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R E C E N T  D I S C U S S I O N S  on 
aero medical problems of space 
travel (Armstrong, Haber and 

Strughold 4) have called attention to the 
possibility that cosmic rays in the 
stratosphere and in space may influ- 
ence stratosphere planes, rockets, space 
ships and their freight (humans, ani- 
mals and plants). 

There is no doubt--as shown by 
Hess and Eugster 28 in their report, 
"Cosmic Radiation and Its Biological 
Effects"-- that  cosmic radiation under 
special conditions, especially by show- 
er-formation, can produce biological 
effects. It is not the primary radia- 
tion and the ionization alone that con- 
cern us but we encounter secondary ef- 
fects connected with nuclear evapora- 
tion processes and nuclear break-up 
events which, in turn, influence biologi- 
cal material. 

Recently, cosmic ray research has 
produced new discoveries in this field, 
concerning heavy nuclei in the primary 
component of cosmic radiation, the 
creation of high energy cosmic ray 
stars, the production of mesons and the 
origin of the radiation. A review of 
our present knowledge as to the pos- 
sibility of biological effects caused by 
cosmic radiation at high altitudes and 
in space seems, therefore, justified and, 
in light of the seriousness of aero 
medical problems of space travel, nec- 
essary. 

MODERN COSMIC RAY PHYSICS* 

The Heavy Nuclei in the Primary 
Component of Cosmic Radiation.--Un- 
til a few months ago, the primary 
component of cosmic radiation was 
thought to consist mainly of protons. 
There was no evidence for the exist- 
ence of heavier particles as postulated 
by several workers. 

However, recent applications of new 
emulsions highly sensitive to electrons 
have changed the situation complete- 
ly. 1~176176 These new photo plates 
(Eastman NTB-3, I lford G-5 Kodak 

N T - 4 ) ,  flown for several hours high 
in the stratosphere--in the experiment 
of Bradt and Peters, TM in four flights 
for three to six hours to 95,000 feet 
(equivalent to 16 g m . / cm /  of residu- 
al a tmosphere)--have shown the first 
direct proof for the existence of ener- 
getic heavy nuclei in cosmic ray pri- 
maries. 

The heavy nuclei enter the atmos- 
phere from the upper hemisphere of 
space with energies up to 0.8 x 1018 
eV and atomic numbers up to 26 ___ 2. 
At a geomagnetic latitude of k = 30 ~ 
of a measured 450 incident particles, 
356 were protons, 90 were helium nu- 

*This review concerns only the recent 
data. For more detailed discussions see: 
D. J. X. Montgomery, "Cosmic Ray Physics. 
based on lectures given by Marcel Schein," 
Princeton, 1949; C. F. Powell and G. P. S. 
Oechialini, "Nuclear Physics in Photo- 
graphs," Oxford, Clarendon Press, 1947. 

See also Medical Department Field Re- 
search Laboratory Report 6-24-12-08-(7), 
April 28, 1950. 
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FLUX OF HEAVY PRIMARIES AT G E O M A G N E T I C  LATITUDES 

X = 55 ~ , X : 51 ~ X =30 ~ 

[ A t  the  Top  of the A t m o s p h e r e  Geomagne t i c  F l igh t  Ex~.osure Alt.ltude 
L a t i t u d e  No. in'ImeHours g m . / c m ,  s a ir  r 103 " I~  (103 nuc le l ) / cm'2  sec'1 s teradl  

Z = 2 6 ~  Z <~ I0 Z > 10 

550 4 6 16- / 1.1 -4- 0,2 0.30 + 0.1 
51 ~ 3 3 10 38 _+-13 1.2 + 0.3 0.25 +~-- 0.07 
30 ~ 2 6 16 [ 9 "+" 3 0.35 -4- 0.06 0.10 -r 0.03 

clei, 3.5 belonged to the C, N, O-group, 
and one had an atomic number Z > 10. 
Three flights at the top of the atmos- 
phere gave, in the experiments of 
Bradt and Peters, the data shown in 
Table I. 

Similar results are reported by Lord 
and Schein, 41 who, studying 550 events 
obtained at an altitude of 95,000 feet, 
estimate the incident particles to con- 
sist of about 90 per cent of single 
charged particles of minimum ioniza- 
tion probably all pr imary protons, and 
about 10 per cent of particles at least 
as heavy as alpha particles. 

In the earlier work by Freier, Lof-  
gren, Ney, Oppenheimer, Bradt  and 
Peters, 19 it was estimated that the 
number of incident heavy nuclei with 
Z > 10 is at least about one for every 
500 pr imary protons. 

I f  the incident nuclei are stripped of 
electrons, then the results at a geo- 
magnetic latitude of ),~--~-30 ~ show their 
energy per nucleon to be at least 3.5 x 
109 eV (the geomagnetic cut-off energy 
at this latitude). For  the heavier nuclei 
with Z > 10, the total energies are up 
to 1011 - 101 a eV. 

According to Bradt and Peters, no 
particles were found with atomic num- 
bers higher than 26 + 2, correspond- 
ing to elements in the neighborhood of 
iron. About 3~ of the nuclei with 
charges ~ 6 belong to the C, N, O 
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group (6 < Z ~ 1 0 ) ; a b o u t  60 per 
cent of the heavier nuclei with Z ~ 10 
belong to the Mg, Si group (11 < Z 
< 15), and about 10 per cent to the 
iron group ( Z - - 2 6 •  

T H E  C O S M I C  RAY S T A R S  

1. The Explosion-Stars.--The heavy 
nuclei coming f rom outside the atmos- 
phere with energies up to about 1013 
eV are able to produce specific, hither- 
to unknown effects as shown by the 
photographic emulsions flown to the 
top of the atmosphere. They create, in 
general, stars of different kinds, 1'2~'4~ 
with more or less numerous prongs. A 
few typical stars are shown in Figures 
1-4. 

The star events occur relatively often 
at the top of the atmosphere;  accord- 
ing to Bradt and Peters, at ),~--~30 ~ with 
a frequency of 450 stars per square 
meter, per second, per steradian. 

