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PREFACE

The Working Group on “Biophysica l Problems in Aerospace Medicine ” was set up by the Aerospace Medical
Panel following the scientific meeting in Luchon ( 197 1 ).

Shortly after the creation of this Working Group, its Chairman , Prof. Grandpierre , and its leader , Prof. Delahaye ,
expressed the belief that a numb er of problems should be given high priority: extraterrestrial radiation , the exposure
of flying personnel to cosmic radiation , the use of lasers and radars in the Air Force. It was decided to review present
knowledge in this particula r field of radiation , with special emphasis on the primary concern of Medical Officers in
the various Air Forces: flight safety and protection of flying and ground personnel. The authors of the various
Reports do not claim to present an exchaustive survey of cosmic radiation , radar and laser problems. They highlight
the mai n facts and state the positive aspects of some of the research undertaken.

This Advisory Report is divided into two main sections:

-~ extraterrestrial radiation;
- radars and lasers.

In the first section , the exposure of flying personnel to cosmic radiation is the subject of three Reports by
scientific experts whose services were enlisted by the Anglo-French authorities during the development of the
Concorde supersonic transport aircra ft.

Dr Fuller . a physicist at AWRE , Alderm aston (UK), has had ex tensive experience in the field of cosmic ray
dosimetry . He indicates the doses received according to the various altitude bands.

Professor Delahaye (FAF) and Professo r Pfister (Faculty of Medicine , Necker Hospital) analyse the various
biological studies of cosmic radiation which have been made.

Professor Delahaye (FAF) and Group Capt. D.Sturrock (RAF , Retired ) discuss the radiobiological problems of
flights at altitudes below 25 km . and state that the risks involved are still very low.

The Working Group felt it would be useful to review the latest developments in radars and lasers, with which
Medical Officers responsible for the protection of personnel at air bases are also concerned.

Médecin Principal Servantie , of the Biological Research and Development Centre of the French Navy in Toulon ,
who has been engaged for many years in the study of radar waves, is the author of the paper on this now universally
used means of detection , the power levels and transmission modes of which often raise difficulties in the matter of
protection.

Lt Cot. Schwarzer , of the Federal German Armed Forces, reports on the effects of lasers and discusses the
standard s to be applied and the safety measures to be adopted.

This Advisory Report , which is the result of collaboration between doctors and physicists , will be an extremel y
valuable document for all Air Force Medical Officers.

Professor R.GRANDPIERRE Professor R.P .DELAHAYE
Chairman of Working Group Leader of Working Group

Le Groupe de Travail “Problémes Biophysiques Particuliers de Ia Médecine Aérospatiale” a été créé par
I ’ASMP ~ Ia suite de Ia reunion scientifique de Luchon (197 1) .

Trés rapidement , Ic Président , Ic Professeur Grandpierre et Ic Leader , Ic Professeur Delahaye , ont estimé qu ’un
certain nombre de problCmes devait étre traité en priorit C: rayonnements extraterrestres et irradiation du Personnel
navigant; lasers et radars dans les ArmCes de l’Air. II a Cté dCcidC de rCd iger des mises au point sur les connaissances
actuelles de ces rayonnements en centrant Ies etudes sur Ia preoccupation fondamentale des mCdecins des différentes
armCcs de l’Air: Ia sécuritC des vols et Ia protection du personnel qu ’il soit navigant en vol ou technicien au sol.
Lea diffCrents rapports ne prétendent pas rCunir des connaissances exhaustives sur les rayonnements cosmiques, lea
radars , Ics lasers. Ils soulignent les faits pr incipaux et a ffIrment Ic côtC positif de certaines recherches.

Dans cc rapport de synthCse , deux grandes parties sont individualisables:

ill



les rayonnements extraterres tres ;
- les radars et les lasers.

Dana Ia premiCre partie , l’irradiation du personnel navigant due aux rayonnements cosmiques fait l’objet de
trois rapports de personnalités scientifiques dont les compétences ont etC mises a profit par les autor itCs franco-
britanniques dans Ia misc au point du TSS Concorde.

Le Dr Fuller , physicien a l’AWRE , Aldermaston (UK), posséde une grande experience des problCmes de dosimétri e
du rayonnement cosmique. II a prCcisé les doses reçues en fonction de pluisleurs tranches d’altitude.

Le Professeur Delahaye (FAF) et Ic Professeur Pfister (CHU Necker) analysent les diffCrentes etudes biologiques
des rayonnements cosmiques qui ont Cté entreprises. L

Le Professeur Delahaye (FAF) et Ic Group Capt. D.Sturrock (RAF) discutent des problCmes radiobio logiques
poses par les vols a des altitudes infCrieures a 25 km et affirment que les risques demeurent très faibles.

Etant donné les autres preoccupations des mCdecins charges de Ia protection du personnel dans les bases aériennes ,
Ic Groupe de travail a estim C nCcessaire Ia publication des mises au point sur Ic radar et Ic laser.

Le MCdecin Principal Servantie , du Centre d’Etudes et de Recherches biologiques de Ia Marine (Toulon) spécialisé
depuis de nombreuses annCes dans l’Ctude des ondes radar , a rédige Ic chapitre concernant cc moyen de detection
universel lement ut il isC et dont les puissances, et les modes d’Cmission posent des problémes souvent difficiles de
protection.

Le Lieutenant-Colonel Schwarzer de Ia Bundeswehr a prCcisC les effets du laser et discutC des normes a appliquer
et des systCmes de protection.

Ce travail de synthése dü a Ia collaboration de mCdecins et de physiciens, rendra Ies plus grands services a
tous les mCdecins des diffCrentes bases aCriennes.

Le Professeur GRANDPIERRE Le Professeur DELAHAYE
Président du Groupe de Travail Leader du Groupe de Travail

Iv
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COSMIC RADIATION DOSES AT AIRCRAFT ALTITUDES

by

E .W.Fu lIer
A.W .R.E., Alde rm asto n , Berkshire , UK

I. INTRODUCTION

The general physical characteristics of cosmic radiation were well reviewed for AGA RD by Allkofer ’ in 197 1 .
That paper described the composition and energy spectra of the primary radiation and how this rad iation was
mod ulated by transmission through the atmosphere and by interaction with the magnetic fields associated with the
su n and the earth. The present paper will be mainly concerned with the radiolog ical doses associated with this
radiation in the altitude bands used by military aircraft.

Three altitude bands have been studied - -  35 ,000 to 40,000 ft (200 g/cm 2 ) used by subsonic jets , 50,000-
5~ ,000 ft ( 100 g/cm 2 ) for supersonic aircraft operating at about Mach 2 and 85 ,000 ft (20 g/cm 2 ) for aircraft
operating at Mach 3.

It will be seen that the greater part of the dose arises from lightly ionising radiation and from neutrons of
energy up to a few MeV . For these radiations the procedures for converting the data from flux measurements to
dose estimates are well established in princip le (e.g. Reference 2). However , a small part of the dose arises from
nuclear in te ractions in tiss u e and , at the highest altitude, t here is still a detectable flux of densely ionisin g hea sy
ions. The biological effects from these two components may well be qualitatively different from those of li ght ly
ionisi ng radiations and neutrons hence it is necessary to consider them separately.

2. DOSES FROM GALACTIC COSMIC RADIATION (GCR )

2. 1 lonisation

The ionisa t ion produced by GCR (cosmic radiation orginating from outside the solar system) has been ext en-
si sely st udied for many years in particular by Ne her and his collaborators 3’4 . These studies have established how the
ion isat ion rate va ries with time , lat i tude and al t i tude. The temporal variation is due to the var i a t ion in the sun ’s
mag net ic field and so follows the I I  yea r solar cycle; lower energy radi ation can penetrate to the earth’ s orbit when
the sun ’s magnet ic  field is low . Similarly the earth’ s magnetic field produces the la t i tude effect: lower energy radia-
t ion being abl e to reach points of high geomagnetic latitude.

Interact ion wi th  the earth ’ s atmosp here produces both a t tenuat ion  of the primary radia t ion and generat ion of
secondary radiation which is subsequently absorbed deeper in the atmosp here. If the spectrum conta ins  suff ic ient
low ener gy particles (high lat i tudes at solar m i n i m u m )  the net c i t e d  wil l  be a cont inuous r eduction of ionisat ion
with decreasing al t i tud es .  On the other hand, if the magnetic effects have already removed the  loss ener gy r a dia t ion .
the ionis ation rate wi l l  ini t ia l l y increase as the a l t i tude  decreases typical ly  to depths of the order of 100 g e m 2 :
lAl t i tud e  effects are determined by the amount  of material the radiation has traversed rather  than a l t i tude  as such.
The relation between alt i tude and overlying mass / unit  area for a standard atmosphere is shown in Figure I I  -

The bulk of measurements of loni sa t ion at a l t i tudes  up to 20 g/em 2 have been carried out wi th  argon fill ed
ion isat ion chambers which are cal ibrat ed on the ground using known ‘y radiation fields. These can he converted into
absorbed dose rate assuming the re lation s between stopping powers and energy requir ed to form an ion pair for
argon and air are the sam e tor the lon is ing component ot the cosmic radiation as lot ~ radia t ion .  [he absorbed dose
rate in tissue is taken to be I4~ greater than  that in air for l ightly ionising radi a t i o ,i .

Comparison of the results obtained by different  groups of worker s~ has shown tha t  those obtained h~ Nehe r ’s
group are about ~~ greater than those obtained by a number  of other groups that  are in sub stan t ia l  agreement.
In view of this Neher ’s results have been used to determine the variation of j on isat ion dos. rates with  t ime , a l t i tude
and la t i tude  hut the absolute values have been adjusted to agree with  a mean sc ,  level ionis ati on rate at 45° N of
2. 14 ion pairs cm 3 sec t ( Refs .6 . 7).

The results obtained are shown in I igure 2 (variation with a l t i tude  at high la t i tude  for solar min imum and
m a x i m u m ) .  Figure 3 (var ia t ion  over a solar cycle at high lat i tude for selected al t i tudes and Figures 4 and 5 (v ar ia t ion
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with l at i tu de  for selected alt i tudes for solar min imum and solar m a x i m u m  respectiv el y).  These curves apply to doses
i i i  small  isolated volumes ot tissue or , in pract ice , to doses in ex t r em ities. However, as this  component of the dose
varies compara t ive ly  slowly w i t h  dept h .  except  tot  the highest a l t i tudes , they are also a reasonable meas ure  of the
dose throughout  the  body.

