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ABSTRACT
{ Confidential}

All ebservations made by the 8pace Surveillance System on
the satellite 1958 Zeta (Atlas) during its lietime {Decewber 18,
1958 tv January 21, 1958) are presented. Only the Eastern
Complex consisting of the Jordan Lake (Alabama} transmit-
ting station and the Fort Stewart {Georgia) and Silver Lake
{Mississippl) receiving stations were in operation at this tfme,

Aboui 70 fest long and 10 feet in diameter, this satellite
was large enovgh to give good reflected signals and afforded
the first oppoctunity for the Space Burveillane e System to
achieve a triangulation helght measurement of a satellite,
Betwoeen December 19 and January 19, reflected signal obser-
vations were made on 37 satellite passes including 18 colnci-
dent observations with complete information for height tri-
angulation. These observations were obtained with the use of
lower (ransmitter power and smaller antennas than now
emploved and in spite of considerable downtime resulting from
construction work then in progress, :

PROBLEM STATUS
This {8 the first 1n 2 seriey of reports on satellite obses-
vations made by the Space Surveillance System. Work is
continuing.

AUTHORIZATION

NRL Problem R02-35
ARPA Order No. 7-58

Manuscript submitted June 23, 1959,
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SPACE SURVEILLANCE SYSTEM
OUBSERVATIONS OF THE SATELLITE 1958 Z1TA

INTRODUCTION

The satellite 1988 Zetw, popularly called Atlas, was launched {rom the Atlantic Missile
Rauge, Cape Canaveral, Florida and was placed in orbit on December 18, 1258 at 2306Z;
its life presumably ended on January 21, 1959, At injection this satellite had a4 period of
101.5 minutes, Inclination of 32,3 degrees, perigee height of 113 statute miles, and apogee
height of 916 statute miles.

This sutellite provided the first good opportunity for evaluating the performance of the
Space Surveillance System through observations of a known object.  Previously, signals
received by the system had been ideatified only by correlating them with the predicted time
of ¢russing and predicted zenith angle of o known satellite at the recciving station.  This
correlation was difficslt because the predictions could be in exrror by as much as twenty
minutes in time from the observed positions because of errors in existing source data. In
the case of 1968 Zeta the coertainty of correlation was impraved in the following two ways:
(a} it was possible in some cases to receive the reficcied signal simultaneously at two
sfations und thus trianguiate to obtain the satellite height, () 1t was possible for the station
to receive the 107.97-Me signul 1adiated by the sitelhie during most of its life,

No attempt has been made in this report to compare the observations with predictions
ar post-flight data for several reasons: (a) predictions made during the lifetime of a
satellite having a rapidly decaying purind are unsatisfartory for comparison since they are
frequently several minutes of time in error, (b) the time requived for analysis and issue
of ull the 107,97-Mc observations by the Minitrack system on a post-flight basis by the
Vanguard Computing Center would delay the release of this report, and (¢) a detailed com-
parison of all the Space Surveillance System observations with post-flight dota is probably
not justificd sincc the Eastern Complex was in a developmoent and installation phase, which
is not representative of the current capability of the system.

There also hus been no effort devoted to an explanation of how the Spuce Surveillance
System observations on this satellite could be used to establish information concerning the
orbital clements. For a single Complex, this capability wus considered tuo limited to
devote the time o it, since obsgervations on later satelidtes 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 vlements of this satellite could huve been established with fair
accuracy,

STATION STATUS

During the liletime of 1858 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 trom the transmitting station at Jordan Lake, Alabama. The Western
complex consists, similarly, of two receiving stations ~ one at Elephant Sutte, New Mexico,
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and one at San Diego, California - with the transmitting station located at Gila River,
Arizona. All six statlons (Fig. 1) lie along a single great circle from Fort Stewartto
San Diego to form part of an ecast-west “fence,” The inclination of this great circle with
the equator is 33.4°.

E.EPHANT

8."%E
SiueER
LAKE

WSAN T
G LA RVER

Fig, 1 - Space Surveillance Stations

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-vecto - orientation of the
dipole elements of the antennas. Each station contains a number of antennas, an antenna
vonsisting of a 400-foot line of dipoles mounted horizont:lly over a ground screen. Silver
Lake, a typica) receiving station, consists of five antennas with dipole elements in a col-
lincar array and two antennas with dipoles in a broadside array, thus permitting signal
reception for both polarizations. The Feit Stewart installation used the three antennas
which were initially installed to check the feastbility of the system. The sordan Lake
transmitting antenna was the 400-foot feasiuility 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 Mc with 40-kw power output. All of the arrays are located so as
to produce a vertical fan-shaped beam with the broad portion of the beam in an east-west
direction. The beam pattern for the collinear array is about 1,2° by 140° to half-power
pohsts, and othe pattern for the broadside array and the transmitter slot array is about
1.2° by 120°.

DATA RECORDING SYSTEM
During December 1858 and January 1958 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 ‘liustrated in Fig. A4, In addition, beginning with January 6, three channels

CONFIDENTIAL
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for phase data and one channel for signal level ~ all the data available {rom the three
antennas at Fort Stewart ~ were transmitted in analog form over a data-circuit telephone
line 1o Silver Lake for simultaneous recording with four channels of Silver Lake data,
This combined recording was especially useful in astablishing the otcurrence of coinci-
dent observations from hoth stations so that the satellite height could be determined by
triangulation. On January 14, when it was established 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 chinged from 5 mm to 1/4 rom per
second for use only {n monitoring station operation.

SIGNAL CONDITIONS

The satellite, 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, 1858, when the batteries went dead, the transmitted signal
provided an almost positive means of {dentifying reflecfed signals as heing thase from
1958 Zeta, The Silver Lake station eould be tuned to re-eive efther 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 Irequency, the
signal level from 2 communications receiver tuned Lo receive 107.97 Mc was recorded
along with 108,00-Mc phase information.

