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RELIMINARY RESULTS IFROM OPTICAL TRACKING
o o .1 s - e bl = 2 — g —y
OF U, o, EARTH SATELLITES
i r
o
T ! =3 _. 1] ' . AL AL
J. Allen Hynek* and Fred L. Wnlpple#**

In the satellite program of the International Geo-
ohysaical Year the cmm lex operations performed by the Op-
tical Satellite Tracking Program of the Smithsonian Astro-
phyaical Observatory are a result of teamwork in The fullest
sense of the word. The manifold tasks include the visual

acqulisition of the artificial earth satellives, the com-

putation of search ephemerides and predictions, The opera-
tion of a world-wide network of precision tracking cameras
capable of photograpning small objects at distances of hun-
d:eds of miles and timingz these pnotozgraphs to better than
a u“ﬂuaandun of a second, the screening, reduction, and
analysis of incoming data, and last but not least, the dis-
semination of the reduced data to the scientific cmﬂmun*ty

Remembering that since October 4, 1957, there has been
a total of Eigﬁt objects projected into satellite orbits,

we hardly need to point out that the efforts expended by

i L

thousands of persons, including the volunteer Moonwatch Team

IF

members, in the Optical Tracking Program alone are outstfanding.
b

With great scientific enthusiasm and satisfaction, our staflf
members have participated in this undertaking, often well
beyond the normal call of duty. We have not noted similar
dedication save in times of national emergency.

Th e cooperation of the U. S. Naval Research Laboratory

in furnishing us with critical prediction data for satellites

7ith lige Tadices has been of major importance, Also, Che

computation of epnemerides and orbital data would na ?, bean

"i? sually impossible without the generous cooperation of th

Tnbernational Business Machines Corporaticn and the Compu-

tations Laboratory at the Massachusetts Institute ol Tecn-

nology in Cambridge.

" Associate Director, Smithsonian Astropghysical Observatory,
in charge of the Optical Satelllte Tracking Program

t% Director, Smithsonian Astrophysical Observatory
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prepar=d li r.‘l.ab_hl L1y by members of the Smlthsonlian Astro-
yhjﬂiﬂﬂjiLﬁji““Tﬂuﬂjﬁ'fﬁTﬁ are actlvely working in this
particular fleld and therefore best able to present a
factual and informative account of the respective aspects
of the program. In thls initial chapter, we wlsh to
sunmariz=s as well as outline from an ﬂUEPlll point of
view The orbltal data and results which we have 1 n able

to obtain wlth regard To Satelliftes 1958 Alpha,
bBeta Cne, and 1950 Gamma.

The malnstay of the long-range optical tracking pro=-

gram 18 tThe worldwlde network of preclsion photograpnic

tations, employing at each observing statlion a 3-axis
20-inch aperture, f/1 camera designed especially for th
photograpanlc tracking of artificlial earth satellitTes.
l'ne optlcs for these cameras were designed by Dr. James
G. Baker, and constructed by the Perkin-Elmer Corporation.
They empioy 2 unlgque 3-corrector lens system having 4
aspnerical surfaces, in combination with a 31-inch con-
ventional Spnerical mirror, oroviding a useapdle fileld of
30°, The motor —driven mechanical drlve provides se-
qusﬁtial tracking of a satellite and of star background
on the same 250 x 55 mm. film frame, in cyclical succession
30 that many individual pnotograpns can be obtalned during
a glven satelllte passage. The unique mecnanical system
was designed by Mr. Josepn Nunn and fabricated by Z2oller and
Chivens, Inc., all of South Pasadena, California.

The urgency 1i1mposed upon the optlcal trackling program
by the launcning of the Russian satelllites made it de-
3irable to expedite the construction of the stations and
To obtaln the use of auxillary cameras to go iInto operation
Dafore the arrival of the Baker-Nunn cameras, - Throuzgh the
axcellent cooperation of the Ballistlc Research Laboratory
wa have obtalned the use of two S W T (Small Miszsiles
Telacamera) instruments. In addition, s=sveral photo-
thaodolltes have pean furnished thrﬂugh the courtesy of
the U. S. Alr Force, thus making possible the completion
2T any #arliier date Than otherwlise mmssia‘e an affective
tracking network. As discussed by Karl G. Henize in ails
reporc, the full complement of Baker-Nunn cameras 1s ex-
pected TO D= in operation by mid June,.
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For an artificial satellite to be tracked mo3st effectivae-
1y for sclentific purposes, the Tracking accuracy mus Y= A7
he ordar of seconds of arec and cf 0,001 ze 1ds of - )

rstal clock of extreme precision has been dbullt by .
Erndt Norrman laboratories, Williams Bay, Wisconsin, for each
of the twelve udjf:viﬂg Stactlcns. The Time presencauvion
within each camera 138 photographed on eacn frame.

It can be stated that the scientific value of a3 \Cellite
Tor many ge pn;s*cal purposes rises greatly with its longevity.
Prfﬂiaicn ovservations of non-aspherical, close artiilcial
gsptelllites are of litul‘ value 1n solving major geodetlc
problems bescause of the variavle motion introduced by vary-
ing oriencation and the consequent irregular drag. Hence
the present schedules in establishing the precision camera
proZrams has mccaaﬂo 1ed little scientific loss. This more
leisurely program nas more than offset this 1033, in terms
of improved optlcal and mechanical verformance

The successful photographs of the first two American
satellites by several of the network suat;mha is a grati-
fying siznal of the routine tracking soon to be affected.

The establishmeant of the photographic network would
not have been pasa‘al- without the cooperation of several
foreign governments. Particular note must be taken or the
gre=at assistance received through the respeccive 1.G.Y.
commlittees from the governments of Argentina, Australia, Indla,

Tran, Japan, Nethearlands Antilles, Peru and the Unlion of
south Africa. Thelr sympathetic appraclatlion of the urgency
of’ the total program has be=n indispensible, and our work in
thosa several countries has been carried out 1n a thoroughly
cocperative manner appropriate to the spirit of the Inter-

national Geophysical Vaar.

An Ilntegral part of the optical trackling-program,
complementary to the precision program, 18 tThe far-ilung
visual observing project termed MCONWATCH. Concelved
primarily as an acguisition and rtconna 3sance mlssion to
cover pariods immedlately after launching and shortly dDe-
fore demise, in final stages of :h- existence of a satellite

MOONWATCH trams nave served continumusly =2s interim *rackinﬁ

3tations ”uring vhe period of :inal preparation of the
photograpnle tracking station The exemplary work of the

s=2veral thousands of persons *“r:l,g in this program stands

out as a2 significant contribusion to the sat=llite progran,
ind an outstanding example of lay participation 1n an
international scia2ntific venture,
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largely through the use of MOONWATCH observations
the putations and ana 118 dlvision of Smithsonlar
Astro sical ( aPvatC 18 bean able ) srlive nifi-
cant, even througn preliminar sclentiflc re 1E8. v
apre treated in Chapter I1II and include the orbit deter
mination of 1958a and an e f'&lua,i_cjn of the variable
acceleration of thlis satelllte and of 1ts llfe expectancy
With respa2ct toO lfﬁiiﬂ. the revi;ee distance is 80
relatively high that Ilttle can be sald of its life
expactancy save that in all probabillity i1t must be

counted Q decades. 1Its rocket carrier, 19588. will
probably have a significantly shorter lifetime but
atlll perhaps a decades or more,

Various computational programs have be2n devised,
and others are in process, for the utilization of satellite
observations for prediction purposes as contrasted ©To
thelr use for results of geophysical interest.
Ephemerides for general use as well as for spaecli'ic use
at glven g=ograpnlcal points have been 5rmqramed- ﬂq
example of The latter is the program whicha prints ou

..__;i-

actual Baker-Nunn camera settings which can be cableﬂ

13

directly to the network stations.

Implicit in the prediction program 13 the objectlive
to disseminate “ot onlv specific predictions but general
satellite information of an astronomical character ©TO

public through the several mass medla, This we
ve recognized and met by conclse statements TO Ti
yr=3s a“d by tThe p?sparatian of charts l1llustrating
visible passages of satellltes over the Unlted States.
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1. Station Operation

H

on the date of thlis repoOTL, &

1ine photograpnlc satellite-
3,C! statl £ +the planned twelve
tracking stations O P gt
3

-gtation network are
helow in Table One
eratbion and with

in operation These stations 2
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At four of The Stations listed above, Super 3chmlidt
S R = . 17 m - o 1- - |
metaeor cameras or Small Misslle Telecameras have besen in-
11laed on an interim pasis, AS saown in Table Two, { 32
- el ] =l "1 | = : B it B I r: I - 1 = - iy # “. ! = ACTET, F
lnstouments wilill evencually e replaced by BaKer-hNunn ca-
- A ol | e B e 4 - iy v ™ i s om b e i Y
=ras, LNUS I'eSulLliilg in a twelve-3tation nectwork equl poed
. F = b o 3 ds - 4 s
vith idantical instruments of superior precision and acceuracy.

Th Table One are dates of actual accomplishment,
iates llisTed below in Table Two represant our preseant
achedule for the remalning Raker-Nunn cameras,

TABLE TWO

Scheduled Operational Dates of Additlonal Eaker Nunn Cameras

Station No, Locatlion ohlpping Date Date 1n
Operation
9006 29 Mar, '58 May '58

W O
fL
|....|-.
[0

r
t
AV

o —~1 0O CO Co Co\n

9007
9003

8 Apr. '58

ApT., V5
18 fi_DI,". ; 58

May '58

1 i Ir-l g
R
=

Q009 uracao 28 Apr. '58 May '53
9010 lorida 5 May 538 18 May - '58
0011 Argentina 18 May '58 June '5
G012 Hawali 28 May '508 12 June !'5

2, Photograpnic Re2duction

Fhotogzraphs of American satellites 1858 o and 19538 Bl
ware first obtained during the visibility period around
Marcn 18, 1958, at our photographic tracking stations. Suc-

cessful photograpny convinues and the fllms qhmwing satellites,
after immediate field reading, are being reduced for precise
iata evaluation. The image quality i3 such that we may be
able, with further 2fforts, to obtain also precise photograpns
of Satsllite 1958 82. This program for precise data reduction

a2 Cambridge i3 under tThe supervision of Dr. G2orze Van plea-
oroeck, Consultant. Special precision measuring engines rfor
©ilm reading and 3sarch are used, resulting in hizhly accurafe
position information., It is expected that a catalogue of pre-
cision davta from the t“acking cameras can e issued soon in

3, nature similar to the catalogues of MOCCONWATCH data.

3. neduction of PFHOTOTRACK QObservations

A considerable number of photograpnhns of The Soviat sa-
211it23 have bsen received from PEOTOTRACK statlions and ama-
;2Ur photographers and are veing Tﬂﬂuﬂﬂﬂ in 2n 2naloZous man-
AR XY, No S2uch Eﬂﬂ:ﬂ%?ﬁ.pﬂa 1ave as Y:ﬁ Dean T E:Eiged Mars f The
U. 8. satellites,
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the U.S. satellites were made durlng a period in
Ly a - it 3 - — - -~ - & - g P - e
of the 230 gCatlons were c¢ Nngagea in ooserving 195

Two MOONWATCH Teams reported unique observin
ences, Alamogordo station 102 on March 19 obser
1958a and 1958B3; the latter two obJects were abo
apart. Albuquerque sctation 103 on March 20 observ
19588, and 1958a in that order.

The Catalogue lists the observations by object,
in chronological order, The Key to MOONWATCH Statlon Code

Numbers glves the geographical coordinates of Che
lisTed in the Catalogue.

sCatlions

T TP L

It will be noted that the position of the savell
is given elther in rigntC aacensimn and declination or
azimuth and altitude. Azimuth 1s measured clockwi
north through 360°, The Catalﬂgua and K2y to Szauﬁsﬂ
Numbers follow:

.

