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This copy of the Goddard Space Flight Center’s Operations Plan
for the tracking of WRESAT was preserved by Geoff Ruck at
Cooby Creek Tracking Station, Queensland.

With thanks to Mrs. Margaret Ruck.

Scanned, and PDF file assembled, by Colin Mackellar for
www.honeysucklecreek.net, October 2021.
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Table 1 estimates the received signal strength using the Mini track 

Interferometer System ambiguity antennas, and indicates the amount of signal 

above or below the threshold required for ambiguity resolution.

Calculations for the fine antennas are not presented, inasmuch as the 

ambiguity antennas represent the system constraint, and above-threshold perfor-
�

tnance using the ambiguity antennas ensures above-threshold performance of the 

system.

A.7 RECEIVED SIGNAL STRENGTH, TELEMETRY SYSTEMS

Tables 2 and 3 estimate the received signal strengths using the 9-yagi 

antenna system (19 db gain) and indicate the amount of signal above or below the 

threshold required for phase-lock and telemetry data, respectively.

When considering the use of other antenna systems, the following 

values should be added to the items indicated by an asterisk (*):

© 40-foot parabolic antenna system. . . . .  + 0

e 16-yagi antenna system..................... + 2

© SATAN receiving antenna system............. + 3

« 83-foot parabolic antenna system........... + 7

db (32^>

db (32)

db (32)

db (71)
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SIGNAL STRENGTH CALCULATIONS 

(VIRES AT)

A.1 SPACECRAFT PARAMETERS

NOTE

The numbers in the right-hand margins of 
the following pages refer to the item num 
bers of the bibliography and indicate the 
sources of the data.

• Flight parameters

Apogee..............................  1300 kilometers (71,72)

Perigee ............................  185 kilometers (71,72)

Inclination ........................  75-85 degrees (72)

Period.............................. 100 minutes (71)

Spin rate........................  . 120 rpm initially
30 rpm final (72)

Angular velocity (at perigee) . . . .  1.23 x 10"^ radians/
sec. (71)

NOTE

The flight parameters presented above are 
approximate values suitable for use in per 
forming signal strength calculations; how 
ever, their use in performing precise orbital 
computations is not recommended. Deviation 
of the above values from the precise values 
within the tolerances stated may cause an 
error no greater than +1 db in the calculated 
signal strengths:

Apogee and perigee. . . . .  + 5  percent

Inclination.............. _+ 5 degrees

Period +10 percent
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© Carrier frequency. .  ............. 136-137 MHz

a Carrier modulation

Type................................ PAM/PFM/PM

Index................................ 1 radian (pk)

RF spectrum width.................... 60 kHz

Baseband.......................... .. 4.5 - 15 kHz

Baseband filter (2 RC sections). . . .  3 db at approx. 25 kHz

• Total transmitter power output ..........  20 dbm (100 mw) minimum
21 dbm (125-mw) expected

a Radiating antenna characteristics

Type . . . . .  ..........  . . . . . .  Turnstile

Polarization ............  . ........  Circular

Maximum antenna gain (including passive 
element losses of 1 db). . ...........1 db

Radiation pattern nulls.............. -3 db + 3 db

a Maximum effective radiated power (ERP)

Total ERP (carrier + sidebands). . . .  22 dbm

Carrier ERP.......................... 17 dbm

Total sideband E R P .................. 21 dbm

A.3 SLANT RANGE CONSIDERATIONS

Of major interest in the calculation of expected signal strengths is 

the range over which the slant range may be expected to vary.

Calculations have been performed to estimate the maximum expected 

slant ranges corresponding to the ear1iest-acquisition look-angles of the steer 

able and Minitrack antennas, 10 degrees and 45 degrees respectively, with the 

spacecraft at apogee, and the minimum slant range, corresponding to an antenna 

look-angle of 90 degrees with the spacecraft at perigee.

