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Physics textbook, 1956





Solar coronal mass ejections

Solar  active regions

Solar wind

Earth’s magnetosphere

Aurora regions

Van Allen belts

Magnetohydrodynamic shock wave

Solar photosphere: 
6000K

Solar corona: >1,000,000K



North Pole

South Pole





TELEGRAPH in 1840’s
W. H. Barlow, “On spontaneous electrical currents observed in the wires of 
the electric telegraph”, Phil. Trans. R. Soc., 61, 1849:

“The observations described … were 
undertaken in consequence of certain
spontaneous deflections having been 
noticed in the needles of the electric

telegraph on the Midland Railway, 
the erection of which was carried 

out under my superintendence as the
Company’s engineer.”

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

have been deflected whenever aurorahave been deflected whenever aurora
has been visiblehas been visible””



Discovery of a Solar Flare

Plate #80

“The observation of this very  
splendid group on September 1st 
[1859] has had some notoriety.   ... I 
... witnessed a singular outbreak of 
light which lasted about 5 minutes, 
and moved sensibly over the contour 
of the spot ….”



MAGNETIC STORM:
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, …”

In Christiania, Norway: “… sparks and
uninterrupted discharges were from 
time to time observed.  Pieces of paper
were set on fire ….” (Am. J. Sci. Arts, 29, 
386, 1860)

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



MAGNETIC STORM:
March 24, 1940

Numerous Problems (Transformer Tripping; Reactive 
Power Surges) on Other Systems; e.g.:
Philadelphia Electric; Public Service NJ; Central 
Maine; Northern States Power (MN); Eastern MA Electric

Transformer Tripping, Ontario Hydro Electric Commission  
4 Transformer Banks, Chats Falls, Niagara District (220kV
6 Transformer Banks, Abatibi System (132 kV)

First widespread effects on power distribution systemsWidespread effects on Radio- and Landline-telephony



MAGNETIC STORM:
February 10, 1958

“At almost the exact moment when 
the magnetograph traces leaped and 
the aurora flared up, huge currents 
in the earth, induced by the heavenly
turbulence, manifested themselves 
not only in power lines in Canada but 
in cables under the north Atlantic.”*  

Voltage on first transatlantic telephone cable

“… 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”*

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



EARLY WIRELESS COMMUNICATIONS
“… times of bad fading practically always coincide with 
the appearance of large sun-spots and intense aurora-
boreali usually accompanied by magnetic storms ….”
These are “… the same periods when cables and land 
lines experience difficulties or are thrown out of action.”
(G. Marconi, Radio Communications, 1928).

Marconi and assistants launching kite-
supported aerial, Signal Hill, St. John's, 
Newfoundland, December 1901.  To 
receive signal from Poldhu, Cornwall



Big Bear Solar 
Observatory,
28 October 2003
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Solar wind at Earth: about 10 particles per cubic cm
average velocity about 400km/sec
imbedded magnetic field about 0.0003 Earth’s field at surface

The Sun in ultra violet, solar 
minimum to near solar 
maximum (left to right)



Weather in space: Effects on technologies

♦IONOSPHERE VARIATIONS
•Induction of electrical currents in the Earth

Power distribution systems
Long communication cables:  land and sea
Pipelines

•Interference with geophysical prospecting
•“Source” for geophysical prospecting
•Wireless signal reflection, propagation, attenuation
•Satellite signals, communications, GPS, etc.:   

interference, scintillation
♦MAGNETIC FIELD VARIATIONS

•Compasses
•Attitude control of spacecraft

Blown electrical 
distribution transformer 
in New Jersey  
(March 1989 superstorm
that caused failure of 
Quebec power grid in 90 
seconds)



Weather in space: Effects on technologies

♦IONOSPHERE VARIATIONS
•Wireless signal reflection, propagation, attenuation
•Satellite signals, communications, GPS, etc.:   

interference, scintillation
Amundsen-Scott IGY South-Pole Station  12 February 1957
(All pictures courtesy of Dr. Robert Benson, IGY South Pole winter over)

Dr. Paul Dr. Paul SipleSiple
AmundsenAmundsen--Scott IGY SouthScott IGY South--Pole Pole 
Station LeaderStation Leader

IGY South Pole IGY South Pole IonogramIonogram: communications research: communications research



Weather in space: Effects on technologies

♦IONOSPHERE VARIATIONS

Automatic Geophysical Observatory
Instruments to study ‘upper atmosphere’ geophysics in Antarctica
Using solar and wind power

Automatic Geophysical Observatory
Serviced by LC130 (shown) and Twin Otter aircraft



Weather in space: Effects on technologies

♦IONOSPHERE VARIATIONS

Magnetometer, Arrival Heights

Magnetometer, Concordia

Magnetometer site, 150 km from Davis

Magnetometer, Mario Zuchelli



Weather in space: Effects on technologies

♦IONOSPHERE VARIATIONS

Maps of the Super Dual Auroral Radar Network 
(SuperDARN) arrays over the Northern (left) and 
Southern (right) polar regions. The Antarctic 
map shows fields-of-view for existing and 
planned radars, which will provide complete 
coverage of the southern polar region above 60 
degrees geomagnetic latitude.

Syowa Station
HF antenna



Weather in space: Effects on technologies

♦SPACE RADIATION
•Spacecraft solar cell damage
•Semiconductor device damage and failure
•Faulty operation of semiconductor devices, space 

and ground
•Spacecraft charging: surface and interior materials
•Astronaut safety
•Airline passenger safety

Radiation Belts Storm Probes mission

Radiation belts



Weather in space: Effects on technologies

♦SPACE RADIATION

•Semiconductor device damage and failure
•Faulty operation of semiconductor devices, space 

and ground
•Spacecraft charging: surface and interior materials
•Astronaut safety
•Airline passenger safety

Imaging Riometer in the Antarctic
Measuring loss of radiation belt particles



Weather in space: Effects on technologies

♦SPACE RADIATION

Inflation of MINIS balloon: 
SANAE IV  January 2005

MINIS balloon test flight:
McMurdo, December 2004

Large decrease in geosynchronous electron fluxes
at time of large increase of balloon fluxes:
Measuring loss of Van Allen belt electrons
Millan et al., 2007



Weather in space: Effects on technologies
SPACE RADIATION

Astronaut safety
Airline passenger safety
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United Airlines Polar Routes 2005

BEIJING

Routes impacted during January 2005 solar event;
Total cost impact order $250K



Weather in space: Effects on technologies
♦IONOSPHERE VARIATIONS

•Wireless signal reflection, propagation, attenuation
•Satellite signals, communications, GPS, etc.:   

interference, scintillation

Percent U.S. coverage 
Wide Area Augmentation System

Vertical landing approach to 250 ft.

Geomagnetic activity



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





IGY South Pole Communications
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