These curses sh ow t h at  over the range of a l t i tudes  nI interest the dose rate varies little between 60° and 90°
geomagnetic l a t i tude  and th a t  the change from th i s  ( m a x i m u m )  value to the magnetic equator varies between a
tac  t ot of 6 thigh a l t i t u de , solar m i n i m u m )  and 2.5 (low a l t i t ude )  depending on the a l t i tude  and the phase of the
solar cyc le. The var ia t ion  over the solar cycle is greatest at high a l t i t u d e s  and la t i tudes  and is then about a factor
øf I .8: there is much less var ia t ion with  t ime near the equator.

At solar m a x i m u m , high la t i tude , the m ax imum rate from this  component is about 400 grad/h which occurs in
the 50 g/cn~

2 hand. At solar minimum the rate increase s continuously with increasing alt i tude reaching 750 ~irad/h
at 20 g e m 2 .

2.2 N eutron Doses

No neutrons are present in the pr imary galactic radiation: they are all generated through nuclear interact ions
of this radiation with the matter  through which they pass. This results in i t i a l ly  in neutrons in two energy groups:
~cr~ high energy neutrons which carry off a substantial fraction of the energy of the prima ry particles and lower
energy ‘evaporation neutrons which are emitted wi th  an energy of the order of I MeV . The hig h energy group can
themselves in i t ia te  nuclear reactions producing more neutrons in both groups; the low energy group is fu rther
degraded in energy through collision wi th  air nucl ei. The result ing spectrum covers a very wide energy range ( 10 8
to l0~ MeV). Several calculations have been made of the neutron spectrum generated by cosmic rays in the atmos-
phere , the earlier ones (e.g. Reference 8) indica t ing  that  80% of the dose was contributed by neutrons of energy less
t h an 10 McV . More recent calculations °”° show that nearly half  the dose comes from higher energy neutrons.

Systematic  information on the variation of neutron dose with time , al t i tude and lat i tude can be obtained from
a number  of studies of the dependence of the atmospheric neutron flux on these parameters undertaken by a number
of groups of cosmic ray physicists dur ing the present and previous solar cycle , i2 , i3 , i4

Merker et al. ’4 have compared their  results with those of a number of other workers and generall y find agree-
ment  to wi th in  20g . Similar  agreement is found with theoretical calculations 9 of flux distr ibutions.  However , in
vi ew of th e wide energy spread of the spectrum and the sensitivity of flux to dose conversion to the energy,  the
theoretical  calculations have only been used to determine the variation of neutron dose: the absolute value has been
set from dir ect  measurem ent  at one point .

iwo  independent  measnrem ents O, i6 are available for the neutron dose rate at about 65,000 ~~ above Fort
(‘hurchi l l  at the t ime of the Solar m i n i m u m  between the 19th and 20th cycles ( 1965) .  One . Reference 15. was

m ade with a detector designed to measure dose equivalent rate for neutrons of alt energ ies up to (4 MeV .

The other . Reference 16 , was made with  nuclear emulsions and measured the dose and dose equivalent from
recoil protons w i t h  energy less than 20 MeV so sets a lower limit to the neutron dose . Both measurements gave a
result of 500 ,Ar em/h for the ‘low energy ’ neutron dose equiv ale :it  rate. The qual i ty  factor derived from the
emulsion n , e a sur em ei mts shows this rate corresponds to 0. 19 mrad /h. This is the rate due essentially to recoil protons
‘i energy less than  20 MeV in an isolated small volume of tissue. It is argued below th at most of the dose from

n e u t r o n s  ol energy much higher than 20 MeV is contributed through nuclear reactions and is thus recorded in the
s t a r  dose.

The di st inc t ion  between small and large volume irradiation is much more important in the case of the neutron
~ump on en t  than  in that  of the ionising component. The dose produced by a given flux of neutrons in a small
isolated volume ( e x t r e m i t y )  is about twice the average dose produced in a 30 cm diam eter sphere by the same flux.
As is comm on in radiological prote ction practice , the large r dose resulting from considering a small volume has been
used to constr uct the curves given in Figures 2 , 6.and 7 which show the variation in neutron absorbed dose rate with
al t i tude  ( f igure  2) and with lat i tude for m i n i m u m  and max imum phases of the solar cyJe (Figure s 6 and 7) .

These curves show a similar la t i tude dependence to that  exhibit ed by the ionising radiation but , as ex pect ed
1 m m  t he way the neutrons are generated , the re is always a build up of neutrons from the top of the atmosphere
down to about 100 g/em 2 .

2.3 Nuclear Stars

The nuclear collisions which produce the neutrons discussed above also produce charged particles : carbon and
lighter nuclei in the case of collisions with tissue. These particles commonly have a high ionisat ion density along
thei r tracks (compared with the pri m ary cosmic rad i at ion ) and , especially as several originate at one point, produce
a high density of energy transfer ( i .e. a high local dose ) at that point. For this reason it is advisable to be able to
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consider th is  component of dose separat el y rather than to treat it simply  as part of the ionising and neutron cmimp o-
nent .  As pointed out above, the in i t ia t i ng  p ar t i c le  m a y  be a high energy neutron :  if the star  dose is considered
separate ly this component  of the neutro n dose should not be included in the ‘neut ron  dose ’ discussed in the previous
sect ion. rhat  is the reason neutron dose es t im ates  rest mi c ted  to neutrons below about 20 MeV were used there.

Nu c lear  stars arc most commonly observed in nuclear  emulsions; unfor tuna te ly  these contain high Z nuclei
(Ag and Br )  which are quite un l ike  tissu e nuclei and most of th e reactions occur in those nucl ei. By loading the
emulsion wi th  glycerol” or by varying the ge l a t i n c  to silver halid e rat io iS it is possible to determine st i t i s t i c a lh y  the
numbe rs of stars with  a given number  of prongs occurring in each type of material. Such measurements were made
at about 65 ,000 ft at Fort Churchi l l  at the 1964/5 solar min imum.

Shen °’ gives a series of curves showin g variat ion of tissue star frequency with  al t i tudes and la t i tudes  based (in
cloud chamber measurements at mounta in  al t i tudes and a theoretical t r ea tmen t  due to Lingenfe lter .  The value
deduced from these curves for the Fort ( ‘hur chil l  measurements agrees wi th in  20% with those observed and so they
have been used to construct Figures 8 and 9 which show the star frequency as a function of lat i tude at various
al t i tudes  for solar m i n i m u m  and max imum.

The quant i ty  of radiological concern associated with the star is the amount of energy deposited ‘locally ’ at high
LET (linear energy transfe r - usually expressed in keV/p or MeV/g/cm 2 ). Although this concept is rather vague ,
consideration of the range of the hi gh LET products that may be produced sets a limit  of the order of 50 MeV per
star on it. Adopting this value results in the factor ( 1 star/g/h produces 0.8 Mrad /h) for converting star frequency
to absorbed dose rates. The ‘star ’ dose rate is then seen to be about 5% of the ionisation dose rate; however , as
discussed below , the relative biological effect may be much greater than this implies.

2.4 Heavy Ions

About I ~~ of the particles in the primary radiation have Z > 2 , vir tua l ly  all have Z < 28 , most of this
‘heavy group ’ have Z betwee n 6 and 9. The energy spectra , i~ ex pressed in term s of MeV/nuc leon , have similar
shape for all charges , hence , as the rate of energy loss varies approximatel y as Z2 , the relative number of heavy ions
decreases rapidl y as the radiation penetrates the atmosphere. Nevertheless , they are still detectable at a l t i tudes
greater than 50,000 ft. Heavy ion tracks have two dist inguishing features. ( I )  The m i n i m u m  rate of energy loss is
proportional to Z2 , hence these heavy ions have long regions of track where the LET is larger than that  reached by
protons at the end of their range , e.g. a high energ y neon ion (Z = 10) has I ,0O0~~ of track where the LET is
greater than (00 keV /M , the corresponding proton track length is l O p ,  and (2)  The maximum rate of energy loss .
reached near the end of the track , also varies as Z2 and so the LET reaches values never at tained by lighter particles;
e.g. the LIs T for a neon ion is greater than 1 ,500 keV/p 20 p from the end of its track.

It is possible that both of these features may lead to effects not observed with lower LET radiation hence the
special interest in these particles.

Figures 10 and I I  are adapted from a report by Allkof er ’9 and show the results obtained by his own group and
those of Webber. Figure 10 shows how the flux of heavy ions varies with alti tudes . Figure I I  shows the density of
‘enders ’ i.e. the number of very heavily ionised regions corresponding to the end of the track.

It m a y  be noted that the absorbed dose rates associated with these heavy ion enders is very small  e.g.
3 x 10-2 enders/cni 3/h wi th  Z 10 would deposit less than 30 MeV/g/h or about 0.5 prad/h.

2.5 Dose Equ ivalen t Ra tes

The absorbed dose rates discussed above can be converted into dose equivalent rates using the relationshi p
betwee n LET and Quality Factor recommended by the ICRP2° for delayed effects if the LET distr ibution is known.

I Dose E quiva len t  (r em )  = Absorbed Dose (rad) x Quality Factor. I Information on the LET distr ibut ion is
available from the theoretical ca lcul ations 2 ’ which show that  most of the primary radiation has low LET (QF = I ) ,
the h igh LET com ponent arising from charged nuclear collision fragments and neutrons. Measurements with nuclear
en iu l s io r m s ’6 show the Quality Factor of the low energy (< 20 M eV) part of the neutron spectrum is 2.6. The
experimental  data on nuclear  stars is still sparse , emu lsion measurements at 65 ,000 ft at Fort Churchil l iS ,i7 giving a
dose equivalent rate from this component of about 0.4 mrem/h (0.05 mrad /h with a QF of 8).

These data lead to a QF u~t high lati tudes and altitudes amid solar min imum of 1. 74 . This value is in remarkable
agreement with the values obtained by Cowan et al. 22 using a Rossi spectrometer 23 in aircraft flights at 38.000.
50,000 and 60,000 ft during 1971. This suggests that  the high LET components in the nuclear stars effectively
increase t he QF of the whole of the ionisin g compo nent to 1.5. ‘rhen the total dose equivalent rate may be obtained
by applying t he expression

lota l  I) F Rate ( lonisation Rate x 1.5) + (Neutron Rate x 2.6)
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The dose equivalent rates obtained in this  way at solar m i n i m u m  and m a x i m u m  are shown in Figures 12 and 13.
These rates do ,m,, 1 include the contr ibut ion fromn heavy ions and they include the assumption tha t  the dose
equivalent from nuclear stars may be calculated in the same way as that  used for single high LIsT tracks.

3. SOLAR COSMIC RAYS (SCR )

Solar Cosmic R ays are emitted from the sun in association with some of the largest Solar Flares. Most of
the particles reaching the earth are protons so the events giving rise to SCR are termed Solar l~roton Events  ( SPE) ,
The frequency of SPE follows the I I  year solar cycle but in the active years they appear to occur at  random.
They also vary greatly in size (number  of protons emit t ed ) .  dura t ion  and energy spectrum.  I l o w e s e r .  they  are
all much less energetic than the Galactic Radia t ion.