A N T - AL b WY,

L et o el g, SR N s ¢ A S AT S S R el TRV e W AT




i 5 5 -

ol e Wi thmei;m i b PR P LY el sty el § s S i

L ] = sy ¥
» = — -
e s T ‘ s N o WL 1_'-."F'-i11‘ ®
[ ]
" '-_1-';4-‘! ' ba d Vel i & 5 S T 1
- - 1._”-'-' T—\--_‘- =t BE ‘-"E | e | g *
L ¥ " R SRR o i~ 0L Pl o < 5 Ao i
-:’ = b .
-
] Ir - I 1_;
| T i
"‘ L] L] /( i il ‘ 1l
.‘ L]
> : ,
Ed
o -
il il 2
- H ;
oy 77 ke
- W o L |
& W
-
} ’/ -
Y ol

e




Code Number
027
165
069
Yo

i

‘RY TO MOONWATCH STATICON

CODE NU

MBERS

m e E— = -

Station Ifmg?_

——— =

Manhattan, Kansas
Bryan, Texas
Fort wortn,
China Lake,
Alamogordo,
Albuquerque;
Higashimatsuyame,
Kure, Japan
Yokkalchl, Japan
Bloemfonteln; Africa
Cape Town, S. Africa
Johannesburg, S. Africa
Adelaide, S. Australila

Texas
Californiea
New Mexico
New Mexico
Japan

c-"
i &

Longltude

b
-

96°
th{_,
91
117
105
106
139
132
136
26
18
28
138
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1958 Alpha CATALOGUE OF MOONWATCH OBSERVATIONS
February, 1953
Station Time (UT) Right Azi- Decli- Alti=+ Direetion Arg. MNogn Color
No. Name 2 g h m 8 Ascen. muth nation tude ' of Travel Vel. <=ude
102 Alamogordo, N.M. 03 03 46 10 05 23 180 414 54 73 W-E +omax
098 China Lake,Calif 06 02 24 42 177 15 71 W-E 1 White
103 Albuquergue, N.M. 07 01 22 02 180 76 30 L
258 Yokkaichi,JdJapan 08 09 57 3% 04 10 +08 00 | i
402 Cape Town, S.A. 08 02 54 34 T2 20 00 24
226 Kure, Japan 08 09 56 32 180 00 ' T4 18
210 Hig'sh'ma, Japan 08 09 58 17 04 28 -05 14 +8
402 Cape Town, S.A. 10 02 45 20 00 24 79 24
! 098 China Lake,Calif. 11 03 03 25 . 180 37 30 W-E
H 102 Alamogordo, N.M. 12 02 00 30 03 49 180 -05 30 49 W-E +7 Yellow
402 Cape Town, S.A. 12 02 35 38 00 24 34 00
' 402 Cape Town, S.A. 15 03 21 17 00 24 76 00
600 Adelaide, Aus. 15 18 36 30 320 20 59 30 6.5
600 Adelaide, Aus. 15 18 37 02 03 20 74 20 6.5
402 Cape Town, S.A. 16 02 14 57 00 24 82 55 p
600 Adelaide, Aus. 17 18 25 b2 337 30 65 00 +7+48
403 Johannesburg,S.A. 20 01 55 30 13 45 48 -49 42 +8.5
401 Bloemfontein,S.A., 21 02 50 50 00 24 : 46 42 6.5
401 Bloemfontein,S.A. 23 02 39 38 00 24 30 06 +8
401 Bleocemfontein,S.A. 25 02 28 12 00 24 17 54
401 Bloemfontein,S.A. 26 18 09 22 00 24 43 06
401 Bloemfontein,S.A. 28 17 57 12 00 24 63 06
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1958 Alpha

March, 1958

Statlon
No. Name

401 Bloemfonteln,S.A.
403 Johannesburg,S.A.
402 Cape Town, S.A.
| 403 Johannesburg,S.A.
403 Johannesburg,S.A.
402 Cape Town, S.A.
403 Johannesburg,S.A.
103 Johannesburg,S.A.
098 China l.ake,Calir
» J03 Johainesburg,S.A.
402 Cape Town, S.A.
403 Johannesburyg,S.A.
Not auv statlion.
103 Albuquerque,N.M.
069 Ft Worth, Texas
Not at station.
069 It Worth, Texas
Not at statiomn.
069 Ft Worth, Texas
Not at statlon.
Bloemfontein,S.A.

fe—
—-—

401

098 China Lake, Callfl

403 Jonannesburg,;S.A.
103 Albuguerque, N.M.
102 Alamogordo, N.M.
102 Alamogordo, N.M.

Time (UT)
hom

a

02
02
03
03
o
Of
o7
Of
09
1
14
14

Coordlinates:

17 44
L7 45
16 37
18 39
17 32
18 10
18 12
18 12
12 50
18 37
18 19
18 22

-2

34
06
16
1
06
Of
32
34

40
28
26
18

15 12 08 54
16 11 02 34

Coordinatves:

16 11 02 35

Coordinates:

16 11 02 40

Cocordinates:

16
18
18
L3

19
19

098 China Lake, Calif 20

LR T e Y e L i

W R SR Sl

18 06
12 43
17 50

11 36"

11 37
11 43

12 26

s b BN

03

Right Azil-
Ascen. muth

06

O
26

15
o1
16
i
16
97

Of

00 24

19 24

00 24

48 5k
22

58
O

00 24

180 24
180
00 24

47
125

180

37 30
22 O9W
06
22 0Oy
23
22" 05V

00 24
180 24

25 48

180

O
25

180 48

- s -y
'_.“"'"*___..‘:_ 'i.l".!.:,*l"lm - e oaN

Decli--

nation

-46 50

T4 Ol
56 12

~71 41,
=71 35

-32 42

28 OBE

=37 30

Alti-
tude

83 06
66 15

82 50

39 42
69 30
67 39

32 42 42N

+37 30

40

o9 30
64 00

57 06

Direction Ang.
of Travel Vel.

W-E
We-E

WeE

W-E
W-E
W-E

e A SRR T SN s S YLy

1.5

Magni- Color
tude
G5
+10
+10
410
9
7 48 White
l::
P
1O
46
6
> Whnits
8.5
P e
FG Yellow
+5 Yellow
3 wnite




i
1956 Alpha
Marchn, 1950
station Time (UT) Right Azl- Decli- Altl- Direction Ang. Magni- Coler
No. Name d h m 8 Ascen. muth nation tude of Travel Vel. tude
103 Albuquergue,N.M. 20 12 29 22 180 51 +6
401 Bloemrfontein,S.A. 20 17 33 27 00 24 4g
403 Johannesburg,S.A. 20 17 34 11 07 15 HO7 30 19
101 Bloemfontein,S.A. 22 17 16 33 00 24 40 24
403 Johannesburg,S.A. 22 17 17 18 Q7 08 54 +18 03 +1 0
103 Albuquerque,N.M. 24 11 55 43 180 27 30 W=E +541H6
I
'-.-.-I‘-
")
i I
i
=
;
. |
4
;
|
S
4
1
1
3
!
i
1

*"n.u..r TNt v e e A0 A IR - T Aty L SN T S S T B N e g R, TS GO L > e o S e LG TS e e e e




i
:

-

e g o w ey BN S A e e e BT WD e BT L e iy B R i s g T A o W . Sy - e ——— w

:E‘.r

|

i.-—.l

1958

1.5 1Y ¥
i ]
| \.h r

— e ——

Station
KNo. NName

Time (UT)
g R M B

Direction
of Tragel

Altl-
tude

Right
Ascen.

Decli-
netion

Azl =
muth

—-— o

NeMo

N.M

102
103
103

Alamogordo,
Albuquerqus
Albuquerque,
065 !':I‘j;'eh'l... Texas
027 Manhattan, Kan,

14

Two

———

1958 Beta

e B T S

103 Albuquerque,; N.M

¥ i o ™} o =
L0 Ganmnma
h

— L e T

1950

:.'! e 1-'-: Il

ry

Alamopordo, N.ll.

'
S

\I1 addlitional lLJ
' ' it

LO2

L 'y e Y
J'tln'«..- L T =

. Iy - dieng @ﬁ':mp. Ap . P gt
LS AR kT R e ki

“ [ I'II i

+1i1

79
60
78 30

11 36
20

[ 1
11 Q'
38

11
i 3L

19 16 10
¢ s,
20
21
26

0
180
180

Wk

oMY
- COMNY UL\

i o=
-

-07 36
~29 18

|
19 08

. 20 11 54 180

2P Xk 45 200 16 25 o NW-SE
¢ Gamma observation was reported by Albuquerque,; N.M,,
has not yet been possible to evaluate it.
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savellite 1950 Alpha

Charles A, Whitney®

\les The Orbital Paramecers

There is no need at present to alter siznificantly the
oroital elements of satellite 1958 Alpha as published in
the Harvard Announcement Card 1404, reproduced in Chapter V.
It should be noted that the value oftis empirical andwis

derived from 1t using The theoretical ratio.

2 . The Variable Acceleration

During launching, the final stages of 1
given a spin about the body axis. This spin
to stabllize the body axlis parallel TO tThe ve
rocket at burnout.

However, such an orientation was soon discovered TO
be inconsistent with Smithsonian data on the variations of
acceleration of the rocket. r. Charles Lundquist of the
Army Balllstlc Missile Agency informed the writer that
radio-signal strength measurements of The JetT Propulslion
Laboratoryv, California Institute of Technology, indlicate
tumbling .with a period of about ( seconds. Tnhnis period 18
consistent with the suggestion that a slight dissipation ol

e i o P b e Nt
energy and near-conservation of angular momentum very rapidly

at ra
l2d to a reorientacion of the body axis into a plane per-
pendicular To the axls of rotation. The rocketT now rovates
about the axis of greatest moment of inertlia, 1ts angular
momentum having been essentially unaltered
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dimensionless quanclty uqﬂ{ . a_/m, wnere LS The 3atellite's
1... - s
cross-sectional area, m 1Cs mass, Cp the dimensionless
3 _.‘-‘ rr | = Lol T | [ = R - ey - 1 - P - o g -
aerodynamlc drag coefilclent that 1s bel L= m theoretlical
i ) . : - -
s grounds Co be approximatvely 2, and / L S > atmospheric
- s
'l‘iﬂr-l- e - | o =
E I'\-..'-h qualt:f !lrLl' L-I'E-:-!- __Le"‘ﬂlq
ks k| -i'- L L -'— . | 1 - "1 -"Il-_ : =
Now a, the tlime derivative of a, is clearly Aa/P where
- Y - g e il = r"-l- b --_-
1s the orbital perio %?g Moreover, Kepler'!'s second 1law 3tates
* 1 - = T - ,.. /v < o Wls 0 I3 4 L
| ghat P varles like a-/ =. Therefore P/P (R/2)&a/a nd therefore

: P = 3Aa/?a.

The only important contributions to the integral in (1)
come from portions of the orbit near perigee because of the
raplid decrease of density with iHCﬁeabin neight,. I the
densityJﬂ(r) is approximated, through a region near parigee

E

| and abo its by

4herejj 18 the denslty at perigee, z is the altituiﬂ above
perige_, and X is the logarithmic gradiﬂn: of density near
peri gee

PO AT et

T

K = -2.3026 (d/4z) 19;10 9, {

e [

then the lnftegral can be shown to be glven approximately
put closely by

iV

i
o AR

; wnsre ¢ = Xae, and wnere I and I, are Besssl functions of
| purely imaginary arzument. It follow that

QJ

=1
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(3
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with rather high accuracy under all conditiocons.
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The Bessel functibns can be expanded asymptotically in
descending powers of ¢, and if this is done =guation (32)
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3 Density inferred from 1958 Alpha.

Dr. Charles A initney provided orbltal ta fo ;
American artifliclial satelllite 1950 Alpna : " Feb ]
The data,? which he obtained from an analysis of "Moonwateh”
(visual) qui'ﬁﬁinitfﬂaﬂ{' (radia) observatlons, were: eccentrizit:
0.139, inclination 33°.2, argument of perizee lJG”p?n anomalis-
tic per Lmi 04,0798274, rate of decrease of period 3. e 10~/
days per period or about O°.42 per day. TFrom these data I havse
inferred a mean distance of 1l.22(5( earth radil, cnrxﬁﬁgnnii:x
to a perigee helght above the internatianal 2111pso of 368
Kllometcers.

