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McIlwaine, Van Allen, Ludwig and Ray



Slide 4

JHA1 Carl McIlwaine, James A. Van Allen, George Ludwig, and Ernest C. Ray.  Picture of a painting from a recreated scene in the University 
of Iowa laboratory of Van Allen's group.
Joe Allen, 6/8/2010



Aug 1972: Wayne Lejeune, UCLA/TRW (Joe Fennell, Aerospace)









Proceedings of a 
Workshop on Satellite Drag,
March 13-18, 1982
Bo lder ColoradoBoulder, Colorado
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from Gordon Wrenn, JASTP, Aug 2008from Dan Baker, ~1993



Cumulative Monthly Magnetic Storms: 1932-2001
Ap* > 40
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Space Weather Selected Events
9 2 S l 98 99 h 989Aug 1972; Seasonal 1985-1991; March 1989

 Aug 1972 - Strong solar flare with high Aug 1972 - Strong solar flare with high 
energy protons affected communications 
satellites.

 1985-1991 - TDRS-1 RAM hits, many protons
 Mar 1989 - TDRSS-D launch problems, POESMar 1989 TDRSS D launch problems, POES 

tumbling, Japanese CS-3B hits, POES limb 
sensor hits, GEO pointing, MARECS hits, MPEs 
affect orientation, Japanese GMS-3 lost data, 
Drag hurt SMM and caused 6,000 daily UCTs.



Space Weather Selected Events
March 1989 continued:

 Commercial radio interrupted for 2 weeks Commercial radio interrupted for 2 weeks.
 LORAN inoperable during 6-13 March; HF 

radio could not be used to alert for problemsradio could not be used to alert for problems
 US Navy MARS out worldwide
 Ionosphere “invisible” below 50 MHz but ham Ionosphere invisible  below 50 MHz but ham 

operators and police radio systems strong.
 VLBI strong signal at > 140 MHz VLBI strong signal at > 140 MHz.
 GPS surveys discarded: US, RSA, Canada, 

and Australia.and Australia.



Space Weather Selected Events
h 989 dMarch 1989 continued:

 Hydro-Quebec James Bay Power Station Hydro-Quebec James Bay Power Station 
failure on 13-14 March; Ap*=285 (#3).

 Scandinavian power grid shut down in central Scandinavian power grid shut down in central 
and southern Sweden.

 Local power failures across USA - Tokyo ElectLocal power failures across USA Tokyo Elect 
Power Co transformer burned out; power 
company engineer heard “groans”.

 NE US nuclear power stations’ security.
 Pipeline corrosion in Australia.p
 Atlantic & Pacific undersea cable voltages. 



Space Weather Selected Events
A t 12 20 1989August 12-20, 1989

Lost Solar Panel Power: GOES 5 6 7;Lost Solar Panel Power: GOES-5, 6, 7; 
Telecommunications satellites; others
St l k l t t GEO d LEOStar sensor locks lost at GEO and LEO

GOES-6 lost half telecomm capability
 Increased SEUs on many satellites
Canadian ground communicationsCanadian ground communications 

problems



Space Weather Selected Events
September 29-30, 1989

Largest GLE in 33 years (satellite era)Largest GLE in 33 years (satellite era)
Solar power panel loss GOES-5, -6
Magellan photo-sensitive damage 

enroute to Venus
GEO telecomm (13) 46 hits reported
TDRSS-1 53 RAM hitsTDRSS 1 53 RAM hits
SEUs on GOES-5, -6





COMPUTER ANOMALIES: STS-37, -39, -43, & -44    1991 Missions

March 23/24, 1991 SPE 43,000 pfu



ANIK E-1 lost half of solar power array and 2/3 telecomm 
capacity on 96/03/26; 8 GEO pointing anomalies; 3 others

1996
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from Marsha Korose



GOES-10 Solar Event SEM record

Proton event: 24,000 pfu

07/15-07/16
Ap* = 192



Satellite Anomalies: 14-16 July 2000
Proton Event, 24,000 pfu & Geomagnetic Storm, Ap*=192

