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SCIEMTISTS: IMAST AMD PRESEMT

DEAN OF THE PLASMA
DISSIDENTS

Having challenged and overcome the prevailing views
of the electromagnetic and plasma dynamics of the icnosphere,
the solar system, and the galaxy, Hannes Alfven is now challenging
| the orthodox view of the origin of the universe.

i ANTHONY L. PERATT

enigma, Heparded 24 a beretic by many
phyeiciats, Alfwin hos made contributions
to phyrics that are todoy being applied in
the dewelopment of particle bearmn accelera-
tors, confrelled thormonuclear fusion, hy-

breaking of recntoring space vehicles. At the
same titne, applications of his resparch in
apace gcience include explanations of the

the earth's magmetic field during magnetic
plasma envelope surrounding the cacth),

lion of the solar systern, the dvnamices of
plasmas in our galaxy, and the fondamen-
tal natues of the universe iteeH,

Hannes Alfvén has plaved a central role
in the development of several modern fields
of phyeies, inchoding plasma phveics, the
phyeics of charged particle beams, and
interplanetary and magmetospheric phys
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Considered 8. haretic By many physicsts, Hannos
Aen hea kean inekgit ina ibe matursl world and
hea advencad many innovatiee wnd novepooopbed
thecnia in civerss heds of physios and
asirophiyalss,

In the world of specialived science, Swed- |
ih electrical enginecr Hannes Alfvén iz an |

the formation of comets” toils, the forma- |

peraomic flight, rockel propulsion, and the |

Van Allen radistion belt, the reduction aof |
atorma, the magmetosphere (o prolective |
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fea, e 19 aleo wsually copanded as the father of the
branch of plsma physics known as spoegrelohp-
drodymarnics,

In addition, Alfvén's conlributions 1o astrophyaics
have beon us imporlant as his contributions o
phorsics. His pratulation in 1937 of a goloetic magnot-
ie field forms the basis wday for ope of the Instest
growing areas of research in aslrophysies, In 1950,

[ Logether with his colleague N, Herlofsan, Alfvén was

Lhe fivad 1o identify nonthermal rocdintion fremn asto-
nomiesl sourecs as synehrotron racdiation, which is
produced by [asl-moving eleotrens in the presenes of
magnetie Lolds, The recognition that the smchro-
tron mechandsm of radiation iz important in celestial
ohjects has bect cnve of the st feaitfol deselop-
monts in astrophesics, a8 nearly all the radiation
remyrded by raclio telescopes derive from this mecha-
1uiat,

In spite ¢of these fundamental comtributions to
phossies and petrophrsies, Alfvén, now professor of

| electeical coginecring at the University of California

at Zan Diego, 1s gfill viewed a8 8 heretic by many in
thoae very fields, Alfvén's theories in astrophisics
nnd plosma plivsics hawve nanally gained acceptance
caly e or three decades after their pablication.
Charneteristieplly—and alse coneomitant with hiz

| BOth biethday in 1985—A1wén 2 to be awarded the

masl prostigion: prige of the Ameriean Geophysieal
Toion, 1w Bowde medal, for hiz work three decades
eurlior oo comels and plasmas in the solar svstem,
Drispuated Lor 30 wears, many of his theories about the
splar system have only wecently been vindicated
through mepsurements of cometary and planetary
magrnctaspheres e artificial satellives and space
prakses,

Honnes Alfvén's achievements have earned him
worldwide recopnition—incloding the Gold Medal of
the Hoval Astromornical Society [1967) the Moebel
Prize in physice [19%0), the Gold Medal of the
Franklin Ingtitute (1971), and the Lomomsov Modal
of the USSR Arademy of Sciences [1971). Several
academies and institutes mclude hiz name in their
membership rosters: the Inptitute of Electrical and
Elertronics Engineers (life fellow], the Buropean
Physical Society, the Roal Swedigh Acaderny, the
Swedizh  Academy of Engincering Scieneos, Lhe
American Academy of Arts and Sciences, and the
Yugoslaw Acaderny of Sriences. Alfven alse s one of
the very few scientists who are foreign members of

[ both the 18, and Soviet Acaderntes of Sciences.

| THE MAJOR CONTRIBUTIONS OF
|  HANNES ALFVEN TO PHYSICS |
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Athen's thionas in physics end estrophyesics hie generalby
preceded their accaptance by twa or threa decades, s
indicared By this graph, Tha laft-hand siceof arch bar shoves
tna yasr o concapt wiag firat publshed; the right-nand sida
indizates. roughby, when theidea was generaly eocaptad or
uaad by the seantific cormmunity, The colored dots indiceta the
genarel tiekd of esch contribution.
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B NATURAL SCIEMWCE “

