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PRE.Lii'iliNA::ti JGSULTS ~R0~1 O:?.(I'~ ~d:.J '""'P'"'\':;:CING 
0:;:;' U. S . E!\ \'£H SAr.I'ELLIT:SS 

by 

J. Allen Hynek'* and Fred L . \ltlipple** 

~ the satellit:e program o.f the International Geo­
physical Year the complex operations pe rformed by t he Op­
tical Sat~llite Tracking Program of the Smith.3onian Astro­
physical Obse r va tory are a result of teamwork in the f ullest 
sens e of the wor d . The manifold tasks include t he visu~l 
acquisition of the artificial ea r t h satellites, the com­
putation of search ephemerides and predictions, the opera­
tion of a wor l d -wide network of precision tracking cameras 
capable of photographing small objects at distances of hun­
dreds of miles and timing these photographs to better tha n 
a thousandth of a second, the screening, reduction, and 
analysis of incoming data, and last but not least , the dis ­
semination of the reduced data t o t he scientific community . 

. 

Remembering that since October 4 , 1957 , there has been 
a to tal of eight ob j ects pr ojected into satellite orbits, 
v1e hardly need to po i nt ou~ that the erf'orts expended by 
tho usands of persons, including the volunteer Moonwatch t eam 
rnembe~s, in the Optical Tracking . Pro~ram a lone are outstanding. 
,~ith great scientific enthusiasm and satis{action, our staff 
membe r s ha ve par t i cipated in this undertaking, orten well 
beyond the norT.Jal call of duty . \ve have not noted simi lar 
dedication save i n tirne 3 of national emergency. 

The coope r a tion of the U. S . Naval Research Laborato~J 
Ln furn~3hing us with critical prediction data fo r ~atell ites 
jit~ live r1dior· has been of rna j o~ importance. Also ~ the 
comput a 1;:!.0 :1 oi.' e pherr.e :>i de s and orbital da t a would :nave been 
v~ :o~ually impossible ·,.o~i ~hout the generou3 cooper at ion of the 
I:lte r ':la ti .:n-•.a.l .3u.3ine3S 11a ch:!.nes Corporat ion a:ld the Compu­
ta ~ions Laboratory at the Massachusetts Institute of Tech­
nology in Ca~bridge . 

•• ..... 

• •• "'; r' • 'f' 

!~ssocic..te Di:-ector 1 Smi thso':.la::~ Astrophysical Observato:-y, 
in charg-; of the 09tical J3. -'-;e ll l "';e r.I't'acking P:>ogram 

• 

:Jir~ctor; Smi ~hsonian .A3 t:·o phy3ical Obse.:-vato:-y 

• 

• 

I 
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Th:! sub;:)~qu~:l t s~c t i on.:;; of this caller ., .ton ''13..V~ b ~~n 
pr~par~d individually by me~bers or' the Smithsonian A3tro ­
phys teal Obs t->rva tory \>Vho are ac ti vc ly \'Torking in this 
part i cular field and t heref ore best able to .r::::-esent a 
factual and informat i ve account of the resp~ctive aspects 
of the program. In this initial chapter, ~re wish to 
summarize as well as outline from an overall point of 
view the orbital data and r esults •trhi ch t-·ie have been able 
to obtain wi t h regard to Sate lli t es 1958 Alpha , 1958 
Beta One, and 1958 Ga~ua . 

The mainstay of the long- r ange optical t racking p ro ­
g r am i s the '··lOrldwide network of precis ion photographic 
stations, employing at each obse~ring station a 3- axis , 
20 - i~ch ape rture, f / 1 camer a d~signed especially for the 
photographic tracking of a~tificial earth satellites . 
'!'h e optics fo r the s e cameras were designed by Dr . Ja"Tle s 
G. Baker, a nd constructed by the Perkin- Elme r Cor poration . 
Th~y employ ~ unique 3- corrector lens system having 4 
aspherica l s:J.r-faces , in como ina tion 'lfi th a 31- inch con­
ventional spherical mir:-or, providing a us~a·ole fi~ld of 
30° . The motor - driven mechanical drive provides se ­
quential tracking of a sa t~ llite and of s t ar background 
on the s~"Tle 250 x 55 rom. film frame, in cyclical succession 
so that many individual photographs can be obtained during 
a g iven satellit~ passage . The unique mechanical system 
•:ras de sig:1ed by Mr . Joseph Nll.nn and fabri cated by 3oller and 
Chivens, Inc . , all or Sout h Pasadena, Califor nia . 

The urgency imposed upon the optical t racking p~ogram 
OJ the launching of the Russian sate llite s w~de i t de ­
s ~rable to expedite the cons truc~ion of the stations and 
r.o obtain the use of auxilla~J cameras to go i nto operation 
b~fore the arrival of the Ba!-<:er- Nunn cameras . Through t he 
. xcell~nt cooperation of th~ Ba llistic Rea~~rch Labo~atory 

.,,'! have oo i:a ined ,;he use of t wo S M T (Small :'!issiles 
Te lecamera ) instrQ~ents . In addition, s ~veral pho t o ­
th~odolites have been furnished through the courte sy of 
the U. S. Air Forc e , thus ~4king possible the comple~~on 
~t any earli~r da t e tha n othe~~ise possible an ~ff~ctive 
i:rack1ng n~twork. As discus s e d by Karl G. Henize i n his 
r~port, the ful l complem~nt of :aa;.cer- Nunn cameras is ex ­
o~cted to b ~ in op ~ration by nid June. 
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For an ~rtlficial sat.ll~t~ ~o be traclc ~d rno3t ~~f~ctiv~­
"2..:; for ~c ienti.i:"'ic :;:>urpose ;j, ~: e t-r:tckil"~ '1.ccu:-ac y mu3;:; "'.:> e ot' 
~·~ · o ~ ~~r of ">eco:t:ds o C arc _nd '-'"" ') , ')'"I 1 e ~ r ras o~ t . ... . A 
..::_·y'3ta l clock o:· e:~.:~::> e:ne r:-~c!.3::,~ r.a::~ oe e:n '::>~:.lt O.f tr; 
!:: ... :nat r~orr:p.an Labo-r ... a tories , ··/ ill_:Lrr.s Say , ':fisco~sin , r'o r eac n 
of tne Lwelv~ obs~rving static~s. The tim~ ~~esen~at!on 
.,, 1 thin e 1-::h camer a is photographe d on each fram~ . 

It can be s t ated thac the sc:entiflc value of a 3at~lli t~ 
!."'or many geophysical pu:-poses rises gr~a tly ltTi th 1 tn l ongevity. 
Pr~cision obnervations of non-aspheri calJ close artlflcial 
s.J.t~.~ l lites ar~ of littl ~ value in solving major geodet i c 
prob lems becaus~ of the variabla mot i on introduced by vary -
ing orientation and the consequent irregula r drag . Hence 
th ! pr~dent schedule in e stablishing the precision c amera 
n:ograms has occasioned little scientific loss . This more 
lei3u:'~ly program has more t han o~:se t this loss, i n t erms 
or improved optical and me chanical perfo~nce . 

T~e succ~ssrul photog raphs of the first two -~erican 
satellites by s everal of the net~ork s t atior.s is a grati ­
fy ing s i gnal o.f the routine tracl<.~ .. !"'..g soon to b e ~ft:ec ted . 

Th~ es tablis!'une nt of the photographic ne t-,rork Not.:ld 
no t have bel!n possible without the cooperation o.f s~veral 
for~ign gove~ments. Particular note must be taken of the 
g~~a~ a ds i stanc e rece iv~d throug~ the resp~ctive I .G.Y . 
co·r.mi tt~e s from the gove rnments of Argentina, Australia , India., 
I~an , Japan, Nethe rlands An~i ll~s, Peru a nd th~ Union of 
South Africa . The i r sympa~hetic appreciation of the urgency 
of the tota l program ha s been i ndispensible , and our work in 
those s e veral countries has b een carri ed ou t i n a thoroughly 
cooperative manne r appropr iate to the spiri t o~ the Inter-
na tiona.l G~ophysica l Yea~. 

An integ::>al part of the optical track i:lg pr ogram, 
~o~plementa~y to the pr ecision prog~am, ls the f ar-f l llilg 
--13ua l ooserving ;> ,....oj ec t ~!":ned MCOtT'.VATCH. Co:1ce i v e d 
0ri_na~ily as an acauis ition and ~~conna~dsance miss~on to -cov • r ~e~iods i~ed~ate ly after launcning and sho='tly b e -
r'or e d~mi3 e , in fina l s t a ges of ~he existe~c e of a s a t e l l ite ; 
... oO .. 'ftiATC:! teams hav ~ s erved cont1::1urus ly as interim +:-:--acki ng 

3 ta t:ons dur i::.g tt.e p~riod of .:'i!"'.al prepa~a ~ion o:' t;~1e 
~~o~ographic trac~ir~ stations . ~he exe~pla~f HOrk o f the 
o ... ·, !ral t:1ousand3 of pe rsons .(:l.Jol-: ed in this p rog ram s~ands 
out as a s i gnificant cont:-ibu-;io:L ~o th~ sate l lit-e prog::-am, 
:1:.d an ou t3 «;a:::ding e.Y..ampl~ o!.' l a 1 r-a::-tic ipa t:!.on in ~n 
lr.t~ rna tiot"'..al !3Cl~ntific ve'1":1..l.::'l'! . 

• 

• 
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Larsely ti1r ough tr.e use of NOONTIIATCH observa ti0ns, 
the computations and analysis d i viston of SnithsoY'llan 
Ast'~"'o!)hJSi.cal Obs -e"':'va <:.ory n;s b ee-n ~ble to ~ · r:ve ""'' c:nli' i­
c 1.Y1 t. ev~n t h:!X)ugh p ~~ l imir.ary, sc l~n tlf lc r~sul t s . 1'h ~s ~ 
are t:c:"a ted in Chapt~r III and lnc lud~ t he orbit d~ t er­
mination of 1958a and an evaluatlon of the vari able 
accele ration of this satellite and of i ts life expectancy 
With re s p~c t to 195Ba2 , the perigee diotance i s so 
re l ative ly high that Iittle can be sa id of its life 
expectancy s ave t hat in al l pr obabil i ty it mus t be 
counte!d in deca de!s . I ts rocke t carrier, 1958a 't>Til l 
probably have a significantly shorte r life time~ but 
sti ll pe r haps a decade or mor~. 

Various computationa l programs have been devised, 
and oth~rs a r e i n pr oce ss , for the ut i lizat ion of s a tellite 
observations fo r predic tion purpo s e s as contrast~d to 
the ir us ~ for r e sults of g eophysica l inte r est . 
Eph~merid~s r or ge nera l use a s we ll as for sp~cific use 
at giv ~n g~ographical points have b een prog ramed; a n 
exampl e of the l a tte r is the program ~oJhich prints out 
actua l Bake r - Nunn camera s e ttings \'lhic h can be cabled 
direct l y t o t he ne twork sta t i ons . 

I mplic i t in the p~ediction program i s th~ ob j eccive 
to d isseminate not onlv spec ific pred ic t i ons but gene ral 
satelli~e info~~~ion of a n astronomica l characte r t o 
th~ pub l i c through the seve~al mas s media . This we 
have r e cognized and me t by c oncise sta t ement s to the 
pres s and by the pr e paration of charts illus~rating 
vis ible passages of satellites ove r the Un i ted State s . 

• 
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OPriC. L S!~TELL:T.Z OBSER"/ATI ONS 

Tha Net•!fork of Pre cision Photographic Satellite 
T::>acking Station3 

by 

Karl G. Henize* 

l. Sta~ion Operation 

On the date of thia report, nine photographic satellite­
tracking stations of the pl anned twelve - station network are 
i n oneration. These stations are listed below in Table One 

-togc;the r with their dates o~ first useful operation a nd with 
the instrument no,.t~ installed a~ each s tation . 

TABLE ONE 

Stations i n Operat i on 

Station ~o . Lo ca~ion Date Instru~wnent 

-
9001 NcTJI Mex.i~o 5 NO\! . I 57 Baker-Nunn 

9002 South Africa 20 "",1" o b I 58 Baker-}lunn 
J. ..... • 

9003 Australia 12 Mar . I 58 Baker-Nunn 

9004 Spai n 17 Mar . I 58 Bak~r-Nunn 

-
9005 - +'27 Mar .. I 58 Baker- Nunn .;a-can 

par~~al 

9009 Curacao 12 ~~ar . I c:;8 S1~ 
..; 

9010 5'lorida 18 ~r. I sB SMT 

9011 A .:-g~ nti!1a -''*2 5 ~l(a t' . I ::;8 Suuer Schmid1; 
-' -

• os-- ,_, .. 

~0~2 T..J ~·"a ... i . .) ~~ ·;:-;. Sucer Schmidt 
... . - .J... 

,_ , 
~-J -

:r- Japan :.:epo::>ts partial operation only, a nd ";'/e may 
a:r~icipate f ull o9e r=..tion ·,o~i th i !'l t ·.vo ~o t hree day3 . 

.... + A ~able ;. .. r om A ::-gen--;i~ '21 !1arc~ e5 ti:na "jad t~1i s 
25 :•1arch o pe ratio:1 da~e . 

-------------------------* s~~ior .-\.3 trono:rl-=!', i n l.~ 3.::-6e vf -c:"lo"t;ographic trac~c2.:1g 
sca~iQn3, Oot~~al Sa~clli~e r::-~cking ?rogram: Smi~h-
>onl~~ As~roohy3ical Ob~e~;ato~J 

~ 

• 

_____ ... 
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k~ £our of ~~e stations listed abo'l~ , Super Schmidc 
n;~ teo."" co.mc.ras o:> Small Nisslle T~lecameras have b~e:1 i.n­
s~~tll. ~d on an intd:'i~ baa 3. As 3~own ln T~bl~ ~~o, t es~ 
i n .... ,:r'J;n~ats Nill e .,rentually '.... e replac::d D J Eake:-- 1h .. 'l'1 ;.-

m?. r~ . .,li' r.hus r~sul-:ing in a \~·./~lva - dta"Cion ne;;·,.,ork eq_•..tlpoed 
'\·1lljh i '"lentical inat:-uments of superior precision and accuracy . 

Tb..: Ja":e.s in Table O~e ar~ da:.es o r actual accornpl1 sh."1lent. 
The: da~c3 llsted below i n Table '£".-to repre s~nt our pr esant 
..; chedule f or the r~rna ining Baker- Nunn came r as. 

TABLE TWO 

Scheduled Operational Dates of Additional Baker Nunn Cameras -
Station No. Locat ion Shl??in~ Date Date in 

Oneration 

9006 India 29 filar . I 58 15 it!ay I 58 
9007 ?aru 8 Ap r . I 58 28 Aur. I 58 -900'6 I!G.n 18 Apr. '58 8 ~1ay I 58 
9009 Curacao 28 A or . I c;8 8 t-1ay '58 - -" 
9010 Florida 8 ~ay I 58 18 r~y I 58 
9011 Argentina 18 Illay I 58 7 - I 58 J une 
9012 Ha:.<~a.i i 28 i'Iay I 58 12 J une I c:;8 

-" 

2 . Pho~ographic Reduction 

PhoT.ographs of American satellites 1958 a and 1958 ~1 
'l(~re first obtained during the visibility period around 
~·larch 18, 19 58, at our photographic tracking stations 0 Suc-
0essful photography continues and the f i lms showing satellites, 
af ';e !" imme diate :r:.ald ~ading, are being reduced fo r precise 
:at a ;:•raluation. The image quality is such that we may be 
a~ le, ~~~h furthe~ efforts, to obta i n also pre c i se photographs 
o~ Sa~~lli~e 1958 52 . This prog~a~ for pr ecise da~a reduction 
.:::. ; Camo:-:..dge 1 .3 ·..1::1de:' the su.:;;e:,:"rision of Dr. G: orge Van ::ai~s­
~~ o~cAJ Consul~a~v. Spe cial precision ~easu~ing engi~es ~or 
:.1~ ~acting ~nd sea~ch are used, resulting in h16hlJ accu~~e 

.. t'i .I D "- • I"- . t d . h L. .4. ~ ..,. oos ~J on ~:liorma ~~on . ~ l3 expec a ~ . a~ a ca~a~o~ue o ~ pr~ -

ctsion da t a r~om t he t r acking ca~e~s can be issued doon in 
a natu~ si:nila~ ~o the catalogues of i'•100.~~ftrlA.TCH da<;;a . 

3 . Rad.'..l c~ion o~ P30'!'0T~.ACK Obser·ra tions 

\ ·~onsidaraole :1um:>er of photo~:r-aphs o:' the 3ovi~r. sa­
r ~lli~~s .,_a-re bee!'l :-eceiv~d f!'om ?:-!OTOTRACK sta~ions a::.d a:na­
v =~r pho~ographers a nd are being reduced i n ~n a~lo~ous man­
n ; ·:-. 'fo ~t.tch pho:ogra phs ha ,re a d yet been ~ce ived :1ere of -;he 
U. S. Jacellites . 
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<. .. • u -..,. ._., ..) .A(;' -. - -

Leo~ Campbell , Jr . * 

Si.,...ce +-he 1 PUn,...l->ing~ a~ ... hP. ·u- S artif'lr · i-:~ 1 P"-' .... -h .L. ...,__ -- -.a- ... 1. .. v ~ , ... ...,. lit j) - ..., .....,.._ -c..;.- "" 

satellites., 13 r~IOOrPtiATCH 3"cat:..or.s particip2.':i~g ir.. t'1e 
S11i thsonian As trop!':ys ical Observator"J ' s v l::ua.l observ i ng 
program have reported a total of 59 obser'r~tions. These 
'Here made betwee:1 Fenrua:F~J 3 a::d ~·!a:-ch 24 of l958a and 
between March 19 a~d March 26 o~ 1958~1 $ In addition ~ 
"cl-le first sigh:iY:g af 1958:3? TTas r:1ade on i1lsr~~ 20, J..J58 
and the first sighting of 1§58~ was reported on Ma~ch 27 , 
1958 . 

