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Lmuﬂlh[uphu.mt.ia the result of an
evolutionary process extending over mamy
millions of years. In (the course of this proc-
e86 the anatomic and phyaiologke character-
fztics of the living tissee have been slhapsed
and moldad by the environmental factors ex-
isting on the planelary surface, Today we
exist in equilibrium with very narrow ranges
of Lemperature, pressure, radiation intensity,
and atmospheric gan composition.  Now
that the possibility hag arien for man to
transport himself out of this, his embryonic
efvironment, attention i being dinected
finding waya for him to duplicate and
. with him these physiologieally im-
portant environmental factors that may be
thuralurad in the exotic environments
o be encountersd and that are absolutely
meceasnry for minimom survival,
 There is, however, another factor, perhaps
more subtle than those listed but meverthe-
le== all-pervading and one that has been
present since the onset of the life processes
on thie planet, and that i= the magnetic
environment. The magnetic field of the
warth bas a particolnr confipuration, mten-
sity, and mode of behavior that are peculiar
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to it. In man's future ventures into intor-
planetary spece or landings on other planets,
he will be exposed to entirely different
Th.H.lTIlI:'.L‘iI: environmenls than the one which
hne been hi constant companion throogh
hig evalulismary |l||."l.-'v|.~]-|:||rr|1.-u-:|.|‘..

To chamcterize brefty the earth's Gelds:
It has the well-known dipode configuration;
is quite weak, averaging about 0.5 gauwss;
and lg subject to ceriain Quctusibons. Of
the latter, there are rh:rlhl:uir wircadian
fabout 24 bouwrs) varations and longee-
period (approximately 1 lunar month) varia-
tiong.  In edditbon, there are random foctu-
athons, oceastonally of rather high intensity,
that are lnown as mapnelic storms and
are apparently related in part to solar
phenomena. The magnetic Geld in inter-
planetary space (beyond eight earth radii) is
uniform and much lower in magnitude than
that of the earth. While it is subjected to
slorm Muctastions of solar origin, thess may
have larger magnitudes ond moere  rapid
rates ol change compared to magnetic storms
on earth. In addition, the circadiaon aomd
long-period rhythmie fectoations are shseni
in this area. Little s known about the
magnetic fiwlds of the other planets in the
solnr syvstern. However, ceriain siare are
known to have very intense fields of their
WL,

Therefore ane muy hypothesize that man
in his lunar and interplanetary journevs will
bt u:pn&uﬂ Loy magnetac environments gon-
erally much lower and oceasionally much
groater in magnitude than thess existing
here. While certaln of them may exhibit
chyithmic variations, these will have fre-
guencies different from those of the earth's
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feld. In addition, the soggestion has bean
made that spoee vehicls crews cowld be
profectsd sgrinst certain lontzing radistion
by the generation of strong marmetic ields
about the wvehiclke. This procedurs would
oxpose the cocupants to o feld densty
considerably higher than the ecarih's for
loqig perioeds of Linse.

Physiologic effects of changes in
magnetic field strength

T determine  whetler any of thess
varktlon: would be of phvenlopc sagnifi-
cance we must know the clfects of exposare
tf organisme o increasssd and decressed
hicld strengths os well as what offects the
naturally oocorring earth’s fiebds have on the
normal orgonism.  To inlerprel thess dain
in a rational fashbon it (8 further necessary
o Enow this |.1|:|_'.-'=|-|.ulu1.::i|.' mes-hanvans
are Involved In eausing the effecis

