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Are You Ready for Solar Max?

For thousands of year 5 the ‘N orthern Lights have
lit up the ki es and hum anim agination, with their
ghog lyi ncandeseence. M oreof tenseni na dic
regions but oocas ond lyasf a sout hasAr izona
andFl oridat heyhavei ngi redbot hgoodandi
omen,andaf armesar eof miunder $andi ng.
W hathas changed in the lad 150 year sor 0 istha
our & eadyt ednol ogi cal advanceshavef  indly
m adeit poss ble for us to e how Ll a dorm sare
produced, and how their effed s m akeit dl the way
to the Earthl

Solar Stom s

The aungpot oyd e m aks out changi ng epi des of
dormnesandqui exence. Duringungpot m axi -
m umaoondi tions m any Lngot s dot the Sun’ s dik
and thisisatimewhen mgor ola gormscan be
gawned. About 5 year slaer, few ot s an be sen

and the Sunisrdaivd y cd m,dthough from time
tot imeiteang ill pr oduceas zabled orm .The

interva between aungpot m axim aisabout 11 year s

Bmillionmilesaway, manydi ffeentsd emsn
the Earth ssem to beat in 2ep with thisaubt le, sl a
rhythm . Theedi dant la dormsend D aede
epi des of extrem dy bad ‘gace weather’. W hdis
the sour ce of dl this<ol ar unret ?
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Sungpot cyd es during the 20th Century.

The Sunisan adive da . Ind de the Sun, aom sare
dhor n of their ded rons a tem peraures of hundr eds
of thousands of degr ess to form the Fourth State of
M ater: Plasna Thee plaanashoil like camedin
a pot, heated by the 15 milion degree nud ear hot
platedespi nt heSun' sor e Theconved  ionaur -
rents take up nearly 1/3 of the outer layer s of the
Sun, and it is oM ewhere in this turbulent cd dron
thar iversof dhar gedpar tid esgener aepower ful
m agnetic fid ds

Chremesphera

il - __
Theol amagnet icf iddi scar riedbyconved  ion
arrentst ot hear facewher el tget sconcent raed
into the dark potswese as angot s Over time,
thee aungot fidds can m ege together and som e
timeshor td rauit.Li keadd llfussamd res t he
Sunbr eeks heem agnet icf iddl oopsandr eties
them into larger and larger m agnetic hapes nearly
as large as the Sunitd f.

W henm agnetic fidds dhort draui t, powerful ol a
f aeshut  pot onsande edionst onead ight
gead, endi ng blag sof X-rays into pace. M ilions
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of milesavay, t hed edomagneticandpat ide
redi ations from thexe flares can grike the Earth and
diupt ed oandsat €litecommunication. The
Sun’'sor onacana ogawnbi  llion-tond  oudsof

plaama Travd ing & over amilion mies per hour,
om ear rivea t heEar thi nonl yaf ewdays < a
s entidscd |t heeevent soor ond massg edions
(CMES

O

_— -

1998/06/02 13:31

CM Eevent ssen by SOHOan ESANASAstdlite

In manyways they are adudly m oe noxi ous then
the m ore popul arly known <l ar flaees CM Egum -
m et hem agnet icf iddof t heEar thl ikeami Ilion
mie-wide d edgehan m e, and upst itsddicate bd -
anoss of trapped partid esin the van Allen radi aion
be tsand d ewherein the Earth’ s ervi ronm ent.

The ven Allen radia
tionbd tswer edi s
cover ed dur ingt he
eal yyeasof the
SpaceAge. Shaped
likedonut swi tht he
Eatha t heot er,
theyar eahazar dt o
stdlitesandad  ro-
nauts because of
their ener getic parti-
des

Tot henakedeye, t hef irdhi ntt hat paceweat  her
condi tions have taken aturn for the word isusid ly
aged aoul a auoa boed iscd ledNot hen
Lights i nt hear dicr egionsof t heEar th),andan
auor aaud rdis( cdled’ SouthernLi ghts i nt he
Antardicregiony . Like amhe’scana 'y, they g
nd invi S ble but powerful forces a work

