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ERRATA SHEET
for
NRL Report 5198
(Project Vanguard Report No. 32)

Equation (4) on page 6 of subject report is in error. Please
cut out the corrected Equation below, moisten and paste in the
report, covering the erroneous equation.

b, =C, + Cja, + Cyb, + Cja b, + C,a2

2 3 : " " " ",
+ Csbo + C6bo + C7 sin "b_ " + C8 cos "b_";
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ABSTRACT

The information necessary to permit satellite orbit
computations from raw Minitrack data is given, and the
Minitrack data on the satellites 1958 Alpha and 1958 Beta
for the period 7 through 20 May 1958 are presented in
appendixes. It is intended that the use of these data will
encourage and facilitate the development of new computation
techniques.

The basic Minitrack measurement and the data mes-
sage itself are described, and a discussion is made of the
handling and preparation of the data message for the
Vanguard IBM 704 computer. The outputs of the computer
are also briefly discussed. Residual data from the 704
computer’s differential correction program, and meridian
crossing times and elevation angles from the Burroughs
E101 computer are given for each data message.

Two correction formulas are given for adjusting the
raw data. One of these corrects for overall station faclors
only and may be used alone if an error of about 1 percent
is tolerable; the other corrects for the 1 percent error
introduced by antenna pattern distortion and system cross-
talk. Station constants and other information required or
useful in these calculations are included in the appendixes.

PROBLEM STATUS
This is a preliminary report on one phase of the
problem; work is continuing.
AUTHORIZATION

NRL Problem A02-18
Project No. 579-000

Manuscript submitted 30 July 1958
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PROJECT VANGUARD REPORT NO. 32 o

MINITRACK REPORT NO, 5
MINITRACK DATA FOR THE ARTIFICIAL EARTH SATELLITES
1958 ALPHA AND 1958 BETA

INTRODUCTION

The Minitrack system was developed as a part of Project Vanguard at the Naval
Research Laboratory to provide acquisition and tracking of artificial earth satellites by
radio techniques. In this system, a subminiature radio transmitter within the satellite
illuminates the antennas at ground tracking stations. By phase-comparison techniques,
these stations measure the angular position of the satellite as it passes through the
antenna beam, recording its presence automatically without need for prior tracking.
Analysis of these recordings provides the complete angular history of the satellite pas-
sage in the form of direction cosines and time coordinates. These data are quickly trans-
mitted to a central computing facility for the computation and publication of ephemerides.

Orbit computation is a complex process that is made more so by the short periods
of artificial satellites. With the advent of actual orbiting satellites this problem has
become the subject of widespread interest. One result of this interest has been a desire
that actual Minitrack satellite data be made available. This report is intended to meet
that desire, as well as to encourage and facilitate the development of new techniques of
orbit computation.

The Minitrack system will be discussed here only to the extent necessary to explain
the nature and use of the data. The more general aspects of the Minitrack system have
been discussed elsewhere,” and technical details have been covered in previous Project
Vanguard Minitrack reports T

The actual Minitrack data on the satellites 1958 Alpha and 1958 Beta are presented
in Appendixes A and B. Data on the individual Minitrack stations is given in Appendix C,
and other useful information will be found in subsequent appendixes.

BASIC MEASUREMENT OF THE MINITRACK SYSTEM

The satellite S radiates a 108-Mc signal which is received at two ground station
antennas A, and A, (Fig. 1). Since the distance to the satellite is very large compared
to the dlstance A A it can be assumed that the signal wave front is the straight line AP
therefore the dlrectlon cosine of the satellite position is

a

Ahy

cos a —

*Mcngcl, J.T.,"Tracking the Earth Satellite, and Data Transmission, by Radio,” Proc.
I.R.E. 44(No. 6):755-760, June 1956

TSee inside front cover
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where a is the measured element in wavelengths and AA, is the distance between the
antennas in wavelengths. The information from two pairs of antennas, one in the north-
south and one in the east-west direction, will give the two direction cosines of the satel-
lite, Other pairs of antennas at the Minitrack stations furnish the information necessary
to resolve the east-west and north-south ambiguity. Additional information from other
Minitrack stations is necessary to fully complement the above data in order to define com-
pletely the satellite’s orbital position.

S

Fig. 1 - Basic geometry of Minitrack
phase-measurement angle tracking P
system a

THE MINITRACK DATA MESSAGE

Sample Message

The following is a typical Minitrack data message spaced and annotated for illustrative
purposes,

Satellite Designation 1958 Beta

Station AGASTA abe Date: (2) Year (b) Month (c) Day
580609

Time of first reading: e\f\i iii Time of last reading: (d) Br

(d) Hr (e) Min (f) Sec 222542 222552 {e) Min (f) Sec

Internal electronic g h g h Internal electronic post-

pre-calibration: fﬁﬁé 153349 calibration: (g) EW (h) NS
(8} EW (h) NS

Signal Level () EW (k) NS ik 1m (1) Quality of signal (m) Satel-
in dbm: 125130 666005 lite designation
East-West Minitrack n o n o North-South Minitrack phase
B Fraction ot a lope . 048580 B0 e () Lobe (0 Fraction
048830 056260
049090 056060
049360 055880
049650 055680
049890 055490
050170 055310
050440 055120
050720 054930
/11177 111177
051260 054550
def def
Repetition of start time 2’5{5;2 23535;\2 Repetition of finish time.

Slant symbols indicate that part of all of a data point was not readable.
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Interpretation of the Message

The entire Minitrack data message is made up of six-digit “words” forming two ver- ot
tical columns. The first part of the message presents general information concerning the 1
particular satellite, the station designation, the date, and calibration information; while
the latter part of the message is the actual Minitrack data.

Line one gives the station designation and the date. The first two digits of the date
give the year, the middle two the month, and the last two the day of the month. The satel-
lite designation is given above this line.

Line two gives the times of the first and last Minitrack reading in the observation
being reported, and these start and finish times are repeated on the last line of the message
format for checking purposes. In all time readings the first two digits give hours in the
24-hour system (Greenwich mean solar time), the middle two give minutes, and the last
two give seconds. All Minitrack readings are taken at one-second intervals. Time is
measured at all Minitrack stations to an accuracy of + 1 millisecond.

Line three contains the pre-passage and post-passage internal electronic calibration
data in the left and right columns respectively. The first three digits give the calibration
figures for the east-west readings in thousandths of a wavelength while the last three digits
give the same information for north-south readings. The pre-passage and post-passage
calibration figures should agree, and if they do not the system has shifted during the satel-
lite passage. In that event the mean of the two values will be taken as the calibration figure.

The left-hand word of the fourth line gives the maximum signal level of the main lobe
in dbm. The first three digits give the reading for the east-west lobe and the last three
for the north-south lobe. The first three digits of the right-hand word give the quality
of the data as determined by Minitrack station personnel, ranging from 444 for very poor
to 999 for excellent, and the last three digits designate the particular satellite “shoot;”

a listing of the satellite shoots will be found on page 4. Examples are 666003 meaning
poor data for 1958 Alpha, and 999005 meaning excellent data for 1958 Beta. There are
some data messages which do not contain the three-digit satellite designator.

The fifth line through the next-to-last line list the actual Minitrack data. The left-
hand word of the fifth line gives the phase reading of the east-west fine antennas at the
start time, while the right-hand word gives the reading of the north-south fine antennas.
The sixth line gives the same information for a time one second after the start time. The
data continue in this manner until thé next-to-last line which gives the east-west and north-
south fine phase readings for the finish time. In each word the first three digits give the
whole-cycle phase reading while the last three give the fraction of a wavelength in thou-
sandths. The first east-west fine zero phase reading west of zenith is labelled EW 050.000
and the first north-south fine zero phase reading south of zenith is labelled NS 050.000.
The east-west zero phase readings or lobes increase from EW 050.000 going east and the
north-south lobes increase from NS 050.000 going north.

From the sample Minitrack message shown, it can easily be seen that the satellite is
going from northwest to southeast, since the east-west phase readings are increasing and
the north-south phase readings decreasing with time. The approximate time when the
satellite crossed the station’s meridian can be found by observing when the east-west
phase reading is 050.000, then counting the number of seconds after the start time and
adding this time to the start time. By observing the phase-difference readings from
second to second, the rates of change of the phase differences can be determined for both
east-west and north-south signals.

It is apparent from Fig. 1 that
a = A1A2 cos a.
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In the Minitrack system, AA, =54.902 wavelengths at 108 Mc. The value of 2 when the
satellite moves one degree of arc near zenith is obtained by setting o = 1 degree. Thus

a = 54.902 x 0.01745 = 0.96 wavelengths. 1)

From this information the “space rate” or angular velocity of the satellite can be deter-
mined in both the east-west and north-south planes. For convenience, a table is given
in Appendix D which converts degrees of arc from zenith into lobe numbers from 050.000.

The abbreviations used in Minitrack messages to identify the reporting stations are
as follows:

No Station Abbreviation
1. Blossom Point BPOINT
2. Fort Stewart FTSTEW
3. Havana HAVANA
4, Woomera OOMERA
5. Quito QUITOE
6. Lima LIMAPU
7. Antofagasta AGASTA
8. Santiago SNTAGO
9. Antigua PANTIG
10. San Diego NELCAL
11. Esselen Park JOBURG

Any satellite which provides data for the downrange stations is assigned a satellite
“shoot” number whether or not it actually goes into orbit. If the satellite goes into an
orbit it is assigned a greek letter in addition to the satellite shoot number.

Greek Letter Launch
Satellite Designation Shoot Number Date
Sputnik I 1957 Alpha 001 4 Oct. 1957
Sputnik II 1957 Beta 002 3 Nov. 1957
Explorer I 1958 Alpha 003 1 Feb. 1958
Explorer II - 004 5 Mar. 1958
Vanguard TV-4 1958 Beta 005 17 Mar. 1958
Explorer 11 1958 Gamma 006 26 Mar, 1958
Vanguard TV-5 - 007 28 Apr. 1958
Sputnik III 1958 Delta 008 15 May 1958
Vanguard SLV-1 — 009 28 May 1958
Vanguard SLV-2 — 010 25 Jun. 1958
Explorer IV 1958 Epsilon 011 26 Jul. 1958
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Handling of the Message .
Just prior to a satellite passage, station personnel perform an internal calibration :j
which determines the internal electronic phase shift of the system at that time. After -
signal is lost another such calibration is made to detect any change in the phase shift &

of the system while the satellite passage was being recorded. After the pre-passage and
post-passage calibration figures are noted, the data are studied for determination of
meridian crossing time. The phase readings for the east-west and north-south directions
are recorded at one-second intervals using the meridian crossing time as approximate
center. All these data are sent from the particular tracking station to the Naval Research
Laboratory via teletype for review, then forwarded to the Vanguard IBM 704 Computer for
orbital computation. With the aid of the supplemental data messages which are sent to
NRL with the basic Minitrack data messages, and knowing the calibration numbers for the
Minitrack stations, the data reduction group checks the accuracy of the east-west and
north-south data for possible ambiguity error as well as for any errors in the teletype
communications.

ADJUSTING MINITRACK DATA FOR
ORBITAL COMPUTATION

The raw Minitrack data ( 2_,the phase reading in the east-west direction and b,
in the north-south direction) must be corrected for certain factors before the computer
can arrive at a solution to the basic equation cos a = a/A;A,, and these corrections must
be ascertained for each station.

To obtain these corrections the Minitrack Calibration Section tracks the flight of an
aircraft equipped with a Minitrack transmitter and a photoflash light located in the center
of the transmitting antenna, by both Minitrack and an equatorially mounted camera.

Data from these two tracking systems result in an overall station calibration figure.
Two formulas exist for adjusting the raw Minitrack data. The first of these yields “observed
data” corrected for overall station factors but not for antenna pattern distortion and system
crosstalk. The latter two factors introduce an error of about 1 percent in the data; thus
the second formula, which corrects for them, may be omitted if that degree of error can be
tolerated. The first formula gives a_, the east-west observed data, or b_, the north-south
observed data, from the raw data a_or b:

ng = A, “(KoK )~ K+ A (K- .0023 - AT). (2)

o]
where

k., =the station calibration figure;
K_ = the internal electronic calibration figure at the time of station calibration;

1
gk = the internal electronic calibration figure at the time of satellite passage
2 (line three in the data message);

4_ = the time rate of change of a ;
K, =2 correction for phase shift in a filter due to frequency shift in the Minitrack system;
.002a = the delay in the phase meter circuitry, a2 being decimal part of a_;
AT = the transmission delay time from the Bureau of Standards, Station WWV, to the
particular station.

The values of the cohstants for each station are given in Appendix C.
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It will be noted upon inspection of any Minitrack data message from the Santiago
(SNTAGO) station, that the east-west fine data from that station decrease with time, indi-
cating a satellite passage from east to west although the passage is actually from west to
east. This results from the fact that the east-fine and west-fine antennas at SNTAGO are
reversed. To read these data properly, reverse the sign of a, in Eq. (2) if only that cor-
rection is to be employed. If the correction for antenna pattern distortion and system
crosstalk is also to be employed, do not reverse the sign of a .

The second formula, which is based on a least-square fit of a large number of data
points taken over the complete antenna pattern, is used to correct for the antenna pattern
distortion and the system crosstalk. The corrected east-west data, a_, or north-south
data, 5_, are given from the observed data, a_; b

7, = Cy + Cpa_ + Cpb + Cya b + C4ao2 + C5b02

+ C6b03 + C7 sin ”ao” + C8 cos "a ": (3)

o !

PR P 2 2
Pe Co + CIDo + C230 + C3boao + C4bo + Csao

+ C6a03 + C, sin "5 " + Cg cos "b"; @)

where C through C, are the antenna correction constants obtained from the least-square
fit, and "a_", "b " are the decimal parts of a,, b, from Eq. (2). In Egs. (3) and (4) the
sine and cosine terms correct for the system crosstalk while the other terms correct for
the antenna pattern distortion. The constants are given in Appendix C.

OUTPUTS OF IBM 704 AND BURROUGHS
E101 COMPUTERS

The Minitrack input program used by the IBM 704 computer determines a “best”
parabola from the data points in a Minitrack data message. The east-west and north-
south direction cosines of points on this “best” parabola are computed at one-second
intervals corresponding in time to the data points in the Minitrack message. The program
determines to the nearest whole second the mid-time of the Minitrack Data Message, t_,
and prints this as well as the constants L,, L,, L;, and M;, M,, M; for the following

2 b
direction cosine formulas:

L = L; + LyAt + L At2, (5)
M= M, + At + LoAt2, (6)
where L and ¥ are the direction cosines of points on the “best” parabola in the east-west
and north-south directions, respectively, at times t_: At.
The meridian crossing time is found with the Burroughs E101 computer by setting

L equal to zero in Eq. (5), solving for At and algebraically adding this value of At, called

At;  to t_. Also, by substituting At, for At in Eq. (6), the E101 computes the north-
south direction cosine at the time t_ + At,, the time of meridian crossing.
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These data, the meridian crossing times and the elevation angles at the meridian
crossing times, are given after the Minitrack data messages in Appendixes A and B.
Then N or S following the elevation angle indicate that it is measured from the horizontal
in the north or south direction.

The six parameters which define a satellite’s elliptical orbit are determined by the
differential correction program from past data messages and these parameters are changed
to fit new data messages. As stated previously the one-second data points in a Minitrack
data message are fitted to a “best” parabola (Curve A, Fig. 2) and the direction cosines of
points on the parabola are computed for the time t_,. These direction cosines are then
compared, at t_, to the direction cosines of the orbit as defined by the latest set of
orbital parameters (Curve B). The angular differences, in radians, noted for both the
north-south and east-west directions are called “residyals” (R,) for the particular data
message. A positive residual indicates that the direction cosine of the mid-point of the
“best” parabola should be higher.