Data on the 19th solar cycle ( 1954 - 65) have been reviewed by McDona ld2 4 an d Shen 2 . those of the 20th
cycle up to 1971 by Atwe ll26 .

Some of the largest events would have given rise to very large doses in space: hence ther e is great interest
in the imp lications of these events for space travel ari d so the sun has been cont inuousl y monitored by sa te l l i t e
borne detectors for several years.

However , as the events a re ir regu lar , vir tually unpredictable and short lived (typicall y a l~ w hours)  it h a s  been
extremely dm ft ’icu(t to make measurements on them at a i rcraf t  a l t i tudes ,  Hence most of our present knowledge
of the dose rates these events produce at aircraft  a l t i tudes  is obtained from calculated transmission of the radiation
through the atmosphere 27 ’28 . The solar flares frequentl y disturb the earth’s magnetic field so the solar protons
ma~ reach regions whic h would normally be magneticall y protected from them. However , the calculations
generally neglect magnet ic  cut off and so give the m a x i m u m  dose rates produced.

As the primary protons i n t he SCR are of such low energ y (compared with GCR) the secondary neutrons
th ey produce are much more penetraing than the protons themselves, Hence at the depths in the atmosphere
considered here the dose equivalent  from neutrons is always a significant part of the total and at depths greater
than 1 00 g/c m 2 is generally the major part 27 .

Fuller and Simon 29 have calculated the DE rates produced at (00 gfcm 2 by SPE of the 19th Solar cycle and
those of the 20th up to 1971 assuming that  all events had an exponential  rigidity spectrum , i.e. the flux of
protons wi th rigidity greater than P is given by

N = No exp (— P I P 0)

No . the total flux of p rotons amid Po , the characteristic rigidity can be determined from measurements of the
nu mber of protons above two energy levels. Their results for the 19th cycle have been extended to give the dose
rates at 20 g/cm 2 also a nd are given in Table I . The present (20th) cycle has been one of low act ivi ty  except
for a period in August 1972 when two large events occurred. The DL rate profiles at 20 and 100 g/cm 2 for the
large r of these two obtai ned b y app lying the calcu lationa l method of Reference 29 to data from satellite borne
probes3° are given in Figure 14.

The variation of dose or DL rate with alt i tude can be calculated for events for which detailed info rmation
on the spect ra is available: a number  of such studies have been carried out for the giant flare of February 1956.
The variation of peak dose rate with altit ude for this even t obtained by Armstrong 3’ is shown in Fi gure 15.
Genera ll y. however , det ailed spectral information is not obtained and it is then necessary to fit the two or three
measurements available to an assumed spectral law. If the exponential rigidity law is used it tu rn s ou t that for
al t i tudes between 60 and 200 g/c m 2 the reduction in DL rate with decreasing altitude does not depend greatly
on t he ri gidity index 29 , but betwee n 20 and 60 g/cm 2 it doe s (F igure 16) .

4. OPERATIONAL CONSIDERATIONS

The maxi m um annual  dose proposed by the ICRP2° fo r occupationally exposed perso nnel is 5 rem/y. For
ot hers (assuming they do not constitute a large part of the whole population) it is 0.5 rem/ y. We may consider
that  f lyi ng crew could he treated as ‘occup ationally exposed’ but the average passenger could not.

The data in the preceding sections have been presented as dose and DE rate/h. Generally fli ghts are under-
take n to tra nsport pers onnel or mat erial from point to point or to survey a particular path so we are actually more
conce rned with the DL incurre d in a journey. The distinction is important in comparing the radio logical consequences
of operati ng i n the thr ee different alti tude bands considered as the three bands are used by aircra ft operating at
different speeds. Table II gives the dose equival ent and number of heavy ion endersfcm 3 per 10,000 miles at 20,
100 and 200 g/cm 2 over high latitude , mid latitude and equatorial routes from GCR assuming aircrat ’t ope rating in
the se bands travel at 1 ,800. 1 ,200 and 600 mph respectivel y. It can he seen that the Dli is always small and that
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the journey doses decrease wi th  incre as ing a l t i t u d e ,  0 mm the  other h an d  the numbers  of h e avy  ion in t era v  t ions
Incre a ses rapid l y  wi t h  i nc re a s i n g  : i l t i t u u l e .  I h i s  increas e would balance the dose ‘savin g ’ achieved at 20 g cm 2 if the
heas~ ions were about 1.000 t ime s more d amaging (fo r given cmic r gy  d e p o s i t i o n )  than the r ema in ing  r a d i a t i o n .

..\ l tho u igh the Solar (‘osmie R:i~ s can g is e  rise to rat e s  th : i t  are very large compared w i t h  the rates from G a lac t ic
radia t ion the pro hah i l i t ~ ot emi counter i ni g  such an event , averaged over the I I  year cycle , is so low tha t  th e average
dose from S( ’R is a l wa ys  small compared sv ith G( ’R especially as the S(’R wi l l  not af f eL t  regions wi th  high m m i a g n e t i c
cu it  of t .

I f one considers the  worst ~ ear of the 19th cycle the average SCR rate was about  0.75 ni rcn i / h i  at IOU gJcm 2
and S nire m h i at 20 g e m 2 . Hence. averaged over single year s  the dose from S(’R could be c t n m s i d c r a b h  large r than
that from (;(‘R.

(‘onsideration of the effect Of G ( R  is complicated by the pos s ib i l i ty  of t ak ing  ev asive ac t ion.  Such ac t ion  is
proposed for c ommumne r c i a l  SST’s which nin:i ~ descend to the top of the  subsonic hand wi thout  greatly reducing veloci t~
Hen ce the Dli from encounter  wi th  an SPE can be redu ced by about a fac tor  of 4; in t ac t  th e  Dl - . would then be tess
than tha t  s t i t  fered h~ a subsonic a i r c ra f t  covering the same route.  I l i e pena l ty  suffered for this  manoeuvre  is
increased fuel consumpt ion .

In s lew  of the very low probab ih i t~ of ’ occurrence of events delivering DL approaching the annual  max imum for
a i rc ra f t  op eratin g at 100 g 1cm 2 this  may be considered an acceptable risk for mi l i t a ry  a i rc ra f t .  (‘onsiderably higher
dose rates would be encountered at greater frequency in aircraft  operating at 0 g/cm 2 and this may require the
dev elopment of an evasion procedure if this band becomes widely used.
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TABLE I

Number of SPE in 19th Cycle Exceeding Selected DE Rate Levels

DE rate
R 2 ,000 1 ,000 500 200 lOU 50 20 10 5 2

m remfh

Number exceeding 
l** 3 4 9 10 12 19 24 26 31 35

1~I ~
TT 

~ _  _ _

* 23 Feb. ‘56 500mrem/h
** 23 Feb. ‘56 2,400 m rem/h

TABLE II

Doses for 10 ,000 Mile Journey at Various Altitudes

______________ 
Dose Equiv alent (mrem/ l0 ,000 miles) 

_______

“-...~~Atmospheric

20 100 200

Latitude ’
~~’...~ 

______ ____________ ____________ _____________

75 8.8 1 1.5  12.8
40 3.5 6.6 8.7 Solar

10 1.1 2.3 3.6 Minimum

75 4.6 7.1 8.9
40 2.7 44  74  Solar

10 0.9 2.1 34  Maximum

Enders/cm 3/ I 0,000 miles

4 .Sx 10”~ I 8.3 x l0~ 
Not

Measured
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I.  GENERAL

1.1 Basic Principles of Radiobiology

Studies of the effect of cosmic radiation on living matter could be based on conventional radiobiology data.
Unfortunatel y such data have little application to cosmic radiation. The following facts will serve to recall the various
ways in which radiation interacts with matter.

1.1.1 Electro n In teract io n

A charged partic le or electrom agnetic radiation may cause an elec t ron :

‘ to be dislodged from the outermost shell: i.e. ionisation;
• to j ump to another s1iell : i .e. excitation.

1. 1.2 Nuclear Interac finn

High energy particles (p .  n , al pha , heavy ions) give rise to the following:

• inelastic collisions: t he target nucleus bursts into fragments (formation of stars);
O elastic collisions: the ejection of the targe t nuclei produces secondary orbits. The accelerated electrons

form an ionisation ring around the orbits of the heavy ions (delta rays). ‘I’he main result of ioni sing radia-
tIon is that it causes ionisat ion which produces secondary or primary bursts which modify the molecules
encountered.

In additio n , ionisation produces fre e radicals which give rise to physical and chemical changes in their vicinity.
Cells and tissues develop radiolesions of a tempora ry or permanent nature , depe nding on the severity of the attack
and the regenerative power of t he cells.

In connection with the primary cosmic radiation , which contains very high-energy particles , it is not impossible.
although not yet confi rmed , that other phenomena are also involved: mechanical shock waves characterise d by the
production of phonons , thermal effects localise d in certain cell structures with a tendency to heat absorption
(melanin pigments), and photon effects on the pigments of the retina.

1.2 Problems Presented by the Biological Stud y of Cosmic Rays

It is possible to simulate the effects of cosmic rays.

The Berkeley Lawrence Laboratory has successfully accelerated heavy particles , classes L and M (see Table I)
up to 2. I GeV per nucleon. Of the various types of heavy ions these arc the particles most frequently found. It is
thus possible to study the effect of heavy ion “enders” in tissues. It is known that ionisation effects are greatest in
this area of their track. This property could possibly be used in the treatment of tumours which are not easily
accessible. It is now becoming possible to study the effects of the class H ions (neon and argon).
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Results ot the research in space using satellites are difficul t  to interpret because of the wall effect which alters the
cosmic radiation spectrum , and particularly because of the physical fligh t factors (vibration , acce lerat ion , weig htless-
ness) which may wo rk together with , or in opposition to , ionising radiation.

The use of st ratosphere bal loons avoids the factors in herent ill  space flights b u t ex posure has to be of li m ited
duration onl y, and the particle flux is too low.

TABLE I

Classes of Heavy Ions

(‘/ass Z scale Atomic nucleus

L light 3 — 5  Li , Be , B

M medium 6 - - 9 C , N , 0, F

H heavy 10 --- 19 Ne with K

VH very heavy 10 -- 28 Ca with Ni

SH super heavy > 28

1. 3 Research Facilities

Table 11 summarises the various facilities available to researchers.

