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AB3TRAGT

A review of the incldents which led to the discovery

- of cosmie reys is presented, Ths corpuscular nature of the
yadiation 1s Mmmaéaa bri.nﬁg, ard the two major componsnts
are reviewsd with specis) emphagis beling placed upen the soft
components Secondary shower radistion end the frequency of
these showers are reviewsd,

The blological sction of cosmis radiation 1s summarized
brieﬂy, end some of the basic remearch with basteris, plants
and plant sesds, and animals ia reported, A report of an
investigation into ths effests of secondary cosmic ray
showers upon chick embryos 1q malum;
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INTRODUCTION

Following Forld Wer I, scientiats becams increzsingly
interested in the nature and effects of cosmic rays, A&l
though they had been noted ond inveatigated for a decade prior
to the war, expsrimentation wes slow and tedious and results
woerTe mesger. The outbreek of the war postponed practicelly
811 work which wss in progress, and 1% was not until 1922
that inquiries into the crigin end composition of the phenom=
enon were agein procesding with any regularity,

- Because of the nature of cosmis redistion, it was Lirst
investigated by those in the physical solences, but as more
irformation end data were smassed, workers in the fleld of
biology bVecams interested, Here wag o scurce of radiant
enargy which was constant, or nesrly so, for any given areajg
eould 1% possidly have any effects upon 1iving orgenisms and
4f 80 what were these #ffects? These were questions that
neoded investigations Agaln, because of the nature of the
radiation, investigations were d4lfficult and had to be cone
tinued cver extremely long periods of times With respect to
the facility end resulta of these inwestigations, Lewls

(1951) stated that:

In econirast to the great body of information
svai?ab:&a on the Yiological effects of radisng
enorgy of most fresuencies, very little it known

.. of the possible sction of %ho scmponents of cosmio
radiation on 1living tissuess The relatively few
published studies taken sg a vhole are L{nsonalu=~



aive, larpely theoretical in approach, and in
soms fnstarces contradliotoryeses

Experimental work has been discoursged physie
cally by the diffioulty o«f access teo the upper
strosphers &t levels the primary cemponsnt,
and theorstically, by the known low intensity of
the total redistions OUne doos not sxpact
detectable effects from 16 milliroentgens/dey
(70,000 £t.) when dosesin hundreds or thousenis
of rosntgen units are ccumonly wsed in similep
leboratory assays, The discowvery of tremsn~-
dously energetis heavy nuclel in the radlation
incident to our atmospheric shell sapable of

great penstration end high specific lonisgation
makes now investigation posalbles Sime ebe
sorption of these particles erd dissipation of
their energy is scoemplished very rapidly by
8ir molecules, little may bellearned by shislde

ing experiments or by exposurss on mountain
tops or in efroraft. PFurther, rosnigen units
may not express with sscuraey the tissue

fonlzation by absorption of quanta from estreme~

1y heterogenous pradlations
lawis mentioned only inwaéig;atiam of the primayy compone
ents of cosmic rays, Although the radiation inclient uyon
the esrth is of low intensity, incresssed intersity cap be
produced by placing layers of dense mstals adove the exe~
perimental subjlects ILead 13 moat commonly used in this
manne®, becetuse $ts great density allows the uss of thinner
sheeta or bars. 7The discovery of this mthod of intemsifie~
oation has overcome many of the limitations which were first
encountered. Even so, the results of the exporiments to
date have been varied, and thelr interpretation difficult,

This paper will present a review of some of ths basie

experiments in both the physloal and the bilelogloal effects



3

of sosmis radiations 4n investigation Ly the writer inte

the sffects of secondary cosxic showers upon chick embryos
1 reported, ' |



CHAPTER 1
DISCOVERY OF COSHEIC RAYS

Foar many yosrs followlng the dlscovery of Xerays,
‘which MW. the abllity te Lonlze air an! render 1t elestrie
cally Wnd%u%, & residusl discharge of slectroascopes wag
noticed even when they wers surrounied by thick shields of
radiation sbsorbing materisls, This discharge was thought
by most worksrs to be the result at fonlzation of the alr
within the alectroscors by radiozative materials in the
earth in the vicinity of the instrument (leprinse-Ringuet,
1950)s Testas were made to determime the amcunt of
fionizetion necessary to couse this disoharge, and 4t wes
saleulated that the roduction of ten to twenty ion pairs
per cubis centimeter per second would be sufficlent (Hess
and Bugster, 194%)s In earsfully ¢lesned instrumenta the
fonization was found not to exceed ten ion pairs per ocubls
centire ter per secord, _