SAEMTISTS PAST AMD PRESENT

Although Alfrén has received these singular honors
fram many parts of the world—and al least two
seientific journale have scheduled speeial fasnes in
honor of his &0th birthdov—Tlor much of his earepr
Alfvén's ideas were dizmissed or troated with conde-
soenigion. He was often loreed o publish his papers
in phacure jourmals; and his work was continuously
disputed for many vears by the most rooswned senior
reientiat in apace physics, the Britisb-Amerian -
phywicist Sydney Chapman. Even among physiciats
today there is little awarencss of Alfvén's many
contribations to fields of physies where his ideas are
usedd without vecogmition of who conceived them.

Attemnpting to explain the reslstance 1o his idess,
Alfvin points to the eressing specialisation of
seivnee during thiz century. “We should remmember
that there was once a discipline called natural
philosophy,” he saya. “Unfortunately, thiz discipline
seems not b exizt today. It has been renamed sefonce,
but seience of toduy in in danger of losing much of
the natural philogephy aepect.” Amaong the causes of
this transition, Alfveén believes, are “territorial dorm-
inamen, weoed, and fear of the wmknoem,” “Seicntists
tend 1o reaist Inlerdiseiplinary mquiries inte their
own tereilory, In many instances, such parochinlism
is founded on the fear that intmasion feorn other
digeiplines would compete anfairly for limited finan.
o] resoureey and thus diminigh theit osm opport-
nities for researnch.”

Harmes Al st Bl Bowal Instibate of Techaoiopy in
Slockham, whers be has bedd the Ghair of Fleama Physics
gince 1965 (Phota: o 1950

Epucamasn

Hanopes ol (iate Alfvén weas born on Mar 30,
1908, in Kerrkérping, Sweden, He received his doe-
tor'a degres from (he University of Uppanla in 1934,
His thesis was entitled “Investigations of the Ultra-
sttt Electromagnetic Waves" The same woor
Alfwén was appointed & docent in physics at both the
University of Uppaals and the Nobel Institute for
Phyzics in Stockholm, In 1940 he became professor
of electromagnetic theory and electrical mepsure-
ments ot the Boval Institute of Techmaolegr in Stock-
holm, and in 1945 he was elected to 2 mewly erented
Chair of Electronics ot the same institnte, wrhich was
converted to o Chair of Plasma Phosics in 1963,

In 1967 Alfeén issued a stinging conderanation of
awreden's nuclear rescareh program, protesting what
he congidered to be insufficient funds for projects an
peaceful nses of thermonucloar energy, and he laft,
saying, "My work iz no longer desired in this coun-
try." He wras imioediately offored chairs in both the
Spviet Tndom and the United Stales. After two
montha in the Beviet Union, he meved to America,
testing the professorial waters in the depurtments of
alectrical engineering ot two universitivs in Southern
California, the University of California at San Diego
in La Jolla and the University of Southern California,
Having made his peace with the Swedish governrment
soom after he Joft, Alfvin now spends Ovtober to |
March in La Jolla and April to September in Stoek- |
hilm at the Royal Institute of Technology.

ALFVEN'S APPROACH 7O PHYSICS

Alfvém's appropeh to physics iy based an insight
and imtuition. He iz quick to understand how nature
works and he is able to place new cheervations into
a framework larger than that required to explain the
obeervations themaelves, For exomple, in the early
19604, coamie rmys were commchly thought Lo be
wamma rayy filling the entive anbverse. Hoveewer,
whon they were discoversd to be charped particles,
Mlvin offered in 1937 the novel suppestion that the
oloxy conlained a large-scale magmetic field and
That Lhe eosmie rays moved n spiral orbits within the
saloxy, owing 1o the forees exerted by the magnetic
field. He arpued that there could be a moagnetic Geld
pervoding the entire galaxy if plasma was sproad
throughoul the galaxy. Thiz plasma conld carry the
eleclrical currents that would then ereate the galae-
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Sorne of Allwdris Ta-reshing concepts an ha struciera of
soaca Pave come Iram bis studies of comets, & 1974
ehatograph of his Taworibe comet, Kohoutek, is shown bara.

