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¢ Hamilton Spectai| Ifaly Blames Disruption of Comsat
P. AN|K| NATO Uses on Strong Solar Activity

PETER B. de SELDING, PARIS c;usc we really d dn't know software modernization on the

.. he Ial al was going on.” satelli
e lalian Defense Min- In response to § N N4
High-tech chaos as satellltes spin out of control | I sury lost control of its queauonsplhc mf.an’:;fm 3: 5:3";5'1
an a1l wnilitm e il -~
¥

Plug pulled on

x Space News, January 15 2007

Space Statiom Glitch
Possibly Caused by Solar
= Flare
' . By larig Malik
Hall Werle
poatec: 15 Decasstee 2008
1140 am EY

Minnesota Now with Cathy Wurzer

Northern lights solar storm interrupted tractor GPS
system, halting planting for Minnesota farmers

Cathy Wurzer and CJ Younger May 13, 2024 2:24 PM

Space weather could wreak havoc in
gadget-driven world

Sheridan

by Kerry

MONDAY, JULY 17, 2008 -

Solar storm;
ends up just
a nuisance 5

REUTERS

WASHINGTON — A severe geo-‘-~
magnetic storm that hit Earth over
the weekend interfered with data
from at least one U.S. weather satel-
lite and some power systems, govem-i
ment scientists said yesterda T

L | THE NEW YORK TIMES, WEDNESDAY MARCH 8, 1989

PLANET EARTH

Magnetlc North Pole Shifts, Forces Runway
Closures at Florida Airport

Doiy Largest Solar Flaring in 5 Years
i Could Break Up Communications]

By WILLIAM K. STEVENS )
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Solar corona > 1,000,000 degrees K
Solar photosphere: 6000 degrees K

Earth’s magnetosphere

Solar coronal mass ejection
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d Earth;
about 100 km)

Dral zones

Solar wind; ;
400 km/sec

Solar active Regions Van Allen Trapped Radiation Belts







TELEGRAPH in 1840’s

W. H. Barlow, “On spontaneous electrical currents qbs_grved m the wires of

Derby to Birmingham, England
Derby Galvanometer

20
]

Right

Fig 1.5 William Barlow
Painting by John Collier
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“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, 8§ 1

THE ERECTION OF WHICH WAS CARRIED
OUT UNDER MY SUPERINTENDENCE AS THE . 1 — | | T T
COMPANY’S ENGINEER.” 18 20 2 24 % 28 30

Days of May 1847

“.. in every case which has come under
my observation, the telegraph needles
have been deflected whenever aurora

has been visible”



DISCOVERY OF A SOLAR FLARE

OBSERVATIONS

OF THE

SPOTS ON THE SUN

FROM NOVEMBER 9, 1853, TO- MARCH 24, 1861,

MADE AT REDHILL,

BY

RICHARD CHRISTOPHER CARRINGTON, F.R.S.

ILLUSTRATED BY 166 PLATES.

The publication of this work was aided by a Grant from the Fund placed at the disposal of
the Royal Society by Her Majesty’s Treasury,

WILLIAMS AND NORGATE,
14, HENRIETTA STREET, COVENT GARDEN, LONDON;

AND
20, SOUTH FREDERICK STREET, EDINBURGH.
1863.

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

Plate #80 1859 Aug 11 to Sep 6 Rotaition | 78.




MAGNETIC STORM:
AUGUST 28 to_.SEEMKBEB 4.1859

Sam‘UeI F. B. Morse




MAGNETIC STORM:
AUGUST 28 to SEPTEMBER 4 . 1859

ing  of telec raph
were reported
‘nge of stations,
-, England,
France,
urtemburyg,

i

Fig 1.11 George Prescott
Photograph courtesy of the
Kingston Historical Museum,
Kingston, New Ham pshire.

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

Orlgmatmg fram solar effects?
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- mensions In the memory of telegraph

PARALYZES WIRES | wire chiefs last night gripped telegraph

wires from the Atlantic Coast to the

Mississippl, so thet service virtually was
ended near midnight.

Unprecedented Disturbance Is

Attributed to  Solar The Amerlcan Telegraph and Telephone
Manifestations. Company, operating many leased wires
for newspapers, reported that the dis-
| turbance was unprecedented in the mem-
BROADWAY LIGHTS DIMMED ory of men thirty yecars in the service.
K At times cvery wirec waa ‘‘down " and |
operators could not get them back into
service, although they kept trying to |
communicate with city after city.

| Theatre Crowds Returning
Home Amazed at the Bril-
liancy of the Skies.

New York Times 15 May 1921




MAGNETIC STORM:

March 24, 1940
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First widespread effects on owWer ¢
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+Widespread effects on Radio- and '_I

¥ X,
e
Fig 1.16 Areas of high Earth resistivity (black shaded areas)
with locations (open circles) shown of AT&T Long Lines
system telecomm unications problem s during the Easter
Sunday, 24 March 1940, geom agnetic storm . Adapted from
Germmaine (1940).

