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ABSTRACT
(Confidejntial]

All observations madi by the pace Surveiflaj.e System on
the sateltit, 195B Zeta (Atlas) during its liletime (December 18,
1958 to January 21, 1959) are presented. Only the astern
Complex consisting of t h e Jordan Lake (Alabama) transmit-
ting stat io n and the Fort Stewart (GEorgia) and Silver Lake
(Mississippi) receiving stations were in operatimo at this t' me.

Abuti 70 tnt long and 10 fet in diameter, t hi s satellite
was large enotgh to g iv - good reflected signals arid afforded
th" first oppo.tuiditv for the Sparte E u r v ei l a n v' tystem to
achieve a triangulation he eight measurement of a satellite.
Between) D'ember 19 aid Janoary 19, reflected signal obser-
vations Aere made' on 37 satellite p)asses in'luding 18 coinci-
dent observations with complete information for hev i ght tri-
angulation. These observations were obtained with the use of
lower transmitter power and smaller antentas than now
emplovedand in spite of considerable downtime resulting front
construction work then ini pro•ress.

PROBLEM STATUS

Thik is the first in a aeries of reports on satellite obster -
vations made by the Space Su r ve i l lanc e System. Wo•rk Is
continuing.

AUTHORIZATION

NRL Problem R02-35
ARPA Order No. 7- 5B

Ntanuscript subit•tted June 23, 1959.
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SPACE SURVEILLANCE SYSTEM

uMSORVATlIUNS OF Titi:ý SATELLITE 11)58 Z.TA

INTRODUCTION

The' salellitic 1958 tZta, popularly called Atlas, was launched from the Atlantic Missile
Range, Cape Canaveral, Florida and waas placed in orbit on December 18, 1958 at 2306Z:
its lift presumably ended on January 21, 1959. At iniictitt this satellite had a period of
101.5 minutes, inclination of 32.3 degrees, perigee height of 113 statute miles, and apogee
height oi 916 statute miles.

This sate'llite provided the first good opportunity for evaluating the performnance (if the
Spacti Surveillance System through obsrvatlons of a known object. Previously, signals
rceived by the syptemn had been identified only by cotrrelatia.g thenI with the predicted time
of irtissing and predicted zenith angle of a known satellite at the r,.ceiving statiton. This
t'itrreaitiit was difficult beca;use the predictions comld )t, in error by as much as twenty
minutes fit time from the observed positions because of errors ill existing source data. It
the ease of 1958 Zeta the certainty of correlation was improvcd hit the following two ways:
(a) it was possible in some casts to receive the retiecied signal simtltaneously at two
stations and thus triangulate to obtain the satellite height, (b) it was possible for th, station
to reeivit the 107197-Me signal iadiated by the sattelld during mikst of its life.

No attempt has been made In this report to compare !thc observations with predictions
or post-flight data for several reasons: (a) predictions made during the lifetime of a
satellite having a rapidly decaying p,riod are unsatisfa,'tnry for comparison since they are
frequently several minutes oi time in error, (b) the time required for analysis and issue
of all the 107.97-Me observations by the Minitrack system on a piost-flight basis by the
Vanguard Computing Center would delay the release of this report, and (c) a detailed com-
parison of all the Space Surveillance System observations with post-flight dait is probably
not justified since the Eastern Complex was in a development and installatlea phase, which
is not representative of the current capability of the system.

There also has been no effort devoted to an explanation of how the Space Surveillance
System observations on this satellite could be used to establish information concerning the
orbital elements. For a single Complex, this capability was considered too limited to
devote the time to it, since observations on later satellites are much more fruitful in this
regard. Nevertheless, it should be pointed out that through the use of all the observations
of 1958 Zeta the orbital elements of this satellite could have been established with fair
accuracy,

STATION STATUS

During the lifetime of 195B Zeta, only the Eastern Compex of the Space Surveillance
System was in operation, and it was undergoing modifications. The receiving stations of
the Eastern Complex at Fort Stewart, Georgia, and Silver Lake, Mississippi, are about
280 statute miles from the transmitting station at Jordan Lake, Alabama. The Western
complex consists, similarly, of two receiving stations - one at Elephant Butte, New Mexico,
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2 NAVAL RESEARCH LABORATORY CONFIDENTIAL

and one at Sanl Diego, California - with the transmitting station located at Gila River,
Arizona. All six stations (Fig, 1) 1ij along a single .-real :ircle fronm Fort Stewart t
San Diego to form part of an cast-west "fence." The inclination of this great circle with
the equator is 33.4Q.