All observa-cions lis ced in ti;.e follo·..r.:..:1.g Catalogue 
··1ere used 1:1 the sm:. ::hsor.ian Oose!'vatory' s computer pro ­
gra~ for de ce~ini:!.g subs~tell~te points~ Some veFJ fe~ 
C t:'...,o l" "' 'O~er·rar ~ Q'nS .,.....,CO 'Y'Ot , ~,. 4- oa· \..ere \..oC.:::l " - 0 thP t • ""'i""g ""'-•-- .:...J ~ ...,.!.. . ... "--- ... .J..-W ..,~_ - L,;""' _._,. _~_ -- -·•1. .. .l 

.-. P t"'o o '0" 0 r"' •a'--lo-c:::. 'f"S .....,0;- -'-o ... ·..,o ~°CO.....,C1 0,... t-.-,o "'"'0"1 "~ 0,.... v- --""" ..:>"' ., .,; .J.. ...... - ., -:::, L ..- J <J v! ....... v'""' .1;. .. ,_, __ 1:-' .:> v_ 1 . 

co o~2 deg~ee of ar~~ Ho~ev9~ , t~ese ur.li~ted observations 
"•i 0 r'e useful c-i ne~ ~.::lv•nc- b.::>01'"' :T'.::l..;O ,.,,J,..inc- .,,.,,.....T c:>;::lr•,·• 
• -- '-'--- -) ~-- .J. o --· · 1 · ·- ...... - ...... - -··o C.-J -~--J 
O~~i ,...inc- of the ~~•.::. 1 .L-i'~Q '-~~y serv"'d "Q ~oc~" c~ o,..o _ _ .._, V 0 -- ::>-'.J" .... - _,_..;; J v--'-- - a_ . _, OJI. .... , ... 0 .. . .... --

li.:1inary orbi -:al elene!"ltSo 

It will be -:...1nders '!;ood the.-: a:: this ti::.e,.. only days 
af~er the 1958~ and 1958~ lau~chings, the observat ions 
reported of s atelli -; es 1958~2 a:!.d 1958~ a~e preli~i~ar7 
,..,," 0 S a'"'d no+- ··e- "on·" · ....,.....,..,d b·~ O""' Compu'-:;,tic"'~ ... " "'r • -·-""""- ... .... .. '-' , / I.; -_ .... ..&..--- -. •• r::; J ... _ . '.,..c,. .,.. --V ..::t. .a. .. -

A~alysis Section . ~~ ~ay ea3~ly develop that ~o~e of 
o;:;hese s i6~tir1gs ~us t "'::le di.:;carded later • 

-- -- --- ----
Pro ec: 

• 
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the U .. S. sa telll tes :~ere made clu ~"'ing a p ~r-iod in \'{{l.:.(: h many 
of the 2)0 ::;tatlons ·:1ere e11gaged in observing 1957!31 :.1s \'Tell o 

Tt.\fo r-1001--TWATC:rt teams reported unlque observing experi ­
ences. Alamogordo station 102 on !'larch 19 observed 1957131 ~ 
1958a. and 1958!31 ; the latter t~"o objects 1t1ere about 13m 30s 
apart . Albuquerque station 103 on ~~larch 20 observed 1958!31 , 
1958!32 and l958a. in that order . 

The Catal ogue lists the observations by object, and 
in chronological order . The Key to MOO~MATCH Station Code 
Numbers gives the geographical coordinates of the stations 
listed in the Catalogue . 

It will be noted that the position of the satellites 
is given either in righ: ascension and declination or in 
azimt..:th and altitude . Azimuth is measured clockwise from 
north through 360° . The Catalogue and K2y to Stat~on Code· 
Numbers follm'l : 

• 

' • • ' 

• 

' 

' 
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I<F.:Y TO JlllOOm·/ATCH STATIOH CODE Nffi,1BERS 

Coae Nnmber Station Name Longitude Latitude 
- --- --

027 Hnnha tLun) Kansas 96°28'5ln \.J 39°09 ' 45" N 

UDtJ Bryan'/ •eex as 96 20 Olo L~ VI 30 30 l4o7 1\ 

069 fi'orL \"Jor t h ·re.x as 97 22 09 ~~ 32 1~2 1+2 l: , 
,)C) B China Luke 9 Cul l fo1·n i a 117 39 46 . l3 \v 35 39 25o2 N 

1 0.) Alamogordog Hew I•lexico 1 o 5 57 o 1 .. 9 vi 32 52 2!.,. .. 3 H 

103 Al buquerque 9 lJ e \..J J.1 ex 1 c o 106 36 29 0 2 1;1 39 OJ 16.,3 
, . 

I 

. l 

':.> 10 Higa~hlmatsuyama 1 Japan 139 23 54 E 36 02 22 N 
\Q >?o Kure 1 Japan 1)2 33 44 E 31~ 14- 57 N 

>e' u Yokkaichi~ Japan L"]6 39 00 E 35 00 15 i~ 
c...:.> 
L~Ol B1oemfontein 9 So A:fri ca 26 13 3Sob E 29 06 19 • .? s 
L102 Cape TO\·m jj S o Africa 18 28 37o 9 E 33 - OOct;. s ;,o 

403 Johannesburg; S o Afri ca 28 04 30 E 2o 10 ~,..., .... s :;> :;> • _ .. 

oOO Adelaiae 1 S o Australi a· 138 36 14 E JL~ 55 14 .-
1:) 

• 



.!_~58 Alpha 

Station 
No . r arne 

• 

1958 
• 

1C2 Alamogordo , N.M. 
098 ChLna L atce , Calif 
10 3 Al LuquerqLte, 1J. ~1. 
2::>d Yo,.:;caichi , J a pan 
~02 Cape Tm1.1, S . A. 
226 Kt1 r•e , .Tapan 
2-10 H.i g • s h • 111a, Jap3.n 
!102 Ca1"e 1l'0'tm ., S . A. 

1 u98 Chlna Lalce , Calif . 
~ 102 Ala1nogordo , N.N. 

L~02 Cape rrown, S . A. 
1 1102 Cape Town , S . A. 

Goo Ade l a l de, Aus . 
Goo AdeJ a Jdc, Aus . 
L102 Cape Tmm, S . A . 
Goo Ade l a ide , Au s . 
IW3 Joham'.e::>ourg, S . A. 
liOl Bloenu'ontcj n, S . A. 
401 Dluen1fontein,S . A. 
~OJ BJceml'onte i n,S . A. 

LI01 !)loe.nfontein·, S . A. 
1101 Bloemf ontein, S . A. 

• 

CATALOGUE OF NOON\vATCH OBSERVATIONS 

Tlme (urr) 
d h m s - - - -
03 03 LiG 10 
06 02 24 1~2 
0 '/ OJ 22 02 
08 09 57 3'1 
08 02 51~ 3'1 
08 09 ::,6 32 
08 09 58 1 ( 
10 02 45 20 
11 03 03 25 
12 02 00 30 
12 02 35 38 
15 03 21 17 
15 18 36 30 
15 18 37 02 
16 02 lL~ 57 
17 18 25 52 
20 0 1 55 30 
21 02 50 50 
23 02 39 38 
25 02 28 12 
26 18 09 22 
28 17 57 12 

Right A?. i - De eli- I\1 ti~·r Direction Ang . 
Ascen. muth nation tude of Travel Vel . 

05 23 

Ol.! 10 

04 28 

180 +.1 Lt 9• 
177 15 
180 

72 20 
180 00 

00 24 
180 

-t08 00 

• 

- 05 14 

03 49 180 - 05 30 
00 24 
00 24 
320 20 
03 20 
00 21+ 
337 30 

13 45 48 - 49 42 
00 24 . 
00 24 
00 2l~ 
00 24 
00 24 

73 
'( l 
76 30 

00 24 
74 

79 24 
37 30 
~9 
<34 00 
76 00 
69 30 
71.~ 20 
82 55 
65 00 

Lr6 42 
30 06 
17 54 
43 06 
63 06 

• 

vi - E 
\'1 - E 

VI- E 
\~-E 

1 

• • 

·- . . ... 
~ .. _,e 

-· 

+Juax 
. ,.., 

·r-: +d .. 
• • ·r I 

6 .5 
6 . 5 

:-7 .... 8 
"" +J.:; 
r 
c . :; 

+8 

• 

• 

Hhitc 

Yellm,r 
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I 
I 
I 
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1958 A~jJh:.l 

f.l<-1 t:'Ch , 1958 - . 

Statlon 
No. N,u·1e 

l l 01 
lHJJ 
1102 
403 
40'1 
402 
lt03 

• 

• 

It CJ 3 
( l8 

J-.1 -
t-' l!O'j 

BJo8ml'ontc..ln , S.A. 
J olt~nnw .3 uu t·g, S • 1\ • 
CL~.pe 'l'v~1n, S.A. 
Jollanncsbu.rg ,S .A . 
J ohunne s btH'g. J S. A. 
Cape 'l'~.•Hn • S. A • 
Jot1D."~ .c:;,burg , S.A. 
J c.. h < !lrk ...~ bu l'S J ~; • A. 
C...l.uJ~ J d "• .Ca lif 
J v .1 d~ lJ • •• v lll • ·g , :::> • A • 
Lupc 'l' .. ~111 , S. A. 
Job~ 1cSLUY6,S.A. 
l~ot i::l.L ::;taLi on. 
Al buq .. h. r .. [ u.e, N. Y·T. 
Pt., \/orth , 'r~x ..... s 
No1.. 1.1.. 1n..1.tl on. 
}'t 'du~rh, 'l'~xas 
Hot at s t.a.tJ O!J, 

17L \/v.th, 'J C:.AdS 

Not :Jl cltct l.i on 

I Li02 
403 

103 ,. 
Oo::; 

069 

069 

l~Ol 
O~)b 

• 

lj 0 ~.) 
103 
102 
102 
098 

b) .... 111 tun te l n) S. A. 
' k ~ li ' \~ctJr:J ld c, lia 1 

J '-'•• UI\'1(.:. UUJ'2.,J s A. 
A l1JU4U--!'q\k I I~. I·!. 
A l arno6v t·do, N < l.JI . 
Al urnoc..;t do 1 N. ~1. 
Cn.i na LCJl{t:J Ualif 

T lrne ( U'l') 
d h m s - - -
02 17 44 34 
02 l'{ l~5 06 
03 18 3'l 16 
0'3 18 39 l~l 
Ol l 17 32 06 
or 18 10 or 
0'( 18 12 32 
07 18 12 34 
09 12 50 40 
12 J8 37 28 
l lt H3 19 ?6 
1L~ 18 22 H3 
Coor·Jinates : 
1 5 12 08 54 
16 ll 02 34 
Cuo rdili.:.rces ~ 
16 11 02 35 
...;oo •. JJ n& te s : 
16 ll 02 40 
Coordinatt::s : 
16 18 06 03 
18 12 4) 09 
18 17 50 36 
l g 11 36 58 
19 ll 37 08 
19 ll 43 08 
20 12 26 49 

-.oiO.C•. .... -. 

• 

Right Azi­
As cen . muth 

00 24 
06 19 2 Lt 

00 2L~ 
07 48 5l~ 
06 22 

06 58 
07 05 

0'7 1~7 
26 12S 

00 24 

H3o 24 
180 
00 24 

180 
15 Tf )U 
9'( 2::. 09'.1 
16 06 
9'( ~c. 09'.~ 
16 23 
97 22 09\1 

00 211 
H30 24 

0'( 25 Ll8 
180 
0 

16 25 
180 48 

• 

• • 

Decli- A1ti- Direction Ang. Har;ni - Colo:::­
nation tude o.f Travel Vel . tude 

-l1 6 50 

-74 04 
-56 12 

-71 41 
-71 35 

-32 42 
28 08E 

83 06 

66 15 

82 50 

39 42 
69 30 
67 39 

73 
-37 30 
3~ 42 42N 

+37 30 
32 42 42!'oJ 

137 30 
32 42 42N 

u04 16 

t-40 

69 30 
64 00 

68 
79 

57 06 

\., •. F . ~ 

\V··E 
W-E 
\'I ··E 

-

1.5 

.5 
1.3 
, ..... 
.J. .) 

1.3 

1 

1 

·r-10 

-:10 

.• 1 A 
~'; 

-9 

--7,8 .,.. 
·c 

Yell•)\, 
l .; 11 ()\'\ 
1/l'U t E:: 
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1958 Alpha --- -- -··--- -
,. 

r tat•cn , 195o 

3-cation 
No . Hame -
103 Al buque r·que, N. f-1. 
lj Ol Bloe!hi'ontein, S. A. 
Lt03 Johahnesbur g,S.A. 
1( 01 Bl oentfonte i n , S . A. 
LW3 ;JohaHr.esbu1·gJ S. A. 
103 Albuquerque , N.M . 

I 

Time (u'r) 
d h m s - - - -
20 12 29 22 
20 17 33 27 
20 17 3h 11 
22 17 16 33 
22 17 17 18 
2~ ' '1155~3 

' 
' 

• 
• 

• 

• • 

Right Azl- Decli - Alti- Direction Ang . r~agni - Color 
Ascen . muth nation tude of Travel Vel. tude 

. 
180 51 

,.. 
..:.o 
' 00 2L~ 49 

07 15 -1-0'"( 30 +9 
00 24 40 2L~ 

07 08 54 +18 03 1-10 
180 27 30 \1- E ~-? -f-6 



I • 

I 
I 
I 
I 
I 

• 

I 

. 
t 
t 

i 

• • 

11 :;L~ !Jeta Olle 
..... --- - " 

H~1 !'\~ h l9SL3 -------· 
St-ari c n 11 iMe ( UT} Right Azi- Dec1i- Altico Direction 
~~ 0 0 

•• : •• rr.e d h m s Ascen o muth nation tude of Travel - - - - --
102 Xl tJJljogor.Jo) Ti otJlo 19 1l 1.3 38 1.6 10 0 +l~.l 79 w~,E 

t 03 Alouque.que~ N~M , 19 I 1 15 20 180 80 
10.3 Albuqua.rqu..;J lJ .. I~" ')0 Jl ("'2 07 180 78 JO ~- ~) . 
our) bryan:) rl\.:x A. S 'it 11 2l3 JU 17 13 -07 36 vl·~E (. 

o:::r Manha. t. tan, Kano 26 11 07 JL~ 19 08 -29 18 vl~·E 

, 1 '7'Je Be ca T\.o - -

---
103 Albuquerque) N o~lw 20 11 54 ~~2 180 75 

- --- --

L02 Alun.vgordos- IJoH.. 27 11 Lt5 20 16 25 ·17 N1f~SE 
~ll nd U tivnnl 19 ~:8 Ganu1a obsorvo.tion vJas reported by Albuquerque~ lLNo 9 

!Hw.c <lr~y. but. j t. l:111S not yc c been possible to evaluate i to 

• 

• 

• ............ .~.. ... _ • 

Ang .. Hagni 
Vel .. tude -

+6 
-t- 8 
-,·6 

0 .. 5 
+ lt .. 5+ 5 
'7 ,... ,. 0? 

+8 

2 +6 
statto:1 .L03 7 

Color 

-
Yel2..o~\ 

\!hi t t.,; 

0 :::' • ~·lb 0 

Hhite 

Reddi sh 
for t t_e 

• 
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CEA PTER. I ti 

SCIE;TTIPIC R73ULTS 

The Orbit and Variable Accele~a~~on of 
Satellite 1958 ~lpha 

By 

Charles A. Whitney* 

1 . The Orbital Parameters 

There is no need at present to alter si6nifican t ly the 
orbital elements of satellite 1958 Alpha as published in 
the Harvard Announcement Card 1404, r~produced in Chapter V. 
It should be noted t hat the value ofJLis e~oirical and~is 

~ 

derived from it using the ~heoretical ratio. 

2 . The Variable Acceleration 

During launching, the final stages of 1958 Alpha ;1ere 
given a spin about the body axis . This spin has been expected 
to stabilize the body axis paralle l to the velocity of the 
rocket at burnout . 

However, such an orientation was soon discovered to 
be inconsistent with Smithsonian data on the variations of 
acceleration of the rocket . Dr . Charles Lundquist of the 
Army Ballistic Missile Agency informed the writer that 
radio- signal strength ~easurements of t he Jet Propulsion 
Laborato~y? California Ins~itute of Technology, ind~cate 
tu~blin~ .with a period of about 7 seconds. ~his period is 
consistent with the suggestion that a slight dissipa tion o~ 
energy and near-conse:-~;a tion of angular r::omentum ~1er:r rapidly 
l~d to a ~eorientation of che oody axis into ~ plane per­
oendicula~ "':;o the ax:.s o:: rotation. The ::-ocket "10-11 ro~ate s 
• 
about the axis of grea~est moment of iner~~a, it3 ang~lar 
momentum having baen essentially unaltered. 

;(-

Physicist, Smithsonian Astrophysical Observatory 

• ... !HC fi'P'fl,. 

• 

.. 
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In an e ffor"C to teG;:; this 3·-~ggP.3"Clor· .. J '1e o~r 1::>:.!-
• 

chang~s of 1958 P..lpr2. ha ve be~n :' -'-f'.<amine•J . 

r, a01e I 1i;:;ts not·'"'la1 poln'~:, for• the p8!'.!.s.::e time3 as a 
function of revolutiun nu:-tber .• counti(lg 1rom the fir.st 
passage through pe~igAe and co:nputed for ~hf:' per.Lgee gi ':en 
on H. A. C. 1404 . T!mea are giv~~ in 1958 y8ar days ~nd 
deci~a1s taking .January 1. 0 = 3•)n . o. 

TABLE I 

Perigee Times of 1958 Alpha 

Normal Points 

N fTI 
1. (0-C) N T 

• 

0 397 . 1619(8) +.00009 350 425 . 07758 - . 00013 

50 401 .15290 -. 00007 400 429 . 06215 . 00000 

100 L:.05 - lll304 + . OOOOU. 450 Lt 3 3 " 04- 57 2 .J. 00007 

150 409. 13187 .00000 500 LL37.o.:>8o6 -. 00001 

200 413 . 11963 + . 00001 :J50 4Ll1,00932 +.G')001 

250 417 . 106Li5 -. 00001 600 444,93940 -.00002 

300 421 .09246 +.00002 

Changas 0f anornal! s~ic pe~iod a re deri·,ed by double 
di~~erpn-i~ ~iO~ On ~~i - ~ab~P ~~ racil~rare ~ho (1 i rr~rPn~ia --.L - V -'-' L - , •. - ~ V _.;... _., ~ • . J- -""' \ •• ..,,. - .. --- -- -• \.1--

tion a:1d ~o smooth ~ne ·.at '.., the :''Jllo•.;ir-.g r-eprese:--,ta-::.on 
of tne ~~m~ of pe~~gee ~a3 c~~~ d~~i ved! 

- o. o0oc62 \8 . Ol l'2~T) . 

• 
• 

I 

' 

.. 



R1 lli&t l :c e n•- _.. __ _ 

. . 