The prongs (secondaries),  produced 
in these violent nuclear explosions con- 
sist of all kinds of particles and re- 
spective rays:  electrons, mesons, pro- 
tons, heavy nuclei, neutrons, neutrinos, 
neutrettos and gamma rays. 

The explosions happen, so far  as iq 
known, at the top of the atmosphen. 
and are nuclear events of a special na- 
ture. Their  importance and novelty 
l ies--as  pointed out by Leprince-Ring- 
ueP~ the demonstration of the pro- 
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Fig .  1. Collision of a p r i m a r y  Ca-nuc leus  ( Z ~ 2 0 +  
1), w i th  an  e n e r g y  of the  o rde r  of a t  least  100 B e V  
a n d  an  A g  or  B r  nuc leus  in t he  emuls ion  of a 
Kodak  N T B 3 ,  flown at X : 3 0 ~  at an al t i tude of  
abou t  100,000 feet. 

F o r t y - t w o  c h a r g e d  par t ic les  a re  emi t t ed  in th is  
violent  explosion.  T e n  p r o n g s  a re  m i n i m u m  ioniza- 
t ion t r acks ,  collimated, in the  f o r w a r d  d i rec t ion  ( t hey  
a re  ha rd ly  vis ible  in the  f i g u r e ) ;  m o s t  of t h e m  prob-  
ab ly  are  t r a c k s  of a meson  shower .  O n e  ~ast, s ing le  
charged '  par t ic le  causes  a second  nuc lea r  e v e n t .  2 
( P r o m  B r a d t  and P e t e r s :  Phys .  Rev . ,  77:55,  1950.) 

duction of multiple charged particles 
(electrons and gamma), as well as in 
the fact that multiple neutral particles 
are created in these high energy nu- 
cleon-nucleon collisions. The mech- 
anism of the process is unknown, and 
different phenomena are probably in- 
volved in these nuclear break-ups. 

An interesting and important  result 
may be mentioned here. Addario and 
Tamburino 1 examined Ilford C-2 

Courtesy Physical Review, 1950 

:Fig. 2. Coll ision of a nuc leus  of Mg-S i  g roup  
(Z ~_, 1 2 - 1 4 ) ,  r e s u l t i n g , i n  a na r row shower  
of five doubly  c h a r g e d  re l a t iv i s t i c  p a r t i c l e s  
( i f-part icles)  and one s ingly c h a r g e d  relati- 
v i s t i c  pa r t i c l e  (p ro ton) .  

T h e  par t i c les  of t he  shower ,  c a r r y i n g  11 
uni t s  of cha rge ,  a re  cons idered  to be the  
p roduc t s  of the  d issoc ia t ion  of the inc iden t  
nucleus .  A second m i n i m u m  ionizat ion t r a c k  
e m e r g e s  wi th  an a n g l e  of 300 wi th  r e spec t  to  
the  s h o w e r  axis .  F o u r  low e n e r g y  par t i c les  
e jec ted  f rom the  s t a r  at  l a rge  ang les  wi th  
r e spec t  to the  d i rec t ion  of t he  p r i m a r y  a re  
cons ide red  to  be f r a g m e n t s  of the  t a r g e t  
nucleus .  ( F r o m  B r a d t  and  P e t e r s :  Phys .  
Rev . ,  77:56, 1950.) 

plates, which had been exposed at 
~,--55 ~ N.g.L. at 29,000 meters for 
several hours;  the balloons spending 
2.2 hours between sea level and 27,500 
meters and 5.3 hours above 27,500 
meters. Superimposed was only the 
aluminum of the sphere (1 mm. in 
thickness), in which the plates were 
carried. 
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Courtesy Physical Review, 1950 

Fig. 3 (above). A nucleus with charge Z - 2 0  causes ejection of three 
chargeff particles from a target  nucleus without suffering any noticeable 
deflection or loss of charge. 

This event, which was observed by Dr. E. O. Salant and Dr. J; Horn- 
bos te l ,  may be the result of a rather  distant collision. (Courtesy of 
Dr. E. O. Salant and I)r. J .  Hornbostel, Brookhaven National 
Laboratory.)  (From Bradt  and Peters:  Phys. Rev., 77:60, 19S0.) 

Fig. 4 (below). Two characteristic nuclear cosmic ray stars obtained 
at high altitude of about 100,000 feet with Ilford G-5 emulsions. Energy 
involved in the process is more than 12 BeV. 

Star No. 1 (left) contains: 27 ionizing prongs, corresponding to the 
usual type of nuclear fragments (protons, tz-particles, etc.); 27 relativistic 
prongs, all well collimated. No incident primary particle has been observed. 

Star No. 2 (rieht) contains: 51 prongs, 17 of which are relativistic. 
Produced by a heavy pr imary  with Z between 14 and 20. (From 
Leprince-Ringuet,  Bousser, Hoang-Tchang-Fong,  ~auneau anff .Morellet:  
Phys. Rev., 76:1273, 1949.) 
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In 1.120 cm. s of  emulsion, Addario 
and Tamburino found 488 stars with 
three or more prongs, which indicates 
a star frequency of 1950 stars per 
cubic centimeter, per day in the rela- 
tively insensitive I l ford C-2 emulsion. 
The frequency of stars with four or 
more prongs was 1450 stars cm. -3 day, -1 
while Hornbostel  and Saltan 3~ give 
for the same kind of stars at 30,000 
meters altitude, a frequency of about 
2000 stars cm. -3 day. -1 

2. Evaporation-S t a r s . - -Somewhat  
more is known as to the evaporation- 
stars which were observed for the first 
time in 1936 by Anderson and Nedder- 
meyer 3 in cloud chamber experiments 
and in 1937 by Blau and Wambacher  s 
in photographic emulsions. They are 
low-energy events-- the energies in- 
volved in the process being 89 MeV at 
200 meters above sea level, about 144 
MeV at 3450 meters above sea level 
(E. B~gge 5) and a few hundred MeV 
in special cases. 