CONFIDENTIAL
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ORBIT

The orbit of 1958 Zeta was favorable f{or observations by the Space Surveillance
System for the first week, but then became less favarable as the apogee 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 @ more favorable position so that observations
were made almost every day until two days before the life of the satellite ended,

Since the inclination of 1958 Zeta was 32,3°%. about une degree less than that of the
plane through the stations, the satellite could cross the beam of the Eastern Complex only
at longitudes less than 85°West, which is cast of Jordan Lake, For this inclination, the
satellite always enters the southern edge of the beam and passes to the northern edge,
These effects are {llustrated in Fig, 3 where three typical satellite passes are shown,
Passes A through € shew a decreasing angle uf incldence between the orbital plane and
the observing station plane. For incident angles of 14° to 3°, 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 an
examination of the observations of 1958 Zeta that, as expected, there is quite a variation
in signal duration for this satellite,

(33.4° INCLINATION)

TYPICAL PASSES OF SATELLITE
1958 ZETA (32 3° INULINATICN)

wam— £ AST~WEST "FENCE" GREAT CIRCLE OF
SPACE SUNVEILLANCE SYSTEM /7

JORDAN
LAKE

Py et e

Fig. 3 - Passes of the Satellite 1958 Zeta
through Space Surveillance "Fence”
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OBSERVATIONS

The term “observations” as used in this report will be used only for reflected signals
received by the Space Surveillunce System. All observations for 1958 Zeta are shown in
Table 1 and in the signal traces reproduced in the Appendix. The heights listed in the
table are observed values as determined by triangulation on the vartical plot of Fig, 4,
except for single-station observations for which predicted heights have been used.

Reflected sigrals were received on 37 pasies during the 34 days that the satellite was
in orbit. There were 18 coincident observations with complete Infosmation from both
stations, five comrcident observations with incomplete phase information from at least one
stution, seven observations from Silver Lake only and seven abscervations from Fort Stewart
only. Obscrvations with only partial phase readings have been listed as they astablish the
time at which the satellite crossed the beam.,

A summary of observations on a time correlation basis is shown in the day-hour plot
of Fig. 4. The time of day is plotted against the date for all observations. Coincident
observations from two stations arc indicated by 2 eirele and observations from a single
station are indicated by o semicircle. A shaded circle or semicircle indicates that a
zendth angle was determined from the observation while the unshaded symbols indicate
that only the tirae o1 the observation could be determined. This type of plot is quite useful
w adjusting beam-crossing predictions on a day-by-day basis to take account of the most
recent observations for mmprovement of the correlation in real time as i8 essential for
operational use. The plat shows a stroboscopic efiect since the Complex is observing
passes at approximately one-day intervals. If the satellite had no decay in its periad, the
graph would be a series of essentfally straight lines, For 1958 Zeta, however, the period
of decay is readily noticed in the changing slope.

A summary of all observations is presented on a vertical plot in Fig. 5, This piat
presents the positions of the satellite as it cressed a vertical plane which contains the
great circle passing through the stations, where angular information from both stations
was available, the plotted point was determined by the intersection of the two angles, If
only one angle was available, the point was determined from the observed angle and the
predicted height, It will be noted that all of the observations are somewhat cast of the
Jordan Lake tranemitter at longitudes less than 85° West, as had been expected for a
satcllite with this inclination,

The earliest time at which an observation could have been made on this satellite by
the Space Survzillance System was about 20 hours after launch, At this time (Dec 18/
1808397%) the Silver Lake receiving station observed it at a zenith angle of 76 'E (Appendix A,
Fig. A1), when it was at a predicted height of 285 statute miles. Unfortunately, there was
no forewarning of this satellite launching, and the Fort Stewart receiving station wag tnoper-
ative at .he time because one of the antenna arrays was being moved to improve the am:.igu-
ity resolution of the recelved signals. The {irst observation with complete phase information
{Fig. A2) made by Fort Stewart was oin December 22 ai 1926402, soun aiter 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 fo triangulate for the satcllite height with this sys-
tem; the value obtained was 370 statute miles.

During the last pass on December 20, which was at 2213207, and during the three
passes on December 21 ai. 1811302, 195920Z, and 214339Z the phase receiver at Silver
Lake was tuned to the transmitter frequency of the satellite. Thus phase readings were
available, brt there was no possibility of receiving a reflected signal. These signals were
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Table 1

for the Eastern Coi'nplex

CONFIDENTIAL

Silver Lake Fort Stewart
Date Universal | Zenith | Signal | Zenith | Signal | MR
{he - min-sec) Angle [ Duration { Angle | Duration mile<)
Tomin-sec) 1 @og) | (sec) {deg) (sec)
Dece. 1958
19 190939 T6E 5.5 295*
19 205433 ¥ 3.2 230"
20 202838 61E 14.0 255*
22 174156 ¥ 7.0 403 *
22 182640 49F, 9.5 29w 7.0 3170
23 185046 48E 14.0 22w 9.0 425
24 181114 45E 11.0 20w 12.0 475
25 172824 47TE 8.5 # 6.0 540 *
26 164205 ¥ 1.0 610*
27 .731725 # 34.0 # 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 62F 32 27E 12.0 600
31 152611 # 13.0 14w 12.0 T20*
Jan. 1959
3 133830 35E 16.6 710>
4 122218 S53E 14.0 650>
4 140622 4E 29.0 710%
8 110252 40E 5.0 590*
5 124416 3TE 25.0 16w 16.0 640
v 112053 # 10.0 # 7.0 585
6 130338 44E 28.0 ™ 27.0 630
7 095406 50E 5.5 530 *
7 113439 45E 11.0 570*
8 100332 67E 14.0 31E 5.0 480
8 114427 41E 20.0 535*
9 115042 57E 18.0 9E 6.0 525
10 100806 54EF 8.0 12w 11.0 420
11 100216 50E 10.0 27TW 11.0 375
12 085031 S52E 12.0 11w 12.0 450
13 093246 58E 11.0 2TW 11.0 305
14 £00728 B4E 7.0 25W 6.0 260
15 083718 68E 10.0 /W 12.0 220
16 075819 T2E 16.0 43W 16.0 165
17 071007 73E 5.0 28W 1.0 180
18 061148 16w 4.0 140 *
19 063804 41W 18.0 105+