• ASCA (Advanced Satellite for Cosmology and Astrophysics) – lost 
attitude fix resulting in solar array misalignment and power loss, 
satellite probably lost

• GOES-8 & -10 – SEM Electron sensor problems, power panels
• ACE (Advanced Composition Explorer) – Temporary SW and other 

sensor problems
• WIND – Permanent (25%) loss of primary transmitter power & ( ) p y p

Temporary loss of Sun and star sensors
• SOHO (also YOHKOH & TRACE) – High energy protons obscure 

solar imageryg y
• GEO and LEO Satellites – S/C orientation problems during MPE
• GEO Satellites lost ~0.1 amp output from solar arrays



*
*

from Satellite News Digest

*



ANOMALIES RELATED TO FALL 2003 SOLAR ACTIVITY

X17/4B flare - 29,500 pfu proton event - Ap*=252

Oct. 23: Genesis solar wind satellite at L1 entered safe mode. Normal operations resumed on Nov. 3. 

Oct. 24:   Airlines rerouted polar flights due to bad HF/VHF communication.

Midori-2 Earth-observing satellite failed, probably lost;  Safe mode, 
Power dropped, Telemetry lost (23:55).
Stardust comet mission went into safe mode due to read errors; recovered.
Chandra X-ray astronomy satellite observations halted due to high radiation levelsChandra X ray astronomy satellite observations halted due to high radiation levels 
(09:34EDT).  Restarted Oct. 25.
GOES-9, 10 and 12 had high bit error rates (9 and 10); magnetic torquers disabled (12) 
due to activity.

O t 25 RHESSI l t llit h d t t f CPU (10 42)Oct. 25:   RHESSI solar satellite had spontaneous rest of CPU (10:42).

Oct. 26:   SMART-1 had auto shutdown of engine due to increased 
radiation level in lunar transfer orbit (19:23).

Oct. 27:   NOAA-17 AMSU-A1 lost scanner. 
GOES-8 X-ray Sensor turned itself off and could not be recovered.

Oct. 28 - 30: Astronauts on Intl. Space Station went into service module for radiation protection.
FAA issued first ever alert on radiation doses received by airplane passengers above 25K ftFAA issued first-ever alert on radiation doses received by airplane passengers above 25K ft.  
[instrument on Integral satellite went into safe mode because of increased radiation.
Chandra observations halted again autonomously. Later resumed.



Power system failure in Malmo, Sweden (Oct. 30, 21:07 LT).

ACE & Wind solar wind satellites lost plasma observations; 

Electron sensors of GOES satellite in geos nchrono s orbit sat ratedElectron sensors of GOES satellite in geosynchronous orbit saturated.
Chandra observations halted again on Oct. 28 autonomously due to radiation. Resumed Nov. 1.

Kodama data relay satellite in geosynch.; Safe mode, signals noisy, Recovery unknown (Oct. 29)

DMSP F16 SSIES sensor lost data twice, on Oct. 28 and Nov. 3; Recovered.
Microwave sounder lost oscillator; Switched to redundant system.

RHESSI satellite had 2 more spontaneous resets of CPU (28, 17:40; 29, 03:32).

CHIPS satellite computer went offline on Oct. 29 and contact lost with the spacecraft for 18 hr. When 
contacted the S/C was tumbling; recovered successfully. Offline for a total of 27 hrs. 

CDS instrument on SOHO spacecraft at the L1 point commanded into Safe mode for 3 days (Oct. 28-30).

Mars Odyssey spacecraft entered Safe mode and MARIE instrument had a temperature red alarm leading 
it to be powered off (Oct. 28). During downloading on Oct. 29, S/C had a memory error that was corrected 
with a cold reboot on Oct. 31.  The twin Mars Explorer Rover spacecraft both entered “Sun Idle” mode due 
to excessive start tracker events. Stable and will wait for recovery.to excessive start tracker events. Stable and will wait for recovery.

