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Appendix A. Earth shadow seasons.

Shad. Starting date Deepest day  Ending date 
season

Date                     Duration     Starting      DOD#1   #2
                              (minutes)    Time (UT)     (%)    (%)

1 May 25, 1978 April 5, 1978 69 02:01 71 72 April 18, 1978

2 Sept. 26, 1978 Oct. 7, 1978 71 05:41 77 80 Oct. 18, 1978

3 March 20, 1979 April 2, 1979 68 02:25 68 68 April 13, 1979

4 Sept. 21,1979 Oct. 2,1979 72 05:37 69 75 Oct. 14, 1979

5 March 15, 1980 March 27, 1980 67 02:05 54 58 April 8, 1980

6 Sept. 18, 1980 Sept. 26, 1980 72 05:05 60 64 Oct. 8, 1980

7 March 10, 1981 March 23, 1981 66 02:00 57 60 April 4,1981

8 Sept. 12, 1981 Sept. 23, 1981 74 05:32 67 69 Oct. 4,1981

9 March 6, 1982 March 19, 1982 66 02:01 61 61 March 30, 1982

10 Sept. 7, 1982 Sept. 17, 1982 71 05:17 61 61 Sept. 29, 1982

11 March 1, 1983 March 14, 1983 62 02:07 56 55 March 26, 1983

12 Sept. 3, 1983 Sept. 14, 1983 77 04:46 64 62 Sept. 25, 1983

13 Feb. 25, 1984 March 10, 1984 65 02:24 52 51 March 21, 1984

14 Aug. 28, 1984 Sept. 10, 1984 73 04:34 63 61 Sept. 21, 1984

15 Feb. 20, 1985 March 5, 1985 64 02:03 52 51 March 17, 1985

16 Aug. 25, 1985 Sept. 6, 1985 76 04:48 62 59 Sept. 15, 1985

17 Feb. 16, 1986 Feb. 28, 1986 64 02:21 53 52 March 13, 1986

18 Aug. 20, 1986 Aug. 30, 1986 79 04:32 62 60 Sept. 11, 1986

19 Feb. 11, 1987 Feb. 24, 1987 64 02:13 50 49 March 9, 1987

20 Aug. 16, 1987 Aug. 28, 1987 80 04:31 51 49 Sept. 6, 1987

21 Feb. 7, 1988 Feb. 20, 1988 64 02:39 50 49 March 4, 1988

22 Aug. 11, 1988 Aug. 21, 1988 80 04:21 64 60 Sept. 1, 1988

23 Feb. 2, 1989 Feb. 15, 1989 64 02:36 49 50 Feb. 28, 1989

24 Aug. 7, 1989 Aug. 17, 1989 81 04:06 62 59 Aug. 28, 1989

25 Jan. 29, 1990 Feb. 11, 1990 64 02:36 48 49 Feb. 24, 1990
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26 Aug. 2, 1990 Aug. 12, 1990 81 03:53 55 54 Aug. 24, 1990

27 Jan. 25, 1991 Feb. 7, 1991 63 03:05 37 43 Feb. 20, 1991

28 July 29, 1991 Aug. 9, 1991 82 03:29 52 52 Aug. 20, 1991

29 Jan. 21, 1992 Feb. 3, 1992 63 02:57 45 49 Feb. 17, 1992

30 July 23, 1992 Aug. 3, 1992 82 04:19 49 53 Aug. 15, 1992

31 Jan. 15, 1993 Jan. 29, 1993 63 03:16 44 48 Feb. 2, 1993

32 July 19, 1993 July 30, 1993 82 03:20 49 53 Aug. 11, 1993

33 Jan. 11, 1994 Jan. 25, 1994 63 03:28 40 46 Feb. 8, 1994

34 July 14, 1994 July 26, 1994 82 03:06 49 53 Aug. 7, 1994

35 Jan. 16, 1995 Jan. 22, 1995 63 03:20 49 53 Feb. 5, 1995

36 July 9, 1995 July 23, 1995 82 02:38 47 53 Aug. 2, 1995

37 Jan. 2, 1996 Jan. 17, 1996 63 02:21 39 45 Feb. 1, 1996

38 July 3, 1996 July 15, 1996 82 02:23 45 52 July 28, 1996
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Appendix B. Delta-Vs.