N s , .
The satellite is’ a cylinder 6 inches in diameter and 80
inches long, with a mass of about 14 kilograms. The area A

e

of such an object, relevant to 1lts alir resistance, is its
area projected on a2 plane normal to its direction of moftion.

e ] -

The average over all possible orientations for random tumbling

1s 1/4 of the total superficial area, or 2520 cm=. 'ﬂﬁ sSame

value 1s obtalned if 1€ 1s cnnsidered that the cyl oy spins
ec: o tThe

in
about a transverse axis, randomly oriented with res
3

o
crbital plane, and gradua l orbital changes influence the
orientation of the spin axis near perigee from passage ©TO
passage. Averaged over a spin perliod, over orientations of
the spin axis with respect to the orblit plane, and cover the
motion of perigee the sapge average value 1is obtained as for
random tumbling, 2520 cm=; this value has been emplcocyed as

A in =quation (0).

—

The aerodynamic dr g coefficient has be=sn taken to be 2.

-

The densifty has been inferred by the method described in

Section 2 of this articlﬂ f“om this value, the mass, the
average area, the eccentricity, the mean cdlstcance, the rate
of decrease of period, and the logarithmic derivative of
i2nsity near pverigee given by the ARDC model atmospnere

.14 y R

’'ne density thus found, about 1.5 x 10 & gm/em~ at a

eometric altitudes of 3068 kilometers (348 zecpotential) is
abous 14 times thas predicted at such an altitude by the

-'\
3 1 I e~ Bl - I\ e o i o =4
See alsp Harvard College Observatory, Announcement Card
- |I'Ifi ' {-'-5. a - S ——
A04 (1953),
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ARDC model. IT falls nearly on the mlddle curve, No. 2, in
A study2 that tentatively suggested a modification of the

RDC atmospheric modzsl to satizfv a dens f 4.° L0~ L3gm/
cs b 20 kilometers o215 ZeoDOo Ut :“,_::,‘T_‘:l__’_:'ll t.ha had bee e
from observations of the USSR satellite 195/ Alpha 2 [his
values was about 9 times the ARLC denslity.

e
!

The values 4.5 x 10713 gm/cm3 and 1.5 x 10-1% om/cm3
depend somewhat, although not strongly, upon the 5ranient3 of
density of the ARDC model employed 1ln the reductlions. 1t seems
better to adJust The model 30 as ta render it consistent with
the perigee densities that result from the K's of the adjusted

-

model., A formal least-Squares adjustment has not yet seemed 7
warranted but a2 non-least-squares adjustment, allowing ifor the »
effect of the adjustment upon ¥, has indicated densities of '
about 4.0 x 10-13 gm/cm3 at 220 kilometers (geometric) and u
about 1.4 x 10-14 gm/cm3 at 368 kilometers (geometric). These B
values do not agree well with the dnﬁslt1=3 prﬁqict?z by Harris ¢
and Jastrow! as extrapolations from altitudes of about 220 .
kilometers and below. They appear to be ;n unexpectedly good ¥
agreement with curve-No. 2 of reference 5, do not involve any v
very implausible temperature gradients, and I prefer them, 3
¢
g
4. Adjustment of the ARDC Atmosphere @
The preferred values at 220 and 368 kilometers czan be |
represented by an additive correction to the2 common logarithm .
of the density of the ARDC model, of rougaly e
0.89 + 0.0016 (z - 220) 3
vhere 2z 1s the geometric altitude in klloma2Ters above sea- ﬂ
1ﬁ*a o
P'. E. Sterne, G. P. Schilling, and B, M. Folkart, Special 2
Report No. 7, IGY Projlect No. 30,10, Smithsonian Astrophysical b
Observatory, Camoridge (1957 ), Figure 2 i
T. E. Sterne and G, F. Schilling, Special Report lo. 3, IGY E
Proj2ct No. 30.10, Smithsonlan Astrophysical QObservatctory, 3
Cambridgze (1957). "
&
I. Harris and R. Jastrow, Science 127, 451 (1950}. -
s
3
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Life Expectancy ol Satelilite 1952 Alpha
BY
» | il 1
el 11. L .“__r—-!-. i e ’ .' r""" _""'

FI"I"’I
i k]

™ rr.r +1 - | "y A X o . 5 N TV es 4 ! e =

s (Fa ing-Hele ol the Royal AlrcraitT kstabllshments,
Farnoborou i

|'.1I

smltted to us a useaeful

gh, England, nas kindly tran :
formula developed by Dr. D. C. M. Leslie for computling the
lifetime of a satellite. AT a glven time © let P be The
perliod of the Eatellite. P the rate of change of The period,
and € the orbltal eccentriclty. The llife expectancy of the
-

satellite at time € La“ then be exp

M = j aki = _! E I—_ L o At o .T
i I e ri F Q) Le | 5 Lﬂ(e; = errors of orde ?J

equation gives excellent results when applied ©oO
lites 1957 al, 1957 a2 and 1957 B.
o . '].
According to Dr. Charles A. Wnitney, on
w2 had for satellite 1958 a:

(D
DJ
3
-
(U
3
A
-
b
-
pt
0
J
Co

P = 6?07983; P = -4978 x 1O*D/day; g = 0.139.

rom these data Leslie's formula yiﬂlda a life expectanc I
1740 days, or 4 years and 9 months; the satellite should then
fall toward the end of 1962,

g |

efore the value of P pecame accurately known from

4 ] ks ‘X8 1 = g - —
uuaar?auians, a rough calculatlion of the drag to be expectad
on the basls of 'the p 1781cal characteristics of Tﬂ%j“ﬁﬂi?h
satellite and of the Smlthsonlan jnterim Atmosphere< densities

- ._r“" :
P - = —— - .—-..'\--Lr? - & - 4 —x . *'17-\
nad given a predicted value of -55( x 10~ /day for P, Irom
nich a life expectancy of 3 to 5 years was deduced.

Phvsicist, Smithsonian Astrophysical OL0servatory
_:_“ - k. ] - 1 - - r g 1 TF r : -

Harvard Announcemens Card No. 1404; Maren 17, 1950,

T. BE. Sterne, B. M. Folkart, and G. F. Schlilling: Vg

Interim Model Atmosphere Fltted Yo Preliminary Densitlies

Inferred from USSR Satellites". Special Report No. 7,

IGY Project No. 30.10, Smithsonlan Astropnysical Observatory,

ambridge, December 31, 185
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CHAPTER IV
USE AN DISTRIBUTION OF SATELLITE PREDICTIONS
by

R. M. Adams*

The indisidual sections of this Chapfter discuss in
detall the varicus epnemerides, or computer programs3, used
by the Smithsonlian A3Tropnysical Observatory Iror the ana-

y8ils of 1incoming observational data.

The sub~-satelllfe program, developed by Dr. L. G. Jacchia,

is a computer program used internally to rapldly analyze
incoming observations and to derive the basic information
for the computation of search ephemerides, The program was
devised by Dr. Jacchla and originally programed for the

IBM type 650 computer by R. E. Briggs., It was later tLrans-
lated for use with an IBM type 704 Calculator by C. T. Apple

Ephemeris 5, described by John Gaustad, produces sa-
tellitenpredictions of a nature which are useful for Moon-
watch and other observing teams and, in addition, are also
of interest vo the general public. These predictions are
easily obtained and can be distributed readily. Normal
operatidng procedure consists of malling these predictlions
to Moonwateh teams, astronomical observatories, and otner
grouns of &nterested observers on a regular basis. The
predictions are normally accompanled by the orbital =la2ments
used in making the predictions. These predictions are also
used for constructing the charts described by Falrman ana
Veis.

Epnemeris 4, discussed by Charles Moore and Don Lautman,

i3 designed To produce precise predictlons for the Twelve
;hatmgr&:ﬂi: tracking statlons established throughout the

ﬁlj oy the Smithsonlian Astrophysical Observatory. These
predictions are sent in coded form by telecommunication
hannels on a day by day basis.

Ephemeris 3, discussed by R. Briggs, is designed %o
produce a sequence of predictions for mar'ic'lar stations
in the nature of time, ﬂu_ﬂuuﬂ, altituge, height, and dis-
tance for The latitude crossing, and time, altitude, and
distance for the meridian crossing. nl,na ugh it was ori-
* Chiesf, Computations and Analysis Section, Optical Sa-

telllite Tracking Program, Smithsonlan Asftropnysical
Observatory
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cinally felt that predictions of this nature would be neces-
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proved to be the case. Due to the comparacively l._l.,;-,f. mounc

of machine time rgquirgd for these _D'I'Edi tions; it 15 NOwW
felt that they will be made only in particular applications
when the situation waxrants.

The charts of predicted satellite positions, described
by Jean B, Fairman and Ceorge Veis, were originally intended

for internal use and, incidentally, for presenting predictlons

to interessted news agencies in a form convenient for public
use., However, the use of these charts has been extended.
They now provide information which is broadcast over the
Civil Air Patrol Communications Network, thus enabling rapid
dissemination of predictions. Arrangements have been made
whereby observing teams are contacted daily by CAP units
providing the most recent predictions of satellite passages.
To a great extent, this arrangement alleviates the problem
encounterad in distributing predictions by mail. This is
particularly true, of course, in those instances in which it
i3 impossible to make accurate predictions for more than 3 or

%4 days in advance due to fluctuations in the rate of a satel-
ilite's acceleration.
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and of obtalning from them the baslic results neces:

are assumed for a time %, (elther an ascending node

r_.'l . £~ .;.'L' 5
Program Deta

SUD -oa L LLLLUe F(

Iuigi G. Jacchia*

The sub=-satellite-point routine was devised f
double purpose of rapidly analyzing incoming obse
compute a search erhemeris, Osculatlng esquatorial

3
perigee crossing) and insStantaneous elements are derivad

from them for any time t, using empirical esquations to
account I'or secular perturbations and drag.

The elements are given in the following f{form:
(or t_) = t. + cqn + con2 + eand
.unn, \..r_}_ i G 1.._.;1 # 2 Jl..
& "
i 3 Jr-r— r -.::'
i = constantc
q = constant

Hara M.L#s the Time of ascending-node crossings, T-r

o

the time GLJperigee crossings, ¢ the argument of pﬂr*“duj
i the orbital incliﬁatiﬂn, q the perigee distance, and

Jor

n the 1umber of revolutlicons elapsed since ©,; Cq, s ,
‘dn, do 2are constants. The righvt ascension of

C d
t%ejasggndlné node, an ., 18 glven only in crude form
(@,= @ + a.t), since it is required only to know whether
che Ebs-rvatiﬁn was made on the ascending or ths dsscending
half of the orpit

Every observation consist of two spherical co-ordinace
(right ascension and declination, or azimuth and altitude)
referred toc a time € and to a set of station co-cordinaces,
wnich are fed into the machine program as inpuv data. rirs
the machine computes the value of n at the nods or rerigee
crossing immediately preceding €, then computes The nodal
r ancmalistic period for that value of n by dlfferentiatio
ar L, 0r B and proceads to compute from it Ths

3
=)

- = i Ls 1 | _ I||'-"' T L -
*Physicist, Smithsonian Astrophysical Observatory.
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instantaneous major axis a and the eccentricity e, The
nheight above the 3ea level at the time of o rvai]
obvainad by ' LY, cess - irst 1t 1 >Cmpu

: an D11 ol at the latitude of the observing
statlion; using tnis nelght®, an approximate sub-satellite
polnt 138 computed, for wnich in turn a new height 1 -
Cained using 1ts latitude; this gives a new approximation
To The sub-satellite point, and so on

3 8tablllzed, instantan-
uted from it using the
en 10“ both quantlitles
task o pleotting

ous values of o
rbital elements; resid e
Lr om emplrical equatlions to fac
their values on Wﬂrga—scale 112

Tne program gives somewhat uncertain results when the
zbspﬂvatiaﬁs are made near the orbltal apex {(the point of
highest or lowest latitude). In those cases, if a, is
well known from other observations, the 1iteration for the

T

-aauETIiue polnt can be made to start
£

1.‘1
1“*,.‘ '[.I'l EJ I"“JI

tead ufﬂ?'yuﬂ f"ht ascenaiﬂﬁ of s a:4onjjé’ = geo=-
ce‘tric latitude of aULun). The times %, and t wil
st1lll be useable, 1lthuugn no iﬂd _endent vaiue of o
can thus ve obtained. |
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Parallels -- APO. Ephemerlis 5

n }_: '."t-.a"__].l.. .HTI'I

q O
written LGF the IBM ?O camput : d to pre-
are a conclise summary of predictions in a form easlly usa-
ble by observing teams and other intereated parties and
yet general enough I'or quick production and distridbutlon.
I+ i3 not intended to have the specific applicability of
Ephemerides 3 and 4 to individual MOONWATCH or camera
cracking ﬂt&*ions but because of its generallty 1T Takes
relatively little computer tTime.
The program produces as 1ts primary output a 1ist
of all crossings of a parallel of latifude 1in a speclfied
period of time. It lists for both the south-north and the
. nov»th-south cressings the time of crossing, une lonzitude,
~nd the helght of the =atellite above the earth's surlface.
The angle at the polnt of crossing between e merlidlan
and the trace of the satellite path on tThe earth'!'s guriace
1s also computed.

