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HRISTIAN SCIENCE Italy Blames Disruption of Comsat
MONITOR mo Uses on Strong Solar Activity

Solar storm delivers a glancing blow to Earth — || ik ssoncris— cuis e s inar - e stemision s

o Halian Defense Min- In response (o Space News  paint in ite scheduled operai-
: RS I | ey Tont contral of i questions: dve lalin ot de. g e
dIld AeWwal Illllg o Space News, January 15, 2007
C
The solar storm c‘(:ll.ﬁ{"lf ll_\ a massive L'I‘Hlliin:t (wo (l.l;\\ dgo ar rived al |'}H‘U! \\n'(hit'ﬂj;(} @/l]c ‘wﬂﬁhllllﬂﬂn 1]051 2011

but it was only a taste of what scientists sav might come - and the world i< not prepare
:‘17‘.' e June 9. 2011

As the sun awakens, the power grid
stands vulnerable

Space Station Glitch
Possibly Ca usad h-'l Solar By Brian Vastag, Published: Jyne 20 ,
Flare The sun is waking

" By 1¢ sun is waking up. MONDAY, JULY 17, 2600 -
Wl Hrlan YAHOO! NEWS —
peasen 13 UScmmier Sl :

- Space weather could wreak havoc in SOlal‘ storm%

gadget-driven world <

ends up lust ,
d nmsance +

REUTERS

Lipsses & 40 P EST

Solar Storms Cut Airplane Radio

Contact

By Tom Cohen
Associated Press
posted: 02:00 am
30 October 2003
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Major Solar Flare Erupts, May Make Auroras
Visible in Northern U.S.
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WASHINGTON (AP)

THE NEW YORK TIMES, WE

PLANET CARTH

Magnetic North Pole Shifts, Forces Runway petrice!
Closures at Florida Airport

WA Faplan

Largest Solar Flaring in 5 Years
Could Break Up Communications

By WILLIAMK.STEVENS



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

Earth’s magnetosphere

Solar coronal mass ejection
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Solar X-Rays
Solar Radio Noise

Solar wind;
400 km/sec

Solar active Regions Van Allen Trapped Radiation Belts
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The historical record demonstrates that space weather processes often provide
surprises in the implementation and operation of new electrical technologies

carrington Event e L
AUGUST 28 to SEPTEMBER 4 1.859 s L ]

g of tele raph
'-*‘afk were reported
ange of stations,

g “eastern U.S., England,
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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 probesses often
provide surprises in the implementation and operation of new electrical

technologies:

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

technologies: «
Ocean Telephone Cables Electric Power Systems

- - . -
|- < —ar— R P Ty
= - -

_. — [l

T =

=

=t the exact moment when
Oban, Scotland

ESSsnetoaraph traces leaped and
l_'a flared up, huge currents

Universal Time

“... Circuit breakers began tripping out
in Ontario transformer stations, First romg-ABGr e volcs Cabie (A ST AT

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




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

Power distribution systems
Long communlcatl@n cables: Iand andﬁsea

.*.- =

Pipelines

March 24, 1940
210
forer banks, Abatibl S

R

) “Circuit breakers m m out in Ontarlo SPACE WEATHER, VOL. 2, S10003, doi:10.1029/20035W000005, 2004
transformer stations, plunging the Toronto area

Space weather and the electricity market:
mmmbmca @ An initial assessment

Kevin F. l"nrbe';

& hour power supply disruption in Plo R

O. C. St. Cyr
Department of Physics, Catholic University of America, Washington, DC, USA

NASA Goddard Space Flight Center, Greenbelt, Maryland, USA

SPACE WEATHER, VOL. 10, S05001, doi:10.1029/2011SW000752, 2012

=| MONTREAL — A massive power outage yesterday Did geomagnetic activity challenge electric power
Jeft more thaa 3 million people m Quebec without L2 . .
heat and kight, crippling Moatreal's underground reliability during solar cycle 23? Evidence

from the PJM regional transmission
organization in North America

Kevin F. Forbes' and O. C. St. Cyr™®




IN FEBRUARY 1942, DURING WORLD
WAR 1I, 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.

a2 United States Patent

AN IMMEDIATE INVESTIGATION
WAS MADE BY MEMBERS OF

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

Kochanski et al.

Hey's AMAZING REPORT
WAS THAT THE RADAR INTER-
FERENCE WAS BEING CAUSED,

& | NOT BY THE GERMANS ACROSS

THE CHANNEL, BUT BY ELECTRO-
AI?NETIC SIGHALS FROM THE
SUN WHICH AT THAT TIME WAS

£ UNDERGOING STRONG SUNSPOT

AND SOLAR FLARE ACTIVITY.

US 7,826,795 B2
Nov. 2, 2010

(10; Patent No.:
(45 Date of Patent:

(54) METHODS AND APPARAIUS FOR

MITIGATING THE EFFECTS OF SOLAR
NOISE AND THE LIKE ON A WIRELESS
COMMUNICATION SYSTEM

(73} Inventors: Gregory P. Kochanski, Dunellen, NJ

{LIS}): Louis J. Lanzerotti. New Vernon,

NJ{LISY; George L. Rittenhouse.