TheNot hen Lights

Auroraar epr oducedbyaur  rentsof char gedpar ti-
desmod lyd edronssndpr otonst haf lowd ong
the Earth's gossam er -thin m agnetic fid d. They enter
the thideni ng am ogphere over 500 mies above our
heads and ool lide with aom sof oxygen and nitro-
gen. The aom sgive off dazzd ing hues of red, green
andbl ue pa ntingt hei es ndd icateaur tansof
light.lid asd edridatyi nacopper wirecanpr o
duce amagnet ic fidd,t hee od etid aur rents tem-
poraily change the Earth’sm agnetic fid d and cause
'magnetic gorm s  From the ground, com pass nee
desuddenl ydancel ner raticdi rediond orhour s
until the $orm passes

Assen from asatdlite, the auroraboredislooks like afiery
ring of light cal led the *aurord ovd ’. A dmiar ring can be sen
in the pol ar regions of Jupi ter and Saturn with the H ubble Space
Telesope.

W henever aur orahasema dedax osst heni ght
tim e es the world-over, they have d s produced
dedricd and radio interference here on the ground.

Hdlo? Canyou hear m €?

Byt hel ael1800s ved net worksof wireswer e
drung-upax osmanyof theoont inentst ocar ry
tdegrgphandt dephonet raffic Thed agew aset

for one of the larges phys cs exper im enisin higory.
The Englich phys a4 M thad Faraday hed dready
disoover ed in hislab that if you took a m agnet and
rani tbyal oopof wired edrica aur rentwoul d
gattoflow inthe wire Faraday s‘m agnetic induc
tion' disover y wassoon put to ue in aeging the
fird dedric gener aor. By thistimenaured had
itswaywi tht het houssndsof milesof t degraph
wiresg rung-upont reesandpol esax osNor th
Ameca Eledrid arrents induced by the

changi ng
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fidds during m agnetic orm sw ere often  power-
ful't hatt degrgphersdi dn'tneedbat terypower to
sendt herd tsanddahsdownt  hel ing aur ord
aur rents were m ore than enough to do the work by
them Hves

Voltage dhanges | J
onasd ionof
dedicd cabl e 3
duringt het ime £
of amagnet ic
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Figure courtesy of Lund Space Weather and 4l Center

Some opeat 0s wee even t eat ed t O nesr
dedroaution! | tmadenodi fferencel ft heewi res
were under the oceen. Inthe Atlantic Cable betw een
Saotland and N ewfoundl and, 2,600 vol t 9ur ges were
recor ded during the M ach 1940 m agnetic dorm .

O ur Vulneabl e Tedhnol ogy

Int hel ag cent ury, t degragphwi reswer edi redly
afededbymagnet ics ormsToday, wef indour -
s vesl esava eof t heet ednol ogicd i m pads
thanour gr andpar entswer e or evenour par ents
Agang t hed dratinggl ow of d tyl ights f ew
peopl ehaveever senanar oraFewe g illhae
ever exper ienced abladout caused by one

Duringt hiscent ury, shor t-wavebr oadcad swoul d
be bloded for hours and then reum etheir norm d
daityssasdl af larewaxedandw anedont he
digant Sun. Al thought heseki ndsof pobl ems
deared up in afewhour 5 other effeds were m oe
long laging and alot m oe expens ve to ded with.
A 230,000 vol t trand orm era the Britidh Colum bia
Hydrod edric A uthority blew up during the Augud
2, 1972 dorm .Q uebec wasplunged into afull-sd e
powerbl ackout dur ingt heM ar ch13, 19894 orm
affeding over 6 milion peopl efor nine hours

Aoordingt obhnKagppenman, and edricd engi -
neer a M eaTech Corporaion, trand orm erfalures
happen moeof teni neg onswheemagnet ic
dorm sand aurora are com mon,uch as the N orth-
ead ern U nited States and Canada

POWER SYSTEM EVENTS DUE TO SMD MARCH 13, 1989

= Equipment damage

Amapof Nor thAmericahowi ngt hevar iousd edricd sr vice
probl em srecor ded during the M ach 13, 1989 Great Aurora

Theef aluescaue$l00mi  llioni nequi pm ent
dam ageeachauingpot  od e Eng neershaed
$en how the num bers of thexe falures even follow
theaungpot oyd e By omeedimaes aU S. bladk-

out s miart ot hel989Quebecevent  causesas

m ucheconom i cdam agead hem ul ti-billiondol lar
HurricaneFl oyd. W ithf everpower pl antsbe ng
bui lt, and inarees ng dem andsfor dedridty, thereis
lesy exrvepower tohd p us ideout 0l s orms
today than there wasten year s ago.