�  �� ������������������������������
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The calculations result in the following:

• Maximum slant range, 10 degrees elevation. 3.32 x 103 kilometers

• Maximum slant range, 45 degrees elevation. 1.82 x 103 kilometers

• Minimum slant range......................185 kilometers

A.4 DOPPLER CONSIDERATIONS

For the following calculations, it was assumed that, over a short arc 

length, the path of a spacecraft in an elliptical orbit closely approximates 

that of a spacecraft in a circular orbit. The calculations below represent the 

worst-case Doppler and rate-of-change of Doppler, corresponding to the Doppler 

expected during an overhead pass. The results of the calculations are as 

follows:

• Maximum expected Doppler . . . . . . . . .  +3.29 x 103 Hz

® Maximum expected rate-of-change of
D°PPler.................................. 138 Hz/sec.

A-5 SPECTRAL NOISE POWER DENSITY CONSIDERATIONS

It is estimated that a receiving antenna operating in the 130-150 MHz

band will exhibit an antenna temperature of 1500 degrees kelvin + 1200 degrees.

This, when combined with the effects of losses between the feed and preamp and

preamp noise figure will produce a system noise temperature of 1610 degrees

kelvin which may be stated as a spectral noise density of -167 dbm/Hz, +3 db.

Given an equivalent noise bandwidth, the total noise power may be

calculated using the following equation:

Pn = Ŝ  + 10 log (ENBW) (72-

where:

P^ = total noise power (dbm)

Sn = sPectral noise power density (dbm/Hz)

ENBW = equivalent noise bandwidth (Hz)

���
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Table 1 estimates the received signal strength using the Mini track 

Interferometer System ambiguity antennas, and indicates the amount of signal 

above or below the threshold required for ambiguity resolution.

Calculations for the fine antennas are not presented, inasmuch as the 

ambiguity antennas represent the system constraint, and above-threshold perfor-
$

tnance using the ambiguity antennas ensures above-threshold performance of the 

system.

A.7 RECEIVED SIGNAL STRENGTH, TELEMETRY SYSTEMS

Tables 2 and 3 estimate the received signal strengths using the 9-yagi 

antenna system (19 db gain) and indicate the amount of signal above or below the 

threshold required for phase-lock and telemetry data, respectively.

When considering the use of other antenna systems, the following 

values should be added to the items indicated by an asterisk (*):

© 40-foot parabolic antenna system. . . . .  + 0

e 16-yagi antenna system..................... + 2

© SATAN receiving antenna system............. + 3

« 83-foot parabolic antenna system........... + 7

db (32^>

db (32)

db (32)

db (71)

� �
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Received Siena] Strength, Mini.track Interferometer System 
(Ami):i gu j. t y An Lcinkis)

Mean Va lues
' '

Parameter
1820 km 
(Max. Range)

185 km 
(Min. Range)

� rr
Deviation Ref

Carrier ERP + 17 dbm + 17 dbm + 0 db 71

Free-space attenuation -141 dbm -121 dbm + 0 db 71

Receiving antenna gain + 3 db + 6 db ± 0 db 7T

Passive element losses - 1 db - 1 db ± 0  db 71

Maximum signal level -122 dbm -102 dbm + 0 db 71

Expected null depth (due to effects 
of cross-polarization and antenna

7 db 7 db + 4 db 71

pattern n u l l s ) - - - - - - - - - - -
Expected null level (due to effects 
of cross-polarization and antenna 
pattern nulls)
Signal required for ambiguity

-129 dbm -1^9 dbm ± 4 db 71

resoluti on -135 db -135 db ± 0 db 71

Optimum system signal margin + 6 dbm + 26 dbm + 4 db 71

System operating margin - 3 db - 3 db + 3 db 71

Signal margin + 3 db + 23 db + 5 db 71

QUALIFICATIONS: Expected null depth value includes antenna pattern nulls of
-3 db + 3 db. Null depth values represent expected values; however under some
circumstances, cross-polarization effects may result in nulls of approximately 
20 db.

CONCLUSIONS: Possibility of marginal performance on some passes, 
will be good to apogee.