Delta-V Date

1 February 14, 1978

2 July 24, 1978

3 June 20, 1979

4 February 13, 1980

5 June 24, 1980

6 December 16, 1980

7 October 29, 1981

8 August 17, 1982

9 May 27, 1983

10 February 14, 1984 (a previous Delta-V had been tried on January 12, 1984, but
the OBC failed during the burn and the spacecraft had to be stabilized using the
Sunbath mode)

11 November 16, 1984

12 August 9, 1985 (a previous Delta-V had been tried on July 18, 1985, which
resulted in a loss of attitude control due to OBC Worker 19 overflow)

13 March 19, 1986

14 July 29, 1986

15 December 18, 1986

16 September 9, 1987

17 March 18, 1988

18 September 8, 1988

19 March 13, 1989

20 September 8, 1989

21 June 6, 1990

22 January 12, 1991

23 October 18, 1991

24 August 19, 1992

25 November 20, 1992
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26 August 19, 1993

27 February 15, 1994

28 September 20, 1994

29 May 3, 1995

30 June 6, 1995
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Appendix C. OBC malfunctions.

OBC crashes Date Remarks

March 11, 1978 It appeared to be related to the high OBC
temperature.

November 15, 1978 The OBC halted during a test whilst running on 40
kbps. Operations were limited to 20 kbps.

December 3, 1978 It seemed to be related to the high OBC
temperature.

February 1, 1979 It seemed to be related to the high OBC
temperature.

July 18, 1979 The OBC crashed during a maneuver due to a data
block 10 incorrect scaling.

August 18, 1979 The OBC crashed and s/c began to drift in pitch and
roll direction. The stabilization was achieved when
it was commanded into sun acquisition mode.

October 9, 1979 The OBC crashed at 20:52 UT, but the spacecraft
was stabilized in 3-axis again with the 4K back-up
computer at 20:57 UT.

October 23, 1979 It was thought to be caused by a high OBC
temperature.

May 7, 1980 The OBC halted at 04:09 UT which caused the
spacecraft lost attitude.

January 21, 1981 The spacecraft attitude was lost when the OBC
halted at 04:25 UT.

February 1, 1981 The OBC halted due to an interrupt 14 anomaly.

March 1, 1981 The OBC halted due to an interrupt 14 anomaly.

May 2, 1981 The OBC halted due to an interrupt 14 anomaly.

May 11, 1981 The OBC halted due to an interrupt 14 anomaly.

June 20, 1981 The OBC halted due to an interrupt 14 anomaly.

February 20, 1982 The OBC halted due to an interrupt 14 anomaly.

February 21, 1982 The OBC halted due to an interrupt 14 anomaly.

November 25, 1982 At 15:20 UT the OBC crashed during a maneuver.
The spacecraft was stabilized using the 4K back-up
system.
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OBC crashes December 24, 1982 An OBC crash occurred. The spacecraft had to be
commanded to sunbath.

February 14, 1985 The 4K backup OBC halted at 16:10 UT while the
annual refresh of the 8K system was performed.

March 28, 1988 The OBC crashed while unloading wheels.

December 27, 1990 The OBC halted. The control was regained by
switching to the 4K system.

November 6, 1991 The OBC crashed during a maneuver. The control
was regained by switching to the 4K system.

Worker
failures

Worker 22 failed to zero the ABGs on the following dates: 7-Nov-1979,
3-May-1982, 27-Nov-1982, 15-Dec-1984 and 6-Jun-1985.

Worker 18 failed to turn off after a data block was loaded. This resulted in
all subsequent data blocks being rejected until worker 18 was turned off by
ground command. This anomaly was seen on the following dates: 14-Feb-
1980, 5-Mar-1983, 6-Jun-1984, 1-May-1985, 5-Oct-1986, 16-Nov-1986,
9-Sep-1987, 14-Nov-1988, 8-Feb-1990 and 25-Jul-1992.

Worker 13 did not run properly, so it had to be manually turned off, on
two occasions: 9-Oct-1983 and 28-Oct-1983.

Worker 2 did not work properly and finished the running exposure until
the end of it. It happened six times: 22-Jun-1989, 6-Nov-1991, 19-May-
1992, 23-Jan-1993, 2-Mar-1993 and 14-Mar-1994.

Commands
skipped

On several occasions a single command uplinked to the spacecraft was
received but not executed. It happened on the following dates:
C 16-Mar-1983, to turn worker 22 off.
C 17-Mar-1985, to turn off power amplifier 4.
C 9-Mar-1986, to start an exposure.
C 27-Jul-1986, to start an exposure.
C 19-Feb-1988, to start an exposure.
C 15-Oct-1989, to switch telemetry formats.
C 17-Apr-1990, to command the FES in save position.
C 1-Aug-1990, to start an exposure.
C 21-Aug-1992, to start an exposure.
C 1-Feb-1994, to switch telemetry formats.
C 26-Mar-1994, to switch power amplifiers.
C 7-Apr-1994, to take a FES image.