The program 1s general enough 30 that 1T can be useaq
for any satellite and any parallel of latitude For the :
Russian satellites, 1357 Alpha and 1957 Beta, the moST
useful information was Ine ”“05;_"33 of the 40th parallel,
this being about the middle of the United States. For
the American satellites, ﬂecause of their lower inclinatlion,
0th parallel crossings are the mo3sv generally used. i'ne
nrogram ¢3n also be used in makin predictions for tne
southern hemispanere.
The format of the predictiors can be varied 3y Tne
38 of code numbers on the input cards., Times may b2 com-
suted and printed in either Universal Time UT) or Eastern
Standard Time (E37P), longitudes 1in degrees we3t or &a3T
of CGreenwich, and heights in elfher mlles or kilomet2rs. ;
*Phvsical science Alde, Opbical Satellite Trackingz rrogan,
11i+hscnian Astrophysical Observatory.
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In addltion the results may be rounded to The nearesy
minute, tenth of & degre d mi . op s mdredth
of a minute, one thousandth of a degree, and on2 hun-
dredth of a mile, for Time, longitude, and height,
respactively.
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The elements nscessary as input data for the pro=-
gram are a3 follows: 2n equation eltner for the Time
of crossing khe ascending node or of passage througn
perigee as a funect of the number of revolutlons,
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qWﬂd“afiu equat n time for the argument of peri

and the right asce n of the ascendling node; 1

clination; and the igee distance. The perige

tance 1s assumed T onstant ﬂver the range of
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Secular and long period perturbations c
changes in the argument of periges and right
L

15!
ascension
of the node are accounted for in the quadratic eguztions
f'or these elements. tmospherlic drag 1s accountad for
empirically in the equation for time of nodal crossing
Oor perigee passage. sShort perlod perturpbatlons are
not inciuded. The semi-major axis is computed direciTly
"rom Kepler's Third Iaw, using eifther the nodal or
aucmalisnl period, depending on the form of tThe Time
2quatio This leads to some error in the heights,
uu; for the present satelllites, Thia does nob exceed

on= mile.

A secondary part of the pregram 13 con
producing a "situation” report which glves
paertinent facts aboutv a satellite's orblt.
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for any day are the pe -iad rate of change c¢f perliod,
latitude of perigee, rate of change of latitude of perl-
gee, nelight of *er‘;ea height of apogee, rate of change
of height of apoges, and helight over a specific paralliel
of latitude (40th for 1957 Alpna and 1857 Beta, 30th for
18958 Alpha and 1958 Beta) fc» noth the south-north and
wrth-soutn crossings.

The program is in operatling condition a2nd has been
ased successtully for the past several weeks 1n making
pradictions for the U S, satellites. Changss are con-
templated in the future %o incorporate a2 more agccurata
method of jetermining the heights. Tests will b2 made
o insure that the program works properly for special

ses such as inclinations ;rﬂate§ chan ninety cegrees
[ retrograde sateilites).
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Predictions for Photographic Satellite
Tracking Stations -- APO Ephsmeris &

Dy

Charles H. Moore* and Don A: Lautman*~

N

Fphemeris 4 1s the computer program for predicting
Ssatellite positions Ifor the Baker-Nunn camera stations,
The present formulation- utillizes the currently best set
of elzsments available, accounting for the drag by means
of a polynomial 1n the mean motion, and including only
S ular pprturbauions The prediction subroutine is a
numerical integration which includes the effects of oblate-
ness and drag exactly. In the case of satellites which
are hilgh enough so that drag can be neglected, a complete
first-order perturbation theory including periodic per-
turbations can be usad.

The baslic requirements demanded of predicctions in-
tended for camera stations are: 513 predictions must be
limited to observadble passes and (2 predictions must be
made or the point of culmination. The optimum approacn
would be fo integrate the equatlon of motion for the sa-
tellite, obtaining these predictions, as well as other data
1iractly. However, a quicker, though less accurate, method
13 discussed nhere, which has been developed in an attempt

O mmua_n predictions as soon as possible.

This program for the IBEM EDPM 704 employs the orbital
ents of the satelllte and transforms them by grapnical

an be gotten without employing more sopnisticated ﬂEEﬂDﬂEJ
and is fitted to The requirements of tThe Baksr-Nunn trackin

o

T b =) - . T 1 - o - .
Ine input TO The computer conslsts basically of Tne

e T = 1 — - | g — vy o N e 3 - Ay
coordinates of the stations (latitude, longitude and height
oy = o ' 5 I—— T - S >
above s2a level) and the orbital elements. The latier in-
- -ll,.-‘ e 1 R — lll-l ¥ 1 *-lll Pl ] .IL s e ‘\-l'l. L, | -= L —
clude The time at which the satellite is at the ascending

1) -y = = 5 A | o 1 LY oy e 1 2 == 1) = = L =N —
' Phygsical Science ALJEJLF al Satellite Tracking ngram

T Rl s o Ao . '@ re

smithnsonian Astrophysical Coservatory
i ®- = r .-I r s 2 = o oy - i i I | T3 B -‘ ':, b= 1
- lathematician, Cptical Satellite Tracking Program, Smith-

sonlian Astropnysical Observatory

elem

{?Tiganomenric) means into specirfic predictions., The ac=-
2uracy of the predictions 1s well within the accuracy of

the orbital elements employed, and 1s probably the best thawv
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Time of closest aoproach.
! 1

\
)
) Apparent

v adllgulial o W 2N
Angle between polnt of c¢losestapproach and
passage into or out of tThe earth's shadow.
> Time of intersection with the earth's shadow,
6 Distance of the satellite.
4 zenith angle of the sun.

The advantages of the program are an expected minimum
of’ computation time, and the elimination of superfluous data,
namely non-observable predictions. With such a program, A
predictions can be made to the necessary accuracy as soon as 3
orbital elements are avallable, The disadvantage of the pro- i

gram is 1ts dependence upon the independently determined or- %
bital elements. A
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This program computes for a given observing statlion a
sequence of satellite positions 1in altitude-azimuth and
corresponding times. This sequence comprises all the ob-
servable (visual or otherwise) latitude and meridian crossings
which will occur within a specified interval of time., Ac-
curacy 1s limifted at the present To the use of first and
second derivatvives  of the nodal period, to the use of first
derivatives 2n the Mmotlons of perigee and the node, and to
the assumption of constant perigee distance. When tThe ef-

ects of alr d“ag are lincluded under tnese L_szrict_oﬂs
L"periance has shown that over two weeks The positions maj
be in error by at most four degrees and the times in error
by a faw seconds.

As yet, Ephemeris 3 has not been used for the American
satellites. It is planned to make minor revisions in the

program sSo that tThe anoma *“*10 period 3' The 3atellite can
be used in place of the nodal perilod. artne derivatlives
of the anomalistic period will include tqiEUﬁmmeur:: and /or

exponential terms. These changes are presently being deve-
loped and the program will see use when the operational si-
tuation warrants the comparatively large amount of machine
time required.

Mathematiclian, Smithsonian Astropnysical Cbservatory
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In an efforte provide more information
immedliately useful, without conslderavle comp
observers in the U.S. and readlly understandadble
general publlc,
able in several forms other than the
the primary predlction material sent By maill.

to L1

1. Visibllity Maps

forms
vatlion,
Lo the
we have made our predictlon data avall-
formal Ephemerldes,

for

The flrst of these additlional distrilbution operatlions

wire

was our production for the newsrpapers,
networks of dalily maps of the nortnern
the visible passes of the satellites.
dlstrlibution has been ©To encourage Tn 3
these maps and/or satellite predictions on a dally
by the papers both for the specific information o©
many observers and feor the interest genera

aim orf

The

o
oy
¥
1
1
—_—

£ de e
Wl S o e D—.q. .—lil-j ‘-I_J-—ll..l.-.-'lul'-l-"-ﬂ

services,
hemiphere showl
-EmJ.._‘DL e.i.u..- h:il.i':}r _..ng
1‘+¥'\"E

ol = A ks

publishing of

and

J

nasils
our
TeAd-

as a supplement to the sometimes delayed mall dellver-

er,

123. - To- date, they have been regularly picked up by the
Assoclated Press and sent to New York for distribution,
althoughn thelr correspondent reports a general lack of
Interest among 3ubscribing papers. A sample of these
mavs 13 shown.following thls sectlon.

Each map contains all visible passages of the
satellite for the morning or evening twillight perlod of
a2 glven day, and shows 1n an easy to grasp fashlon the
time, locatlion and direction of The pass relatlve %o
the obssrver, who can locate himself easily on the map.
The maps are desizned to aprear a3 simple as possible,
with a lsgend briefly explaining the meaning of the
outlines {omitted in the samples).
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ibl2s portion of each passag
and 1t3 cdasned extension r
- L.’

&Y A " dit 1 . vy d 4= . A=l
of the orblit which lies within the area
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1 !
e dot s2parating the sollid and d
polint at which the satelllite éan
shadow, and the line which inte
opposite end of the visible orblt rapressnts the 6°
twilight (Civil Twilight) boundary. The closed dotted

or dashed form encloses the complete area within which
the satellite may be seen above 15° altiftude. In addition
to the twilight boundary, the other sides of the are

show the distance from which the satellite may be 3een,
as a function of 1ts height.

cates tha

o | O S e W
< e L 0 09
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+ e+ 0 O ctrd O
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In spite of the relative simpllicifty of The diagram,
1ts construction incorporates corrections for the
following factors, which give i1t a reasonably good de=-
gree of accuraey:

(1) Inclination of the orbit.

(2) Period or speed of the satellite--this affacts
the time markings on the satellite path.

(3) Eccentricity and true anomaly. Corrections for
these factors further refine the time intarvals,.

(4) Height of the satellite. Distances of visibility
and location of the earth's shadow depend on
this factor.

(5) Rotation of the esarth. This affects tThe longi-
tude of the sub-satellite points.

(6) Regression of the ascending node. This correction
further locates the points over which the satellite
willl pass.

(7) Changes in the coordinates of perigse Correction
for this adds to the accuracy of the helznit and
period adjustments,

(8) Changes in the declination of the sun. This revision
apdates tide twiltizht time 1limits and positlion of tne
sarth's shadow,
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(9) Changes in the Greenwich Hour Zle ol & Sun.
(N1i8 correctlon reiines tne tTime designatlons around
- s
the earth.