In 1806, Richardaon made the observation that this
dischargs wag probably due to influsnces of the sun
(¥4113kan, 1935)« He had evilently overlooked the fact
that the discharge sccurred ss rapidly et night as during
the daye In 1809, Zurg studied the tlree sxisting exrlae
nationa, that the discharge had 41ta origin in effects of
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(1) the earth, (2) the stmosphers, end (3) those regions

beyend the atmosphere. He immedlately discountsd the lagt

two posaibilities and proposéd that the discharge had ita

| origin in effects of the radicective substances in the soll,
air, apd waber surrpunding the instruments (Milliksn, 1035,

" Ress snd Eugster, 1049),

Batween 1009 and 1914, Bergwitz, Wulf, Gockel, Hess,
Kelhoerster, end others carried electroseonves to evar ine
eressing altitudes by mesns of balloons. They established
that there was en initlal decresse inm the ionization up to
an sltitude of 1800 metars. They found also that between
1800 and 8000 meters, instesd of decreasing further, the
fonization incressed until it resched a value of about
eichty ion pairs higher than at ses level (Hess and
Eugster, 1949)s The balloon ascents were made at night as
well ag during the day,end HSess mede one ascent during e
solar eclipse in 1812, Xo changs in the lonization waes
noticed. This lod the investigators to postulats that the
ionization had ite ericin in effects of those regions above
atmosphare.

Little or no work weg dons between 1014 and 1922 be-~
osuse of ¥orld %sr I. However, in sbout 1922 dnvestigations
wore resumed with renswed interest,and results were sccurue-

lated at an exceedingly rapld rate, Gompton FTOPOsed the
theory of the extragalactis origin of these ionizing



rediations and in 1926, k1lllkan firat used the name
“eoamie raya",

CORPUBCULAR BATURE OF COSXIC RAYS

| The corpuseular nature of ¢osmic rays was established
by two majer obéarmtteﬁm The L£irat wes the sowcalled
"1atituie effect®, observed by ¥11liksn end Cameron in

1926 (¥111iken, 1033), snd Clay in 1927-1020 (lemon, 1938).

Hosa (Hess ard Eugster, 1949) mqmm explaing the latie
tude effent: '

It wes now evident that ag least a grost
rart of the primary cosmic rays consiad of
olectricslly charged particlss which ere de-
fleotsd in the magnetic field of the earth. The
particles of grestest enerpgy reach the surface
of the earth in all latitudes: particles of
lesser energy Cammot reech the zones rear the
eosagnatio equator vhors the deflecting force

horigental component of the magnetis field ine
tensity) la strongey.

The sscond was coserved by Dothe and Eolhoerster in 1020,
(Lemon, 1938} and showed that coamic rays produced simale
tansous dischapge pulses in two Uelger=~iiuller tubes placed

ene sbove the others m.ﬁ placemant 1s termed the colnoilence
method, end discherge of two counter tubes so placed is proe-
duced by 8 charged partlele passing through both tubes ele
most similtenecusl¥s 7The angle of inoidence 4s esally
determined by varylng the position of the tubes with respect
to one anothere By means of apecific wiring syatesms, this



method insures thet only cosmis rays will dlschargs the
tobes.