Some work haer alrendy been done: on the
phyanlogic effeds of exposure of organisms
to  high-strength  fielde, Most of these
studies have nvolved simple living systems
or exposure of rger organiEma in a rondom
orientation o the feld direction. “The
majority of the reports have noted growth
disturbenees of some lype." ' The exposure
of fruit flies to very intense fekde resulted in
denth.* Specalation on the posible mech-
anlam  of high-strength
felds ia uerl.rr.ﬂll}' biwsed o the differendial
action of a magnetic field on various maola-
culen, depending on whether they ore pora-
ur  dismagnetic. (ne objection o this
thesin 18 that the thormal agitation of the
moleculez in the cellular material wonld
have n greater range than any separation or
displarsment. prosduced by the differential
action of the field. This objection Do
lomiger appenrs valid in view of the findings
of the electron microscoplsie.  Protopkasm
is no longer reganded as a disorganized soup
with random molecular strocture but os
a well-ordered  omplex with  important
fonclions being performed by strectones
with very tight molecular toleranoes, [t s
ot fosn diffiewlt, thersora, to ooneeive of @
differentinl effect producing n =patinl separn-
tion in a multimolecolar system, the [une-
tioning of which is a factor of spatial arrange-
ments,  The difereniial effects on din- and
paramagnetic moleoubes should be greater
wilh very monuniform fields or flelds having

these actions of

FIGURE 1

Culture geshes of Staph, aursus after
seventy-two haur Incubation, The top row of cul
tures wers exposed o 8 reduced magnelic ap
wirpnmient, Th batlom row of cublures wers grown
simullanesusly under similae conditions of RghL
tarnparaturg, and huemiddy but w#h  normsk
slrength magnatic Geld, The numbers refer bo dili
itan Factars from the original broth cultuse,

ateep pradients, That thie 13 precisely the
nb=ervation that has been made appears to
lend support to the initil bypothess,

We find ihat little experimentation has
been done on the effects af fields lower than
the earth’s normal.  Tehijewshy ! who was
primaarily interested im air lonizathon ad
cosml radiation, probably produced in his
experimental procedure o decreass in the
naturnl magnetic feld, He reporied a
ruther rapid onsed of inanition and death in
rnis pnder these conditione.  [n ogr labora-
tory we beeame inlerested in this problem,
and psing magnetic shiclding materinls we
hawe exposed ocultures of  Staphy keoocces
purens to o reduced magnetic environment.
This was actually a “‘resistive” redoction,
and the remaining field inside the enclosare
was hoth detectable and varied with the
same frequency a8 did the natural Geld,
However, bodh averape fiekd sirengih and
magnitude of fuctuation were redoced by a
fiecior of 14, The cullures were introdiooed
four hours after plating from a previoos
hrath i.'IJ"I;II'\E. The urml:rl':amu Hrew wirll
ab rosm bem perature, and the exposure time
of seventy-two hoors covered the major
exponentinl growth period.

The experimental cultures in all dilutions
ghovwed n [15-fold resductfon in sumber of
colonies ne well s some reduction in size of
colonies as compared to the control cultures
iFig. 1). Thess were nctunlly preliminary
experiments, and while they were performesd
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on Staph. surcus several times with uniform
results, no other organisms have been tested,
It is manifestly imposaible to explain these
results on any differential, para- or dia-
magnelic sction. However, a possbls cloe
to the mechaniem of action may be In a
consideration of the physiclogic significance
of the earth’s notural magnetic Hield.

It hus long been noted that certaln cyelie
phenomena in living organiems have perioda
clasely approximating the major geophysical
cycles (circadian and lunar month). Thess
biologhe eycles have been shown to continue
in regular rhythmic fashion sven in the total
absonce of environmental cuea of light,
temperature, baromebric pressure, and so
forth. How can one explain the poraistencs
of & circadian rhythm of activity in an
organism that is exposed to absolutely
constant  environmental  factorsT Two
major hypotheses have boen sdvanced.
Ona suggests that the organism possessss an
internal sutonomous clock or cscillator that
regulates the cyclic behavior.'! Howewver,
despite extensive work, the exact nature of
this master clock rempins unknown. The
alternative hypothesis advanced is that the
biologic rhythms are dependent for their
timing on sobile geophyeiml rhythme?
Some evidence has been obiained indicating
that the magnetle Sald with fts rhythmic
fAuctuations is the geophysical parameter of
glgnificance. Marked distorbanees in eyelic
behavior of organisms have been produced
by exposure bto magnetic fields ns low oe a
few gausa"~'* The human organiem alsoe
axhibits bialogie cyclic behavior, demonstrat-
ing a time relatlonship to the varatlons in
the magnetic Seld. v  If cyelic behavior can
be wiewsd sz a rhythmic vadation In the
lewel of irritability of the organism, would
the naturally occurring mognetle storms
produce any demonstrable varistion in
trritability level?