Most passes

���
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Figure 1. Received Signal Strength, Minitrack Interferometer System
(Ambiguity Antenna) K
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Received Signal Strength,9-Yagi Antenna System
(Phase- Lock-Loop)

Mean Va] lies

Parameter
3320

(Max.
km
Range)

185
(Min.

km
Range)

3 C 
Deviation Ref

Effective radiated carrier power + 17 dbm + 17 dbm + 0 db 71

Free-space attenuation - 146 db -121 db ± 0 db 71

Receiving antenna gain + 19 db + 19 db + 0 db 32

Passive element losses - 1 db - 1 db + 0 db 71

Maximum AGC level -111 dbm - 86 dbm + 0 db 71

Expected null depth(includes cross- - 7 db - 7 db + 4 db 71
polarization effects and antenna 
-pâ tt-er-n -nu-ll-s)- - -- -- -- -- -
Expected null level(includes cross- -118 dbm - 93 dbm + 4 db 71
polarization effects and antenna 
pattern nulls)
Received noise power (3C0Hz loop 
bandwid th) -139 dbm -139 dbm + 3 db

«
71

Minimum received SNR + 21 db + 46 db + 5 db 71

SNR. required in loop for phase-lock + 6 db + 6 db + 0 db 71

Signal margin, optimum system + 15 db + 40 db + 5 db 71

System operating margin - 3 db - 3 db + 3 db 71

Signal margin + 12 db + 37 db + 6 db 71

QUALTF1 CAT).ONS: Null depth values shown represent expected values and include
antenna pattern nulls of -3 db + 3 db, cross-polarization effects may result 
in nulls of approximately 20 db under some circumstances.

CONCLUSIONS: Autotrack problems may be encountered due to the difficulty of 
tracking a cross-polarized signal. This will be especially true at apogee 
if tumbling causes significant cross-polarization.

���
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Figure 2. Received Signal Strength (Phase-lock-loop)
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Received Signal Strength, 9-Yagi Antenna System 
(Diversity Polari nation Telemetry Reception)

Mean Values

Parameter
3320 km 

(Max. Range)
185 km 

(Min. Range)
3 r

Devin tion Ref

Effective radiated sideband power + 21 dbm + 21 dbm + 0 db 71

Free-space attenuation - 146 db -121 db + 0 db 71

Receiving antenna gain + 19 db + 19 db + 0 db 32

Passive element losses 1 db - 1 db + 0 db 71

Maximum received signal level -107 dbm - 82 dbm + 0 db 71

Expected null depth (due to antenna 3 db - 3 db + 3 db 71
pattern nulls)

Expected null level (due to antenna -110 dbm - 85 dbm + 3 d b 71
pattern nulls).

Received noise, 10 kHz bandwidth -127 dbm -127 dbm + 3 db 71

Received SNR, optimum system + 17 db + 42 db + 4 db 71

System operating margin - 3 db 3 db + 3 db 71

Received SNR, 10 kHz bandwidth + 14 db + 39 db + 5 db 71

SNR required for good data -t- 12 db + 12 db -t- 0 db 71

Signal margin, 10 kHz bandwidth + 2 db + 27 db + 5 db 71

QUALIF1CATTONS: Expected null depth values include polarization loss of 0 db.

COWCLUS.I OwS: No problems anticipated in the reception of telemetry data.
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Received Signal (dbra)

Figure 3. Received Signal Strength (Diversity Polarization 
Telemetry Reception)
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WRESAT POTENTIAL FREQUENCY CONFLICTS
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WRESAT POTENTIAL FREQUENCY CONFLICTS 

B.1 INTRODUCTION

It is the purpose of this appendix to identify the spacecraft which 

are potential sources of radio-frequency interference to the WRESAT project.

The data presented in this appendix are obtained from records main 

tained by the Network Assurance Section and are periodically up-dated using the 

sources listed in the bibliography. As presented, the data represent the most 

current information available to the Network Assurance Section as of the date 

of this report, 17 October 1967.

B.2 POTENTIAL VHF TRACKING AND TELEMETRY FREQUENCY CONFLICTS

Table B-l identifies the spacecraft which are potential sources of 

radio-frequency interference to the VHF tracking and telemetry frequency WRESAT. 