Y - --

F~ig. I Space Siurveillance' Stationu

The antenna layout for the stations of the Eastern Complex during, the lifetime of
1958 Zeta is shown in Fig. 2, which also illustrates the electric-recto •orientation of tile
dipole elements of the antennas. Each station contains a number of antennas, an antenna
consisting of a 400-foot line of dipofles mounted horizontully over a ground screen. Silver
La.ke, a typical receiving station, consists of five antennas with dipole elements fin a col-
linear array and two antennas with dipoles in a broadside array, thus permitting signal
reception for both polarizations. The Fei-t Stewart installation used the three antennas
which were initially installed to check Wh.- feasibility of the system. The Jordan Lake
transmitting antenna was the 400-foot feasfigllity antenna which used slot elements whose
polarization was east-west, The continuous- wave transmitter at Jordan Lake was operated
at a frequency of 108.00 Me with 40-kw power output. All of the arrays are located so as
to produce a vertical fail-shaped beam with the broad portion of the beam In an east-west
direction. The beam pattern for the collinear array is about 1.20 by 1400 to half-power
points, and the pattern for the broadside ar~ray and the transmitter slot array is about
1.20 by 1200.

DATA RECORDING SYSTEM

Durilng Dveembur 1958 and January 1959 the Silver Lake data were recorded at the
station on an eight-channel Sanborn recorder operated at 5 mm per second (Appendix A,
Fig. Al). During December and the first half of January, Fort Stewart data were recorded
In the form "1lustrated in Fig. A.4. In addition, beginning with January 6, three channels

CON FIDENTIAL
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for phase data and one channel for signal level - all the data available from the three
antennas at Fort Stewart - were transmitted in analog form oier a data-circuit telephone
line to Silver Lake for simultaneous recording with four channels of Silver Lake data.
Thia combined rf cording was especially useful in .'stablilhlng the ofturrence of oinci-
dent observationj from both stations so that the satellite height could be determined by
triangulation. On January 14, when It was establi Aied that all the pertInent phase infor-
mation from Fort Stewart could be recorded on the combined recording at Silver Lake,
the paper speed of the Fort Stewart recorder was changed from 5 mm to 1/4 mm per
second for use only in monitoring station operation.

SIGNAL CONDITIONS

The *atellite, about 70 feet long and 10 feet in diameter was large enough to give good
reflected signals, and it also contained a continuous-wave transmitter which radiated on
107.97 Mc. Until January 11, 1959, when the batteries went dead, the transmitted signal
provided an almost positive means of identifying reflected signals as being thnro from
1958 Zeta. The Silver Lake station could be tuned to re,.e've either the reflected signal
at 108.00 Mc or the signal transmitted by the satellite at 107.97 Mc, At Fort Stewart,
although it was not possible to tune the station to the satellite-transmitter frequency, The
signal level from a communications ruceiver tuned to receive 107.97 Me was recorded
.along with 108.00-Me phase information.

CONFIDENTIAL
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ORRIT

The orbit of 1958 Zeta was favorable for observations by the Space Surveillance
System for the first week, but then becanw less favorable as the apogue came near the
stations, owing to a rather high motion of perigee (about 9 degrees per day). After about
another week the orbit had again moved to a more favorable position so that observations
were made almost ev0 ery day until two days before thie lift' of the satellite, ended.

Since the inclination of 1958 Zeta was 32.3'. about one degree less than that of the
plane through the stations, the satellite could cross the beam of the lastcrn Complex only
at longitudes less than 5West, which is cast o" Jordan Lake. For tisls inclination, the
satellite always enters the southern edge of the beam and passes to the northern edge.
These effects are illustrated in Fig. 3 where three typical satellite passes are shown.
Passes A through C show a decreasing angle uf incidence between the orbital plane and
the observing station plane. For incident angles of 140 to 30, which are typical for an
orbit having an inclination such as that of 1958 Zeta, the satellite will take from 4 to 20
times longer to cross the beam than if it crossed perpendicularly. As the orbital inclina-
tion increases above that of 1938 Zeta, there is less variation in the incident angle and
consequently less variation in signal duration due to this cause, It can be seen from anl
examination of the observations of 1958 Zeta that, as expected, there is quite a variation
in signal duration for this satell.ie.