Longuni nterruptedpi pdinesar ej ud asgoodas
tdegrgoh and power lines for bringing ol a gorms
'‘downt oEa th.Geom agneticaur rentsf lowingi n
pipd ines are know n to enhance the rate of cor rog on
o timeandt hisenhaesver eamul aive
effeds The Alakan ol pipdine for example, was
built dur ingt hemid-1970s andgped ficd lyde
dgnedt oeducet heeaent sbyud ngsot
lengthsof pi pe. hFi nland, t heent ienat iond
pipdinesd em ismong antlymoni toredf ort hee
oor ros Ve, geom agnetic aur rents Pipd ine cor ros on,
w hen unchecked, can lead to cogt Iy suppl y interrup-
tions and even catag rophi ¢ ruptures as the pipdine
w als becom e w egkened.
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Deyitecar efuldes gningt oavoi dt hewor g of t heeaur -
rentst heAl akanoi Ipi peinewi llhaveashor  terl ifeex-
pect ancy because of corrod ve aurrents produced by sudden
geom agnetic gorm s

Today sworld isalot different then it wasjug 10
year sago. | nr ecent year s hundr edsof m i llionsof
aubsx ibers have begun to expedt st dlite pager and
com muncationst echnol ogyt or unf lawled y. W e
rdyonuni nterruptedpower uppl iest or unour
ocom puter idh, i ntenet -laced, d vilization. Hun-
dreds of billions of dollars of stdlites now orbit the
Eath. Adronat saed gendi ng muchmoretime
in gace than they did during thelad ol a od e All
of thee enterprises are a rik for danageby ol a
gorms

Satdlite Piobl em s

Oneof the fird disover ies madein the erly year s
of the Space Agewasthat gace is‘radiocative . Up
above the proteting layer s of the am oghere, high-
enegy par tidesf rom theSun, t heEa th'sown
m agneticf id d, andevendespgoace, d lomet o
gether andbat  heanyunshi  ddedobj ed i npot en
tidly hazar dous doseges of radi aion.

The mod desrudive ingredient for stelites ssems
tobet hehi gh-energyd edronswhi ch dot hear
dam agebypenat  ratingdeepi  ntoagacer  aftand

afedingdd iccted edronics Com puter bi tscan

uddenl ydhangef rom '1't o' O wi tht rem endous
oonsquences  for the way asatdlite fundions if the
bitsaeinomeaudd memoy loctions or inthe
om m andsa st dlite exeat es

UOSAT-2 MEMORY UPSETS

BESH/ESTET THE AETHERLAAES RORR/NEDE BOVLDER

M em oy upst sinthe UO SAT2 st elite as it orbited the Earth.
The dud er of upsst sover South Am efca oi nd des with aregion
w here the van Allen Radiation Bdtisd oed to the Earth in the
stdlite sorbit, d cd led the South Atlantic Anom dly.

The lig of mgor st dlites that have been incpad -
taed by adver £ ace weather isalong and cod ly
one. For exam ple, M aecs B, a m aine navi gaiond
stdlite wasdi sbleddur ingaweskof 1 ntene
aurord adt ivityi nFebr uary1982. ANIK E- 1land

E-2, two Canadian com muncations stdlites were
disbl edi nbnuar y1994b ecauseof thed evaed
ativity of high-energy dedrons inthe Eath'sm ag-
neticfidd. Ondnuar y 11, 1997 AT& T exper ienced
amas vepower f alurel ni tsTd dard0lsat  dlite
within hour s after asol a dorm arrived a the Earth.

There aret housnds of wor king stdlites n ace
W hyisit that aged fic gormonly ssem sto affed a
few of them ,if any & dl?Like atornado entering a
Kanss traler park, they ssem to fed omesid-
lites while leavi ng the r next -door ne ghbor s ssem -
ingly unsat hed. ..or do they?