TABLE II

Location of TI -pc of research AdI ’a n (ages or disadvantagesexperiments -

Investigation of the effect of Duration of experiment too long
secondary cosmic radiation on
biological specimens under different
conditions:

On the - — at sea level and at a l tit ude Dose rate too sm all
ground - at sea level and u nde rground

— with and without protection 
________ -__________________________

Study of heavy nuclei The Berkeley Lawrence accelerator permits basic study
of the e ffects of lesions caused by heavy particles of
class L , M , and H for energies up to 2.1 GeV/nucleon

Balloons: Study of heavy nuclei Short duration of the experiments (a few hours ) but
of primary cosmic rays allowing a discriminatory study of high-energy heavy

nucl ei by avoidi ng t he ph ysical parameters in here n t
in space flig h t

In the Rockets: Measurement of dose rate Duration of experiment too short
air and exposure of biological

specimens

Satellites: Exposure of a number of Experiments of long duration. Possibility of using the
specimens and measurement the same fligh t paths as for manned flights.L__ of numerous parameters Disadvantage : parameters associated with space flight

1.4 Research Aims

In a living organism some structures are more valuable than others:

• on the molecular level: the nucleic acids which transmit heredita ry characteristics and control the
specificity and the metabolism of the cells;

• on the cell level: certain highly developed cells:
- - nerve cells , which are very resistant to ionising radiation , since they are non dividing. However , the

deterioration which they undergo is functional and may be irreversible;



parent cells , and pa rticularly young cells of the germinal and blood-forming lines , and the ce l ls covering
the ep ithe l ia l tissues in the digestive system , which are frequently renewed.

2. EXPERIMENTS ON THE GROUND

Z.l ~~neraI

These have to be carried out at ground level and use natural  cosmic rays , with or wi thout  protection.  Other
esp eri tne nts can be performed by sensit ising at ground level the radiobio logical e ffect of natural cosmic radiation.
All these expe rIments require constant environmen tal conditions (temperature and humidi ty )  over long periods since
the co~inic radIation on the ground distribut es only very small doses.

2.2 Ground Experiments

2.2. 1 Biological Ef f et- ts  of .Vatur al (~~s,nic Radiation

Fhe experiments performed are always of the same type: comparing biolog ical specimens placed under the direct
acti on of the radiation with those shielded from it by rocks or lead.

Babcock and (‘ol lins ( 1929) (Re f .27) ,  placed drosophulae in a tunnel 140 metres tinder the ground so as to
Isolate t hem fro m the action of galactic cosmic radiation. The radiation background (natural radioactivity of the
rocks) is higher there , howeve r , than at the surface. The rate of mutagen disorders observed among the drosophilae
placed in the tunnel was higher than that of the reference sample at ground level. Galactic cosmic radiation is not
t heref ore the on ly factor respo nsible for this i ncrease .

Engelstadt and Moxoess (1934 ) (Ref. 2 7) kept mice in a well for a year , but did not observe any difference by
comparison with the sample living at t h e su r face .

H.P lanel , J.P.So leilhavoup et al. ( 1969) (Ref .23) investigated cultures of paramecia (paramecia caudatum and
pa ramecia aure lia) in enclosures penetrable by radiati on , and in two chambers with 10 cm thick lead walls. Cult u res
were placed in a cave at Moulis (Ardèche) under 200 metre s of rocky topp ing. In each case radi~~ion protectio n
resulted in reduced reproductive capacity and a Iengthen~ng of the cell cycle. Restoration of a normal level of
irrad iation in the protective chambers was accompanied inversely by a return to normal of the growth of the shielded
populations.

A slight activation effect was also found in the case of the lead shielding when manipulation took place on
ground which had strong natural  radioactivity.

Wit h drosoph ila mela nogaster , a reduction in the galactic cosmic radiation dose resulted in longer embryonic
and la rval development stages. All these facts show that natural ionising radiation ( in  this case , G.C.R. or tdlluric
radiatio n) can have the eff ect of stimulating certain living organisms.

2. 2.2 Biological LJfrcts of Excited Natural ( ‘osmic Radiation

In these experiments the incident radiation activity is increased by placing thin metal foils in front of the
biological speci men to produce stars and showers of part icles.

Brajewski . Krebs and Zi ckler ( 1935)  (Ref .27)  used lead screens which produced showers under the action of
(;.C. R. Protein solutions , mushrooms and drosophi lae were subjected to this irradiation. After 4 to 6 weeks of
exposure , the researchers observed three times as many mutations as in the reference sample. Under the electron
microscope they counted up to 30 000 particles of t ioculent proteins , while there were four times fewer in the
reference samp le.

J.Eugster ( 1935) ( R e f . l 2 )  showed that the rate of hatching of prawn eggs (artemia sa l ina ) exposed to cosmic
rays at 3500 metre s was reduced from 80% to 4%.

Brown , Webb and Bennett ( 1958 ) (Ref. 2 7)  observed a relationship between the biological activity of different
speci mens and the G.C .R. dose rate. Boxer crabs , colourless at night , are dar k coloured, brown or cerise during the
day. This pigmentation , which is independent of the brightness of the surroundings , is a hormone effect. It
disa ppea rs at night , even under arti ficial light.

Brown noted that irradiation by showers of particles prevented this change in colouring. G.C.R. at ground level
acts on the internal secretion organs which affect colour changes.

Eugster ( 1963) (ReI .l 3)  has shown tha i stars formed from particle interaction contrib ute to the development of
skin cancers . In this experiment which took place at the top of the Jungfrau (3800 metres) pre-cancerous lesions
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(arsenical dermatosis )  were exposed to radiation under a thin gold foil covered with a nuclear emulsion pl ate.
(‘ancerou ’s development occurred along growth strand s lying in the axis of certain branches of the stars.

All these ex p eri i i iei i ts  confirm the exci ta t ion effect  on biological mechanisms , already observed w i t h  na tura l
radiation. They show that  any exaggera t ion of this  effect results in lesions (effect on mut agen . indirect  e ffect on
functioning as a resul t  ol hum oral  action following a provoked neuro endocrine disorder , de velop m ent of t umour s) .
However , as suggested by K.But tn e r ’. it is by no means certain tha t  cosmic rays alone were the sole fac to r  in all
these exper im ents  and, apart from l - .ugest er ’s exper i ment , extrapolation to h uman beings is s t i l l  somewhat  risk y.

3. UPPER ATMOSPHERE EXPERI MENTS

ihe  composition of the cosmic radiat ion which reaches the ground is very diff erent  from that  in the upper
atmosp here or in space. The primary galactic radiation is charact erise d by t he presence of high -energy particles.
About l’ -~ consists of heavy n uclei. The radiation is converted when it passes through the metal  walls of the sealed
containers c a r r y i n g  the exper imenta l  specimens. Stars , secondary particles and gamma rays are produced. The
a ct i s a t io n  eft ec t  noted on the groun d is still present , but is accompanied by the direct destructiv e effect of highly
energ etic pa rticles.

3.1 Balloon Experiments
- In 1 934 G.G.Frizen (USSR) 2’ p ut drosophi lae in a balloon and kept them for two hours at a heigh t of

1 5 900 metres. No significant resul ts were obtained and this was confirmed in the USA by Briggs . Meier . Jollos and
Rogers(l934 1963) .

Between 195 1 and 1957 under the direction of Bushnell 2 ’ a number of radiobio logical studies were undert aken
in t he USA. Balloons remained at a height of 30 km for nearl y 24 hours. Various biolog ical specimens were exposed :
neu rospores. drosophilae , plant seeds , eggs and sperm of prawns , crabs and grasshoppers , mice , guinea p igs , hamsters, lower
order monkeys , and cells and cultures of human tissue. Many of the tests failed because of inadequacies in the
methods of ensuring proper conditions for life at alt i tude , and the return and recovery of the biological subje cts. The
results obtained were therefore very few and often of doubtfu l value. The behaviou r and the results of the higher
activity tests of monkeys , rats and mice observed somc time after the flight (D.G.Sinions and Steinmetr 24 ’25”6 were
not affected. Care ful histolog ical study of the tissues of these animals , a nd in particular of the central nervous
system , showed no difference as compare d with the re ference samples (P.A .Campbe ll and Haymaker). Gen etic
changes of little value statistically were found in the neurospores . grasshopper sperm and eggs, shellfish eggs and tissue
cult ures.

Lebish , Simnon s and Yagoda (1949) (Ref.2 6) exposed 85 mice in balloons at heights of between 24 and 32 km.
Fhese animals received close to 7300 pa rticles with Z > 6 . No significant changes were observed in relation to
average durat ion of life , t he state of the nervous system and of the higher nervous activity,  or the freq uen cy of
occurrence of tumours and various diseases. The gonads showed no histological change.

D.(;.Simons ( 1959) (R ef.26) studied the e ffect of cosmic radiation on the crystallin e lens of yo ung white mice.
Afte r exposure , t heir eyes were exa m ined with a slit lamp and also by microscope methods. No lesion was found.

S.B.P ipkin and W .N.Sull ivan (1959) (Ref .2 2)  exposed 10 761 drosophi lae for 16 hours at an a l t i tude  of 25 km.
No rupt ures and no genetic changes in the X chromosome were discovered.

J. I-,ugster and D.G.Simons independentl y observed mu tat i o n i4 .26 as a cosmic ray effect on barley seed , which
produced dwarf or giant strains. Using nuclear emulsions Eugster was able to confirm that the mutation observed
occurred only in seed touched by cosmic radiation particles. The reference samples of seed kept on the ground and
the experi mental seeds untouched by the radiation did not d i fk r  from the normal. The numb er  of grain ears and
seeds went down by 30 to 40% in the strains produc ed by the seeds affected by the radiation. The muta t ion  was
observed down to the fourth generati on: some seeds changed colour but the number of ears and seeds showed no
further change.

Fragm ents of ’ huma n skin and of skin of a rabbit which had survived were exposed to cosmic radiation and then
gra fted after the flight. In some cases a pigment spot appeared and this changed cotour during the following months .
J.l~ugster considere d that this spot was due to the impact of a heavy particle.

H.B.Chase”9 exposed 1 85 mice and 5 guinea pigs at an alti tude of 30 km dur ing the course of 9 balloon flig hts.
He noted the appearance of small tuft s of hair without any pigment on the fur of the m ouse, (‘57 Black , during the
weeks following the flight.