Residuals for each data message
are found in Appendixes Aand B. A
root-mean-sqaure averaging process,
was performed on these residuals and B
the results, in minutes of arc, are as
follows:

EwW NS
1958 Alpha 11.27 8.5’
1958 Beta 8.0' 4.4’

The Minitrack data placed into the
differential correction program are the
data accumulated over aperiod of
approximately six days, with the result
that the program determines one set of
orbital parameters for this six-day

period. In the case of 1958 Alpha which Fig. 2 - Comparison of previously com-
is subject to considerable air drag, the puted orbit to “best” parabola from a
orbital parameters change noticeably Minitrack data message

during a six-day period, resulting in
larger residuals.

The above root-mean-square residual figures are given here to indicate the approximate
accuracy of the orbit determination.

The orbital elements issued by the Vanguard Computing Center on 28 May 1958 for
1958 Alpha and 1958 Beta are given in Appendix E.
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Appendix A

MINITRACK DATA MESSAGES FOR
1958 ALPHA

The following are the data messages for 1958 Alpha during the period 7 May through
20 May 1958. Message numbers located immediately above each message will be used
to correlate that message with the appropriate meridian crossing time, elevation angle,
and residuals given at the end of this appendix.




1958 ALPHA
SNTAGO 580507
@35759 $35813
154361 195361
115115 999999
952438 p4u9515
@g52156 45519
#51871 PuS537
251593 $49559
254313 849563
251923 £49582
50741 849591
Bous3 2495598
250173 2495620
2495852 0495632
849627 B4S64LE
25318 249666
45029 049674
su8T43 B4S68H
gugL54 B45708
235759 835813
2
1558 ALPHA
LELCAL 580507
180020 180034
925983 925988
105104 999003
Qu7720 053964
048100 053950
043478 054019
048564 054050
049244 054075
049623 054100
049953 054123
050336 054161
050761 054182
051132 054216
051512 054234
174717 177177
Q322688 Q54287
052644 054310
053015 054332
180020 180034
3
1553 ALPHA
NELCAL 530507
200221 200233
925987 925987
105109 999003
Q48661 043389
048335 043839
049138 Q43733
Q49373 043733
049617 043683
049852 043630
050089 043573
050324 043523
050569 043463
050800 043423
051040 043371
051276 043320
051513 043260
200221 200233
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1958 ALPHA
SNTAGO
024245
195363
105105
Q51670
051440
051240
eeees
030803
050580
050380
171777
QU964
049742
049535
171177

043094

0483872
048659
Q24245

5

1958 ALPHA
NTAGO
4529
194362
110110
wae3>
@;3725
B;3413
©3113
#2189
B2477
452174
1r40/
@1344
#@;i227
®asi2
wasse
>a28k
o963
#9638
Ws509

580508
024259
195363
777003
050520
050905
050850
(77177
Q50840
050820
050790
1/7/7/
Q30782
05Q737
050719
117747
020684
050663
050650
024259

580598
244514
194362
888003
960 1AS
263234
260393
269281
#ea459
963534
#6d619
10004/
968765
#63835
960513
gélags
geides
@611r0
261217
944514

€

1958 ALPHA

DOMERA 580508
121008 121042
262334 263334
112115 717777
047191 047Q74
047272 0479040
Q47483 047000
Q47668 046970
047864 Q46938
048000Q 044300
048177 Q46859
Q48402 046825
048585 046792
Q48832 Q46745
Q48974 046709
049162 046684
049343 046634
049500 046620
049710 Q468576
Q49824 046537
Q20074 046503
050220 Q46479
050419 046437
050522 046406
050797 046371
050960 046323
051171 046303
Q51321 046260
Q51330 046228
051700 046130
051948 046157
052137 046125
052358 0469070
052510 046025
Q52742 046000
052940 045981
053123 Q45943
053270 045920
053343 045361
121008 121042

7

1958 ALPHA

OOMERA 5898588
141253 141327
22354 261354
112116 777777
245885 241501
246138 841919
guc 420 041935
246670 941975
QU635 942005
gu7155 ou2841
uT46e 242065
47715 842106
247999 042138
948282 242166
pu8515 242150
248807 842237
245859 942268
249330 842258
9610 842325
849932 242362
50149 8423592
250418 pu2420
17/70/ 042438
258336 242492
251230 242513
251502 242557
251787 842578
gs2p4y 042620
252348 042652
252661 942682
952915 242727
253181 042775
253482 242756
531729 942820
253991 g4285¢
254271 942500
254528 242950
254829 242980
255080 642995
141253 141327

8

1958 ALPHA

NELCAL 588588
164552 1646096
9279959 9289951
1gg108 995883
948221 940232
248737 240342
249269 249460
249786 gu@575
959295 B4B655
250812 240885
951329 g4go24
2518717 9431037
252363 9411538
952874 241284
R53384 BL1405
953897 241525
954398 9431658
254514 241773
655420 241893
164552 164606

Lot
s
<
[
o
L]
el
]
oy
o
(el
L)




10
9
1958 ALPHA
NELCAL 5892508
184717 184733
926989 926989
11211¢ 995223
950153 853198
2505082 953158
259815 253135
251145 253094
251479 $53061
951799 953015
952124 g52995
252453 $52962
952779 952533
953092 952851
253420 852863
853747 952826
254063 952798
170777 117777
254722 £527 34
§55024 852698
255345 252653
184717 184733
10

1958 ALPHA
HAVANA 580508
185802 185815
142365 141364
110115 777003
Qu9460 057540
049630 057460
045810 057370
049990 057280
050150 057200
050350 057120
050530 057Q40
050710 056960
050350 056880
051070 056790
051230 056700
051400 056610
051580 056520
051750 056440
185802 185815

NAVAL RESEARCH LABORATORY

1558 ALPHA

PANTIG 58G508
1507462 150718
121264 121263
117117 66652283
gusil2 35364
255231 ?$3529¢
249354 235186
pLSuTS $35423
249672 235¢59
245723 Z34987
ou95838 234514
2uS954 234842
25883868 BILTS4
@50234 234691
P50326 234620
g50447 g34550
@50562 G34479
250690 Z34403
250808 34331
250926 234259
251957 934187
15¢g702 150718

12

1958 ALPHA

@WITOE 580508
219718 218738
;365 pEoses
125126 888003
§a571a 968565
;919 #68450
919 268420
$Boee)1s 268359
xa1ze #68280
o230 ge8200
@B>a340 268132
L Ll ae8pen
Bas5se 967959
wBaesa 367929
®a759 67850
Haese ge771#
©aced #677a0
2198718 214739

13

1958 ALPHA

LIMAPU 588588
231743 231757
134378 139374
11911@ 888003
;o200 234248
49319 934180
259420 235129
#9528 3354960
o632 2833298
#ITaQ 933929
9840 333862
;o930 235800
Wwaded 433139
woiee 233670
BR270 p33602
©as12 FI3348
Dosre B35480
®o58e a3542¢
BaeSe @33560
281743 231737

14
1958 ALPHA
SNTAGO 589589
232948 933099
194362 194362
110110 999633
052874 B50440
252635 50461
p52387 50468
252145 2508459
251914 950518
251665 250531
g514€2 950568
251187 250584
950958 258683
gse701 050621
g50481 2506 46
250220 850661
P45971 250650
232948 033600

15
1958 ALPHA
QOMERA 580509
105338 105412
264354 264354
118122 777003
047918 058593
048070 058568
048240 058514
0483817 058480
048525 058426
048646 058379
048753 058344
048895 058281
045045 053234
045187 053199
049313 05816Q
Q49485 058123
045620 058085
049750 Q58040
049895 058005
Q50020 057940
0501285 057880
050343 057840
050510 057800
050643 057760
030801 0577QQ
050957 057669
051145 057610
031265 037360
051405 057520
Q31545 057480
051680 057420
051826 0573753
051963 057300
052106 057260
052243 057225
Q52400 057200
Q5234 057160
052685 0571Q5.
052722 057060
105338 105412

16

1958 ALPHA
QOMERA 580505
125723 125757
264354 263354
142115 711983

6218 P48597

7128 §40599
®BI310 940585
#7493 46577
7702 FL956¢
217500 pLe560
el 848555
$48293 940559
eLe7 P4R54a
#|ge23 248535
EBLE 959535
845020 940539
#9265 ga8525
Mos4g #48325
MI760 48515
#oge? 958314
Wwee7e #4851
©9285 250598
BA58> 248499
®I725 #42480
Ba934 40475
313169 g4a470
1440 840479
®B;is1l ALB465
Llel2 53563
520325 242463
»2245 $40435
©2475 F40540
2684 4G540
2508 BLB4I5
®B3145 gagase
®3327 248425
©3534 343428
BI163 248415
BI564 240413
123723 123737




17
1958 ALPHA
FTSTEW 580599
154001 154020
815318 015318
110110 888203
246 357 060314
P46763 P68289
47154 P6B263
o47579 $69253
247976 962241
248384 gep221
248779 pce197
245186 gse151
49386 PcoO1T4
84959587 260155
850385 p69138
58781 gsp12.
51182 gs80e57
251517 960874
951975 869058
952361 968032
252761 268o19
253152 £59951
853385 839976
853938 $55548
154901 154026

18

1958 ALPHA
NELCAL 588599
173228 173240
27989 926588
84100 995993
;|g127 956039
ME572 956947
#5945 g>6d64
#9502 #56089
W9996 956854
Bo442 #3616
@®aced 256125
51335 956139
H1788 336153
#2236 936165
B2696¢ #36€173
H31a3 436159
B3293 456202
173228 173249

NAVAL RESEARCH LABORATORY

19
1958 ALPHA
NELCAL 588509
153499 153423
926988 9269588
185106 995023
Quso4e 935320

45316 239245
245591 235171

2498735 235128
250143 235053
9504089 238594
p50688 938930
251684 238873
51223 #38795
251495 p38736
2517790 038662
952833 238624

252301 938557
852571 2384952

252842 338423
153499 193423
20

1558 ALPHA

LIMAPU 580509
215830 215854
128379 120370
115112 8880203
045030 963320
gu914¢ 263250
245240 063200
P45340 g6312¢
o448 LB 63060
249550 962979
P45640 2629500
245750 962840
245850 262760
249560 262650
250060 962630
508160 062559
250260 62480
250360 ps2410
50460 262359
250568 9622790
950658 gs221¢9
$50760 ps2147
250850 262070
2508970 36195¢

851069 261920
954170 2613850

25127¢ 261789
251379 261700
@51439 261639
215830 215854

21
1558 ALPHA
SNTAGO 580540
221400 21414
193362 193361
115115 9990883
32580 950120
0952385 050147
52219 250442
252018 9500381

251827 850078
251636 P590068
251451 P50253
g51263 2500842
251075 2500831
050887 50218
252696 950296
250501 ‘B499952

059315 2495982
250134 B49977
245942 249963
221400 g214ly
22
1558 ALPHA
NELCAL 588510
161756 161808
227989 227589
190100 955003
puc 64 044223
B47199 244336

247838 Paun51
248476 Q44574
249113 gLL688
pu97355 o44807
852387 BL4L926
51219 P45056
251660 gus5164
252293 245286
252925 245311

853553 245426
54152 BL554T
161758 1618028
23

1558 ALPHA

NELCAL 58051¢
181859 181511
927989 927989
108108 959883
248555 g54711
2489551 851660
249349 251601
249748 51551
250143 2515¢1
250316 851442
258555 951351
951332 51345
951723 251259
252050 951243
852499 51184
252854 51132
853276 951282

181859 181511

11

24

1958 ALPHA

WITOE 580519
203824 203836
FI5345 975345
122122 777893
MS795 361595
MS915 261508
weaie 961820
>aize #61735
B>a2ag psl165g
B>a345 961575
He455 961492
©es8e @614
@®>ae71> @#61305
®ases 961238
BaS40 961140
©1e3a 961955
#1125 969555
3824 283836

25
1958 ALPHA
SNTAGO 588511
230104 238119
154351 154351
115115 g38003

052384 251705
252689 254731
v51881 851752
174777 77477/
951477 251885
51261 851832
251052 251858
250829 851875
252615 251924
250426 951932
g50219 51962
030023 251578
8497951 g52¢11
249588 852833
245380 252052
049172 252078
g36104 230119
26
1958 ALPHA

ETSTEW 5808511

131058 131112
014315 g15319
1951¢8 888003

044537 235842
245289 36021
2LegLs B362¢1

guc811 236379
P47569 836563
p48232 936748
249055 836929
245858 $37128
050518 937323
951366 837508

252141 237721
652899 237916

253616 0938124
254371 238338
955162 238524
131058 131112




27

1558 ALPHA
ETSTEW 5805131
151146 151281
$14315  @14319
195116 888003
pus496  B699719
P46987 268552
pu7a81  P6@S1S
PuT98L  BEO86S
p48468 060837
gugS52  B6OT90
guou21  PEOTCL
pus923 869717
250411 260611
g50898 860624
g51375 860593
@51851  B6B559
g52329  B60518
252793  @604EE
§53243 060431
953732 860393
151146 151201

28

19558 ALPHA

NELCAL 589541
179412 170428
924987 924987
1951065 999093
046053 057742
946617 257741
Q47292 957734
947732 957758
948252 957744
248846 857745
PLS4OL 857747
849957 957742
250513 857738
p51061 857737
p5i612 957732
952165 857729
052715 57729
53258 857723
53799 257717
854350 857711
254891 857783
178412 170428

29

1958 ALPHA

NELCAL 589512
154944 154556
927989 926988
193100 955003
946759 8495062
847529 8495176
P48384 245288
249082 B45424
45862 249514
950634 945632
951410 D497 48
952182 949868
852958 Ba9974
953719 2508087
254480 250199
255241 250315
855993 250427
154944 154956

NAVAL RESEARCH LABORATORY

30

1958 ALPHA
FISTEW 580512
155808 155822
014318 014318
108108 888003
047053 045230
047467 045122
047899 Q45053
048279 044955
048707  QL4ESS
045115 044770
049511  Q4UETS
049537  Qu4598
050344 044508
Q50754 Q44405
051157 044330
051555 Q44235
051576 044157
052376 044074
052768 043985
155808 3155822

31

1558 ALPHA

WELCAL 585512
175295 175041
L6989 926989
115115 995083
gu79172 648359
243465 o48778
3917 243581
P49339 puzsis
ZL9859 G48533
52343 GUBLEL
551718 g £48338
251294 243288
251769 243236
@52238 o431638
052694 2uge97
253168 oug0BLs
g53614 ou7542
1735829 175¢41

32

1958 ALPHA

HAVANA 588512
180938 180951
118345 118343
20119 995093
Mme4e FLAAED
Mm159 FAA359
Fho400 B44240
#5600 944120
MoEes 944320
50959 gA3999
©aI309 843759
®asae 43674
BIT1e ga3569
51929 B43439
B1239 gA3390
51420 343200
©ile5¢ 2431400
©1590 942289
189938 188051

33

1958 ALPHA

AGASTA 580512
222208 222228
203318 200316
114115 999003
049073 051226
049178 051153
Q49305 051121
049425 051063
049529 051005
049602 050930
Q49759 050892
Q49873 050844
259950 050780
050082 050758
930205 Q50663
050326 050605
050437 Q50547
050512 050458
050666 Q50437
050774 050386
050892 050324
Q51021 050283
051118 050211
051232 050158
051341 050098
222208 222228

34

1558 ALPHA

AGASTA 580513
243519 C435u4
200315 268315
1p112 833003
ga1127 QuuT L2
247393 244857
gu7626 44971
247877 £45096
248126 245151
Q48395 p45338
648625 gus5412
48873 245528
249124 pUSEUY
ou9384 245753
249633 245873
BLOBU2 245983
250132 Zu6 109
252367 %46230
250649 f46327
250851 248447
25115¢ 246558
251477 Pu6673
851558 246795
251898 246918
252165 ouT012
252442 puT154
052663 247259
252943 g47369
253198 gu7481
253458 P47600
243519 BL43544

35
1558 ALPHA
LINAPU
263648
120379
1ee1ag
gu547%
eus5g30
2us5160
ghs 540
PLe389
ea722¢
47599
oL7500
PLB300
2L86T D
L9020
me395¢
249782
250100
g50502
2508802
g51220
gs5ls2e
@5199¢
252340
253730
25309802
@53484
253332
254220
26 36 48

