nt ~oise from the video frames e sys em by subtracting the stars an d 
satell1te 1mage (OR-Frame). (Background Rejection), leaving the 

frame and (4) Satellite po~iti?n and rates are computed from the processed 
·t· ~ompared by ~he Application s computer software with the predicted 

~0s 1 10n o the satell1te. If th e measured position is within allowable 
olerances, the sat7llite is considered to be correlated and th e satellite 

n~mber an~ co0relat1on factor are passed to the graphics channels foi 
d1splay w1th the satellite image at the operators console If th • · t · 
does not fall within allowable tol era nces, th e satellite is consi~e~~ ~,t~on 
b~ an uncorrelate~ track ~UCT) and a Candidate UCT (CU) number wi ll be 
d1s~layed a~ong with t~e image . . At this point the operator has several 
opt1o~s ava1lable to h1m th~t w111 be discuss ed during the UCT procedures 
of thts course. 

~5) Control of system operations is conducted from two Console 
~ontrol and ~,~play Groups (CCDG) that are depicted in Figure 40. Ea ch CCDG 
1s a two_pos1t1on console, thus a total of four posit ions are avail abl e for 
control~1ng the three telescopes. In the normal configuration, three positions 
are des1gnated for telescope operations and one posit ion as the Supervisor 
and Comm~nications position. Control over any of the three telescopes can 
be exerc1sed from any console positions and is solely dependent upon how 
the system is configured during console log-on. Each position is basically 
comprised of a primary and secondary gr aphic s video monitor that displays 
satellite and telescope data, an alphanumeric display terminal for commun­
i catin g with the computer system and a joystick for controlling/selectin g 
menu data from the primary graphics monitor displays. The center 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. 

(7) When detection of the satellite has been completed, the 
operator is provided the option of transmitting the observed data to the North 
American Aerospace Defense Cormnand (NORAD)through the GEODSS communications 
system. A worldwide Automatic Digital Network (AUTODIN~line and a dedicated 
Advanced Data Communications Control Protocol (ADCCP) 11ne to NORAD are the two 
pr imary means of communications. Voice communications are c~nduc~ed over world­
wi de Automatic Voice Switching Network (AUTOVON) and commerc1al lines. 

b. Major Modes of Operation. The GEODSS system operates in eight 
pr imary modes, including the dayti~e maintenance configuration. Each of 
the operat;onal modes can be exercised either under software control or 
manually by the console operators' function keys. 

I 
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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. In 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). Routin es 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 
console. 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 ~he 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 
te lescope 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 
mdy be measured at any time through selection of this function. Typical 
applications, when called through the CALIB function, are for determining if 
a 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 
funct ion is used to measure the absorbtion of light through the atmosphere. 
It is also used for determining if atmospherlc 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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(g) Local Calibration. The Local Calibration functio~ 
is an option presented to the operator following a s~ccessful PPM det ec tion. 
The function selects a series of stars around the point -of-tr ack to perform 
a miniature global calibration. The measured errors betw: en the true . 
stellar position and comput ed tel es cope 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 meas~r: the curr:nt position of a 
satellite, compare it with the predicted pos1tion, and display .the re s~lts 
to the console operator in the form a man euver/non-ma neuvered information 
box . . Secondari ly, the MQ function is executed pr ior to the f irst measurement 
in a PPM task to correct th e boresight position ing of th e object in order 
to bring the P~M as close to the bore sight axis as possible. Minor errors 
due to tube non-linearity are thus avoided. 

(4) Precision Positional Measurement (PPM). The PPM mode is 
the norma l and most accurate mode for collecting satellite positiona l 
data. Positional data is computed from the centroid of the streak data 
discus sed earlier. 

( 5 ) AM TI As s i st . I n th i s mode o f opera t i on the co i1 so l e ope r at or 
has manual control over the streak recognition process. The automati c PPM mode 
is bypas sed. In the ASSIST mode the satellite streak will continue to build on 
the screen un til 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 severa l 
reasons. Foremost, the positional data is measured from the graphical represen­
tati on of the streak, rather than the streak data itself. Secondly, it is 
nearly imposs i ble to precisely position the GYM cursor while de~ignating the 
beginning and ending points of the · streak. The comb i ned errors result in a 
oositional mea surement that is 3-4 times less accurate than the PPM mode. 
i! owever, us e of the ASSIST mode is sometimes essential to obtaining pos1-tiona1 
data when the software system is unable to recognize a severely fragmented 
~treak due to weather or dimness, or the satellite is tumbling/-rotating and the 
in tensity 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 
i ntegrated. It i s 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 ;s used 
for c?11ecting measuremen~s of the satellite's reflected light intensity. 
In th1s mode the primary instrument is the telescope radiometer, while a 
portf~n 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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u ... c:, ..., , vv ,ue::i ct 1 1 u1 Lit~ ::,or Lwa re , r 1 l e support , and software/-hardware 
terfaces for the communications system . The Of fic e Automation System can be 

econfigured with the Applications computer providing all corrrnunications func ­
tions in the event that th e Ex ecuti ve comput er is unavailabl e for maintenance or 
software activiti es . Un der extreme conditions, a Model 40 Teletype (TTY) unit 
is available at each site and may be configured for message tr ans-mission and 
receipt. However , since messages can not be transferred to the prime GEODSS 
computers, this configuration is rarely us ed. Communications support is 
accessed from the Contro l Console and Disp l ay Group (CCDG) through the Master 
Menu. The console pos iti on that i s used for commu nic ations must be logged on as 
a station and be des i gnated as the communications position. The major capabili­
ti es of the system include: 

(1) Circuit configuration with e ither t he ADCCP or AUTODIN 
line ac ting as th e prime circuit, with back-up provided 
by the other circuit in case of primary line failure. 