COMFONERTS (F CO3IC RAY3

| Cosmie rays have been separated into two major com-
ponents on the bagils of their penstrating pover, Thsse sre
termed the "soft" and "hard" components, sng there is ade=
quate evidence that sach component may conslat of mors then
one typs of pParticle. |
The sof% ocwponent iz deflned ag those rays vwhich

cannct penatrate a layer of lead fifteen centimeters thick
(Leprince~Ringuet, 1950} It 418 found 4in small proportion
at gaa loval but incresses rapidly in intenaity as altitude
i3 increased until 1t ia mare intense than the hard come
ponents "At the Jungfraujech laderatory (altitude 3,500
meters), the sof ¢t component is three times mere abundant
than the penetrating compoments” (Leprince~Ringuet, 1950).
The herd or perotrating component is defined aus that group
which will penetrate a lamr of lead grester than I if teen
cevtimoters thleoks Leprince stated of this hard component
that: |

PTGy fe g e

incresses only slightly with an inoreess in altlie

tude, and in auch & way that the increess of the

two groups es ¢ function of altitude does not
follow the sem law, Its penetrating power is such



that a thickness of 1 meter of lesd stops only
half of its particles.

CASCADE OR. SECONDARY SHOUER EFFECTS

Between 19256 and 1930, Hoffman, Steinke, and

' Bchindlsr established that if cosmic rays pasa through e
layaf ot';atel such ss lead, seoondery showers of rays

are produced in the metal (Hess and Eugster, 1949), These

secondary or cescade showers have besn chbserved and studied
ty uase of ths #ilson-Chambsr. A shower 18 defined ag two

or more &gsocisted tracks, snd these tracks ere considered
ia be sssocisted if they ere produced by rays that pass
through the chamber st the same time, es indlcated by the
identity in the sharpness or diffuseneass of the tracks they
loave (211liken, 1938).

The major portiocn of the showers 1is produced by the
soft component of the sosmlic rayss Millikan (1835) reported
that the sescondary showers were composed of three types of
particlss., ‘There were!

(1) rays consisting of electrons (e apa =)
directly emerging as s result of the ensountery
(2) photons of the same nature ss the general
A-padiation emitted from the point of impaot of
the cathede ray besm on the enticathodej and (3)
annihilation-ray pvhotons ef half-millione-volt
enargy as first measured by Cheao. The existence
of all three of these radlations hag been directly

- brought to light in the Borman Bridge Laboratory.



SHOYER FREQUENCY

The froquency of shower produstion has been found
to incresse when metals of sufflcient density snd thicke-
-ness ere intsrposed in thes paﬁh of t&glepamia raya.'
E1lliken (1938) stated thet with axp§p¢1§§s and exposures
(of ¥ilson-Chambers) made at random, twelve per cent of the
tracks registered are showors, This twg}vé pér cent s
caloulsted for air ghowsrs; thai is, showers occurring from
the effests of cosmic rays upon atoms of the aire The
showers can "almost be produced st will by placing dense
screens shove the chamber, The showers ers relatively come
peat and a lsrge shower oan produse more than ons hundred
thousand reys® (leprince~Ringuet, 1980),

A thorough investization of shower production wep
made by Rosel (Hess and Zugstor, 1949)s Ke found that
ghowey praénatton inoreased in frequency with en inarease
in thickness of lead sbove the chamber, This inorease
reached a maximm for thicknesses of lead between sixteen
end eightesn millimstesrs and dropped off rapidly ss the
thicknesa wag Increased to five centimsters,

shefg eag unﬂnfatand ;ﬁg:e%g%ggiggagi gtigliaation

3P b 2t
of particles o8 808 vhen & uaawicwra particle
ia penetrating through heavy meterials 11 1@&63

the greater the thiockness, the more secondary

slootrons are produced. - homever, as these particles
travel through leed, some of them are stopped,
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within the first 17 mm. the rate of multiplication
is greater than the rate of abgerption. Beyond

that thickness, abgporption gains the uppsr hand
(Hess and Eugater, l9£930.
Ag intersst in the physlcoal mepects of cosmic rays
‘inoreaged, many blologzists began to look at this newly
found source of enargy as a possible mechanism for many

unexplained bioloeziecal rhenomenes Among the first to be-
come intsrested were the geneticists, looking for s
mechanism for natursl mutations, Workers in other divisions
of bilologicsl research soon feollowed the lead of the
genoticlsts. and began investigating the effesats of both

oémpenants of cosmia Pays upen varled bicloglcoal materials,



CHAPIER 1X

BIOLOGICAL EFFECTS COF COBEIC RADIATION

| kany of the inveatigations into the blolegleal effects
of ccamle radistion have been incenclusive, and many cone
f1lcting Teports have been mede, Test subjects renging

from beasteris to small mermals such es mice end radbbits

have been used, end most of the pesitive resulis have been

reported whan the testa organisms were exposed to intensified
sesondary sosmic showers under optimal thicknesses of leads