582513
263712
1263712
999043
gu177o
L2360
Pu2229
L2429
42559
ou2379
L3283
243324
43548
Bu377%
uLeon
PLL23E
ZaL45%
cuLEED
PUus93%
gL5140
Gus537%
Qu552¢
cu58790
Cucose
euc 3¢9
eu657%
GL682L
L7248
gu723¢
963712




36

1958 ALPHA

QOMERA 580513
295427 95521
266351 2663514
114117 555083
248199 252838
248318 852199
248470 252775
848575 852755
Pu8185 852704
248829 252665
248959 P52633
2495075 952594
249287 52569
gu93as 852537
2495488 252485
245578 52454
249740 852428
245867 252398
245588 952361
250110 252320
250242 252280
850316 252257
850585 0522905
250645 2852165
950756 252159
250854 252416
251026 852982
251147 9520855
051261 852211
251413 851972
251552 £534537
g51678 g51511
253795 851869
251534 851836
2520861 g5381e
g52189¢ 251765
852315 2514735
952449 251695
854559 B51676
295427 $93501

NAVAL RESEARCH LABORATORY

_ 37
1958 ALPHA
QOMERA 389513
115847 115921
284350 266351
3115 666203
¥7337 #A2356
7319 242369
#7630 942389
#7879 242350
HE224 952359
28169 842397
#EaSY #42414
;8452 242516
#E687 952416
;e F42426
g5 842433
%9134 942447
#9281 842450
!MI4L6T 942455
349628 942463
#9793 242479
#9931 942483
@5e123 242486
Leceo 842495
5es21 942502
Ba394 242385
wBaATsS 942518
Has27 842523
wie13 #42533
1233 942541
®H1378 9423484

1559 842552

1716 242571
1888 $32579

52853 B42585

H2225 242595
PB2393 | 0942692
w2568 842615
©2739 #42622
®©2213 §42638
115847 115921

38

1958 ALPHA

ETSTEW 588513
124238 124255
#19319 #19319
189120 999993
#1865 942394
2789 942535
3785 342728
Ma629 942923
MO36T PA31e2
EaTe #43295
MT483 943489
ME333 #A3688
P45261 #43889
3199 gaag91
©B1118 344294
B2as2 Ba4A96
2964 244711
B388A F44923
Hase0 #5132
®5716 $43339
6622 43368
©7352 #4379
124238 124253

39
1958 ALPHA
FTSTEW 580513
144310 143332
019319 019319
105105 9995003
044239 061108
044865 061053
Q45454 06Q9952
046038 060939
044629 060878
047227 060822
047812 060758
048401 060695
048960 060635
049575 060570
050135 060502
Q50711 060437
051333 060371
051916 060305
052494 060241
053082 060163
053656 060105
054229 060040
054802 059967
055379 059875
055949 059822
056529 059763
057065 059684
144310 144332
1958 ALPHA
NELCAL 580513
163544 163536
927988 227989
102106 9995823
246921 258968
P47573 258947
pL8244 958920
248917 g58893
249588 758871
950257 $58852
59928 258824
951595 #5883
952261 g58115
952929 258746
953590 9538718
954232 258697
254905 258659
163544 163556

13

4|

1958 ALPHA

HAVANA 589513
164427 164439
124347 123348
118110 9995083
248340 276750
B48620 276649
PugoLDB 276540
949250 B75430
Bus569 P76320
249870 276220
250128 276420
850440 276000
850790 275859
951080 275779
251380 075660
@51630 @75548
g54970 275440
164427 164439

42

1958 ALPHA

LINMAPU 588513
205936 205948
1028360 122360
115115 888003
gasuso 250250
P4958¢ 250220
245658 g5¢140
245820 250¢7¢@
249940 24595950
850060 24591¢
258150 245830
050260 249760
250380 245680
250450 245600
P50629 2495302
050700 gaSLEe
p50839 245380
285936 2085948

43
1558 ALPHA
SNTAGO 588514
2115085 211516
186347 180347
115115 995083
850856 2496951
250729 P49691
258548 2495691
250400 0456952
250248 245692
250055 849692
249945 gLu96§93
245752 PLSES3
249545 2495654
B49483 249654
049333 849695
249195 249655
211585 211516

-

Py
e




44

1958 ALPHA
OOMERA
104143
266351
114117
047783
047918
048062
043205
048349
048473
048611
Q48773
0489507
045053
049177
049315
Q49433
043603
0495741
049863
050022
050144
050259
Q0421
Q50554
050694
050837
050970
051107
051280
051420
051539
051670
051824
051969
052093
052231
052401
052536
104143

580514
104217
266351
555003
043973
043955
043540
043930
0439504
Q43897
0438717
043870
043850
Q43840
0433820
043805
043799
043784
043775
Q43360
043732
043728
043718
043735
043685
043674
043663
043650
0436490
043634
043618
043601
04359Q
043579
043566
043550
043543
043532
043512
104247

NAVAL RESEARCH LABORATORY

45
1958 ALPHA
QOMERA 580514
124545 124617
266351 266351
115114 666003
Q47223 Q49687
047400 049731
047581 049764
Q47746 049308
047928 049856
048070 049900
048238 049933
Q48444 0495969
048611 050015
048784 Q50045
048983 050059
049149 Q50135
045310 050178
049475 050206
049637 050281
049819 550259
030007 050340
050189 050377
050379 050432
050561 050467
0507641 050512
050942  05Q560
051105 050590
051285 050653
051431 050637
051615 050724
051774 050764
051952 050811
052145 050847
052320 050501
052508 050932
052687 050977
052860 051033
053023 051047
124548 124617

46
1558 ALPHA
NELCAL 580514
152116 152122
9299292 928989
135105 999033
Pus5263 253929
246173 254029
247397 254128
ou8023 954228
U848 254339
249867 254436
250793 ?54531
251714 254639
@528 34 254724
253541 54837
@54457 g54924
255365 955314
256269 955108
152110 152422

47
1958 ALPHA

FISTEW 580514
152915 152939
218316 218316
105165 995003
Qu4249 939516
244754 235401
245249 23928¢@
P45734 939149
256219 235033
PUGETS 038923
247193 938805
47610 038674
aug120 938556
248681 838452
245169 238345
249629 238230
2521295 938118
258689 $38002
851875 #379581
g51532 937728
9520852 937688
g52497 937571
953983 237453
253458 937368
753588 837273
254390 8371760
254813 837863
255318 236982
2557592 036883
152515 152935

48

1958 ALPHA

NELCAL 580514
172143 172155
928985 929950
105105 9995003
047427 044216
048005 044106
048573 043988
049147 043884
049722 043782
050291 Q43679
050856 043570
051424 Q43469
051950 Q43369
052550 043271
053113 043172
053666 043067
054230 042974
172143 172155

49

1958 ALPHA
HAVANA 580514
173136 173189
124350 124350
120120 777003
Q48800 035500
045030 035380
045300 035240
049550 035100
045820 034960
050060 034860
050320 034720
050560 034640
050830 034480
051060 034360
051320 034260
051590 034140
051850 034920
052040 033900
173136 173149

50

1958 ALPHA

QUITOE 5g@584
153541 193953
g76350 g8e350
12¢115 7770L3
Gu97 37 Puc809
PLIGTO 2us70¢
gserle PLSSQL
250140 Pu46500
g5p270¢ gushee
Z5o4u1e CLS3 60
@50550 Q46220
750689 CLs1o0
g53810 Gus000
g50999 245910
251938 245820
51230 Bu572¢
251368 845620
153941 153953




51
1958 ALPHA
AASTA 589514
215155 21521s
H2316 202318
115115 995493
Ms923 957320
#5047 947258
$B9164 #a7216
Mo2o8 M71¢1
MI395 247196
#3593 57963
#9620 947045
PST4T F46945
MOEe2 956892
@977 946838
aae75 PJ4ET8S
®ialsg 946725
©a259 g46683
Has98 256614
w538 d465¢66
HIe53 #46500
©a76d #46441
HIRTT 946408
[ T 3-8 46355
1187 46308
215135 215214

52
1558 ALPHA
SNTAGO 582514
235743 235801
178340 188350
120125 995823
251046 $52485
250512 052468
250397 $52436
1770777 777777
259623 252409
250485 952389
107777 177777
Vg 44 Ve e4
BLS98E 252337
249850 252305
245712 £52239
/777¢7 170777
2hQ442 252254
#5315 252233
ou5281 §52213
7777077 1770717
QuB923 952170
8786 952462
048657 252137
235743  2358¢1

NAVAL RESEARCH LABORATORY

53

1558 ALPH
LIMAPU
0834
120378
125125
guec 5603
2us85%
L7150
QuTLSD
PuT759
LG50
ZUE360
BLBSTY
L8579
2452692
249549
49858
250159
@50469
2503¢0
@5113¢
251430
251738
252042
052340
252649
252548
35326¢
753589
#53380%
260804

589515
760328
120379
588003
256279
256499
258892
256500
25712¢
257310
257529
257738
B57960
#5816¢
958372
$5859¢
258300
2550820
259289
B59429
2595642
259339
P6222¢
069238
gepuus
260640
Ze0sTd
26128¢
261280
269828

54

1958 ALPHA

OOMERA 588515
092423 292436
266351 265351
113117 555003
948921 2508314
248140 250309
oug25¢ 250783
gugupl 250732
248522 0508716
248645 250688
248778 250653
248856 250626
D45238 250600
8491549 258565
2495274 25@533
P4S384 250528
49496 250474
D49640 250440
249755 250419
0458951 850383
950213 753351
256136 9508320
050240 8508295
250382 @50269
B5¢589 g5g242
250648 050203
250748 250173
250876 258152
85¢995 250113
251154 25008¢
@g51256 252040
851367 250832
251519 gu9993
751636 gu5975
251757 ou9SLy
951883 245519
£52019 249889
952152 249854
2924083 292436

55

1958 ALPHA

HAVANA 580515
101257 101340
124348 125345
090110 999003
Q43880 050170
044900 050720
045850 051220
046900 053730
Q47900 Q52230
048900 052740
Q49910  Q5324Q
05095Q 053750
Q51990 054260
05299Q 054760
054000 055260
055020 055760
056010 056240
057010 056740
101257 101319

i5

56

1958 ALPHA
QOMERA 580515
112841 112514
265352 266351
113118 555003
047813 043394
047953 043413
048052 043426
048240 043425
048384 043454
048521 043458
Q48674 043475
Q48820 043460
048986 043490
Q49111 043513
Q49259 043515
049380 043520
Q49543 043534
045721 043559
0459857 043569
049995 043580
050144 Q43599
050279 043405
050424 043616
030570 043630
050740 043641

050886 043644
051012 043663
Q51181 043678
051072 043789
051451 043702
0531614 043715
031762 043728
051910 043730
052092 Q43756
052220 043767
052355 043781
052535 043785
052686 043798
112841 112514

57

1958 ALPHA

FTSTEW 580515
121400 121414
Q18316 Q18315
102104 888003
Q41665 050416
042751 050605
043782 050781
044871 050583
045973 051166
046958 051355
048107 051560
049185 0531759
050259 051955
0513314 052145
052393 052340
053472 052534
Q54530 052719
053553 052514
056666 053114
121400 121414




16
58
1958 ALPHA
FTSTEV 580513
141419 1431439
016313 016313
102105 925003
Q42647 060013
043431 059925
044110 059838
044817 039749
045536 059662
046290 055572
046537 059483
047640 0593958
048439 059305
049121 059208
049793 059107
050517 059018
051257 058918
052002 058812
052677 058704
053377 058615
054077 058502
054742 058405
Q55461 058299
056189 058173
056839 058089
141419 141439
59

1958 ALPHA

MELCAL 580513
168633 168747
REIET 928988
182163 995093
Mm5785 §59281
me397 959247
#7412 859189
#E226 #59147
#9932 255099
;o846 §59030
BaeSS 358984
#1453 958928
B2262 458879
w3978 #5881¢
©s3871 858739
BLees 858691
VLT 958639
69655 160787
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60

1558 ALPHA

LIMAPU 580515
202933 202547
102370 100379
112119 838023
249130 244108
249300 244230
R4S420 D43960
249540 243380
PusS662 243813
249792 ou3732
845510 Bu365¢
852320 Pu3579
250149 243500
250260 243420
250399 P43340
250500 B43262
50639 243130
250750 943110
250870 243030
202933 202947

61

1558 ALPHA

QUITOE 588516
265524 265536
850355 P50355
115117 888203
9471799 P5031¢
248040 850552
PLBLLY 250360
248800 951125
245130 $51380
B49370 p5167¢C
24959570 251950
259330 g5221¢2
258735 25243¢
251120 252730
251480 253080
251838 B53340
952160 53598
9655324 $65536

62
1958 ALPHA
QOMERA 588516
wi1ie 1901143
228333 268353
14118 555883
B9 #a337¢
gho126 243563
MI246 B#43346
;o360 #43533
Ko5a9 943325
#BI620 843522
#o159 $4351A
2899 943895
a3 243494
Holes 343486
®I287 F43473
Boes20 d4345608
BI553 #43575
HBe180 843452
©wagie §434A435
w®eoed $43420
©1087 9533528
w1217 943418
B1341 243506
180 g4338a
®ie2¢ #43387
1748 #3380
L1876 943373
52002 843333
w2i2) #43337
52263 243562
#52405 #43346
52339 #43351
2660 #a3327
©28a0 943317
B2528 843315
$s3855 BA3399
53181 943298
wo31e 43294
#1319 181143

63
1958 ALPHA
AGASTA 580517
233626 33636
281316 201316
111115 995003
259323 258372
245501 258451
249676 858572
249858 258679
250844 P58769
050232 058878
952416 258967
252501 255048
2528781 25917¢
50951 259268
251151 259367
933626 933636

64
1553 ALPIA
FTETIU 580517
114459 114515
019316 019315
190190 833003
040665 057399
041669 053129
042841 053511
Q43577 053500
045121 053685
046212 053858
047420 059036
043575 055213
045729 059373
050873 059540
052029 059702
053176 059350
054321 060004
055459 060143
056616 060265
057791 060408
055359 060551
114459 114513

65
1958 ALPHA
MELCAL 588517
153746 153800
L1989 227989
132095 995083
#3268 958365
#4219 #58215
#5133 #58183
B6@95 258899
M7I051 258009
#7996 457928
8965 957848
25906 257139
®Haees 257665
51824 957379
®»2779 @57482
H3120 9357369
LLe66 @957292
ese20 957197
©6338 257985
153746 153808
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1958 ALPHA

LINAPU 588517
155913 195532
116316 118370
115115 177203
2496992 237480
gu9738  B3T400
@u9868 937330
P49998  B3T25¢
@50120  §37130
250250 037100
0503858 837920
g50510  ©36950
250648 036880
050768 036809
250398 636730
251620 036650
751156 236580
951270 036500
GB1408 836440
155918 195932

67

1558 ALPHA

QOMERA  58p518
072453 973527
268352 267352
112116 666003
gus1S6  B6O6TT
g483511  P60630
ﬂasgég #6575
g48555  P6B54S
gLECTS  B6E583
GLET95  D6PLES
g48922  @6PLES
GLSOLL  P6P38D
gu9161 962337
g4oR73  @60253
PuS373  D6P269
G4S517 060202
P4S635 060162
GLSTST  P6P118
BLS8S2 @6¢ggﬂ
050009  6BP3S
@50138 859995
@5@43  B59548
@50343 859922
g50485 959867
g59607  ©55808
P59726 855777
g50832 959752
P50965  B55683
@51088 959644
g51281 859596
05339 859561
85344 #59507
@53571  @55465
a5} 69; 255421
85483 @59 386
§51947  @59335
zsée§5 $55254
952192  @55247
§52298  ©59218
073453 873527
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1958 ALPHA
AGASTA
205024
202316 203347
117118 868003
Q48747 040336