The producclion of these maps was bezun for Satell
1958 Alpha on Februzry 25, in anticipation of the visi
ﬂ“*ad which lasted from about February 27 to March 27. The
maps3 have been produced and dlstributed regularly tThroughout
the perilod, includling a total of 30 daily projections of
visioble passages of 1953 Alpna,

2. Modified Maps

In a further effort to encourgge the regular publishing A
of satelllife data, we have cooperated with varlious publica-
tlons 1n drawlng up modliflcations of the standard, indlvidual ;
maps. The most successful venture of tThils sort to date have 3
been the modified maps carried by the N2w York Times from V
Marcn 19, when visibillfy of all the satellites was at 1tTs
peak, through March 22, when vislibllity from the U. S. was
diminishing.

ol

Thase particular modified maps combined 1n one
illustration the wvisible paths of all the satellites, showlng
the time intervals of visipility for each passage, butlomitting
for simpliclity the areas of visiblility. In Tthls map, Satellite
1958 Alpha is represented by the heavier orbital paths, the
lighter naths describing Satellite 1957 Beta one. Those visible &
rassages wnich Tterminate in an arrow actually move out of o
visibillity beyond the marzins of the page. The particular
map included here, for comparison with the first, was sent
to the Times before Satellite 1058 Beta was launched and so ,
does not include 1it, although it was added by the paper before i
publication. a5

We hope to e3tablil h this sort of rsgular publicatlon even
more firmly during ¢l axc ?iBiDilJt period, i
3. Broadcast Releases )

it |

Reallzing that even 1f a large percentage of news-
papers published the maps, that some observers would still |
not be reached, we have arrangsd *hrﬂugh the efforts of 3
che Ue S. National Committee for the International Geo-
phyalical Year and th csnperation and facil* Eies of tChe
Civil Alr Patrol, o get our predictions to tThe oaaerviﬁg
veams8 and the ;ualic Thnrough ,na Ciyil Al
scheduled zhortwava broadcasts. This pro

-
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L hand-in-hand with the "Relative Position Grid" kit

L issued by the U.S.Natlonal Commlttee of the I.G.Y

{ to all opserving teams, 1ieh 110 2er
wilth the addition of our specially tallored prediction
messages, to produce for themselves "maps"” glving the
same sort of information which our regular maps would
otherwlse supply.

in addlition to the cha 18 of communication
supplled by the Civil Air Patrol, we have been alded in
getting these predictions onto the alr by The American
Radlo Relay League,

Wnen the last visibility period began on February
27, we started--sending these special predictlons to
the Natlional Academy of Sclences for relay to the :
Civil Air Patmml broadcast stations, and ar® now sending
the predictions directly to four Clvil Air Patrol
Stations, across tThe country. These predictions were
1ssued regularly for Satellite 1958 Alpha throughout
the last vislibilitfy period untll March 27. LDuring
the subsequent period of no visibillity, a stactemenc
is 3ubstituted for the regular messages to that eflfect.

L TS -

. . .-
7
- - = e

These three areas of activity, then, are the means
by which we have to 2date attempted to supplement the
mallings of standard 30th Parallel Crossings in order
to get the needed information to observing Teams in
this country in an easy to use form, which can r=adily
b2 revised and corrected without tlime lapse to provide
the very latest information, on time. We have had
an encouraging measure of success In this area, and
antlclpate further venefits from these efforts.
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CHAPTER V '

HARVARD ANNOUNCEMENT CARDS

Announczment Card 1390

Satellite 1958, -- The U,S.A, National Committee for
the International Geophysical Year has announced that an
instrumented earth satellite was placed in orbit on Feb-
ruary 1, 3P55M05% U.T, at a point approximately 25°.84 N
and 739,61 W, It was lﬁunched by a U.S. Army Jupiter C
rocket on February 1, 3948™ U,T, from Cape Canaveral,
Florida at 28°.5 N and 80°.6 W.

Including the empty rocket casing of the last stage, f%

the satellite weighs about 30 1lbs, is cylindrical in shape o

with a length of 80 inches and a diameter of 6 inches. It £

contains two radio transmitters; amplitude modulated trans- 4

mission at 103.03 mc with power level of 50 milliwatts; %

phase modulated transmission at 108.0 mc with power level. of &

10 milliwatts; telemetry of data by both transmitters. %

; The surface of the satellite is white and may be %
visible with binoculars under optimum conditions. Scienti- %

R . fic experiments include cosmic ray observations, metfeoric *
impact, and temperature measurements. _ﬁ

Fabruary 1, 1958 Fred L. Whipple %

A

Announcement Card 1393

Satellite 1958x, =-- Dr, Paul Herget and Dr. Raynor L. g
Duncombe of the Naval Research Laboratory in Washington, -
D,.C., have obtained the following preliminary orbital eslements #
for Satellite 1958x from analysis of Minitrack observations ¥
extending over the first 32 revolutions, for 3"58® U.T. on A
February 1, 1958: 3

Minimum Height 219 miles

Maximum Height 1587 miles |
Period 114,95 minutes b
Ecgentricity G.14052 52
Inclination 33958 g
Longitude of Ascending . %
Nodea 342¢9.95 (motion E
~4 .26 per day) 3
Argument of Perigee 1209.76 (motion -

+6.31 per day)
Mean Anomaly at Epoch 14° .68 :
Semi-major Axis 1.2278 earth radii :
::;.
5
!
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The following optical observations of Satellite 1958
have been received from Moonwatch teams:

Date  Time Position Type of
February Uu.T. R.A, Dec. Obs,

| Alamngurdu, New Mexico
|  (Lat. 32°h52* 24" N lopg. 105° 57" 62" W)
2 2M45M5458 4B54m s +33006" vis. +8 mag.

” Manhattan, Kansas
(Lat. 39° 09'.75 N Long. 969 23'.85 W)
3 1h44m16S8  s5h37m -1°40' wvis. +5 mag.

Alamnﬁnrdn, New Mexico
(Lat. 32° 52Y 24" N Long. 105° 57' 02" W)

+ m fm E—
s e fi

3 3b4emips s5hz3m +14°54"' vis. + 8 mag. |
o ;
China Lake, California 2
(Lat. 35°.657 N Long. 117°.663 W) ;

6 2h24m428Az, N 177°.25 E Alt. 71° wvis.
February 5, 1958 Fred L. Whipple 2

Announcement Card 1404

Satellite 1958x. == Dr, Charles A, Whitney of the
Smithsonian Astropnysical Observatory has obtained the
following orbital elements for Satellite 1958 from an
analysis of MOONWATCH and Minitrack observations through
March 3, 1958:

=L

Epoch and Time at Parigee 1958 Feb. 194 3b 5om 3538

= llghs . g N e sl -l-q.“’._'.- &

e = ,139 q=1.0566 Q = 1.3985 (apog=e distance)

1 =33°.19 =343°.4 »=120°0

Times at Perigee Feb, 1.16182+ 0.798274 N - 1.910
x 10°/N% + 0.00025 sin. .0177 (N - 20)

Motion of Perigee and Ascending Node (deg/day)

W= 6.33% +0.00084 (T - Feb. 1.0)

Q= =4.237 - 0.00059 (T - Feb. 1.0)

.-—-..:.-.h-m:- r R

March 17, 1958 Fred L. Whipple
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CACTIERIOLOGY
Unigue 3ird Digests Wax
With Help of Bacterium

» VART OF the honey-guides’ sceret s
out,  Studies of this unusual  famuly  of
Vivican bDirds show that they digest bees'
wax with che help of a bactertum found
iy their intestinal trace

Scientists are hopetul the discovery may
offer a clue o a new attack against tuber-
\.1]"-.?“‘;

The new bacterium was discovered by
Drs. Herbert Friedmann, curator of birds
at the Smithsonian Instumution, and Jerome
Kern, tormerly of the department of bac-
teriology ar the Walter Reed Medical Cen-
ier's - Armyv Medical  Services  Graduate
School. has been found to have some
“degree of interterence” with the tubercu-
losts«causing bacterium.

For years, scientists have been searching
tor wavs to destroy the lipoidal or waxy
content of the disease organism. It is this
woxy contenc thar very likely protects the
organism against therapeutic artack. Fur-
ther studies are planned to see how the

xy content is affected by the new bac-
rnim.

Micrococeus cervolyticus, as the “wax-
sreaking' bacterium is called, was described
to the Johns Hopkins University's Society
of  Hvygiene meeting in Balomore, Md.
[denrincanon of the bacterium is the resule
uf more than three vears' studv of the
aonev-guides  and  their  behavior and
biclogy. Dr. Samuel ], Ajl, Walter Reed

Medieal Center, has assisted in the research,
Science News Lettar, January 25, 1958

MEDICINE
Allergies May Be Factor
In Childhoed Leukemia

» ALLERGIES in mothers and children
iy be an imporrant factor in the de-
ciopment of childhood leukemi.

!zn has been indicated by on eprden-
clogical study of the cancerous bload disease
ov Dre. Mistam 1. Manning, and Benjamin
. Larroll, Children’s Cuncer Research
Fouandaton, Boston, Mass,, and the Na-
aonal Cancer  Institute, reported 1n the
|narnal of the Nuattonal Cancer Inititute
(Dec. 1957).

The screntsts found a signiheantly larger
nember of mothers of children with boch

arkemt and [vmphane cancer had a his-

v ol hav fever, asthma ar lives, come
with control groups or with those
naving other rypes of cancer, Their children
also had o higher incidence of allergy, otten
PECIrIng. A8 eCzema.

Another significant hnding was thar al-

] l;.,_";L

st twice g many mothers of leukemic
fildren had been exposed (0 X-rayvs before
e drth of their child compared wich

iher grouns. The Xeray exposure included

Scienck News Lerter Jor Junwary 13, 1938

any and all “therapeutic irradiation™ both
befors or during pregnancy, without rela.
tion 1o the site or dosage ol cxposure,

The mothers and childeen didd not s 4
rule have the same allergy. This mught
indicate that the child of an . mother
wtarts hif= with a  gregter  suscopitiniity
thongh not necessarnily the sine tort ol
tllLr-"., o sensitizing agents that may later
damnge th. oo fnruu'l}, alulity of bone
[MATTONY,

{"‘J:}'rr researchers have already shown
that hypersensitivity L.Il"l be transmitted e
tween mo 11 er and unborn ¢hild,

It may be that the child receives a hyper-
sensitive state from the mather which turns
into leukemia only upon later exposure th
bone-marrow depressing agents,

“We believe that the data presented
justify and should sumulare further in-
vestigation along this line of .nppru.h.h to
the problem of acute leukemia in children,”
they conclude.

Scisence Mews Letter, January 25, 1958

MNergnc

ANTHROPOLOGY

Big Chest, More Blocd
Help Indian on Andes

> ADAPTATION through hereditv and
further adaptanon during the individual’s
lifetime work together to make the big-
chested, stocky little Andean Indians able
to hive and work hard two miles or more
above the level of the sea.

The changes that these two forces of
adaptation have made in the Indian’s body
were studied at Hacienda Vicos, high in the
Peruvian Andes, by Dr. Marshall T, New-
man, physical anthropologist of the Smith-
sontan [nstttion, Washingron,

Most striking is the enormous size of
the Vicos Indian’s chest and the lungs inside
it. There is a decided enlargement ot the
lower part ot the rib cage so thar the
Indian can breathe deep and the diaphragm
15 also set low. An expanded inner lining
of the lungs makes it possible to pick up
the maximum of oxvgen from the thin
mountain air.

The Andean Indian also has more blood
than the man at sea level—on the average
o 2utTa quarts. The red cells in ins biood
are larger, providing more surface for k.
ing up oxvgsn, Dr. Newman reports in
Natural History (Jan.).

With rthis larger quanney of thicker
hlood, the Indians also have a Li!l'_‘l..':':r. maore
powertul heart 1o pump it, They seem o
nave 1 bettzr blood supply in Thﬂ!‘ extremi-
ties, because =ven in the inense cold ot the
mountain on before sunrise, thetr bare reet
and hands are warm.

Anotlter adaptittan  that protects them
bath trom the strains ot aloude and the
intense oonld s their stocky butld. This
reduces the distance thar Dliaul must cir-

culate to the extremunes and also redoces
Fipe syUrrace .Jdrea ||f *11" hlﬂ"‘. W T'Ii-i.'h e g
cause loss of body heat by radianon,

Dr. Newman learned the L-ﬂ'r.s.l:s of high
dtrtude Jduringe o study of the Vieos In.
Jiansg’ Dlissd pressure. Much of the Jdan
:IT{:‘-.{C:HEI: in il"r'.n Fepart s I.'.'It wors of the
Insticute of Andean Bwlogy, Lima, Pern.

Science News Letter, January 23, 1953

il a -
MEDICINE
Blood and Giass Create
Pain-Producing Chemical

® A PAIN PRODUCENG subistance formed
“‘]i'-l Hil CNLR i,*! LA 1% 1) "'ll'i ALY & A
with grlass 1% describend WY T j Moaceaiis o
Middiesex Fospial Medweal School, 1.
dan, rllj..',hm.]. i Nitare 1]JtL 8, 1Y%/)

The pain-producing substance appears 1o
be formed by the action of an enzyme 1
the plasma, but it is r.:pnii} destroyed by
another Lype of chemical substunce in the
plasma, called a peptudase.

The formation of the pain-producing sub-
stance s stmilar o the imigatton of blood
clotting by glass,

Chemical analysis showed that the pain-
producing substance 1s tormed 1 several
steps. When the plasma 1s exposed o glass,
4 substance that has been called “‘contact
factor’ 1s Arst formed. This “contact factor™
then starts further reactions which lead o
formation of the pain-producing substance.