EXPERIMENTS ¥ITH BACTERIA

The tests using Lasteria ss sudbjfests have been ree
ported on with respeot to the mutagenie effects end oulture
growth stimilatery or inhibitory effects of cosmio rays,
In 1936, Rejewsky, Erebs, sand Zickler found that optimal
soreening of cultures of the fungus Bombardla lunata

Zickler coused s definits incresse in the rumber of cultures
showing mutationse Cultures which were exposed under lesd

a%zmd 8n incresse in rutation which smounted to 3.1%,
vherseg contrel culturss showed only 0,715 mtetions,
Kajewsky and his co~workers reported that "the rate of
mitated oultures is relativwely largs. Even grenting that

the 2stual mumber of mitations may dbe smaller than the rume
ber of mutated cultures, there 1z nevertheless an excess
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of matations under the optimally soreened cultures compared
with the reat.”

Yorking with two non~pathogenic forms, Esaterium
violeceun gnd Esaterium fluorescens pon=licuef,, Eugster
.(lﬂés) found that growth of the organisms waé stimulated
when they were placed in an enviromment which shielded them
from the greater part of the cosmis rayse An inhibition
of growth in basterisl spores exposed under lead for eight
menths weg elso reported by Eugster.

EXPERIMENTS WITH PLANT SEEDS

Germination end growth tests of the seeds of linum
usitatissimm exposed under lead indicated that germination

procended more quiskly than in the eontrols, but that sude
SOqﬁant devslopment was greatly retarded, Xore plants were
obtained from the exposed seed of Antirrhinum majus; these
Flants were strenger and had a tendency to be meore bushy
then the plants grown from the control seeds (Hess end
Fugster, 1949). Using germinating seeds of L. usitatissimum,

Eivere found that initial growth was stinmulated, in
sddition, reots end astems appeared soms ten to fifteen hours
esarlier in thoase seeds maintained under lead than in those
of the control group. leed covering the test groups wag

vapried in thickness from 1 mm, te 18 mm, with en optimal
effect noticed waing 18 mm,, and no change noticed using
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1 mme (Hoss end Eugster, 1949),

Stroman end Lewis (1948) placed dorment seeds from
~three cotton plants in & V-2 rocket launched for test pure
poses at the ¥hite Sands Proving Grounds, Las Cruces,

'ﬁcw Eexicos During its flight which lested ©.9 minutes,
the rocket resched an altitude of 90.56 miles, exposing the
seeda to inoreegsed intenaities of secondary cosmio showers,
up to 70,000 feets Above 70,000 feet the intensity of the
seoondery showers drops off noticeably, snd any effects
registered would be from the primary particles of the
radiation. Cermination sni growth tests were reported for
these seeds through the second generation snd plants grown
from the exposed seeds showed an Iincrease in height over
slants grown from control seeds. Some evidence of ine
creansed germination ard seedling vigor was noticed but was
not reported beceuse of 8 doudbl as to the reliadility of
the informstion (Lewis, 1961)« "Changes notlced in the
radisted matorial®, stated Stroman, "remain te be fully

evaluated, snd cannot ss yet be deaigntted as cosmic
radiation effects” (Stroman & Lewls, 1948).