(2) Message Preparation and Edit. Upon selecting this funct ion, 
the oper ator is permitted to select a blank message format 
for originati ng a message or to select a "canned" message 
format, such as a Status Report, El ement Set Req uest, etc., 
to be edited and subsequently transmitted. In the Edit 
mode , the message may be scrolled, lines delet ed or 
inserted , lines printed, or the function may be exited. 

(3) Received message file maintenance. The File Service s 
option of the communications system permits t~e ope rator to 
di splay or print the message log, and to display or print 
individual messages from the message log. 

(4) Message transmission/retransmiss ion. 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 
AUTOOIN or data circuit, and routing code file numbe r. 
Pre vi ously generated messages may be retransmitted through 
the Fi le Services Menu - Data Circuit (or AUTODIN ) Transmitted 
File. 

(5) Primary and Alternate Routing File Maintenance. The GEODSS 
communications system permits the operator to establish 
files of predetermined addressees. The files are seq uentially 
numbered and are used by various functions in the system, 
such as observation and SOI data transmission, to auto 
matical ly attach the appropriate routing indicators on 
transmit ted messages. The files may also be used when 
generating and transmitting a message to specify the 
appropriate addressees. The files are created, edited, 
and deleted through Communications Services Primary Menu 
- 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 wh en the communications circuits are 
enabled and defaults to Routing File 81. 
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Flash Message Review. On occasion, a very high precedence 
message (FLASH) will be received on the AUTOOIN 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 CCOG assigned as the conmunications position 
to be activated and FLASH will be displayed at the NOTICES 
QUEUED line 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. 

Classified message maintenance. One of the more important 
features of the corrmunications system is a timed buffe r 
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 
segment 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 ~iven 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 observa:ions collected during the tracking process. These 
t~o functions are referred to as Initial Orbit Determination (100) 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 orb1t is, and an appreciation of 
the orbital character1st1cs are some of the most valuable assets an operator 
may 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 IOO/DOC process. · The value of having this ability 1s also 
carr1ed to normal operat1ons 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 val id ass umption s as to the type of 
UCT satellite bei ng tracked. If an existing e l eme nt set is bei ng us ed (as 
is the ca se for th e DOC function), th en th e r ange of th e satellite and th e 
sun angle are also di sp layed. 

(3) In order . to underst and what th e i nformation being displayed at 
t he GEODSS consoles means, a basic understandin g of orb ita l mechan i cs is 
necessary. This section is meant to provide th e s tudent with sufficient infor­
mation to understand the term s th at are used i n discussing orbital element sets, 
the bas ic characteristics of the major types of orbits and the relationship to 
the 100/D OC function. It i s not meant to mak e th e studen t an orbital analyst, 
although, when certified, he or sh e wi ll have sufficien t knowledge to conduct 
mean ingful di scussions with th e NORAD analysts Jnd to make valid decisions 
dur ing 100/DOC opera tion s. 

(4) The mathemati cs of orbit al mechanics are minimized in this 
secti on. For thos e students wishing a more detailed study of orbital mec­
hanics, a bibliography of refer ence material is presented at the end of the 
text. 

b. General. Johannes Kepler and Sir Is sac Newt on formulated the basic 
l aws of motion over three hundred year s ago. The se laws are as app licable 
today as they were then and form the basi s for all space exploration, inc luding 
earth or biting satellites. This discu ss ion will delve into Keplerian and 
Newtonian principles primarily as th ey apply to earth orbiting satell ites. In 
order to maintain the context and clarity of the lesson, these prin ciples have 
been rephrased to apply to man-made, earth orbiting satellites. 

(1) Kepler's Laws of Satell ite (Pla netary) Motion. Kepler 's most 
detailed studies were of Mars. From th e~e st udies, 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 Ellipse s . ~epl er's Law of ellipses states 
that : 

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

Figure SA illustrates this principle, wit h Fl being the earth's center. The 
elli pse is a closed curve such that the su~ of the distances from the foci 
to a po int anywhere on the curve is constant. For example, the sum of the 
distances from FlPlF2 is equal to the sum of the distances FlP2F2. 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 i ts vario us 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 
betwe en the two swe eps out equal areas in equal intervals of time. 
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Figure 5B illustrates the l aw , wh erein th e area in sc ribed between a-b wil l 
be equal to the area inscribed by c-d , given that th e ti me for t he satellite 
to travel between a- bi s equal to th e time to trav el betwee n c-d. Th e impor­
tant concept t o understand from thi s law is th at th e closer th e sate ll ite 
is to the foci point , the greater its velocity. Convers ely, th e f arther 
from the foci, the s lower 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 s lower wh en travelling from c to d. This concept is 
important when eva luating the streak length and direction on th e GVM. A 
short streak indicates a s lowly moving obj ect , thus we may presume that it 
is at a fairly long range. The s tr eak l ength, along with th e streak direction 
and the pointing position of the telescope, will be shown to prov ide you 
with significa~t informatio n as to the type of satel l ite being observed. 

(c) The Law of Harmonics. The third Keplerian law that we 
are concerne d with, The Law of Harmoni cs , st ates th at: 

The squares of the period s (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 5D dep icts the 
relationship in Ke pler's third law and, when one cons iders that the satellite 
remains in orbit because of its inertia as discussed below, it is clear that 
t he larger orbit takes a longer period of time to complete. 