The “contact factor”™ 1s most active alter
two minutes, but within 20 o 3) miunutes
its activity has decreased to negligible values,
Dr. Margolis reports.

The *‘contact lictor” develops normally
in the plasma of persons wirth certain blood
disorders, such as hiemophilia and Christmas
disease, in which the blood has lost much
of its ability to clen

Apart from glass, certain other surtaces
arce capable of uctivating both pain-produc-
ing substance and biood clotting. The exact
stirface conditions that are involved are sull
being studied but a clue o the mechanism
mav lie in the behavior of dried silica gel
and alumina,

These are both 1nactive to begin with,
but become quite active after being heated
to above 1,000 degrees centigrade.

Science Naws Letter, January 235, 1748

AMTHROPOLOGY

New Dates Add to Man’s
Antiquity in America

» VMAN IS now known to have lived in
what ts now  Alabama close w 9000

VeUrs
ey, This 15 the oldest radiocarbon dare
tor material associated wich man's mols

in the eastern United Statres.

The date, 7,950 plus or minus 200 vears
ago, 1s publishied in Serence (Dec. 27, 1957
b Drs. W. S Broecker and l L. H.u’fp 31
the Lamont Geological Observarory, Cie
lumbna Universty, Palisades, N. Y.

The date was obtyined from chuircoal
found 13 feer below ground Tevel i Russel
Cave, Jackson County.

The radiocarbon dates reported trom Lo
T r f-l';"l*.;_':“.'linﬂ"' ,FT\ll' -u-ll_"z;:l:"?-t T.h.l! 1 LT}
occupiedd the west coast ot North America
much longer ago. Charred dwark mum.
moth bones found 34 feer below the ton
of the alluvium were dated ar 29000) weyr
s plus or mings 3,

*This stimgests.” the sclentists say, “that
nvi occupied the west const of North Mner
il |1r.'f|1f'r: I'i::.' 1'.1.:5|-|' h©C .llh‘.l.th;tf i Th.:
latter part of the Wisconsin glacial periol.”

Science Mheaws Latter, Jonwary 13, 1738




[ .I‘:':.
ASTRONOMY

ScienceE News Lerver Jor January 22,

[958

Dog Star Shines in

While none of the five planets usually visible to the
naked eye can be seen on February evenings, there are a num-
sar of first magnitude stars visible, Sirius the brightest of all.

By JAMES STOKLEY

> BRIGHTEST STAR of the February
cvening sKy 18 Sirtus, which shines in the
in the canstellaton of Cuanis Major,
the great dog.  Because of this, Sirius is
olten called the dog star.  Also, it 1s asso-
ciated with the so-called “dog days” of mid-
dmmer. . About that time of year the sun
vawses rather close to Sirtus. Ancient peo-
vles thought, mistakenly, that the rays of
is star combined with the heat of the sun
iy produce the sultry weather which, they
supposed, caused dogs to go mad.

Sictus is shown on the accompanying
anips, which give the appearance of the
Lics at about 10:00 p.m., your own kind of
sindard nime, at the beginning of Febru-
rv. an hour earlier at the middle of the
ot and about 8:00 pom. as 1t comes to

L end,

\round Sirius are the other bright stars

the winger evening. Above and right

1 can see the constellaon of Orton, the

irrior, with two first magnitude stars:
ietelzeuse and Rigel. Berween these are

threse stars named Amiam, Alnitak and
\Minmka, thart form the warrior's belt. A
"!4 higher 18 Betlamx, in his shoulder.

Still higher and farther right we come to
Uwurus, the bull. In this group stands red

\ldebaran, another star of the hrst magni-
".ll.l:-

\uriga, the charioreer, 1s directly over-
wadd, with brilliane Capella.  Below this
Toip, toward the southeast, you come to
Coemnd, the mwins, In it are two prominent
ars, Castor and Pollux, which were the

qes of the twins, favorite gods in the
ncient Roman mythology. However, only

Ui 15 of the first magnitude; Castor, a
famnter, 15 of the second. And below

wins, in ibe direction of the hig dog,
ve come o Cants Minor, the lasser dog, in
ot Procvon stands,

snll another first magnitude star appears

the cast, in Leo, the hon. This is Regulus,
* the end of the handle of the “sickle,” a
waller stur group. The blude of the im-

ent curves around the word “Leo”
W oan the map.

2laners invisible in February

stble 0 the naked cve
venmngs.  Mercury s nearly in
sme irection as the sun, and cannot
o Februarv, Venus, which
» 43 brichtly in the evening sky unul
15 ROW issing 1n front
¢ simlar'y invistble, By
,however, 1t will appear
141 1st Defore sunrise. In
be of magnitude minus

1. LS L .:.‘,'

4.3, making it the brightest object in the
skv., Hence, Venus will continue to be
visible even after the sky his gorten quate
bright, and other stars and planets have
vanished.

Around midnight the planet Jupiter, now
shightly brighter than Sirius, will rise in the
east, in the constellation of Virgo, the vir-
gin. This group is not shown on the maps,
but it 1s next to Leo, and appears after that
group has risen higher. For a few hours
before sunrise Mars can be seen low 1n the
southeast, in Sagirtarius, the archer. This
planet is considerablv fainter than those al-
ready mentioned; it 1s about 1.3 magnitude,
or a little brighter than the stars of Orion’s
belr.

Saturn also rises in the carly morning
hours, even ahead of Mars, and is in
Ophiuchus, just east of red Antares, which
is in Scorpius, the scorpion. In brightness
Saturn is about equal to a tvpical first mag-
nitude str,

Although none of the Ave planets that
are visible to the naked eve—Mercury,
Venus, Mars, Jupiter and Sarmurn—are now
in the evening skv, two of the other three
are there, and may be secen with a relescope

L
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of sulficient power. One o « is Uranus,
whiteh 18 now tn Cantcar, th
eivveen arndd Geinan | i.i'_:
mate postbon of Uranus s
small X, under the letter “A™
of the constellation. A\t prosent 15 magni-
tude is 5.8, which makes 1t less than a
sixticth ol the brightmess of Regulus, stand-
g neachy.

[t is generally considered 1
fuint as the sixth magnitude can just be
seen with the naked eve, under the most
favorable conditons of a clear, dark skv.
it is thus ;u‘m.ilﬂ'c o sce
Uranus without a telescope, but this 1s very
difficulr, unless vou are far from the citv's
glare and smoky atmosphere.
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Uranus’ Discovery

Uranus was discovered in 1781 by an
English amateur astronomer, William Her.
schel, When he frst saw it, with a rele-
scope that he had made himselt, equipped
with a concave mirror 6.5 inches in diam-
eter, he realized thar it did not look ltke a
star. A few davs liter, when he saw it
again, Uranus had moved a litle, so he
concluded that he had found a new comet
—and so announced 1t. Computations
showed it to be another planet, more than
19000000 miles from the sun, abour wice
as far as Saturn. It revolves around the
sun in 34 years and turns on 1ts axis in 11

LYNX

4 WEST
&7
nun...{ G ’%‘“
3 CNCER q\i TAURUS "
' -ﬁ?ﬂ < (ANIS s.f ~Bﬂlﬁ¢*{‘m Fleaces
Bkt » L TUINOE A
et AP fn . Ny
* ) o u 4O(ERDS \-"
b # 0005 s o
) o B\ i »LETUS
Pt o £8 2 g f?'i“\ \
/ pﬁ\"' *J!'MM LEPUS
mls D e ) cuuuﬂ S0 e s i@
Free Yowth WESTI

SYMBOLS FOR STARS IN ORDER OF BRIGHTNESS

-

|
-

, e

oy =
A
_I'-:_-

‘.‘l'!.._ll_uu_



r
n A
i
i
T
'
L L Y-
\'!- »
R
i
II e
ey
.
g
i § .
et w1 |
- Il|.
o T
J S PAT
- }

= J
v x! y
- R o il by A h--i‘l.'-w L el T T LT "FM‘l--d-ﬁ-ﬂ-

. . oy (’ L] W a +. ] i T &l
gl Lo ol & . = i - & L i
] ¥ L] Py f ™ 4 [ e

F + o bR
; PR S g o o el -
o T ealen 2" ..'1_ il 1
a a8 : A N R ST \
¥ E*"uﬁ'n.f"r- -
i ¥ oy
1 5 g , - i
- l._'., e v
iy gidial gy o 8
."4' i ".rl Fotm o
id o\ UL L ety
*.;ﬂ-"-_.-‘r ‘+ -..‘l'\'
] i 2 ._.l"'- o 'r_--— v
+ L] rr. - Y o " ) a -
% \ i } I o "I.. i -
4 - i
e T e i SEE 5 r
I 1"‘-1-'{ut.'ﬂ‘ i T I
. L ,P'I’F"*' = L e -
- - . g v i F
A il PEe a | e 4 el e Ll ' 4 I 1 g
1t i l—';‘._f‘t}.,‘}l:‘lql ot et Sl I L ! L4 .
T R d _'l."._l;:l:-"-l- :"r-:-'lr?:' "I't. S i - e !
i | I o , ‘.“—"'*—Tr* _'-r,‘l"ul‘ "o HL u v - 4
T i i '-“""!.i."'!"'-' "F-E‘ -ty LTl g . ! . :
: : ¥ g AN s 'l o 1 N ’ f =
1 - " - I'i.-. -+ j " " : 1
¥ LAt p s g ) i j . L
| L Y " o 1 “ i
= I' > ¥ o
e i LR i .
i . i Al
i el i . . . i g
| -
.'IJ.. L9
o
- *®
! LA
LR - i ol R .
R
i % - " 3 1 [
Ll " . - d "
i s L} = P'_ g -,:f' ] v = # o
W Tt T =t 2 Ta - -
a . - =i, i, e A - .
e e -.
i -
% -
£ L ¥ 1 |
1.:}- o K ¥ % s v
w"::'i S - -
B 8 B g a0 . - :
C s -
- ':":-r:'?: & . : |
F ::"_...! g :"1- o W . - = 3 3
s e Tt i . 3 -
- # = | " - n =
T ., n° ll_-' ; - ’
- - P r e ..'
- I*-
3 % L 3
» !
- -: & - 1 11 f
e e w R - - . Vh
' AL 5 : : !
T - W - Bl fp W
e Ny P X AR sl % d’"ﬂ“'; . - i .
2 il -;:n.;_,‘.‘,‘- e '_\."'r.'.""l""'.: i o il L 4 s :b ) | & y
2RI IR 25 s 1 e T AT R WL 2 : v i) _ FoAs
B ‘ﬁ’f'ﬁ-“ -..rxdlll" R " | .l . ] £ ,.I.' = - . s L # (]
RO e P C e S i R REANE L Sad A 5 . WL

3 r
L . 1 1 ( :
L - 1 r i '-r-q. 3 5 - ‘1 - ‘
o Al el e AL ST 1 . o
> l':. L '-r.La..- w ol g & el gl . 1 . ! &
- ...i h'. e Rl - ¥ ¥ = N, il r LT s L H X :
r Y 3 A P & I - !
" 3+ b= el L .r"-"-" A g L g "
.';.h ﬂ "f. -_'..- _J-“'.\_i"_.=-, bl ‘...-ﬂ. L Vi el i . . - 1
.- & — N ¥ - i &k
"'{#n“{ Frasd l’i" A} - ; i e i o . ; . .
ah ":"""‘ A "; L - 1 & u Fr & s - - ]
. t*#*": y "‘11 # i d :
'i“-@-"" L . o n'Y Fad 3 Z ¥ , . a - .
5, A Frg 1~y - o -'
1--;--"1'"- 1L I P, . b
Vg o SN """I-.',-"'r. ' s - . ]
i A T it i :
Y L EA - ML S .
-i- d'f.'t{-" -Hu 5 E '
'Iu_" ;-‘-"' ;_:" il " r" = ] M L]
Pl e e . PREY  F )
' X l--“ .-l- e » P " iy
b -|-‘ By o Pl g - . . ,
e ;"'ih;:""" IR gk o i #
o T oy = - o Vil i._ 4 I.' - X 3 ;
rru. wi P R J° ) I:- . .
v el ﬂ ‘Jé-_ . " }r lll_..Il b a e g o P s 4
.... L] .i-," lr-_- F‘{LF- + - " q‘ .."' e I
R N A iy
i | R Fo e g i ™ oo +h .
4 i B it BT s i i LT s <
v, e _11-" Y -u. q:- X # -~ ] L :
S | - - L - » - i, : - =i : L
iy B # § 3 ¥ & " .
e F}T‘i = H"“'.': '-" J - Ty i a = i - = M »
. | S o o . ' i
% +H‘LL p iyl Fl'i i - -
L T . i -
v ¥ -".I ,.I:.Ll‘. _‘Lr‘ ; 5 1 :
s ST R ¢ e, ol W [
-} o LT R TR % ey i ! :
- e i i W o A . % r
e _h.r_'-.'.- [ l_-q._ L" i - ,; = L - | d 3 : .
R AFYT B0 e W 1;-& f " &
= o M 5 e - il ¥.
o, e i i X
b - ¥ 4 i 1"{' oF ot i .
Y A Lt e A |y : 3 . %008
o A F o PN, O .l.- & | i g -
L | W L w2 Py - 2 :
e Sy A Ry .I'J._ 4
- - T iYe :