Lie magnetic field,

Such a hypothesiz, based on o greal leap of
creative intuition bot withent a groundinge in appar-
enl rational thought or inference, left Alfvén's pro-
poaal open to much eriticism: his theors was dis-
migzed on Uhe grounds that interstellar space was
known Lo be 4 vacoum and that i certaindy could not
supporl Lhe eleetrical corvents and particke beaans he
wity poopesing. But Alfvén had started the seientife
community thinking abot an iden that wos Lo

:
b
y
:
:
E

become ey fashionalle,

Alfven'a discovery of hrdromagnolie waves is an-
other example of an original idea having a far
reaching fmpact on multidiseiplinary seience. m
parely phyzical prounds, Alfvén conchided that an
plectromagnetic wave could propagate through a
highly eonducting medinm, such ss the ionized gas of
the sun, ar in plasma anywhere, However, in 1942,
when Alfvén publizhed his dizeovery, Maoowell's thee-
ry of electromagmetisim wos o woll-eatablished edi-
fice, & subject for textbook pedagogy and engineesring
applicationg, It was “woll koown” that slertromapme-
tic waves eold perctrate only @ very short digtance
inte a conductor and that, as the resistance of &
eonduetor became sinaller and smaller, the depth of
pengtration by an electpomagnetic wave waald go o
mera. Thus, with an ideal eleeteival conduetor, thers
eonld be no penetration of cleslremagmetio radiation.
But Altvén was proposing o form of slectromagmetic
wave that conld propapate in a perfect conductor
with no attermation or reflection. Alfvin'y discovery
way generally dismissed with such remarks as S
sueh waves were possible, Maswell himesalf would
howe disewrered them."”

His work was not recogmized 28 Doth correel and
signilicant until #ix vears Iater, when e wave soveral
lisslures vn hypdrodynamic waves during his Grat visit
Lo the United Btates. An oversimplified slaloment of
what ceenrred hazs been provided By Ades Dessler,

This drivwing ilkistrivbos Aven's theory of how a cormed's plasma failis formed, Mogreatic e liree mave outwarnd frgm e sun
o b ed? aind miet & comiet (1148 the fisid lines ancaunter the camat, iore in tha oomets head begin b ba aapburod and spirn
aroured trelines (21, Tha comet halts the advance of te fietd lines, which begin to drape over 1he head and etretch behind it (3

arel 4%
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PERSONAL AND PUBL-C LIFE

In counterpoint to bis often turbalent seentific
career, Hannes Alfvén's home life has been quies-
cent, & tranguility that han been attributed to his
wife of 53 vears, Kirsten, They have raised five
children: a son who i3 a3 physician and  four
danghters, one & writer well-kmowm in Sweden and
O A JAWTer.

Bezides hlsmtlﬁrpapﬁrﬂ Alﬁreuha..nmttan
popular ecience hooks, sometimes with bis orife.
Thers nchide H"nnr!dﬁ-:uﬂﬂdimflgiu: Anfimatier in
Casmantogy (1906), and The (reat Comeputers A
Viriom (1968], Tha latter book, written under the
pen name Olaf Johanmesan, describes how im-
creasingly sophisticated compaters gain control
firat over government, them the earth. Alfwén's
distmist of cormputers 12 long-standing, and’ anly
recently, wrhen plasns simulations on swpeTeon-
puters started ing the noe messoned 0
real phosicall aystemms, did hetake an intersst in
thia aspect of analysis. Cther popalar books in-
chude Atern, Mer, and e Dnreerae; A Lo Chasn
of Cormeplicofions (1969) and Living on the Third
Flomel (1572),

Alfvin strongly identifies with o variety of
aocinl imsueg, He s, for exsmple, an activist in
the worldwide disarmament movernent, having
sorved s proesident of the Tagwash Conleeemes on
Sejeneo and Workd AMairs, In pddition, his son i
the Swedish secrotary of the Physicion: for Social

Thagrean tash, an elusive phenomenonafintarest 1o
Ar:n{én.mpmmfnrnhﬂmmm a5 thio sun sots on thie
Ion

Responsibility, In his Jeieure time, Alfvén enjoys
studying the history of science and oriental philos-

ophy and religion. He is corrently taking lessons |

to improve his fhite-pladng. [

Enown for his sense of humor and for hawing
an anecdote for every oocagion, Alwen alao loves
to travel, especially to exotic lands such as Srio |
Lanka and the Fiji Islands. While he claims
residence accerding to the equinoexes—vernal to)
auturmnal in Earepe and antumnal to vernal in
North America—prior to celebrating his B0th |
birthday in Sweden e will travel to the Ampson
River. Not aurprisingly, he is alao interested ia
languages; in addition to his native Swedish, he i