Their  frequency is relatively well 
known. Bernardini, Cortini and Man- 
fredini * give, for the frequency of 
stars with three or more prongs, at an 
altitude of 3500 meters above sea level 
(equivalent to 685 gm./cm. 3 of air)  
without superimposed absorbers, the 
value of about fifteen stars per cm. 8 
per day, and for stars with three 
prongs and less, the value 39 to 60 stars 
per cm. 3 per day. 

3. The Nature of the Star-Excit lng 
Radiat ion.--The explanation of the 
stars is very complicated and contro- 
versial. In  the case of the high-energy 
explosion-stars, the incident heavy 
nuclei are one group of the exciting 
agents;  in the case of the low-energy 
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evaporation-stars, different suggestions 
and hypothesis have been proposed. 
B~gge argues that high-energy gamma 
rays may produce the stars. Perkins, 4g 
and Occhialini and Powel147 have got- 
ten stars at the end of a slow meson 
track. Powell 5~ concludes that high- 
energy neutrons may be the producers 
of stars and RossW with his co-work- 
ers, could show that most of the stars 
and bursts are due to nuclear disin- 
tegrations and not to air showers. 
These theories are of interest in that 
they show how complicated the situa- 
tion is and how many events are in- 
volved when cosmic rays produce 
secondary effects. The importance of 
these events in connection with bio- 
logical effects cannot be over-empha- 
sized. 

M E S O N S  

Closely connected with the reported 
events are the mesotrons or mesons. 
They are produced in nuclear processes 
(nuclear disintegrations and collisions) 
and play an important role in the pro- 
duction of cosmic ray showers as well 
as in the reverse processes. Their  life- 
time is very short, depending on the 
kind of meson, between 10 -~ seconds 
and l0 "13 seconds. 

Today, several kinds of mesons are 
known and relatively well investigated ; 
the best known are the ~-meson, the 
T-meson and the z-meson. They are 
distinguished by their mass, their 
charge, their lifetime and their  fate. 
13j16p24~37,39,~9~61~64~73j74 

The ~-meson, the "ordinary" meson, 
predicted by Yukawa, 1935-36, and 
discovered by Nedderrneyer and An- 
derson, 1938, has a mass of 217 • 4 
electron masses. ~9 It  exists with a 
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negative or with a positive charge. Its 
lifetime is about 2 x 10 "a seconds and 
it disintegrates into an electron and 2 
neutrinos. 

The ~-meson is a heavier meson, its 
mass being about 285 • 1 electron 
masses. TM I t  also exists with a negative 
or a positive charge and disintegrates 
probably into a /x-meson and a neu- 
trino, perhaps also an electron and a 
neutrino. The latter process is be- 
lieved to be 100 times slower than the 
/x-meson-neutrino process. The ~-pt-de- 
cay involves delays of about 10 -s 
seconds. 

The r-meson is a very heavy meson 
with a mass of about 725 +__ 40 elec- 
tron masses. ~4 I t  carries a single posi- 
tive or negative charge and its lifetime 
is, according to Forster,  24 about 10 "1~ 
seconds. 

Reported is also the existence of a 
neutral meson with a mass of about 
300 electron masses. 13,2. I t  may decay 
into two photons with an upper  life- 
time limit of =<10 "13 seconds. 

THE ORIGIN OF COSMIC RAYS 

The origin of cosmic rays is still un- 
known and is a highly discussed sub- 
ject at the moment.  While, in the past, 
the fact that the radiation incidents 
f rom all directions favored the theories, 
which believe interstellar space to be 
the source of cosmic rays, recent ob- 
servations 2,23 as to the correlation be- 
tween sun-activity and cosmic-ray in- 
tensity as well as the theories by A1- 
fv6n, Spitzer, ~* Richtmyer and Teller 5e 
and FermW make it possible that the 
sun may be the source of cosmic radia- 
tion. 

Important  for  the discussion are a 
few thoughts connected with the exis- 
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tence of heavy nuclei in the primaries 
of cosmic radiation. These heavy 
nuclei come from the outside and they 
must originate somewhere in the hemi- 
sphere. Spitzer and Bradt and Peters 
point out that these nuclei may arrive 
as parts of still larger structures. Ex-  
tending the supernovate theory of 
Zwicky, they propose, as possible 
mechanisms : 

1. Supernovae produce cosmic radia- 
tions with expulsion of high speed 
atoms from the stellar surface. They 
assume these heavy nuclei to be small, 
solid particles or dust grains, which are 
accelerated by the radiation pressure in 
the neighborhood of supernovae. The 
velocities reached in this process are 
close to that of light. These high speed 
grains do not last long, if they, as 
postulated, by Fermi, are retained in 
the galactic plane by strong magnetic 
fields. They will collide with low speed 
grains in an interstellar cloud and /o r  
encounter H-atoms.  Thus, the grains 
will gradually disintegrate into cos- 
mic-ray particles of the heavier ele- 
ments, primarily O, Mg and Fe. The 
computed density of these particles in 
space is consistent with the observed 
flux of heavy nuclei at the top of the 
atmosphere. Each of there grains or 
dust particles has a radius of 10 -6 cm. 
and contains about 10 ~ atoms. In the 
galaxy, the density of these high speed 
atoms is about 5 x 10 "14 per cm., 8 while 
the density of interstellar matter  may 
be (0.2 - 1 ) H-a toms per cm., 3 equiva- 
lent to a density of about 10 -24 
gm./cm, s This yields a particle flux of 
about 10 "4 atoms per cm. 2 per second 
per sterad, in accordance with the ob- 
served experimental data for cosmic 
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T A B L E  I I .  R E L A T I V E  A B U N D A N C E  O F  

E L E M E N T S  I N  I N T E R S T E L L A R  S P A C E  

Z ~ 1 0  C , N , O , Z = 2  H 

Uns61d 1 . .~ 6 ~.~ 500 , ~  5000 
Brad t  and 
Peters  1 ~ 3.5 ~ 100 ,._, 400-600 

Brad t  and 
Peters 1 ~.~ 14 ~ . / 4 0 0  ~_J 1600 
(Table  V I I I )  

radiation at ),~---30~ i x 10 -4 nuclei 
with 10 < Z < 28; 4.3 x 10 .4 nuclei 
for C, O, N-group and 90 x 104 nuclei 
for helium. 