(2) Newtoni an Principles. Newton was able to mathematically prove 
to the wor l d Ga lileo's law of inertia wherein it is stated that: "A body at 
rest will remai n at rest unless acted upon by .an unbalanced for~e, and a body 
i n motio n wi,1 continue to move with uniform velocity unless acted upon by 
an unbalanced for ce." This law is known as Newton's first law of motion 
and is impor tant in our discussions on orbital geomet ry as the earth act s 
as a force 0 ~ th e satellite. The next few paragraphs will deal with some 
basic Newt unian principles that are important to understanding how and why 
a satellite remai ns in orbit (or is drawn back to the earth), why the 
satellite displ ays some of the characteristics that it does in the ellipt ical 
orbit, and ho~ a satellite is transferred from one orbit to another. 

(a ) Law of Inertia. Newton's law of inertia is a slight 
rephras ing of Ga lileo's wherein Newton states that: 

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

Again , the outside f orce for an earth orbiting satellite is the earth. We 
may equate th is 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 orbi t 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 t he law of inertia include: 
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(b} Equilibrium. Equilibrium is th e s tate of balance that 
is produced by th e counter action of two forces. In our case, this is the 
equilibrium that is produced betwee n th e momentum of the satellite and the 
earths gravitational attr ac tion. If the sate llit e is given exactly the ri ght 
amount of velocity when it is launch ed, then a state of equilibrium wi ll be 
achieved where in the orbit described by the satellite is correct for its 
intended mission. Too much velocity and the satellite will either be in t he 
wrong orbit or could even escape the earths gravitational attraction an d 
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 examp le of too little velocity occurred in 1984 during a shuttle laun ch 
of the Westar and Pal apa satellites. Th e rocket motors that were supposed 
to take them out to a 20,000 nm circular orbit failed to prov ide suffici ent 
velocity and the sa t ellites ended up in elliptical orbits at approximately 
650 nm and were useless for their intended communicat ions mi ssion . 

(c) Motion. As eiscussed earlier, we are concerned with how 
fast the satellite appears to moving and in what direction on the GVM. The 
principle terms th at we are concerned with are speed, veloc ity and the velocity 
vector. 

motion 
time. 
as the 
rates. 

(1) Speed. Linear speed of an object is the rate of 
in a straight line. Angular speed is the change of direct ion per un it 
Angular speed is the value we will most generally be concerned wi t h 
GEODSS system provides the rate of motion of a satellite in angu l ar 
The relationship is straight forward wherein: 

5(peed) = D(istance)/T(ime) 

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

(3) Velocity Vectors. The velocity of the satell ite may 
be graphically re presented 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 no rmally depicted graphically with North being up and the 
direction of rotat ion being clockwise from O degrees (North) to 360 degrees. 
Both speed and dire cti on must be present in order for it to be a velocity 
vector. These component s 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 i t up, slow it down or to change its direction - is considered 
acce lerat i on. If the velocity increases, you have positive(+) acceler­
ation. If the ve loc ity decreases, you have negative(-) acceleration (e.g., 
i t decelera tes). 

c. Falling Motion . A concept that is somewhat more difficult to under­
stand, but forms thP. basis for a satellite remaining in orbit, is that of 
tt fal li ng motion'' . For examp le, consider the motion of the moon in Figure 
68. Pr esume the moon moves 3350 fe et in its orbit and falls (is attracted 
by the earths gra vitation) 1/20 of an inch towards th~ earth. However, 
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because of the earth's curvature, the moon r emai ns th e same distance from 
the earth. Thus, even thou gh th e moon co ntinually 11 falls" towar ds the 
earth, it neve r gets closer. Th e same princip l e appli es to man-made satel­
lites, although it is somewhat more difficult to vi sualize for elliptical 
orbits wherein the satellite does come clo ser 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 proport ional to th e 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 
negat ive. For 'example, when we hit a golf ball (ob ject a. t re st) 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 wil l eventually come 
to rest again due to rolling friction. 

24 

(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 exertin g 
a greater force upon the ball. In the case of a satellite, the closer to the 
earth th e satellite is, the greater will be the effect s (force) of th e earths 
gravity and the greater the velocity of the satell i te (Kepler's second law) . 
The gravita tional effect will also change th e dire~tion of the satellites 
motion . The combined effect is portrayed with vec tors in Figure 6C. In 
the diagr am. the "normal direct io n" and the earth s gravity "force vector" 
form what is commonly referred to as a parall elogr am of forces. with the 
resultant vector being the revised path of the sat ellite. In reality this 
is a constant effect on the satel 1 ite, 1-1ith the eart f1s gravity ~xerting a 
constant "pulling" action on the satellite and i s continually changing its 
direction . This continual change in direction resu l t s in the shape of the 
orbit . 

(2) Static Equilibrium. When two forces ac t ~pan each other to 
cancel out, the object does not move. It is said to be in "Static Equi-
1 ibrium". 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 al l of our major transcontinental and tel evis ion communications 
satellites. 