- flgent in English, German, and French, and neae-

I¥ &0 in Busgian; and he epeake some Spanish and
pore Chinege, Whﬂunutﬂmhngaxntucplamﬂ he
can often ba found in Washingtom, DG or the
capitals of Furope, attempting to influence th-e _
Y SN 15 TN

Physically ::u.hw,h]fmnen]mhmgwa]ka a.m;],
prefers the stadreray to the elevator when gomg to
his third-flocr offee, E[aw‘aﬂ]-:ub:undfmmt]mh"ll
top campus from hiz beachside apartment in La
Jolla, o distonce of two miles, and scoepls rides |
only if the weather is foul, Entertaining visitors'
with wine at hiz apartment in La Jolls, be will:
hurry lllﬂml:ulhﬂ-hﬂﬂﬂhulmnﬂuwninhnpwui :
eatehing o glimpae of the “proen fash,” the phe
nomenon thuf sooeetimes oorors a.‘athaaundmpa'""
below the ocean horizon. il

Ae the years pass, Albwin's wife, who m&]:eaa]l

| his travel arrangements, might prefer hee hus
band Lo slow dﬂwnandlﬂwu-ne-.mmr:yihu lD.t"Eh'

for the plasma universs and enlightensd conduet
of ardenin, et ahe ackoowledires that her balowad
Hannes 18 probably still the best torchbesser
available, and besides, for the moment, he prob-
ably would not bohappy if be were ot leading L
i —A. L Perall
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now editor of the prestigious Gesphyionl Resmork
Letters. “Thuring Alfvén's vigit be gave a lecture at
the Univeraity of Chicage, which wms attended by
[Enrice] Fermi. A Alfvin deseribied his wark, Feemi
nodded his head and said, '0F sourse.' The next day
the entice world of phystes said, Oh, of coumse,™™

ALFYEN VERSUS CHAPMAN

Adfvén beepene active o interplanetary and mage-
netoephorie phveies ot a time whon & conteary
vieppoint proeailed, AlDwin's views were consislent
with thoae of the founder of magnctosphoerse phosics,
the greont W orweepinn seicntist Eristion Birkeland. At
s erd of the ninetecoth eontuey Bickeland bad Taid
ot o compelling case—eapportod By theory, laboro-

| tory cxperiments, polar cxpeditions, and a chain

of magnetic-icld “obsorvatories” around the world
—hal eleetrie currcnts Oowing down slene the
carth’s magnelie lelds inlo the almosphers wers the
canze of the aurorcs and polar magmetie disturbanees,

Howewer, in the decsdes following Birkeland's
death in 1917, Chepman beonme the acknowledgped

{ leader i interploansetary and magnetosphorie phoss

bes, Chaproan proposed, b eontradistinetion to Birke-
land's idens, cureents that were restricted o fowing
only it the ehesphese with e destllowing curremts,
Chaproan's theory wos o mothematioally clopant
that it eained wide aceeptanes over the Birleeland
theory, Based on Chapman's theory, closed-form
erlutions of the ioncepheric current swstern conald,
with complete mathermatical rigor, be derived by any
atudent of the subject, Birkeland's ideas ipht have
faded cornpletely had it not baen for Hannes Alfsin,
who became involved well after Chapman's ideas
gained predominance. Alvén kept insisting that
Birkeland's current systern made move zense bacanse
dowmnficwing currents following the earth's magnetic
field lines wrere required to drive most of the iono-
gpherie earrents. The fssue was not gettled until
1974, four years after Chapman's death, wrhen earth
satellites measured dowmflowing currents for the
firat tirne,

Thir story iz typical of the difficulties Alfeén has
fared in his acientific carear. Interplanetary space
was commenly congidered to be & good vacinm,
disturhed anly by sccasional comets. This viewpoint
was widely accepted becaise space “loked” that
way, having been viewed only by uging telescopes at
aptical warelengtha, In comtrast, the electrical our-

rents propeaed by Alfvén generated a telltale signa-
ture anly in the radio portions of the electromagnetic
apectrum, ao they had not vet been observed, Thus
Alfvém's proposal that there were electrical enrrents
in space was recrived with great skepticizm,