Previows work indicated a statistical
relationship betwesn magnetic storms and
suicides in the human population. Tn a
preliminary statistical study of the relation-
ghip between the average dsily magnetic
feld variations and the incidence of lospital
mdmissions for neuropsychiatric  disturb-
ances, we obtained a coefficient of correlation
of 4 0.26." The probability of obtaining
this result by chance alone is less than 1 in
10,000. At present, this work is conbinuing
with much larger volumes of data and

automatic processing equipment. [t there-
fore appears that the varlatlons in the
enrth's magnetic field may be in pori
reeponaible for deiving the eyclic activity af
living organisms.  Again, the strength of
thia field ia far too low to permit any serbous
consideration of dia- or paramagnetic efects
in this relationship.

There 8, however ansther class of
phenomens  worth  consideration. The
galvanomagnetic effects are the result of
interaction between twe flow of direct
current electricity and stesdy or pulsating
magnelic fields. These offecis are normally
guite amall in ordinary electrical equipment
arsl can be disregarded. Howewer, for
certain ressone they are increased ower a
millkn times in magnitude in ssmiconductors
and other similar solid-state electromic
gysteme ™ Work in the author's lnborstory
over the past few yearn hos indicotod that
soch an akecironic phenomenon B an im-
portant characteristic of the nervous
n.!.rm'rn."' This aclid-sinte elecrtronic corrent
appears Lo be o prime factor in determining
the lowvel of 'i.n'it.phil'rl:_l,r aof the neourones, as
judged by their threghold and sclion poten-
tial activity. Further, in all the vertebrates
examined, including man, it appeans] that
gome misdhine structure or structores i the
brain, posdbly brain stem retienlar forma-
tion, demonstrated this activity to a high
degree and thot the magnitude and perbnps
polarilty of this electronk current fow
directly determined the level of conscious-
piew.  Considering thoat in the vertebrates
activity of the brain determines the over-all
behavior of the argandsm, 1t = not difficull Lo
oonceTve of a pl\'unmn:ncﬁ::cﬂ:'ﬂ.i bt worsen
thei fluctuntions In the magnetic environment
amd this sclid-stale elesctronic system in the
brain stem producing the subtle behavioral
alterptbons of biologhe cycdles.  Inthisregard,
i s Imterssting to note that the latesd
observathons on the esarth's magnetic field
indicate that it iz subject to continuoos pulan-
thone of low magnitude, with a frequency
ranging from 0.1 to 100 cycles per secomld.
The major components of the phenomenon
appear to be centered around 8 to 16 cycles
per gecond.  The suggestion has been made
that this phenomenon may be related to the
average frequencies of the electroencephale-
gram. "

Bince this current system in the brain has
a definite vector orientation (midline, fronto-
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FIGURE I, Eeciroancaghalogram of Ehtly rangudiged amphitean duning eaposure 10 & magnets hsald,
The fisld was otenied st 1 degreaas 1o (he cranisl neufans and was gansraled by 8 well-stabilizead alsctno-
magnel (darian V400711, The tracingd Nearm (e lop down are & consstulbive S=ries and were made in s
guence. The nurmbers bahsslly the trating refar to the fisld s2rength in kilogauss., The Lime markers &t
the top of sach record indicals pne-secand intervals, |0 the top racing no field was applied until [ust pricr
10 0.5 kilogauss (500 gauss)  Before the field application, & tygcal B-10 sipha patiern can be s2an. Starting
&l 0.5 hilogauss and proceeding to 1.8 Kilagauss on the second record from the top, the field was smaothly
increased in strength,.  During this time the appearance of large 1 per sscond defts waves may be nobad,
Fromm the 3.8 kilogeuss poinl on the Second record o 1 second before the 3.4 point on the [hird record the
feld was unidaren and wes maintabned 8t L8 kiopauss. A sustained 50 microvoll amplitude 1 per second
delta wawd accampanied By immulian in e sueparemposad alpha Ireguency can be sean., The fisld was
reduced s oobhvly wnlkl thip OFF goind o e fourth recoed,  The langer Nuciuaons befween 1] DHogeuss
and off ame prasumabdy due io seme induced current from 1he changing eld,  The defta wave formg sul-
selad gwer 1he fallossdng tan 1o twelve seconds and were lBowed By 3 relurn 10 the arkginal alpha pattam,
shown in tha fass recording.  The dalla save lonms prodecad by the expocians o The magnehic Teld are fyp-
Al of madedate 1o deep surgc a3l anesthasas in thee animal