A mgor problem intradd ng dow n causee- and- effedt
ig hel akof st dlitedat aava ldblet osi entids
M odstt dlitesy eownedbye  thert hemi litaryor
byt heaommerdd st dlitesedt ors Theegr oups
have no interes in making publ ic the r wul ner &bili-
ties to ol a dorm s Billions of dollars of com m er
ad stdliteprofit can ride on whether inved ors se
ast dliter eour ceasanat  urdlyr iskyvent ureor
not.
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Sad lite inaur ance com panies can d < be foroed to
pay out milions of dollarson risy stdlite des gns
that canbeadd fededbygpaceweat herevent sl n
1998, st dlitei narancecom pani espa dout $1. 8
billioni nd amshd fof whi chwasf orsa dlite
faluresinorbit.

Solar adivity doexn' t have totake adired swiped a
stdlitet odoi tha m.Duringsdl a4 ormst he
Eath'st m ophereexpandsbyhundr  edsof miles
Thid noeasda m ophericf ridioncausessat dlite
orbitst odhange. Thepr emauredemi of

stdlitesast heSol a M ai mum Mg on( April
1990) and Skyl &b (l'y 1979) isthereal t. To avoi d
ad mia faeevent hel nternaiond SpaceSt aion
will havet ober eboot edeachyear .Duringt he
Q uebechl adout ,U. S.Space Com m andhadt or e
com putet heor bitd orover 1, 3000bj ed s feded
by the inoeased ar res dance. Sadlites placed in
LowEar thOrbit( LEO)onl yaf ewhundr edmiiles
abovet heaur faoeof t heEar thar ed illi nd det he
Eath's am ogphere. Solar m axim umaoondi tions can
grestly dhorten thar lifetim esw hich areuzd ly les
than10year s Dexi tet heknownr idsof put ting
epend ve stdlitesinlow Eath orbits ‘LEOS ae
gillcons deredpr imeorbitd r ed et aef ort he
new et gener aionsof communicationsat dlitenet -
works

‘“That wasthen...thisisnow”

B etw een 1997 and 2007 asm any as1000 new
stdliteswill be launched, and m od of these will be
placd into LEOs Som einves m ent com panies are
d lingt he21e cent uryst dlitei ndug ryamg or
goldminef orpedt aoul ar ¢ odkgr owth. Ser vices
thatr dyonst  dlitesoul dr eachas  agger ing$80
billion. To meetthis dem and, many com panies are
launchi ng net workscont & ni ng dozensand even
hundr eds of st dlites

Thereared o hum anhed thrisks tha go dong with
ol a g orm oondi tions Ad ronaut ShannonLud  d
repor ted that on the M R Space Station, the typi cd
radi aion dossgew asequd t oabout & ght ched

X-rayseachday. Duringasdl ad orm in1990,

M R cosm onaut s recs ved a full year 's dossge in a
m ater of afew days Theman ond rudion work
for

124
Extra-Vehicular Activity (EVAs)

EVA’s Scheduled

199771995 1999

The ghedul e of EV Asby Internationd Space Station agronaut s
com pared with the prediced rise of ol ar aungot od e 23.

thel nternationd SpaceSt aionwi |l ocour
bet w een2000and2002] ud & tert hepeskof t he
aur rent ngpot oyd e For hed th reesons agronaut s
are not perm ited radiaion dosges higher than 600
rem eachyer ,or 50r em duringanys ngleyear .
Ther adiaiont hatanunexpedt  ed,| agesdl af lare
canpr ovideagpaesli  tedad ronaut canegua  or
arpasst hisamount . Fot unady, paceweat her
foreced ershavedevd  opedmet hodsf or r diabdly
detedingt heeexogpt iond ,but r aef laresoef ore
they becom e aproblem to adronaut s

M eanwhie, the Federd Aviation Adm nidration is
looki ngi ntosomeway ofpr ovidingr adi aionhaz
addertsto flight acews and egped dly to pregnant
dewadeses In Europe ther dvil avi aion agency
dready has theee sf eguar dsin place