(3) law of Gravitation. The effect of the earth's gravity on a 
satelli te was expressed by Newton as: 

"Between any two objects in space there exists a force of attrac­
t ion 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 str ing. If you spin the weight around your body, the faster you spin,• 
the greater the force the weight exerts in trying to break loose. Jf the 
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weight is heavy enough, or you can spin fast enough, the string will break 
and the weight will fly off in it s own direction. The same is true of satel­
lites. The earths gravitational attraction acts as the string, while the 
velocity of the sate ll ite, 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 mi ssi ons. 

e. Law of Action and Reacti on. Newton's third l aw of motion states: 

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

For example, when you fire a gun, the explosion exerts a forc e 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 adju stments in its 
orbit. 

f. Summary. The basic physical laws that have been presented form the 
basis for planetary motion, as well as launching and contro lling the orbit 
of all spacecraft. These laws will subsequently be combin ed with the parameter s 
that define the shape of the orbit to provide you with an unde rstanding of 
the satellites that you will be routinely observing with the GEODSS system. 

9. PROPERTI ES OF THE ORBIT 

a. Orbital Parameters. As previously mentioned, every earth orbiting 
satellite has an elliptical orbit. The shape of the orbit (elljpse) 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 mathemat ical 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 gravitationa l attraction (the earth for earth orbiting satellites), 
and the other being an imaginary point within the orbit. The two foci (Fl 
and r2) 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 
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Figure 7A, the major axis i s the twice the distance of (a) - the semi-major 
axis. The major axis is referred to with the symbo l (A), while the semi-­
major axis is denoted by {a). Th e semi -major axis is normally the distance 
that is used wh en computing oth er orbital parameters such as eccentricity. 

(c) The Min or 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 i s usually denoted with the symbol (B), while th e 
semi-minor axis is denoted by (b). The minor axis is normal (perpendicul ar) 
to the major axis. 

(d) The c-Distance. The "c" distance is the distance from 
the center df the orbit to one of the foci. This distance is dep i cted in 
Figure 7A. As we will see mom entarily, the length of (c) is us ed in com­
puting the eccentricity of th e orbit. The relationship between the c-distance , 
major axis, and the minor axis describes the shape of the orb i t. 

(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 t he 
semi-major axis. 

e = c/a 

Four major shapes are described by eccentricity: 

(1) Circle. If the foci and the center of the orb i t are 
the same point (e.g., only on e focal point), the c-distance is zero an d t he 
eccentricity will be zero. The orbit is a circle. The circle is sometimes 
referred to as the special case of the ellipse. (e = O)~ 

(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 O. The greater the elongation of the 
ellipse, the larger will become the ratio between c 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 (c = 
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 e~ceeds one, the 
shape becomes even more flattened and describes a hyperbola. Both the hyper­
bo l a 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 78. Some relationships that are 
i nterest i ng to note: 
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Semi-Major Axis (a) 

IF: Increases 
No Change 
Increases 

Semi -Minor Axi s (b) 

ANO: Incr eases 
Decr eases 
May: 

Increase 
Decrea se 
No Change 

Eccentricity (e) 

THEN : No Change 
Increases 
In creases 

The change in eccentricity is strictly dep endent upon the relative len gth s 
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of the (c) and (a) axis. The GEODSS syst em will t rack sat ellites whose eccen­
tricity ranges , from Oto .97. Typically these orb i ts wi ll ran ge from a f ew 
hundred kilometers to 100,000 km or more for obj ects in highly eccentr ic 
orbits. A table of the more common satellites that you wi ll be t rack ing and 
their basic elements is presented after the discu ssi on of perigee and apogee. 

(2) Distance and Height Measurements. Fr equ ently t he r ange to a 
satellite is expressed in either height or distance. The dif ference between 
the two is equal to one earth radius or approximatel y 6378 kilome t ers. There 
are two terms that are associated with these distance mea suremen t s that 
concern the orbital parameters - apogee and perigee . The diffe rence between 
these measurements is depicted in Figure 7C. 

(a) Apogee Distance . Apogee is the dist ance f rom the center 
of the earth (or other primary foci) to the f arthest point in t he orbit. 
This is also the point in the orbit that the satellite wi ll no rmal ly 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 dist an ce from 
the center of the earth (or other primary foci) to the closest point i n the 

- orbit. A satellite will normally have its greatest angular rates relat ive 
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 commoniy 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 from 
the point where the minor axis intersects the orbit to the center of gravita­
t i onal attraction (earth) and are measured to the surface of the earth, 
respectively. This distance is equal to the length of the semi-major axis. 
t t is also equal to one-half the _sum of t~e apo~ee an~ pe~igee distances. 
The relationship between these distances is depicted 1n Figure 70. 
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{4) Some Typical Orbit s. The following table provides a surrrnary 
of the major type of orbits that you wi ll be tracking with the GEODSS system. 
The distances given are approximate and will vary from satellite to satellite. 
The student should note th at as the perigee and apogee heights approach each 
other the orbit becomes more circular {e approach es 0). In contrast is the 
case of Prognoz, wherein there is a very l arge difference in the perigee and 
apogee heights and the ec centricity i s approaching a parabolic orbit. 

Common Name Per igee {k.m) Apogee (k.m) e Period (min s ) Type -
Molniya P/L 720 39,600 . 72 718 Elliptic 
Molriiya R/8 480 40,600 .74 732 Elliptic 
COSMOS 1,000 39,300 .73 718 Elliptic 
GPS 20,100 20,100 .00 718 Circular 
Synch Sat 39,000 39,000 .00 1436 Cir cular 
Near Earth 210 450 .02 91 Near 
Cir cu 1 ar 
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 techn ician 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 circu lar 
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 discuss ing thn 

- s imple geometric properties of the ellipse . Although these parameters ade­
quately describe the shape of the orbit, they do not fully describe its 
orientat i on 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 orb it 
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 GEOOSS 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 
wi ll 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 Bas ic 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. 
stored that are necessary in 
allow prediction of a future 
symbols are the: 

Additionally. there are several other pa r amete rs 
order to uniquely identify the sat ellit e an d to 
position. The six basic el ements an d th eir 

(1) Semi-major Axis (a) 

( 2) Inclination ( i ) 

( 3) Argument Of Perigee ( ) 

( 4 ) Eccentricity (e) 

( 5) Right Ascension of the Ascending Nod e ( 

( 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 s ize and the shape of 
the orbit. Thus, the longer the distance of the semi -m ajor axis, the larger 
the orbit. The greater the eccentricity, the more ell ip tical t he orbit. 