580518
203049

048863 040280
048996 Q40234
04909¢ 040200
049241 040138
Q49352 Q40055
049481 040043
049634 Q39928
Q49722 039946
049852 039892
045980 039851
050050 039820
050228 Q39741
050345 033700
Q50486 939562
050521

Q50713 039561
050837 039503
050958 039474
031058 Q39440
051198 Q39374
051312 039327
051430 035287
051398 039238
051695 039158
Q31808 039131
205025 205042

69

1958 ALPHA
SNTAGO 580518
25548 225690
177338 177338
115115 888003
£21442 259729
254303 050682
251216 250678
854016 85067 4
250965 058678
250811 250665
250708 250649
859518 250632
850431 250613
250328 950602
250290 250590
250016 850585
849966 850576
25548 225609

70

1958 ALPHA

FTSTEW 580519
111541 111534
019317 012314
100105 888003
942230 064073
043350 064245
Qa44950 064396
045630 064538
046770 Q646835
047920 Q64829
0495060 064956
030210 065088
051350 065211
052490 065328
053630 065454
Q54770 065538
055510 065635
057030 065739
‘111543 111558

71

1958 ALPHA
NELCAL 58519

130315 132828
28988 923988
121¢0 999LL3
9L3364 £39016
244952 239197
248859 239343
gu7159% 239523
248274 £397¢8
249331 239906
@50563 g4ees1
51522 249293
252747 243492
853874 Z42689
254984 gazoll
956103 241126
257215 241344
132816 130828
T2

1958 ALPHA

FTSTEY 580519
131550 131603
Q20518 020318
162102 888003
Q42201 051121
Q43896 050937
044801 050748
045904 050557
046508 050568
0479502 050162
048908 049983
049904 Q49792
050875 045605
Q51928 Q49420
052872 049231
053810 0495045
054895 048354
Q55864 048675
131550 1531603

iT

73

1958 ALPHA
HAVALA 530518
151641 151654
1243550 124350
1806100 255000
Q47580 059620
Oﬂ7u40 058580
o4uw 0535110
OLLO 058310
049610 Ozu)‘lo
Q50190 058280
Q50760 Q578950
C51340 037700
051900 057420
052500 057160
55040 056850
055610 C55800
C54200 056300
C54760 056020
151641 151654

74

1858 ALPIA
ACASTA 580512
155142 1932907
201317 201313
120121 665003
QUTHGY 062131
0435G1 082953
Q43615 081975
Qu3777 061541
Q43910 061369
0495069 061735
Q43134 081874
C4%31s Q61351
042458 Q61543
049537 061485
Q43714 0513565
Q49313 Q813519
0499283 Q¢l254
Q5Q135 041132
050252 081094
050400 051027
Q50549 060956
059873 060377
05321 060757
050954 060723
0510383 060653
Q51219 Q80575
051362 060495
Q51455 Q60424
051634 060594
0)}777 Q50261
ish1s2 195207




18

75

1958 "ALPHA
LINMAFU 58520
035100 235114
BTe370 276370
11ci10 888203
Quog7w 234500
249220 234590
045380 234680
gassug B34766C
2497¢¢ @3485¢
EL9860 @3494C
£45¢1¢ 235020
058170 g3511¢
850330 935200
250490 235280
850650 235300
950810 23547¢
g50960@ 035560
g5@12g g3564¢
250250 835730
335129 35114

76

1958 ALFHA

OOLERA 580520
270340 gT7%u14
281349 281348
129121 6662083
gugzse £58394
PLZ26% 53345
P48335 F5839%
Z48475 258260
gL3510 58215
248735 258139
P483859 25814¢
ou8975 2581re
245110 058260
Gu9240 z58520
gusS37¢ £57975
P49500 @5793¢
ou9625 257389
P49758 257840
249880 657300
P50000 57760
g5012% 57720
252262 @57675
950395 £57625
25053¢ 257580
050660 257535
£59795 £57485
#50925 257435
g5103¢ $57395
251173 £5736¢
951300 257315
51435 257288
G51550 85722¢
851650 257180
251885 857135
251540 257285
952055 57040
252195 @57615
952325 256965
252466 256925
272340 gTCuly

77
1958 ALPHA
QOMERA 582520
298346 go¢920
231349 281349
116116 5550¢3
048268 P4 3224
oug8394 Z432¢5
48520 Pu3200
Pu8ELS g43195
oL8753 243195
PL8334 243152
249087 043150
249135 43185
P49263 243185
ou9377 243185
gu95¢5 243130
Pu9635 243130
Pu9766 ou343¢
249338 Pu318¢
950016 ou3180
@52135 p43180
250272 243135
250383 43385
950525 gu319¢
B50645 #43195
350759 o43200
50794 Pu3200
251010 Pu320%
251130 243200
251249 Fu3200
251389 G43220
251500 243208
051633 eu3200
@51755 943195
854880 943195
952020 P43150
252140 243190
952260 043390
952379 043195
952500 243195
290846 250920

78
1558 ALPLA
FTSTEY 585528
1255482 1553568
915316 720313
154156 585533
oL2343 335741
FL3I234 330868
pLu119 233995
BLSHL5 531192
pLSSSL 31359
246593 931537
PLTES3 331128
242752 231512
545695 232119
PSI6L2 332325
351587 432545
@5253S 332765
353452 532999
I5Luyil 333219
3553968 ¥33464
Gsau2 134256
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79
1558 ALPHA
OOLiEZRA
111349
281349
113119
Q48295
oa3415
248545
o4357¢
043792
248932
24905¢
249169
249322
049437
849559
249695
949815
2495941
958115
250245
952365
g52483
g5¢594
G50735
252869
50995
251139
251255
251386
g51511
£51626
251749
251881
252042
852147
252285
0952426
252548
252684
111349

80
1958 ALPH
FTSTEU
122355
depll6
155135
e 174
343248
J4b31€
Jusuis
46538
PLT653
PLEESS
BLITHS
dSuSoh
w>2ape
253074
254186
235282
956533
124655

530528
111423
281345
444803
G656 456
756515
256560
256615
£56660
256729
256748
256735
256830
056887
256515
£56955
057900
257855
25728¢
#51125
257155
257224
%5724%
$57285
857335
§5738¢
@57420
257470
257515
957568
G57628
£57645
257650
857725
257775
$57325
257370
257915
257960
111423

A
55952
120156
315312
856353
471575
#71925
871535
371897
571875
571835
271752
971745
371653

371627

871546
871478
D71395
371237
12108
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81 82 83
1558 ALPHA 1558 ALPHA 1658 ALPHA ot
PANTIG 58¢52¢ QUITOE 58522 ™
149636 140654 180536 180947  {1mapy 580520 e
182296 182296 @BE36O  O8D56T  ygigie 151034 &

116125 7779003 125127 666083 pep3gp @82 330
Q45158 g76923 949235 221415 11511g 883023
Pu6230 276744 B4S425 221320  gugseq 261850
Que696 076497 49595 021240 gigr.g  ge7760
pu7167 676281 949765 021155 gugo3g 267640
B4T636 P76851 £49540 221279 gyo1op 867508
248117 $75839 250125 220595  gu930p $67 380
848592 275611 050250 222910 gusugp 067248
pu5971 275372 ©50450 22L835  guoggy 667120
§49551 975128 £5€62¢ £2C760  guogep 267200
852030 g74515 950785 020680  gsppep 266878
50989 74438  @51360 Lackus  gspuop BESELO

g51954  ©73543 @50772  P66360
g52445 73668 250968  §66220
952918  @73442 951160  P6&P8D
g53408  @73187 251348  P65960
@53894  ©72917 @51540  B65840
254373  @72666 @517¢¢ 065720
140636 140654 251508 065698

952080 065472
052260 265348
252450 gs521¢
252620 965080
252800 264960
2530082 P64L820
18191¢ 181234
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The following are additional data for the 1958 ALPHA messages:

Message Meridian Crossing | Elevation ResiQuals*
Number Time Angle (Radians)

Hr Min | Sec |Deg| Min| East-West North-South
1 03 58 |04.37| 89158 {-1.7713652,-03| 9.2905038,-04
2 18 00 }28.43 | 86 |0IN| 7.9299232,-03| 3.4896144,-04
3 20 02 |30.52 | 82]|41S | 6.7409385,-03 [-4.6772269,-03
4 02 42 (48.48 1 89§ 26N |-2.8358841,-03}-2.0532088,-04
5 04 45 109.97| 78 |51N|-1.1703605,-03| 1.7587176,-04
6 12 10 [24.64 ] 85]28S [-1.6559963,-03 |-6.5175234,-05
7 14 13 109.10 | 8110S |-2.5502007,-04 |-4.0064251,-04
8 16 45 |57,20 | 79|59S | 4.8996583,-03| 2.7666396,-03
9 18 47 119.33| 87|09N| 3.7971466,-03| 6.6711450,-04
10 18 58 109.29 | 83 |11IN| 1.1964892,-03| 6.0955644,-05
11 19 07 109.26 | 73|55S |-3.2828656,-03| 1.1459503,-03
12 21 07 |26.71| 71|53N|-1.2901911,-03| 1.4659321,-03
13 23 17 155.48 § 71| 23S |-2.4457754,-03] 9.2206260,-04
14 03 29 |56.09| 89]|41IN|-6.9401663,-051-1.2218798,-03
15 10 53 |53.83 | 82| 36N |-8.8596587,-04| 4.5070890,-05
16 12 57 139,40 | 79|11S }-7.6945544,-04 |-4.5927125,-04
17 15 40 [08.99| T79|42N| 5.1662008,-03| 1.5847291,-04
18 17 32 | 34.09| 84 {00N| 2.7676987,-03| 8.8490918,-04
19 19 34 |15.82 | 77]54S |-1.6315422,-03| 2.9299978,-04
20 21 58 144.62 | 78 |06N|-3.0790930,-03| 1.2153105,-03
21 02 14 108.82 | 89|43S |-2.1893797,-03|-1.3204948,-03
22 16 18 {02.83 | 84 |24S |-5.9375684,-04 | 1.8725835,-03
23 18 19 104.98 1 88 |57N|[-1.3248910,-03] 2.8463301.-04
24 20 38 [31.25} 78 |56N|-2.5607382,-03| 5.5822846,-04
25 03 01 §10.81 | 88 23N |-~2.1443756,-03|-2.2365681,-03
26 13 11 j04.65 ) 76 |00S [-1.4938579,-03| 2.5221919,-03
27 15 11 {52.28{ 79 (06N |-6.8254781,-03| 5.5725278,-04
28 17 04 |20.74 | 82 18N |-9.6252430,-05| 3.3400626,-04
29 15 49 149.36 | 89|16S | 3.0559127,-03|-3.7373362,-03
30 15 58 {14.12 | 84 [03S | 8.0003074,-05] 3.5106088,-04
31 17 50 [35.22 | 87 ([54S | 2.9312942,-04| 1.5251128,-04
32 18 00 | 45.55 | 82 [54S |-2.1856838,-04| 3.2443921,-03
33 22 22 116.62 | 89 |57S |-1.0960694,-03| 3.5539054,-03
34 04 35 |30.64 [ 85{03S |-1.5137052,-03|-1.5903779,-03
35 06 37 |102.07 ( 83 |41S |-4.0520769,-04 | -3.7091363,-03
36 09 54 [42.48 | 88 |26N|[-1.9223853,-03| 1.5831372,-03
37 11 59 [04.31 | 81 |17S |-2.8863948,-03| 2.9773928,-04
38 12 42 |46.32 ) 8310S | 1.6200178,-03}-1.8316186,-03
39 14 43 119.01 | 79 |17N| 6.3293075,-05 |-7.2335288,-04
40 16 35 [49.98 { 81 |09N {-1.9630503,-04|-1.3551106,-03
41 16 44 | 34.65 | 62|18N|-5.5354172,-04| 2.1620360,-03
42 20 59 |45.06 | 88 | 35S {-9.3016595,-04 1 1.8141579,-03
43 01 15 104.79 | 89 (235 |-1.7867973,-03 [-2.7368556,-03
44 10 42 ]00.22 | 82355 |-1.2374862,-03 | 9.9839654,-04
45 12 46 |00.93 | 89335 {-1.4888698,-03 [-3.4374248,-04
46 15 21 }16.13 | 85 | 39N |-5.3299544,-04 [-2.5015654,-03
417 15 29 125.88 | 771158 | 8.5432635,-05| 9.5703871,-06
48 17 21 |49.13 ; 82528 {-7.4176469,-04 |-8.0612534,-04

(Cont’d)
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Meridian Crossing|‘Elevation Residuals™
Message Time Angle (Radians)
Number
Hr | Min{ Sec |Deg| Min| East-West North-South
49 17 31 |43.38 | 73 [14S | 3.5941589,-04 1.3870641,-03
50 19 39 |47.45 | 85 |06S | 3.0984827,-03 5.5562028,-04
51 21 52 ]04.81 | 85 |318 |-1.6252508,-04 7.0041352,-03
52 23 57 | 44.47 | 87 |44N | 1.5356476,-05 -1.4046730,-03
53 06 08 | 17.10 | 81 |34N |-9.1479264,-04 -6.1755094,-04
54 09 24 120.35 | 89 |30S | 3.9331328,-04 3.8736971,-04
55 10 13 103.70 | 86 | 38N |-8.4183388,-04 -2.0746020,-03
56 11 28 | 57.37 | 82 {288 | 6.7454012,-04 3.0355411,-05
57 12 14 ] 07.36 | 88 |28N | 5.3375656,-04 -2.2256118,-03
58 14 14 |} 28.64 | 80 |47N | 7.9864896,-04 -1.7589344,-03
59 16 07 {01.32 | 81 |OON | 1.7362184,-04 -1.6375819,-03
60 20 29 | 43.93 | 81 |57S | 7.5831618,-04 -4.6947640,-04
61 06 55 | 31.64 | 88 [23N | 4.7733369,-03 5.5735800,-03
62 10 11 1 26.88 | 82 [17S | 8.9913195,-04 4.2261416,-04
63 03 36 |30.11 | 81 |39N |-4.4165807,-03 -6.7988492,-03
64 11 45 | 06.89 | 80 |33N | 1.8903305,-03 ~7.2436200,-03
65 15 37 | 54.05 | 82 |23N [-2.9905830,-03 4.7879052,-04
66 19 59 | 24.99 | 75 [12S |-5.1931636,-03 7.71742090,-03
67 07 35 109.38 | 80 | 22N |-6.8649490,-03 4.1521635,-03
68 20 50 | 34.65 | 78 |27S |-4.3908421,-03 3.1300011,-03
69 22 55 |1 52.38 | 89 [36N | 2.1823089,-03 -4.9336144,-05
70 11 15 | 47.44 | 74 [30N | 9.6745789,-03 -2.0085222,-03
71 13 08 |22.37 | 79 {178 | 9.1036072,-03 -2.7703372,-03
72 13 15 [ 56.97 | 89 | 255 | 6.1421382,-03 1.8163563,-04
73 15 16 | 46.82 | 82 |01IN 7.3655173,-04 | 2.7839596,-03
74 19 31 154.43 | 79 [04N |-3.1282482,-03 4.8587174,-03
75 03 51 110.70 | 73 [33S |-2.4815486,-03 -2.4232288,-03
76 07 03 | 56.45 | 82 |47N -7.1368709,-03 | 2.0844677,-03
™ 09 09 101.53 | 82 {028 |-5.1531147,-03 3.2418767,-04
78 10 00 | 49.86 | 70 | 35S |-7.4227293,-04 -2.4922722,-03
79 11 14 ] 03.85 | 83 |23N -5.1526268,-03 | -1.2744429,-03
80 12 01 }01.79 | 67 |04N |-1.5616600,-03 -9.3294638,-04
81 14 06 | 45.24 | 63 | 11N |-2.4018757,-03 1.8616972,-03
82 18 09 |43.74 | 56 [45S |-3.8591941,-03 2.2048314,-03
83 18 10 | 20.32 | 73 |30N |-4.3124200,-03 3.2866427,-03

*The last two numbers following the comma in each residual indicate the
power of ten by which the residual should be multiplied.
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Appendix B