• 
• 

- 16 -
• 

• 

Th.l.G e.xpre .sslon reolaces that glv~'1 O!l d. A. c. l~~ OiL 
Di.l:'ere"'-~es ( 0-C J b =~-..seen v:1'~ nor;~al po .~nt " .:!nd thl s 
expressic~ 3re given i n Table I , and th~ f~~ ls within the 
u "leer ';a:i.n t i es . 

The acceleration is then 

dP -7 
dN = - 3.82 X 10 - 0. 87 10-7 sin ( . 0153N ) + 0 . 0'(8 10-7 

sin ( . 0119N) 

Table I I l is t s values of this acceleration • 
• 

TABLE II 

Accelera tion of 1958 Alpha 

d P 1 I 2 (dN x 10 in days Rev ) 

N Obs . Theo . rT Th~o. 

0 -3.8 --- 350 - 3.2 - 3 .. 78 

50 It 4 - "T . - 4 . 09 400 -3 . 8 - 4. 95 

100 - 4.6 - 4 .77 450 - 4.ll -5. 58 

150 - 4. 4 - 4 .70 500 - 4. 7 - 5. 31 

200 - 3. 8 - 3-95 550 - 4. 6 -4 ~40 

250 -3 . 25 - 3 . 17 600 - 3. 7 - 3- 50 

300 - 3. 0 - 3. 06 

Lu!1.aqu2.st has ki:1dly made available a numerical i:L:e ­
gration of the equations of motion--drag i:1cluded-- sta~ti:1g 
wi:i: ini~ial condi:ions specified by the wri~er. A ,,alue 
of acc ele~a~ion some 5.8 times the obser7ed ,,alue ~~as 
ob~ainea 7 through c~o ice of paranteters . By adj·1sti~g ~he 
n e~n ·1alua to t he observ~d mean, the col~mn of ~haore cical 
~~cal~~a~ions i n T~ J~e !I 13 obtained . 

• 
• 

• 

• 

~ 
r 

• 

• 
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• 
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The agreement is adequate to confir m ',l:e suggested 
roclcet attitude . It is easil~l shown th..1'c ·he observ-ed 
accelerations are not compatible with t h! oody axi~ and 
the opin axis parallel . 

Such a direct scaling of the theore tical accelerations 
is not strictly legitima~e because long-period vari~tions a~e 
improperly manipulated . However , these latter appear smalle r 
than the air-drag term so tne comparison is probably not mis­
leading . Further ~ it should be noted that the perigee drops 
too fast in the integration ~ accounting for the increase i n 
the mean of the theoretical acceleration . 

• 

• 

' • 
' 

~ 
• 
• 

• 

, 
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By 

Th•~odore 'r,' ' . 

1 . Ill.t:-oduct io~ 

I shall present a fornula f or t he infe~ence of a~ r 
densi t y f rom the orbital Motion a nd physi~a~ characte riat l.c s 
of a rtificial earth satellites, and then I shall apply it 
t o orbital data , far the American earth sa tellite 1958 Alpha, 
lcindly provided me by Dr . Charles A. Wh1tney . 

2. A Fornula for Inferring Atmospheric Density fro~ 
l·!otion of Artif~cial Earth Satellites 

-'no .._ ..... -

In a paper in press1 the aut hor has made a basi~ theoraticcl 
study of the effects of air resistance upon the mot i on of 
clo se earth satellites . The firs t equation of Sec tion 2 of 
that paper is 

7T 
2 

L1 a c' (~) 2 -
a~ 

p (l+e . 

fo 
C05 

:> j·.) 
E) -' -

{ 1 '\ 
\ - I 

f }-P \;;;; ..... 
\ - cos 

0 

w~ere a and a are the mean distance of t he satellite oro i t and 
i~s eccentricity, respectively; \•Jhere.L\ is an operator denoti'.:'!g 
the increase ir.. one revolution of t he q1..tant i ty upon ··1hich 1 t 
oper3.tes , where a is t he e3.r~h's equa toria ~ !"adiu3 , .,he:-e f (::- ) 
~ 3 t he atmospheri~ density at geocen~ric di s tance r , and where 
E i s the eccentric anowaly . In eqaation (1) c' is-t~~ 

'T" 

1 

.1. "" •"' f'o....,..,..U1 "" 2...., ·a· C O...,C 1 '.l"ion ~ ~ DO" "- a tmo ~'T'\ r o __.,; ,.. 
l . ·- - ,... 1.;; -- - J,. -- - ;:, - .. - .:::> - \.A V t ':) V L-- J. ..L \,.; 

- )""\ r-. - - • d 
. . 

C: • • ., l. '' I J 

artic lg , · ~ve b~e~ ~~rn~uni ca ~ 3d to Sc~~~c~. 

A..;-;ociate 
.?rof e ssor 

Direc~orJ Smithsonian Astrophys i cal Ob ser ~~ ~0~y. 
~ A . h . T~ d -· i _. . .. . -....., ~-- ~ _, ,.., .. ::l_, · ·n """-.• .. o ... s ~, _o:p. y~.J..Co, __ a_; __ .... lJ __ ve, ~- r:. y . 

.. 'r . E • .::: ,e :->'1."= _, A:1. .l-\';:oc;pC1e:- i c :1adel, ~nd S ,...,c. ':) £......,"! .,... . - - - ~--- =-
.... ,J • - .. ";.;;;;.,. ~-' ... \. -· .. .. ... - -

l,_,f • p..,_,~,.., .... o or" ~ . .:.:-') ~ -' --- '"'.-.nm ,. ... "" ,..,...-- r o ,. a 
..._ .... - -~ .,_ \..1- ...., _, _'=>- "' J - · ..,J t . .,. .. J ..... ., ... 

.. ., ..,.,- ..., ~ -,;. 11 ~ -, 
' .... L-V .. I, .~-- _ _ .., ..._ 

A=~ro~ ·1~ic~l Jou:-~a - (in p~ess ~. 

• -

• 

• 
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dim~nsionless quan~ity c0A f
0 

a e/m, whe~~ A _s the .atellice's 
cros:::;- sectional area., .1J. its mass) c: 0 th~ d.in:·.:nsio~-~33 
ae~odynamic drag coe~fic~onc t~at :s bel1eve 1 0n ~nso-~~ical 
s~~!~d~ ~o be app~~ximataly 2 , a~a ~~ is chc at~csphe~ lc 
de:1sity at sea level, I ~ 

Now i , the time de~ivative of a , ia cl~arly~a/? wh9re P 
is the orbital perio~72 :'lOr'=over, Ke~ler' s .:;ecm;d T.a-;; .. ~ ta t-es-
tdhat P varies lilce a • 'I'herefore P/P -- (3/2)<r/a_, U(ld therefor~ 
P = 3Aa/2a . - --

The only impor t ant contributions to the integral in (1) 
come from portions of t he orbit near perigee because or the 
rapid decrease of density with i ncreasing height . If the 
density P(r) is appr oximated, ~hrough a region near perigee 
a nd aboVe it , by 

f ~ 
- .!<:z 

= e 
n-

where rTr is the density at perige9) z is the al ti ~ude above 
perigee·, and K is the logar ithmic gradien~ o~ de~sity near -peri gee 

K = - 2 . 3026 (d/dz) log10 ,oJ 

then the integra l can be sho~n Go be given aoprox!mar.ely 
but closely by 

- c e 2 e 

• 

·N~ere c = Kae , a~d where I
0 

and I are Be3sel 
purely imaginary a:~1J'nent . It fof low tb.a ':; 

func"Gions of 

r 
P• _ ..., .,_ AC:J ~ - c~ - - ) I} ae 

TJ T' 

~·1~~ r~t~e~ h! gh accu~acy under al l cond!~~c~s . 

~he Bessel fu~c"G~bns ca~ be ex~anded a3j"ptot~cally in 
aescending powers of 0 , and if :;h:.3 is -ione ~q,la ~ ::on t 3) -• c "''"'Omes 

, 
A "' 

• ffl~ p 3C:u /:J ( 
Cl \ (c . -::) - ----..;.. 

-::1 ~ lr I 
..., 

- ae, ~ .... -
• 

• 

-

I?\ 
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~ljhe re 
rl 

r '? l-0P.-10, ~)C -
+ ----------~-------

9-~ 3 Q.:.+B '5 . 5e · + 
8c 1?8c 2 

corzoectly to a :'e1·1 percent w~en e lies oet1·Ie~n o. 02 a"",d 
0.20 and ·: exceeds 0 . 01 Oatsid~ these limits, equaLion (3) 
is still valid , and may alt·Jays ~?e used. 

If 
results 

a is -!'rom 
measured in units 
(4) the practi cal 

P = - 4 . 826 x lo-1 5 P 
lr, 

• 

m 

of ao, 6378 
form\lla 

kilometers, ther.e 

a f (c,e) 

\·mere P is the rate of cb..3.:1.ge of period in seconds per da:,-, r.t 
is the mass of the satellite in gTams , A is the satellite's -
area in square centi~eters p~ojected on-a plane no~mal to the 
direction of motion, Cn is the dimensionless aerodynamic drag 
coefficient , be l ieved to be approximately 2 ; a is the mean 
distance ex~ressed in earth radii of 6378 xilometers ; c is 
6878 Kae if-z , in (2) , is in kilometers; and f(c,e) ~s given 
by (5) . -