D.G.Sinions 2’ stayed for more than 30 hours in a balloon at an alt i tude of 32 km. On his return to earth no
il l effects were observed immediately, b ut a few weeks later  white hairs appeared on the back of his hand in the
exact spot where a nuclear emulsion had detected very energetic cosmic ray particles.
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[hese last two result s led to simnu lated experim ents  on the ground us in g the Berkete ~ heavy ion l in ear  accel erator
I I I LA( ’ t , and mic r uf s ea mi i s  of electron s .0  to 200 mm cro mn etres  in dia m e t e r , at Mount  Vermion Hospi ta l .  Chase and

Si mnoi i s  ob ta in e d  c o n t i n u a t i o n  of the i r  ex p e r im ne i l t s .  Ih e~ suggested tha t  w h i t e n i n g  of the h a i r  as .1 v a l id  test of skin
re action to hea% oi ls , ft c~ oh served tha t  a spe ci al r ad m ohm ol ogi ~ .il m echanism existed iii whi ch i r radia t ion has not
only .i direct lesi onal e f f e c t  hu t  also a neighbouring c i t e d  with  focal and dela ~ed conse fti encc s .

From I ‘) n3 to I 0n7 the (‘entr e  d’l nse igne m emit  ci (IC Rcch cr ehe s de ~1edecmu i c  Am~ro n a im tm q ue  de Paris (A.Pfister .
(‘,.l ) e l t our  et al. ~1.3.2O und er took  a s tudy  of the  heavy ions in cosm!v rad ia t ion  iii collaboration wi th  the ( entre de
Recli ereh es N u ek a i i e s  de Strashourg (P. Cuer and R.K a is er )  under  the aegis of the ( e n t r e  National  d ’Etud es Spatiales.
l l i e~ obt aii ie d the same resul ts  as tho se of ( li , ise iii regard to imo use ( 5 7  and supplemented th is  work by

l i i s to l t ig ic a l  and autoh is toradiogra ph ic  methods . In  the areas in w h i c h  there  were lesions th ey observed the  presence
of mna ~ ti se or degenerate hair follicles , the absence of melan in , and a local def ic iency of proteinic metabolism and of
melanin synthesis.  A test for corr elati on between a damaged area and the t rack of heav~ par t ic les  was carried out
using a black rabbit ,  part  of whose skin was covered with a nucl e ar  emulsion. These exp eriments confi rmed that
heav~ momi s were responsible for dete rmining  the loss of p igmen t ,  and clar i f ied the m anner  in whi ch they produced
this e f fe ct .  I here was no vis ib le  des t ruct i on . but  there were irreversible  e f f e c t s  on cell f u n c t i o n i n g  a f f e c t i n g  certain
spe c i f i c  prop erties (melan in synthesis , regener ative power ot ¶h~ ext erna l  sheath of the hair root) aiid appearing some
time later. Al together ,  the consider able e .xt ei i t  of the lesion was surpr is ing,  in view of the smallness of the particle
involved

During the same period Haymaker i6 invest igated a large number  of histological  sections of brain tissues of
n lac. mq u e monkeys  which  had spent l’rom 10 to 4~ hours at an a l t i t u d e  of 40 km.  He f o u n d  l in ear  degenerat ive lesions
of the cerebral substance.  In the absence of valid p hysic a l  correlat ion , he was u n f o r t u n a t e l y  not able to draw any
conclusions fro m im this  very impor tan t  work by a t t r i h u t i i i g  de f in i~c re spon sih i l i t~ to the heavy ions in cosmic radiation.
Addi t ional  exper iments  using proton and deuteron microbeams produced l inear  lesions fair ly  s imi la r  to those he had
noticed on the monkeys  exposed to cosmic rays . lie f o u n d  that  the lesion threshold requir ed considerable doses out
of all proportion to those delivered in the ion isat ion cyl inders  of heavy ions of the L . M and H class described by
Scha efer .  Other simu lated experiments were carried out b y ( urt i s tm0 ” t . who simulated a heavy ion track by concentra-
ting 2 MeV deuterons produced by the Brookhaven cyclotron. He used this method for i rr adiat ing the brain and
eves of mice. Brain matter  was destroyed with  a dose of 14000 rads , using a I mm diameter  beam . but for the
same e ffect wi th  a 25 micrometr e microheam a dose of 400 000 rads was n ecessary ! The anterior epithe l ium of the
lens of the eye showed no lesion or tendency to catar ilct except wi th  the I m m  beam. (‘urtis concluded from his
research that  heavy ions were not significantly dangerous to brain tissue or the eye: cell lesions were individual .
localised to the ion track and did not increase to tiny great ex tent  the natural  mortal i ty  rat e of nerve cells which , in
humans , is about l0~ per day. He added that  the serious lesions sustained with  the 1 mm beam were due to an
indirect effect as a result of deteriorat ion of the blood vessels.

These conclusions gave rise to much discussion , part icularly by ( .A.Tobias , because of the di f f icul ty  of denying
the existen ce of Iocalised lesions to unregenerative cells. The DNA of nerve cells may he damage d and create dis-
orders which cannot  at present be diagnosed. At worst , m a n y  nerv e cells may be destroyed wi thout  our knowing it.
Some authors , such as H.R .Mo le , feel that the problem of the ef ’fects of any destruction of nerve cells by cosmic
radiation , hearing in mind  that  there is always a certain amount of natural  destruction , must be a mat ter  for study
over a nu mber of years. Furthermor e , it seem s clear that it is not a c t u a l l y possible to compare a deuteron beani
with a heavy ion track whic h has a ring of delta rays and causes along the full length of its p ath nuclear interactions
(inelastic collisions) the particles of which may produce extensive local damage. The Soviet authors assume tha t
delta rays may have a range of 3 to 4 centimetres.

Since 197 1 the Group e de Recherche de Biologi c Spatiale (G. R .B .S.) und er the C.N . E.S. has been car rying out
resea rch in France on galactic cosmic radiation from the launching base at Aire-suc-Adour . This group comprises
several laboratories:

the L4ibora toire de Biologic M~dicale of the Paul Sabatier Univers i t y  in 1 oulon (Director: Fi.P lane l);
the C. E.R.M.A. (M~decin G~n~ral Gibert , Drs Nogues and Despres )~
the (‘.l . .N.  Physical  Dosimetry Service (H. François )  at Fontenay aux  Roses:
the Laboratoire d’Histologie C.H.U. at Necker (A .P fi st er) ;
the Laboratoire de Physique Corpusculaire of the C .N .E. at Strasbourg (P.( ’uer and R.Kais cr ) ;
the Laboratoire de Biochimie et d’1~nzymo log ie of the Gustave Roussy (P aol etti)  Inst i tute at Vill ejuif.

Two kinds of research , relating to single-cell organisms and drosoph ilae , were undertaken on the activation effect of
galactic cosmic radiatio n ’.

rhe species used was paramecium aurelia , certain parent forms of which are sensitive to radiation while others
are radiation resistant. Irrespective of the duration of the balloon flight (up to I I  hours), a slowing down of the
growth ra te was observed on the second and third days after exposure. This was followed in every case by a still
significant acceleration in growth on the fourth and fift h days. This activat ion e ffect became correspondingly stronge r
the longer the balloon remained at its maximum height. lo eliminate any temperature variation which might have
masked the activation e ffect by slight cooling during the ascent of the balloo n , a te mperature contro l devk .’
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(25
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± 0.1 ° ) was used. The doses received . as measured by thermolumi nescent  detectors, reached 1.7 m il l i rad for a
fl ight of about 6 hours at the ceiling height.  The doses received by the reference cul tures  l e f t  on the ground fo r  the
dura t ion  of the experi m ents amounted  to 0.5 u ni l l i rad .

Ten experimet i ts  w i t h  drosophila melanogas tc r were carried out with 283 1 eggs during balloo n flights ,  an
id~ nti caI  number  of re t er ence eggs being left on the ground und er the sam e environmental  condi t ions .  Af t e r  the
flights all the eggs were placed in the same incubator and the t ime taken for embryonic and larval development ssas
determined.  I t  wa ’, shown that exposure to primary and secondary G.C.R. produced a constant ac t ivat ion e f f ec t
which was signif icant  for embryoni c  and larval development , if female gen ii cells which were e i ther  adu l t  or in the
process of ma tu ra t ion  were i r r adi ated .

An u m s e st i ga t ion into the possibl e effect of cosm ic radiation on the life span of drosop hi la e was under taken
during four of time balloon flights. [here was no indicat ion of any change in the av erage l i f e  span of the two sexes.
l’h e authors consider tha t  this  was due to the relatively short dura t i on  of i r radia t ion  by comnparisot i  with the tota l

l i f e  span of the drosophila.

A . P f i s t e r  amid G.Nogue s i invest igated the effects of damage caused by heavy ions to the  brain of a rat .  20 rats
were su h ie c i ed  to balloon fl ights  which included a period of about six hours m a x i m u m height .  l l f ’ord K5 P la tes  of
nu c lear  emn u l s io i i  1 nm th ick  by 10 mm by 21 mm were previously inserted in the skull under  the sk in .  A f’or tn ight
a f t e r  t h e  fl ght .  the animals were destroyed , by intravascular injection of Bodiam i f luid.  [he brains were ~ut  sagitall y
i n to  sv’ri ~’d sect I ons  5 tni cro mn etr e s  th ick.  The linear tracks of 19 heavy par t ic les  (classes L amid M )  were ext rapola ted
in the ners e tissue amid hi stological data were obtained t’rom 8 of them. The lesions were of two ki t i ds :

I i  In most eases the t rack  showed disseminated dark neurones along its path , wi th  occ asionally sate l l i tosis  or
neurom iop liagia images. Sometimes more extensive areas of darken ed neurones were f ’ound .  perhaps at the
end of th e tracks. Th is type of change is normally seen when th e  mierve t issue hi zis been fixed at a late date
om~ has been damaged befor e being fixed. This aspect eami , however , be considered as pa t hognomoni e  of a
funct iona l  disorder of the neurot i c .  It  occurs in h ypoxia and in cyanide  poisoning.

( 2 )  A different type of lesion was found in one case. This was located on the path of an M-class heavy ion
which had penetrated the cerebellum , going from r ight to left and sl ight ly to the rear. Followin g this  path .
a few dark granular  cells wi th  a py cnotic  nucleus were found first of all , then an oedetnatous centre with a
reduced cell popu lation. conical in shape and occupy ing a space of about 0.5 mm 3. and finally an extensive
dispersion area eom i ta i ning a large nu m ber of m ulti-coloured neurones. In the damaged centre it  was noted
tha t  30~ of the granular cells and the Purk inje cells had disappeared, the blood vessels were congest ive
amid oedema was present. ‘[he Purk m nj e  cells ot ’tcn showed signs of degeneration: chromatolysis . vacuolisa-
ti On of the  c~ toplasn i and an irregular nu cI eu ~. The Bodian colouring fluid showed up rarefactio n of the
neur ites and the synap ses accompanied by changes in the axia l  wh i t e  mat te r .  I t was surprising not to find
gliosis or signs of int la inn ia tmo n.  l’v c’rything looked as though this portio n of the cerebellum had been
destroyed in a random f~j shion.