G Rl ke NIy £ h: 1
' ¢




S -

Wil g
o i i

e
(et

. - I-. _
‘J § .-"1 3 :" - ¥
A=

+ "

|

L

rm.‘h '

i

g T
SE N

o i

I

o

371 LT
o

g |

s _r:ﬁ,'l.\‘..{,:' &

-':_ W

i

A ¢ D

< Pluto will then be 3055 000,000 mileey

—t -

hourd, Uranus has bve moans, vistble only
through large telescupes.  Herschiel himsell
discovered wwo, which he named Tiwima
and Oberon. Two more, Ariel and Um-
bricl. were tound in 1831 by another Ln
lish astronomer. The last, Miranda, was
frst detected by Dr. G, P Kuiper, an
American  astronomier, at tiie M
Observatory i Texas i 1S

During the early veurs of the 19th cen-
tury astronamers fon i 1 ANUS WUS  Iut
moving according to their predictions, and
decided there must be another planet sull
farther out, which was pulling on i, Nep-
tune was responsible, It was found in
1846, close to the place where it was ex-
pected to be.

At present Neptune s in the constella.
ton of Virgo, not tar from Jupiter, and
rises about midnight.  Neptune 1s about
2,791,000,000 miles from the sun, which it
goes around in 165 vears, and it has two
satellites: Triton, discovered in 1846, and
Nereid. The latter was also discovered by
Dr. Kuiper, in 1944,

The most distant known planet is Pluto,
discovered by C. W. Tombaugh, at the
Lowell Observatory at Flagstatl, Ariz., in
1930, Its average distance from the sun is
3.67 1,000,000 miles: 1t goes around 1n 248
years. Probably it is no larger thun the
earth, and no satellites have vet been dis-
covered. At present it is in the evening sky,
in Leo, alongside the sickle. Iis position
also 1s shown by a small X on our mup.
Hervever, only a verv large telescope will
reveal this planet, which 1s abour the 15th
magnitude. It has been suggested that
Pluto was originally formed as a satellite
of Neptune, then later esg

On Feb. 19 at midnighr, Pluto and the
earth will be lined up ia the sigme direction
from the sun. Itis then saad whedn dpposic
tion with the sun, i.e., Pluto an@the sun are
in opposite directions from the earth. At
such a_tise-rrremmerrrs s closer to twe
garth than at any other ume durMsghe veas

g

cDonald

Celestial Time Table for February

Feb, EST

r ti1:23p.m. Algol (varable star in Perseus)

A muiimuam brightness

305 am. Fuil meon,
S:1zpam. Algol at munmimuns.
g bO:oo0 pan. Moon nearest; distance 223,200
FTLLTS,
9 Basam. Moon Dasses Jupiter.
to  6Gi33 p.m. Moon 1o last quarter,

13 1:39 a.m. Maon passes Saturn,

4 hizgam, Mom rasces Mars,

(8 1O LML New moan,

1o midiight Muto in opposition and nearest
cartng  dannince 2L 0gE,000 00
ui=s

1t 10:00 a0, Moon farthest: distance 2523500

[
d il LAE N,

o 1:08 .. A
gi57 pm. A
X

H  3:81 p.m,

wal ar mimimumn.
| L]

| ¥

oAt minumum.

loon 1 frst quuarter.

Subitraer one aour for CST, two haoudrs  bor
MST, and three for PST.
Science Maws Letrar, January 25, 173583
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o Case (Information Oniy) 8 February 1908 " = |
Micro, North Carolina

Tvan Sanderson Sees Creen Fireball: On the night of Saturday, Fzbruary 8, the well-
known zoologist, author, 1V star, and CSI Vice President, w was
driving back tn New York from the South, with three friends, At 10:35 p.m. they
were neading 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 cbject rising
behind the trees 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., DNot quite one=third the size of a full moon, it had a blunt front
and a tapering sharp tail, from which spurted a few orange sparks that forked like
those struck from a flint. It appeared like a rounded, three-dimensional thing,
not a mere glaring light, It passed over, to their left, and within four seconds
was 108t to view vehind pine trees in the north-northeast, lo sound was heard.
Ivan had the impression that it was a z00d many miles away. (The apprearance and

horizontal course of this object seem to put it in the general class orf the eqlga
matic "green fireballs,") 27 5 & N -
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Northern Li{rhts Give |
Bright, Colorful Show

Shimmering arcs and flery curtains of red, green and white blszed
across the sky in 2 darzling phenomenon known u the northern lights
or aurora borealis Monday night.

Sky-gaszers throughout Fairborn and most of the natlon cbeerved the
ncrthern lights which normally are seen at high latitudes. l

The lights wers cbaerved in points as scatlered as Hpglom, New |
York, Des Moines, Iz, Alduguerque, NM., Tylss, Okla, Naakyille,
Tern., S'qmtth los An:tin:, Chics o and as far south as Verp ﬁ;ir‘-
Fla.

One persoa living In the Wright View area callad the Dally Herald
after noting the red sky to know if Fairbora bad a big fire. '

The unuosually intense dispiay had marked effect on radlo {rans-
asission and taletyps wires. Radio bams in the Minpecapells 2rea re-
ported thay wers unabhie to operats during the digpiay.
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Department of the Alr ¢
@ffice of tne LHecrstery

Wegnington, D. C.

Dear Sirs:

h Tew days ago 1 1

unidentified objsct hed

WNnet W&as

U

P - ™

carned in &

1 ff;?
The

<

round-socout

tanded énd exploded in

Slincere

Y 3

Fabruary 19518
Naples,

Italy

walg that an
Naples, [Ltaly.
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2> March 1950

Dear Mr. NN

This 1s to acknowladge your letter of
15 February concerning an unidentified flying
object 1n Naples, Italy.

The U. S. Alr Force has received no report
cn this sighting or incident.

The United Press carried a news item on or
gbout 12 February 1950 stating a millitary type
rocket inadvertently placed in an incinerator
haed ceused & mysterdcus explosion in Naples,
ard it caused much excitement until military
authorities explalined Wie mishEp.

Sincerely,

LAWRENCE J« TACKER
Major, USAF
Executive Officer

Public Informatico Divislon
Qffice of Information Services

.»-.r'ui—""*ﬂf" T <
.u -J'. -.1.-_.'1._’}.:-' Sﬁl .." ..LS-' :_..
- AT
READER=-SAFIS-1
ATAVRAMC_ QAT TR 2
STAYSBACK-SAF IS~
Ve ol i B i i L o b ¥
o ) R e CANTR R SEnghy ot VO PEE A el
PR 0 S e L S P L'i.m. - e '.-"t'.fir.' :E 'r.-}%_ f ;&.‘- | g P




N

=
A
1

L4

i
iy

e TP

b2

1= A
'

L]
-
s |

R

LR

SR EeaTyT

g o i .
EIT R ST F"‘Ilﬂ. -

'L ol -I'.'I
LN g ¥ ﬁﬁ: r . '
' . s
i - 11;
e
\_f,-m-”' ey b
:

Y o ., :?‘
!

‘r ‘h" f-'
Ji"' d 1..-
f"r ST it
.

1._*:. -

e .. WSS

i § oy e e A
e
p

AT,







A R B AR S Ll A L LA s e T TR TR A e ...N........wq g W T THATL ke e Tt T I LR e L

4

1

g
1
i
|

b

e — S ——

(]
L
-

T R iy W T

-

[
= (—1
e

apniie .
1 _ i
.__ A..u. ..L _-.1. i 0 [ i) 8| _ i % ] . i r.\-___l. -
“ e e B e S ®) Ty @ L0 Iy - i
o CR 00 I~ W Ty <} <t M (7) o _ :
. ‘&4 Es : : ) .
- L} ﬂ | | _ | W ) i
f ] i | = 2
L 1l “_ m : “ __ _, | ) e i
= 1 ...r _- | ] i r | | = _ .__.Il.m_ .wl
- | i L | ._ _ | ot T\IF _
- o B | | | _ . 2 .
4 ¥ - . ] ! n | | .-.. 4 !
; —. | | | .. Fe
401y _ ". _ _ re) _
.“w.wq.r . [ -~ i1 | i 1 H _T-H.l;. .
£ O _ } “ { _ - ~ E
SE6G ] r — ﬁ | 4 i _1|.__..L '
f _ .

.. ..__. _ “ — | i “ i ﬁlﬂl__ - v-
{ f & ! | I = 5
° | | | . |/ & ,
| | 2 _ ¥ ] = I.A. H.

d ChiO o I | b «J_— e}

1 i
/ , O _ “ . .Ta..__ g
I i e 1 | & | S K
E ) _ .. " | , . ”,
5 ) . .
.. & 1 5 “J_”k-HH.-.__._. ‘n..._u. | | _ ._.I.-.l._. " ] P

- A _ i ] " gl —
s | i i ¥ 4 E
f ﬂ..-..-w f \ .- d [ .l.._-”

‘ 5 : L) 4

| o _ et s

L]

b

L3
AT T

| "&b 0 b | ¢
/ : Cn, 7)) - ) : ry
] % i - - % ¥ | -
q\u.._ _n]- ___H -

)
Fe

o

i
i/
#
e
g
-!-I'lﬂqh.u—-.-ﬂ-l--....-h_

|
intea

...—r._ :

‘1.____. i i # - 1
. A

ot
™
-
o T T -

(Lo




—

—— e -

- - — e — D e ——— —— — .
.q..“
| '
LN
i |
.. ‘ '
§ — - ...ﬂ_mm
| . -rr-r-.
1 f >
.. 0.,
. - § wg W i A f L e
\ ._..h. i q._._.w.-.. .......U..r.w. .
i £ i .1._1 of kg S
. ¥ -..ﬂ
_ Fligs, QUrg e
| & -.—._.-... i Hﬁ ¥ L rru...l.
o f ' | ¥ qﬁ f L et f .
[} . ™ .u ' . d
. . L _ i £ 5 Ly J
\ | ) | a
._._. 2T
n.v.__..___u J
. I ) __\ . e oS
r .__“:J_ / .:..__
| !
{
/
1 . e}, .___|J|||| ] i ' %
| L-.lllll.-url | -." [ J
b | T— |
- s /
| ] rlr F —l. L—
i - _..__-—..._l-.._.._..l e Foor Y enplife N e = —= !
= oy = i .._.. - 5 rh ..1 _-..
n e i
| — |




 m ]. . a7 ¥ 4

IV MOSET ANYINYT

! AT .. S i s PR . i3 T sy = |“.1.-......- .'._-‘ .—.ﬁ- F\.—.ﬂTﬂ-aﬂ-j.*
.-..-...-

e e o B |
VIS D DA e Y34 9/-7 B 5

a L\
'l —
v P

-

= - & 5 — " W § - = - - n =
T F k = 1 N | o i g1 L 1 -
= | 4 ! q.l..- ' Yt | i = =a " % I.r ||.|. [ _ - #
]
= - g . 3 - N
| ) it _._ 11 3} ki | ! AN T W
L i dlas | 4 ) Lo o, - - .___
Alalll Ba™ 3.4 LY AT .
UL A Jirag e HY 10} ..
: \
L]
A
_.‘_ﬂ.
=1l 212 10 4 . .
" i W - Fi - 1 ™ = - -:h ..
06 . j OOS _ (1N Y7 VT 0 0O 0N >
L et Yo B e l__. " | ] __u_ﬁ u ..__..
. —= ’ b \
: - i 1
"