MINITRACK DATA MESSAGES FOR
1958 BETA

The following are thd data messages for 1958 Beta during the period 7 May through
20 May 1958. Message numbers located immediately above each message will be used
to correlate that message with the appropriate meridian crossing time, elevation angle,
and residuals given at the end of this appendix.
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1958 BETA

HAVANA 580507
000020 Q00034
150363 139364
122122 177777
050080 032980
030160 052940
050220 052900
Q30300 052860
Q30380 052820
050440 Q52780
050500 Q32740

051050 052420
000020 000034

2

15358 BETA

QITOE 586507
2u112 gaul2y
QB340  @TL3IS0
125125 555555
g5023%  ou4kS10
g50280  BuLBSE
g50340 Q44820
g50400  Qu4T30
250460 oun730
750510 ou4650
g50518 044650
g50620  BLuEEO
G506 8¢ DL4560
g506740  G44520
g50799 PuLLTD
g50358  @LLL2D
g50920 QL4380
Z2u112 g24124

3

1958 BETA

HAVANA 580507
172030 172043
144364 142364
315113 177005
048160 062160
048549 062300
048730 0462430
Q45069 062560
049359 062600
049669 062840
049980 062939
030280 043089
05034Q 063220
Q50839 043340
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4

1558 BETA
QOMERA
1506152
287353
112115
Bi7eta
BLEDSE
248274
guE567
48819
045122
249 307
949571
24589
95006
956320
50541
850795
951074
254318
251510
254828
252060
52345
852532
052829
253150
053331
953627
953874
954128
254380
854613
GSLEZE
55158
8553592
655697

655894

056215
199152

5
1558 BETA
NELCAL
215856
528988
124124
249681
/7777¢
9926
250238
950500
750685
250820
250912
251150
51370
951593
251794
251538
952065
215856

580507
159226
286353
771777
040453
240463
949514
BLB535
240592
040633
PLBETE
2407249
oL0775
240785
pL0o818
840859
240856
BL2S33
GL4e5 8l
241027
241039
Pu1092
94%145
ou1152
941228
243241
241304
P51358
aa;uzz
@4 34uL
243473
a#}szz
P41572
LL1685
241648
241718
B41727
ﬂhiZSI
941836

19g22¢

580597
215989
928983
8880025
255647
777777
233664
255682
255733
B55774
17777/
LLddLs
955782
255792
£5581¢
£55835
17777/
#52868
215989

6
1958 BETA
NELCAL 580508
002452 002505
928987 926989
121118 EI80Q5
050209 047546
050345 047496
LLL7L7 lL777/
QaQ2a2 Q47433
050684 Q47421
Q5Q792 047407
050885 Q47355
051022 Q47322
Q51115 047281
051233 Q47254
174017 11747/
Q23433 Q47324
051565 Q47188
Q51646 Q47985
002452 Q025Q5

7
1958 BETA
HAVANA 580508
004300 0045315
141365 141364
125125 117005
030100 034080
050160 034040
050220 033900
050280 033930
050340 033920
Q50400 03388Q
Q50460 033840
Q50300 033800
030519 033760
Q3590620 033730
Q30680 03370Q
050749Q 033660Q
030800 033620
030860 033580
050920 03355Q
204300 Q04314

8
1953 BETA
SNTAGO 580508
082547 082601
175339 174338
125125 555005
050750 048040
050520 048070
050300 048100
05Q069Q 048130
049830 04816Q
045600 048200
Q49370 048230
Q45130 048260
Q48950 048290
048680 Q48320
Q48450 048350
048220 0483990
047999 048420
Q47740 Q48460
047520 Q48480
082547 082601

23

9

1958 BFTA

AGASTA 580508
104935 105000
196310 196310
110112 888005
Q45538 048727
Q45955 Q48984
246337 045129
Q46739 QL9385
047072 049553
QLT 449 Q49765
Q47821 Q49967
Q48185 Q50144
Q48508 050347
Q48941 050528
Q49315 05Q721
049747 050966
050076 051124
Q50455 051201
050869 Q51493
051211 051684
051511 051890
Q51979 052103
052350 Q52300
Q52709 052487
053104 052686
Q54483 052886
Q548178 053089
055264 053282
Q55648 053477
056097 053693
104935 105000

10

1958 BETA

FTSTEW 580508
180025 180038
Q17320 Q16319
115115 5550905
Q47630 039890
047510 Q3995Q
048170 040060
Q48420 Q40160
048700 040250
Q48570 Q40350
Q49250 040450
049500 040540
049780 040640
050050 040730
Q50300 04083Q
050550 040930
050810 041010
051040 041050
180025 180038




(
1558 BETA
QOWERA
154106
262354
1¢g111
045270
45520
PL5760
GL6H30
PL6320
FLE 600
Cu6855
PLT150
guTLED
047730
BLEDLE
BLE320
OLESS @
g4887 0
Cu917¢
PuS 425
649685
PL9S 50
G50260
gE0530
G5EE2R
951115
053400
253675
651950
052220
652500
£52760
G53050
$53335
53635
$53528
954220
G54 580
154106

12
QOTI BETA
NELCAL
201429
28588
114114
25681
2499560
250243
250624
250755
250987
@51287
254554
251836
252082
w2422
952595
952865
@53142
201429

580508
1545135
262354
777005
§54270
#5360
@544 55
@54 550
@54645
G54TLE
P5LELD
@54230
g55010
$55100
955200
#55285
#5530
g55480
#5555
255700
955800
855500
056000
#5689
256180
256260
#5636p
256460
956560
756660
#56760
756860
756260
B57050
#5714
95740
257340
257425
154139

580503
201422
927988
883¢L5
234347
G34446
234528
D34666
234747
234859
234936
235029
235131
035232
835290
/77777
832537
935630
201422

NAVAL RESEARCH LABORATORY

13

1958 BETA
ETSTEW
202450
017321
120122
408270
Q48750
048890
045050
049210
045380
Q49540
045710
045860
050030
050170
Q30340
050450
Q50660
050820
050970
051130
053280
051430
202450

14
1958 BETA
NELCAL
223826
929989
121121
QU166
P49@32
2522883
250273
2506458
50557
252783
252944
251273
254297
gotul2
251532
254747
251936
252659
@52261
233826

580508
202508
017321
555005
055080
059070
059055
055040
059035
059020
059015
055010
059005
038995
058980
058970
Q58960
058945
058930
058920
058910
058820
058880
202508

586508
223341
928988
999285
B57174
257468
g57165
257147
257136
57154
857124
057163
g57123
257999
257289
257094
257086
257292
£37965
257835
233841

15

1958 BETA
HAVANA
225143
142362
120120
2495550
950858
858110
250200
850300
858392
252480
259582
850689
850768
052860
250950
251050
951168
225143

16
4958 BETA
FISTEW
225217
017320
120122
049221
049329
055430
049501
049580
049672
049754
049843
049942
050011
050080
050160
030279
050351
050443
050507
050610
050692
050769
050880
225211

589598
225156
146362
777885
P63758
863750
963718
06367¢
963630
963388
963549
£63500
863468
263430
063389
063340
863380
963259
225156

580508

225236

01732Q
7717005

036201

036187

036122

036088
036060
036048
035572
035950
035920
035875
035850
035820
035780
035753
035709
035680
035650
035592
0335590
035568
225236

17

1958 BETA

NELCAL 588509
219532 818546
926988 927988
122122 771895
€50258 £36261
850232 836232
050384 936188
58588 936168
250338 £36125
050643 236978
250831 936065
e50783 936015
858916 835977
£51091 935965
851079 835923
051174 835888
51317 935851
851337 935818
251469 835754
219532 19546

18

1558, 3ETA

QUITOE 580509
712954 $13006
855350 085356
131132 6663L5
g5G368 261675
g50420 261539
956460 zslses
250525 261548
£50575 261500
750625 g6iuse
250630 261420
258735 264375
250735 261330
25os4D 261250
g5E895 661258
250545 261208%
259995 961150
@12954 21380s

19
1958 BETA
SNTAGO 588505
258563  £50514
194365 194365
110116 995905
§52362 959599
$52027  B59677
P51788  £59651
951556  $59837
#51315  $55919
251027  £59988
950888  P608GH
856555  £68917
950288 068225
258056  P6P292
#49758  B603TT

- 849643 geb44s

258583 256514




20

1958 BETA
HAVANA
161532
124349
110115
048030
048360
048760
045150
049540
045940
Q50330
050740
051120
051460
031500
052300
052700
053080
161532

21
19558 BETA
ETSTEVW
183547
217347
118148
947639
247895
PLTSCE
048249
248582
248833
p489569
049234
BLO42R3
049795
249922
250166
258420
959754
250878
951187
251346
251684
951823
R52875
252382
-@52617
952788
1839547

580509
161545
125349
777005
036400
036600
036800
037030
037240
037460
037670
037500
038120
038320
038550
038800
035000
035230
161545

5806599
184905
17318
888095
855240
855334
855347
@554085
955430
955471
955494
855579
853584
255689
855683
955721
855772
255891
855854
955891
855927
855958
p560082
956833
956892
856104
256139
184099

NAVAL RESEARCH LABORATORY

22

1558 BETA
BPOINT
1841086
360325
121121
249710
249552¢
258138
2503540
950560
2501770
85895890
253150
251400
p51610
951820
252030
852235
52440
2526 59
952869
184106

23
1958 BETA
NELCAL
205327
927988
112112
QL8356
gu8633
gu8342
PLSBSL
@45377
Bu5587
P45861
250129
g50334
#50559
P#59863
251051
951356
951611
2515¢4
205327

5808509
184121
368325
777085
2256982
0295639
2295679
29760
929740
02977¢
0295895
29849
02587¢
029518
925540
925578
230025
230965
p3016¢
P381490
184121

5805089
205341
927989
995685
250977
B51617
951256
953122
251129
251231
951281
251327
251383
251433
951469
g51541
851575
951619
@51695
2¢5343

24

1958 BETA

ETSTEW 580599
212433 210453
247317 917347
11g12¢ 177005
gus642 §53943
248815 853920
248989 P53893
245098 953858
249244 £53819
249398 $53805
249475 953790
9495658 @53749
2458088 853725
249519 853693
250083 853659
250218 853645
850335 9536098
50456 2853562
850622 853528
250772 53492
958915 B53476
851856 @53453
251185 253409
9531324 $53395
0951467 953342
216433 218453

25

1958 BETA

FTSTEW 588509
233483 233416
217318 817318
125125 777293
guo4g0 922269
p4S568 922220
249640 222200
249708 02247¢
2495780 g224140
2495840 222100
249928 22287¢
249580 222049
9520690 221599
250120 21589
250180 921562
250240 21520
250300 21562
950369 221860
233403 233416

25

26
1558 BETA
QUITOE 588512
21418 921430
950358 #583508
120139 666925
gs50480 236478
25823 236430
952339 936358
9503108 936358
250429 936313
P50470 8362790
250529 362390
258580 836199
250640 236150
#59650 8361102
2507409 9369790
250810 0360308
259819 235950
221418 921430

27
1958 BETA
LIMAPU 580512
Z21512 ¢21548
139350 130380
122122 333005
PL9520 261640
uS579 061600
o520 261568
2SS 30 261520
@L9730 261489
9780 g6isag
PuS84Q 261400
4989y 061360
245950 761320
258080 261230
@50050 264240
250100 osi20p
250160 gcilsg
250210 gs1100
@50260 261080
250320 261030
2508380 060598
@50430 62950
250480 B62920.
250540 60869
250559 062329
250650 PEOT30
2507922 262740
258769 260709
250819 960660
2508890 260620
250910 g6P530
221230 262489
751080 260450
251130 F6 2400
2541890 PEPICH
251230 863320
ps51289 p62288
954330 060240
251389 BSP299
851440 260150
1512 921548

SYTINN

s
pmemi
L]
g

[




26

28

1958 BETA
AGASTA
294435
205323
120122
PLS 885
47100
P4T 362
247580
247859
248132
248400
pugsTs
48951
045203
945512
249754
2958038
258313
250534
2508268
$51184
851234
51677
251931
052249
052578
252796
253076
253359
253559
294435

29

19558 BETA
LIMAPU
129716
120370
ieo105
Q7240
BLT460
2478790
L8262
L8720
249160
249590
252220
050480
p50860
51280
251749
252180
852620
253040
120716

580519
294509
207322
8880645
31108
9312083
231223
931387
233474
P31559
p3162¢
31746
231879
931924
032036
B32116
232195
232336
932379
832496
232593
832684
8327384
932864
9329582
c33119
£33203
033284
833394
833484
294500

580510
120730
1203792
888005
PL26 0D
2429500
943160
043410
243700
043220
044280
244560
244850
B45140
eu5400
245720
246020
246280
246580
120730

NAVAL RESEARCH LABORATORY

30

1958 BETA

FTSTEW 588518
151511 191923
018316 217316
1201292 666085
248858 2608695
245095 868657
045325 868659
849355 8c@721
2497782 068784
845950 £60726
250182 PSO788
850395 860711
958600 gsA713
258835 860715
g51815 863717
951175 p6e721
251445 968725
191511 191923

3l

1558 BETA

BPOINT 580518
192825 192839
365335 365335
12012¢ 666825
249529 833895
24978¢ 933500
245880 933985
2500890 933918
950260 933515
258450 833928
058640 833925
250830 933935
25101¢ 933940
851200 833945
25135¢ 933550
251559 #33955
@5178@ 233968
25197¢ 33978
P52160 933973
192025 192839

32

1558 BETA

NELCAL 588518
213245  2133¢1
925989 925588
118118 777005
049600  @57950
pu9810 257968
P4999¢ 957960
950258 657978
250468 857988
250670  ©57980
p5091¢ 957950
951150 57958
#5134  £53000
251570  @§58@2¢
951898 058238
951990  @58840
952200 58050
213249 213301

33

1958 BETA
ETSTEW
214443
814316
12012¢
0495096
245183
249311
945432
945559
949684
245791
249814
958034
252158
9502172
950368
858525
@50618
250729
250824
25856 4
214443

34
1958 BETA
BPOINT
214630
360330
125125
9502090
250300
050400
858509
250608
@52709
250809
250500
951200
251100
851200
951360
251400
251502
251690
214639

588518
214459
814315
883605
943546
843549
€43542
843506
943496
P43453
943418
243373
P43332
$43282
943248
943263
B43167
g43118
#4381
943920
843045
214459

580518
214644
260330
$666085
922385
P22360
922349
222310
022290
22269
932235
$22215
pga2ise
822160
g22140
p22115
222099
g229¢9
galeup
214644

35

1958 BETA
NELCAL
235888
530959
122120
249951
g501¢e6
107400/
250338
952466
@506 44
250721
250818
258962
951148
251179
951386
951452
2851526
251671
251826
251953
252031
252250
235808

36
1558 BETA
MELCAL
154836
RE987
112114
020840
758160
251481
251820
252129
252440
252710
253080
253400
953720
254050
254370
B54690
154836

588510
235826
230989
888005
843244
243212
/7L
@h3148
Bu 3056
243042
243850
842990
842932
242851
242872
242753
242751
842776
042728
242692
10147/
au2si4
0425790
235826

589511
194848
226987
555305
P41430
241520
ouis20
241720
041820
gu1o20
P42036
p421490
242240
942330
242430
42540
242649
154848




37

1958 BETA
FISTEW 580511
195831 195847
Q13317 013318

18120 666005

48561 Q58695
048736 058684
048505 058636
049080 058605
049300 Q58586
049451 058580
049648 058551
049861 058529
050026 058516
050205 058468
050389 058455
0505314 058530
050759 058404
050537 058388
051121 058351
051300 058296
p51501 058226
19583} 195847

. 38

1958 BETA™

BPOINT 589511
195948 200007
366325 366325
115115 666005
48980 732180
249180 232158
us31g 232140
GLoLIY 232120
QuUSS LD 232100
BLOS LD 032082
50000 032079
250180 @32850
@58349 232040
259500 232020
259669 23200¢
250840 231550
758950 931980
Z51160 831960
251329 231540
751480 F31930
251640 231910
251840 p315¢8
751990 231388
25214¢ 23186¢
195948 200287