2. The heavy nuclei observed may 
be the products of sudden break-ups of 
fast dust grains due to collisions in in- 
terstellar space or an appreciable num- 
ber of such dust particles, not broken 
up in interstellai" space, succeeds in 
penetrating the earth's magnetic field 
at the top of the atmosphere. 

Bradt and Peters also discuss the 
possibility that cosmic rays, according 
to Alfv6n, Richtmyer and Teller, are 
accelerated in the neighborhood of the 
sun. These particles then will circle in 
complicated curves in the planetary 
system, until they hit, coming from all 
directions, the earth. 

Another hint as to the origin of 
cosmic radiation may be gained by 
studying the relative abundance of the 
observed heavy nuclei. Conclusions as 
to this question can be drawn from the 
experiments of Bradt and Peters 1~ and 
the data on the relative abundance of 
nuclei in the atmosphere of the sun and 
of "c-scorpii given by Russell and Un- 
s/51d. 1~ The latest data on stellar 
atmosphere indicate that for  each atom 
of any metallic element, there are about 
six atoms for the group C, N, O and 
about 500 atoms of helium with about 
5000 atoms of H (Table I I ) .  

Important may be, in this connec- 
tion, the considerations of Teller2 s He 
emphasizes that photographic plates of 
high sensitivity were flown by balloons 
up to 100,000 feet; by using V-2 
rockets, however, distances five times 
greater could be reached. At these alti- 
tudes, the effects which give evidence 
for the existence of heavy nuclei be- 
come greater, so that these heavy par- 
ticIes which quickly dissipate their 
energy when traversing the highest 
atmosphere could be detected. To  find 
them, "The apparatus had to be taken 
closer to heaven than," according to 
Teller, "any living physicist can as- 
cend." He emphasizes too that these 
particles carry far  more energy than 
necessary to tear them up into their 
constituent parts--energies which sud- 
denly are set free in the observed nuclei 
collisions. 

B I O L O G I C A L  E F F E C T S  O F  C O S l ~ I C  I~AYS 

The question as to biological effects 
of the cosmic radiation arose after  the 
pioneer work of H. J. Muller 43 in 1927 
on genetic effects of x-rays. I t  has 
been taken up by numerous investi- 
gators at different times and with dif- 
ferent methods. 

While in the earlier days, only the 
primary cosmic radiation was in+esti- 
gated and the ionization was taken as a 
basis for  the discussion, later experi- 
ment made use of the secondary effects 
of cosmic radiation, especially of the 
"shower" radiation. In nearly all these 
cases, where secondaries were applied, 
positive effects were obtained, while in 
the earlier kind of experiments with 
primary radiation alone, in agreement 
wlt~l ionization calculation, clear-cut 
effects could be gained only in a few 
cases. 2s 
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In the past, it was the tendency to 
answer the question as to biological 
effects of cosmic radiation, by pro- 
tecting, the material from the irradia- 

the experimental setup are given in 
Figures 5 and 6. 

After  an exposure of  four to six 
weeks at nearly sea level (Frankfur t  

'-' WOOD 

[ ]  LEAD 

I,-4= Cnl. 
OPTIMAL 

SHIELDING UNFAVORABLE 
CONTROL SHIELDING 

Fig. 5. Cosmic ray  shower experiment, 
Krebs and Kasten.)  

UNFAVORABLE 
.SHIELDING 

NN 
#-,-. 

r 
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with solution of proteins. (After Rajewsky, 

tion. The biological material was placed 
in deep mines or protected with thick 
iron shields, while the control material 
was exposed under normal conditions 
(Sievert 63). 

In 1935-36, however, Rajewsky, 
Krebs and Zickler ~4 systematically 
made use of the fact that cosmic radia- 
tion produces, in proper absorbing ma- 
terial, "showers" which easily can be 
demonstrated and studied with cloud 
chambers .  In such a shower case, the 
energy of a single incoming cosmic ray 
is split up into numerous secondaries-- 
there  are showers with up to several 
thousand secondaries--so that not only 
the hit probability but also--by pro- 
ducing a softer radiation--the absorb- 
ing probability is increased. 

To get the most pronounced effects, 
Rajewsky, Krebs and Zickler shielded 
their samples (protein-solutions, fungi 
Bombardia Lunata, and drosophila) 
with lead shields, the thickness of 
which was varied according to 'the 
Rossi curve ~* and the shower experi- 
ments of Schwegler22 The details of 

am Main), the Bombardia experiments 
gave the results shown in Table III.  

T A B L E  I I I .  

Total  Number  No. of % of 
Shielding of Secondary Mutated Mutated 

Cultures Cultures Cultures 

Controls and 
Unfavorable 3095 22 0.71 
Shielding 
Optimal 2721 85 3.1 
Shielding 

The effect on the protein solutions 
was studied by counting the floculated 
particles with the ultramicroscope. The 
results, obtained by counting of about 
30,000 particles, were in close agree- 
ment with the Rossi curve. While the 
controls and unfavorable shielded 
samples (1 mm. of lead and 60 mm. of 
lead) gave a low number of particles 
in the volume unit, the optimal shielded 
samples (15 mm. of lead) gave, in 
several independent experiments, a 
number three to four times as high as 
the control (controls and unfavorable 
shielded samples) values. The expo- 
sure times in these experiments were 
six to eight weeks, and the series--this 
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may be emphasized here- -were  set up 
with distances of several yards between 
the samples. 

These shower shielding experiments 

has not been great enough to make 
final decisions. 

Positive effects as to the influence 
of cosmic radiation on carcinogenesis 

[ ] '  LEAD 

[ ]  CORK 

o SUPPORTING RODS 

BOMBARDIA - LUNATA 

1:2 

SOLUTION OF PROTEINS 

N N / m  

Fig. 6. Cosmic ray  shower experiment. Optimal lead shielding 15 ram. (After 
llajewsky, Krebs and Zickler, and Rajewsky, Krebs and Kasten.)  

were varied and repeated, from dif- 
ferent sides, especially by Eugster, at 
high mountains where the shower effect 
is greatly increased. The first high 
mountain experiments were done at the 
Hafelekar (2340 m.),  in Austria, and 
later at the Jungfrau-Joch (3400 m.),  
in Switzerland. The striking results 
obtained by Eugster and his co-work- 
ers are described in the book of Hess 
and Eugster 28 together with a critical 
view of all other investigations done 
in this field. 