In 1939 Alfvén advanced a remarkable theory of |

magnetic storms and anroras that has widely influ-
eneed contemparary theory of the dymamics in the
carth's magnetosphere. He used the notion of electric
chorpes spiraling in magnetic fields to caloalats the
molions of eleclrons and ions, This method came to
bo universslly adepted be plasma physicists and
remained in s until the tedivus task was assigned
to eompulers in the mid-19704. Yet in 1939, when
Allvin submitied the paper to the leading Ampﬂran
journal Terrestriol Mlzym'.',mn and A 1 Flop-
Iricaty, the papoer was rejected an the groumd that it

did mol agres with the thesretionl calealations of |

Chapman and hiy colleagues. Alfvén was forced to |

publish this semvinal paper n a Swedish-languaze
journal net readily accessible to the sorldwide scien-
Lifie community, Reatrictions such as this e been
imposed on gevaral of Alfven's ather key articles as
will.

Il is usual in science that ome or tao major
diseoverics place their author in the rank of lead-
i authorilics, with greal influence and continuing
Tunding commonly following. This has certainly not
becn the case wilh Allvon. AL ao time during his
seicntific carecr prior to winniog Uhe Nobel Prise was
Alfvén generally recopnized as a leading mmevater
by those in the seientific community who were waing
his worlk.

Desaler has written of his own realisacion Lhat
Alfvén'z contributions wert beime overlooked.

When T entered the field of spuce physics in 1556,
T recsll Ubat T £el] in weith the ceoend bolicving, for
caample, that cleetrie fieldy coohd not exist in the
hiphly vonducting plosma of spacs, It vuy theee
yewey laber that [ wuy shamed b S5.Chandrasel-
har into investimating AMvin's work ohjectivelr.
My degree of shock amd surprise in finding Alwin
right wml bis critics wrong can hardly be de-
weribd, I lonrned that o ecsmie rar accelers-
tion mechanism basieally ideatiesl to the fa-
mue michanism saggested bor Pormi in 1549 bad
[previvasly] boon pat forth by Alfrén
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HANNES ALFVEN VERSUS THE BIG
BANG

For 30 vears, based on plasma physics, Alfrén
and his colleagmes have proposed an alternative
coamology ©e hath the Steady State and the Big
Bang cosmolozies. While the Big Bang theory iz
preferred today by most astrophysicists, it 18
being challenged by new cheprvations, especially

| | onvar the last foe years. In particular, the disso-

ety of coherent structures of gulascies hundoeds of
millicns of light vears in length and the large-seale
streaming of superchusters of galacies at veloo-
ties that may approach 1A} kilometers per apc-
ond present problems that are difficult, if not
imposgible, to reconcile with the Big Bang theory.

To Alfvém, the problema being raised are not
surpriging, “[ have never thought that vou could
obtain the extremely clumpy, heterogeneons uni-
verse we have today, strongly affected by plasma
processes, from the smooth, homogeneous one of
the Big Bang, domimated by gravitation.”

The problem with the Big Bang, Alfvén be
lieves, iz gitnilar to that with Chapman's theories,
which the scentific community accepted mistak-
enly for decades: Astrophysteists bave tried too
huard to extrapolate the crigin of the universs from
nathermnatical theories developed on the black-
beard. The appoal of the Big Boang, saya Alfvon,
haz been more ideclogical than seientific. “When
men think aboul the univerzo, thers Is aleays o
conflicl betwesn the mythieal approsch and the
empirteal seientifie approach,” *Tn myth, one tries
T deduee how the pods must have ereated the
wiorld—what perlfoct principles must have been
wsied,”

To Allvén, the Big Bong 12 & myth—a myth
devized 1o cxplain cresdion, "1 wos there when
Abbé Goorpes Lemaitre fivst proposed this thee-
ry,” b peonlls, Lornnitee was, at the time, both a

member of the Catholic hisrarchy and an acoom-
pliehed ecientist, He said in private that this
theory was a way to reoomcile science with
&t. Thomas Aquinas' theological dicturn of crextio
ex niide—ereation out of nothing,

But if there was no Big Bang, how—and when
—did the wmiverse begin? “There iz o rational
reasen to doubt that the universe has eisted
indefinitaly, for an infinits time," Alfvén sxplainz,
Tt ix only myth that attempts to say how the
universe came to be, either four thousand or
twenty billion years azo.”

