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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

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

have been deflected whenever aurora
has been visible”



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

Samuel F. B. Morse

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, …”



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, …”

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 
Originating from solar effects?

Lord Kelvin, 1892 Presidential address to the Royal Society 
of London said ”NO”

MAGNETIC STORM
14-15 May 1921

New York Times 15 May 1921



MAGNETIC STORM:
March 24, 1940

vNumerous 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

vTransformer 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 systems

vWidespread 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.”*  

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

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”*

First trans-Atlantic voice cable
Clarenville, Newfoundland, to Oban, Scotland



EARLY WIRELESS COMMUNICATIONS

Guglielmo Giovanni Maria Marconi
12 December 1901 dot dot dot from Poldhu, Cornwall, to St. John’s, Newfoundland

(Thought to be about 850kHz (about 350m) in daylight across Atlantic)
1909: Nobel Prize in Physics



EARLY WIRELESS COMMUNICATIONS

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

Signal Hill, 2011

New York Times 15 May 1921



EARLY WIRELESS COMMUNICATIONS

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

“… 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).

Signal Hill, 2011



EARLY WIRELESS COMMUNICATIONS

Low frequency reception (BLUE) stable

High frequency reception (red) follows 
magnetic field storm (green)

AT&T



EARLY WIRELESS COMMUNICATIONS

AT&T



Goode Solar Telescope NJIT Big Bear Solar Observatory 8 May 2024







BBSO 8 May 2024

empty space
The satellite era: Sputnik 1 (1957) and Explorer 1 (1958)

Pickering   Van Allen   Von Braun

Explorer 1 January 1958
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empty space

Sir Arthur Clark  1945

Wireless World, 1945

Three human-tended
geosynchronous 
communication satellites



Telstar 1 1962
Low Earth Orbit

Syncom 3 1963
Geosynchronous Orbit Sir Arthur Clark  1945

Harold Rosen
Hughes Aircraft

AT&T
Bell Labs



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 Þ 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)

Sun 'ejection' killed TV 
satellite
January 21, 1997Web posted at: 10:10 p.m. EST

AT&T Telstar 401 Satellite



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 Þ 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)



Weather in space: Effects on technologies
¨IONOSPHERE VARIATIONS

•Induction of electrical currents in the Earth
nPower distribution systems
nLong communication cables:  land and sea
nPipelines

Time-varying electrical currents in the ionosphere
produce time-varying magnetic fields at Earth’s surface
which in turn produce electrical currents flowing in the Earth

Earth electrical currents (telluric currents) seek highest conducting 
path: cables, pipelines, power grids



Weather in space: Effects on technologies
¨IONOSPHERE VARIATIONS

•Induction of electrical currents in the Earth
nPower distribution systems
nLong communication cables:  land and sea
nPipelines

Blown electrical distribution transformer 
in New Jersey 
(March 1989 superstorm that brought 
down Quebec power grid in 90 seconds)



Weather in space: Effects on technologies
¨IONOSPHERE VARIATIONS

•Induction of electrical currents in the Earth
nPower distribution systems
nLong communication cables:  land and sea
nPipelines

HamSCI



Weather in space: Effects on technologies
¨IONOSPHERE VARIATIONS   Sunlit and Dark  2024 Eclipse

Approximate
2024 
Eclipse Interval



Weather in space: Effects on technologies
¨IONOSPHERE VARIATIONS

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

interference, scintillation

New York Times 13 May 2024



Weather in space: Effects on technologies
¨IONOSPHERE VARIATIONS

•Solar X-rays – ionization of E-region
•Solar X-rays first measured by Herbert Friedman 
using captured V2 rocket at White Sands Missile 
Range NM 29 September 1949

V2 Rocket, Peenemude Museum Germany
Naval Research Laboratory



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
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