.1\n average val·.te o~ t;he A o~;.. non- spherical sat-ell i-:e 
s::ould be used in ( 2) , ;.nd for a con vex satellite of '·Jhich 
all orientations occur ··1i ch equal frequency the average ~ 
is one fourth of its to"';al superficial area . The value of K, 
some\llha t dependen t on p~r.:!.gee heig~t , can be approxi:-r.a ted by 
applying eq'..ta tion ( 1) so2ewhat above perigee to a model 
a~mosphere l i ke t~e An~C . Alter~a~ively, K may be det;erm~nea 
~~~~hout re~erence to assumed models by applying equation 
(5), or (3) , to two or nore aat~lli~es wi th d~frerent perigee 
he~g~cs a~d adjusting K ~ntil it i s consis~e~~ ~ith t~3 
r~sul~i~g peri6ee de~si~i:s . 

::L: a::r ..:.ndebted \;O :0:-. G. F . Schilling for arging me t;o 
de7elop some simple, appro.xi:nate , fo rmula . 

' 

( 5) 

(6) 

' 

I 
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D~nsi~y inferred from 1959 Alpha . - . . 
D-:'. ClLarles A ~ 1.·r.-: :.. ~r'leJ p""ovi.d~d orb.l t- J. } C!a ~a for t he 

",.., ..... ,..:;- .,,., ~·· ""'t'ici~l ~~ ·e 1 ,..._, 1 )~~ 0 "' 1...,..., .., ~ ..,,.;.>'ov•· -,,-.-, 1 L 0~8 i'\,ur::;;.- _ ..., _.~, ~~ U ..i.-- ~ v~ ... ., ___ ..., . ..JJ ... ~1;..,;:..,' L .. ~ o<JJ. 1-• - .... _ _ , _. _, 

The dar.a,j which he obr:;ainzd fro'll an ana lys~s of "t 'oo1. ...,a t.cha 
(v~aual ) and "-Nin1trac:<11 (radio ) obsecv'l t lons, •..sere . 8ccen~ri~l cy 
O. l j 9 . incliqat ion 33° - 2 , argum~nt or p~~i3ee 120°~ 0J ~rromali s­
tic per~OQ 00 .079327U, rate of decreas e Of p~~iod 3 o9 A 1 0~7 
day '3 per period. or abOUt; QS " 42 per day • T'::-nm t hese '!a t a I have 
inferr~d a mean distance of l o22757 ea rt;h r~dii , corre sponding 
to a perigee height above the international elli psoid oi' 368 
k ilomet ers. 

Th~ satellite is4 a cylinder 6 inches in diamet~r and 80 
inches long , with a ma ss of' about 14 kilograms. The area A -of such an object} relevant to its air resis t ance, is its 
ar~a pro j ected on a plane norw41 to its direc t ion of mot ion. 
The a·rerage over all possible orientations for r~ndom tumbling 
is l / 4 of the tot;a l superficial area, or 2520 cm2 . The same 
value is obtained ir .. it is considered that the cyli:Lder spins 
about a transverse axis, randomly oriented wich respec t to the 
oroital plane ~ and gr~dual orbital changes i~flue:1ce the 
o~ientation of the spi:L axis near perigee f r om passag~ t o 
passa ge. Averaged over a spin period , ave~ orientatio~s o f 
t~e s pin axis wi~h respec t to the orb~t plane . a:-1d O'le~ the 
rr.oti on of perigee the sa~e average value is obta ined as for 
random tumblin9, 2520 cm- j t his value has be~n emplc ye1 as 
~in ~quation \6) . 

The aerodyna~ic drag coeff1cient has been t;aken to be 2. 
T~e de:1sity has been infer red by the method described in 
S~c tion 2 of this article from this value, the massJ t he 
average area, the ~ccentricity, the mean dista~ce, the rate 
or decrease of period , and the logarithmic deriva t ive of 
J:~si~y near perig~e given by the ARDC model atmosphere o 

Th~ dansi~y thus f~und, about 1.5 x l0-14 6~/c~3 a~ a 
~~ometric alti~uj~ ~f 363 kilometers (348 ;eopo~en~~~l , is 
a Jou~ :~ times tha~ p~e~ic ted at such an ~l~!~ude b7 t~e 

3 
See ~l3o H~rva~d 
l~cu (l958L 

... oll~ge Observatory, An....,.O'lncemen't Sar1 -
.. ' ·1·· r · ·.,. ...,.,("' 
• - u.J. - 1390 I 1958) ' C0llege ,.) o s ~~·'a~ ory, ,\ n.r.o~.tnc eme'1 t '"'a::-d - -
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ARDC model . It fa lls nearly on the middle curve, t;o. ? , ~n 
a stttdy5 that tentatively suggested a ~odltica~ion of the 
AB.DC at'Tlospheric nodel t-:> :>ati.. ~.,a <

1"! ~iv o~ l:.,~ .. ~ 10- L?,;m/cmJ 
a~ 220 kilo.neters (213 ~eopotenti~l) tta t ~:aa be en ~n~e~r~n~ 
-rrom oba~rvations of the USSR sa~ellite 195'7 Alpna 2. Th~3 
value \•Ja s about 9 times the AtCC dens1.ty .. 

The values 4o 5 x 10~· l3 gm/cm3 and 1 5 x 10-11.!. £;m/cm3 
0 

d epend somewhat, although no t strongly , upon the ~radlenta of 
density of the ARDC model emploted in the reductions~ It seems 
better to adjust the model so as ~o render it consistent wit h 
the perigee densities that resul~ f rom the K's o f tne adjusted 
model~ A formal l ea st-squa res adjustment has not yet aeemed 
warranted but a non-leas~-squares adjustment, allot,..r1ng f'or the 
effect of the adjustment upon K, ha s indicated densit~es of 
about 4.0 x l o-13 gm/crn3 a t 220 kilometers (geometric) and 
about 1 .4 x l o- 14 gm/cm3 a~ 368 kilometers (geome~ric). These 
values do not agree well with the densities predicted by Harris 
and Jastr ow7 a s ex trapolations from a ltitudes of a':::>out 220 
kilometers and belowo They appear to be in unexpectedly good 
agreement with curve·Noo 2 of reference 5, do no~ involve ~ny 
very implausible tempera ture gradients, and I prefer them, 

4. Adjustment of the ARDC Atmosphere 

~he nrefer~ed values a~ 220 and 368 kilometers :an be -represented by an additive correc ~ion to tDa common logarithm 
of the density of the A.'RDC modal, of roughly 

0~89 + 0.0016 (z - 220) -
··1here z is the geometric altitude in kilometers above aea--level~ 

.. 
h 

"" T . -.:. St~:'!le a::1d G ~ F. Schilli!:!.g, Special 2-~port .io 3, :G7 
7roj~c t ;Jo, 30 .10, S~ichsonia~ hS trophy3ical Obser~atory, 
Ca~b~ijge (1957) . 

7 
'I. :t.~r~ts and =t~ J'3.strmo~ , Scl<.:""t.: e 127, 451 -
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Li~e Expectancy of Sat~lllte 19?8 Alpha 

By 

Luici G. Jacchln* 

Dr, D~ Go Klng- Hele of the Royal Air~ra~~ Establ~shmen~s, 
Fa.rn'.Jorough, Er:gland, has kindl.Y tra!"lsmlt+:cd to us a u.s.::ful 
forrnul3. developed by Dr. D .. c. N. Leslie for computing the 
lifetime of a satellite • • At a given ti~e t let P be the 
period of the satellite, P the rate of change of the period, 
and e the orbital eccentricity . The life expectancy ~r the 
satellite at time t can then be expres3ed as 

T 3 e 
4 

p -p [o(e) = errors of o~der e] 
This equation gives excellent results when applied ~o 
sa.tellites 1957 al, 1957 a2 and 1957 ~. 

According to Dr. Charles A. ~flitney, 1 on February 1, 1958 
'1~ had for satelli~e 1958 a : 

• d -6; P = - 4.78 x 10 day; e = o., Lj9, 

?rom these data Leslie's formula yQelda a life expectancy of 
17ll0 days, or 4 years and 9 months; the satellite ~~ould ~hen 
fal l toward the end of 1962 . 

• Before the va lue of P became accurately known from 
observations , a rough calculation of the drag to be ~x9ected 
0n the basi s of the physical characteristics of the r0cket 
satalli te and of the Smithsonian Interim Atmosphere2 iensi~!es 
had g i ve!"l a 9redic~ed value of - 597 x lo-6 /ct~y for P, from 
:~ich a l~~e expectancy of 3 to 5 years W?~ deduced. 

-­• 
Physicia~ : Smithsonia~ As~r~physical Obser7a~ory 

1·::~.::-va:-d Annou..'1.cemeni; Card No . 140L!.; Ha::-ch 17 , 1958. 
') - ':' . .::: . s 'verne" 3, !•!.. Fo lkart, a:ld G. Fe Sc~:..llin.g: 11

:.. L 

::1terim I'lodel Atmosphere Pit t;ed bo Pre limir.3.ry 'Je:ls:!:t~-=s 
Infe::-red from US3R Satellites n . .Spec i.J.l ?..~por~ ~Jo, 7 , 

TGY P::-oject No . 30. 10, Sm~~~sonlan A~tr?physical n~~a-v~~o~7 , 
v~ i'1br1cge _, :Vecember 31., 19::-·. 
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CHAPTZR IV 

USE ~liDl' DISTrtiBUTION OF SA.TELLITE PREDICTIONS 

by 

R. M. Adams* , 

The indiuidual sections of this Chapter discuss i~ 
detail the various ephemerides, or computer programs, used 
by the Smithsonian Astrophysical Observatory for the ana ­
l ysi s o~ i ncoming observational data . 

The sub-satellite program, developed by Dr . L. G. J·acchia, 
is a computer pr ogram used internally to rapidly analyze 
incoming observations and to derive the basic information 
for the computation of search ephemerides . The program was 
devised by D~ . Jacchia and originally prog~a~ed fo r the 
IBM type 650 computer by R. E . Br iggs . It was later trans­
lated ~o~ use with an IBM ~ype 704 Calculator by C. T. Apple. 

Ephemeris 5, described by John Gaustad, produces sa- · 
tell:!,te ··)predictions of a nature whlch are useful ror J>1oon.­
.,,a tch and other observing tea~s and, in addition, are also 
of in~erest to the general public . These predictions are 
easily obtained and can be distributed readily . Normal 
opera~ procedure consis~s of mailing th~se predictions 
to Moonwatch teams, astronomical observatories , and other 
groups of ~nterested obser'le::os on a regular basid. The 
prediction~ are .normally accompanied by the o~bi~al ~lements 
used in making the predictions . These predictions are also 
used ~or constructing the charts descr ibed by Fairman and 
Veis . 

Ephemeris 4 , discussed by Charles ~Ioore and Don Lautman) 
ls designed to produce precise predictions for the v~elve 
photog~phic tracki~g stations established throug~out the 
·rorld oy the Smithsonian Astrophysical Observatory. These 
p~edictions are sent i~ coded form by teleco~~~iica~io~ 
~hannels on a day ~Y day basis. 

Ephe~e~is 3, discussed by R. BriggsJ i s designed ~o 
p~oduce a sequence of predictions ~or pa r ticular s~ations 
in ~~e nature of r.i~e, azimuth, altitu~e, heigntJ and dis ­
t ance for ~he l atitude c~ssing , and time, altitude, and 
dista~ce :'or the :neriC.ian c:-osaing . Although it ~ . .,as :>r:!. -

.... 
• Chief, Computat~ons and Analysis Sec~ion, Op~ical Sa­

t~lllte Tracking ?rog~arn, Smithsonian Ast~ophysical 
Observ'3.t;ory 
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~~ in ally fel t tha t pr~dictions of t his natur e 'l".vould b _ 'lc!ces ­
sar-; for the indivj du.a l obs~rving ; tat i on, 4·"-tis h~u; ...,,..,:_ 
proved to ba the c.:tsc . Du~ to tne comp'ir.ttiJcly lar3e m.Junt 
of machine time required fo r thasa predictions , it is now 
felt that they will be made only in particul 3r applications 
,.;rhen the situa tion warr..ln ts. 

The char ts of predicted s~tellite positions , described 
by Jean B. Fa irman and Ge orge Veis, wer e orig i nally intended 
for int ernal us~ and, i nc iden t ally , f or presenting predi ction s 
to i n terested news agencies in a form convenient f or public 
use . However, t he use of t hese charts has been extended. 
They now pr ovide information which is br oadcast ove r the 
Civil Air Patrol Connnunications Network , t hu s enabling r api d 
dissemination of predictions. Arrangements have b~en m~da 
\•!hereby observing teams are contacted daily by CAP units 
providing the most recent p r edic t ions of s atellite p assd.ges. 
To a gr eat ext~t, t h is arrangement 3lleviates the p roblem 
encountered in distri buting predi ctions by mail . Tnis i s 
particularly Lrue ~ of course, in t hose i ns tances in which it 
is imposs ible to make accurate predictions f or more than 3 or 
4 days ~ advance due to fluctuations in the rat~ of a s atel­
lite ' s acceleration. 

• 
• 

• 
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Program fo~ Detcy ;nina~ion of G~ogrsphic 
Suo-Satel::te Point3 

by 

Luigi G. Jacchia* 

The sub - satellite - point routine was devised fer the 
double purpose o.f rapidly analyzing incO'!"ling observa :ions 
and of obtaining from th~m the baslc reaults necessary t o 
compute a search ephemeris. Osculating equatorial elements 
are assumed £or a tLme t 0 (either an ascending node or a 
perigee crossing) and instantaneous elements are derived 
from them for any time t, using empirical eq~ations to 
account for secular perturbations and drag. 

The elements are given in the following form: 

tJ\_~ {or t iT) = t 0 + c 1n + c 2n2 + c 3n3 

GJ d
0 

+ d1 t + d2t 2 + d3t3 

i constant 

q - constant 

Here t Jh is the time of ascending-node c::>ossiP..gs, t ;r 
the time of perigee crossings, ( J the argu.ment of perigee, 
i the orbital inclination, q the perigee distance, a nd 

• 

n the nurnb~r of _reYolutions elapsed since t 0 ; c1 , c?, 
c3 , di"Yd 1 , d2 , a~ are constants. The righ"~; a.scer:.·:L.on of 
t.La ascenaing node, a..ft, is given only in crude form 
(a.~= ao +at), s~nce i t is required only to know Nhe t her 
the observa ti6n vias made on the ascending or the daacer.ding 
nalf of the orbit. 

E·re:.·y obser7a ";ion cons ~s t o:f b 1o spneri.ca2. co -o~'di~a ~es 
(ri6h~ a3cension and declination, or ~zlmuth and alticu~e) 

"' d 4- • .. "'- d "- . "' ..... ·; rere~~e vO a ~~~e ~ a~ vO a se~ or SGav~on co-or~-~a~es~ 
·,.;hich are i,ed in1:;o ";he machine prog:-am as input data. ?irs~ 
~he ~achi~e conpu~es the value of n at t~s r.ode or ~e~igee 
~=-ossi!1g ili'.mediately p::-eced:ng t, then co"'!lputes the .::odal 
r)r anomalis tic period :"'o::- that value of ~ by di!':'a ren cia tion 
of t'='l;or t

71 
, and proo e2ds to compute fro.:n it :;h-= 

"'(·Phy3ic is t: Smithsonian Aa crophys leal Obse ::>Va ':;O"l7'J. 
' 
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ins tantaneous major axis a and the ecce;.:~rici+;y e . 'l''r..e 
height s.!:>ove t he 3ea. lev~l at the tti:'Ie oi' ob } 0:r'V~.tto.,..., iG 
obtalr.-=:d by an i terc.tive process - first. 1::; t·1 cc;npu.t. d 
fo~ an o:~ital point at tha latitude of the observing 
S\;a'tion; using this height, an approximate S 1ib - satelli1;e 
point is computed, fo:- ~·ihich in turn d. nsw height i s o~ ­
tained using :!. ts la ~i tude ; this gives a !1ew app-:>Oxir'1a tion 
to tne suo-satellite point , and so on. 

Once the sub - satell1 te point is stabilized, ins tan t an-· 
eous values of a til.Ja:r:d tuu a~e computed from it using the 
orbital elements; residuals are t aken ror both quantities 
from empirical equations to f acilitate t he t ask of plotting 
their values on large-scale diagrams. 

The program gives somewhat uncertain results when the 
observations are made near the orbital apex (t~e point of 
highest or lowest latitude). I n those cases , if a~ is 
wall kno~m from other observations , the iteration for the 
s,_io - satellite poin-: can be made to start from a.g - atl'u 
inStead Of' ~ I (as = right ascenSiOn Of S tatiOl'~J ·~ 1 = geo­
Centric latitude of station) . The times t 0 and t vwi l l 
still be useab'le 1 although no independent va:Iue of a 
ca~ thus 0e obtained . ~~ 

• 

• 
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Pred i c tio.:1s f or> Cross ings of Gi •;pa .LC. t i tuC.B 
Pa~allels - - APO Ephemeri3 5 

by 

J ohn Gaustad iE-

Ephemeris 5 is a general satellite prediction pr ogr am 
written f or the IBM 704 computer . It i s des i gned to pre­
pare a conc ise s ummary of pr edic tions in a rorm easily usa­
ble by observing t eams and other interes ted pa r t i e s and 
yet general enough for quick production and di 3tr ibut i on . 
It is n~t i n t ended to have the specific a pplicability of 
Epheme r i des 3 and 4 t o individual MOONWATCH or came r a 
tracking stations, but because of i ts generality it takes 
rela t ively lit tle compu t er time . 

The pr ogram pr oduces as its pr i mary ou~put a li3t 
of a ll cr os s ings of a parallel o ~ lati~ude i n a speci~ied 
oeriod of t ime . It lists f or bo~h the sou tn-nor~h ~nd t he 
• no~th-south cr~ssings the t i me of crossing, the lo~ltude, 
a nd the height of t he ~ atellite aoov~ the ea~th's su~face . 
r he angle a~ t he point of c rossing between ~he me~i~ian 
a~d t he trace of the satell~ te path on t he earth' s s~~face 
Ls also comput ed. 

The program is general enough s o that it can be use d 
for a ny satel l ite and any paral l el of latitude . For t he 
Russ ian sat ellites , 1957 Alpha and 1957 Be ta?. the ~ost 
useful inf'orma tion was t.'ne eros s ings of t he LJ.Ot h :f:a r a lle l , 
t11:!.s bei~g abou t t h e mi ddle of' t:te Unite d Staces . ?o::-
!;:!e American s a tel l i :es ~ because of t hei:- l0y.;e ::- _nc :.1~ t ~on, 
]O ':h paral lel crossings are t he most general l y ·...ise~ . The 
~rc,6r3.m ~ a:-1 a lso be used in making predi.: t i.ons :"'or ·~na 
~c· .:. the:>n hemisuhare . • 

T!1e i'o -~!1!.2. t of -che p~ed~c tio~s can b -= va~ied ":.1 -.J ~~e 
t.:.s ~ of code m.l..:·nbers on ~he ir..pu~ car ds. Ti - .e s -::nay 'b .:; com-
01 ... t ea and orin t e d in e i the~ U:~.iv '9rsal ':::'i:.o ~:.E' ) n ~ £:3.3 ce r r.. 
S t a ndard Time (EST), longi t udes i n degr ees ,,, -est .J ;:- eqs ~ 
of G:>een·,.ficb ; and he l.ghcs i n either miles o~ ki lorne :-.·~rs . 

. :. -·.., .. - ~ ~ ':l1 ..:! .... .. Q .....,,., o I< · 1 :;:) Qp l-i "'=~l Satel -l. ; '-o "} \:>-~~ ....,...., .1..--J.'-' ...... .. ,...,;... __ ) .J .- - ....-. - - J" 
Sm~ ~nso~i~n As~rop~ys~~ ~l Observato~y . 

r,l.,... .., 'i ' ' ""' ':T p-.~ -~ .... 
• .1'\.- ... - -":t 6- - · ·' .. • 
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In ad~ltion t~e !•esults Tay be 
'1l ; ·'1u+-e ronth of' :-- d'-" ,•rr • " ~ la' .... ., ' v-.. -- -::>- ~ .. - .• -

ro••n~Pd t·~ ~-k~ ~Aar~~-""' '...J..- ,..,__. l.IJ Lc:- ,._._. - .. ~ 'J 

ml: , OL' 1e r. md.:-ed -:;h 
of n 11! ..:. nute, one thm.t:::-a::dtn o.f a de~ree , qnu. on~ h1.:tn ­
~~~dL~ 0~ a mi 1 e ~o~ ~lme lo~~; -,.,O a~ · l hnig·n~ \.lJ.'""" \..tl! - • -!. - .1 - ..L .,J- ) "'"'6- \.111..4~- , · --'"""' - ... . _,, 

re!:!p~c .~ively . 

The al~ments necessary as inout data fo~ the pro~ 
gra.m arE> ?.3 follows: an '?qua T:ion e-1 ther for t:he ;:ime 
of' crossing .the ascending node o-r of passage through 
per2.gee as a function of the nUJ'Tlber of revolutions, 
q,J.adra tic equations in ti:n~ for the argu:nen1-: of' perigee 
and the right ascens ion of the ascending noda; the in­
clination; and the perigee distance . The pe~igee dis ­
tance is assQ~ed to oe constant over the range of pre­
d iction. From t!-lese elements the predictions e_Y>e made 
'lSiP~ the standard equa tions for an elliptic ~rbit . 

Sacular and long period perturbations causing 
cha~~es in the argument of perigee and righ~ ascension 
of the node are accounted for in the q~adratic equations 
for- thesa elements . Atmospheric dr9.g is accounted fo r 
e~pirically in the equa~ion for ~ime of nodal crossi~~ 
o::· perigee pas sag-:. Short peri od per-turba ~.!.o::1s a~e 
~ot included . The semi- major axis is comp~T.ed direc~ly 
T'r~m Kepler ' s Third IE.·.,, using ei : he:- th-: nodal or 
a:1.omalis -c~c pe~iod , depending on -:he i'o::'ll of G~e -vi::n~ 
~quation . ·rhis leads ~o some ~cr::: ·:- in the h-elgh~s , 
but for the present satellites, this does no~ exceed 
on~ mile . 

A secondary part of the progra'il i s conc-erned ~lith 
producing a 11 situa"~;ion" report which g i ves the most 
per•t inent t"acts aoou-v a satel l ite's o.:>bi t. Computed 
.:·\Jr any day are the period, rata oi' change o~ per~od, 
latitude o~ perigee, rate of change of latitude or pe~i­
g-:e , heig;.: o~ )e~igee , height of apogee, ra~e of ~ hange 
0 -· hoig"' .,.. o "'" !:1-o:;,::.:::. :l.,.,d hoi.,. ..... ;- 0'/0 ..... a SpPci.:oi,.. p~T'all;:.l 

- --- . • v : .. ._..:-J ·-:>'""'-J - · - ---o·.L'J -- -- - -.....; -- ---
of lati~~de (tiO~h f0= :957 Alpha and 1951 Be~a , 30~h ~o~ 
1.958 Alpha a :1d ::.958 3er,a) f=::- ·"oth -vhe sm.< ~l"' -c:o rth a(ld 

The prog~am is in operating condition and has be~n 
'...S~d StX:cessr."'ully .:'o:> ~he past se·re~al w·aek3 in :nal<i:-~ 
~rqdic~ions :'or the~ S. sat~llite3 . Changas a~e con­
-.. 2-;pla ~ed in tl":e f ·.l t:.~.~e ~o incorpcr3. te a ~n~-·e ~~curs ~a 
.,.. - .. ~ 0 a.· " f' ,., ::> - -"" _.,.., ; - ~ .,.., ,..,. .... .... 0 h p -! c'7' h t 3 'r '::> s t ,. . •j .:: - i ........ "" ..., .., 4 "" ... c:: , • _, ....,_ J"'- ·"•- · • ...... 0 ~~~- •--o·· . - .::> .., __ v- • oo.-'-

'";•,:. li:"s·:.r-: ~ .... a~ -ch~ p·co,?;r=.:n ··:o!'!<s properly ~o"":' ~oecial 
c~s ~.s s-u.:: h :ts inr:l.i:---.3.r::i·.Jns ~r'C!a. te :::" ·~han rd .. ~.-er:., degr<::es 
( ~tr·oa~~ ·d "" s~~o-·'~es) . "' "' • o• - - :.. c-.. ·.; _. ..... 1..- .,., • 
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Predictions for Photogr~phic Sat~llite 
•rracklng Stations - - 1\PO Eph=m~ri s 4 

by 

Charles H. Moore* and Don A~ Lau~man*~ 

Ephemeris 4 is the computer program for predict.ing 
satellite positions f or the Ba.ker-Nunn camera stations . 
The present formulation- utilizes the currently bea t set 
of elsments available, accounting for the drag by means 
of a polynomial in the mean motion, and including only 
secular perturbati ons . The prediction subroutine is a 
numerical integ::-ation which includes the effects of oblate ­
ness and drag exactly. In the case of satellites which 
are high enough so t hat drag can be ne6lected, a complete 
fi~st -order perturbation theory including periodic per­
turbations can be us~d . 

The basic requirements demanded of predictions i~­
tcnded for earner~ stations are : (1) predictions must be 
li::1i ted to observab•le passes a nd ( 2) pred:!. cti ons :nus t be 
made for ~ne point of culmination. The opt~mum a~proach 
lfO'..lld be to integra ta the equation of mo-. .:ion .for the sa ­
tellite, obtaining these pr edictions, as well as other jata, 
directly . However, a quicxe:r, though less a ccurate, :nethod 
is discussed he re, which has been develo ped in an attempt 
~o obtain predictions as soon as possible. 

This program for t he IBM EDPM 704 employs the orbital 
P.lementa of the satellite and transforms them by g raphi cal 
(trigonometric) means into specific pr~dictions. The ac ­
~uracy of the predictions is well within the accu~acy of 
t.1e orb ital e lements employed, and is probab~J the bes t tha~ 
~~n be 6Q~~en wi~hout employing more sophiat i cated ~e~hods, 
3.Cd is fi"c ~ed to ~he requirements of the ::a.ake:!:'- Nunn -;ra c:.<:ing 
C'lmera3. 