* . Predicted height
# _ Some phase readings, but insufficient to obtain zenith angle
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Fig. 4 - 1958 Zeta day-hour plot
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several miautes in length since they were received on side lobes of the antenna as well as
on the main lobe, Puring some passes the Forl Stewart communications recetver was
tuned to the 1958 Zeta frequency. On some days the only signal recorded was by thie
reeeiver, e occarred for two passes on January 1 and two on Junuary 2,

For some observations, zenith angles vould not be obtained becuuse of incompiete
phasge duta, For Fort Stewart, these noisy-signal observations are shown in Figs, A4,
Al12, A13, A15, A17, and A33 for most of which phase information is present in only the
channel for the 5.7982-wavelenyth baseline. In all cases the reflected signal coincides
with the 107.97-Me signal recorded in the noise correlation channel from the communica-
tions recepver,

Since Silver Lake had both collinear and broadslde antennas, it could recelve signals
which were cross-polarized or like-polarized respectively to the transmitted signal, The
first reflected signal from 1998 Zeta (Fig. Al) was received only on the colllnear antennay
and therefore was cross-polarized with respeet to the transmitted signal. On the next pass,
anly a like~polarized signal was received as shown in Fig, AZ. Of the 30 observations
made at Silver Lake, five (Figs., A2, Al4, AL7, A24, and A32) had only the same polarizu-
tion as the transmitted signal xad six (Figs, Al, All, Al6, A26, A4D, uand AS55) indicated
auly 2 cross-polarized signal,

The greatest slant range achicved on 1958 Zeta was about 1100 statute miles for the
observation made at Silver Lake on Dec 2871459262 (Fig. Al16).

SIGNAL CHARACTERISTICS

Studies made subsequent to the publication of Technical Summary Report No, 1 * have
indicated that about half o dozen of the sigpals listed for Silver Lake alone in that report
were actuilly not observations on 1958 Zetu. i most cases these signals occurred at,
very nearly the correct time, but did not have ite the characteristics which experience
has indicated the signals should have. For these 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 {ndicates
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 should trace
out a shape gimilar to the antenna pattern except when it s distorted by tumbling of the
satellite or some 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 development and installation stage
during the life of 1958 Zeta, many of the following records are incom-
plete, Allare however included to provide a complete permanent record
uf the ubservations made on this satellite, In the information given as
part of the title for cach figure, an asterisk (*}has been printed where-
ever predicted information hus be en used; otherwise, the information
has been observed by the Space Surveillance System.
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Figure A3 - Silver Lake, 1958 Dec 20/202838Z
*Height: 255 miles, Zenith Angle: 61°E
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Figure A4 - Fort Stewart, 1958 Dec 22/1741562Z,
*Height; 465 miles, *Zenith Angle: 34°E
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Figure A5 - Silver Lake, 1958 Dec 22/1926407
fleight: 370 miles, Zenith Angle: 49°F
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Figure A23 - Fort Stewart, 1958 Dec 30/163240Z,
Height: A00 miles, Zenith Angle: 27°E
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Height: 640 miles, Zenith Angle: 37°E

CONFIDENTIAL




A33

CONF‘DENTIA’; NAVAL RESEAICH LABORA’(O*Y
\ .
) ‘ ‘ : Yagr e
v . LN [

RN Tt

. * - v

et 0.
e b n A

._.Q_,‘Mpu'mw‘v,v -
i
i

L d‘
”,v"""‘w\ 2 g War PRTEY
5 LW
,v‘.uu‘»-v‘v,*.M-mwl 4 -n«w_w"" STNPISSOPRT I i
Ty S 4
po Pt

,i.“\

'
€ TuRI Warvl!

W Pnary
3 Faus waveleanm BT

i
. S1gnal Level

i . .
~ T § quk2 Navebath Pane Vine
g @ Fd .?
R
Hnf ¢ josebe N nﬂ.\.,ﬁvmwu' : f&'«r? &“f‘ M‘Hﬁ“\.ﬁ““‘
e T JENRPEEE. S5 Frme Cade

31 - Fort Stewart, 1959 Jan 5[1?4‘16Z,

Figure A3
ight: 640 miles, Zenith Angle?