NAVAL RESEARCH LABORATORY

39

1958 BETA

NELCAL 589511
221212 221224
226986 927987
120212 955885
258234 856848
@50432 #56811
858588 956831
250798 956781
251298 956766
B51274 856769
251353 856723
51589 856679
251759 956669
251567 856699
252125 856648
952342 256622
852569 956581
221212 221224

40

1558 BETA

QUITOE 589512
P10252 910304
PeB360  0SO360
135132 666005
pus958 953360
950008 53320
$5095¢0 953280
950100  ©5323¢
958156 953150
950216 853150
950260  ©53100
g50320  ©53050
@56380  $52950
g50420 52950
950488  ©52910
950548 052869
250589 952820
g10252  ©10384

4|

1558 BETA
LINAPU
PLo354
126379
122125
249710
2u97508
2458282
233879
249929
249970
@oooue
250650
gseisg
250200
250250
950300
950350
250430
250450
o5¢509
@52559
258622
058650
250720
250158
2508080

958859

3900
g5095¢
251010
251260
951120
251170
251220
051278
219354

580512
g12424
120379
255005
278560
376522
218499
276469
276429
0763860
g1635¢
278328
276280
976240
276212
276110
276140
2151690
g15¢79
giscup
p180692
275970
@75930
275899
275852
275820
275780
gT5740
¢75713
275619
075630
9756090

@7555¢

275520
275480
giz424

27

42
1958 BETA
JOBURG 58¢512
215546 215615
Sg2249 92250
12p120 777085
48258 030073
U8 LT it 030266
Eu8624 g30184
Gu3320 230219
249020 039224
ou9223 230309
249410 032356
o513 P30394
9718 38354
49972 G30LT4
#50212 03¢52¢
256339 232432
250576 230599
@50792 G30549
251601 238725
2511817 23e640
251373 930762
54590 232825
751788 30769
251976 36908
752154 7308968
52404 031218
@52667 /70747
252765 234033
253019 _@31155
253197 — 031104 -
253421 g31222
053619 031297
g54332 931352
@54041 031363
#15546 15615

43
1958 BETA
SNTAGO 580512
983914 083924
152320 152320
115115 999035
951881 64912
51615 P64955
2531404 965055
51262 965132
251047 065239
050834 965296
259673 965322
g50415 965459
950201 065527
249846 265631
249694 265716
283914 #83924

Loy
(2]
[
k]
[
[l
Lo




28

44

1958 BETA

FTSTEW 580512
181357 183434
014316 Q14316
125125 777005
Q4792 055655
048087 055729
Q48358 059788
048658 055802
048939 055813
045223 059850
049520 059875
049771 059899
050054 0599524
050323 059931
050623 055985
050896 060004
051178 Q6003

051446 060067
051135 Q60096
051589 0601114
052258 060127
052521 060 1AS
1813517 188414

45

1558 EETA

BrFOINT 58512
181506 131525
270325 365323
118115 6660BES
Z488406 29560
491637 025580
BLS342 g2os1d
Q49660 029640
Gh9850 g2567¢
250C90 029700
G50340 2297393
g58599% 029780
258839 @29780
@511 £29822
@5135¢ g29s4g
g51629 PR987¢
251840 2295069
252099 229932
252349 229960
952590 0295988
2523830 230020
@5367¢ E30B5L
53310 230388¢
53560 g30122
131506 131525

NAVAL RESEARCH LABORATORY

46

1558 BETA

NELCAL 580512
225145 225137
225288 928987
122121 177005
050272 049548
L004007 100400/
030623 Q42494
050742 049448
0505954 045401
051120 049338
051240 045332
051426 0495251
051553 049253
17817/ 177410/
Q31239 Q42182
052065 049139
052287 0495093
225145 225157

47
1958 BETA
HAVANA 580512
230636 230643
123346 123347
120120 777003
030070 03863Q
050159 038590
050230 038550

48

1958 BETA
LIMAPU
214821
140370
115115
920120
250360
@50210
250219
050330
250380
50448
gooL50
250540
@50600
50650
2507108
250760
950820
g50330
52530
250990
251250
251110
251160
olug21

588513
214840
140370
555085
0852950
gs52512
252819
252830
252799
52750
252718
g52660
052620
952580
952540
952502
252460
252429
2523809
252340
2523008
052268
052220
952180
0143840

49
1958 BETA
JOBURG
23527
902248
112112
Qus831
gu7133
eu7265
ou7502
47718
247973
aug219
SUBHLE
8634
248850
Zus103
249347
L9578
PLS824
250067
250386
#50536
250716
#50998
@51328
251474
251725
251560
252193
252393
77777/
252901
953131
253383
253631
®3375
254154
p5431t
0Ll
#54833
w3527

586513
223601
502248
666005
BLEDDD
g48110
gu8225
P48318
Pu8Y35
P48557
PUBGE 4
P48770
248862
777270
Pus07.9
B49145
949278
QLS 4LTE
@49515
045618
249711
PuST25
PLOSU2
850007
@50150
950269
B50374
@50494
850559
177777
250798
250842
951022
951134
p51261
251364
951363
/72777
251683
923601




50

1958 BETA
ETSTEW
162957
gi1g318
115116
g45683
046033
o46 450
o46871
047253
247635
248033
248358
248817
245216
249605
056201
256355
2508764
251180
251552
851957
252293
9527317
853128
053535
253501
162957

51
1558 BETA
ETSTEW
185383
217317
114116
PLT 364
847615
247845
BLEESS
D48 33T
P4z556
PugIL3
BuSEES
P49333
249556
249830
950068
250317
750617
250798
251055
251292
251516
251736
#5233
$52275
252516
952736
352996
185303

58¢513
163218
018318
888005
230282
23402
939528
030678
236809
B30933
231269
231195
238348
838484
931625
231745
231983
232048
232195
832339
032463
032659
232795
232918
833114
233223
163018

589513
185326
917317
777085
062173
262170
gc2i6s
962159
geaizy
2621195
pe2113
2621499
962095
p62081
262071
262066
262060
262058
062049
$62032
662008
09620080
261559
ps1979
g61858
61935
261928
261912
185326
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52

4558 BETA

BPOINT
185418
365325
115115
945240
245450
245680
249500
250120
250358
250570
250758
251¢1¢
251230
251450
951680
951500
252110
252349
252568
252780
252990
253200
185418

1958 BE’

WELCAL
212550
928989
122118
49551
guss42
250124
052426
E5C€T72
258521
251118
251433
2531711
25189¢
52157
252433
252696
219650

53
Th

580543
18543¢
365325
777005
931720
231718
231709
231700
231700
233700

231720

831700
231650
31658
31650
231650
831680
231689
831680
231680
031670
031670
231670
185436

582513
216662
93¢989
9999¢ 5
£59480
259488
G5948%
259452
255471
259489
259479
L59486
259451
059440
259439
259431
@59419
210562

54
1558 BETA
HAVANA
211744
124346
125125
gu9500
2456 50
249800
245959
250240
050170
250300
250420
258540
250660
250780
B50500
251279
251209
211744

55
1958 BETA
FTSTEW
211814
218318
125125
g49172
849315
245444
045583
249704
249828
2499560
p50100
850201
250331
P50434
2506087
850723
B50865
250988
21181y

56
1958 BETA
PANTIG
212721
163284
121122
949545
849625
845715
249800
849875
249975
950062
258140
950225
250305
250405
212721

580513
211757
124347
555805
078599
@70540
270450
B70440
070380
270339
872272
270220
972178
70120
210060
270830
265972
269518
211757

5506513
211828
218318
717005
837642
237622
837555
237548
@37455
837425
837371
937323
$37281
237233
237183
837133
237073
837953
836596
211828

580513
212731
161282
777025
255366
8553085
255255
255195
955155
255095
255835
254975
254925
254865
254805
212731

57

1958 BETA
NELCAL
233141
928988
122125
g501085
250284
250307
250433
252629
850738
059826
259984
251145
951347
251473
2515108
0951664
233141

58
1558 BETA
QUITOE
235206
B60345
136132
950269
958325
258385
250450
250505
2505698
250625
250680
250745
250826
250868
250923
§58995
235286

59
1958 BETA
QUITCE
122206
9603508
i1p11¢g
g472190
247695
248150
248565
245025
249455
245895
250360
250815
95127¢
251720
952180
952625
122206

29

588513
233153
927987
686085
B37343
/177777
237288
837241
37185
237162
/77477
a37e59
236990
/177777
236984
836882
836838
233153

582513
235218
60345
6660285
72185
72060
272015
269985
269915
969889
069835
065782
269740
269658
P695640
269558
P69548
235218

58¢514
122218
962350
888005
g50465
250815
251145
251455
251795
852125
852450
252802
53132
253455
953800
254139
254450
122218




30

60

1958 BETA

FISTEW 580514
170503 170927
01£319 9153159
116116 777005
Q45726 053670
046189 053742
046278 053813
Q46874 053877
047389 053590
047620 054018
048064 Q54157
048441 054241
048825 054313
049198 034395
049370 054478
049946 054545
050319 054645
050641 054682
051117 Q54711
051320 054852
051831 054862
052186 Q54966
Q52348 055084
052910 055161
053281 055225
053650 055317
0539590 Q55336
170905 170921:

6l

1958 BETA
FTSTEW 580514
193218 193243
018319 018314
117118 777005
Q47344 057252
047751 Q57205
048004 057164
048172 057130
048423 057109
048623 Q57Q57
048821 057014
049094 056972
049286 056952
049501 056519
Q49720 056880
049953 058835
050151 056792
050371 056751
050586 056719
050789 056678
051017 056674
051228 056618
051449 036564
051649 056533
051879 056497
052058 056469
052248 056420
Q52504 056377
193218 193243
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62

1558 BETA
BPOINT
193336
375335
12¢12¢
guge2e
ouS16¢e
guo298
guoLSLE
PLo6 8L
eL9874¢
@5006u0
256230
g5eL22
250680
gSeT19¢
g5e99¢
251150
g5134¢
Z5152%
gsi712
25196
g52¢7¢
g52250
252440
153336

63
1953 DBETA
NELCAL
214522
938992
122120
gas554
L9777
PLS999
@50235
252475
259719
g52914
251119
251330
251553
251866
ps2n21
@52230¢
214602

586514
153355
3153535
777905
027870
BT840
£27820
g27800
227779
g2774¢
©277282
g27762
gR7670¢
27658
gar62¢
ga16ge
227580
22756¢
27536
geT151¢
£2749¢
g747¢
L27456
gRT44LE
193355

583514
214614
529989
888665
255445
055423
855385
$55343
9558¢5
£55219
25524%
955157
255175
255419
£55¢95
g55¢61
55022
214614

64
1958 BETA
QUITOE 532515
@036 6 803613
@358  B6U350
13132 777065
g50228 944100
g5¢288  B44ESO
g50348  OLLD20
g50Les  BL3950
250450  DL394D
gsPs51ie  C43980
g50550  DL3840
gsgs20 043800
g5068% QL3740
250740 043720
P50500 043660
250350 043520
253520 043580
PO36 86 Ge3618

65
155 BLTA
LINAPY 538515
123655 103713
129376 122379
196105 888005
695  §3431¢
PUTLS0  B3LLED
@u77TI0 834620
QusB5¢ 034770
ug310 234920
Pug59Y §35060
gugsTy  ©35230
Pu915¢ 035397
guou2g 935550
wSTEe 935710
@y998¢  £35810
250268  C36Z4L0
@50540 036220
056300  £36360
251050  £36530
#1378 236700
G5167¢  ©35370
gsisus  £3793¢
gse2us 237200
252520 837372
g5279¢ 037550
#53100 837730
@5333¢ 237350
753660 B38T4D
123655 123718

66
1958 BETA
BAVANA 580515
152509 152522
123348 123347
115115 777005
Q47840 075880
048290 076050
048760 076220
045200 076370
045700 07655Q
Q30169 076700
050630 076860
051060 077020
051500 077179
051510 077300
052430 077460
052870 07755Q
053320 077730
05377Q 077880
152509 152522

67
1958 BETA
ETSTE 582515
201150 201211
216310 218313
113120 717005
P47 330 045925
BL8B4S 245865
pu8211 845808
Pu8392 245769
BL4BEUS 245716
248761 245681
248960 24561C
249139 245562
249322 p45491
@45450 Zu5446
249686 845343
245833 245331
258043 P45303
950234 245228
p58404 @45188
250620 245150
250782 245105
258957 45095
951131 PuL4965
051307 244508
@51474 844859
251679 244763
201150 201214




68

1958 BETA
HAVANA
224005
124346
125125
g50029
850080
250180
250268
P50360
§50450
258540
950638
250738
250820
#50510
852990
224005

69
1958 BETA
LINAPY
212107
120380
122122
45850
049508
249960
950028
B56079
250120
952189
250249
250300
950340
950490
250460
858510
350569
850620
050680
9507 30
950780
850540
250590
250958
g51020
@51070
212107

580515
224016
128346
777005
2299569
029520
2587¢
229820
029780
929740
296950
02965@
229600
2295550
029509
225469
224216

580516
912129
120389
666905
245270
245230
245150
245150
gus5410
o45079
Bu5030
944980
BLLo4e
0LLSOT
g44880
ou4820
DL44733
ELLT4S
ou4700
2446602
244620
PL4L590
QL4540
244500
Q44470
ou44830
BuL Lo
212129
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70
1958 BETA
AGASTA 580516
085322 085342
200318 201319
112114 999005
047069 953069
047301 55134
0475237 55274
047690 Q055425
057921 053513
Q4£122 055627
Q4g324 055745
048529 055858
048747 055976
048950 056179
Q493142 056212
049354 056330
049545 056432
049709 Q36358
049972 036669
050170 056783
050365 Q56892
050584 057007
050788 057126
050987 037212
051199 057365
085322 085342
71

1558 BETA

FISTEY 580516
166434 150450
g19315 920315
115120 777205
gu6 ¢35 Zueese
P46 579 Z4z190
Q47935 gue335
gu7512  £40485
247995 g406 30
P48U6S D4OTE5
Pu8934 242915
G4SLES 041013
25993 241200
252340 041372
250816 241525
251274 941672
251772 241829
25223¢ £41983
752728 gu2110
953187 @42245
P53645 042405
166434 160459

72

1553 BETA

FISTEW 580516
182711 132727
ls314 01314
115115 777005
Q47731 062625
Q48035 062609
048340 062530
043634 062540
048915 062518
045203 062497
Q49438 062460
0495786 062423
050087 062397
050355 062360
050652 062330
050931 062300
051218 062260
05349k 062233
051823 062202
052073 062130
052364  06212Q
132711 132727

73

1958 BETA

NELCAL 580516
204056 204108
929987 930987
115115 777005
045161 060078
049497 060054
QuS8IT /17777
050107 060046
050381 059954
050650 059961
051002 059939
051307 059918
051613 059854
051930 059863
052377 059849
052568 Q59837
052801 039758
204056 204108

74
1558 -BETA
HAVANA 538516
205130 285143
124347 124347
120125 771285
g45550 865830
BLST D 865759
B45830 0656 5¢
849950 265610
850140 865540
250300 265470
250470 265499
250630 265338
250309 965260
850540 965200
851060 865140
851210 265062
951350 265010
251508 B64540
205130 285143

31

75
1958 BETA
PANTIG 588516
212949 216113
150271 148269
122122 555005
gUEIPS 45830
pu5B15 248772
245130 218705
45200 46635
L9250 246580
245330 puss515
245485 BLE450
245575 46385
PUSGES 248325
BUSTTS PLuE255
B45875 U200
845955 gus1ug
250240 246075
250140 246085
250230 245945
958330 045838
950420 @45825
050512 g45765
2509625 245700
B59655 245648
250730 £4553@
258885 045520
259975 B45465
$51265 g45400
251165 245348
2198495 217113