~~a ~~put to ~he computer consists basica~ly o~ the 
coordiP~tes or tha s~a~io~s (latitude , lor-g~~ude and ~e igh~ 
a~Jo're sea larel) and 1;ne orbital el-ements. ':'~e la:~er :..:l­
c2.'...l..:ie the time a~ ·vhich tne satellite is at '-he asce::di:1g 

Physical Science Aide, Op~..;.. cal Satellite Tra.:king ?:-'Jgram .: 
Smithsonian As~r'Jphysical Ooservato \J 

'l!ache.:'latician, Op":ical Satellite I'r.=..c.-c ..i.ng P:-ogt":Lil_, S;n j_th ­
n..:>nlan Aatrophysical 0'-:lservato:-y 
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noaa (or ~t DPr:g ~2J, the rL6 ht ascensio~ 
r,..., I~ [.. • rr:-1 ,..1_...,,... 0~ DP.,..J'go::. t .... .:. ·L- ~ 1 i, of the 13cend i.11~ 

• •J U ·- ' - - ""..-lo ---•J '-.... .._ • .. - - - - • ...., l I - - • • 

to t~1e ~c~t:Jtori.::l: t) -.~: .-c, the v~hw 'Jf ?""t:i ~p~ , -,nJ r: · '!C .. 
c~ntri- lcy Jf th~ J~o~t. Time is gL'Ien JS ~ poltnomiJl i n 
c~~ r1u~b~r of r~VtJ~'Jtions , E=~n tvhich tho p~~Lod c ~Jn be 
dete:·.t~ined; posit:ion 1f the .1scending n lt.!~ ,!1d perlg~.:! .1re 
p-..l!.j'Pvmi.als in ti.'7le: the o:.her el~'ll•''nts r,;; inst-B"'ltJneaus 
V·Jlues at Jn .J.rbicr ·H~y , .spcc i.f i=d r.i .. m-e. i\ctdi:r:~onal jnput 
d Jtcl inc Ludes positions oi:. t:h-e v-=rn .ll ~Qu ioo :~ .Jnd che s un 
for J ..:{ r. u a ry 0 of t: he cur-::-en t y e ? r- , -:1 n d t h 2 j ~~ ': ~ s for- ,., h l c h 
predicc~ons are desired, 

1 • .!, .1 ")L b ~ .1:b2.t 

The p r ogr am fol l or,.;s rhe g-aner .. 3..i. ou tline Listed belowv 

( l) 

(2) 

(3) 

Redu ces th e sca cion coord~na~es lo MOr e con-. ,.. 
veraent: .r.:> r::n ~ 

~pd~ces che inscan ~3neous value~ o[ che o rbical 
:.! l.ement: s , This 5.s done erich r- -evolu t:ion . 
C~mpu cas che ?Oint oi a n cry into and ~xit from 
c~ ~ ear t h's shadow This d ata mdy be prin~cd 
ou t: i= desired. It is usefu l f ·:> r g:ne r al pr-e ­
cic ti~n s ,;here gr eac accur~cy is ~0C ~Xpecc:d. 
Ccmpuces t~e oos~tion of culmind t~o~ r o : ~~en 
s tation ) de cermine s i.vh e t:n e r the c ondl. ci.:m s f o r 
Jisibi~i~y f r om ch e ~t3cions ~~ ~ ~~lfi l~ed , 3nd 
if so pri~t s ~hdc i~fot~dc~on . 

Tbar~ o r~ chr ee d i st:in ct porti.ons 0£ . ~'12 ou tput. ."irsc, 
che l 3 c itud e, l ongi t-:.1de and t i ine of. encry Lnto or e:<:it: trom 
tn~ e a r ch's sha.dor.v . Second, the <?lti tude, azL'1luch, r.ange, 
d:1f5ui a't' veloc ity, and t:Lue or culmi:1dtivn of visible p.:lss e s 
r.> r :!ach .:;t .a c ion . Th e ::~ndt c iv::1 S f•:) r Vl.Sib1.i.icy em'f>loyed 
'".:!qui r e that: che s .at~l li:e oe visible -~t le.ast 15" .above the 
ho r.iz ~ - ,;.)nci b e il.ltL"'!lina ced by t:h 2 .~un: ':vh i l.c tb-: s ca cion i s 
inJide c~~ ~a r~n 1 s ~ra2ow No re~t=icc!on -~ pldcad u pon t h e 
pb..)tog=a? rnc ::nc 5 :1: ':'J.Ce •.J= th"! --4-?• l~ca. ::::::1-:2, :::1e :=-ange 
l:; or~:n:ec :o be ':.J~<a .... -·t:> cons_J.:::-.l tl :n -r.~n l'S~ng th~ p r e ­
dic:ions . \:-:gu'iar ·.,-e:.ocu::~ :: usetu: .... •)= ';: .~ing ':Jurooses . 

Th~ c~ i=d po= = ~on ,: :~e JucpJt ~3 c~ enc!~l ly ~na ;ca -
·:: i.Jn p :- :(i:..:ci~n d e sc. :- :.:)E"C .::~bo.,-:, ho•,;.:o.ve't' , ... is p~,; r ~4""to 3. ~" OC~ 
s ult.lola .:-:>'!:' :el:::- ~pe =r .:ln smiss i.o..,. W!"lic.:h r '='J Le enc d1.. r e c cl7 
'.J.; t ...,OlJ ~ -1 1.,.--'ho - ,.... "":l . J()._J • .; ~ -'' _, - .... _ .. ~.,.,, __ ·-· ~"---•:.. 

-· ~ ·· ~ •• ,..., ,...,_ . ...,,,._ ,_, '1'"'!'"""1 .~.:'), -·~-J- o- ·' _ _. ...,_"·-:.. 
; 1' t ..., -- • ::l , " f' - ., m ,;:> .-l- ·i " ...., "' : 1 .. . t • 

) ~ • 1 , ~ - l.l) .. . 
..... ~- :.J> 

. .. - v - - - \.,;..o ,- l.!"""" '"· -''..1 --- .:.:> 

( 1) \ 1 - 1 - .. ; ... 1-> ,; 
\..,_ ;.,.;.""""'- "·L l '\, . 

. ·t··· t; ... .., 
"" • - (.J ..J.. ,.,J •• 

...,; ...... -:nu :: :1 l t:: • J.. 

-
• 
l. r; ... _, .. -.:1.; ;: ::.. 0., '1 t 

-, .... -
' 

• 

• 

• 
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Tirne of closest a pproach . 
Apparent angular velocity. 
Angle be~T,I/een point of closest appr oach and 
passage into or out of the earth's shade~. 
Time of intersection with the earth' s shadow. 
Distance of the satellite. 
Zenith angle of the sun . 

The advantages of the program are an expected minim~~ 
or computation time, and the elimination of superfluous data , 
namely non-observable predictions . \vi th such a program, 
predictions can be made to the necessary accuracy as soon as 
orbital e l ements are available . The disadvantage of the pro­
gram is its dependence upon the independently de termined or­
bital elements . 

• 

• 
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Pro~r~~ of Soo t Predictions for 
Speclfi c O:Js-:r·ring Si tea -- APO Ephemeris ~ 

by 
• 

R. Briggs * 

This program comput es f or a given observing stati on a 
sequence ot' satelli te pos i tions i n a l ti t ude-azimu t h a nd 
corresponding t imes. This s equence comprises all the ob­
se rvable (visual or o the~Nise) latitude a nd meri dian c ross i ngs 
which will occur within a specified interval of time. Ac­
curacy is limited at the present to the use of first and 
second deriva~ves · of the nodal period, t o t he use of fi rst 
derivatives ~n the~ot1ons of perigee and the node , a nd to 
the assumption of constant perigee distance. wben t he ef­
fec ts of a ir drag are i ncluded under t hese r estrictions, 
experience has shown that over t wo weeks t he p6sitions may. 
be in error by at most f our degr ees a nd the time s in err or 

• 
by a few seconds. 

As yet, Ephemeri s 3 has not be en used fo r t he Ame rican 
s a t ellites . It is planned to make mi nor r evisions i n the 
pr og ram so ~hat t he a nomalistic period of ~he aa tellite can 
b.e used i n place of the nodal pe r i od . Fur ther; deri vatives 
o f the anomalistic period will include trigonome tric a ndjor 
exponential terms. These changes are pr esent l y being deve ­
loped a nd the program will see use when the o perational si­
t uation warrants the comparatively large amount of machine 
time required . 

·-------------------------------
* Iila "thema t ician, Smi thsonian As ~ rophys ical Observa Gory 
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Charts of Pre die t.,d Sa ta 111 t e Positions 

. by 

.Je2.r:. :a . Falrna.nll- and George \.~els*4 

In an ef.fort to provide more i n forma tlon in z"'orms 
immediately usei'ul, ~'Tithou-c considerable computation, for 
observers in the U.S. and readi l y understandable to the 
general public, we have rnade our prediction data avail ­
able in several forms other than the fornal Eph~mcrides, 
the primary prediction material sent by mail. 

1 . Visibility Maps 

The !'irst of these additional distribu-cion operations 
was our production for the newspapers, \'Tire services, and 
r.etworks of daily maps of the northern hamiphere sho·t~ing 
the visible passes of th~ satellites. The aim of -chis 
distribution has been to encourage the publishir~ of 
these ~aps and/ or satellite predic tions on a daily basis 
by the papers both for the specific info~ntation of our 
many o~se~vers and for -che interes'C of the general read­
er, as a supplement to the someti~es delayed mail deliver­
l3s . To date, they ha·re been reg11larly picked up by the 
Associa~ed Press and sent to New York for distribution, 
althnugh thei~ correspondent reports a general lack of 
lntarest among subscribing papers . A aa.mple of thesa 
maps is shown.following this section. 

Each map contains all visible passages of the 
satellite for the mor:li!"lg or evening twilight peri od of 
a glvan day, and 3ho"WS in an easy to grasp fashion the 
time, location a :1d direction of the pass relative to 
the obs~::-"'1-=r, w~o ca.., locate himsel:' easily on the map. 
Tr.e ~zps are aesigned to apoear as simple as possible, 
·-1l..h a 1.;::.g<=>nr'l ......,r lo .:>1y exu1ainincr the mo"'ning o-~ "-'..,.:. •J_\J _.._ -·- u ---- J .... - ... ....., •• -c .. t:. ..1.. ltt_.._ 

01~tli~e3 (om~t~ed ~n the sa~ples ) . 

--·------------------------
T~onputer 1 Opticel Sa~elli te ~~~ckiP~ Program, Smlt~sonia~ 

~ 1-_,,..,•...,-rr.:t 'I C"" 1 0~-..s _. ""',,., .:.o- "'"J 
·· - .. ~ .J..., -- c::..- V - _ c~ v .. •J 

"./·con3u2.-+;ant, Optical Satelllta Tracki•:tg ?!·~gr2.m) .Yi:.!.thsor.ian 
A3tc·ophysica! Ob3ervatory. 
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Th~ visibl ~ po::- t i o n of each passa,5e LJ sho'..rn a.s a 
soliJ lin~ , and :ts dashe d ~xtension represent3 ~h~ ~on­
vl:J-·::>1~ inta:'val of t·1.e or'":)Lt vhich 11."" ..... rtl~'";h!.n 7.,, ""e~ 
of 6~nd~al visio~lity . Each of th~ cro~u bara on , ~ 
satell i'te pa::::h repre s e!'l t s a minut : of t:-av:el , so tl ... as th:! 
tiir.a of t h a sa ;elli t e 's pas :3age ove r any polr..t can ea.31ly 
b~ de~a~:nined . T~e dot s~parating t he so lid and dashed 
orbit locat es the noint a t \'lhi ch t he sate l l i te ent-e:'S or 

• 
l eaved t he earth's shadow , and t he l i ne which inte!rupts 
the opposi t e end of the visible orbit r~presents the 6° 
t wil i ght (Civil ~~llight) boundary . The closed do~~ed 
or dashed form encloses the complete are a. within which 
the satellite may be seen above 15° altj~ude. ~n addition 
to the t 11lil1ght bcundar'J, the other sides o1" the a rea 
show t he diatance from which t he satellite may be s een, 
as a f unction or its height . 

In spite of t he relative si.mplici t~i of "the dlagra.rn, 
its c ons t ruction incorporates corrections for the 
following f~ac tors, '.'lhich give it a reasonably good de ­
g ree of accuracy: 

(1) Inclination of the orbit. 

(2) Pe~iod or 3peed of the satelli te--thi3 a?~~cta 
the +,~e markings on th~ satellite path. 

(3) Eccentri city and true anomaly . Corrections for 
these f actors t~rther refine t h e time in~~~rals. 

(4) Height of t he satallita. Distances of viaib111ty 
~nd location of the earth 's shadow depend on 
thia f ac t or. 

(5) Ro~ation of the earth. This affecta the longi ­
tude of the sub-satel lite poin~s. 

(6) Reg~~ss:~~ of the ascending r.ode. Thi s c orrection 
.:'ur~her locates ~he noints 07~r -.,hich tt.e s atelli-ca 

(7) 

-wi l l na.ss . 
• 

Changes i~ t he coordinates of 
!'o r -:;:;.i s adds ";o the accuracy 
p~riod adjus ~men~s . 

~Qr~g~e n~~-oc -ior. 
~- ~ - • V"-' - .... - v ,. 

of ~he ~eig~t ar.d 

( 8) Changes i !"l ~~e d~c lina:tion or ";he sun . Th~3 r~vi.sion 
upda~-=.s ~;ie t-:.·n. l.i._s:1t t :r. rne limi :-;s a nd posi c~on o:"' t.-1e 

' . ~ aar t:n :s 3 !!au.or,y • 

• 
• 

' 



• 

• • 

• 

- 36 -

( 9 ) Ch:t.ng-=s in th-= Greenwich Hour 1\,lgle of t,~.-; .,,Jn. 
Thi~ correction re f'ines the time design~tions arou~d 
the eartho 

The produc tion of these maps wa s begun for Satellite 
1958 Alpha on Febru~;r:oy :26, in anticipation of the visibility 
period which las ted from about February 27 to l"!arch 27. The 
maps have been pr oduced and di stributed regul arly throughout 
the period., including a to tal of 30 daily pro jections of' 
visiole passages of 1958 Alpha~ 

• 

In a fur ther effort to encou~ge the regu l a r publiahi.ng 
of satellite data ~ we have cooperated with various publica­
tions in drawing up modifications of the sta ndard, individual 
maps . The most successful venture of t his sort to date have 
been t he modiried maps carri~d by tha N~~ York Ti mes f rom 
Narch 19, when visibility o f all the sa tellites \'las at i ts 
peak , through March 22, when visibility from the U. S . was 
diminishing. 

These particular modified maps combined in one 
illustration the ~risible pqths of' all the satellites , showi.:1g 
the tim~ interva l s of viai"bility for each passage, bu t."'omitting 
for simplicity the areas of visi bility. In this oap , Satellite 
1958 Alpha is re}Jre-sented by the heavier orbital paths , the 
lighter pa ths describing Satellite 1957 Beta one. Those visible 
passages ~hich terminate in an arrow actually move out of 
visibility beyond the ma.rg1na of the pa geo The particular 
map included here, for comparison with the f irst, was sent 
to the Times before Satellite 1958 Beta was launched and s o 
does not include it, although it was a dded by the paper before 
publica t ion. 

t,le ho,9e to ~atablish th!a sort o.f !'egular publica t i on ~ven 
mo~e f1r~ly during th9 ~naxt vis1bil1~y period d 

3 . Broadcast ·Releases 

Hea l i z1ng that even if a largi! percentage o f news­
papers published the maps , that eome observers would still 
not be r~ached, we ha ve arra~g~d t hrough the efforts of 
the Uw s. National Committee fo r ~he Internat i ona l Geo­
phy3ica l Year and t he c ooperation and facili ties o f the 
Civil Air Patrol, to get our predictions to the observing 
t~ams and the puolic through t he Civil Air Patrol 's 
.. -;ch ~duled 3hor t·~a v.~ b r oa dcast s . Th±s program operates 
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h3.nd - ln -hand v;_th t~e "Relative Position Grid" kit 
i sJued by the ~J . S. tra tional Corr.ni t t~e of the I. G. Y. 
to al l 0 'b s..! -~' ... r.g ...... -:: ;1113 , h ~ c h r'!, 1o·,., r., cr. ~ c..'b- e t""': ,, _-. 
with the a ddlcion of our sp~cially t~l~o-~d predict_on 
m.=asag~3 ) to produce for th~m3elv~s "maps " g iving t he 
sa:nc sort of information which our regular r:taps 1rould 
othcP~i3e supply. 

In addition to the cha~~els of co~~unication 
suppl.!.ed b y the Civil Air Patrol, we have be~n aided i n 
gett ing these predictions onto the air by the American 
Radio Relay I.eague. 

When the last visibility period began on ~ebruary 
27) we started--sending these special predictions to 
the National A~ademy of Sciences for r elay to the 
C 1 vil Air Patrol broadcast stations , and are nm·T s ending 
the predictio~d di~ectly to feu~ Civil Air Patrol 
Stations, ac ross the country. These predictions ~ere 
issued r egularly ror Satellite 1958 Alpha throughout 
the ·last visibility period unt:!.l Ma:::-ch 27 . During 
the subsequent period of no visibility, a state~ent 
is aubstituted for the regular messages to that ~f'~ect . 

These three areas of activity , then) are the means 
by vrhich H e have to :.ate attempted to sappleme!l.t the 
mailings of standard 30th Parallel Crosaings in order 
to get the needed inforrnation to obser·,ring teams in 
this count~y in an easy to use form, t..rhoich can readily 
b~ revised and corrected without t i me lapse to provide 
the very latest informa. tion) on time. \~Te have had 
an encouragir~ measure of success in tnis a rea, and 
anticipate further ber.efits from the3e efforts . 
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CHAPTER V 

HARVARD ANNOU:NCEHE~""T C!\ RDS 

Announc.:=ment Car d 139 0 -
Satell i t e 19580<. -- The U, S .A. Na tion-:11 Committee f or 

t he I nterna tional Ge ophysic.al Year has announced t h at an 
i nstrumented earth s atellite was p l a c ed i n orbit on F~b ­
ruary 1 , 3h5smoss U ~T . a t a point approx i:natel y 25 °. 84 N 
and 73°. 61 W. It was l fiunched by a U. S. Army J up i ter C 
r ocket on February 1, 3 48m U. T. f rom Cape Canaver~l , 
Florida at 28°.5 N and 800 . 6 W. 

Including the empty rocket casing of t he last s tage, 
th e satellite weighs about 30 lbs, is cylindrical i n s hape 
with a l ength of 80 inches and a diame ter o f 6 i nches . It 
contains two radio transmitters; ampl itude modula ted trans­
mission at 10d.03 me with power level of 50 rnilliwa t t s ; 
phase modulated t-ransmission at 108 . 0 me \vi th pow-er l evel. of 
10 milliwatts ; tel·emetry of data by bo t h t ransmit ter s . 

The surface of ·the satellite is \vhite ~nd ma y be 
visible with binoculars under op t imum condit i ons . S c ienti~ 
f ie experiments include cosmic ray observations, meteoric 
• • Lupact, ana temperature me~surements . 

February 1, 1958 Fred L . ~.fu i pple 

Announ cement Card 1393 

Satellite 1958~ . -- Dr. Pdul Herget and Dr. R~ynor L. 

• 

I • 

I 

• 
t 

Duncombe of the Naval Research Laboratory i n Wash i ngton , ~. 
D ~ C . have obtained the fo11m.ving preliminary orbit.:~ l -elements ~ 
f or Satellite 1958£:(. f rom anal ysis of Mini~rackhob_serv:ations 
ex tending over t he first 32 revolut i ons, f or 3 58ill U. T. on 
February 1 1 1958; 

• 

Hi.nimum Height 
'-1 • H . h ~ ~a xl.nnliD e~g . r: 
Period 
Eccent-:-ici ty 
Inclination 
Long i tude of Ascending 

Nod e 

ArwJmen t of Per igee 

Mea n Anomdly ~t Epoch 
S~mi-'Tla j or Ax is 

219 mil-es 
158 7 miles 
114 .95 mi nutes 

0 . 1405 2 
33°.58 

3420 . 95 (motion 
.. 4 .26 pe r d ay) 

120 ° . 76 (mot ion 
1-6. 31 p ~r cl ay) 

ll!. 0 
. 68 

1 . 2273 ear r:h rad i i 

' 
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Tha followi~g optical observations of Satellite 1958~ 

hav~ been received from Moonwatch teams : 

D<3te 
Februar y 

2 

3 

Position 
R .A~ Dec . 