Heil

CONFIDENTIAL

- —



NAVAL RLSEARCH LABORATORY ('()NF!DENTIAL

. | . '
N N
' . . -
1, 2
TR R Lo ., . N P
L ‘ v ' f .
PO \ . . A . K { . aeanif wWaer A T s
. RN

1
y b
.
’ LA St
] L
pw Phat
' v W st Bane s
N [ ' .
' 1
v . T . . W Brasr
N : . . k- Wttt P bes
i sy Y -‘.‘:-‘ . i ‘g‘ o p' ¢ ra
IS
. . £ :lb\,:'*4u'¥>..l" Hawrde
W pra

PRI Warelrrat fean- D0

ot Lened
Colliecas Aten

wageal Vet
frroardeide AriTved

A - 7 7

et e e (120 s e Tume Ve

Figuie A2 - Silved Lake, 1959 Jan 5}112053Z,
“Height: 585 miles, sZenith Angle: 7°E

CON FIDENTIAL



('ONFIDENTIAL Nava:

- -~

e e,

e ) YO wv\qvw.NAT AN 2 Rl T e

Jf ‘f”'l 1,4; ﬁ t h"ﬁ",“‘
{0

i
.-f ?“” !’:“..1'
' L i*"rr-

.5[";.,‘ ", 1“;" J‘ ',

Z,
ol et «q L_"xmr& B q”""’r”“‘ #’4( WL\OWWMM
Ve, .H‘.h-‘~-1. R,
Figure A33 _ Fort Stewart, 1959 zan 0/1120532
*Height: 585 miles, *Zenjiep gle: 130

CONFIDEN TIAL

A35

Yagi Pnage

Stenal Leve),
Y

Sgeat g, Vel Nupee
Correlation (- hannel,
167 47 pg,

Stgnal Leve,
2 5995 Warclergy, Baselyre

PW Phag,
5 7282 way, elergth Bay o

EW Phose
SR HEL TN vHlengn Magen .

W Phaxe

2 6795 wa\cls R Ba s g, iE

Stanal Level

S.71982 \kavt-lf—nglh Baseline

Time Cude



A36 NAVAL RtSEARCH LABORATORY CONFIDENTIAL

43.9216 Wavelengih Bazeline

W Phase
572928 wavelength Ruseline

EW Phas
62370 Wavelength Baxeline

EW Phase
12.0345 Waveleagih Baseline

EW Phase
5.7982 Wavelength Baseline

W Phace
2.1911 Wavelenga, Haseline

Signat Level
Collrear Antenna

Signal Level
Broadside Antennsy

U - Time Cude

Figure A34 - Silver Lake, 1959 Jan 6/1303382,
Height: 630 miles, Zenith Angle: 44°E

CONFIDENTIAL




CONFIDENTIAL NAVAL RESEARCH LABORATORY A37

Yagt Fhase

Signal Level,
Yagi

. : |
L TR ! Cyaiert H
.:“mn;"\v!'a..a‘“.'\t\'f,'-.". . ’\{vﬁﬂ' A

Signal Level, Notse
Cosrelatton Chaunel,
107.97 Mr

signal Level,
2.6795 wavelength Baseline

L pain -
NI
. ’-‘w‘ﬁ'-‘}.\.":.-.'..-w.-,»]'w

EW Phaxe
5.7882 Wavelength Baseline

EW Phase
3.1187 waveleagth Baseline

EW Phase
2.8795 wavelength Baceline

Signal Level
5.1982 Wavelength Baseline

Time Code

Figure A35 - Fort Stewart, 1959 Jan 6/1303382Z,
Height: 630 miles, Zenith Angle: 7°W

CONFIDENTIAL




B e Sy —

A3l

R AR R "."k'.'«'\.-\-'\«-#-'s"‘vwf"»‘rNJ
Pyt v ’,.|‘ﬂM;‘.".,'~ oy
. P . EETNY L . n"

NAVAL RESEARCH LABORATORY
1 1 s i £} M N y *
" : ' '
1 ) Yy

3 ' . ’ 1)

. 1Y 1 o . K \ ¢ “

' - el A

~ TN TR A A et e WA S W A R 3 S

\""-'q'ﬁ“f». R )

e
.

I

Y aaa”
"-\!f . _YWM.’{Q‘?\%;.-‘\@HMM

Fo

. —

P T AENARNARY

CONFIDENTIAL

Yaxr Phoer

Sigrab Tonad,
Yaa

Sikaal Lenel,
Corrglatea G4
W T M.

Signal Lewil,
2.6719 Wavelsngth Hase ' ne

EW Phase
5 TUH2 Wavelrigth Baneliae

EW Phase
3 1987 war elengtn 1aselive

EW Phase
2.6795 Wavelength Raseline

Stymat Level
5.7982 Wavelength Rasoline

Time Code

Figure A6 - Fort Stawart, 1959 Jan 7/095406 2,
*Height: 525 miles, Zenith Angle: 50°E

CONFIDENTIAL



CONFIDENTIAL NAVAL RESEARCH LABORATORY A39

N Phase
AV YR Wane lengsiy basrdise

Fliave

57 2628 War it Fass lire

W it
€.2370 Warrleogth Rase [

e e
e R ot

. "\t‘ R Ly W P
. e 4 ¢, s
H oo ¥ ' , 'y 12 0%% Warelragen Haxe [5,
L s Ve
R P . oo
by L oy . Fergapin .y

G . . - -
: Al B BT
i ot S sk oo L o £W Phase
4 ' ! g PR v 37082 Was el ogith Hass 30t
T, A1)
FW Phase

21911 Wavelrugih Baselur

fagral Tovi)
LoAnear Auleing

mgeal el
I Proaderde Aulenn

)

Figure A37 -~ Silver Lake, 1959 Jan 7/113439Z,
#Height: 570 miles, Zenith Angle: 459E

CONFIDENTIAL




Ad0 NAVAL RESFARCH LABORATORY CONFIDENTIAL

) .
P W
(L R
4
Pa
, . R T AT IO N
|
N . FWOE ase
[ T et s o ’ [ SO EII S
. , Lo
" p— g 1y .
' ¢ { |t
1 lI ! ' . .
' . VW

Tael Wa tie @0 Bames s

- ti
f ’ o A
i A i N : ,
[ | o . S
pon e g . ‘.f‘" ' 'l‘v‘ t, I RO Y Y '
' S . W . * v ! it
¢ i
m
] I Sgal Lenel
! Collear Arteiia
. Stk ot Leael
" e Broadeds Antosna
105 vz
- - - - - - - . Ttue Code