Holmdel, NI (US); David .I. Themson,

Murrav Hill, NJ(LIS)

-

3 Assignee: Aleatel-Lucent USA [nc., Murray Hill

NJ(LIS)

(58)  Field of Classification Search 455/524,
455/63.1. 67.11. 503, 506, 67.16. 134, 562.1.
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455/114.3; 39841, 118: 342203, 156, 123
See application file for complete search history.
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Brief loss of Vertical Guided Approach WAAS coverage and availability of the
(in regions denoted in pink) vertical guided approach service on 6
December 2006.

The Effect of Intense December 2006

Solar Radio Bursts on GPS Receivers
Alessandro P. Cerruti, et al., Space Weather,
2008. Cornell University
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Lunguude

Number (_)f receivers severely impacted b SCIENCE & ENVIRONMENT

solar radio burst
Yellow: all currently available geodetic
quality receivers available through World Rl e
Wide Web, including from the GPS receive
from the IGS and Continuously Operating A : :
Reference System (CORS) networks. UK 'over-reliant’ on GPS signals, engineers wam
: all receivers severely impacted duriny T
peak of solar radio burst: 19:30-19:40 UT.




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:

UNLOCKING THE SECRETS OF

John R. Pie;*ée:

Pioneer in Satellite
Communications

Echo 1, 1960 4 Telstar 1, 1962
"assive reflector
i e

John R. Pierce

=

I%il'!i'lliﬂllal,l;lﬁ

Syncom 3, 1963 i
Sir Arthur Clark




SN
interactive

CNN com

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

ATET Telstar 401 Satellite

High-tech chaos as satellites spin out of contro

Plug pulled on
phones, TV,

AT&T Telstar 1

Radiation Damage

Launch: 10 July 1962
Failed: February 1963

radio, papers

PETER B. de SELDING, PARIS

e lalian Defense Min-

canse we really didn't know  solvware modernization on the
what was going on.” satellive, which isan the halfway
e . In response to Space News int in its scheduled operat-
L t i ts  questions, the lalion »
nﬂLﬂ.aff_rf.;.“.-‘_ ol -.-...RELJ 72 _..j‘f‘"_‘ * Hlﬂ':.

Space News, January 15, 2007

| CBC N a
| tonal specilty cabe chanmels, -
cluding’ MuchMusic, TSN, Vision |
| and the Weather Channel, were
knocked off the air. Partial service,

WWW_SpICEnEws. Com

SPACE NEWS

rbital Blames Galaxy 15 ail

‘ SPACE NEWS

el

h on Solar Storm

WA SACEOEWS. OMR

Jasnary 10, 2011

PETER B. de SELDING, PARIS

Intelsat Moving Recﬁovered Galaxy 15 To Test Location




Major Space Environment Hazards

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

3

Before

Solar array power
decrease due to

o Surface dearadation from radiation
(o}

Single event effe ade due
11( : . dose

ar array arc
harge

Spacecraft com

NASA Radiation Belt Storm Probes
Launch: August 23, 2012

I_IUULIUIIIM&II\'LI\J PUI\J\' N TSN Voelliitviw uluulluuv\,
u (on surface, behind thin shielding, or deep inside)

Induced
Voltage

(The Aerospace Corporation)




The historical record also demonstrates that as the complexity of systems increase,
including their interconnectedness and interoperability, they €an become more

susceptible to space weather effects:

SPACE RADIATION

JANS | go] g F=10 ) SST21 (=1 RVARN SPACE WEATHER, VOL. 5, S08002, null PP., 2007
Airline passengcitaautEE

Commercial Space Tourism and Space Weather

Observation of solar Pl Ronald Turner

Analytic Services, Inc., Arlington Virginia USA

LAX-JFK 25thOct2003 (3

70FT, LAST HR 38,000FT) = 12.0 MicroSv. JFK-LAX 1stNov2003(39,000ft
maost of flt)= 16.0 MicroSv

SPACE WEATHER, VOL. 1, NO. 1, 1005, doi:10.1029/2003SW000011, 2003

A systematic global mapping of the radiation field at aviation altitudes

E. G. Stassinopoulos
NASA Goddard Space Flight Center, Greenbelt, Maryland, USA

C. A. Stauffer

Stinger Ghaffarian Technologies, Greenbelt, Maryland, USA

G. J. Brucker'

Radiation Effects C 1 Inc,, West Long Branch, New Jersey, USA

SPACE WEATHER, VOL. 3, S01004, doi:10.1029/2004SW000110, 2005

LU PN DSV TS

Radiation dose along North American transcontinental flight paths
during quiescent and disturbed geomagnetic conditions

Ian L. Getley
Department of Aviation, University of New South Wales, Sydney, New South Wales, Australia

M. L. Duldig
Space and Atmospheric Sci A lian Antarctic Division, Kingston, Tasmania, Australia

D. F. Smart and M. A. Shea
Space Vehicles Directorate, Air Force Laboratory, H: Air Force Base, Bedford, Massachusetts, USA
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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 Operatlo

Solar Storms Cut Airplane Radio

Contact

By Tom Cohen

Associated Press
posted: 04:00 am ET
30 October 2003

TORONTO (AP) _ Airplanes flying north of the 57"
parallel experienced some disruptions in high frequency
radio communications Wednesday due to the
geomagnetic storm from solar flares.

Sunstorm Watch: Planes rerouted as massive solar storm
brushes by Earth

Published March 08, 20 xNew




Cosmic rays
Solar x-rays
Solar radio
Solar particles
Solar magnetic fields
Radiation belts
- Magnetosphere
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As the complexity of systems increase, including their interconnectedness anc
interoperability, they can become more susceptible to space weather effects

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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