Kansas 

Type of 
Obs. 

02" ~-7) 
mag . 

Long . 9 6 ° 28 ' . 85 tl]) 
-1°40 1 vis . +5 mag. 

Alamogordo, New Mexi co 
(Lat . 3 2 ° 52 1 24" N Long . 105 ° 57 1 02" W) 

3h46ID1QS 5h23m +14°54 1 ViS.+ 8 mag . 3 

China Lake, Ca lifornia 

6 

February 5, 1958 

Announc~ent Card 1404 

Long. 117° . 663 W) 
Alt . 71o v is. 

Fred L . Wh ipple 

Satellite 1958~ . -- Dr. Charles A. Whitney of the 
Smithsonian Astrophysical Observatory has obtained the 
fo llowing orbit.al elements for Satellite 1958<A from an 
~nalysis of MOONWATCH and Minitrack observations through 
t-1.1rch 3, 195 8: 

Epoch and Time a t Perigee 

e = . 139 q = 1.0566 Q ~ 1.3985 (apog~e distance) 
0 

w =-120 .0 

T~es at Per i gee Feb . 1 . 16182+ 0. 798 274 N - 1. 910 
- ? 

x 10- 1~ - + 0 . 00025 sin . . 0177 (N - 20) 

~otion of Parigee and As cending ~ode (deg/day) 
• 

G.J = 6 . 3 3 .!~ + 0 . 0 0 0 8 4 ( T - Feb . 1 . 0) 

L.f/.. .= -~+ . 237 - 0 . 00059 (T - Feb . 1 . 0) 

Har.c':l 17, 1958 Fred L. Hhipple 
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• C 'IU OLOC f 

lJ 11 j (3 u e 3; r d D j 9 e s l s 'N o x 
'}lith He~p of .Soc:terium 

> 1'.\RT t)F th h<lllt:~ ~utde,· .• l ... tct j, 
"'lt. ~tudit·, 1l thi, tiiHI,u.al Lmulv nt 
\tn,,ut lttrd~ ~h,,w rh tf the> di~c'r hcc,· 

\, n 1\ith the: hdp ol .1 b.a\.tcriunt lound 
11 their u1tc,tin.d traa. 

~.:ten ti~r~ are hopdul th.: di,co\ ay m.1y 
.,ff .. r a ..:luc to .t ucw atno.:k a~.nn)t tubcr­
,·lllo,i~. 

'l'hc llt:\\ h.1..: tcri urn wa~ d iscc)\'en:d Lv 
Ur~. I lcrbt·rt Fric:Jmann. cur:nor of bird~ 
.1t the Smithsonian lnstinllion, and fcromc 
K..:rn. furntc:rl v of the dep.trtmcnr nf bac. 
t::rtolu~v .H tht' \V.1lter Recd ,\lt:tllca l Cen­
t r\ ;\rmv .\fcdical Servtcc:~ Gradu.ate 
!'-.. :~~~·•1. 1: ·h.1~ been found to have: 'nmc 
".I ·grcc 11t inrc:rferencc:" with the rubc:rcu­
i ,,,<.1thin ~ bacternun. 

I· 1r \'t''r~. scienti\tS h:l\'e been ~e:uchin~ 
lor \\ ~., to dc:\troy the lipoid.tl or waxy 
c..<•!ltc:n t >t the: <hsc:asc: or~ani~m. It i, this 
\\ ;~ c<mtcnt th:1c vc:ry likely protects the 
v ·,:mi,m ;t!l:.tin,t ther.tpeuuc att.tt:k. Fur­
tl ~r ~t tJie~ arc pl.tnnc:d to \cc: how the 
• xo: .:ontcnc i~ :~ITc:ctc:d bv the new b.u:. 

rn1111. 
.\ ' :crococc :t.> cc·rol\·ticus. a\ the "wa '<· 

. ,,n~" b.tct.:rturn i~ called. \\':1~ dc:~cribcd 
t<~ he John~ Hopkins L'ni\·crsirr·~ Scx:ie~ 
.. t ll•:f!ic:nc 1''1c:c:rint.t in B.1l umnre, :\(d. 
(,1~ ·Hincari1m ot rhe b.tcrc:rlllm i~ the: rc:~ulc 
' t.wre rh.tn three vc:.lrs' studv uf the: . . 
!tnnc:v-'(uttlc:s and their beh:1vior .1nd 
[, .. [.,l{y. Dr. S.tmuc:l f, .\ jl, \Valtc:r Reed 
\ fc:<1 h~:tl Cenrcr, h:t' a~~i~ red in che n:~c:arch. 

Scionce N&ws l•H~r, January 25, 19 .58 

t~EOICI NE 

AJl er9ies Mcy Be Foetor 
ln Chi ldhood leukemia 

" \ I.Lr !H; IFS in morhc:rs .tnt! -.hildrc:n 
•. h: t'l mpnrr:tnr :t ... ror til •i1e d · 

'dop1 tc:IH , 1 c!lllclht,.~tl ""k '"tt.l 
1 "" ha, ~ c::n 11\.itc:ttn! .w an t·~ttlc:ml· 

1 • .:•.:.1 'ntth• ot rhc: c:mcc:rnll' blnod dt,t::t\C: 
o\ I Jr. \lir::m1 1 ). \lwntn;.t . .tnt! Hcn1.1mtn 

: . c,·•,lll. < lnldn:n\ Cut .. <!:- K··,c:.1r.:l1 
! ou.l•'lt'llll. l\1hll>ll. .\!.1'', .utd the :\I· 
i. 'l tl C.tn.:c· ln-.•uure, reonrred tn rrc 

J~·rrt•.;f tf ;,:.- '/!tonal f 1t1r,-r h:.;r:cwc 
f\,..,., • .,--0-J"'-· . ,. 
Tit ,,,,·nu,r, ••11nd .1 ''cruhc:111rh 1 1r~::r 
'II be:: 1f 11111!1 er\ nt ~:lt!dr~n '·' t·h 1 rh 
'"' 'llllt utd ·;.ph.uu: ;..Lttc.:: I 1d .1 lu.,_ 
r 111 !It\' t '\ t:r, J•th••1,1 ,,r Jn, "'· ..:ntn-

1• 1 < t ,, 11 1 .nnrrol ~rnllt'' or \\ tth ch .. ,c 
• J'l.! .r:wr • :1t:~ nt <.trtt·r T~1c1r .:hild rcn 

. l ,.1 n d h1 ~ ·~r in.:u!l'rm: n t lllt·r:n·. Ill ten 
pp .. ••111~ :t' ·~-·t·m 1 

\n••lht:r ,tt(:llht::tllt tltldtllo;( .1 " th.tt .tl. 
, ,r n. i.t: ,, 1 >.Il l\ lltl>lllc:r- 1! lc:uk.:mt.: 

1 •I r n ': 1 ! ' •c n cxp• .,cd 1 • rav' bc~o rc: 
• '• r:•• nc rh.:tr ~h t .d ~omp.tr.:d 1\lt:t 

~· •ru1<h· 'I ,\c X-rJV cxpt"ure tnduJc:u 

.tny md .all ''th<.:r.1!-Jt:Uli.: irt'.Hh lti .. n" b .. tlt 
hc:for:: <>r ~~uring Jlrt:gtt.lll\.\', \ll1

111111t tt-1.1· 
tJt~ll hi 0:1c: 'itc ur dc .... 1ge ut t'P"'"r,., 

J'hc 11\Pt'ter' .tnd duldr··n ,a"! nut •' ' ·' 
onle h.1,,. the.: ,,1111<' .d' ·r,.:·. l'l th t!ll>!lti 
• ,. • • 1 t tl . ·Itt.,! "' 111 .• lit r•·tc :~t~•d•t·• U:l.h •• hC t 1.1 ... ... ~ 

• : 1rt '•f · ,, .t.:n·:ncr 11 • pu: tl: 
t' ''"- 1 not 11 <'t'\•,.fih doc ' IIIC I rl • I 
.dkr~'· .,, ••·n~u:.111~ ~~ ·ut' t1 .Jt 1111\' I. t<·r 
d •;;v~·· th~ ltl.•ud.forming .1hlm· •Ji I •IIC 
!11u "(U':.\. 

Cltha r •.:.orLhc:r.; h 1\'C .tin· •t'•. ,1, .. 'n 
th.ll ll\'j•cr•c:n>tti' HV 1.111 he tr.llt,lllltt.:d lo..: 
l\\:.'c:~ l"t t'!t:r ;ond un:>~•rn .:1uld 

!c m.w be th.ot the: dttld r~~t·i•;c~ .1 '·'l~~'r· 
,l'n~tn.~ ,,,,cc from the: 1\tlltltt·r \\h tdt turns 
nno leukcrni.1 only upon l.!lcr ''l'"'urc lll 
httnc: n1.1rrow dc:pressi ll):t :1~en ts. 

"\\'e bche1 c: that the J.H.t pre~entcd 
ju,;ny and 'hould ~cimul.ttt• further ttl· 
,·e~tigJ rion .dong this line of .t~pro.o..:h to 
the pmblc:m of acute leukt.:miJ in ~hildn:tt," 
rhc:y conclude. 

Sci once New• leiter, Ja nua ry :ZJ, 19.58 

.\N TH~OPOlOGY 

Sjg Chest, More Blood 
Hel p Jndion on Andes 

~ .\0.\PT.\ TIO)i throu)!h lteredicy and 
ru rther .tJaptJtton durin,~£ the indl\' tdu:.a r, 
lifetime: "ork together m m.1kc the: bt~· 
che,tc:d. ,tr.ckv little .\ntle:tn Indian> :1bk 
to II\ e ~tnd '' urk h.1rtl twn ntile\ or more 
:.·J<1\'C: the: lc:1 d uf the \C;t. 

The: .:h.m~c:s chat the'c: t\' n tun;.:" uf 
:td.tpratiun h:nc: made: in rhc: lndt.tn\ [,){I\' 
''ere: ,cut!tc:cl .It Hacicnd.• \ i.:u,, hi,l£h 111 the 
!Jc:ru r;1n .\nJc:,, by Dr . .\l.•r'h 1;1 T. ).c\\ · 

man. p;1y~IC:tl ;mthropolnp,i'r 11f the: Smtth· 
,onr:tn ln~tirution, \\',• ,h1ngwn. 

.\(o,r :.uikin~ i~ the: c:nt•rmotl' '''-C: ,,f 
the \'ico< Indian·~ che\t .1nd the lung-; in,tdt: 
it. There is a deddc:d enl.1r~c:ment oi the 
1••\I'C:r parr oi the rih c;1gc ,o rh.tt the 
lndi:~n .::1n brc:athe deep and the di.tpltr.tsnn 
i~ .tbo <ct In\\'. \n exp.mdc:d tnner !min~ 
or the iuni{S m:tke~ ic pn~\ihlc: ro pick 11p 
the ma.ximum of oxygen 1 rnm I he ·hin 

. 
:t; 1!11\WIIl .llr. 

T'te \ nJc:tn lndt.ln .tl,o h 1' tn<~rc: hl ... ~~.l 
•· •. m t~.: '11.111 ·H ~c::t lc-.cl-.. n the: .t.c:r.1uc 
;,.. .:·:\:':1 quart~. The rc:d .. ~i!, m ~~~' ·,;1 • J 
J rc 1r~::r. orm·rdm~< more 'ur· t.:e ror t. -. 

!n.,: u:" ,~:·~::n. lJr. '\;('~\'1,,\fl rcpur·, 'll 

\ ;t·,,..r! H:;:q,..,· (l,tn ). 
\\'tn r"tts 1. r~c:r qu.onrt:·: of thi.:k~:r 

, .:.od. !!"~ !nl1t.tn' .1ho 11.1\c 1 Lr,xc;, :llurc 

""" :::·•;! tc:.1rt ;o pump tt. T! c\' t:::m t > 
tlJ•;e I :>c: .. ::- Lllr.>d •lll'ph Ill •1-,c:tr ;x:::::!o:. 

• ~ • ·' . ~ •• , . .. ' t' ·~-(!~~- ·r .... lU'C' r\ t_!\ .. n ... lC: It' ... 1 "' 1\-l ) ... _ 

rnuttn·un .. •O 4!!"f n: un!"i t..•, •hei r h.1r:: ["':: 
' I I 'h.:. Ire \\ I rr.' 

• \ '11 :c::- 1 tp' .U'•I!I I lt I ' . 
••tc"'~ 'hc:n . 

.. ' ·n r~ .r1 I l ' rr.1 1.,, I J 1:" ,; 1 n.t th .. 

..... r:, .. ~ ,· .. t.l " .t.::rr .. • •lllltl. Th., 
:~tL.!~:;, tht• t'1 ... t.trh.:..: rh L 1 ••• 1 nn.,~ Jr. 
cu:.ne to the excn:mtrt,, n,i tl" • rr h:.: ., 
rh~ 1.t-r cc: 1:-~ 1 11f .. h~· t·, .. \ 'i'- h .;!n 
"' f\t,; 1. ,, tjt lu \.l\' I t'~ll ~ .. rl I tinn. 

l>r. '"'·' .. 111 IC':trncd • 1.: t:ITt't:l~ .. t '1tl!lt 
.·r·•lt<:e •'ur:n~ 1 twlv rof tl~c \·i .:•" lt. 
dt '"' ,1; ~ .. 1 tf<.'\,IIT~ \lu.,:t ni dw . 'I 
'I'C'O::Ht'l: 111 "'' rl'!lolr! i, t'l, \\ 11r\.. 11l 1ft" 

!a~:lt'Jle 1t \th!t:.Jil I:,,.J,.Jo!.,, Lun.t. !' ·~u 
Selene= .N•-) l~tter Jcnuory Z.5. 10 :a 

\ 

.. 
~,.. -· 

M'OICINE 

Bloo d and Gloss 
P l""l j n -'?rod v d n .g 

--l / 

, ..... 
Cre cli·e 
hem5col 

> \ 1 1,\l~ 11IH H >I c·:·,< 1 ul"t "'" l onn ·II 
• I II ~ .. 1 I·! I .. I ".Ill 1111 •1 '" 
\\t<h~l"'".l' "' , .. !Jr.j.l\:·.~ lt, .. r 
l\l idcli, t'X I (ro,pll.tl ~I. olt •. tl !'>.:lt .. ol. I 'I· 

d .. •l, l.ttglond. 111 •:,..,. 1.1 kc... JS. I'J'i j 
·I Itt IJ.Iinptla!:u..·n..! •ll:ht.tncc .q•pl.•r' tu 

it. (oll'llH:d h\ tht .1dit11l 11f ,Ill Clli:\'111L Ill 

tl•.: pi 1\IIJ,t, but 11 o. r.tJ•ttll) dt•,tr•>}Td J, .. 
:1ahttltt r l)pt.: nf do,·:uic.d 'll!ht,ute,• in titc: 
pl."n1a, t.tllnl ,, pcptul.t~t. 

T he fc,rmclilln PI tlw p.lill·f>lllclu..:ing wb­
,t.lli~C j, 'imilar tP the initt.at11111 of hlnu~l 
o.:lort in~ IJ~· !(IJ\'i. 

clt,·rnic.tl analy\i\ ~ho\lt'd th.1l the p.ltll· 
pt~ttlucillg ~uh~wn~t.: i, formed in "1 t't,tl 
'!cps. \\'hen the plasma i\ e.xpo~c:d t11 gl.1~'· 
.o ~uG~t:tncc: that ha~ been C11lcd '·cunr:oct 
f:ll.Wr'' '' fir,t fnrmc:d. Thi~ ' 'cont:tcr f.tcwr" 
thc:n \t:trc~ (urchc:r n::rctinns w ltich lc:td to 

form:ttion uf the: (l.lin-prnducing \tth.,t.omc:. 
The '1cont 1cr f.tt:tllr" i' mn~t :tl'tt\'c: .1fter 

two minutes. hut wtthin :!U to 311 minute:$ 
it~ acti\ iry hJ~ c.lecrc:J,c:d to ne~h~ible ':tluc: . 
Dr. ~l.trgoli.; report~. 

The "conuct Lctor" .Je,·elop:. nnrnt.Jily 
in th<: pLl\m.l of pcr~om \\ ith cc:rt:Jin blood 
di,ordcr~, ~uo.:h :t• hc::nophtlt.t :1nd Christma~ 
dt ,C:;t\t'. in which the blood h.1~ Ju,c mu .. h 
ot it~ alnlit\' to dnt. 

.\p.trt from ~h''· <.crtain other 'urtJCI.'> 
.an; -..tp.IUic: of .tW\':lli:t~ bmh p.1in-produ.:· 
in){ :.ub~rancc: :tnt! blood clotting. The •'X,t<.t 
\llrf.t.:c.: condition' rh;n .ore: tn\'nlvc:d .ore u'l 
hl'll t){ \Nthed but .o "!uc: tv the mech.1ni-m 
nt.tv he in the: ht•1t:ll'inr of dried ,ilic:t gel 
and a lumm.t. 

l' h.:~e ore: both in.tcti\c: w begtn \lith, 

but bc:come quite: :Jctl\ c: ;tftcr bc:ing h.:.ltnl 
to .tbtl\ e l.OIJil dc:t:rec:s cenrigl'ldc. 

Science Nows l oller, January 2 3. 19.58 

ANTHROPOlOC Y 

New Dotes Add to Mon's 
Antiquity in America 

~ \I\'-: IS 1111\\ :..n11\\n to h.l\e li\ t-d :n 
\llur i~ nn\\' \l.tblm.t do'c tu '1.1:1,11 ~c:. r' 

.. ,, rh., h t:tl; ,Jdc:,, r.\llu..:.tr''<lll ,iu~ .. 
:llr nut::n.tl ·''''''' 1:c:d \\ tdt 111:111' , tt·,..:, 
in tile :h:t:-n L'nitc: 1 !:- ~-~~-

The: d H~-. /j:;) !'' ;, ··r :7\lnlh 21~1 \ .:,lr 

• • 1, 1 •11!•!:-hc:d inS tr: ·•c,. (()e::. 2;, 111; J 
· I >r• \\'. !'\ llr•,.•.:kcr ,ontl J. L.. Kulp n: 

i h · I 1111111H ( •l'lli"'.!to:.ll Oh<c:r· l"nn. Co. 
lu '1 : 'ni,er<i":. !'tJi,.ttlc:,, :\ ) . 