It  would be desirable for these results to be confirmed b y exposure experiments in a hea vy particle accelerator.

To sum up. the considerable amount  of research undertaken using balloons has produced the following fac t s .

activatio n ef f ’ects occur i n the case of sm all homogeneous doses:
damage to cells and t issues is func t iona l  rather than organic , and ex tensive , irreversible and individual in the
case of high-energ y particles and stars (depigmenta t iomm , neurone deter iorat ion) .

Such research is made difficult  by the small dose rate from ( .(‘.R. and by the short durat ion of the flights.
I he studies w il l  cont inue , par t icularly in regard to the effect of the heavy ions. It  is d i f f icul t  at the present ti m e to
for mulate  det in i t iv e  conclusions.

3.2 Exp eriments using Rockets

Rockets cont amn ing mus hroo m spores . drosophi lae , m ice and mo nkeys were launched in the USA in l ’)4t~. 1947 .
1950 and 1952 and reached a height of 100 km. No def in i t e  conclusions could be drawn , as most of the an imals
died.

These experi m ents were subsequentl y resumed i i i  Am erica fro m 1958 to 1962. By the use of ballistic rockets
it was generall s possible to achieve heights of 500 km and fl ight s  of au average durat ion of I S  minutes .  l I m e  an imals
recovered cont inued to behav e normally. But time exposure period was too short for assessing the biological ef iect
of cosmic radiatio n. A luum ost no radiobi ological data were obta ined.
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3.3 Ex periments using Satellites

.1’ .,‘ / Russ ia n I xpe’ri?nent.s i S . i 7.18

The Russians directed their  m a in  a t ten t ion  to a stud y of the overall effects of cosmic flights and then a t t empted
to isolate the e ffect of the various flight f ac to r s  concerned by comi’ipaning the results wi th  those obtained from
reference sam p les on the groum id. I h e  Americans carried out better or ientated exper iments , using balloons and
sate l l i tes  and mak ing  physical correlations.

The tests covered sarious f’orms of l i f e ,  from DNA molecules to man himself:

• physicochemica l  and immunological changes in DNA suspensions: no re sul ts :

• im i act ivat ion of viruses , bacteriophages:

• occurrence of auxotrop hic m u t a t i o n  in bacteria (cont radic tory  results , never si g n i f i c a n t ) :

• cham ig es in survi v a l  ti m e and in u n i t o t m c  index:

• mn i t o t i c  anom im a li es  in Hela , Krebs and Fhr l ich cells (results not s ignif icant ) :

• induct i on  of lvsogenous bacteria.  In principle,  this was a valuable test since it was sensi t iv e  to 200 mnrads.
No subs tam i t i a t ing  results were obtained , simi ce there was no physical corre lation ;

• exposure  of yeast ,  seaweed (chlorel la),  mushroom spores (results not substant ive) :

• plant ’s . the Russians carried out several experiments but  without  achieving any readily useable results.
In the discussion of these results there was in fact no mention of the part played by cosmic radiat ion .
weight lessmiess or vibrat ion.  The conclusion can merely be drawn tha t  plants  from exposed seeds grew more
vi gorously than others. Ttiere were also mit ot ic  abnormalities in the development of the radicles:

chromosomm ial bridges:
rupture  of chromosomes through non-disjunction at the time of mitosis (possibly due to vibrat ion).

• inse i ’s drosophilae and weevils in egg, larval,  pupal and even adult  form were used for the various
experiments .  The results were highly inconsistent and the authors were unable to form any overall conclu-
sions. The drosophi lae were di f f icul t  to use in such experiments as they are sensitive to very small tempera-
ture variations and to vibrat ion.

• crea ture.’s of h igher order: in spite of the advances in astronautics , these exper iments  provided little infonmna -
tion on the effects  of cosmic rad iation.  The first biological subject carried by satellite was the female dog
Laika ( 1957 ) .  Durim ig the fligh t which lasted for seven days no effect of cosmic radiat ion was detected.
but the dog was not recovered.

The female dogs Belka am i d Streika , examined immediately after the flig ht , and then again some time after-
wards , were still absolutely normal. Other American and Russian flights involved dogs , rats , mice and
guinea pigs. [he clinical and biological examination did not provide a great deal of information. The
genetic e f fec t  of cosmic radiatio n was studied , i n particular during the Vostok II flig hts , with the following
interesti ng resul t s  being noted:

the f requem i cy of the chron iosomnal aberrations in the bone marrow and the spleen of the mice:
a small increase in the f requency  of the dominant  and recessive lethal unutat ions of the genes.

On two parent s t ra ins  of drosophi lae, un fort un atel y, the R ussian autho rs fou nd t he same resu lts af ter
subjecting the biological specimens to vibration.

3 3 2 European Researc h

I uropean investigators ( French and German ) took part , under the sponsorship of the Working Group on Space
Bmophys ics of the Council of Europe, in the biological experiments carried out in the Apollo spacecraft.

During the Apollo 16 and 17 fli gh ts , the Biostack ”5 ex pe r imen ts were aimed at st udying the indi v id u al effects
of the heavy ions in primary cosmic radiation on biological specimens in a state of latent life. T .H .Planel .
I .P.Soleilhavoup, P.(’uer . R .Kaiser , P.Massue , H.François , G.Portal (France), E.Bu cker , E .H .Graul , G .Horneck et al.

( Federal German Republic ) used the stacking method which consists in placi ng biological specimens in thin layers
between pa rticle detectors , n uclear emu lsio ns or plast ics.

The biological specimens included:

spores of bacillus subti lis ;
seed of arabi dopsis t ha l iana .
praw n eggs (artemia salina).

H.PIan el’s ex periment de m onst rated the damaging effect  of heavy ions. There was a very significant reduction in the
hatching rate of artemia larvae through which heavy particles had passed as compared with the reference samples.
It is i m portant , howeve r , to determine whi~:h effects were due to cosmic rays and which effects were the result of
other factors (vibration , acceleration and weightlessness), since the eggs which were not affected by heavy particles
also showed , tho ugh to a lesse r degree , a lower hatching rate than the reference samples.
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.“ 3.3 .‘f,oeru ~i,i Rt ’.st5i r1 Ii

Protess or [ohias amid his team at Ber k ele s  have a t te m pted to e x p l a i n ,  by groummd .h a sed  exper iment s . ce r t a in
visual disorder s observed b y the A mn eric . mim a s t ron auts ’s ’~~’28 . Dur ing  the i r  space missions they  exper ienced  a scn s , i t i omm
of flashes , spots  or smre a ks  of l ight about once or twice a m inu t e .  whe ther  or not the i r  eyes mad become dark ’ad apted .
‘This sens ation cou ld be reproduced by exposing the e~ es to low or high em i ergy neut ron beams , or to a lp ha  par t ic les
of an energy of 50 Me\ ’ , Tubia s f e l t  t h a t  these phen umn emi a  were due to charged p a r t i c f e s  imiduced by i r rad ia t iom i .
l’besc par t i~ les d i rect ly  exci ted the recept is e  areas of tI m e ret ina h~ ioml is a t iomi .  electrom i e x c i t a t i o n  or p o ss mhl ~ local
production of photons~ ih e  f requency of oce urre mi ce of a se n sa t ioml  of lig ht  corresponded :i i r l ~ wel l  s’s i t h  the f l ux
of hea s ions wi th  / ~ (s recei ’. ed bs the re t ina .

R . J . Beck i mi am m , C.hI .Bo nney amid D .M .Hu mi te r 4 used f l u x e s  of (Y~ 25 0 MeV ‘t i t ic leo mi v. ir \  ing from 1.3 x I
particles cmmi 2 (dose of 17 1  rads) to 5, 9 x 10 8 par t ic les /cm 2 (dose of 7540 rads ),  Phomo gr ap l is  of the eve-groum u d of
rhesus m onke y s were  t a k e m i  be f o re  amid a f t e r  exposur e (2 4  hours , 4M hour s , I week amid S WCL ’k sj .  The smal le st  doses
produced pin-hole haeu n orr hi ag e of the ret im i a.  ‘V ith large f luxes acut e  re t im i op at l iy  ( i s cha cm n ic  ime c ios i ~ i appeared.  [lie
e sp ermunen t s  showed t h a t , a l though the haemorrhage regressed with  t i m e , the miecrosis r em imai ned per m namiem it ly .  &
single he a .  ion seemed capable of inducing a pin-hole haeniorrh age of the re t ina .  Se’s cra h assumpt ions  has’e been
u miade in regard to the e f f e c t  of hi eav ~ lou is on nerv e tissue:

rupture  of the int racel lu lar  lysosomes amid evacua t ion  of h y d r o l y t i c  enz ~ Iml es j uno t ime cell:
destruction of ’ the accomp anying vascular cells (gl iov ~’scuh ar app ara tus) :
di rect destruction of the neurone structures .

h i av inaker  et al. ’7 put  mince (perognathus Ion gimneunbr i s)  aboard t h e  A pollo lb  m d  17 . t h e y  ob sersed sm all  ch ange s
in the tegmenta at the top of the skull , corresponding to the tracks of ’ hica v~ part icles of class M or H . which took
the form of small necrotic areas in the epidermis or the sheath of thi .’ hairs , accompanied by a slight localised infl: im-
m u a t i o m i  of the derm . Other areas showed sm all degenerative cham iges in (lie iii m isc h es  of (lie skin. ‘[he results  of the
histological study of the brain of these animals  have not been published.

4. CONCLUSI ONS

The various experiments carried out to date ha’~e adsariced our knowledge of the biolog ical e f i  L e t s  of ’ cosmic
radiation , although many problems still remain to be solved , in part icular the method of , ‘e a sur i u mg the radiobio h og ic al
risk involved.

First , there is no doubt that such radiation has an activation effect on biological mechanis m s which can be
considered as beneficial. This is the characteristic of the cosmic radiati on which reaches the Ear th  na tu ra l ly .  A l though
this is modified by being passed through a m etal shield , it can produce somatic m nuta t i om i s  and an abnonnal  imicrease -

in cel l development. In both cases, galactic cosmic rad iation can be regarded as a homn ogeneous radia t ion ,  the irradia-
tion doses of which can be measured in cads by the usual methods.

At high altitudes and part icularly in space , cosmic radiat ion can be considered, from the radiobio logical v iewpoint .
as being composed of two types of elements:

the greater part is formed of si m ple par t ic les  and electromagnetic radiation , which together com i s t i tu t e  a
homogeneous environment measurable  in rads ;

a smaller part ( 1% )  is made up of heavy particles of very high emlergy. the effect of which is m ore dif ’ficu lt
to analyse and to measure.