Figuie A38 - Silver | ake, 19599 Jan 8/1003322Z,
Hewpht 480 miles, Zenith Angle: 67V E

CONFIDENTIAL




CONFIDENTIAL NAVAL RESEARCH LABORATORY

v - YA P 1y 2 4t .
Aev '
o f . t H l, ; ‘J‘
H ' 5 1, N Coid J

f 4 |

i I v it

L e, "‘-4.‘.'\.’ 'v"L%".W,‘WJ\V\F_QJW“ - . e

R AT X mr—_uj'\-\"‘"w‘-'f FRLINT N I S W

" ' Gty - ‘,‘,x'f.‘lf rae
' : cho Py b r T n |
. A " ' ih St . - o
i ¢ | f , ! l‘g‘ '“ !
y. .di vy ln [} J’ 1 i . .
. + (LN [
! !J H I’J. By i + L -

‘f;ﬂ- V “ig
f‘.& ih) 21.!

i'“l||’

t,l-q" ,1: " 4{, E
KR i I !lt
Pybi l"‘v lpg

g ) o

r-2
MW%NMM WA AW g s

R L T o e — .—.»-—~—¢-' e e e e —

Ya.b
Y
EVES PN
T e
S oAl e
LR A
CE
S Wt B

3
TAr . Wairle 2 E Bae ey

EW hase
78I Warrlenali Base b

“ignal e’
5 B2 Wavelength Banchine

Time Code

Figuie A39 - Fourit Siewart, 1359 Jan 8/'.00332Z,

Height: 480 miles, Zenith Angle: 31°E

CONFIDENTIAL

A4l



A4 NAVAI RFESFARCY L AROR, 1ORY CONFIDENTIAL

iy

oo glustration has been printed on thie
e oarder to permit comacdent pairs

af ohservations to appear on facin pagres,

CONFIDENTIAL



CONFINENTIAL NAVAL P SEARCH LABORATORY

o )

il - .

- ’M‘“‘W"f‘_,; L
' R P ‘
Sy ‘.u,h'ﬂﬂ Ao 8
l l '

! '““_M%L,J_'

T a i o
AR PR vt
Loaia, e . ‘3—_.: ._I' I.---‘l -

|

t ’
— —

e 1 T T e s e = A SRR T B Ay B w7 A g . e
. [ A
SO A

Figure A40 - Silver l.ake, 1959 Jun 8/}144277,
“Height: 55 suiles, Zenith Anpie: 4105

CONFIDENTIAL

rar A e

A4



FOR i F 9
MICRO-CARD . ,

CONTROL ONLY i ch‘ oduced b‘v’

Nrmed Services Technical Information fgency

TE ¥ IR W L

ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA

2



"NOTICE: When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished. or in any way supplied the said drawings, specifications

or other data is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related thereto.”




.- e =T e T . PSS
|
i
|
At NAVAL T LLA \Anunmnnv v.\)NFmF.NTL-\; ‘i

i
i
. ;

. {

i

ya v
AR \

g syt
Coamear RS

.- .- P hant Cole

Fapu e P Silver Jatkes 1959 Jaa 9]‘\\0’)04271,
1Height: 525 milisy Zemth Angles 57° K

CONFYDENTIAL

Gagrat 174
raiddi AU
%
"



GRS STE Y SW IR

CONFIDENTIAL NAVAL RESEARCH L ABORATORY A4D

. ! Yaws I -
L B , -
. : e
N , . -\
BN ERTE
Yaur
5 - Y. 1
L I R U SLAUS SURPYC VRN )
Segeal Loadd, N g
Caneprlatzon U has el
HERERVA

Slgnak 1o,
BTN Wt sy th Bl

v ey o s TV e W T
. | |
‘ . , .
' 1 ‘: [] "a
. Pt ,
.«,'."': A
’-4("'
Rl
1
I .
. R TLE RS |
B bnae
G W e b
' (I ] .t
. . "

W Fhace

: . b.onaat e B
PR . ﬁy’ T : - 1 2 61y % Rae
o I “N; 'hi "Fﬂ." . e 2 6735 Warrlengts Rave i

Signal I evel
5 Tyl2 waselengih Bigvins

Time Code

Figure A42 - Fo:t Stewart, 1959 Jan 9/115042Z,
Height: 525 miles, Zenith Angle: 99K

CONFIDENTIAL




. ot
RN S 1
g fle y v 3e
XL e

PR

! " o . N
R TR TS LI VA

i voay "
il

b ulé.’ : ':,S’;:-,;,l!

Py

:, J,*;h ':tf“r

1’]‘,"1-"7 x' B /
IIJ;J“; :*;ih" M

]

NAVAL RESEARCH LABORATORY

. « ‘g
- R
- 1
. HA]
4 g~
. ¢ - Lt
i Lo

. '-'.'.. BT .
f JFPORRL I PTRRVATS B SRR N

(f"'"""’“'\

™ it R TR PERT TP P

CONFIDENTIAL

NS Phane
43 4218 Warrlength Hasehoe

FW Fhase
"7 202 Warrle- gt Tia

PW Prase
& 2900 W Vg th Bame 35

FW Phase
12 WS Wanelr grh bacs

FW e~
L Faa2 Wareler gh Ranel.or

FW 1ane
2 190 Wanteaath Faoein,

Nigeai 1514l
Collinean Arienna

Signal 1.r ool
Rroadside Antewna

Tirae Code

Figure A43 - Silver Lake, 1959 Jan 10/100806Z,

Height: 420 miles, Zenith Angle: 54°E

CONFIDENTIAL



CONFIDENTLA], NAVAL geseapcy LABORATORY

! - o sy
H . g
s !
) , G - b
‘ T 1 R byl .
.
i A s e e eV Ly, A
.,
*,f”. “'\‘_‘\ 2-
"
[a R """u','(s-'\""";-—'f'v T b e -
', .
woa
(I
F) f