Prepai ng for the W o

Thenet la od e(Cyde 23) isdready here, ad
ift he bladkout scom munication outagesand st e -
lite problem sof the lad few oyd es are any hint of
things to com e, wedhoul d exped m ore exam ples of
thexe kinds of im pads

Thegoodnews & hatmorepeopl ear ebecomi ng
avaeof t heneedf orpay nga tentiont ol a
dorm effed s Eledric power com panies have begun
to hire pace wegther forecad ers and ue advanod
wamningof i nd ementpacewest her condi tionst o
sf eguar d the power grid. Noone wants a repeat of
the Q uebec bladkout ! U nlike ice gorm sw hich cause
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PJM Public Service
Step Up Transformer

Severe internal damage caused by
the space storm of 13 March, 1988,

bladout & 00,90 ad orm sour nout million-dol lar
trand orm es which are m oe diffiaul t to repl ace on
dhort notice

Sadlitem anuf ad urers however ,haveadi  fferent
choi ;e to make They can ether ue more radiaion
didding,or uel esophi dicaedt edhinol ogyand

providef eversr viced ort heaud om er.Shi dding
is dead weight, but it cog s jud as m uch per pound
as phi dicated dedronics toput into pace M od
of t het imeeng neershavenochol  cebut t ouse

ommedd of f-the-shd fd edronicsbecauset  here
aeno' wedha dves onsof themod hi gh-end
eedronic com ponents hey need. Eledingt o build
light-weight st dlites with off-the-she f ded ronics
m akesst dlitesmor evul nerablet ool a ¢ orm
efeds Onesl utiont ot hisdi lemai & obemor e
caefuli nhowyoudes gnast dliteandt ryt o
predidj ug wha wi |l happenw henasol ad orm
arives

Space W eaher Forecag ing

Inthe md-1960s NASAbecam e aleader in devd -
opingandr efiningm odd sof t heEat h'sgace
envi ronm ent. But, thee 30-year -old m odds do not
indudesol a f laeevet s whi cheanpr oducea
year 'svor thof r adiaiondamagel naf ew daysor
les Since the m-1980's NASAhas inves ed hil-
lions of dollarsin resear ch st dlites uh as SOHO,
POLARandl M AGEamongm anyot hers Newer
gener aions of m odds that will be m udhm ore acou-
rae than the older m odels are now bei ng devel oped,
butt heyar enct r eadyyet .Sosat dliteeng neers
haet or dyonapat dworkof o demodd st o
des gnther stdlites

In 2000 weare a the pesk of the aurrent ol ar od e
Atr ikwi Il behundr edsof st dlitesi n LEO
networksded inedt ocar ryani naesd ngcar goof
a tica i nffomationf om ATM t ensd ionsand
Internett reffic t ot dephoneandpager mesagi ng,
and dl inaur ed for billions of dollars

Unliket hedhor t-wavel nterruptionsandt € ephone
interferenceof t hepad whi chwet oleraedi nt he
earlier decades of the 20" cent ury, there will proba:
bl y be no badkupst ot akeover f ort hed feded
stdlites Asnew dem andsm akest dlites and unin-
terrupted power avitd neces ty to our 0d ey, we
m ayjud have to get used to ‘ace weather’ im pads
w hich m od of us have never exper ienced before.

R esouioss

TheNASA,Officeof SpaeSd ence sSun- Earth
Connedion Education Forum (SECEF)a

http://auneat h.gd c nasa. gov
or
http://auneatt h.d .bekd ey.edu

provi desaone- gopr eour cear eaf or educat ion
produd sdevdl opedbyd lof t heNASA st dlite
m &8 ons that perform <0l ar-terred rid resear ch.

AtSECEF,t eecher swi lIf indl inkst oexempl ay
dasy oom adivities and acadog of NASAprod-
udsuchasposd  ers br ochur esendi  ntrodud ory
prim ason gace phys ¢s and Ol ar O ence

TheSECEFwebs tepr ovidesl inkst o' Akan
Expert’ s viceswher ed udentst eacher ssndt  he
gener d public mayread thousands of pod ed ques
tionsandansver sdbout ged fict opics nag ron-
omypr ovidedbymanydi fferent un- earthmis
gons

You an d ue the SECEFweb dteto vist the
hom epages of dl of the NASAm & ons which are
workingat t hef rontiersof 90 encet ounder dand
how the Sun affed sthe Eath.
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Questions about the Essay

1) W hatdo i entigs m eanby the term ‘ pace w eather’ ?