The biological effects of heavy ions amid stars are complex. The lesions which occur depend on the kim i d of
t iss u e  traversed , the charge of the particle and its velocity. Each par t ic le  has an im i dividua l  e ffect which vari es accor-
ding to the point on the track considered and the radial distance from the axis of the track. The damaging efft ’et  is
severe at the centre of the tra ck and then decreases rapid l y. It reaches its m a x i m um near the end of the track
(Bragg peak). It  is also necessary to take in to  consideratiom u all the nuclear in te rac t ions  which occur along the path
of the particle and which produce localised change s wh erever st ars have formed. This non hom ogeneous radiation
cannot be measured by t h e  methods applied in conv entiom ial radiobiology, since the actual dose received close to the
tra ck of the particle is en ormous compared with  the dose per gram of mater ia l  traversed. For example , an X- ray
dose of 300 000 rads had to be used to present  the ha tching  of an egg of artemia sa l imi a .  As measured h y the usual
method s , the  dose required to produce the same effect in the A pollo missions was of the order of a few un il l irads
and 650 m m lh rads with oxygen or carbon ions of 250 M eV/nuc %e on in the Berkeley accelerator. The same conf l ic t ing
results were found in investi gations on cerebral tissue and the r e t i m m a ,  This par t icular  hazard of h eavy ions is not a
ause for  concern in tlig hts . it al t i tudes below 25 km . but could become signif icant  in space f l ights  of long dur at ion .
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RADIOBIOLOGIC ’sL PROBLEMS OF HIGH ALTIT UDE FLIGHTS
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1. INTRODUCTION

A part from mi in t e r c e p t o r  l ighters, tram isport a i rcraf t  amid some reconnaissance fl ights , all mi l i tary  operations take
p lace at loss a l t i t u d e ,  I l owe ver . the poss ib i l i t Y u n ust  be recognised of the develop m ent  of high a l t i t ude  o f fens ive
and defen si ’se tactic s in v iew of the v u l n e r a b i l i t y  of low-level a i r c r a f t  (as demonstrated by the extem is ive  use of rockets
duriu n g t h e  lamest  Arab-Is rae l i  war) .  The in t roduct ion  in to  service of supersou i ic transports , and of C oncorde in parti-
cular , has led to an eva luat ioui  of the a l t i tude  band between 15 and 20 km. The iui form ation gained fac il i ta tes  dis-
cussi om i of the rad m obio logi eal  e f f e c t s  at a l t i tudes  below 25 km.

A irc r ew will be subjected to various forms of i r rad ia t ion :

small doses of ga la c t ic  cosmic radiat iom i (GCR) :
large doses from solar flares :
exposure to heavy ions,

2. GALACTIC COSMIC RADIA TION AND AIRCREW

At a l t i t udes  below 25 kun . a lrcr cw wil l  be subjected to irradiat iou m from galactic cosmic rays of less than 1.5 rem
a year. t ak ing  into account the number  of fl y iu ig hours at high al t i tude (above 15 km t . This is a very small  dose.

Small radiat ion doses are considered to be those not exceed ing  the recommend at i ons  of the lu i te rna t iona l
(‘ounm issi om i of Radiobio logica l Protection (I C. R .P. ) i ~ .

Small  doses , h~ I . C .R .P.  standards , are those which produce effects tha t  cannot be detected except  by stat ist ical
unethods app lied to large groups.

(‘he m o st  practical method of am i a l ys mng the c t t e c t s  of smi i a l l  io n is im m g radiation ‘ ‘se’s comi sist s in assumn ing a priori
that the e f f e c t  per u n i t  dose is the sam e as that  for large doses, The data  for large d~ ’ s e au m be analysed s ta t i s t ica l ly .
Most methods  of t h i s  k im id permi t  dei ’in m t m on  of an upper l imi t  of the risk fromn ion is ing  radiat ion ,  This means to say
tha t  it  is h ard ly  l ikely tha t  small doses could incur  higher risks per un i t  dose than i . i rg’s. doses .

The following wil l  be Lonsidered,

t he risk of radio~arc im ioge ne s is;
the reduct ion of life - span due to ionis im m g r a diat io un .

2. 1 Risk of Radioca rcinogenesis 2 ’3 ’9”

l orm i smu ig  radia t ion is capable of m n d u c m i m g  can cer.  I t  m n u st  he reu n emb er e d t h a t  the aet io logy of c , i r i ce r  us
complex and th a t  several unknow n  factors probably contribute to i ts  form at ion.

I he imm ipor ta nc e  of tac t ors  such as horm on al s ta te , and the pre sence of an e x i s t i n g  morbid condi t ion (pre-
cancerous lesion ) give credence to the theory of carcinogenesis acci i r d im i g to which there us an “ in i t ia tor ” am i d a
“promoter ” With t h e  possibl e except ion ct the sp eL al case of pre~m nat a l  exp osure , followed by the incidence of a



t u t n o u r  mu m the chi ld .  ca m u cer  is associated wi t h  doses of about 100 r i d s , w i th  exposure of most of the  body or w i t h
i n r ad ia t iom i  of ses’eral pa r t i cu la r ly  se misi tmve t issues,  h owever . iii such cases , the  occurrei ice of a rad mo ca mi c cr  is h~ no
m eans m e ’ s  i table ,  l Ime i u i d m c a t m o m m s  are tha t , al thoug h m o ui ms m i i g  r ad ia t i om i  inlay t)e t he ‘‘mii i  t i ator ’’. one or inure
‘‘pi’Oioote rs s’.ould .ilso need to be present  tor  a t u m o u r  to appear.

2. / 1 le o  kam ’nin~’e,mt ’ s i s ’2 ’3 ’ 9’ ~

I lie st amidard  e \ . i u i m l c t e  of the rel at i ouish ip wh ich appears to exis t  between the im i c ide nce  of l euk a e iu i i a  amid
pre smo us  exposure  to i o u mms m m m g radia t iom i  is pm o vided  by the work of W . \ 1.( ’ our t - Browu i  and R. E ) olf 5 . . .‘smong 13 352
L,i\ es of a u i k y l o s m m m g  spomid s h m t i s  t r eated by locah ised radiotherap y be tweemi  1935 amid 1954 , 36 developed leukaeuu i i a .

‘t h is rate of leuc osis is term t i t h es higher  thami  in the reference  populat iomi . L e u k a e m m a  would appear to resul t
f ro m doses va rv i m ig  h e f s s e c n  100 aii d 3000 R ( to  the ver eh )r al hone marrow) ,  All  thiese p a t i em i t s  had been t rea ted
b~ localised i r rad ia t ion , hu t  um ’ider ver ~ v :m ryi u i g  condi t iou i s  (ab sorbed dose . doserate and d i s t r ibu t iou i  of dose ~\ese r t lm c l ess , omi e ca nu n ot  ex clude the possibil i ty that  this morbidi ty rate nay b~ associated with  a more signilicant
predi sp os mt iomi to heuco sis . I t  is equal l y possible that  certain foru ims of mne dica l  t r ea tmm i e mn t  may hav e encouraged the
onset of kci kaem i ’i ia ,

Dmsregardmm ig for time monieuit these possibilities , it should be remember ed that the risk of radio leuk aemia induc ’d
by exposure doses of between 300 amid 1 500 R to th i e spinal m arrow of male subjects has been calculated at one or
two cases per mi l l ion  s u bj e c t s  expos e d per year . for a mean exposure of I R over a period of 7 yea rs.

A s tudy  of the su rvivors of the nu clear  explosions in h iroshi m a amid Nagasaki ( 1045 coui firrns the part played
by rad i , i t i o u i  in leukaemogenesis.  A .B .Bri l l  et al. 5 f ixed ti m e risk of leukaemia amomig the Japanese who were exposded
to radiation at doses of between 100 amid 500 rads , no twi ths tand i i ig  obvious differenc es which exis ted  in the conm di-
t i ouns of exposure , such as:

ga mui i a /neu t ro mn d is t r ibut ion:
dose rate:
timne amid spatial distr ibution of dose.

Research on (lie incidence of Ieukaemia amoung chi ldren  (St ewart i4 . IS ) whose moth ers had heem i X-rayed dur ing
gc stat iomi shows that  there is a conn ect ion  between such exp c ’ .ure to radiation amid leukaernia .  But other fac tors  seem
to cu ter into the problem: for exampl e , the mother ’s age or the presence of pul m onary j nf ec t i om i i4 , i S Although
(‘ourt-Brow n amid Doll fe l t  tha t  th e data available do not allow determimm a t iom i . with any cer ta i n t ~ , of the incidence
of l euk aemn ia among children whose mothers have been exposed to ionising radiat ion , it is agreed tha t  the
leukae mnogenic e f f e c t  of radiation per rad is t emi t imes greater iii the foctus tha mi in an adul t ,  It is thought  that
leukaeu ii i a  could result  from doses of a few rads dur ing radiodiagu iostic examin at iou s s .

‘(‘he c im rre m it ly  accepted est imate of th e risk of promotim ig radio l eukae mia is 15 to 40 cases per rad per unil l ion
peop le for  doses of between 60 and 400 rads. The greatest  f ’r equency of radio-induced leucosis occurs between 8
amid 10 years af ter  exposure. Subsequent ly the inciden ce of leukae m ia decre:ises , reaching normal values 25 years
a f t e r  expo sure.

J .B .Storer and V , P .Bo nd m6 noted that  there was no agree m en t between the results of experi t n ents  on aniu i ia ls
and those oim hu m ans in relation to tu mn ours in i t i a ted  dur ing  life in the u t e r u s . I t  appears that , dur ing  the i r  pre-
natal  life , mmcc are resistant to the formation of s t imula ted  tumo rs. There is rio sui tabl e animal  subject which
L’am i contr ibute  to retrosp ective resea m ch related to radiological exau i i iu n a t iou s  of the pe lvis’ ’~nd i t s  e ffect on chi ldren
durm um g the i r  pre -natal exi stence.  For m any  authors . a u m v  q u a u i t i t a t i v e  es t i m ates of the risk are matters  for discussion,

2. 1.2 Other I’orm.s of llalugsiwm it ’s ’

It  seemed an easier mat te r  to s tudy  the relat io n sh ip h e t s see m i  exposure  to ioni s ing radiat io mi amid the increase in
the incidence of cancer ,

I he research on pat ients  s u f f e r i n g  tr omn a m i k y l o s i n g  sp om o fy l i t i s  who were treat ed by localised radiotherapy,  amid
on childre n exposed to pre -uia ta l X-ray diagnostic exa m nimmat io mi s  shows an increase in the rate ot all t ’or mn s of m ah igmiant
tumour s  induced b y external  ionising radiat iomi,

Although it is ver d i f f icu l t  to q u a n t i f y these obser sations . the l.( ’.R .P.  considers thai  non leuka emic cancerous
tu mnours  are undoubtedl y related to doses of several hu um dreds  of rads.