(1) The minimum orbital height is approximat ely 200 nm . Orbits 
less than this experience drag from the earths atmosphere and will soon 
decay. 

(2) The eccentricity and semi-major axis are det ermined prior to 
launch. These two parameters, in conjunction with the other terms we will 
be discussing, must be established so that the orbit of th e sa tellite fulfills 
its mission requirements. Normally these parameters are est abl .ished so that 
the satellite 11 sees 11 a specific portion of the earth at a specific time. For 
instance, the synchronous satellite orbit is set so that it remains over a 
gi ven longitude. The majority of these satellites suppor t tra nscontin P. nt nl 

- or transoceanic communications. Control of the lon gi t ud i nal pos ition is 
important so that the users, both the transmitting and receiving parti es, 
sustain constant communications. On the other hand, surveillance sa t ellites 
may need to be in a highly inclined circular orbit an d phased with each other 
so that they "see 11 specific regions of the earth that are sunlit. 

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 fr~m south to north i~ re~erred to as the ascending node. 
Converse ly, the point that the satellite 1ntersects the plane when travelling 
from north to south is referred to as the descending node. Referring to 
Fi gure 8A, the position of the ascending node where it intersects the 
equa t ori al plane is one of the elements we use to orient the plane of the 
sat ellite . 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. Gi ven 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 depict ed i n 
Figure 8B. There are also four types of orbits that are associated with 
the angle of inclination. 

(a) Prograde 
(b) . Retrograde -
(c) Polar 
(d) Equatorial -

Inclination less than 90 degrees. 
Inclination greater than 90 degrees. 
Inclination i s 90 degrees. 
Inclination is O degrees. 

f. Orientation of the Orbit within the Orbital Plane. Now t hat we 
have the size, shape and orientation of the orbital plane described , the 
next step is to orient t he 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 Sovi et Union?; 
or maybe even Australia?. Within the plane of the orbit, any of t hes e 
points are possible by simply rotating the ellipse around in the pl ane . 
The parameter that describes this position is the Argument of Perigee. 

(1) Argument of Perigee is the angle formed along the orbita l 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 t he 
satellite. The Argument of Perigee is depicted in Figure BC. In this par­
ticular case, the angle is measured from the ascending node, counter-clockwise 
to the point of perigee (roughly 270 degrees). The vast majority of ~~t~l l itP~ 

• that the GEODSS system tracks have their perigee point in the southern 
hemi sphere. 

(2) Apogee is located 180 degrees in the orbital plane from the 
point of perigee. Thus, if the Argument of Perigee is 100 degrees, apogee 
occurs at 280 degrees. The mean distances (Figure 80) occur 90 degrees 
from these points, or 10 and 190 degrees. 

{3) Perigee Shift is an important consideration for determining 
the inclination of the orbit. Due to the earth being an oblate spheroid, a 
torque is applied to the orbit that causes the perigee point to shift. The 
shift is referred to as perigee rate and can be either positive or negative, 
dependent upon the inclination angle. The effect is a shift of the perigee 
point in the plane of the orbit, i.e., the ellipse is shifted within its 
plane. The effect is summarized below. It is also interesting to note that 
many of the orbits common to GEODSS operations use a 63 degree inclination 
i n order to minimize this effect. 
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g. Locating the Satellite in the Orbit. Now that we have t he or bit 
firmly fixed in space, the final step is to locate the satellite within the 
orbit. Since the parameters of the orbit - such as eccentric i ty, inclination 
and the ascending node - have been defined, we need only determine where the 
satellite was at some specific time in order to predict a future position. 
The time parameter is referred to as the Epoch time and is common ly refere nc­
ed to the time of the ascending node, but can be at any predef ined point. 

h. Summary. The six Keplerian orbital elements define the shape and 
position of the orbit and locate the satellite within the orbit. A surrrnary 
of the meaning of these parameters follows. 

(1) Semi-Major Axis and Eccent r icity - Define the s ize and shape 
of the orbit. 

(2) Right Ascension and Inclination - Orient the orb ital plane in 
space. 

(3) Argument of Perigee - Orients the orbit within the or bital 
plane. 

·(4) Epoch Time - Locates the satellite within the orbit. 

11. PRE-OPERATIONAL TASKS. Specific administrative tasks must be accomplished 
on a da1ly bas1s to prepare the system for mission operations and to fulf i l l 
contractual obligations. This section will highlight tasks that are 
accomplished to ensure activities such .as producing the necessary reports, 
saving mission files to tape, and sett1ng up for the coming night's mission 
are completed. Most of these activities are conducted using the Operations 
Dai ly Checklist. This checklist covers a 24-hour period and is used as a guide 
for all operations personnel to ensure primary or critical mission tasks are 
accomplished. The checklist is also supplemented by other task specific 
checklists where necessary, such as the NOL/NFL checklists and worksheets. The 
f oll owing text uses the Daily Operations Checklist as a basis for discussing the 
24-hour mission responsibilities of the site. Clarification and amplification 
of t he steps are provided so the student may receive a clear idea of the minimum 
tas ks r eq uired to complete the GEODSS mission. 
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GEODSS ACRONYMS AND ABBR EVIATIONS 

The following listing is intended to be a compre hens ive li st of those acronyms 
and abbreviations appli~able to all phases of the GEO DSS mission. 