el 1L,

Y
Yo
e
"y vv
Bt
“Waig .l
W g,

1...»,.,

1 f ’ -
"_(‘ ’ Thigr g ”.‘n.l
1]
}
. L [T IS A A A
,) '. y.fr.l'féif ‘1 x‘ " ‘:“‘ :l'
Con PO E e .
v Hj, 'hr"l( . ,{,‘ ‘{;;}r' - 'jf-;:"j‘ ?nru)w.uu FINTS
,I,,n i RN h‘ 11]’;;:1"(“ ..J'M‘
m . . P Stgral 14,
.y T
Y D AT AP LTSS “1’*' »

i;-‘r_-ﬁa;;\l:’
e S
&tewart 1959 yan

10/1003062
£8, Zenith Angle: 125y

Figure Add - Foup

Heigh;: 420 mj
CON FIDENTIAL

Trerze e

ERFTY ] Waz rlln‘lh Basyy

€



A48

i

AN AL N AT

NAVAL RESEARCH LABORATORY CONFIDENTIAL

E5T1F Wane i ath b e L

.\'n\,yr ?
Il {3

i

-|‘l" ‘lg;. _"” R EW 1

L2 4R W e T e

P Phass
¢TI0 W 1 gth Hass B

PWw it
12 0S Wl de tn pes L

EW Flasr
TOTIN2 Mans beath Jrase -

W Pras

¥
2 191 Waneloagth Yeess it

. i
H Sigeal 1evel
. ' Colltsear Aatena
- N
3 N
'

. [ -y )

n P 3 " Stgnal Level
T 3 P2y Broadaide Amenna
s . H

i e . L 2
14 i i
4 - . PR PP - . .- Time Code

Figure A45 - Silver Lake, 1959 Jan 11/1002162Z,
Height: 375 miles, Zenith Angle: 50°E

CONFIDENTIAL




CONFIDENTIAL NAVAL RESEARCH LABORATQRY

. . .o P et at i LU

: W IR
T i .
. B
_‘-"‘""‘.
. i
M'
!
‘ T Y 0 Do
o, 4 . : '
; ,1,"71-"0"“ 5:‘ K
I3 v ¢ '
. '
\ EEY ' e
I l
v, .»"""\,‘ 7
FO NI 4 e B .-

A49

Yayr Phase

g ab B,

Yam

Cigeal Teveb Nefae

Npear Leod,
2 0748 Warrleruth Rase Lo

EW "™
T R e

PW Prase
3 1E8% Wareie cwiee Basehie

EW Pras

2 870k Wane beagth Hase 11

Figaat Teaed
51782 Wave lerath Bavehne

Time Cut

Figure Adb - Fort Stewart, 1959 Jan 11/1002162,

Height: 375 miles, Zenith Angle: 270w

CONFIDENTIAL




A50

h A 1 )
.‘7!'_1“; —f\lx-.r

e ‘i AT

NAVAL RESEARCH LABORATORY CONFIDENTIAL.

L 4": 4' NS PRase
[f‘ o 410218 Wa.sleagth Baseli-e
Y e -

[

W Thase
A7 Z02R Wayelegt. Hareline

W Phase
PLT0 Wars Tengdh Base Lo

EW Flass
12 0% L Wavele: gth Hanelire

W Vrane
5. 74n? Warslengih Raselire

EW Phaxe
21411 Warelvigts Rase Bue

. Sigral Learl
' o Cotlinear A-tenns

Sigral Leve)
Broadside Avienna

. AT L e e e Time Cude
Figure A47 - Silver Lake. 1959 Jan 12/095031 2,
Heigh.: 450 miles, Zenith Angle: 520E

CONFIDENTIAL




("ONFXDF,NTIAL NAVAL RESEARCH LABOR ATORY

Y an BEAN

\

Cgear 1ot
R RawriV

o F/'d .
R ' : T
R N NN o EW Proas
: . B ERiL Wareteash B2 e
Lo ' t -
i
| |
v v . 8
! : :
f\ ‘vk!\‘ o \
o AT . e PW phanr
) g 3," - : 1 6295 Wa. IR Pars et
i i
! H
aygnat Leved
' Vo }4' 5. 7982 wavelengin Baseline
P W' A - xe - "Fm‘ ) n.ft‘ﬂ’v‘rv.-\-n
-t -‘«‘/«a«.‘-“o-r-— .Mb Mr.a»-A—- qime Cot®
Figure A4B - Foll Srewe T, 1959 Jan 12[095031 Z,
450 wiles, Zenith aAngle? 1I9W

Height!

CON FIDENTIAL



RESEARCI! LAAORATQORY

NAVAL

AB2

..“ JM“"; o i

o . ,»‘-.‘n--p- . ',
baf. u.ﬁ. ,.mi".u ' ,""“‘rl’.'f':f;".'“f" ”“"‘ 4

c e i ~
4 1
33 « T
et ot 12w

- TA u.' -.',',;»h. RTINS

w

co ) : ¥
el el G
‘11‘#.{?“. a m - .'l n'll [ Lt e, '.- - "';,‘?