SIRTF, in orbit drifting behind Earth, turned off science experiments and went to Earth pointing due to 
high proton fluxes (Oct. 28). 4 days of operations lost.
X-ray Timing Explorer science satellite Proportional Counter Assembly (PCA) experienced high voltages 

d th All Sk M it t l h t ff (O t 29) O O t 30 b th i t t d b t PCAand the All Sky Monitor autonomously shut off (Oct. 29). On Oct. 30 both instruments recovered, but PCA 
again shut down. PCA recovery delayed into November.

Microwave Anisotropy Probe spacecraft star tracker reset and backup tracker autonomously turned on 
(Oct. 28). Prime tracker recovered.



Two ultraviolet experiments on GALEX science satellite had excess charge so high voltages turned off. 
Detectors will remain off until later in Nov.Detectors will remain off until later in Nov. 

Despun platform on Polar satellite went “out of lock” 3 times but recovered automatically each time.
Some of the 4 Cluster spacecraft had processor resets but recovered.

NASA’ E th S i Mi i Offi di t d ll i t t 5 ft b t d ff f dNASA’s Earth Sciences Mission Office directed all instruments on 5 spacecraft be turned off or safed 
due to Level 5 storm prediction (Oct. 29). Satellites affected: AQUA, Landsat, TERRA, TOMS, TRMM.

Wisconsin & New York: High current levels in transmission lines.

Changes prohibited to airplane routes N of 57deg lat. Some U.S. flights rerouted. 
British trans-Atlantic routes moved south. 

WAAS service interrupted in CONUS; High latitude GPS receiver outages
Military communications impacted (HF/UHF SATCOM)/OTH/Classified usersMilitary communications impacted (HF/UHF SATCOM)/OTH/Classified users
Loran C station in Newfoundland had interference.

Nov. 2:   Chandra observations halted again autonomously due to radiation. 
Resumption of observations will be delayed for days.

Nov. 6:   Polar TIDE instrument reset itself and high voltage supplies were disabled; 
recovered within 24 hr. 

Mars Odyssey spacecraft commanded out of Safe mode; operations nominal.Mars Odyssey spacecraft commanded out of Safe mode; operations nominal.
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CONCLUSIONS-1CONCLUSIONS 1
• Sunspot cycle decline and minimum years p y y

are ideal for “killer electrons” at GEO and 
lower orbit altitudes charging surface and 
interiorinterior.

• Sunspot cycle maximum years are ideal for 
energetic proton and heavier ion events thatenergetic proton and heavier ion events that 
cause SEUs and sensor optics & power 
panel degradation.

• Major magnetic storms may happen at any 
time and cause spectacular effects on 
satellites technology and humanssatellites, technology and humans.



CONCLUSIONS-2CONCLUSIONS 2
• Every satellite (or object) in orbit is a probe y ( j ) p

of the Space Environment from which to 
learn.
Th hi t f t llit h ld b th b i• The history of satellites should be the basis 
for learning what causes operational 
problems.problems.

• Combining space environment data with 
satellite histories is necessary.

• Solar Cycle # 23 still may be highly active.  
Are we any more ready today?

# ? C• What about cycle # 24?  Can engineering 
cope?



CONCLUSIONS-3
• SATELLITE GALAXY-15 PASSED THROUGH MIDNIGHT 

ECLIPSE JUST BEFORE GOES-11 WHICH MEASURED AN 
ORDER OF MAGNITUDE DECREASE AND THEN TWO ORDERSORDER OF MAGNITUDE DECREASE AND THEN TWO ORDERS 
INCREASE OF >2MeV ELECTRONS AND A POSITIVE PULSE 
OF SOME 3~4 ORDERS OF MAGNITUDE >1MeV PROTONS.  
THOSE CHANGES ALSO SHOULD HAVE HAPPENED AT G-15.

• DURING THE POSITIVE PARTICLE PULSES, GOES-11’S 
MAGNETOMETER RECORDED ~100 nT POSITIVE Hp PULSE,MAGNETOMETER RECORDED 100 nT POSITIVE Hp PULSE, 
SIMILAR TO A MAGNETOPAUSE COMPRESSION BUT 
WITHOUT A CROSSING.

• PRELIMINARY AE(11) INDICES PEAKED AT ~09:20 UT AT THE 
PEAK OF THE FIRST SUB-STORM INJECTION 