A&A 
AATS 
ACDA 
ACK 
ACP 
ACSI 
ACU 
AID or A-D 
ADCCP 
ADMIN 
ADP 

ADPE 
ADPM 
ADT 
ADTAC 
AENA 
AF 
A&F 
AFB 
AFCC 
AFL C 
AFM 
AFOSH 
AFP 
AFR 
AFRAMS 

AFS 
AFSC 
AFSCF 

AFTO 
AIG 
ALC 
ALCOR 

ALS 
ALU 

ALTAIR 

AM 
AMOS 
AMTI 
A/ N 

- Allowance and Authorization 
- AMOS Acquisition Tel escope System 
- U.S. Arms Control and Disarmament Agency 
- Acknowl edge 
- Alli ed Comm unications Publication 
- Ass istant Chief of Staff for Intelligence, DOA 
- Attendant Consol e Unit 
- Analog to Digital 
- Advanced Data Commun icdtions Control Protocol 
- Administration 
- Automatic Data Processing 
- Alarm Display Panel 
- Automatic Data Processing Equipment 
- Automated Data Proces sing Machine 
- Alphanumeric Displ ay Terminal 
- Air Defense Tactical Air Command 
- Astronomical Eph emeris and Nautical Almanac 
- Air Force 
- Accounting and Fi nance 
- Air Force Base 
- Air Force Commun ications Command 
- Air Force Logistics Comma nd 
- Air Force Manual 
- Air Force Occupational Safety and Health 
- Air Force Pamphlet 
- Air Force Regulation 
- Air Force Recoverab le - Assembly Management 

System 
- Air Force Station 
- Air Force Specialty Code 
- Air Force Satellite Co ntrol Facility 

(Sunnyvale, CA) 
- Air Force Techn i cal Order 
- Address Indicating Group 
- Air Logistics Center 
- Advance Research Projects Agency (ARPA) and 

Lincoln C-Band Observable Radar (Kwajalein) 
- Advanced Logistics System 
- Arithmetic Logic Unit 
- Attendant Line Unit 
- ARPA Long-Range Tracking and Instrumentation 

Radar 
• Administration Manager 
• Air Force Maui Optical Station 
• Automatic Moving Target Indicator 

Alphabetic/Numeric 
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ANSI 
ANSSC 
Ao 
Ap 

• Am erican Nat ional Standards Institute 
• Alternate NORAD Space Surveillance Center 
- Operational Availability 
- Appendi x 

APO - Army Post Office 
APPL 
APR 

- Applications Computer, POP 11/70 VK 
- Apr i 1 

AQAE 
ARFCOS 

- Functional Area Quality Assurance Evaluator 
- Armed Forces Courier Service 

ARPA 
ASAP 

- Advance Research Projects Agency 
- As Soon As Possibl e 

ASAT - Anti-satellite 
ASC - AUTODIN Switching Center 

- Allowance Source Code 
ASCII - American Standard Code for Information Inter-

ASD(C) 
At 
AUG 
AUTODIN 
AUTOVON 
AUX 
AV 

change 
- Assistant Secretary of Defense (Comptroller) 
- Availability Test 
- August 
- Automatic Digital Network 
- Automatic Voice Switching Network 
- Auxilliary 
- AUTOVON 

AWM 
AWP 
AZ 

- Awaiting Maintenance 
- Awaiting Parts 
- Azimuth 

BC 
BCD 

- Budget Code 
- Binary Coded Decimal 

BON - Besselian Day Number 
BI - Background Investigation 
BITE - Built In Test Equipment 
BIU - Bus Interface Unit 

- BL - Bi 11 of Lading 
BM - Business Manager 
BMEWS 
BOF 

- Ballistic Missile Early Warning System 
- Bottom Of File 

BOI - Basis Of Issue 
BPS - Bits Per Second 
Brd - Board 

I BT 
BSS 

- Break Text 
- Base Service Store 

BTOOO - Base Technical Order Distribution Office 

I BUF 
CC) 
CA 

- Back-up Facility 
- CONFIDENTIAL 
- Ca 1 if orn i a 

I 
CAB 
CA/ CRL 
CAI 

- Civil Aeronautics Board 
- Custody Authorization/Custody Receipt Listing 
- Convnunications Action Identifier 

CAL Ca 1 i brat ion 
CAN - Cancel 
CAN.US - Canada-United States 
CAP - Convnunicat1ons-Electronics Authorization Program 

- Communications Allowance Program 

I 



CAR 
CAT 
CAU 
CBL 
CCDG 
CCG 
CD 
CDR 
CORL 
COSS 
cou 
C-E . 
CEFR 
CEIP 
CEM 
CEMOI 
CEMT 
CENTO 
CES 
CF 
CFE 
Ch 
Chg 
CI 