Working at high mountains and high 
altitudes, no biological effects of the 
primary radiation could be found by 
Stubbe 67 and Friesen. 21,~2 Stubbe ex- 
posed plants at the Jungfrau-Joch and 
Friesen flew drosophila flies for two 
hours at 15,900 meters. No clear-cut 
effect could be gotten with "shower" 
radiation in the drosophila experi- 
ments of Rajewsky, Krebs and Timo- 
f6eff. Unfortunately, these experi- 
ments were interrupted by the war, and 
as reported by Rajewsky and Timo- 
f6eff, ~ the number of the exposed flies 

in mice were obtained recently by 
George, George, Booth and Horning 26 
and by F. H. Figge. TM In both cases, 
shielded radiation was used and a part 
of the experiments was done in deep 
mines. 

DISCUSSION 

Nearly all outstanding biological ef- 
fects of cosmic rays have been ob- 
tained so far with secondaries. In 
these events physical processes are in- 
volved known as extensive-showers, 
penetrating-showers, and air-showers 
characterized by the fact that in all 
these cases the incident particle is split 
up into a "shower," into a bundle o f  
particles and rays. The number of the 
produced secondaries depends on the 
material in which the showers are pro- 
duced, on its thickness and on the kind 
of exciting radiation. There are very 
small showers with two or three prongs 
only, but also very large showers with 
several thousand prongs. It is assumed 
that biological effects are obtained with 
these secondaries because, by the multi- 
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plication of the incident particle, the 
probability for  a "hit-event" is en- 
larged and by the softening of the 
radiation the absorption-probability is 
increased. 

I f  this is true, then the newly dis- 
covered effects produced by cosmic 
radiation in matter by nucleon-nucleon 
collisions can be expected to have at 
least similar, if not stronger, effects. 
These nuclear break-ups going on in 
the high atmosphere have been un- 
known hitherto and the conclusions to 
be drawn from their existence as to 
stratosphere and space travel are 
obvious. 

To date, little is known about bio- 
logical effects at high altitudes. The 
experiment of Friesen, with drosophila 
flown for two hours up to 15,900 
meters, is the only research in this 
field. It  shows by well-intentioned in- 
terpretation, that there may be within 
two hours no genetic effects, if one 
considers the number of the investigat- 
ed flies (300 drosophila males) to be 
great enough for drawing such a con- 
clusion. No individual will be killed, 
so far as we can conclude at present, 
by cosmic radiation, but we believe 
that, in this field, recent considerations 
of Muller 4.,45 should be taken seriously. 
He emphasized that nobody--even if a 
dose of 50 r received by germ cells 
induces gene mutations with a frequen- 
cy only about equal to the spontaneous 
one and even if it takes generations be- 
fore the effect becomes manifest--has 
the right to take these risks without the 
necessary responsibility and care. 

Such a single or an accumulated ex- 
posure--Stern,  Spencer, Caspari and 
Uphoff could, as Muller emphasizes, 
show that the rule of proportionality 

between effect and dose holds down to 
doses of less than 0.001 r per minute- -  
carries a 5 per cent risk of future 
genetic death for some descendant of 
each offspring, produced after  such an 
exposure, and a concomitant risk of 
the subtle handicapping of several de- 
scendants. 

For  stratosphere flights, there may 
be a minimum of danger for  the pas- 
sengers because the exposure-times in 
general will be short. If,  however, once 
rockets and space ships really go to the 
moon and to mars, the question as to 
possible biological effects of cosmic 
radiation have to be considered and dis- 
cussed as seriously as the questions of 
encounters with meteorites, gravity 
questions, et cetera. According to 
Armstrong, Haber  and Strughold, 4 the 
trip to the moon will take five to six 
days, and a one-way trip to Mars ten 
weeks, a round trip twenty to twenty- 
two weeks. In these times, there is no 
doubt the cosmic radiation with their 
newly discovered properties will be- 
come biologically effective. 

How important the environment 
during the travel in high and highest 
altitudes may become can be concluded 
from the experiments by L. C. L. 
Yuan. ~5 In a flight with a B-29, 
measuring the cosmic ray neutron in- 
tensities at medium high altitudes 
(3,0,000 feet) ,  he found a consider- 
able number of slow neutrons, which 
had been produced by the s lowing 
down of fast neutrons in the rubber tire 
of the nose wheel of the plane. Since 
the biological effectiveness depends 
very much on the kind and energy of 
the particles, this example shows how 
by the environment under certain con- 
ditions radiation can be changed from 
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T A B L E  I V .  R A D I U M  C O N T E N T  O F  H U M A N  T I S S U E  

N o .  o f  A c t i v i t y  
T i s s u e  I n v e s t i g a t i o n  C a s e s  I n  10 -12 G r a m  R a d i u m  E ~ l u i v a l e n t  p e r  G r a m  T i s s u e  

B e h 6 u n e k  21 9 c a s e s  w i t h  0 .2  - 0.8 
12 c a s e s  w i t h  1.0 - 5.4 

L u n g  8 c a s e s  w i t h  0 .01  - 0.1 
K r e b s  38 23  c a s e s  w i t h  0 .1  - 0 .6  

7 e a s e s  w i t h  1.0 - 9 .0  

M u s c l e  K r e b s  6 4 c a s e s  w i t h  0 . 0 1  - 0 . 0 9  
2 c a s e s  w i t h  0 .2  - 0.3 

1 c a s e  w i t h  0 . 4 8  
B e h d u n e k  10 8 c a s e s  w i t h  1 .0  -10 .0  

V e r t e b r a l  1 c a s e  w i t h  19 .5  

C o l u m n  K r e b s  5 2 e a s e s  w i t h  0 .7  - 0 .9  
3 c a s e s  w i t h  1.3 - 4 .6  

N o .  o f  A c t i v i t y  
T i s s u e  I n v e s t i g a t i o n  C a s e s  I n  10 -s G r a m  R a d i u m  E q u i v a l e n t  p e r  B o d y  

3 c a s e s  w i t h  l e s s  t h a n  0 . I  
T o t a l  B o d y  K r e b s  17 4 c a s e s  w i t h  l e s s  t h a n  1,0 

10 c a s e s  w i t h  1.0 - 2 .5  

an ineffective one into an effective one 
and vice versa. 