, EAST-WESI "FENCE" GREAT CIRCLE OF
SPACE SUWVEILLANCE SYSTEM
(33.41 INCLINATION)

- TYPICAL PASSES OF SATELLITE
1958 ZETA (32 30 INuLINATION)

Fig. 3 -Passes of the Saztellite 1958 Zeta
through Space Surveillan:e "Fence
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OBSERVATIONS

The term 'observations" as used in this report will be used only for reflected signals
rece.ived by the Space Surveillance System. All observations for 1958 Zeta arc shown in
Table I and in the signal traces reproduced in the Appendix. The heights listed in the
table arc observed values as determined by triangulatLin on the vertical plot tit Fig. 4,
except for single-station observations for which predicted heights have ieen used.

Reflected sigeals were re('eived on 37 passes during the 34 days that the satellite was
in orbit. There wer, 18 coincident observations with complete Infoi reation from both
stations, five coincident observations with incomplete phase information from at least one
station, seven observations from Silver Lake only and seven observations from Fort Stewart
only. Observations with only piartial phase readings have been listed as tihe) establishl the
tni' at which the sateiite crossed the henira.

A summary of observations on a time correlation basis is shown in the day-hour plot
of Fig. 4. The titre of day is plotted against the date for all observations. Coiii-id,,nt
observations from tw,, stations arc indicated by a circle and observations from a single
station are indicated by a. semicircle. A shaded circle or semicircle indicates that a
zenith angle was determined front the observation while the unshaded symbols indicate
that only the tinle ,l the olbservation could be determined. This type of plot is quite useful
io adjusting beram-crossing predictions on a day-by-day basis to take account of the most
recent observations for inlprovement of the correlation in real time as is essential for
operational useý. Thin pl';t shows a strobuoscopic effect since the Complex is observing
passes at approximately one-day intervals. If the satellite had no decay An its i)eri.')d, the
graph would be a series of essentially straight lines. For 1958 Zeta, however, the perlod
of decay is readily noticed it the changing slope.

A summary of all observations is presented on a vertical plot in Fig. 5. This p)i1;,,
presents the positions of tile satellite as it cr,.ssed a vertical plane which contains the
great circle passing through the stations. Where angular information from both slations
was available,the plotted point was determined by the intersection of tile two angles. If
only one angle was available, the point was determined from the observed angle and liil

predicted height. It will be noted that all of the observations are somewhat east of tihe,
Jordan Lake transmitter at longitudes less than 850 West, as had been expectevd for aI
satellite with this inclination.

The ea-lieat time at which an observation could have been made on this satellite by
the Space Surveillance System was about 20 hours after launch. At this time &Des 19/
190939Z) the Silver Lake receiving station observed it at a zenith angle of 76 E (Appendix A,
Fig. A:), when it was at a predicted height of 295 statute miles. Unfortunately, there was
no forewarning of this satellite launching, and the Fort Stewart receiving station was inoper-
ative at ,he time because oje of the antenna arrays was being moved to Improve the am'.igu-
ity resolution of the received signals. The first observation with complete phase information
(Fig. AZ) made by Fort Stewart was on December 22 at 192640Z, soun after Fort Stewart
had been returned to operation. Since an observation was also made at that time by Silver
Lake it was possible for the first time to triangulate for the satellite height with this sys-
tem; the value obtained was 370 statute miles.

During the last pass on December 20, which was at 221320Z, and during the three
passes on December 21 al. 181130Z, 195920Z, and 214339Z the phase receiver at Silver
Lake was tuned to the transmitter frequency of the satellite. Thus phase readings were
available, bet there was no possibility of receiving a reflected signal. These signals were
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Table 1
Space Surveillance System Observatinj•8 of the Satellite I958 Zeta (Atlas)

for the Eastern Complex
Silver Lake Fort Stewart

Universal -Zenith Signal Zenith Signal Height
(hre Tim-e) Angle |Duration Angle Duration statute
hr-mn-_ec) (tog) (see) (deg) Dr(set) ile.)