CIC 
CIG 
CINCNORAD 
CIV 
Ckt 
CLASSY 
CM 

CMC 
CMP 

CODEC 
co 
COI 
COMBO 
COMINT 
COMM 
COMSAT 
COMSEC 
COND 
CONUS 
COR 
cos 
COSMOS 
CP 

I 
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- Cu stome r Account Representat i ve 
- Category 
- Crypto Auxiliary Unit 
- Commercial Bill of Lading 
- Console Control and Displ ay Group 
- Corrmunications, Control Group 
- Command Director at Ch eyenne Mountain Complex 
- Critical Design Review 
- Contract Data Requirements List 
- Canadian Department of Supply and Services 
- Console Di splay Unit 
- Communications-E lectron ics 
- Communications - Electronics Facility Records 
- C-E Impl eme nta tion Plan 
- Communications Electronics Maintenance 
- C-E Maintenance Operating Instruction 
- Command Equipment Mana gement Team 
- Central Treaty Organizati on 
- Communications/Electron ics Su pervisor 
- Centrally Funded 
- Contractor Furnished Equipment 
- Chapter 
- Change 
- Configuration Item 

Critical Item 
- Content Indicator Code 
- Content Indicator Group 
- Commander in Chief NORAD 
- Civilian 
- Circuit 
- Satellite Catalog Compilations_ 
- Candidate Material 
- Corrective Maintenance 
- Cheyenne Mountain Complex 
- Configuration Management Plan 
- Contrast Mode Photometer 
- DEC Compare Utility 

Code/Decode 
- Colorado 
- Communications Operating Instruction 
- Combination of Miss Between Orbits 
- Communications Intelligence 
- Communications 
- Communications Satellite 
- Communications Security 
- Condemned 
- Continental United States 
- Computer Operations Room 
- Certificate of Service 
- Chief of Supply 
- General Class of Soviet Military Satellites 
- Command Post 
- Centrally Procured (through AFLC Manager) 

Contingency Plan 

______ / 

l1 
I 
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CPC 
CPCI 
CPOP 
CPET 
CPR 
CPT&E 
CPU 
CQAE 
CR 
CRB 
CRD 
CRI 
CRISP 
CRT 
CRYPTO 
cs 
CSB 
CSOB 
CSOBM 

CSISM 
cso 
CSR! 
CSRL 
css 
CTA 
CTK 
CTRL 

CTRL/Z 
CTS 
cu 
CUSR - CVI 

D 
0/A or D-A 
DACS 
DADS 
DAR 
DB 
db 
DCA 
DCAC 
DCAS 
OCASR 
DCD 
OCE 
DCII 
ocs 

OCT 
OD 
DOC 

- Computer Program Component 
- Computer Program Configuration Item 
- Computer Progr am Development Plan 
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- Contractor Performance Evaluation Team 
- Cardiopulmonary Resuscitation 
- Computer Program Test and Evaluation 
- Centra l Processing Unit 
- Chief Quality Assurance Evaluator 
- Carriage Return 
- Configuration Review Board 
- Cumulative Recur ring Demands 
- Collective Routing Indicator 
- Computer Resources Inte grated Support Plan 
- Cathode Ray Tube 
- Cryptographic 
- Communications Subsystem 
- Computer Science 
- Computer Support Base 
- Common System Data Base 
- CorTTTion System Data Base Maintainer 
- Common System Data Base Manager 
- COMSEC Supplement to the ISM 
- Cognizant Security Office 
- Called Station Routing Indicator 
- Cod e Selected Reconciliation List 
- Communications System Segment 
- Cobra Talon Alert (Ref N/A/S 55-12) 
- Composite Tool Kit 
- Control 
- Contra l Key 
- Control Z Key strokes 
- Clear To Send 
- Candidate ·uncorrelated Target 
- Central United States Registry 
- Colorado Video Integrator 

- Directive 
Digital to Analog 

- Day(s) After Contract Start 
- Digital Automatic Display System 
- Data Automation Requirement 

Data Base 
- decibel 

Defense Communications Agency 
- Defense Communications Agency Circular 
- Defense Contract Administration Services 
- Defense Contract Administration Services Region 
- Data Carrier Detect 
- Data Communications Equipment 
- Defense Central Index of Investigations 
- Defense Communication System 
- Deputy Chief of Staff 
- Data Communications Terminal 
- Department of Defense (For use with forms) 
- Dedicated Data Circuit • 

I 

i ·. 
I 
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DEC Writer 
DEFCON 
DEFSMAC 
DET 
DG 
OGR 
DIA 
DID . 
OIFM 
DIS 
DISCO 
OISCR, OGC, 050 

DLA 
OLM 
OLS 
ONACC 
DO 
0/0 
DOC 

DOD 
DOOM 
DOOR 
DOE 
DOFD 
OOL 
DOLD 
DOLF 
DOLi 
DOLT 
DOR 
DOT 
OP 
DPDO 
OPG 
OPS 
DR 

OSA 
DSAL 
OSI 
DSP 
DSP&P 

DSR 
DSSTRR 
DSW 
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- December 
- Declination 
- Declination Angle 
- Digital Equipment Corporation 
- Terminal/Printer 
- Defense Readiness Condition 

Defense Special Missile and Astronaut ics Center 
- Detachment 
- Dome Group 
- Designated Government Representative 
- Defense Intelligence Agency 
- Data Item Description 

Due-In From Maintenance 
- Defense Investigative Service 
- Defense Industrial Security Clearance Office 
- Director for Industrial Security Clearance 

Review, Office of the General Council, Office of 
Secretary of Defense 

- Defense Logistics Agency 
- Depot-Level Maintenance 
- Documentation/Library Specialist 
- Defense National Agency Check Center 

Director of Operations 
- Due Out (DUO) 
- Differential Orbit Correction 

Due Out Cancellation 
- Depar tment of Defense 
- Department of Defense Manual 
- Department of Defense Regulation 
- Department Of Energy 