·1.h , ,,... \\ , ,>:l: •tnctl ~ronl '-h.&r~·l:ll 
i IL 'HI I~ i.:c:r I c:i.,,, ~r 111n<l 'c:•.d in Rt.: , d 
'; ,, l '. I .k ·<'>II c 1111:\', 

Tlte rJdt•><·.tr. • 1 .t 1't.:' r ';Jurt.:d : r .. :n :. 
n.t•t't t )~"'-l'!"~ tt ·r· . : o 'IJ'..:'.!"-"'t ;hIt 1 '' 

.,.,·upt··d • '· • ,. · ..... ~ "t ='orrh ''' n ... t 

t:111dt lol'l!<:r ~"· Cit.trrcc! .It\ .Jrt ll', 
lll"tft l •1lllt"' J.,llttll ''I It:~·: 'Lllll\ ,It' J•l' 
•. r t!.t· tllu 111111 .u·t!.nc:d 1r ~· 1''J .,.1 • 
·'~" plu, II( lltlll•h 'II II, 

I ·~ · ·· ' · I • lh 'ltl~~'''l'. lt't• ..:t· .. nn'r' . ' t 1 .1 

111 111 .,., upi~ I tlll' • nt '" "tor :\o~rt'1 \:ut·r 
r~. •d1 rt: tl 1•' 111.ti• • • .: ' •tl"' ••t •he 
l."r:r ; .trt '' t dt \\to, •lt•lll ){I.Kt .. ! • 1

1 " 

So:u:nc1 ~ ....... ~ l..tl ' " ' ' Jo,vor~ .J l; :a 
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While none of the five planets usuaily visible to 1he 
~'"1~ed eye can be saen on Februe~ry evenings, there are a num­
IJ,~r of fi rst mognitude stars visible, Sirius the brightest of all. 

tllr i •aq '" <:.r. () 1 • • ': • i L r 1$, 

\I ll L 1\ !l 1\\ IIJ ,·,.:, r d t.. I r· lllj • 
1, t .-.•.. n 1.~:<· 1d (, ~ 1:111. lhc: -_: 
n11h' Pft\1 tnll of ! ! .IIlli ' j, \ 111•1' 11 b~ ,t 

' m:t!l :\, 11 :d.r 1 1,· l •· r • \ " in th..: r • ~ 

Sy JAMES STOKLEY 

> l;i{!C! ITE'\'! ST.-\R ot d1c J'l'bru.1ry 
< \•·ning skY i< Sirius. which ,J ut~es in the:: 
' wh in th~ ,·rm,tcli.luon •lf Cani~ :-..I:Jjor, 
the: grt:.tt til>~. l~l'CJU)C of rhi,, Sirius i~ 
• l • ..:n ~J!lcd '1:: f!t>>t st:lr. .\bo, it JS :"'~ 
.t lie· I ''· ith the: Sl»--Jild ''dog clays'' o( mid­
• l'lll11l"r. \~out th:n time of >ear the sun 
1 • ·-' ' r:ahc:r .:Jo,c: to Sinus. .\ncient pc:o­

;• ' e~ thought. mistakenly, th:H the: rays of 
, -t.~r comlJined with the hc::tt of the sun 

1 1 ,,w,Jucc: the: ~ultry weather which, they 
11 · ~>.,,ccJ. -.au,c:d dog!> to go m.1~1. 
'-1• iu, i' -.hv'' n on the :u:comp.tnying 

• t.lt',, '' hich f(l\'c: the: :tppearancc: of the: 
I r.' H .1bout 11):1;0 p.m., your own kind of 

.t tollJ.Ird rtmc:. ~t the bc:ginnmg of Febru­
'. n hvur cJrhc:r at the: miJdlc: of the 
,,,,H;I .tnd abnut S:Oil p.m. :IS it comc:s to 

..:nd. 
\round '-lirius Jre the: other bright st.l r~ 
·'1 · "tn<er c•:c:nm~. :\bov~ :1nd ri~ht 

1 1 .:.tn sec: the constc:llat:ion of OraJO, the: 
\ lr riur. \\ hn two nr~t m.lgnituJe ~t.l rS: 
' : ·1 ~:lhC .uhl Rille!. Bcrwc:cn the .; :trc: 

~ nr.:: ,rJr-; ll.lll'c:J .\llliJm. :\lnir.tk :lrld 
\ 10 1:.-:t. ch.H furm the: " 1rrior's bdt. .\ 
,r·k IHJ<hc:r tS lkil.ttn'(, in h1s ~hou!Jc:r. 

\ ill .11~hcr .1nd f:~rthc r rillht we: come: to 
·.Htrth, the: bull . In this group st:~nds rc:d 
\\ ~..:o:1r.1n, murhcr sur of the: first m:~gni­
'•~<1~. 

\un~t. rhc: chanorcer. i, directly over-
• ,I, .. , uh 1 nlham C.1pdl.1. Bdow this 
• •1.1>. tr•l' 1r J •he ;outhea,r. ··nu <.urne to 

t r :ni. the: t·1·1n•. In it :~rc twn prnminc:nt 
' ~;."rnr .1J Poilux, wh1~h \\C're rhc: 
1e. >i h.- '\\Ill,, fa\'oritc ~·)us in the 

1 ,:. nr i~nm.1n m:-tholo)o!y. Ho\o\el'cr, only 
.I • h •t '1c: M rH m.J ~nttudc: C.lstOr, :1 

r·l · ,11111 ·r. " ''r ·he ~econJ. \nd bdow 
'I '• 1'1 ·• c .:rc:cti<'n >r the !~1!{ Joll. 

• '' •Ph: d c· 1 '' .\ ftnn r, the .~~'er \.!O}t, tn 
~.1 :, '" ,. u ... ·.1 nJ~. 

•I!! .tn• •the- '1'•t 'TI Htnimdc: .r.tr .IPOc::trs 
·h. ht :" r ,_ J. ·.~<: ltf'lfl. (j.i, :'\ !l.~:iulus, 
·' • ' Ill l rh.: ' .wlllc: 11t 'lc: · ~1ddc: ." :1 

''' r r.1r \.;r' 11~~ T:!c: '.J.e of :he: tm-
n· It•·. c:-; Jrc•unt! ·nc: 1' nrc! "Leo" 

\ • I the I 1 11-J. 

) cn~ts hw•si b le in Fe i:)ruary 

' ~ • ~:Ole ·p ~ht..: n '"'cJ t.'\ c: • I I 
• 

• .... r·. 1 { :111".:'· \lc;· un , :lt:tr •. 111 

• 

• 

'IIC: ( 

II .t 
u :• J, rhc 1 •1 •. md .: •nnut 
·n h::"u w. \' ·~ ·"• 1~ h1~h 

~ 1 '· i'l w ":111..: , )-v lltHII 

·. ' l, t<i •lo\\ ,,h .. 1'1~ 1.1 t ... <>nt 
'I 1f'"U:.lr' atl'. .,,! 1.... B·: 
• I • 'r .lr', :l. ~·" .. t·~ : , , i1l ~~ppc.tr 
• • t 1~ t ·u ' · ·: r · , 1 'rl\c:. ln 

• • • • 
'· I c 11t n 1.1! utu,:c: mtnus 

-1. '1, m1k in~ it the hnghtc:~t ohjc..r in the 
~''Y· 11 "lee \\·nu' "dl .-..m=nue tt I · 
,j.,iblc: l'\t:n .• ftl'r tla ~k1• hts gort~ll qull< 
l•nghr . . 1nd nth~r ~1.1rs .m.l pl:wct-; I :1\'<: 

,.,111 j,hed. 
.\round midni~ht rhc: pl.1nc-t Jupitcr. now 

sh;.:htlv bri~htc:r th:Jn Siriu). "·ill ri ,c in the: 
t::ht, in the con~tdhuon of \'irgll the qr. 
.;in. Tlus group IS not ~hown ()11 rhc n 1:tp,, 
but it i) next ro Leo, :111cl Jppears aftc:r th.1t 
group h.ls risen higher. For :1 few hnur\ 
bdorc: ~unri sc: .Ybrs c~1n be seen low in the: 
~outhe:J~t. in S.t:.tmanus, lite .trd1er. This 
pbnc:t i~ con .. idc:rablv f:llnter th:tn tho.,e ,,J. 
re::tJy mc:ntioncJ i it i~ .lhoUt !j ltUJZninldc:, 
or .1 little brighter rh:tn the stars of O rion';, 
be:! t. 

S.1rurn also risc:s in the:: ..:arly mornin)( 
ho11rS. c:vc:n ahe:Jd of :'>.br~, :tnd ,., 111 
Ophiuchus, jmt c::t>t l)f rc:d . \ nta re~. which 
is in S..:orpius, the: ~..:o rpiun. In hriszhtnc~~ 
S.mrrn i~ about equ.1l to :J rypic:J l first m.•~ 
niwde q3r. 

.\l<hul:\!h none: or the file: pl.lnc:t' th.lt 
.m: '1\tblc: to the n;1kcd c:,·c--~[ercurv . . ' 
\'cnu~. ~f.tr,. Tupne~ .tnd S .. m1rn-.tre now 
in 'he: c:1enin~~; sk•:, r·.,·o ,,f the: othc:r thrc:t-

• 
are t!-tere, and m:t y ,,e ~c:c:n \qth l tde.,copc: 

(lr tht' (vii;(L1!,ttiull \• J'l', ~llJl It~ Jll,l!.~lll• 
tud. " 1.':!. 1'. th h rn d,~, It k" th~"' a 
~ ixtit·th o( t 1tc hri,.:htn.·•, ' ( l<.q~ulu,, ,t:inJ. 
I 1).( IIC:H hy. 

It i\ gcncr.tlly c.~lhi<!<'rt.:u dt.lt ,ur' ~~ 
f.unt a<. rite ~1xtlr rn.qnl l tllle ,.:In JU'l I · 
n:n wuh the: 11.1k~d c\·l'. un.!n t 11L 1 ttt>l 

f.tvr11.1ble cond1tin1h nt :t cle.1r, d.trk ~,,·;. 
Thc:ur..-Lic:~llv, t. i- thus pc,~iblc: to ~<:e 
U r;111us withlJul a tdt~copc, but thi-; i~ 'en - . •lltnculr, unles> l't>u .1rc: br fr<Jm t.lu: ._nv·~ • • 
~l.uc: Jnd smoky .ltlno,phcrc:. 

U ranus' Discovery 

L'r1nu~ w ~~ Ji\.:OI ,.red in I ;xJ bv .m 
Fngl t~h .1mateur ;~~rronnmer, \\'1llt.1m Her­
'chd. When he: fi:~r 'lw n. \\ ith a tc:le­
~copc Lh.1t he: h:ul tnJdc him,c:lt. c:4uippc:d 
wtth :J conave mirror 1).5 mcht:S in Ji:Jm­
cter. he r.:altzed that it thu nN lcxJk like :t 

'tlr. .\ few cb~~ Ltc:r. 1\ hc:n he: ,aw it 
qJin. L' r Jrtll~ had r:1C•I eel :1 liule. ~o he 

1.vnclucl<-d rh.1t he: lnd i<llllld .1 new comet 
- .tnJ .,o Jnnounced it. C:omput.niom 
,Jwwl:'t..l it to he: .lnrothcr pl.1nc:t. more thJn 
I'J.fKl!l,OOO mile' from the: ~un, ab<>tH t\\ icc 
·" f.1r .1, S.tlurn. It re\ nh·e1. .uounJ the 
~un rn :H )'C'J'> Jnd turm un It' axis in II 

~I !ill 

~PARD AUS 

LYH). 

~HDRO EO~S< 
ArphP-1 

~ We ST 

4 E~ST ar,• Joul:, 
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J,,.u, ;. l r.tllll> In, live II<• 11> , •. j, 11it: .onh· 
rhrot l\.,h l.1rgc tdc:,~u}JC:\. I l_-r,, b.:f ltiur.t·i t 

J"~\J\C:r ·tl 1\\0, ,,Ju~h !r ~ ll• ll:<·J T·l.lltl.l 

.md «)ht·Pm . 'I 11o Ill <. ~: •. \ n .:l .• nJ l' tl · 
bn.:l, 11 n< lu ll 1J m I !o.,' 1 . n .. th r l.t:~ 

!t,h ,,·r"""ll . T he I, •. 'I r til ' · ' '·' 
fir,t •ktcd n l h1 lJr < : . I' Ku1! r. ,, 
. \ tn<:n,.lll ,1\IPltiUi\lc:=. :t t' 1c :O.Id><Jit.tld 
Oi•,c:n .tton 111 T..:x h in I' '~' -

D unn).! tht: c: u II· IC',tr' ui he 11•tl• ~ n­
wry ·•'lrnnomt·r, ! 11 11J l r.• llth 1 '' 11• · 
mo1 in~ .1.:.:nn1mg tu tlu:•r i'• c:d1dio11,, .111-l 
dt·~idc:d thc:re 111m1 •,,. n .:'tcr pl.mc: t , ;ti l 
fJrthc:r uut, 11 lm:h " '' pu!. llll! .. 11 tt. '\:cp 
rune ,,,,., rnp.,lht.•lc. It \\,h f.,und in 
ll:Hh. dchc tu the pl.t<.:: • he::: it 11.1> ex 
f><:<..tc:J to Le. 

A t JHC:\t:lll 1:'\rptunc h in th<. <Uth:dl.l­

tion o( Virgo, ll< lt r.tr from Juptter, J nd 
r i ~c:~ ,1htH1t mitlni,.dtt. ;-.:c:pluuc: i~ .tbnnt 
~.i"J I.OOO,OOO mile~ fro111 the \llt t, which it 
goc:s ;trounJ in 165 yc::u-. •. uuJ it Ius t'·' o 
s:ndlitc\: Tricon, ui~.:uvc:~c:d in IX-ll\. Jnd 
1\'crcid. The:: law:r 11.1~ .d,u J isco~;c: rc:J hv 
Dr. Kuipc:r. in J9JIJ. · 

The: moH Ji~tJn t knl•\\ n pl.1nc:t is Pluto. 
J i,.;o' c:rc:J by C. \I.' T .m1b.tugh, .tl the: 
l.uwdl Ob~crv:non .H Fl.t\tst.ttl, .\rt z., in 
IV30. Its :1\crJ~,:e dt,tJth.c trurn the ~un i-; 
3.o71.000.000 milc:s: It grx:\ .trounJ tn ~ 18 ' ~1f~ 
yc:.trs. Prob.tblv it i) nu l.trll:c:r th.1n ·he: 
earth. anc.l !11) ).ttc:'ttc:' 11;.~\c: 1c:t hcc:n dt.,. 
colc:rec.l . • \t orc:,cnt tt '':a the c:.cnln_..( ,J.,;y, 
in Lc:o, :tlnnt.:,tc.lc: ·:.c: , . ._klc Its p<htlltJ11 
abo is shown br a •lllJll X <>n our m.tp. 
H.,-,.c:,cr, <>nlv .1 .en· br\(t: ·c!es(opc: wtll 
re1c:.tl thh pl.u1·r. \\ht~~ 1> .1io•tt the: l'irh 
magnitut!t:. It b.h :Jc::n SU!.!~c,tcJ .h.H 
Pluru \\',IS ori).!in.tll~· I rnvd J> ;1 \.itc!l irc: 
of :\'cptunc:, thc:n l.ttcr c:,._ t..-1_..,... 

On Fc:b. 19 11 m1Jn1., r. Pluto .tnd the . . ·~ 

earth 11 til be ltnc:J uu :n he -,;li]!C s.ltrp~tJun 
from the: sun. It is tbt:n .... Jd t,l1~ftt;ti'n orp•>)i• 
ti•m " ith the: \tu1, i.e., P1u:1> .u1d'thc sun Jrc: 
in oppmite dtn:,uom tr••lll the c:.trth. . \ t 
~u ... h a tWH: 1m" , -~, , tilt: 
c.<rtli th.tn :tt :1111 or1c:r Lime: dun •• 

/ "'Pluto I\ ill then ·l.: 3.t i'6.1Jtlll.fl01l 

Ce lestia l Ti me Table fo r Feb rua r y 

F..-t> r-sr 
tt ; ::~ p.m . . \1.:•• • ·lrl.,blc •t.tr 111 l'.:r'"'"' 

t" m .. , nu:nl hrt~htnc. ... 

I ~ ' J Ill. 
'>·.~p.m . 

I, ,tt p Hl. 

ht' l 111• ••11. 

\ .: ,1 tl TIIIII:Tlllll'. 

~~ • 1 • ...,( r t. t!o\t.:lh .. t: 

:.u.t"S. 
t) <;·.:; ~t.rn . \ t ... n t u ' c.) Jupiter. 

rn 0:1..: p.n1. \\n.tn tn '..;,, qu ttc::. 

l l ):; J .1.nl. ~.f • II) t ' 'C:"- :"'-.t'tH:l, 

f.,: f1:.;•a J.:ll . \f -" t il 't$ \f1r'. 
,, t o :~' l.i11. ..... ~,, rn un , 

' ' . .. 

I" 
• • :..s j 1 ~, ""'tt nl t n. .a, 
, , .. . h. ra: l Jnlc '· t ;;;:, ) ,•, , 

' rt l ("\ , 

! I t 1.0 0 I. Ill. \I I .1 Jl t r : h< •t: t! : :.lf'! \. . : .; ~ . ) II 

• ' r 

-~ t.o'l .1.111. • \
1.:· l l .It lolllltlllulll. --
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8 February 1958 
Mlc co, Nor t h Carol 1~a 

Ivan Sanderson Sees Green Fireball : On the night of Saturday FebruarJ 8, the well-
knmm zoologist , author, TV star, and CSI Vice President, , was 
driving back to New York .from the South, ·,•rith three .friends . At 10 : 35 p .m. they 
were heading northeast on Route 301 in southern North Carolina, and had just 
passed the tiny village of Micro (about 30 miles southeast of Raleigh) . Robert 
Duncan, in the back seat, noticed a bright "peacock- green" luminous object rising 
behind the t r ees in the southwest and catching up with the car. A moment later 
the brakes were slammed on as it was seen by Ivan and Richard Florimont , in the 
front seat . Not quite one- third the size of a full moon, i t had a b lunt front 
and a tapering sharp tail, from which spurted a few orange sparks that forked like 
those struck from a flint . It appeared lL~e a rounded, three- dimensional thing, 
not a mere glaring light . It passed over, to their left, and within four s econds 
was lost to ,riew behind pine trees in the north- northe::tst . ~lo s ound 7(as heard. 
I van had the impression that it was a :5ood many miles away. (The ap}:earance and 
horizontal course of this object seem to put it in the gene ral class of the enig-
!'!latic II gr~en fireballs • If) ~ r -~ - \ _: ~ "-C::, 
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Northern Lights Give 
B.right, Colorful Show 

Sbi.mmerlal an:s and .fiery curtains o! ffi!, if!'Ctm And or;hi~ blsud 
&erou the sb' ill a dA.nllna pllenomeoon lmowu u t.be northl!l'D ligl!ts 
or auron bore.tla )!otldar algbt. 