SyRAY .;%W"; a

Figure A49 - Silver Lake, 1959 Jan 13/093246%,
Haeight: 305 miles, Zenith Angle: 58°E

£7 2920 Wa.sleg

CONFIDENTIAL

Mg

49218 Warelenqs Buseltne

FW Pra

KW Phase

© 22U Warelegth Maseln

EW bhess

445 Warr gt Racehee

EW Flass

N TerZ Was elength Rasulle

Poase

W
2 1911 Warrleagth Haselle

Nl Deaed
Colllwai Auteera

Sigedd Tl
PBroadside Autenna

Tone Cods

CONFIDENTIAL



CONFIDENTIAL NAVAL RESREARCH LABORATORY AS3

Yars o

a WU et e b e T

f

TSI L T
,/\ym,k TR e e

AL 4
RN L M’ A MY AL

4 1 o FW B e
. i : S e e aset,
. i

EW e
ST Wasmtergin Husyte,

FW P
26795 Warlos gt boaerines

M e J el Level
. g 5.7452 Wavrh gth Kaveloes
sy, A B VRN o

e R oAt e

e R T TR Pt me vttt ey s Tin Cede

Figure AS0 - Fort Stewart, 1959 Juan 1370932462,
Height: 305 miles, Zenith Angle: 270W

CONFIDENTIAL




e e T

e w——

AB4 NAVAL RESEARCH tABORA\'ORY (‘ONFIDENTIAL ;
H
i
. ¢
. ; :
. ‘i‘;Tiw PN
a At

s .
\ 1
1
roLs ;

L .
'

a \
A .
. o~

3 e wasezeat T o

s P
PRSPPI Flaseins

A e
FONSIIR DLt

R
2 i Wens st Yanelt s

sageat Lure!
oaitnens Asiensd

qigral 12581
proadalds Antensis

AT L Tyme Cod¢

Figure 451 Siiver LakSs 1959 Jan 14/0908282,
Height: 260 rorles, Zemitt Angle® 64°E

CONFIDENTIAL




Atk i e

CONFIDENTIAL NAVAL RESEARCH L ABORATORY AL

'
H ' L Ve vt 4
H T PW P s a1
H R ] CR W b Va1
N 4 BN L - AN
13 ) N . L PR ¥ A 0

s L W P e G
LT W f e Pasa

«

RN L "

N L hdp P, F3 D . .

. . L K ~' .
. ) . v [N

o '1'\“.‘,1

N e
< e 3 s
FMLIRT N T I,

W tase (8 o Stewarr)
TI Waiy kb be el

EW Prase (hort w
2 RS Was b s gt Mg

Saaal Ul Galeen 1 o)
roatvae Astersa

Srguad L avel (Rool Siewari)
5.7452 Wit elenphn Hame U

sy e N

o bt e e A e Floe Uede

Figure A52 - Silver Lake - Fort Stewart, 1959 Jan 14/0908282,
Height: 260 miles, Zenith Angle (Ft. Stewart): 25°W

CONFIDENTIAL

e e+ e e e i



ARG NAVAL R(S(AHQ_H L AGOR ATORY ('ONFXDENTXAL

b T o nwtt - v ‘-\! M
R ! . } ,
T A ..|‘.l‘nf . '13 { i v
Vs B AT R oy 4 1k ’j \uu..w......‘.n. Y bt
1 { LT i . 5P
R R o T 4
. {

yw Y

(AR Ate warriers™ Joar i

oW Poan?
17 03 vta.»-lm.u P

: * : : - A1 1 KW ynere
° ' t . - P worelre’® peves
* Tt 1 Srill . o T =AW o T2 Wi b it
s RO Rt

"\ W Prant
s ° 1 v [ 2wt Wayrtedt RaseitF

sucual Lev?
Colhanret e

I

H
'
i
\ ' sigeal Leve!
1 Broadetde Artenad
. \ -
. .
i ) T
- &xﬂ . e = . . Tyme Co®

! yigure A5y - Sver Lake, 1959 Jan l%[OB}T\SZ,
Height? 220 railess Taenith Angled 68°E

CONFIDE’NTIAL

o

/ -



s e

CON FIDFNTIA 1.

NAVAL RESEARCH LABORAIOR‘( ART
£ n...« )

AT R u "o i

Fw Prase Sl er raved

it paneie s

o a2 W el

W PhaRT Eier Y x\r
S aatg wesens s BT

lh o mpaarit

hh [x3 .n
b Baneltnr

Y { . ”“ ,,3@»:&'“

ilx "

P

W Phane u " ~unvn
AT wanete st B ehte

yw prane 1 ST
2 hiwt W mim et O T

ad Yari ! (BT \nn

Sgn
yrowdniie AT

(Fort Stewact)

gygual Yavsd
Lecgih Parrlie

5 TUHT WRvE

Tine Code

Jan 15/083718Z:
oW

L ae 3
JUUTRRAPe ngl*lw.-..*m
l‘xgure ASA silver Lake - Fort Stewd
ighti 2720 miles, Zenith Angle {

rt, 1959
Fr. Stes wart)s &

CON FIDENTIAL



AbBE NAVAL RESEARLH LABORAYTORY CONFIDENTIAL

EW Thas
TEYIA Wasrle gh Rgueh. s

wih Wamelt o

K% Phaae
CRL RO PINTAIINS JEten

FW P s
s TRT Wiy elr S Baael. v

el Bane i

‘ hwﬂ. N mww

JEREN Sugmal 1 wyel
v EobInear Anle: x

Stgrat Level
wrocgsde Astenna

R, ¢

C - — o m——— Titwe Code

Figure A5% - Silver Lake, 19%? Jan 16/0758192,
Height: 169 noiles, Zerath Angle; 712°FK