Dec. 1958
19 190939 76E 5.5 295*
19 205433 # 3.2 230 *
20 202838 61E 14.0 255 *
22 174156 7.0 4d5 *
22 192640 49F 9.5 29W 7.0 370

23 185046 48E 14.0 22W 9.0 425
24 181114 45E 11.0 20W 12.0 475
25 172824 47E 8.5 # 6.0 540*
26 164205 # 1.0 610*
27 .73725 # 34.0 N 43.0 570*

28 145926 56E 9.0 # 2.0 730*
28 164324 38E 16.0 14W 5.0 650
29 154606 40E 15.0 11W 17.0 655
30 163240 62E 3 ?. 27E 12.0 600
31 152611 # 13.0 14W 12.0 720*

Jan. 1959
3 133830 35E 1G.6 710,
4 122218 53E 14.0 650*
4 140622 4E 29.0 7104
5 110252 40E 5.0 590*
5 124416 37E 25.0 16W 16.0 640

112053 4 10.0 # 7.0 585*
6 130338 44E 26.0 7W 27.0 630
7 095406 50E 5.5 530*
7 113439 45E 11.0 5701'
8 100332 67E 14.0 31E 5.0 480

8 114427 41E 20.0 535*
9 115042 57E 19.0 9E 6.0 525

10 100806 54E 8.0 12W 11.0 420
11 100216 50E 10.0 27W 11.0 375
12 095031 52E 12.0 11W 12.0 450

13 093246 58E 11.0 27W 11.0 305
14 000728 64E 7.0 25W 16.0 260
15 083718 68E 10.0 29W 12.0 220
16 075819 72E 16.0 43W 16.0 165
17 071007 73E 5.0 28W 7.0 180

18 061148 16W 4.0 140 *
19 063804 41W 16.0 105 k

* Predicted height

- Some phase readings, but insufficient to obtain zenith angle

CON FIDENTIAL
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several minutes in lhength since they were received on side lobes of the antenna as well as
On the 'n.at Iah.. Dring some passes the Fort Stewart communications receiver was
tuned to ltic 1958 Zeta frequency. On some days the only signal recorded was by this
receiver, ;,. occurred for two passes on January I and two on January 2.

For sonie observations, zenith angles could not bI obtained because of incomplete
phase data. For Fort Stewart, these noisy-signal observations are shown in Figs. A4,
A12, AI3, A15, All, and A33 for most of which phase Information is present in only the
chatnel for the 5.1982-wavelength baseline. In all cases the reflected signal coincides
with the 107.97-Me signal recorded in the noise correlation channel from the communica-
tions receivur.

Since Silver Lake had both collinear and broadside antennas, it could receive signals
which were cross-polarized or like-polarized respectively to the transmitted signal, The
first reflhcted signal from 1958 Zet-a (Fig. Al) was received only on the collinear antennas
and therefore was cross-polarized with respect to the transmitted signal, On the next pass,
only a like-polarized signal was received as shown in Fig, A2. Of the 30 observations
made at Silver Lake, five (Figs. k2, A14, Al'l, A24, and A32) had only the same polariza-
tion as the transmitted signal and six (Figs. Al, All, AI1, A26, A40, and A55) indicated
only a cross- polarized signal.

The greatest slant range achieved on 1958 Zeta was aboot 1100 statute miles for the
observation made at Silver Lake on Dec 28/145926Z (Fig. A16).

SIGNAL CHARACTERISTICS

Studies miade subsequent to the publication of Technical Sunimary Report No. I 1 have
indicated that about half a dozen of the signals listed for Silver Lake alone in that report
were actually not observations on 1958 Zeta. In most cases these signals occurred at,
very nearly the correct time, but did not havt juite the characteristics which experience
has Indicated the signals should have. For theso signals the signal-level response had
a spike or jagged shape instead of the rounded shape found associated with signals from
satellites. An examination of the records showing the satellite observations indicates
that most of them have rounded signal-level responses produced as the satellite enters
the beam from one side and exits from the other. This signal in general shoued trace
out a shape similar to the antenna pattern except when it is distorted by tumbling of tiw
satellite or soame other disturbance.
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APPENDIX A

RECORDINGS MADE AT FORT STEWART AND
SILVER LAKE SHOWING ALL SIGNALS RECEIVED

FOR THE SATELLITE 1958 ZETA

Since the equipment was In a dev-lopment and installation stage

during the life of 1958 Zeta, many of the following records are incoin-

plete. All are however included to provide a complete permanent record

,sf tin observations made on this satellite. In the information given as

part of the title for each figure, an asterisk (*)has been printed where-

ever predicted information has b e e n used; otherwise, the information

has been observed by the Space Surveillance System.
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