“Since religion intrinsically rejecks empirical
methods, there should never be any attempt to
reconcile scientific thearies with religion,” he zays.
An infinitely old universe, alerars ing, ™Ay
nit, he admits, be compatible with the Book of
{zemesis. However, religions such as Buddhizm get
along without having any explicit creation my-
thologr and are in no way comtradicted by a
universe withoat a beginning or e, “Creatio ex
athils, even a3 religious doctrine, only dates to
around AD, 200" he notes, “The key iz not to
eonfuse myth and empirical results, or religion
and seiemes,”

Alfvin admity that hig plasma universe theary
may take n long time to penetrata the popular
conaciuancss, "Aflor all," be asserls to o groap of
phyeieiets, "moat poople Loday =11l believe, por-
haps unconseiously 20, in the heliosenlrie wni-
verse,” The proup, at first ineredulens, quickly
nods in agrcement s Alfvén continges, “every
newspaper in the land has a section on asteology,
yet fow hove anything st all on astronomy.”

—A L, Perall
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ALFVEN AND ASTROPHTSICS

Locking far bevond the solar gystem and even
beyond aur galaxy, Alfnin has drawm an his intwition
b propose a model of the aniverss itself. Under the
tutelagn of Bwedish physicist and cosmolegizt Oslear
Elein, Alfvin developed o cosmolery based on the
coneopt of Uhe British phyaicist LA M. Inrac that the
iniverse o svmmedeieal, consisting of equal party of
| matter and antimatter, Although Alfwin has elabor-
| ated on this mede] of o mallor-anlimalter aniverss
| in 2% papers and 4 books pubdished from 1962 to 1988,
the work romains only supeclicially known to astro-
phvsiciats,

While in recent wears his work on aslrophysies
may be highlighted in opening sddresses or bead
articles In commemorative journels around the
world, none of this work hoas been published o the
Astrophpsicn! Jouwrned, the information organ and
policy setter of the Avsericon Astronomical Sosely,
of wiich Alfwén ia o metmber, One probeble rossen is
that a matter-antiinatier svmmelrd universe iy ir-
reconcilable with Bipg Bang cosmelopy, currently the
dorninant model,

Becanse his ideas often conflict with the gencrally
accepted o "standard” theorbes, Allvén has always
-| had trouble with the pecr revies svetem, eepecially
as practiced ke Angle-Amcriean asteophysical joue
[ nals, “T hawve no trouble publishing in Sovicl asboos
| physical journals,” Alfwén eavs, but my work iy
unacceptable to the Arwrican asirophysiosl joue
nals.” In faet, e has bever oijowed the oearly
autermatic acceptance penerally allerded sonior
scientists in selentifie jounals, “The peor roview
sFater s satisfactory doring guicseent Liemes, bal
ot during a revolution in a diselpline such as
astrophysics, when the establishoent secks to proe-
serve the staturs quo,” explaing Alfvén,

Part of the reason that Alfvén's work is negleoted
in astrophyaics mar be that Alfvén considers Iite-
aplf, firet and foremost, an electrical power enpFineer
and rather enjoys the acousation of encroachment in
astraphysices leveled by other cosmologists and theg-
roticians, Plasmos physics has traditionally been ne-
glevted in astrophysics, Alfvén says, “Students naing
asloophysical lextbooks remain sssentially ignorant
of even Lhe existence of plasma concepts, despite the
fact that some of them have been knoem for half a
century,” he argues. *The conclugion is that astro-
phyeiza 15 ton important to be 1eft i the hands of

Tha crigin of the univares has leng puzzied mankind Allvén
bdiaves neither Eha Stesoy State nor the Big Bang thaorias
are adequate, His eltemative thecrny projects &
mister=primaitar sememetric unisarae,

aslrophyeicists whe have gotten their main knowl-
cdpe from these texthooks. Earthbound and spoaee
elegeapss dala must be treated by scientista who are
Lamiliwr with laberatory and magmetospheric phys-

ies and eireuit theory, and of eourse with modern |

plasena theory.”

Alfvin clearly has come to enjov hiz mole as the
dean of the plasma dizsidents of contemporary cos-
molory. He remaing active in pablishing hiz theories,
cepecially In journals of interplanetary, magmeto-
spherie, and plasma physics. His views eritical of the
Big Bang theory, especially when ad hor changes in
this cosmoleery have been used to fit it to some new
obsereation, con be found in recont iusues of Phaysies
Today, Noties, Svieace, and Selemitific American. Ap-
proaching his 30th birthday, Alfwin has vet to slow
his relentless quest for understanding the aniverss
o i battle to eobviey iz nsighls o the world.m
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