Date of First Demand 
Department Of Labor 

- Date of Last Demand 
- Date of Last Follow-Up 
- Date of Last Inventory 
- Date of Last Transaction 
- Due Out Release 
- Department Of Transportation 
- Demand Processing 
- Defense Property Disposal Office(r) 
- Data Processing Group 
- Data Processing Subsystem 
- Dead Reckoning 
- Defense Radar 
- Deficiency Report 
- Defense Supply Agency 
- Deep Space Attention List 
- Defense Security Institute 
- Disposal 
- Director for Security Plans & Programs, Office of 
- the Deputy Under Secretary of Defense (Policy) 
- Data Set Ready 
- Deep Space Sensor Tasking Response Report 
- Device Status Word 

I 
t 
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DT&E 
DTG 
one 
DTMF 
DTR 
DUSO 
DVM 

E 

EAA 
EACC • 
EAHIST 
EAID 
EAIM 
EAM 
EAR 
EC 
ECO 
ECO 
EDD 
EDLM 
EEFI 
EEIC 
EEX 
EFTO 
EIA 
EIC 
EIP 
EL 
ELSET 
EM 
E&M 

- E Magnitude 
EMC 
EMI 
EMO 
ENAC 
E.O. 
EODET 
EOM 
EOM I 
EOQ 
EOS 
EOSS 
EOT 
EPA 
EPABX 
EPROM 
ERRC 

ERRCO 

ERU 
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- Development Test and Evaluation 
- Date Time Group 
- Defense Technical Information Center 
- Dual Tone Multi -F~equency 

Data Termin al Ready 
- Deputy Under Secretary of Defense for Policy 
- Digital Voltmeter 

- Encrypted 
- Emergency Priority 

Equipment Approval Author ity 
- Electronic Asset Con trol Center 
- Evaluate Historical 
- Equipment Authorization Inventory Data 
- End Article Item Man ager 
- Electronic Accounting Machine s 
- Export Administration Regulation 
- Equipment Custodian 
- Estimated Complet ion Date 
- Equipment Control Of ficer 
- Estimated Delivery Date 
- Emergency Depot Level Maintenance 
- Essential ~lements of Friendly Information 
- Element of Expense/Investmen t Code 

Excess Exception Code 
- Encrypted For Transmission Only 
- ~lectronic Industries Association 
- Engineer-In-Charge 
- Equipment Inoperat ive for Parts 
- Elevation 
- Element Set 
- End of Medium 
- Signaling Leads (used in telephony) 
- Exoatmospheric reference Magnitude 
- Emergency Message Change 
- Electro Magnetic Interfere nce 
- Equipment Management Office 
- Expanded National Agency Check 
- Executive Order 
- Early Orbit Determination 

End Of Message 
- Equipment Maintenance Operating Instruction 
- Economic Order Quantity 
- Electro/Optical Sensor 
- Electro-Optical Sensor Subsystem 
- End Of Transmission 
- Environmental Protection Agency 
- Electronic Private Automatic Branch Exchange 
- Electrically Programmable Read Only Memory 
- Expendability, Recoverability, Repairability 

Category Code 
- Expendability/Recoverability/Repairability/Cost 

Designator 
Earth Rate Unit 



<ESC> 
ESD 
ESR 
ESV 

ETA 
ET B 
ETRO 
ETX 
EXEC 
EXT 

FAA 
FAD 
FAR 
FASW 
FAU 
FBI 
FCA 
FCL 
FCP 
FCU 
FD 
FDX 
FE 
FEB 
FEMA 
FFK 
FLP 
FMS 
FOB 
FOCI 

- FOUO 
FOV 
FPO 
FQT 
(FRO) 
FRS 
FSC 
FSN 
FSO 
FSS 
F4P 

G 

GA 
GAO 
GBL 
GCT 
GOPSS 
GE 
GEODSS 

- Escape Key 
- El ectronic Systems Divi s ion 
- Equ i pme nt St atus Report 

Ea rth Satellite Vehicl e ; a man-made ea r th 
orbiting obj ec t 

- Estimated Ti me of Arrival 
- End of Transmission Block 
- Estimated Time to Return to Ope r ati ons 
- End of Text 
- Executive Computer, PDP 11/70 VK 
- Extinction 

Ext ension 

- Feder al Aviation Admi ni st r ation 
- Force/Activity Des igna tor 
- Federal Acquisition Regula t ion 
- Functional Applications Software 
- Fuse Alarm Unit 
- Federal Bureau of Invest igation 
- Functional Configuration Audit 
- Facility (Security) Clearance 
- Fuse and Connector Panel 
- Flexible Conference Unit 
- Federal Document 
- Full Duplex 
- Facilities Engineering 
- February 
- Federal Emergency Management Agency 
- Fixe d Function Keys 

Follow-Up 
- Foreign Military Sales 
- Found-On-Base 
- Foreign Ownership, Control, or Jnfluen i::~ 

For Official Use Only 
- Field Of View 
- Fleet Post Office 
- Formal Qualification Test 

Formerly Restricted Data 
- Federal Reserve System 
- Federal Supply Class 

Federal Stock Number 
- Facility Security Officer/Supervisor 
- Federal Supply Schedule 
- FORTRAN - IV Compiler 

- Guidance 
- Giga (1Q9) 
- Georgia 
- General Accounting Office 
- Government Bill of Lading 
- Greenwich Civil Time (Zulu) 
- GEODSS OPS Simulator 
- General Engineer 
- Ground-Based Electro O~tical Deep Space 

Surveillance System 
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