Data blocks
skipped

On several occasions a data block uplinked to the spacecraft was received
but not executed. It happened on the following dates:
C 24-Jul-1980, DB#10 to perform an slew.
C 6-Aug-1980, DB#17 to prepare a camera.
C 13-Jan-1981, DB#17 to prepare a camera.
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Data blocks
skipped

C 28-May-1982, DB#17 to prepare a camera.
C 8-Aug-1983, DB#10 to perform an slew.
C 18-Aug-1983, DB#17 to prepare a camera.
C 2-Oct-1983, DB#10 to perform an slew.
C 30-Oct-1983, DB#10 to perform an slew.
C 25-Jul-1984, DB#10 to perform an slew.
C 28-Aug-1984, DB#10 to perform an slew.
C 10-Dec-1984, DB#17 to unload the wheels.
C 12-Jun-1985, DB#14 to perform an exposure.
C 1-May-1986, DB#17 to unload the wheels.
C 4-Sep-1986, DB#17 to prepare a camera.
C 7-Mar-1987, DB#21 to perform an slew.
C 19-Apr-1988, DB#21 to perform an slew.
C 3-Aug-1988, DB#21 to perform an slew.
C 11-Mar-1989, DB#17 to prepare a camera.
C 10-Jul-1989, DB#17 to prepare a camera.
C 24-Apr-1990, DB#21 to perform an slew.
C 6-Jun-1990, DB#17 to unload the wheels.
C 15-Aug-1990, DB#21 to perform an slew.
C 24-Aug-1990, DB#21 to perform an slew.
C 20-Oct-1990, DB#15 to uplink the spacecraft attitude .
C 28-Oct-1990, DB#17 to prepare a camera.
C 30-Oct-1990, DB#17 to unload the wheels.
C 23-Feb-1991, DB#21 to perform an slew.
C 11-Mar-1991, DB#21 to perform an slew.
C 16-Aug-1991, DB#14 to perform an exposure.
C 17-Aug-1991, DB#21 to perform an slew.
C 26-Nov-1991, DB#21 to perform an slew.
C 2-Apr-1992, DB#17 to unload the wheels.
C 18-Apr-1992, DB#21 to perform an slew.
C 7-Jul-1992, DB#17 to prepare a camera.
C 12-Aug-1992, DB#17 to prepare a camera.
C 11-Dec-1992, DB#11 to perform a maneuver.
C 14-Dec-1992, DB#17 to prepare a camera.
C 7-Feb-1992, DB#21 to perform an slew.
C 13-Apr-1993, DB#17 to prepare a camera.
C 14-Jul-1993, DB#21 to perform an slew.
C 25-Jul-1991, DB#14 to perform an exposure.
C 24-Aug-1993, DB#17 to prepare a camera.
C 30-Sep-1993, DB#21 to perform an slew.
C 23-Oct-1993, DB#17 to prepare a camera.
C 19-Nov-1993, DB#17 to prepare a camera.
C 27-Jan-1994, DB#17 to unload the wheels.
C 9-Jul-1994, DB#17 to unload the wheels
C 24-Jul-1994, DB#21 to perform a slew.
C 25-Jul-1994, DB#14 to perform an exposure.
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Data blocks
skipped

C 26-Jul-1994, DB#17 to prepare a camera.
C 31-Jul-1994, DB#17 to prepare a camera.
C 7-Jul-1995, DB#17 to prepare a camera.
C 8-Jan-1996, DB#17 to perform a slew.



151

Source Documents.

< “System Design Report for the International Ultraviolet Explorer. Volume I (Scientific
Instrument)”. August 1976. Goddard Space Flight Center.

< “System Design Report for the International Ultraviolet Explorer. Volume II (Spacecraft
design)”. June 1976. Goddard Space Flight Center.

< “IUE T&C Subsystems”. May 1977. Goddard Space Flight Center.

< “IUE Camera Operations Manual”. October 1977. Appleton Laboratory, University
College London.

< “IUE Camera Users’s Guide”. October 1977. Appleton Laboratory, University College
London.

< “IUE Fine Error Sensor Operations Manual”. November 1977. Astronomy Systems
Branch.