occipital) and can be messured on e
exterior murface of the hend, it ran be
:-q,.|'|;|jn'li;'d Loy experimentalion urelier va ryIng
circumstances.  In theory, the 'imltua'tinn
of a steady magnetic fiedd ot right angles to
the directinn of this rorment fow shouald
produce a devintion in the path of some of
the charges flowing. IF these can find new
circuit paths at this pew vector, then the
amount of current to be delivered along the
original wvector will be decreased. From
oar experiments on the effects of Inereasing

or decrensing the toial electrical curment
flow along the path by the addition of
cxternnlly peneraied current,” we know
thrt n relative diminution in this amount of
curredit will couse s decrease in the level of
consionsnis.  Therefore the imposition of
a magnetic feld oriented ot right angles o
the brain stem should alter the electno-
encephalographic pattern in a fashion to
indienie a decrease in the level of con-
seiousnese. 1o addition, a roogh linearity
ashould exist between the field strength
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'lppﬂﬁl and the m.q"rﬂl:l.ﬂu of the -r:l'l:.l.ugu
induced,

Such experiments have been done, and In
every case when Geld strengthe of (ram
2500 pauss or maere were applied (Figo 25,
the eectroencephalographic pattern  has
changed from that of a moederate amplitude
alpha tooa high amplitude delta type, which i
iy pical of moderate to deep anesthesin.  The
behavior of the experimental animal is b
appropriote; he remains immobilized within
'ﬂ].:ﬁ:ﬂd-nrﬂ'pm.ugnn‘l:. It wae further
nobed that o change could be produced
| in the electroencephalographic potterns of
heavily anesihetized animals. Sine our
other dota indieate that this state & psso.
ciated with a maximal reduction in current
flow, mo effect wos enlicdpated. Theso
results  clearly Indleate that a magneth
feld of proper magnilude and orientation
can redure consciousness to levels approgi-
‘maling peneral anesthesia, as judsad by the
electroencephalogram. It pesme quite
likely that felds of much lower magnitedes
would also be capable of changing the leval
of irritability soficiently o produce a
deterigration in the performance of complex
tnsks, COher work with alteration of -
scipusnoss induced by application of ex-
ternally generated direct currents= hag indi-
emted that modulation of these currents by
low frequencies (0.1 te 10 eycles per socond )
enhanced the physiclogic effect, While it
‘has not yer been posaible to evoluate the
effect of magnetic fields varying ab phese
pamve froquencies. the lnference would be
that similar potentiation would aoeur.

Conclusions

It = comncluded that the magnetic Geld of
the earth is an important physiologic factor
for living orgunisns and that 1ife as we know
it i adjusted to be in equilibriam with its
characteristhes. It wouold appear that be-
havioral changes of an undesirable nnbuane
may result from exposure o environments
having lowor or higher feld strengths an
“normal”’ or those having eitber o fluctun-
tions or eyclic Aucluation at frequencies
other than those {o which we are adjusted,
Thise behavioml alterations may bhe quile
evident, in the case of high field strengtls,
or they may be subtle, ropresenting only a
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disterioration in performance level,

:..i'Il'l.‘I.'l'ﬂ veplurss inio e |:]'||.u| frnr Iu:.vr-
been in arenn where the magnelic envimn-
ment  approxkmates that of the earth's
surface. In addition, these flights hove
been of relatively briel duration, Insufcient
it wobeerve anv cumulative olfects. The
fartors  discussed  In this  paper besome
operative on journeye of long duration
heyond sight earth radii distanoe.  Belore
exposing crews o such cowironments, i
would appear desirahle to investigate these
[actors Lthoroughly.

By Iivise AvEsUE, STRACUSE
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