76
1958 ZETA
MELCAL 58%515
233526 232533
28938 526558
124122 566025
gL9531 £3215%
g5¢114 £30115
256239 £30¢3¢
£50358 23¢811
250561 £29549
950741 229546
g50834 £29391
255991 £29323
251149 229772
251303 £29729
£51459 £29555
g51653 225633
251865 ¢25551
239526 236533
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77
1558 BETA
HAVANA 580517
142036 142047
123349 123330
j10110 999005
Q47450 045930
048020 Q46230
048550 046530
045160 046840
045720 Q47130
030270 047440
Q50860 Q47770
051420 048070
051990 048350
052580 048700
053120 045000
053700 049300
142036 142047

78
1558 BETA
FISTZW 580517
164334 164348
®e315  g19314
118118 777005
QuT09¢  ©6BSSD
gu7538 060740
Gu7980 06800
Qugule 060380
8360  B6ES3D
Qo230  BSE98P
Puo720  06104¢
o148 261108
050560 961156
51600 061220
051428 061270
25135¢  ©633390
252280 061380
952680  ©61440
#53130 961502
164334 164348
‘ 79
1958 BETA
NELCAL 588517
185715 185735
93¢98S 930989
112114 599005
Qu7363 054581
Zh7798  B54656
QU247  @54T3E
@u8714 Q54802
gu91€S 854880
g49623  B54960
50074 955032
@50520 955185
g5¢99¢ 055174
g51432 955258
gsigsgs  @55319
052367  ©55368
g5276¢  @55458
g53268  ©55578
53667 055650
g54104  @55688
254567 255751
185715 185735
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80

1558" BETA
QUITOE
200512
272360
130133
252479
950230
250280
250340
950380
250450
050510
950572
950620
250680
@50730
250300
250861
200912

8l
1958 BETA
LIIiAPU
001011
110370
122122
Q45880
049540
050000
050060
050120
050170
050220
050280
0503 40
050400
050460
050520
050580
050630
050650
050750
050800
050860
050920
Q50580
051040
051100
051160
051220
001011

580518
0099 24
975369
777005
835350
93531p
035270
035230
235159
$354490
235100
235060
935010
$34970
834540
234850
334850
200524

580518
001034
110370
177005
061060
061020
060560
060520
0608370
060320
0607830
060740
060650
060640
060600
060550
060510
060460
060420
060380
060340
060250
Q60240
060200
060160
060110
060060
Q60020
001034

82

1558 SOLAR BETA

LINAPU
121145
12¢38¢
120100
248340
24858
B433830
245060
245302
B4S55C
2L5822
B500690
250320
258569
g5¢81¢
051050
251300
951550
51812
252049
8523080
252569
25232¢
253080
123145

83

582518
121264
1203382
838205
25534¢
©5551¢
255690
855862
564582
£25622¢
256 40¢
256582
256760
256930
gsri2g
857290
@5746¢
057642
25782¢
253900
853192
85837¢
25855@
258720
101204

1953 BETA

FTSTEU
194551
019313
120120
Q48309
043524
Q48740
048937
045120
049550
Q45540
Q49757
Q45563
050176
050374
050574
050787
050590
051190
051387
051583
194551

580513
194697
019313
833005
033747
038691
033615
038550
033487
033420
033350
053292
033226
038158
038070
035035
037583
037500
037850
037779
Q37712
1546Q7

84

1958 BETA
PANTIG
155313
153271
121122
g43918
PL9C4S
2491738
245297
o49433
249579
GLU9695
249826
2LO945
250281
@50285
056328
250469
g53579
g58754
258855
258973
251183
195313

- 85
1558 BETA
AGASTA
005833
197313
120123
045510
045565
Q49625
049680
Q49740
Q45800
Q49860
Q49920
0499950
Q350033
050085
050150
050210
050270
050325
Q05833

580518
19533¢
154271
686005
063724
263684
953551
06342¢
ge34c2
263352
28326¢
263210
g63124
g63050
252988
252988
262857
g6213¢
62644
gs2s572
282515
gs242¢
19533¢

580519
005847
198315
666005
056550
056515
056480
056445
056410
056375
056340
056300
056265
056235
056200
056160
056120
056050
056060
005847




86

1558 BETA

QUITOE 580519
165150 1852902
gse360 260360
125122 888005
245058 938650
249350 038870
P49660 23950680
249950 23927¢
950250 23547¢
952530 235672
250820 83988¢
251140 240050
951420 PL4B290
251730 240518
952009 240710
52328 PueS10
852639 gu1120
1951590 1¢5202

87

1958 BETA

NELCAL 589519
175257 175329
9319589 232989
110109 955005
247520 241924
248075 242067
248624 g4221¢
eust74 942339
249721 242586
g50245 242542
B50764 242789
€51310 CUZOLD
951869 243074
252408 g4322¢6
752954 043372
253499 243517
254060 P43676
175257 175389

88

1958 BETA

ETSTEW 580519
180123 180139
020317 020316
115137 555005
Q47360 061640
037718 061550
048050 061535
0AB390 061490
048730 061435
049070 061400
049400 Q61340
0495750 061300
050070 061250
050420 061200
050760 061155
051090 061300
051420 061650
051770 060980
052080 060920
052430 060880
052770 060820
180123 180139
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89

1558 BETA

NELCAL 580519
201510 201522
932991 932992
115115  g82005
049184 059123
049406 055061
049888 059046
050178 058954
050520 058961
050884 058915
051234 058365
051600 058320
031950 058769
052299 058725
052647 058682
052979 058632
053361 058583
201510 201522

90

1958 BETA

HAVANA 580519
202526 202542
123356 1233495
115115 955825
gus188  §58500
QuS388 658380
PuSSLE  B58720
gu97eC  $58620
@u99¢0  §58540
@50040 858460
g50240  B58340
950388 858268
§50628 858180
g59708 858080
25050 058800
@5112¢  £57520
251280  ©57840
@51460  B57740
$51588  ©57640
@51748 857560
§51588 857460
202526 2082542

9l

1958 BETA
PANTIG
203435
151267
123123
248673
248759
2488l
248945
45869
249153
245273
Pu9363
45473
g49569
49667
649771
249886
650001
252067
750162
050294
203435

92

1558 BETA
LIMAPU
2259514
%0350
122120
g4ss40
8455020
249978
250830
950109
252180
250239
258300
250360
250420
g5e8590
250568
250629
250680
250760
250820
25951

580519

223451
151268
171885
236480
336420
236340
£36250
936210
23615¢
836100
936020
$35550
835850
235830
93577¢
935720
8356 40
935550
035520
@35460
203451

580519
230846
P6e8350
666895
97787¢
277832
277782
277730
277690
277640
017590
277532
277520
2TT460
g17418
277362
077322
977280
277230
27718¢
232006

33

93
1958 BETA
LINAFU 58C52¢
ZS¢547 29025
87237¢ gresT¢
115115 S6602@5
g4587¢ 03228¢
252050 232376
95021¢ 232462
g5£38¢ 23255@
250566 32640
52746 932738
252916 23282¢
251090 23292¢
25127¢ 33020
25844¢ 233122
951622 23321¢
25175¢ 233310
25197¢ 233410
25215¢ 2335¢0
£52320 £3359¢
252510 233652
@52680 23378¢
g5286¢ 233888
253650 033988L
299547 goCs@es

94
1958 BETA
HAVANA 580520
135525 135539
123345 122343
110115 777005
046860 069610
047300  065840Q
047900 070100
048510 070350
045060 070580
049580 Q70810
050160 071040
030740 071270
051260 071490
051800 074730
052360 071960
052860 072170
053520 072350
Q53930 072600
054500 072310
135525 135539

SSYIINN

1111

{




34

NAVAL RESEARCH LABORATORY

95

1958 BETA

YELCAL 580520
183148 183200
928990 927989
111110 995075
247564 260699
gLgEL2 262758
248558 IS
BLSBST P68855
849574 062899
250051 860959
250537 261007
p5110295 264061
#51614 ps1115
252130 261159
952637 261213
953155 261252
853664 261282
183148 133200

26

1958 BETA
TSTEW 580520
ishp30 184948
518316 g18315
5117  6560@5
; 7 48361
0978 1 ou83@p
¢5315 248246
g 248163
zgs 48 pu4BEE3
249825 47386
PLS3LE  @LTSDE
PuS96p2 847822
P49918 Q47762
050295  B4T688
250500  QLISES
§59752  @47525
951892  @47468
§51348  @4T384
951628  B47305
¢59w BLT298
2241 PLTL34
@4Tg65
¢528 PLESS3
184l3ﬂ 184048

97

1958 BETA
HAVANA
210605
123348
116115
2453080
ou5440
245589
45739
245880
250040
250100
050250
250340
P50L60
050579
50790
258859
251040
210605

98
1958 BETA
LINMAPU
234321
g8C37¢
12¢12¢
gu999¢
250260
gs5¢i20
2950180
g5924¢
25032¢
052360
250430
25049€
25855¢
250610
250689
@506740
25081¢
05281790
g5093¢
g5140¢
234321

580520
210618
123348
177925
832710

032628

232550
032500
0324302
P32360
932310
232230
032140
032100
032930
931570
231500
031848
217618

580520
234337
£8e37¢
777685
@5244¢
252390
P52340
252308
952258
95220¢
052160
252110
952060
252¢10
251960
051910
25186¢
gsigac
25477¢
53720
251678
234337
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The following are additional data for the 1958 BETA messages:

Meridian Crossing | Elevation Residuals™
Lﬁiifg eg: Time Angle (Radians)
Hr Min | Sec | Deg| Min | East-West North-South
1 00 00 | 28.64 | 87 |41N{ 2.5974281,-04 | 1.9628167,-04
2 02 41 | 18.70 | 83 | 29S |-6.5678748,-04 {-1.0145575,-03
3 17 20 | 38.38| 76 | 27TN| 3.7129782,-04{ 3.6531500,-04
4 19 02 | 02.47] 79 | 315 }-5.9544661,-04 | 1.1434426,-03
5 21 59 | 02.58 | 84 | 23N {-2.7097213,-04 |-2.7434411,-04
6 00 24 | 58.30| 86 |50S | 5.1020602,-04 |-1.7921737,-04
7 00 43 109.97| 72 {178 | 3.2169916,-04| 9.0257136,-04
8 08 25 | 46.33 | 87 |38S | 7.2479107,-04} 4.2820896,-04
9 10 49 | 47.11| 89 | 38N |-6.4986650,-03 }-3.1399948,-03
10 18 00 | 32.28 | 79 | 44S |-2.9472110,-05 |-9.8026299,-04
11 19 41 | 23.921 84 | 39N | 9.0867806,-04| 2.1570060,-03
12 20 14 | 13,57 73 | 31S | 1.1477057,-03 {-6.2657863,-04
13 20 24 1 56.28 | 80 | 55N | 4.5787868,-04|-1.6754749,-04
14 22 38 | 32.95| 82 | 56N |-5.4484271,-04| 1.9822857,-04
15 22 51 | 51.13} 76 | 15N | 6.1070766,-04] 9.6000207,-05
16 22 52 | 21.06 | 74 {545 | 1.0126723,-03-4.9219309,-04
17 01 05 | 39.96 | 74 |49S {-8.5928078,-04| 4.3777399,-05
18 01 29 | 58.52| 78 | 50N | 3.0445119,-04-5.4297652,-04
19 09 05 | 08.48 | 79 | 50N | 4.9685055,-04 | 1.7225198,-03
20 16 15 | 38.85 | 76 | 49S |-1.2075170,-03 | -5.9840844,-04
21 18 39 | 55.45| 84 | 29N [-1.2798279,-03 |-3.7835200,-04
22 18 41 | 12.11| 67 | 335 |-3.5289500,-05 }-7.3946051,-04
23 20 53 | 37.28 | 88 | 50N |-7.4303039,-04 |-3.0662777,-04
24 21 04 | 39.50| 86 | 26N | 7.9228921,-05|-6.1569362,-04
25 23 34 {04.45 ] 59 | 10S | 5.2191506,-05 |~1.1000336,-03
26 02 14 | 25.07] 74 | 31S | 4.1414805,-04{-1,7277669,-03
27 02 15 1 28.34| 79 | 31N |-2.1793141,-03 |-9.1491266,-04
28 09 44 | 47.13| 70| 158 | 7.6244818,-05| 1.6683758,-03
29 12 07 | 24.18 | 83| 31S |-4.0523707,-03 | 4.5572275,-03
30 19 19 | 14,19} 79 | 08N |-1.0350412,-03 |-1.8474936,-05
31 19 20 | 32.96 | 72| 08S | 1.3985719,-03|-8.1950658,-04
32 21 32 | 55.09| 82| 02N {-1.1842063,-03| 5.6646938,-05
33 21 44 | 47.30 | 82 |48S | 6.3749724,-04 {-1.4336822,-03
34 21 46 { 38.04 | 58 | 37S | 5.3825363,-04 {-1.2891195,-03
35 23 58 | 15.76 | 82 | 135S | 4.7570720,-05 {-7.8187644,-04
36 19 48 | 36.26 | 80 | 38S | 6.6328010,-03| 4.5701395,-05
37 19 58 | 36.63 | 81 | 24N | 3.1352747,-03| 4.2629393,-04
38 20 00 | 00.08 | 69 | 595 | 2.6634049,-03 | 3.4288759,-04
39 22 12 | 15.62 | 83 | 18N | 2.9447273,-03 | 8.5411814,-04
40 01 03 | 04.17}| 87 | 58N} 2.1848434,-03 2.2451895,-04
41 01 04 | 29.23} 62 | 51IN| 1.4009519,-03| 6.0778114,-04
42 01 56 | 00.38 | 68 | 26S | 6.4829118,-03| 6.2697153,-04
43 08 39 | 18.84} 74 | 08N | 5.3096240,-03 | 1.6409094,-04
44 18 14 |1 03.28 | 80 | 01N} 1.8412043,-03| 2.7924904,-04
45 18 15 | 14.65 | 67 | 33S | 8.4591752,-04 |-7.8112073,-04
46 22 51 | 48.99| 88 | 595°| 1.1167100,-03| 1.2079655,-03
47 23 06 | 43.76 | 77 |16S | 1.6099472,-03| 9.3023359,-04
48 01 48 | 28.92 1 88 | 16N | 2.6680662,-03§ 1.0738793,-04
49 02 35 | 45.95| 89 | 08S | 9.2347827,-03| 2.1347815,-03
50 16 30 | 06,95 70 | 03S }-2.7808692,-04 |~1.5207376,-03