EXPERIMENTS WITHE ARINALS

Many investigators have used animal subjeots to test
the effect of cosmic rays upon two primery factors: (1)

fitas effect upon carcinogensis, both aspontaneous and induced,
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end (2) 1ts offect upon the fertility of the animals and
upon the viability of thelir offsprings The material re-
ported in this peper seems to indicate a correlation bLetween
tumour growth and intenaity of secondary sosmis shovwers,
| Barnothy and Forre (1948), working with white mice,
found that when the snimals were maintained under lesd there
was & dofinite statiastlionl increasse in the mumber of young
which were born dead, or which died within the first week
after deliverye Following tests in which they used Angora
rabdbits, they reported that all females kept under lead
dropped desd offspring) most of these died en the last day
of gestations Uhen one of the females was placed under lend
on the last day of geatation only, all of the young wers
born desds In & similar series of experiments, Eugster
(Bess snd Eugster, 19849), found & high percentage of sterility
osourring in the femelea slong with an iacressed mumber of
still~birthss This confliots with the results of Barnothy
end Forro because they noticed only a very low incidence of
sterility, end this only when copulations were sgcomplished
under leeds The resulting aterility was temporary, wheress
Eugster presented evidence of permanent sterility after
varying periocds o exposure. His conclusions were based upon
definite degenarative changes whish he ohserwad in the
ovaries of the animals,

Following 8 series of experiments designed to test
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the effects of secondsry showera on mice injected with a
carcinogenie agent, Figgs (1947) reported & marked decrease
in the latent perioed for tha ‘appearance of palpable tumeras
in the test groups. The highaak incidence of tumors was
noted in & esge vwhich hag baen kept under one~hnit inch
(32,7 mm.) of lead. Over the other test sages only one=
fourth inch (6.35 1m.) of lesd was placed} one-~half inch
more naerly spproaches the aytimum thickness for shower proe
duction. In s similar series, Gaarse, Goorge, Booth, and
Horning (1949) reported that with the exception of one test
group which wag unler five centimeters of leed, "the latent
period between inooculation and the appesrance of tumours
followed & pandom variation, In this respect ocur raﬁultl
differ from thoss of Figge®.

Hoping to Bvoid some of the difficulties inherent in
investigations on induced earcinogenesis, Eugster (Hess and
Bugster, 1949) earried out experiments designed to tsst the
effects of secondary showsrs upon sponteneous carcinogenesis
in mices VUsing s strein which had been inbred for the
carcinocenie prinsiple, he reported that £1% of those that
died of cancer were from the exposed groups. Although only
preliminary work had been completed, Eugater stated that:

1y Sk ot somsterseton 11, O mhen Lyl
of carcinoma to Lo raur times higher among those

enimals exposed to showers than among the eontrols,
Should thsse observations be sconfirmed with s wider
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range of experimental materisl, then we toull acoept

the view that in local radistion, and particulerly

eosmie radlation, we have a roguiating mechanism

for the balancs of normal and pathologiosl development

of cells.
_ The literature on the biolegloal effects of sesondary
eosmic showers has becomos quite extensive 88 more individuals
heve become intersated. Howsver, no referoncs to teats using
ohick emiryos ass radistion subjects oould be founds Since
the most promising line of investigation seemed to be centered
upon tests using sotively growing ehlla aB expsrivental
material, an investigstion ol the effesta of secondary cosmis

showers upon ohlok subryocs wag msde,



CRAPTER III

R ES TSR £EGe
The ebjective of this investigstion was to dstermine
what effects setondary sosmic ray showers might have on ohiek
ewbryoss It was thought desirable to determins whether or
rot embryos of Ga2llus domesticus would be suitable material
for further investigations with cosmls radistion since they

are in such wldaspreand use as reasearch material,

MATERIALS AND EETHODS

At the time w investigstion wag made the hatoheries
in the Houston erea had cessad operations for the summer
soRgon and some difficulty was sncountered in procuring
fortils egpnss The ultimste scurce way a flosck of thite
Tyandottes losated South of Sealy, Texas, The eggs used
in the experiment were gathered each morning end Jelivered
tvics u weelr 80 that they were a maximm of four days old
at the time of delivery,

Upon receipt, the egre were divided into equal grours
by random cholces The test groups were plsced horlzontslly
8o thet the centers of the sgse were three to three and onee
half inches below & leed plate 18 mme in thiclmess, end
weres locatsd on top of & metal cebinet on the first floor
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er‘u two atory structures The elevation ghove mean sea
lovel wag aprroximately 130 feets The sontrol groups wers
located on the aama‘lavul tut sbout forty feet dlstant from
the réat-gruuvn with two walls Interveninge.