Sky·J&Hn w rouzbout Fa.irboru and mot't of the nlrtlon obHM~ the 
ncrtllern lights which normally ue •~ at lli_gb laUtuML 
. 'l'ha ligbta we:ro obsuvf'd lu ~Inti 111 scattered a: 1312ZJ..Ort. lUF 
Y~ Dea lloin~. Ia., A!~<'r~uo, N.M., 'I'gla, UltlA , N&.'!hville, 
TaL, ~We, Los An~l.ca, Q!~~~ l1Dd u t:u ~t~ntb aa v" m. S::tch, 
Jh. -

One penoa liviDg in the Wright V!ew are• ~ftd tho Da:lJ Ha!'2ld 
after DOdnt the red aJq to bow if F1irbonl hAd :. bta t5re. 

Tb• unnst:all1 lnte~ <!UJ;J.lv had marxad effect (10. t:!d.lo tr:ns­
mkaioft and te!~ p:t ~1.."""- R.:dlo b11m s m the Mlnn: .. ~oUs !l..'"U "' 
porlad Uwr7 wer• mbie to crpenbt durln1 the di6pla')'. 
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L~bano . ) ll. 

La -::-r~r- ':'he .\ir For ce ha.:~ r.~v~r rec~l V·~d a r~ ;-o:rt 
;:, 1 thi3 ir~cident . 

r.o ,., ., v~r, ~l": V~ral day!:> a go th~re v1as a dispatch o.c 
1 ::;ws it \!m on th•! Uni ':.~d Pre ss :.ick ~r to i:.h ~ ! ff · ct. that 
· ... :::ilit-.:. ::-;:.· -typ~ rock~ r. had b~~"1 c.hr o•·•r. ir.t.; :..n incin~r-' 

::.•Jr (•JC :5f'lrne t.hing simi l ar) i:1 .'ia~l ~3 3.:1d. !_t, ~.-<plor"l~d . 
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R•olnc:r, I)," AGO f'orm ,•Q, l .\;>r 1\. 1nd A.I' B Q 
701Ul Ll. lO :-lo~ !1, '70Jie4 m..y ::,. r~ 
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I PR EPARAT ION OF RE?LY FOR S I GN ATUR E OF SAF 
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5 )!arch 1958 

~Mr. 

This is to acknowledge your l e t ter of 
15 February concerning an unj dentitied f l y ing 
object in Naples, IteJy. 

The U. S. M r ?orce has received no report 
on this sighting or incident. 

'Ehe un1 ted Press carried a neva 1 tem on or 
about 12 February l958 stating a military type 
rocket inadvertently plared in an incinerator 
bed caused. a mysterious ex-i)losion in Naples~ 
and it caused IilUCh exci tement until. mi l :!tary 
authori t i es expJ.ajnt."<i t!1~ mishey . 

• 

Sincerely, 

LAvlREliCE J. Tm 
ttb.jor 1 USAF 
Executive Officer 

• 

• Public ~ormation DiVision 
Of~ice of Infor.nat i on 3e~~ceo 

i - · • - - • 

• 

• 

• 

. . -

C')~.fE3ACK- SAFIS- 3 
R.~A.DF:R- S.ll.FIS- 1 
STAYB.l\CK- SAFIS- 3 

.. 
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~. t~e were® £ai<i.; 

!1111!'1 rui M.!'::~ ':"',ttoy l!:'V"ll~, C! Ai.:. 
t~rqu._, ru.-,'-1 :::.~ ~":!'-~ MrL"lt··P:'tl " 

I • • 

ot~carby lA)Ji J.,t.:tlfl!.. r,~a! t~- p.;:llltn-
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u~sn&.'l t-i)cl;o :U.lr, f :u!.ed bomlng. "'l 
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thu .:1~1.11 (rc.n t:. rl..v:~tr.tlf~ r..r.r.~ . Lr. 
r..:.ncoln La.~:.= ct t1z.e ~Jr..!vc-!it;- fz.f 
}....:.etl.'or!Ucta c.:Ud fh~ tlash p:o.::.t ;lbi• 

....... "l~c tiel.. ~ , ,ctccx. He U£g~ 
T;!!.J wh.lt ~~cd tj: :.;rc:: c.n 
.~'k"'~ '·~~ . l 

' ' "" ' 
.. 



---. 

.... ., ;a::J.) • 
. • ~ '],•1,1 \, • • •• 
, . • . - -: t..~ •• 

· ~ .... -
,... - .... ' '- -J- -

• 

' 

,..e'"' f) " • ... ' . -
) ( p \. I - .. ....... -., -· 

,. ·= • ., ·~ 
0! 

... . ~ - . 

• 

• • • . ~ .. - ·' ...... 
.. .. £ .... '11~ v .. ..... -· -- -

.... '- ... ., -- .. • 

r" r • ... , ..... ~ _ , 

• 

• 

c.,j r:-
~ ...... .. • • ·- -

o\ • • • r. 

...... , .. - , -.. - , • 
; .. 
• 

. ,_,1 .. . . --- e. ........ ... 
• I') u,. ~.-.. , - --. e-.~. "'i :! 
. • - ... - e • . l:.... - !:.. .. r · - - . 

r..._:e "- ~=. C!"": 

'i 

Naw 

• • • ' ~ • • • • -:r, .. . :--.:. L e .. . 
•• C" 'le · ,.. "::J. r c.. • < • • • - • • • .... . -. 

,.. . .... 4 .. 
• . 0! .. I l . . .... \j ,r e :-n .. - "l ·.c a -~-

..,_ ~ • - _, 
., - •• • • - . 1 • -· ... • ... ,.. - .• • . ·- • .. ~ -- ~' • ~ - -c o- ~ · . .,., • .. .. - .. ... - . ..... . . -- - :;. ._ • ·-• -• t.o . 

1p. t-o r .! '- o r ·; t.: ~ (; ,;eu ;""t-: ... ,.! ., 
.. ''C .. . .; . .. ..: :1 c:. .... . 

• 
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..!~ .1reoruary .L~~H:S 

Colu;nbus, Ohio 
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• • - ~ .... .. ~ 
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. : ·;..t * 1t1!- * *** lf **** * * * ;·ll-** ~-~~'4c ***'H~ ~ >~* * *** **** ** ****** ·~ * ~+***+ *-'!- 14- *'* + ;,.~-; ** * :; ..- 1> +~ c • 
:G . 24t 1 NA- RE AND SALV~DOR <LORENZE N P 1~3 ) 3 Wl TNESSESn . 

DR ~ LA\~YER !NrSEN~I-S N,\TIO NA L DE~.\~T~' ' Nf t 0 

\N,J=: L _ ~::'~OES AND A F:'.R I E ND ' ANTONIO D~ AR<\U..JO t \I.'F f~E Dr-IV I NG t1CT'.vi." [ N N.,~' IH-lt'" ,\N f"~ll 
~ LV~DO~ , I N BAH IA · CABOUT 1200 MIL=:S FROM PONTA PORAN , 6~A: IL 4 ) RE TW~EN U 

• 
·.!..E._SE T~·.'O TO WNS LIE Tv: O Sf•iALL VILLAGES • SANTO ANTONIO o=: .JESUS AND CONCEICAO C - -- ---· . - --· --- - - -- .. - ------- -----

I L~~ IOA . AT 3 e 05 ~ . M o SOMEWHERE 9ETW~EN THE T\110 VILLAGES , T~=:IR CAR B=:GAN 0 
'OUGH!NG AND MIS S ING AND TH~N ABRUPTLY THE MOTOR STOPPED DEAD . THE MEN - - - --- --- - - - -
'T TEMPTEO TO LOtATE THE TROUBLE, BUT TO NO AVAIL . THE NEXT INHAB ITED S?OT WA SO 
~OME D I STANCE AWAY ' AND THEY DECIDED TO SLEEP AT THE EDGE OF Tf~E RO AD AND IN 0 - ----- - - - --- - - - - ---- -
·:·:E t-'\ORN I NG , DO SOI'-lETH l NG ABOU T THE CAR • 0 

. ....!..._:._...:.:..;~ ""'--:....:H...:..::.:...:.._--!..:~C::: HE Y T TED A H U G E L U 1"1 I N 0 US 0 B ..J E C T HOVER l ~ G 0 V E R H C: AD .. 
REPOR T • * I T GLOWED WI T H A STRANGE LIGHT WHICH --CCORD !r--<G T O 

l 
1 

~E r~ED FLUID t BE T WEE N AND BLU~ . AT F I.RST IT WAS ONLY A LI GHT • BUT AS 1 - -· - - - - -- - - ·--
T APPROACHED WE ~ERE ABLE TO DE TEC T WHAT APPEARED T O a~ A SOL ID BODY BEHIND : 

-~~ =: GLOW . THE OBJECT SEEMED TO BE T WO HE MI SPHERES ON TOP OF EACH OTHER -- 1 ·-- -- - - --- - - - - -- . - ··---
~ T~EEN THEM A LUMINOUS D I SK OR R I NG SP I NNING AT H I GH SPEED . ! T WAS THE 1 

OUPCE OF THE BR I LL I ANT GLOW SURROUND I NG THE WHOLE OBJECT • * THE OB J ECT CAME 1 - --- -- .. --· -- -- - - - - ----
· :LENTLY TOWARD THE CAR UN TI L IT WAS ABOUT TWO HUN DRED AND FOR TY FEE T FRO M THEI 
·~ ~ERVERS AND ABOUT NINET Y FEET ABOVE THE GROUND . THEN I T DESCEND~D IN A 1 - - - ·-
0P I0US MANNER AS THOUGH IT WERE A FAL~ING LEAF . I T STEADIED I TSELF AT ABOUT 1 

: i'JE 08 _ T'.•!ELVE FEEJ _A_90VE GROUND t _AND THE THREE ~.ilEN \•/ERE ~BL~ TO DISCERN I T_S __ 2 
.O~I TOURS vERY CLEARL Y • T HE BOTT OM WAS SMA LLER THAN THE TOP HE~IISPHE~E AND I T 2 
•. ~·._s !..._[GHTLY rLATTENC:D UNOERNEATri. ITS_ L_yMINCSITY Sr:>P.EAD I N A CURTA I N OF 2 

tGHT SUSPE~IDED BETWEEN THE UFO AND THE GROUND BELOW . 
THE fR J GH]'Et-J!;D_ DR_LVER • MENQE$ , _ GOT SA CK I_NTO THE Ct.P. () _ THE O!_'HER TW!?~. 

) NEVER, DECIDED ·TO I NVESTIG ATE , AND WALKED TOWARD THE STRANGE OB~cCT ~ AS • . 

2 

2 ·--
? -

'-iE)'_Ar:>~ROA~_HE_D THE I L LUtvlj t-JATEQ _ AREA _< ABOUT _T ~;J ISE _"[HE _S I Z~ _OF TH~_UFO ! 1.oJ H I CH. __ 2 

J r:>EARED TO BE ABOUT 60 TO 7 5 FEE T I N DIA~ETER l T HE OB~ECT SUDDENL Y T OOK Or F 
• 

• d yE_RT I CA L C_L I MB . I I S TOPPED AT ABQUT 6_0_0 FEET t ANO MAQ_~~ _I_I GH T C i P.CLE 
·-::.: SK Y , ITS L UMINOUS FOCUS ON THE GROUND ROTATI NG AROUND I TSELF . THeN THE 

2 
IN 2 

2 

0 _S.LO;:> =>~D_AGA I N AND TI L_I_EO FORTY-:-F: J VE DEGRE~S . I~ THiS P OS_IJ:.LqN THE ____ --:.._ 3 
JT~ TING RING WAS MORE EASI L Y VIEWED AND OR . PEREIRA GO T THE Ir~PRESS I ON THAT .., -
- . .: A5 NOL.Ct-lEO_ L I :"E_JL COGWHE~L_IJJHOSE I NOC:N T AT I_ONS_ A.PPEAREO_ '(O _S =: _Q.BLj_OUE ____ 3 
--ATIVE TO TH~ EDGE OF THE RING . MINUTES L ATER THE C3J~CT B~GAN TO MOVE ~ 

;. L...'Lt l N_A__SE8 IF S Of H LGii - SPEE.D_ MANEUVEP.S ACROS_S TH:;_SK Y ,_SOti\E T! •'<~=: S MOVING:::__......;;:; 
~~~ =~LLY1 SOME7I ~~ S IN TIGHT CIRCL~S AROUND THE CAR AND SO~ETI ~'ES IN 
.., ~;Gi-1 7 LINES Il'l D:FFERENT _ D I QECTIONS .. IN THE STP.AIG HT- L! NC: M;l.NEUVERS IT - - . - ~ 

~~ •YO~E RADIOLY THAN LIGHTNING , * BECOMING AT TiMES A S~ALL DOT OF LI GY T 

.., ---
- : ~_':'_ : ~~ t. SPL I T-SEC0\10 ~ THEN FOR A SECOND T I !viE THE OB...JECT ' EXECUTED THE J 

-~- -- -- - .. -- -- - -- - - - - - ·--
-~~~ -LEt.=+ DESC=:NTt STOPPING ABOUT 9 TO 12 FEET FROM THE GPOUND , WH~N ThE J 

- =2.:J~2c: TKIFD T~ A=>PROACH IT . Tl:iE 08.~_ECT. TOOl< OrF VE~T ICALLY AT HIGH s =>EED 
P""\ ' c: - -·~ w ~~ ~a ~~ . THE T I ME ~/AS 4o3~ A . M. 

'• --
.:.7 s ~:::l \ , , ,., THE OS~~CT ~P~EAR~D FOR THE LAST Tii'-'Et AT A LO~tJ AL TITUDE . -. - - - - - - -- - -- - - - .. - ---

·-·:~~y ;~ COL~R ).~D ~ITH NO GLOW 4 IT WAS MOTIONLESS , TfLTED 70 ONE SIDE • c 
·- • 1 7 <:.t ;QDENL Y 5!::i0t_U~ AT TRE.::!._~OQUS SPEED AND VANl_S .-i~D 1 t-.. I- SPL l T - S£C0.-"0 • 

- .,.. ... "':) -- . . . - -.. ' r , .• • • 

-

L-------- ---·-- -----

-
• 0 0 • • • • • 0 

SURPRiSE THE i"lOTOP rUI':C 7 I 0 •ED 
~EST a~ -~~ T~!P r C 

- - -- --

-o 
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TDE'l'Rj:.l.aj ::I Quin":.'ni·lla) Jr/70916/76678/rir:s/27 Cct 66 

u"'FF Sighting, 27 February 1958 

Hq USAF (SAFOICC} 

Reference the attached l etter from 
hi s observation which ocaurred on 27 FebruarJ• 
is a suggested reply • 

• 

a . Dear Mr 

OCT 8 l 1SSS 

• 

r eporting 
The fol lo,Ting 

There have been manj a ccusations made against the Air 
Force concerning our alleged official stand t hat "there just ain ' t 
no such thing. " \ie ha"'C never made such e statement. Our offic ial 
stand i s that t here has been no evidence submitted to or discovered 
by the Air Force that sightinga categorized as unidentified are 
extraterrestrial vehicles • 

If you had reported your observation to the Air Force , our 
analysts and eval ua t or s ~ould have attem~ted to deter~ne ~~at you 
had observed . I f we had been unable to find e. logical ~sv1er, then 
your case 'WQ1; ~-d have been categor ized as u::!identified. Tbe Air 
.Force "WOuld not have ma.:!e your n ame available to -r.hc press 'Without 
your permission. 

It ~ ... rould be extreme l y d ifficult at this l ate elate t o per:form 
a compr ehensive investi gation on your observati on. I t '-'ill be f iled 
rri th our 19.58 cases for information purposes, however , i t '.rill :1ot 
be considered a case . Tcere vere no UFO reports submitted t o t he 
Air .Force for 27 February 1.958 . 

FOR TBE COMMA£IDER 
• 

• fl I 

c:/}- ~ ~~~ 
LOUIS DE GOES, Colonel, USAF 1 Atch 
Deputy for Technol ogy and Subs ystems Ltr , R. Hartinge r 

COORDINATION 

TDET 

• 

- . . 



· ' Nb Ca sa ( In f o r mat i on ~nly) 2 8 Fab ru:tr y 1 9 53 
Mi:tml , Florid a 

• • • 

• 

• 

~oace Animals: New evidence for the animal theory: falls of rapi dly-evaporating 
"sky jelly" (compare evapor ation of angel hair) in Miami, Florida, February 28, 1 
1958 (policeman as witness) ar.d Australia in 1950, 
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P~e E':=.r;e . 

Tha original intent of this collection of s hort 
;:>eports 1/13.8 the presentation of p--eliminary ua ta) t o 
the U. S. Natio nal Commi ttee for t,he Internatio"lal 
Geophysical Y~ar, obtained by the Optical Satellite 
Tracking Program of the Smithsonian Astrophysical Ob­
s~rvato~J with regard to the first artificial earth 
:.;atellite launched by ~he United Stated on January 31 , 
1958. 

At the present time, however) three more obje cts 
have been successfully launched into satellite orbits 
from Cape canaver al , Florida. The collectio~ has there­
fore been exuanded to include such additional orbital 

• i~~ormation a~d resul~s of data a~~lyses as could be 
pu~ into usable fo~, as ~ell as desc~iptions of the 
principal machine computation programs in use. 

Since ~e are endeavo~!ng to ~ake t hese satellite 
data ava ilable as ~apidly as possibla to all scientists 
participating in t he In~ernational Geophysical Y~ar, 
·/fe ha'li·e of necessity inclu=.~d inf'o:rrna~ion of 2.n e;c-
tremely preliminary nature . 

G~rhard F . Schil ling 

Caznbr i dge , ~11as sachuse t ta 

March 31 , 1958 • 
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