2) Com pae gpace w eather to ordinary earth weather. How are they miar? How are they different?

3) Canyou desr ibe three ways in which gpace weather affedt s our technal ogy?
4) W hatkind of gpace westher hazar d will Internationa Space Station ad ronaut s have to worry about ?

5) Howisam gor pace weether event om etim eslike a tornado?
6) Isitpratica to provi de stdlites with dl the shi ding they need to proted them from goace w egther event <?
7) If you weretaki ng atripto M as w hat ki nds of hazar ds would you have to worry about ?

Classroom Activity :

The dudent will cond rua a graph of the num ber of ungoot s The dudent will expl ore patterns
in the data, and locat e the m axim aand m nim aof the ungot od e

1) Divide the gudent sinto groups and asd gn

Average yearly sunspot counts 1700:1998

at imeperiodf rom thedat at ablet hat each

groupwi llgr goh. Somepos blel engthsar e |Year ...

the 1900s 1800s every 50 year 5 acol um nof

the tabl e (be avare that asi gning less than 50 ggg -

1704. ..
1706. ..

1708. ..
2) St udent swi It hencong  rucdt t hegr aphof 1710. ..

Somepos ble (1712 ..
o0 haved udentseach 1714. ..
oond rud the grgph, have each group ue ther  [1716. ..
asi gned dataand put the resll tof thedas |1718..
as awhole on the wal, or have the groups do | 1720. .

datapointswill prevent pattern recogni tion).

thet abl e on geph paper
options hee ae t

agr gohof t heent iredat a Beaur et oagr ee 1722...
upon a cond dent A e br  ese of i;;g
oond rudion and digl ay. 1728:

. . 1730. ..
3)Disusst her eal tsof t heent iresungoot 1732,
tableasawhol e Lookf orpat ternssuchas 1734, .

maximum andminimumHow of tendot he |1736...
od es hgppen? Isit aregular oyd €2 W hatis  |1738..
the aver age num ber of year sbetween oid es?  [1740. ..
W haarethe longet and the shortes oyd esin  |1742...
the sries? If you com pared the shgpes of each 1744. ..

od e ae the aurves the sam e hagpe on each i;ﬁ

1749. ..

ddeof themax mum point?How dot he
shepescor  eatewitht hemad mum ot | .,

num bers that w ere reached? 1752:

1754..
5)St udent r edidwhent henext maxd mum |1756. ..

will oocur near 2000. St udentswi Il t hen [1758..

5ER5BRBRuBIEIBER

2

SIRRBBLIRowsBEGw

Yea ...

1760. ..
1762. ..
1764. ..
1766. ..
1768. ..
1770.
1772. ..
1774. ..
1776. ..
1778. ..
1780. ..
1782. ..
1784. ..
1786. ..
1788. ..
1790. ..
1792. ..
1794. ..
1796. ..
1798. ..
1800. ..
1802. ..
1804. ..
1806. ..
1808. .
1809. ..
1810. ..
1812. ..
1814. ..
1816. ..
1818. .

101

Yea ..

1820.
1822. .
1824. .
1826. ..
1828. ..
1830. .
1832.

1834.

1836.

1838.

1848.

1850.
1852. ..
1854.
1856. ..
1858.
1860. ..
1862.
1864.
1866.
1868. ..
1869.
1870.
1872.
1874. ..
1876.
1878. ..

NRyges

.16

.28

.13

121
..103
1840. ..
1842.
1844.
1846.

.24
.15
.61
125
.67

.20
.59
.59
A7
.16
.74
..139
..102

W11

Yea ...

1880. ..
1882. ..
1884.
1886. ..
1888. ..
1890. ..
1892.
1894.

189%6.
18098.

1930

1932. ..
1934. ..
1936. ..
1938.

32
60
.64
25
7
7

9
5
42
.54
438
19
4

N

.73
.78
.42
.27
1900. ..
1002. ..
1904. ..
1906.
19008. ..
1910. ..
1912, ..
1914.
1916.
1918.
1920.
1922,
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