No details, concerning the main 
question, can be given today. There 
are only extrapolations of  a few well- 
known data. One of these extrapola- 
tions is the fact that besides the pri- 
mary cosmic radiation with its ioniza- 
tion effects the secondary and tertiary 
events in their turn play important 
parts in the production of biological 
effects. A first rough idea of the 
magnitude of the effects to be expected 
at the top of the atmosphere can be 
obtained by comparing the star events 

0 . 2 3  
- -  6 . 2  x 10 -12 g rn .  r a d i u m  

3 . 7 2  x 10  to 

(all the other cosmic ray events are 
neglected in the following calcula- 
tions), with data known from radium- 
poisoning cases and the measurements 
as to the normal radium-content of  
human beings. 

The frequency of stars with four 
and more prongs at an altitude of 
95,000 feet is, according to Hornbostel  
and Salant, 31 about 2000 stars cm. -3 
day. -1 There are stars with up to 
fifty to seventy prongs. I f  we assume 

every star to have, on the average, ten 
prongs and that the particles produced 
in these nucleon-nucleon collisions are 
preferably ~-part icles (observed are 
protons, neutrons, cc-particles, heavier 
nuclei, mesons, et cetera), then, lcm ~ 
gets per day about 2 x 10 ~ ~-particles.  
This is : 

2 x 104 
- -  - -  0 .23  r - p a r t i c l e s  p e r  c m . ,  s p e r  s e c o n d .  
8 . 6  x I0"  

Since 1 g of Radium without decay 
products emits 3.72 x 10 l~ oc-particles 
per second, these 0.23 "cosmic - ray-~-  
particles" per cm, 8 per sec. are equiva- 
lent to : 

e l e m e n t / c m . ~  w i t h o u t ,  d e c a y  p r o d u c t s .  

A comparison of this amount with 
the radium content of  different human 
tissues gives a first idea of the effects to 
be expected. 

According to the investigations and 
measurements of Behdunek and Fort ,  s 
of Hoffmann, 29 and of Krebs, 85 the 
radium content of 1 gram of fresh tis- 
sue is as shown in Table IV. 

Recent investigations of Hursh  and 
Gates a2,a3 and measurements under way 
by Evans 15 make it probable that in 
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T A B L E  V. A C T I V I T Y - R A N G E  FOR 

H U M A N  T I S S U E  

Tissue  10 -a= g R a d i u m  E q u i v a l e n t  per g Tissue  

Muscle  0.01 - 0.3 
L u n g  0.01 - 9.0 
Ver tebrae  0.48 - 19.5 

10 -s g R a d i u m  E q u i v a l e n t  per  Body  

Total  Body less t han  0.I - 2.5 

certain cases and under special condi- 
tions even smaller amounts (one to two 
m~ignitudes smMler), are in tissue. 

Thtls, the radiation delivered by the 
cosmic-ray stars at the top of the 
atmosphere comes close to the amounts 
of radioactive energies, which today 
are considered to be in no way harm- 
less to tissue. I f  one takes into ac- 
count, too, the energies delivered addi- 
tive to these calculated ones in form of 
"normal"  cosmic radiation (see Forss-  
berg2~), then the possibility for  bio- 
logical effects of cosmic radiation be- 
comes, to a certain degree, reality. 
This, so much more so as the properties 
of the particles, produced in the star 
explosions differ f rom normal labora- 
tory particles, as to energy, specific 
ionization and energy dissipation. 

S U  M M A R Y  

Recent discussions, on ae ro  medical 
problems of space travel by Arm-  
strong, Haber  and Strughold have 
brought up the question as to biological 
effects of  cosmic radiation encountered 
in the stratosphere and in space travel. 
The possibility of such effects is dis- 
cussed in detail. 

Using recent discoveries in cosmic 
ray physics (heavy nuclei in the pri- 
mary  radiation, explosion stars at high 
altitudes, meson production, origin) 
and the report of Hess  and Eugster  on 
cosmic radiation and its biological ef- 

492 

fects, it is shown that at these alti- 
tudes biological effects of cosmic radia- 
tion have to be expected. 

By comparing the cosmic ray events 
in high altitudes with data obtained in 
recent radium-poisoning investigations, 
a first rough estimation of the magni- 
tude of cosmic ray effects is made. 

For  further  investigations it is pro- 
posed to study:  

1. Biological effects of  star events, 
fission processes and meson processes. 

2. General biological effects and 
specific biological effects (genetic ef- 
fects),  on drosophila, seeds, fungi and 
protein solutions exposed, several 
times if necessary, at high altitudes. 

3. Correlated with 1 and 2, the ef-  
fects in deep mines. 

REFERENCES 

1. Addario, M., and Tamburino, S. : Fre- 
quency of stars of different sizes pro- 
duced by the cosmic radiation in photo- 
graphic plates exposed at 29,000 meters. 
Phys. Rev., 76:983-984, (Oct.) 1949. 

2. Alfv~n, H.: On the solar origin of 
cosmic radiation, I and II. Phys. Rev.. 
75:1732-1735, (June) 1f9~9, and 77:379, 
(Feb.) 1940. See also Arkiv. Mat. F. 
Astr. o. Fys., 29B :2, 1943. 

3. Anderson, C. D., and Neddermeyer, 
S. H. : Phys. Rev., 50:263, 1936. 

4. Armstrong, H. ; Haber, H., and Strug- 
hold, H.: Aero medieal problems of 
space travel. J. Aviation Medicine, 20: 
383-417, (Dec.) 1949. 