The following units of measurement are assumed for the data presented in these

tables:

Frequency.................................... MHz

Half-bandwidth (allotted and Doppler)........ kHz

Apogee ......................................  kilometers

Perigee...................................... kilometers

Inclination.................................. degrees

Received signal strength ....................  dbm

The Mod/Mode column indicates the type of modulation and the mode 

of operation, as follows:

1 - normally on, not commandable off

2 - normally on, commandable off; STADAN supported

3 - normally off, commandable on; STADAN supported

4 - normally on, commandable off; not STADAN supported

B-l



5 - normally off, commandable on; not STADAN supported

6 - not radiating, not supported; still in orbit

In addition, the received signal strengths listed in Table B-l are 

the signal strengths reported by the Stations. In the cases where spacecraft 

have not been launched, the received signal strengths indicated have been 

calculated by the Network Assurance Section.

B. 3 TENTATIVE LAUNCH SCHEDULE

Table B-2 lists the spacecraft keyed in prior tables as future 

launches, and gives the tentative launch dates for those spacecraft. The data 

in Table B-2 may change due to launch slippage, but represents the data avail 

able to the Network Assurance Section as of the date of this report, 17 October 

1967.

���
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Potential Tracking and Telemetry Frequency Conflicts, 136.350-MHz + 50-kHz
Code Spacecraf t F req. oBW Mod/Mod e Apogee Perigee Inc Rcvd Sig Str
64762 INJUN-4 136.290 �� PCM/PM/AM 6 2490 531 81 -

X INJUN-5 136.290 �� PCM/PM 2 3000 600 80 -080 to -127

67201 0S0-3 136.290 �� PCM/PM 3 562 535 33 -090 to -132

x— OSO-F 136 290 ����� "PCM/PM 3 550 '550- 33 -090 to -132

-̂fc==— i� £ Ton 
�� � i Aon i i i n i �	 t-̂ 1 9n

� -TTC A 1 9 £ 9 9 0

�

--

v>W Z • 

PAM/FM/PM 9 6�Ann 907

/ H- 

9 9 _n«9 tn _ 1 9 1

64012 GG-1 136.320

�

�� FM/AM 6 933 911 70

X GEOS-B 136.320 15 PM/FM 3 1430 ���� 74 ���� to -120

66441 AE-B (X32) 136.320 �� PCM/PM 6 2650 265 65 -

X RAF-A i 9A iqn 15

� cr

PPM/PM 9 	nnn ���� � 77 _ � � 3� t-r, _ 1 9A

� RA F-R � 9£ 9^0 PPM/PM 9 Annn A nnn 1 77 � 1 n In _1 9A

651011 FR~i—

IJO.JJU

136.350

13

�� FM/PM 6 760 747 76

��1�� � ��� ��� ��

� WRESAT 136.350 35 PFM/PM 1 1300 185 80 -075 to -122

o4511

�

-IE-A-(X20)

OWT. - R

136.350 

ita 9«n

55

4

AM/FM 6 

pu 9

����

����

870

����

80 


 5 - 1 1 2 to -122

67405 ERS-27 136.380 7 PAM/FM/PM 1 ������ 8580 33 -120 to -164

65982 DME-A (X31) 136.380 �� PM/FM 3 2920 514 80 -090 to -108

�� � ISIS-A 136 410 4 ru � � =;nnJJUU 3UU yu -Uo/ to -152

65091 PEGASUS-1 136.410 �� FM/FM 3 709 495 32 -092 to -114

65391 PEGASUS-2 136.410 �� FM/FM 3 717 506 32 -091 to -120

65601 PEGASUS-3 136.410 �� FM/FM 3 512 491 29 -093 to -112

�� Future launch; please see Table B-2

��
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Tentative Launch Schedule

Spacecraf t Launch Date

INJUN-5 November 1967

WRESAT 4 December 1967

GEOS-B 12 December 1967

TTS-A 13 December 1967

RAE-A 15 February 1968

ISIS-A September 1968

OSO-F 3Q68

OWL-B 3Q68

RAE-B CY69
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