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Solar active Regions

Auroral zones

Van Allen Trapped Radiation Belts

Solar photosphere: 6000 degrees K
Solar corona > 1,000,000 degrees K

Earth’s magnetosphere

Magnetohydrodynamic shock wave

Solar coronal mass ejection

Ionosphere
(around Earth;
about 100 km)

Solar wind;
400 km/sec

Solar X-Rays
Solar Radio Noise



W. H. Barlow, “On spontaneous electrical currents observed in 
the wires of the electric telegraph”, Phil. Trans. R. Soc., 61, 1849

“… in every case which has come under 
my observation, the telegraph needles 

have been deflected whenever aurora
has been visible”

The historical record demonstrates that space weather processes often provide 
surprises in the implementation and operation of new electrical technologies:



Carrington Event
AUGUST 28 to SEPTEMBER 4, 1859

Arching and sparking of telegraph 
keys and armatures were reported 
from a wide range of stations, 
including “eastern U.S., England, 
Scandinavia, Belgium, France, 
Switzerland, Prussia, Wurtemburg, 
Austria, Tuscany, …”

For the line from Boston to Portland (Maine), on “ Friday, September 2d, 
1859” the operators “continued to use the line [without batteries] for 
about two hours, when, the aurora having subsided, the batteries 
were resumed.” (G. B. Prescott, Am. J. Sci. Arts, 29, 92, 1860

The historical record demonstrates that space weather processes often provide 
surprises in the implementation and operation of new electrical technologies
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The historical record demonstrates that space weather processes often 
provide surprises in the implementation and operation of new electrical 
technologies:

*John Brooks, “A Reporter at Large; The Subtle Storm,” New Yorker, February 19, 1959

“… Circuit breakers began tripping out 
in Ontario transformer stations, 
plunging the Toronto area into a tem-
porary darkness broken only by the 
strange light of the aurora overhead”*

First trans-Atlantic voice cable (AT&T): TAT-
1
Clarenville, Newfoundland, to Oban, 
Scotland



The historical record also demonstrates that as the complexity of systems 
increase, including their interconnectedness and interoperability, they can 
become more susceptible to space weather effects:

4 August 1972: AT&T L4 cable Chicago to San Francisco.  
Several hour power supply disruption in Plano, Illinois, repeater station

March 24, 1940

February 10, 1958

March 10, 1989

New Jersey 
transformer



The historical record also demonstrates that as the complexity of systems 
increase, including their interconnectedness and interoperability, they can 
become more susceptible to space weather effects:



The Effect of Intense December 2006 
Solar Radio Bursts on GPS Receivers
Alessandro P. Cerruti, et al., Space Weather, 
2008.  Cornell University

Number of receivers severely impacted by 
solar radio burst
Yellow: all currently available geodetic 
quality receivers available through World 
Wide Web, including from the GPS receivers 
from the IGS and Continuously Operating 
Reference System (CORS) networks. 
Red: all receivers severely impacted during 
peak of solar radio burst: 19:30-19:40 UT.

WAAS coverage and availability of the 
vertical guided approach service on 6
December 2006.

Solar radio noise continues to surprise



Syncom 3, 1963

Telstar 1, 1962

Sir Arthur Clark

John R. Pierce

Echo 1, 1960
Passive reflector

The historical record also demonstrates that as the complexity of systems increase, 
including their interconnectedness and interoperability, they can become more 
susceptible to space weather effects:



1994

AT&T Telstar 1
Launch: 10 July 1962
Failed: February 1963
Radiation Damage



Surface degradation from radiation

Solar array arc 
discharge

Electromagnetic pulse from vehicle discharge
(on surface, behind thin shielding, or deep inside) 

Single event effects in microelectronics

Spacecraft  components become radioactive

False stars in star tracker CCDs

1101  0101

Major Space Environment Hazards

Solar array power 
decrease due to 
radiation damage

Before After
Before

During exposure to 
multi-MeV protons 

Electronics degrade due 
to total radiation dose

Induced 
Voltage

Time
((The Aerospace Corporation)

NASA Radiation Belt Storm Probes
Launch: August 23, 2012



The historical record also demonstrates that as the complexity of systems increase, 
including their interconnectedness and interoperability, they can become more 
susceptible to space weather effects:

SPACE RADIATION
Astronaut safety

Aircraft on ground at JFK

Solar particles

Aircraft in flight over U.S.

Airline passenger safety



The historical record also demonstrates that as the complexity of systems increase, 
including their interconnectedness and interoperability, they can become more 
susceptible to space weather effects:

SPACE RADIATION and DISTURBANCES
Airline Operations: North Polar Routes



Cosmic rays
Solar x-rays

Solar radio
Solar particles

Solar magnetic fields
Radiation belts

Magnetosphere plasma
Ionosphere electrical currents

Ionosphere bubbles
Atmosphere density

Atmosphere ions
Earth’s conductivity

Solar-produced effects at Earth:   “It is not a matter of if, it is simply a matter of when and how big”
Jane Lubchenco, Administrator, National Oceanic and Atmospheric Administration
20 February 2011
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