5. B~gge, E.: Ann. Physik., 39:512, 1929. 
6. Beh6unek, F., and Fort, M. : Strahlen- 

therapie, 70:487-495, 1941. 
7. Bernardini, G. ; Coryini, G., and Man- 

fredini, A. : Nuclear evaporations pro- 
duced by cosmic rays. Phys. Rev., 74: 
845-846, (Oct.) 1948. 

8. Blau, M., and Wambacher, H. : Nature, 
140:585-587, 1937. 

9. Bonnier, G. et al: Hereditas, 35:163, 
301, 1949. 

10. Bradt, H. L., and Peters, B. : The heavy 
nuclei of the primary cosmic radiation. 
Phys. Rev., 77:54-70, (Jan.) 1950. 

ll. Bridge, H.; Rossi, B., and Williams, 
R.: Burst production by penetrating 
cosmic-ray particles. Phys. Rev., 72:257- 
258, (Aug.) 1947. 

AVIATION MEDICINE 



COSMIC R A Y S - - K R E B S  

12. Brown, W. W.;  McKay, A. S., and 
Palmatier, E. D.: On the knock-on 
secondaries of penetrating particles. 
Phys. Rev., 76:506-510, (Aug.) .  1949. 

13. Bjorklund, R., and Crandall, W.  E.: 
Moyer, B. J., and York, H. F. : High 
energy photons and proton-nucleon 
collisions. Phys. Rev., 77:213-218, 
(Jan.) 1950. 

14. Dwight, K.:  Solar magnetic moment 
and diurnal variation in intensity of 
cosmic radiation. Phys. Rev., 78:40-49, 
(April) 1950. 

15. Evans, R. D. : Personal communications, 
1949. 

16. Ferretti, B., and Gallone, S.: On the 
nature of the 7r-meson. Phys. Rev., 
77:153-154, (Jan.) 1950. 

17. Fermi: E. : On the origin of the cosmic 
radiation. Phys. Rev., 75:1169-1t74, 
(April) 1949. 

18. Figge, F. H. : Studies on the influence 
of penetrating radiations on carci- 
nogenesis. Nuclear Science Abst., 4: 
169, 1950. See also Acta Unio Intern. 
Contra Cancrum., 6:782-786. 

19. Freier, P. ;  Lofgren, E. J . ;  Ney, E. P., 
and Oppenheimer, F. ; Bradt, H. L., and 
Peters, B. : Evidence for heavy nuclei 
in the primary cosmic radiation. Phys. 
Rev., 84:213-217, (July) 1948. 

20. Freier, P. ; Lofgren, E. J. ; Ney, E. P., 
and Oppenheimer, F. : The heavy com- 
ponent of primary cosmic rays. Phys. 
Rev., 74:1818-1827, (Dec.) 1948. 

21. Friesen, H. :  Cosmic radiation and 
mutations. Nature, 137:870-871, 1937. 

22. Friesen, H. : Die Kosmischen Strahlen 
und der Mutationsprozess. Comp. 
Rend. de l'Acad, d. Sciences I 'URSS, 
1:183-186, 1936. 

23. Forbush, S. E.; Gill,' P. S., and 
Vallarta, M. S. : On the mechanism of 
sudden increases of cosmic radiations 
associated with solar flakes. Rev. Mod. 
Physics, 21:44-50, (Jan.) 1949. 

24. Forster, H. H. : Evidence for a charged 
heavy meson. Phys. Rev., 77:733-734, 
(March), 1950. 

25. Forssberg, A. : Einige neuere Ergeb- 
nisse der Radiobiologie. Strahlen- 
therapie, 81:161-172, 1950. 

26. George, E.  P. ; George, M.; Booth, J., 
and Homing, E. S. : Influence of cosmic 
radiation on induced carcinogenesis in 
mice. Nuclear Science Abst., 4:166, 
(Feb.) 1950; Nature, 164:1044-1045, 
(Dec. 17) 1949. 

27. Hardin, J. B.: Mass measurements on 
fast particles ejected from cosmic ray 
stars. Nature, 163:273-274, (Feb.) 1950. 

28. Hess, V. F., and Eugster, J . :  Cosmic 
radiation and its biological effects. New 
York: Fordham University Press, 1949. 

29. Hoffmann, J. : Uraniumgehalt yon 
menschlichem Gewebe. Naturwiss, 30: 
279-281, 1942. 

D~r-~B~, 1950 

30. Hornbostel, J., and Salant, E. O. : High 
energy events at high altitude. Phys. 
Rev., 76:468, (Aug.) 1949. 

31. Hornbostel, J., and Salant, E. O.: 
Energetic events in emulsions at high 
altitude. Phys. Rev., 76:859, (Sel0t.) 
1949. 

32. Hursh, J. P., and Gates, A. A.:  Body 
content of radium in individuals with 
no known exposure. Federation Proc., 
8:part I, 358, 1949. 

33. Hursh, J. P., and Gates, A. A. : Radium 
content of individuals with no occupa- 
tional exposure. Nucleonics, 7:46-60, 
(July) 1950. 

34. Kaplon, M. F. ;  Peters, B., and Bradt, 
H. L. : Evidence for multiple meson and 
y-ray production in cosmic-ray stars. 
Phys. Rev., 76:1735-1736, (Dec.) 1949. 

35. Krebs, A. : Die Eigenradioaktivit~it des 
Menschl. Blutes. Kolloid ZS., 89:309, 
1939. Der Radiumgehalt menschlichen 
Gewebes. ZS. Altersforschung, 4:53, 
1942. 

36. Krebs, A. : Lectures, Radiumfor- 
schungs-Institut, Radiumbad Obersch- 
lema, Saxony, 1941-44. 

37. Kraushaar, W. L.: Cosmic-ray mesons 
near sea level. Phys. Rev., 76:1045- 
1058, (Oct.) 1949. 

38. Langham, W. H.:  Determination of 
plutonium in human urine. MDDC, 
1555, (Dec.) 1947. 

39. Leighton, R. B. ; Anderson, C. D., and 
Seriff, A. J.:  The energy spectrum of 
the decay particles and the mass and 
spin of the mesotron. Phys. Rev., 75: 
1432-1437, (Oct.) 1949. 