Minneapolis-Fargo Earth Potential

-500 |

18 17 16 15 14
Hour Local Time, March 24, 1940



MAGNETIC STORM:

February 10, 1 958_}

55 e e
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IEEE MILESTGNF‘ IN ELECTRICAL ENGINEERING
: - AND COMPUTING :

THE FIRST SUBMARINE TRANSATLANTIC TELEPHONE éﬁBLE QYSTEV (TAT-1), 1956
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Global telephone communications using submarine cables began here on 25
September 1956, when the first transatlantic undersea teleplione system, 03 02 01
TAT-1; went irio service. This site is the eastern terminal of the transatlantic . .

_ cable “that -stretched west to Clarenville, Newfoundland. TAT-1 was a great 11 February 1958 Universal Time
technological - achievement providing unparalleled reliability with fragile
components in hostile environments. It was made possible through the efforts*
of engineers at AT&T Bell Laboratories and BPO. The system operated until
1978 / /

o : / Septe'nber 2006
| @ INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS |

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




EARLY WIRELESS COMMUNICATIONS
Marconi’s
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Guglielmo Giovanni Maria Marconi
12 December 1901 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
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Marcom and assistants unching

supported aerial, Signal H||| st John s- o | 13 'i_II, 2011
Newfoundland, December 1901. To # e

receive signal from Poldhu, Cornwall

Curlously, the disturbance that tlied up
the land wires seemed to strengthen
the signals of the wireless apparatus.
Operators in the special wireless station
of Tue NEw Yorxk TiMES reported that
| thelr signals from Berlin and the La-
| fayette station at Bordeaux were much
stronger from 1030 o'clock last night]
until after midnight, the period of the/|
greatest disturbance on the land wires. |

New York Times 15 May 1921




EARLY WIRELESS COMMUNICATIONS

supporte aerlal Slgnal ﬁllh .
Newfoundland, December 1901.
receive signal from Poldhu, Cornwall

L Signal Hill, 2011

“.. 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).




Transatlantic
Signal Strength

Sunspot Numbers

Sunspot Numbers Field Intensity, pV/m

20
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Low frequency reception (BLUE) stable

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

Relative Transi |ssions, dB

July 1928

O—0 Transmission on 18.34 MHz (16m)
Deal, N.J. to New Southgate, England

0——o0 Transmission on 60 kHz (5 x 103m)
Rocky Point, L.1. to Cupar, Scotland

O——0 Horizontal Component of Earth's
Magnetic Fleld 4
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EARLY WIRELESS COMMUNICATIONS

An operator of RCA Communica-
tions said that while conditions
" had been “‘none too good” during
- |the past week, an almost complete
~ interruption of short-wave traffic
between New York and London was
experienced yesterday about 1 A. M,
Almost all traffic was shifted to
the long-wave circuits, which are
less affected by the earth's mag-
netic condition resulting from sun-

S ... . T S spots.nowatahighpeak
1915 1920 1925 1930 i

Years

50 T T T T T T T T T T T T T T T ===

Transatlantic
Signal Strength

Sunspot Numbers

Sunspot Numbers Field Intensity, pV/m
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July 1928

6 4 2 0 2 4 6 8
Days Before Storm Days After

O—0 Transmission on 18.34 MHz (16m)
20 | - DeaI,N.:J. t'o New So:x(t:gaste, :E(r;gland
' Copyright, 1938, by The New York Times Company. o I{ggff Fl’?)?rlm(t’? L?l'.‘thCupzas, chotlar:Zi 1 0.1875
= T O——0 Horizontal Component of Earth's .

NEW YORK, SUNDAY, JANUARY 23, 1938 ‘ g 10 |- Magnetic Feid +
S Ho0.1873 =
Violent M tic St Disrupts I S
iolent Magnetic Storm Disrup 5 {o1ery =
' 9
Short-Wave Radio Communication [l & .| 2
| {01869 P
Transoceamc Services Transfer Phone and 3 20 =

I Other Traffic to Long Wave Lengths as - 0.1867

. . - '30 |
’ Sun Spot Disturbance Strikes 01865
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IN FEBRUARY 1942, DURING WORLD
WAR II, A DRAMATIC CRISIS AROSE
IN BRITAIN, RADAR OPERATORS
THROUGHOUT THE COUNTRY
REPORTED A NEW KIND OF
JAMMING” WHICH PERIODICALLY
COMPLETELY DISRUPTED THE
BRITISH RADAR DEFENCE SYSTEM.

AN IMMEDIATE INVESTIGATION
WAS MADE BY MEMBERS OF

THE BRITISH ARMY OPERATIONAL
RESEARCH GROUP LED BY J.S. HEY.