CONFIDENTIAL



CONFIDENTIAL. NAVAL RESEARCH LABORATORY A50

2w Prase (Sliver Lake)
£.2370 Waveiengih Baseline

YW Bhesn
5.7982 Waved

fi fake)
Haxelinn

EW Phare (Stiver Lake)
21911 Wavelength Rasrline

1w Prase (Far! Stewart)
5. 7082 Wavelergth Baselire

EW Phase (Fort Stewart)
3.1167 Wavele:gth Daseiine

EW Phase (Fort Stewart}
2.6795 Wavelength Bassline

Bignal Leve! (81lver Lake)
Broadside Anlenns

Signal Level (Fort Stewart}
5.7082 ‘Veuplength Bassline

Time Code

Figure A56 - Silver Lake - Fort Stewast, 1959 Jan 16/0752124,
Height: 165 miles, Zenith Angle (Ft. Stewart): 4<°W

ZONFIDENTIAL




NAVAL pESLARCH LABORATORY CONFIDENTIAL

AbO

by e
‘ﬂ ' \ L R{ “&‘ l ‘&"‘\\k\fﬁk } 19218 w':S.»‘xm.;m Bayelim

";1?7‘.‘1

% Fw Phase
t \ 572928 waretemh s N

EW Pha
345 Wavrlen .gu\ Buseiine

13V

£W Pha
8.2310 Wne]ru‘m Pasci

u‘* '. " . H . "’. ‘! A
“}it""x’;u)h\k‘a ; ‘\-'ﬁwﬁ‘(ﬂ"m "
A ﬁﬂ by i’ﬂ‘f- ‘tﬁ‘k
gty ‘.".';'r'.-‘::". Y g Bastllo”

57980 Wavrleagth Bast

EW Phase
21911 Wavetengld Baseline

pigral Level
Loilinear Astennd

Bigra) 1 et
proadsite Anterns

Time Code

. -

an l'll()?lOO'lZ
O£

57 - Silver Lak
v: 180 miles, Z.cmth Angle’

1959 ¥

Fxgure A

eigh
CON FIDENTIAL



CONFIDRNTIAL

NAVAL RESEARCH LABORATQRY

2h b Ut Ay e . s

¥igure AS8 - Silver Lake - Fort Stewart,
: 180 niles, Zenith Angle (Ft. Stewart): 28°W

CONFIDERTIAL

AB}

EW Phasc Eher Lake)
B30 W b i) Bl e

EW Phass Silver Lake}
5 1982 Wavelength Raseline

EW Phane Sitver Lake)
2 1911 Wavelrngeh Ras sl

Sl doaed (F 1 Sreoanrr
5 7982 Wavelength Baneline

T W Phase (Furt 3 wach
30187 Warslength Haw e

LW Draens (F ot Meow lb
2 h 27 Waveltigth Bas e

Bignal Level Balver Lake)
Broadaide Antenng

Stgnal Level (Fort St wary
$.7982 Wavelengih Baseline

Time Cude

1959 Jan 17/0720072Z,




Ab62

NAVAL RESEARCH LABORATOKY

|
}x. il

’.r(_ ‘d,,:,\-..

CONFIDENTIAL

EW Phane (Stlver Labe)
£.2370 Warrlenyth Haselise

FW Piase (bver ik )
-~ 7¥82 Warelength Pl .

EW Irame @ulyer Lake
23910 W Bosth Huseione

FW Phase (Forl Stenarl)
5.7982 Warelength Buseline

EW Plas® (hort Staait)
31167 Wavelrng'! Bao i

FW Prane (Furt Stewart)
2.6795 Wavelength Baseline

fignal Level (S1lver Lake)}
Broadside Antenna

Higral Level (Fort Stewart)
5.7982 Wavelength Baseline

Tiewe (ude

16%W

CONFIDENTIAL

! -
o . T
R s
; . . Pl
L 1_?";" g i : B o S IO H
e A . bt
Figure A5Y - Silver Lake - Fort Stewart, 1959 Jan 18/0611482Z,
*Height: 140 miles, Zenith Angle (Ft. Stewart):




AGS

ABORATORY

NAVAL RESEARCH 8

CONFI DENTIAT

oW Phetr rivey Lake!
TenEih Bl

52370 Ware

FW Prant ST fatel
Truth Baneller

5 TebR Wane!

LA i L prane @i e faxt
- 2.8 Wave leruih Baneline

Fw pruss (Fort Srewant®
ngth Pasehint

5, 982 Wearelv

W Prass ¥t Steaart}
Raseint

3 1187 Warelrrgth

{ort B warts

A S
1 (" \
4 ’ LW Phar
B 4 3.87¥9 W eheath Baseins
[ %, R
- ¥ o ‘
. cn oo ¥ 5!?'!1\1««
‘ }
i
Signst et SR er bake s
Broadnde Anteire

: sigeal Levet 051 Stewart)
b ga2 Wavelenkib Bavt e

S
Tllﬂd(-ude

e
— M,...ﬂ.&-..-«.ﬂ
1959 Jan 19 /0638047,

41°W

PURIEY Cas s
Figure AGLD ~ Silver j.ake - Fort Stewarls
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DEPARTMENT OF THE NAVY
NAVAL RESEARCH LABORATORY

4555 OVERLOOK AVE W
WASHINGTON DC 20375-5320 IN REPLY REFER TO

March 16, 2000

To:  Defense Technical Information Center
Attn OCQ Anna Kramer
8725 Joh J Kingman Road
Fort Belvior VA 22060-6218

From: Naval Research Laboratory
Attn Code 5227 Mary Templeman
Washington DC 20375-5335
Dear Ms. Kramer,
NRL Formal Report 5366 has been declassified. The downgrading statement was

“Downgrade At 3-Year Intervals-Declassify After 12 Years” and made public release on
December 2, 1999

Smcefely Qy/n\W

Mary Tenmpleman
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