(Cont’d)
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Meridian Crossing| Elevation Residuals™*
Message Time Angle (Radians)
Number
Hr Min| Sec |Deg|Min | East-West North-South
51 18 53 | 12.03| 77 |40N [-8.7704028,-04 | 8.9921419,-04
52 18 54 | 25.98| 69 |40S |-5.8622603,-04 | 3.8832658,-06
53 21 06 |55.09] 80 | 28N |-2.7078272,-04 | 1.2291409,-03
54 21 17 | 52.91| 68 |58N| 4.3988824,-05 | 1.8565605,-03
55 21 18 | 17.12} 76 | 298 | 3.5976905,-04 | 6.9808971,-04
56 21 27 | 26.79| 84 |47N| 1.2177716,-03 | 8.9244295,-04
57 23 31 | 47.60| 75 {595 | 8.5127669,-04 | 1.9084858,-03
58 23 52 | 11.57| 69 |45N | 2.2008089,-03 | 7.7360842,-04
59 12 22 | 13.50| 87 |47N| 9.6254465,-03 | 3.7769187,-03
60 17 09 | 15.05| 85 |43N |-2.5719308,-03 | 3.7420308,-04
61 19 32 | 27.38| 83 | 10N |-9.0573406,-04 | 1.1655219,-03
62 19 33 | 47.24| 65 |01S |-1.1136190,-03 | 6.2226201,-05
63 21 46 | 08.06| 84 |56N |-1.3961067,-03 | 1.3964993,-03
64 00 36 | 12.49| 82 | 39S | 3.1778875,-03 [-2.0811011,-03
65 10 37 | 06.87| 74 |23S | 2.2196047,-03 | 7.3654891,-04
66 15 25 | 15.12| 61 | 10N {-3.5920179,-03 {-1,0784546,-03
67 20 11 | 59.42| 84 |528 |-7.1669241,-04 | 5.8356818,-04
68 22 40 | 12.42] 67 |50S | 1.0414056,-03 | 5.3740234,-04
69 01 21 |19.14| 83 |31S { 3.1608418,-03 [-8.0426749,-04
70 08 53 | 35.36 | 83 |56N |-4.1809293,-03 | 1.8517681,-03
71 16 04 | 41.36{ 80 |20S |-3.4499339,-03 |-9.6304155,-04
72 18 27 |17.31| 77 | 17N [-1.1050277,-03 | 1.0277320,-03
73 20 41 | 01,71} 79 |58N |-1.6903306,-03 | 9.9355063,-04
74 20 51 {37.28| 74 |15N | 6.0357648,-04 | 1.1550767,-03
75 21 01 | 00.81 | 85 |52S | 1.6270667,-03 [-1.1390046,-03
76 23 05 | 32.68! 68 |03S | 1.2005022,-03 |-5.5661785,-04
7 14 20 |41.65| 87 |09S | 8.3683204,-04 | 1.9068433,-03
78 16 43 | 39,70 | 78 |48N | 5.1605908,-04 | 5.8745918,-04
79 18 57 | 26,99 | 84 |59N | 8.8588014,-05 | 4.8422079,-04
80 00 09 |19.80 | 73 {258 | 3.1608369,-06 |-2.5862503,-03
81 00 10 | 21.87 | 79 [56N | 1.8063394,-04 | 5.7980986,-04
82 10 11 | 53.86 | 83 {48N | 5.3367656,-04 | 4.2069585,-05
83 19 45 | 57.15 | 77 {228 {-4.4125121,-05 | 1.3717373,-04
84 19 53 | 21.69 | 76 |17N | 2.9304963,-04 | 4.7770926,-04
85 00 58 |42.21 | 84 [20N | 9.8127959,-04 { 1.3922529,-03
86 10 51 | 55.19 | 78 |18S |-6.6526838,-04 | 1.4897640,-03
87 17 53 103.28 | 82 |06S |-6.7745138,-04 | 4.0238686,-04
88 18 01 | 29.54 | 78 [29N | 7.6399658,-04 | 1.4094116,-04
89 20 15 |15.12 | 81 |04N | 1.0701890,-04 | 2.4451599,-04
90 20 25 |'34.48 | 81 |55N |-6.4306412,-04 {-5.2833039,-04
91 20 34 |48.70 | 74 |45S | 5.7111490,-04 (-9.6490801,-04 .
92 22 59 |03.60 | 89 |05N |-4.5428752,-05 |-8.9073013,-04
93 09 05 |50.43 | 70 278 | 3.9633114,-04 | 2.4052726,-03
94 13 55 | 31.90 | 67 |41N |-2.4455265,-03 | 2.6872738,-03
95 18 31 | 54.66 | 78 |48N | 2.1660971,-05 { 1.2407321,-03
96 18 40 | 36.87 | 87 |30S | 3.1155181,-04 |-3.0174895,-03
97 21 06 |15.41 | 70 |26S | 2.6408156,-05 |-1.1793646,-03
98 23 43 |28.83 | 88 |51IN | 5.5458222,~04 |-2.2272669,-03

power of ten by which the residual should be multiplied -

* . s as
The last two numbers following the comma in each residual indicate the




Appendix C
MINITRACK STATION INFORMATION

The information given here is necessary or useful in the adjustment of Minitrack data
for orbit computation. The WWV transmission delay times, AT, given here, are corrected
for Minitrack receiver time delay, while the true WWYV time delay is 0.0003 second less
than the values given.

BLOSSOM POINT (BPO,INT), STATION 1

Latitude = 38° 25’ 49.718” N
Longitude = 77° 05’ 11.830" W
= 05h 08™ 20,788

Correction constants for calculating a,, b,

aO (EW) bo (NS)
E; (a) =0.037 sec K¢ (b) = 0.037 sec
K, =K (2) =50.642 K. - K, (b) =50.438

AT = 0.0005 sec

Correction constants for calculating a_, b_

a. (EW) b, (NS)
C, =-.00556107 c, = .00247012
c, = .99987595 c, = .00449655
c, = .00006308 C, =1.00006096
C; = .00000350 c, =-.00001303
c, = .00019398 C, =-.00044802
C; =-.00001534 C; =-.00004839
Cs = -.00000057 Cs = -.00000094
C, =-.00245287 C, =-.00055400
Cy = .00265016 Cg = .00255954

FORT STEWART (FTSTEW), STATION 2

Latitude = 31° 59’ 07.805” N
Longitude = 81° 29’ 41.960” W
= o050 25Mm 58 7978
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Correction constants for calculating a,, b,

a (EW) b_ (NS)
¥, (a) = 0.038 sec K¢ (b) = 0.035 sec
K, - K, (a)=49.574 K_- K_ (b)=50.036
1 N $1

AT = 0.0042 sec

Correction constants for calculating a_, b,

a, (EW) b, (NS)
c, = .00255106 c, = -.00151427
c, = .99579100 ¢, = -.00099363
c, = -.00007050 C, = .99982107
C; = -.00000792 C; = .00000651
C, = -.00030097 c, = .00000706
C, = .00000291 c, = .00000317
C, = .00000020 C, = -00000017
c, = -.00022668 c, = .00198475
c, = .00248910 C, = -.00007290

[o}

8

HAVANA (HAVANA), STATION 3

Latitude = 22° 52’ 18.132" N
Longitude = 82° 31’ 26.120” W
= 050 30m 05,7418

Correction constants for calculating a_, b

a_ (EW) b, (NS)
K, (a) =0.036 sec K, (b) = 0.036 sec
K, - KSl (a) =50.542 K, - Ksl(b) = 50.045

AT =0.0071 sec

Correction constants for calculating 2., b,

a, (EW) b, (NS)
C, = .00264235 C, = .00056146
C, =1.00039475 C, = .00064399
c, = .00043344 c, = .99909800
c, = .00000469 c, = -.00003755
c, = .00024361 C, = .00025918
Cs = .00000327 Cs = -.00000855
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Cg = -.00000065 Cs = .00000124
C, = -.00183571 C, = .00056337
Cg = .00120195 C, = .00216724

WOOMERA (OOMERA), STATION 4

Latitude = 31° 06’ 09.490” S
Longitude = 136° 46’ 59.520” E
= 0gh 07m 08.000 S

Correction constants for calculating 2,, b,

a, (EW) b, (NS)
K; (a) =0.036 sec K¢ (b) = 0.038 sec
K_-K_ (a)=49.912 K_ - K_ (b) =50.447
C Sl [+ S1

AT = 0.0592 sec

Correction constants for calculating a_, b,

a_ (EW) b, (NS)
c, = .00033957 c, = .00097259
C, = .99942252 C, = .00000752
c, = -.00033148 C, = 1.00006449
¢, = -.00000222 C, = -.00000656
c, =-.00001972 C, = -.00025210
€, = -.00006641 C, = .00003811
¢, = -.00000070 Cs = -.00000085
c, = -.00108156 c, = -.00181704
Cg = .00119592 Cg = .00135404

oo

QUITO (QUITOE), STATION 5
Latitude =00° 37’ 21.751" S
Longitude = 78° 34’ 45.230” W
= 05h 14m 19 0518

Correction constants for calculating a,. b,

a, (EW) b, (NS)
K, (a) =0.037 sec K, (b)=0.037 sec
K.~ ¥, (2) =50.538 X, - K, (b)=50.500
1

AT = 0.0161 sec
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a, (EW) b, (NS)
Not Available Not Available

LIMA (LIMAPU), STATION 6

Latitude = 11° 46’ 36.492” S
Longitude = 77° 09’ 01.816” W
= 05h 14m 19,0518

Correction constants for calculating a_, b,

a, (EW) b_ (NS)

K, (a) =0.037 sec K, (b) =0.035 sec
K, - K, (2) =50.392 K, - K, (b) =50.596

1 1

AT =0.0202 sec

Correction constants for calculating 2., b,

a. (EW) b, (NS)
c, =-.00874135 c, = -.00216710
c, = .99933606 c, = .00144955
c, = .00001416  C, =1.00003780
C, = .00000469  C; =-.00000974
c, = .00003195 c, = .00023152
c, = .00001439 ¢, =-.00000303
¢, = -.00000007 c, = -.00000006
c, =-.00095979 c, =-.00237657
C, = .00226136 Cy = -.00281737

ANTOFAGASTA (AGASTA), STATION 7

Latitude = 23° 37’ 15.993” S
Longitude = 70° 16/ 23.162” W
= 05h 41m 05,5448

Correction constants for calculating a_, b

o

a, (EW) b, (NS)
K, (a) = 0.035 sec ¥, (b) =0.035 sec
K - K, (a) =49.833 K, - K51(b) = 50.483
1

AT =0.0253 sec
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Correction constants for calculating a_, b

a_ (EW) b, (NS)
c, =-.01431411 c, =-.00122082
c, = .99898387  C, = .00056909
Cc, =-.00044002  C, = .99978069
C, = .00000682  C; = .00002113
C, =-.00007993  C, = .00004305
Cs =-.00002519  C5 = -.00003930
C, = .00000071  C, = .00000086
c, =-.00223855  C, =-.00130019
C, =-.00054936  C .00443858

®
o
I

SANTIAGO (SNTAGO), STATION 8

Latitude = 33° 08’ 58.106”S
Longitude = 70° 40’ 08.717" W
= 04h 42m 40,5818

Correction constants for calculating a_, b,

a, (EW) b, (NS)
K, (a) = 0.035 sec K. (b) =0.035 sec
K -K, (a)=50.723 K, - K, (b) =49.937
1 1

AT =0.0302 sec

Correction constants for calculating a_, b,

a, (EW) b, (NS)

c, = .00009182 c, = -.00012094
c, =-.99933028 c; = .00022778
c, = -.00022083 c, = .99983078
c, = .00000746 c, = .00000845
c, = .00001513 c, = 00012467
Cg = -.00001304 Cs = -.00002229
Cs = -00000084 C, = 00000085
c, = .00217408 c, = .00357407
c, =-.00048738 Cg = -.00293296

[e)
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ANTIGUA (PANTIG), STATION 9

Latitude =17° 08’ 32.586” N
Longitude = 61° 46’ 43.464” W
= 04h g7m 06,8985

Correction constants for calculating a, b,

a, (EW) - b, (NS)
K¢ (a) = 0.032 sec Ky (b) = 0.034 sec
K, - Ksl (a) = 49.874 K. - Ks1 (b) =49.771

AT =0.0103 sec

Correction constants for calculating a., b,

a. (EW) b, (NS)
c, =-.00303914 ¢, =-.00014096
C, = .99993472 ¢, = .00079328
C, = .00088206 C, =1.00030655
C, = .00005416 Cc, =-.00000070
C, = .00025811 C, =-.00002543
Cs =-.00010294 C; =-.00001359
C, =-.00000352 c, =-.00000093
c, =-.00209201 c, =-.00475523
C, =-.00133575 C, =-.00457846

>
[}

SAN DIEGO (NELCAL), STATION 10

Latitude = 32° 34’ 47.420” N
Longitude = 116° 58’ 16.922” W
= o7h 47m 53,1285

Correction constants for calculating a_,b,

a, (EW) b, (NS)
K, (a) =0.035 sec E, (b) =0.035 sec
K, - Ksl(a) = 50.006 K, - Ks1 (b) =49.391

AT = 0,0137 sec
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Correction constants for calculating a_, b_ —

a. (EW) b, (NS) il
C, =-.00014782 C, = .00143814
C, =1.00035944 c, = .00169431
C, = .00086871 C, =1.00018498
C; = .00002403 Cc; = .00001449
C, = .00004249 c, =-.00031896
Cs =-.00005240 Cs =-.00001893
C¢ =-.00000148 Cs = -.00000101
c, = .00068459 ¢, = .00096549
Cg = .00025666 Cc, = .00009781

L)
oo

ESSELEN PARK (JOBURG), STATION 11

Latitude = 26° 01’ 56.846” S
Longitude = 28° 14’ 28.376" E
= 01h 52m 57,8678

Correction constants for calculating a_, b,

a, (EW) b, (NS)
K, (a) = 0.038 sec K; (b) =0.036 sec
K, ~ K, (a) =50.064 K, =K, (b) =50.673

AT = (0.0466 sec

Correction constants for calculating a_, b

(o}

a, (EW) b_ (NS)
C, = .00044249 C, = ,00068233
C, = .99742768 C; = .00208813
C, = .00027577 c, =1.00026758
C; =-.00000136 C; =-.00001295
C, = .00013060 C, =-.00026938
C; = .00002286 C; = .00001257
Cs =-.00000055 C4 =-.00000032
C, = .00026498 C, = ,00474859
C, = .00154181 C, = ,00303026




Appendix D

CONVERSION TABLE, DEGREES FROM ZENITH TO
LOBE NUMBERS FROM 050.000

Degrees Lobe Degrees Lobe Degrees Lobe Degrees Lobe
From Number From Number From Number From Number
Zenith Zenith Zenith Zenith

1 0.96 26 24.07 51 - 42.67 76 53.27
2 1.92 27 24.92 52 43.26 7 53.49
3 2.87 28 25.77 53 43.85 78 53.70
4 3.83 29 26.62 54 44 .42 79 53.89
5 4.79 30 27.45 55 44 .97 80 54.07
6 5.74 31 28.28 56 45,52 81 54.23
7 6.69 32 29.09 57 46.04 82 54.37
8 7.64 33 29.90 58 46.56 83 54.49
9 8.59 34 30.70 59 47.06 84 54.60
10 9.53 35 31.49 60 47.55 85 54.69
11 10.48 36 32.27 61 48.02 86 54.77
12 11.41 37 33.04 62 48.48 87 54.83
13 12.35 38 33.80 63 48.92 88 54.87
14 13.28 39 34.55 64 49.35 89 54.89
15 14.21 40 35.29 65 49.76 90 54.90
16 15.13 41 36.02 66 50.16 - -
17 16.05 42 36.74 67 50.54 - -
18 16.97 43 37.44 63 50.90 - -
19 17.87 44 38.14 69 51.26 - -
20 18.78 45 38.82 70 51.59 - -
21 19.68 46 39.49 71 51.91 - -
22 20.57 47 40.15 72 52.22 - -
23 21.45 48 40.80 73 52.50 - -
24 22.33 49 41.44 T4 52.78 - -
25 23.20 50 42.06 5 53.03 - -
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ORBITAL ELEMENTS OF 1958 ALPHA AND 1958 BETA

The following are the orbital elements of 1958 Alpha (Explorer I) issued on 28 May 1958

by the Vanguard Computing Center of the U. S. Naval Research Laboratory.

Epoch

Anomalistic Period
Eccentricity
Inclination

Longitude of Ascending Node
Argument of Perigee

Mean Anomaly at Epoch
Semimajor Axis
Perigee

Apogee

21 May 1958 00 Hr 00 Min U.T.
114.106 Min

0.13630

33.235 degrees

120.834 degrees
(Motion minus 4.338 degrees per day)

93.466 degrees
(Motion plus 6.474 degrees per day)

111.305 degrees
1.2218 earth radii
219.0 statute miles

1539.1 statute miles

The following are the orbita! elements of 1958 Beta (Vanguard TV-4) issued on

11 June 1958 by the Vanguard Computing Center of the U. S. Naval Research Laboratory.

Epoch

Anomalistic Period
Eccentricity
Inclination

Longitude of Ascending Node
Argument of Perigee

Mean Anomaly at Epoch
Semimajor Axis
Perigee

Apogee

7 June 1958 12 Hr 27 Min U.T.
134.266 Min

0.19042

34.25 degrees

266.92 degrees
(Motion minus 3.04 degrees per day)

129.18 degrees
(Motion plus 4.45 degrees per day)

138.22 degrees
1.3618 earth radii
406.06 statute miles
2461.54 statute miles
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