Goode Solar Telescope NJIT Big Bear Solar Observatory 8 May 2(

Fig 6.8 JamesHey
Photograph by Leo
Goldberg, courtesy AIP
Emilio Segre Visual

| Archives

.....

Hey’s AMAZING REPORT
WAS THAT THE RADAR INTER-
FERENCE WAS BEING CAUSED,
NOT BY THE GERMANS ACROSS
THE CHANNEL, BUT BY ELECTRO-
MAGNETIC SIGNALS FROM THE
SUN WHICH AT THAT TIME WAS
UNDERGOING STRONG SUNSPOT
AND SOLAR FLARE ACTIVITY.







Cosmic Rays

Particles
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Coronal
Mass Ejection

Magnetic
Field




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

-————

1958 Y
SAN DIEGO
28 MARCH
748 UT

COUNTING RATE (sEC)™!

100
TIME FROM PREVIOUS INTERROGATION (MINUTES) ey

0 ‘ Pickeri

A JE° WEEKLY NEWSMAGAZINE

o

Gceomagnctic

10
PHYSICIST

AMES VAN Al.LEN Fig. 5.8 Sketch of the Van Allen belts. From J. A. Van Allen and L. A. Frank, Nature 183, 430
(1959).




Three human-tended
geosynchronous
communication satellites

CONE Of BCAM
AND BROAOCAST SCARVICLS

-
- -
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station 2.
Fig. 3. Three satellite stations would ensure complete coverage of the

globe.
Wireless World, 1945

* Sir Arthur Clark 1945
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Telstar 1 1962
Low Earth Orbit

.Syncom 3 1963\ :
G h Orbit
Hughes Aircraft SOSYNENTONOUS Lol Sir Arthur Clark 1945

Harold Rosen




Major Space Environment Hazards

Fortune magazine February 10, 2022

How Elon Musk’s SpaceX lost 40 Starlink satellites
—reportedly worth as much as $20 million—all at
once

W Spacenews. com

Orbital Blames Galaxy 15

‘ SPA

Failure on Solar Storm

I

Intelsa

ETER B. di {G. PAR

t Moving Recovered

M sun ‘ejection’ killed TV
satellite

Januar y 21, 1997Web posted at: 10:10 p.m. EST

AT&T Telstar 401 Satellite




Major Space Environment Hazards

False stars in star tracker CCDs
During exposure to
Before multi-MeV protons

Before

Solar array power -4
decrease due to |

radiation damage Surface degradation from radiation

©32000/07/14 10:42:05

Single event effects in microelectronics SN e Electronics degrade due to
1101 = 0101 3/ { total radiation dose

Solar array arc
discharge

Spacecraft components become radioactive

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

Induced
Voltage

(The Aerospace Corporation)




Weather in space: Effects on technologies

+IONOSPHERE VARIATIONS
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Time-varying electrical currents in thé 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 5

Blown electridal 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

VISIBLE

Gamma  X-ray UIItravioIetl Infrared Microwave Radio

Thermosphere

SUAOSPRIEIS

IITORCSPRERS

Optical “window” Radio“window”




Weather in space: Effects on technologies

+IONOSPHERE VARIATIONS Sunlit and Dark 2024 Eclipse

WWV 10 MH: Relative Power (dB)
7 April 2024

Sunrise: 5.55
== Solar Noon: 12.03
e Sunset: 18.5

%

Relative Power (dB)

Approximate
2024
Eclipse Interval

2 4

8 April 2024

Relative Power (dB)

L] w 12 AL % s

Center Propagation Path, Local Time

Fig 6.6 Effect of 2024 U.S. eclipse on HF propagation.
Credit: G. Perry and S. Fernandes, New Jersey Institute of Technology.




Weather in space: Effects on technologies

+IONOSPHERE VARIATIONS

Satellite signals, c G
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New York Times, May 13, 2024

Solar Storm Crashes GPS Systems
Used by Some Farmers, Stalling
Planting

The storm interfered with navigational systems used in tractors

Altitude (km)

and other farming equipment, leaving some farmers temporarily’

unable to plant their crops.
7 -
S

Ranging
Error

Fig 6.6. Ionosphere effects on GPS signals




Weather in space: Effects on technologies

+IONOSPHERE VARIATIONS
Solar X-rays - |omzat|q_n f E-

Solar X-rays flrs pasured

usmg. C -ap otured

28 November 2023
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@ | Figure 6.15 Effect of solar X-ray event on HF propagation
Credit G. Perry and S. Femandes, New Jersey Institute of Technology.
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Fig 6.14 Herbert Fnedman

Naval Research Laboratory

V2 Rocket, Peenemude Museum Germany



Cosmic rays
Solar x-rays
Solar radio
Solar particles
Solar magnetic fields
Radia ‘belts






Radiation Belt Particles
Galactic Cosmic Rays
Solar Cosmic Rays
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