< “IUE OBC Handbook”. January 1978. Goddard Space Flight Center.

< “The IUE spacecraft and instrumentation”. October 1978. Goddard Space Flight Center.

< “Case Study in Spacecraft Design”. August 1979. Goddard Space Flight Center.

< “Spacecraft Analyst Training Manual”. August 1984. Goddard Space Flight Center.

< Spacecraft Anomaly Reports (IUESCAR) from Goddard & Vilspa.

< Shadow Season 1-38 Battery Performance for the IUE. Goddard Space Flight Center.

< IUE Solar Array Report. From 1978 to 1990. Goddard Space Flight Center. 

< IUE Temperature Report. From 1978 to 1990. Goddard Space Flight Center.

< HAPS Performance Report. From 1978 to 1990. Goddard Space Flight Center.
 
< DMU Radiation Report. From 1978 to 1990. Goddard Space Flight Center.

< Spacecraft Performance Report. From 1990 to 1994. Goddard Space Flight Center.

< IUE Observing Beta Restrictions for the 7th to 18th Episode. Vilspa.

< IUE Weekly Spacecraft Status and Operations Summary. From 1978 to 1996. Vilspa.

< IUE Monthly Spacecraft Activity Report. From 1978 to 1996. Vilspa.
 



152

< IUE Quaterly Spacecraft Activity Report to Council. From 1978 to 1996. Vilspa.
 
< IUE Annual Report. From 1978 to 1996. Vilspa.

< Memo from Vilspa dated 03/14/1979. Subject: “GRID-1 Voltage Supply Anomaly on
SWR-Camera”.

< Memo from Vilspa dated 03/28/1979. Subject: “Microphonics Noise”.

< Memo from Goddard dated 06/05/1979. Subject: “IUE Gyro 6 Failure. Summary of
Related Events”.

< Memo from Goddard dated 11/08/1979. Subject: “Operational Impact of OBC Patching
of 11/08/1979".

< Memo from Vilspa dated 05/21/1980. Subject: “Attitude recovery using wheel speeds”.

< Memo from Vilspa dated 08/18/1980. Subject: “Beta = 0° recovery during shift Sep.
08/1980 at Vilspa".

< Memo from Goddard dated 08/27/1981. Subject: “Gyros”.

< Memo from Goddard dated 09/03/1981. Subject: “Maneuvering Errors”.

< Memo from Goddard dated 09/18/1981. Subject: “OBC 4K Operational System”.

< Memo from Goddard dated 11/25/1981. Subject: “LWP scan anomaly”.

< Memo from Goddard dated 02/23/1982. Subject: “Calculation of the IUE spacecraft
attitude using reaction wheel speeds and sun angles”.

< Memo from Goddard dated 05/21/1982. Subject: “IUE Gyro Performance for First
Quater 1982".

< Memo from Goddard dated 05/21/1982. Subject: “OBC Hit Analysis - Preliminary
Findings”.

< Memo from Vilspa dated 06/30/1982. Subject: “Periodic Noise (Microphonics) on the
LWP Camera”.

< Memo from Goddard dated 07/27/1982. Subject: “IUE Gyro 2 Failure and Alternate IUE
s/c Control Technique”.

< Memo from Goddard dated 12/16/1982. Subject: “Daily IUE peak radiation levels”.

< Memo from Goddard dated 01/11/1983. Subject: “LWR Exposure Tag Two Counts
Short”.



153

< Memo from Goddard dated 01/20/1983. Subject: “Gyro Status Report”.

< Memo from Vilspa dated 09/12/1983. Subject: “Anomaly in the LWR Camera”.

< Memo from Vilspa dated 10/20/1983. Subject: “LWP Camera Anomalies”.

< Memo from Vilspa dated 12/01/1983. Subject: “IUE course attitude recovery procedure”.

< Memo from Goddard dated 12/21/1983. Subject: “Gyro 1 Failure of December 10/11".

< Memo from Goddard dated 01/27/1984. Subject: “Summary of IUE maneuver error
analysis for 1983".

< Memo from Goddard dated 02/04/1985. Subject: “IRA Status”.

< Memo from Vilspa dated 04/07/1985. Subject: “FES 2 star count variations anomaly”.

< Memo from Goddard dated 05/06/1985. Subject: “Reduced Spacecraft Power Loads”.

< Memo from Goddard dated 08/22/1985. Subject: “Everything you want to know about
the Two-Gyro Mode and were afraid to ask?”.