40. Leprince-Ringuet, L. ; Bousser, F. ; 
Hoang-Tchang-Fong, L. ; Janneau, L., 
and Morellet, D.: Two kinds of very 
high energy cosmic-ray stars. Phys. 
Rev., 76:1273-1274, (Oct.) 1949. 

41. Lord, J. J., and Schein, M.: Nuclear 
disintegrations as detected with eIectron- 
sensitive emulsion exposed in the 
stratosphere. P.hys. Rev., 77:19-25, 
(Jan.) 1950. 

42. Lukirski, P. D., and Perificon, N. A. : 
The influence of an electrical field on 
the number of nuclear disintegrations 
observed on photographic plates. Dok- 
lada Acad. Sc. USSR., 61:257, 1948. 

43. Muller, H. J.:  The production of 
mutation by x-rays. Proc. Nat. Acad., 
14, 1928. Ztschr. f. indukt. Abstamm-u. 
Vererblehre, supp., 1:234, 1928. 

44. Muller, H. J . :  Radiation damage to 
genetic material. American Scientist, 
38:33-59, (Jan.) 1950. 

45. Muller, H. J . :  Some present problems 
in the genetic effects of radiation. J. 
Cell. & Comp. Physiol., 35, supp. 1, 
9-71, (June) 1950. 

46. McKellar, A. : Isotopes in stellar atmos- 
phere. Publ. Astron. Soc. Pacific., 61: 
199-209, (Oct.) 1949. 

493 



COSMIC RAYS--KREBS 

47. Occhialini, G. P. S., and Powell, C. F.: 
Nature, 159:93, 186, 1947. 

48. Perkins, D. H.: Nature, 159:126, 1947. 
49. Piccioni, O.: local production of 

mesons at 11,300 feet. Phys. Rev., 77: 
1-5, (Jan.) 1950. 

50. Pomerantz, M. A., and Hereford, F. 
L. : The detection of heavy particles in 
the primary cosmic radiation. Phys. 
Rev., 76:997-998, (Oct.) 1949. 

51. Powell, W. M.: A cloud-chamber 
analysis of cosmic rays at 14,000 feet. 
Phys. Rev., 69:385, 1946. 

52. Powell, C. F., and Ocehiatini, G. P. S. : 
Nuclear physics in photographs. 
Oxford: Clarendon Press, 1947. 

53. Rajewsky, B., and Timofgeff-Ressovsky, 
N. W. : H/Shenstrahlung und Mutations- 
rate yon Drosophila. Ztschr. f. Ab- 
stammungsl., 72:488-500. 1939. 

54. Rajewsky, B. ; Krebs, A., and Zickler, 
H.: Mutationen durch H6henstrahlen 
Naturwiss, 24:619-620, (Sept.) 1936. 

55. Rajewsky, B. : Vortrag Berlin, Kaiser- 
Wilhelm-Gesellschaft, 1937-1943. 

56. Richtmyer, R. D., and Teller, E. : On 
the origin of cosmic rays. Phys. Rev., 
75:1729-1735, (June) 1949. 

57. Rossi, B.: Electrons and photons in 
cosmic rays. Rev. Mod. Physics, 21: 
104-112, (Jan.) 1949. 

58. Rossi, B.: Ztschr. f. Physik., 82:157, 
1933. 

59. Ryle, M.: Evidence for the stellar 
origin of cosmic rays. Proc. Roy. Soc. 
Med., London, B62:491, 1949. 

60. Salant, E. O. ; Hornbostel, J., and Doll- 
mann, E. M. : Tracks in emulsions at 
100,000 feet. Phys. Rev., 74:695, (Sept.) 
1948. 

61. Sands, M. : Low energy mesons in the 
atmosphere. Phys. Rev., 77:180-193, 
(Jan.) 1950. 

62. Schwegter: Ztschr. f. Physik., 96:62, 
1935. 

63. Sievert, R. M. : Uber die Wirktmg der 
durchdringenden Umgebungsstrahlung 
auf die Entwicklungsgeschwindigkeit 
yon Drosophila. Strahlentherapie, 56: 
354-360, 1936. 

64. Snyder, J. N. : On the changing status 
of mesons. Am. J. Physics, 18:41-49, 
(Jan.) 1950. 

65. Spencer, W. P., and Stern, C.: Genetics, 
33:43, 1948. 

66. Spitzer, L., Jr.: On the origin of heavy 
cosmic-ray particles. Phys. Rev., 76: 
583, (Aug.) 1949. 

67. Stubbe, H.: Spontane und stra, hlen- 
induzierte Mutabilit~it. Leipzig: G. 
Thleme, 1937. 

68. Teller, E.: The origin of cosmic 
radiation. Physics Today, 2:6-14, 
(Aug.) 1949. 

69. Ter Haar, D.: Note on the origin of 
cosmic rays. Science, 110:285-286, 
(Sept.) 1949. 

70. Uns61d, A.: Ztschr. f. Astrophys., 24: 
306, 1946. 

71. Vallarta, M. S.: On the energy spec- 
trum of heavy nuclei in primary cosmic 
radiation. Phys. Rev., 77:419-420, 
(Feb.) 1950. 

72. Voegtlin, C., and Hodge, H. C.: 
Pharmacology and Toxicology of 
Uranium Compounds. National Nu- 
clear Energy Series, VI-1. New York: 
McGraw-Hill, 1949. 

73. Voorhies, H. G., and Street, .l.C. : Star 
production by negative g-mesons in a 
silver chloride crystal. Phys. Rev., 76: 
1100-1105, (Oct.) 1949. 

74. Wagner, N., and Cooper, D.: The r- 
meson. Phys. Rev., 76:449450, (Aug.) 
1949. 

75. Yuan, L. C. L. : On the measurement of 
slow neutrons in the cosmic radiation 
on a B-29 plane. Phys. Rev., 76:1268, 
(Oct.) 1949. 

Twenty-Second Annual Meeting 

The Aero Medical Association 

The next  annua l  meeting of the Aero Medical Associat ion will be held at 

Denver,  Colorado, M a y  17, 18 and 19, 1951. 

494 AVIATION M~ICX~E 