| %est group m*Q ves exposed to secondary coemis
'ahuwar# undey thn load plate for a poriod of seventy~four
hoursj test group EeD wes exposed for sixty-eight houra}

and test group E«C was exposed raﬁ seventy=two hours,
Inmediately following exposure the test groups, along with
the respeative control groups, were plased 4n an incudbator
in which & temparsture of 105 degrees ¥, optimm for mexi-
mun development within a geventye~two hour pariod (Romanoff,
19049}, wes maintained, Upon removal from the incubster the
ogge were opened, and the embryos were harvestsd and mmbdered
consecutively for each groups The maximum elapsed time
during the harvesting of any ens group was two and one~half
hours; & range of developmental stages wap therefore probable,
The embryos were examinsd superficially ss they were hare
vestod, end further exsminations were made after they had
beeon stained and mounted,

REZULTS

The results of this investigation were inconsclusive.
Thers were ssven position sbnormalitiss noted in the exposed
groups wheress only four were noted in the control groups.
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The position of an embryo was considered to be abnormal

if there was any Jdeviation from the normal peosition relative
to the yolks This inoresse, in the rumber of exposed embryos
showing abnormalities of position, was small, There was

'un inorease in the rumber of embryoes viable to seventy-four
in the exposed groups, tut 1% was so slight that it was
disregarded, Table I gives & gummary of the results of

the experiment, snd Table II reviews the variation in per
cant for the differences noted above,

DISCUSSION

It 13 probable that since the work reported in this
papor wag Jdons unisr a relatively low intensity of cosmie
redistion, the mmber of awm‘sry showers produced in
the lead was too small to exert any effectss The work
must be considered as being preliminary, end it is
thought thet with certaln modifications of experimental
procedure more definite results oould be ocbtained, One
method, which ssems to be iwmataé, would be to expose
the embryes to varying periocis of showsr redilation during
the inocubation period, mnot prior to it.
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SURHARY

As resesrch contimues In the fleld of scsmle radlation,
en understanding of some of the fundamental physlocal scncepts
48 nooesssry for thoss interested in the blologlcal action of
the radiations Thia peper presents a short review of eome of
these baale oconcepis. A review of some of the research into
the blologlcal sction of cosmis rays is rlso presented,

‘This paper haa pressnted & report of an investigation
into tha. effeots ef secondary cosmic ray showers ubm ehick
eubryose Although the resulta of this investigation were
{noonclusive, & need for further work s indlcsted.
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REVIEW OF THRE EFFECTS OF 3ECOHDARY COSMIC BHOVERS
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ﬁ?mp A

Group B Group €

exp con  exp eon  @XxXp son
Number of eEgs 12 11 12 11 16 16
F¥umber of fertile
oprs 11 8 10 1% 32 13
Timé urder lsad o o '
bours ) 74 o €8 o ne 0
Inmbayaon time | - o
{hours ‘ 74 T4 74 74 .74 74
Fumber of embryos | , _
vishle to 74 hra, 10 8 10 2 12 13
Eoe of pvosition | . | |
strormeliiles .3 2 .2 g___ 2 0

#0ne egg wes double-yolkéd, sach yolk having @ viadle

enbIyos



TABIE IX
COHPARIZON OF PERCENTACE VARIATIONS

£8

Group A

exp

eon

Group B

QXD

- eon

Group €

exp

eon

Total

exrp oon

rercent
fartility

91.8

81.8

833

9147

750

8le3

82,5 84,8

Farcent
viable to

74 hours

90*9 )

100

109

100

D7.3 93,9

Fercent
position
shnorealities
based upon
mmbeyr of
fortils ercn

£27.2

€847

200

18.2

16.7

0.0

21,2 12,1

Peroent
position
abnormalities
based upen
ombryo
viebility

30,0

£2.2

33.3

£0.0

16.7

16.7

0.0

2149 12,9