L
. X \ L
1 Cat*
= ;
s E' ,
5 Nt _ - “ \
: JdMr o \ \
ov 5 2




Special Report No, 11
IGY Project No. 30.10
NSF Grant No. Y/30.10/167

STATUS REPORTS ON OPTICAL OBSERVATIONS
OF SATELLITES 1958 ALPHA AND 1958 BETA

Project Director: Fred L. Whipple
Associate Director: J. Allen Hynek
Edited by: G, F, Schilling

March 31, 1958
Cambridge, Massachusetts
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They gaid that afier geeing the
flashes thelr akin started burning,
have & Jovely suantan ¥ dido't bave
,hﬂfm.‘m.mam reported. - 4
 The Civll Acronantics Authorisy nb
£+ Albuguergue  reported alghiiogs of]
{he flash trom o siv-siate srea, D,
o “Lincotn Xspasz of the Urdversity of
o L mwmm Bisteoritica said the flash pronabiy
poumtler check disclosed © came fyofu & meteor, He negiscisd {9
,&nmwm mvhﬂ.um theRures on the

JRNS TWO WOMEN

i
BV e N g




E New Mexico

1
Fi
I i
5
i
¥
= . 2 - L) L] i Py - " W L] Fal | L -I-— | 3 — *. "
. -3 - " 3 a v & - J 1 - " - - s
- .E;-J;li rrr:ﬂmt -: -|—.:-.h.i.: r--‘ r-- -i":‘-—- E '-‘h" I\'-il--r;l - hb-.ln E_....-. L] I"i-rl---i-j-'e = e JL.].E-..& i-"}r
" : | I l_"i.l. - g o = & - k= . - - - il ¥ 1 & .u,..‘ -
:- t‘* “Tf"ﬂ J*:‘-:-.t :'- -“1-1 E:]Hﬂ?q —-i.ﬁ? l-:; ltli:ﬁ:- !‘J "’ -ﬂ..._. o i‘h Jr- & = rE.:-!'v L s - I-J:'H ni : - T:- =
T, . & i oy A Ba T e *.‘..-j LI e 'k'l--.‘r — ;. | "‘I"--'h‘:' S T e -..'.- = e i'-‘pl-i-i-n‘“ ll.--llu = - -': - -[ﬁ:ﬂr.- L o
5 ba a - " - - = m L ' - - ;-l"-- o e & -" ol " T ol @ s i G el -y - " = e o W e Ee R
-
& w ‘ b
= - g - ] - - L - - - - 1 Ll at . L] j - ] o i
l ~SSLSSLISY O TEGQICECLIVITY. Lue woxnen ‘¢e2c:ded-to néave -8 -thorsush oratory
Bl & Yas - * - F i
i = -:1-* -"'."E. - '-F.IE f.-e ‘—; -- i l.:l-u-l I{-.c l-"'!' - :-‘-:{"-— L




No. Case (Information Unly) L4 repruary Lyos -
Columbus, Ohio

...Al3o in Columbus, seven peraons
retchad a 40-foct~-long orange-colored saucer feor 2 pericd of saveral minutes,
2n the night of Fed. 2Znd. Thes objeect had "a sori of tail in iks opzosite dir-
retion Trom walch 1t moved, | It was flying @t an altiluda of abcut E,Cﬁ? f'aet.
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WEEN NAZARE AND SALVADOR c'ﬁv *NZEN P 143 ) 3 WITNESSESD
N A LAWYER IN; SENAI=S NAT[ONAL DEPARTMENT, ¢
\NDEL MENDES AND A FRIENDs ANTONIO DE ARAUVJOs WERE DRIVING RETWEEN NATARE ANDO
ALVADORy IN BAHIAS (ABOUT 1200 MILES FROM PONTA PORAN, SRAZILs) BETWEEN 0
4355 TwO_ _TOWNS LI1E TwO SMALL VILLAGES, SANTO ANTONIQ DE JESUS AND CONCEICAO ¢

e e SR S . e

e TS ——

MEIDAe AT 3+05 AsMe SOMEWHERE SBETWZEN THE TWO VILLAGES, *H_IQ CAR BEGAN
UUGHIhu AND MISSING AND_ THEN ABRUPTLY THE MOTOR STOPPRPED DE - THE MEN
B\ TTEMPTED TO LOCATE THE TROUBLE, BUT TC NO AVAIL. THE NuKT INHABITED SPOT WAS
||JQHE_QL;TAEEEF§WQY|_ AND THEY DECIDED TO SLEEP AT THE EDGE OF THZ ROAD AND IN
1S MORNING» DO SOMETHING ABOUT THE CAR. R
: [T _WAS THEN THAT THEY SPOTTED A HUGE LUMINOUS OBJECT HOVERING OVERHEADS
- .cCorDING TO OR- JEJNNE REFPORT. *IT GLOWED WITH A STRANGE LIGHT WHICH
| ZEMED FLUIDy BETWEEN_SILVER AND BLUZSe AT FLRST IT WAS ONLY A LIGHTs BUT AS
' T APPROACHED WE WERE ABLE TO DETECT WHAT APPEARED TO 85 A SCOLID BODY BEHIND
"HE GLOWe. THE OSBJECT SEEMED TO BE TWwO HEMISPHERES ON TOP OF EACH OTHER —--
STWEEN THEM A LUMINOUS DISK OR RING SPINNING AT HIGH SPEED. IT WAS THE

OURCE OF THE BRILLIANT GLOW SURROUNDING THE WHOLE OBJECTe* THE OBJECT CAME

— © o e —— mw - r—— e e —— e — e —

- == O 0 O O O

————

i gl e

r..l-

- I LENTLY TOWARD THE CAR UNTIL IT WAS ABOUT TwO HUNDREZD AND FORTY FEET FROM THE
8 E2SERVERS AND ABOUT NINETY FEET ABOVE THE GROUNDs THEN IT DESCENDED IN A

—— e

URIOUS MANNER AS THOUGH IT WERE A FALLING LEAF. IT STEADIED ITSELF AT ABOUT
INE OR TWELVE FEET ABOVE GROUNDs» AND THE THREE MEN WERE ABLE TO DISCERN ITS

o

OMNTOURS VERY CLEARLYe THE SOTTOM WAS SMALLER THAN THEZ TOP HEMISPHERE AND IT
45 SUIGHTLY FLATTENED UNDERNEATHe ITS LUMINCSITY SPREAD IN A CURTAIN OF

— e - — e —— o ———

LGHT SUSPENDED BETWEEN THE UFO AND THE GROUND BEL.OW.
THE FRIGHTENED DRIVER. MENDES, GOT BACK INTO THE CARe. THE OTHER TWO,

e — e —

JNEVERy DECIDED 'TO INVESTIGATEs AND WALKED TGWﬂRD T“’ S.nﬂm*“ O%J:CT; AS
HEY APPROACHED THE ILLUMINATED AREA (ABOUT TWICE THE SIZE OF THE UFQe. WHICH |

. \PPZARED TO BE ABOUT 60 TO 75 FEET IN DIAMETER) THE O28JzCT SUDDENLY TOOK OFF
B A _VERTICAL CLIMB. IT STOPPED AT A30UT 600 FEET, AND MADE A TIGHT CIRCLE IN

= oKYs ITS LUMINOUS FOCUS ON THE GROUND ROTATING AROUND :,E;L- THEN THE
"0 _STCPRPED AGAIN AND TILTED FORTY-FIVE DEGREESe. IN THIS POSITION THE
ry:

LY MO ru o o NN T — -

T L AT o — — 2

ATING RING WAS MORE EASILY VIEWED AND DRe PEREIRA GOT THE. IMPRESSION THAT
. I NOTCHED L IXE A COGWHEEL WHOSsSE INDENTATIONS APPZA ARED TO B= OsL1qQus
~ Iu~ TO THE EDGE OF THE RINGe MINUTES LATER THE OSJECT BEGAN TO MOVE
1LmL_Ld_h_5_ﬁ:E: OF HIGH=SPEED MANEUVERS_ACROSS TH=Z SKYs SOMETIMES MOVING
RTICALLYy SOMETIMES IMN TIGHT CIRCLES ARCUND THE CAR AND SOMETIMZS IN
RAIGHT LINES IM DIFFERENT DIRECTIONSs  IN THE STRAIGHT=LINZ MANEUVERS - IT
VWED ¥MORE ARPIDLY THAN LIGHTNING,* BECOMING AT TIMES A SMALL DOT OF LIGHT IN
= SKY IM A SPLIT-SECONDSs THEN FOR A SECOND TIME THEZ OBJECT "EXECUTED THE
L ZAU-LEAF¥* DESCENTy STOPPING ABOUT 9 TO 12 FEET FROM THE GROUNDe WHEN THE
ASTRYENS TRIED TO ASPQQAQH 1 T THE OBJECT TOOK OFF VERTICALLY AT HIGH SPEED
- No WAS GOMNEZ » THE TIME WAS 435 AsMy
| AT :‘:j.a.w,.,rh: CBJECT APPZARSED FOR Thf LAST TIME, AT A LOW ALTITUDE. &
[ LVERY IN COLOR AND WITH NO GLOWe IT WAS MOTIONLESSs TILTED TC ONE SIDEe. 4
2 1T SUDDENLY _SHOT UP AT TREMENDOUS SPEEDO AND VANISHED IN A SPLIT-S5ZECOND. 4
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UFO Sighting, 27 February 1958
CET Q 1 | { -3
iq = L i : | -'nl1

Hq UsAF (SArFoIcC)

Reference the attachked letter from mrepuﬂing

his observation which occurred on 27 Februery 1958. The following
1s a suggested reply. — By

a. Desar Mr.diaRiEp

There have been many sccusations made sgainst the Air
Foree concerning our alleged official stand that "there Jjust ain't
no such thing."” We have never mede such & statement. Our official
" ptand i1s that there has been no evidence submitted to or discovered
by the Air Force that sightings categorized as unidentified are
extraterrestrial vehicles.

IT ycu had reported your observation tc the Air Force, our
enalysts and evaluators would have attempted to determine what you
- had coserved. If we had been unable to find a2 logical answer, then
your case would have been catepgoxrized as waldentified, The Air
Force would not have made your name avallable to the press without
your permission.

it would be extremely difficult at thle late date to perform
a comprehensive lnvestigation on your observation. It will be filed
with our 1958 cases for information purposes, however, it will not
be considered a case. There were no UFO reports submitted to the

Alr Force for 27 February 1558,

FCR THE COMPANDER

e 7
::f:"lf/ :.{QJ{ ’_(}M# '
LOUIS DE GOES, Colconel, USAF 1 Atch
Deputy for Technology and Subsystems Ltr, R. Hartinger
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28 TFebruary 1953

- nformation GE1Y) :
Nb Case (I Miami, Florida

§
i

=/ Space Animals: New evidence for the aninal theory: falls of rapidly-evaporating

b 2. sky jelly" (compare evaporation of angel hair) in Miami, Florida, February 28,

\— T 1958 ipoliceman as witness) ard Australia in 1950. ‘
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The origzinal intent ol t4adS rollection of short
~aports was the presentation Ol preliminary data, o
the U. S. National CommittTee lOT' LIS international
Geophysical ¥Year, obtained by the Optlcal Satelllte
Tracking Program of the Smithsonian Agtrophysical Ob-
sapvatory with regard To the first artificial eartha
aatellite launched by ©Tne imited States on January L) P
1958.

At the present time, however

7 grr 2 o
have been successfully 1aunched into satellite oroits
from Cape Canaveral, florlaa, The collection has there-
?nre been exvanded TO include suech additional orbital
{nformation and results of data anaiyses as could be

3
put into usable form, as well as descriptions of the
principal macalne computation pPrograms in use.

aince wa are endeavoring TO make these satelllite
data availables as rapldly a3 possibls To all gcientisvs
participating in the International Geopnysical Year,
we hava of necessity included information of an exX-
sremely prelimlinary nature.
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