< Memo from Goddard dated 09/19/1985. Subject: “Beta-dot recovery”.

< Memo from Goddard dated 10/04/1985. Subject: “The beta-dot attitude recovery”.

< Memo from Goddard dated 04/25/1986. Subject: “New Roll Control Law”.

< Memo from Goddard dated 10/20/1986. Subject: “FES Geometrical Calibration”.

< Memo from Goddard dated 01/30/1987. Subject: “Battery 1 Summary”.

< Memo from Vilspa dated 04/20/1987. Subject: “IUE maneuvering performance”.

< Memo from Goddard dated 04/28/1987. Subject: “Battery 1 Summary”.

< Memo from Goddard dated 03/04/1988. Subject: “IUE One-Gyro Attitude Control”.

< “Selection and Calibration of a Proposed New Reference Point”. September 1988.
Goddard Space Flight Center.

< Memo from Goddard dated 09/02/1988. Subject: “The feasibility of switching to the
redundant FSS heads”.

< Memo from Goddard dated 01/05/1989. Subject: “Beta 75° Oscillations”.



154

< Memo from Goddard dated 01/18/1989. Subject: “Worker 3 Test”.

< “Progress on Implementation of New FES Reference Point”. April 1989. Goddard Space
Flight Center. 

< Memo from Vilspa dated 10/24/1989. Subject: “How to monitor the effects of high
particle background during an ongoing exposure”.

< Memo from Goddard dated 10/18/1990. Subject: “Test Summary of the Modified
IUE16A 4K system”.

< Memo from Goddard dated 12/12/1990. Subject: “Anomalous FSS readings”.

< Memo from Goddard dated 12/21/1990. Subject: “FSS roll law”.

< Memo from Goddard dated 02/07/1991. Subject: “FES Anomaly Update”.

< Memo from Goddard dated 05/06/1991. Subject: “Patch to automatically correct the
anomalous switch to SYS2/HD1 FSS data while at beta 72°”.

< Memo from Goddard dated 07/01/1991. Subject: “Automatic Worker 10 mode for
shadows”.

< Memo from Goddard dated 07/08/1991. Subject: “Changes to the 2-gyro code”. 

< Memo from Goddard dated 08/05/1991. Subject: “Flux Particle Monitor readings and
interpretations”.

< FAX from Goddard dated 10/04/1991. Subject: “FPM and SMSS turned off”.

< “Status of archive of high speed photometry data with FES”. November 1991. Vilspa.

< Memo from Goddard dated 11/11/1991. Subject: “OBC hits”.

< Memo from Goddard dated 09/14/1992. Subject: “Incorrect OBC decoder selection”.

< Memo from Vilspa dated 09/15/1992. Subject: “Scattered Light Update”.

< “The FES Scattered Light Anomaly: A Summary”. November 1992. Goddard Space
Flight Center.

< Memo from Vilspa dated 12/04/1992. Subject: “Baffle anomaly IUE”.

< Memo from Vilspa dated 03/17/1993. Subject: “FES distortion and the use of a non-
standard reference point”.

< Memo from Goddard dated 07/08/1993. Subject: “2-Gyro Scattered light check”.



155

< “The IUE FES Photometric Archive: Status and Plans”. November 1993. Vilspa.

< “IUE New Spectral Image Processing System Information Manual: Low Dispersion
Data”. December 1993. Goddard Space Flight Center.

< “The IUE orbit”. October 1994. Goddard Space Flight Center.

< Memo from Goddard dated 10/17/1994. Subject: “1-gyro update”.

< “16 Years with the IUE Fine Sun Sensor”. December 1994. Goddard Space Flight Center.

< Memo from Vilspa dated 07/07/1995. Subject: “IUE Orbit Change”.

< Memo from Vilspa dated 07/14/1995. Subject: “Test of Beta-dot attitude recovery
procedure”.

< Memo from Goddard dated 01/10/1995. Subject: “New restrictions on the OBC and
DMU temperatures”.

< Memo from Vilspa dated 11/21/1995. Subject: “Corrupted Images”.

< Memo from Vilspa dated 01/05/1996. Subject: “DMU anomaly study”.

< Memo from Goddard dated 03/06/1996. Subject: “IRA failure & OBC/DMU anomaly”.

< Memo from Vilspa dated 04/03/1996. Subject: “Course & Fine slews recommendations”.

< Memo from Goddard dated 08/23/1996. Subject: “End of operations option analysis for
the IUE”.