In spite of all  the d i f f i cu l t i e s  involved , nu miss ’n i c:ml est imates have been made of the occurrence of lung ca m ice r ,
thyroid can cm r and ca nLe r of tI m e breast ,

F or lung cancer , the risk is estimated at 10 to 40 cases per rad 1~’r m illio n subjects exposed to doses ‘sar \ m u g
between 25 amid 300 rads , m u m  the 25 years fo l l owing  exposure
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In the case of can cer  of the thyroid , th~ estutnated r isk is 40 cases per mmi i l l i o n  subjectes per rad.

l ime e s t i m ate fo r  breast cau i eer  is 6 to 20 cases per mi l l ion  subjects per rad.

For t l i ~ roid ,umi d breast camic er , these estimates are valid for doses varyi ng froni 60 to 400 rads and ( i c r  25 y e a r sfol lowit ig exposure.

When making these calculations the I.C.R P . point out that the total  imm crease in m n o r t a I i t ~ fro m such t u m n o u r sus e r  a period of t w e m u t ~ \ c a r s  following exposure of the whole body to radiat io mi is p robably twice tha t  due toradia (ion-induced l e mm k ae rm u i a .

11mm ’ .  us the basis of the overall risk e s t ima ted  at about 40 cases of ma h igna un t t u r n o u r s  per mil l ion peopl e per searand per rad m . (‘lie ~ug mui t ’ic am i c e oh th is  risk in re la t io n to small doses mn ust  he considered care full y.  It is general lyassumed that  ( hue  risk of c: mii c er per uni t  dose us the sam e as tha t  observed at larger doses . t h e r e  would ap pe ar  to bea linear relatio nshi p betwe en response and dose.

It should be noted that  this assumpt ion overestimates the risk from doses that  are smaller than those at which
the observatio uis were made. ‘(‘he degree of overestimation possibl y increases as the dose decreases iS .

Some relevant  facts should be added:

the doses involved are several tens or hundreds of r id s :
high dose rates are miiore liable to cause cancer th an low dose rates:
a pre - exmsting illnes s is a factor which is l ikely to promote the occurre mice of cancer:
the estimate of 40 cases per milli on people per rad is possibly too high.

2.2 Reduction of Life-span

lonising radiatio n is capable , under  certain conditions , of bringing about  a reduct ion in the h ife ’span. Thepresent authors feel  t h at it is particularly important  to m ent ion this  problem , since it has aroused em otions and beena source of special conceru n among aircrew. Some radiobio higists claimed at a scientif i c FAVSST (Anglo-Fre nch-US
supersonic trans port)  meeting that an hour of flying at an a l t i t u t u d e  of m ore than I S  km would shorten expecta t ionof life by 20 da ss .

2 2. 1 Animal Evperiinents

A shortening of the life-span in mnamma l s has been observed exper imen ta l ly .  Animals  subjected to radiation(m ice and ra t s )  were compared with  a control sample of animals not so subjected. The exi sten ce  of the samediseases was noted in both groups , but to a varying extent.  Irradiat ion generally increased the number  and theseverity of the usua l diseases , but  it is not possible at the present tu ne to say to what  ex tent  the processes of l i f e ’shortening due to urradmatmom i  are basicall y the same as those whic h cau se premature ageing, Among rodents subjectedto a single dose a shortening oh life of ’ 2 to 4’; was observed for 100 rad s delivere d. Female m ice are more semisi t iv ethan males.

In the case of several separate doses sm all laboratory animals  subjected to small doses over a period of severaldays showed a shor tening of l i f e  of the order of I I~ for 1 000 rads .

A .C .Uptom i el al. 15 irradiated I S  000 mice of a given breed in comidmtmo rm s of isolation , so as to avoid the possibilityof interact ion b etwe em i i o um m sing  radiat ion and pathog enic bacteria.  The r e ference  sample was 4000 mice. 3000 wereexposed to 10 rads (gamma r a y s )  when h O weeks old. Pre l imina ry  analys is showed that the life of male mice wasprolom uged by 4 days arid tha t  of female mice was red uced by X days.  Varying th e dose rate fro m 4 rads/day toMO rads /m m n did miot provide .u precise m n d i c a t m o m m  oh the respective e f f e c t  of the dose rate. Moreover, account has tobe taken  of the r e duced s emis i t i s t t ~ to radiation w ith  age

In exp eriments on dogs A ( ‘ Ande rsen and L .Ros enb l att 4 exposed the m to 100 or 300 rads of X -r ay s , Theyobserved in this sample t h at t he dur at ion of l i f e  was reduced by about (~~ pe r 100 rads , At the University ofRoch ester , do~~ oh the same breed were subjected for  5 days a week , during the whole of their  life , to small progres-sive doses of .\ .ray s A mong the dogs which had received 0.06 to 0. 1 20 R/da y, the durat ion of life was slig htlyhigher than that of the control sample.

Fo r a dose ta te  of 0.6 R/da y there appeared to be a reduction of longevity of 5’7 , TIme cum ulative dose variedwith the t ime of surv iva l of the animals ( 1000 to 2000 rads). Thu s these very high cumulative doses produced ashortening of li fe equ ivalent  to that  observed by Andersen amid Ros emih latt  after exposure to 100 R at high dose rates.
2. 2.2 IIu~nan L’s ’perl,n~’, m t ’s  ~ ‘ ~

A numbe r of or ga nm sa tm on s ( I  (‘.R ,P ,,  National Research (‘o u n c m l )  have paid pa rticular attention to this problem
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hut . iii spume oh a great deal ot resear ch. there are s t i l l  ma ny uncer ta in  factors . In fact , to observe any  sh io r t em m ing
of the h m t e - s p a m m  it  wosild be mi e c s ’ss . u m to resort to t h e  e x a m t i m m i a t i o m i  of hu m na i i  populat ions exposed to large doses of
r ,us f i a t i on .  I t  such aim e f f e c t  shoes a c t u a l l y  occur , tI m e groups concerned would he:

Japanese surv u ors of I l i r c i sh i m a amid N. ig a saki :
p a t i emuts  s u u l ’l ’ermu m g f rom a m i k v l o s m n g  s i c o u i dy h i t i s  which has been treated by ion i s i mm g rad ia t ion  (locahi sed
r. idmo therapy I:
doctors and X-r.i ~ t ech n uc i amis  who have iii the i)ast beem i exposed to fa i r l y  large doses.

l ime i m m or t a l i t y  rate of these groups sh ould be h ig h er t h a u i  tha t  of a refere m ice popula t iom m .

The results of research on hum m ia t m s  are somnetim es coui t rad i c tory .

I ( I . l ) u b l i m m  amid M .S pi cgelm na n m ° am mal y s e s l  t h e  m o r t a l i t y  of ’ v: mn i o us US m imed ical  specialists who died between
I i 3M amid I 042 amid foumid tha t  t h e  mor t a l i t y  rate  ssas h igh er amomig radiologists. Time dif ’ference in average
li fe -s puui  varme d  h etweemi I amid 3 y ears.

(2  S. t~ar re m i 20 . a m ia l vs ing  the deaths of 82 441 US doctors between 1930 and 1954 , established arm avera ce life-
sp a u m of t 0 . 5  e:mrs for radiologis ts amid 65.7 years for  doctors who did c c i t t  o rd ina r i l y  use radiat ion equi p m n e mi t .

3 W. rsl . Court-B r owmi amid R .Do l l m ana lysed  tI me causes of death of p a t i emi t s  suf ’feri um g f rom ami ky losing spom i dy h i t i s
amid t reated by localised ex t e rna l  radiotherapy.  Th ey comnpared the resul ts  obtaimied wi th  those of the
total  population. From the i r  observations time rm imm ii b er of deaths not due to arik y losimig spondyl i t i s  or to
cancer  iii  (lie p ar ts  of the body subjected to radiat ion was higher am ong the pat ients  than in the referemice
saiiip le.

4 i  R, Selts er  and P E S a r t w e l l u i , i3 studied the mn a iu n cause of death among radiologists amid compared themn wi th
th ose of members of the Acade m y of Ophthalmology and Otorh inolarytigo logy among whom the miw rta h i ty
rate  ssas lower , On the basis of the average age at death , the authors t’outid that the lif ’e-span of radio-
logists was about five years shorter eur iu ig  the period 1935 1944 , Then , in the subsequent years the
d i f f e r e n c e  decreased , In their  conclusions Seltser amid Sartwel l note conservatively t h at exposure to j onising
radiatiom i can shorten life , but in a n’s.’n specific manner.
These various researches show to a certain ex t en t  a non specific increase in niorta l i~y, al though other
studies  do not agree wi th  this view.

( S t  W ,%1 ,Court- Br own amid R ,D oll 7 have uiiade counparativ e s tudies  of the causes of death of 1377 Brit ish
radiologists h etweemi 1897 and 1957. They found no differ ence by comp arisom i wi th  a group of medical
specialists who were not radiologists.

( 6) R . W .Mi l l e r  and S,Jab l omn ii  have done research work coverim ig 18 years  on 6500 X-ray technolog ists in (lie
US Army dur ing t h e  Second World War to see whether they showed a higher morta l i ty  rate as compared
with a group of pharmnacis t s amid chemists. No differemice was in fact found.

(7) (‘he publicat ions of the Ato m ic Bon ub Casualty (‘ommul is sio u i dealing with  victin i s of H iroshima and Nagasaki
confirm that there is no comis i stemit  imicrease in the deat h  rate due to diseases other than cancer.

J .B .Storer and V ,P ,Bon di6 note that  it is impossible to say wh y data omi reductiomi of the humami life-span are to
som e extent  contradictory . while most of the exper i m nemi ta l  research on ani m als does imi dicate a short enin g of Iongev it ~ .

2.3 Risks of Abnormal Development of the Embryo 2 ’3 ’9’ m 7

This problem affects women passengers in supersonic transports amid also women pilots. In fact , most Air
Forces are 110W considering (lie possib ilit ) of employing women as lighter pilots amid as pilots of jet transport  .u ircraft .

ihe  developing embryo is cotimposed of highly  ra diosensitive tissues. The work of W,Russe ll shows that  time
ex ten t  of the ha rmfu l  e f f e c t s  of ionising radiat ion depends on the stage of embryo mmic development at t h e  time of
irradiat ion.

If ova w b mmc bm have Jmast beemi fer t i l ised are exposed to radiat ion before imp lan ta t ion , a high mor ta l i ty  rate results ,
but the expectation of life of (lie survivim i g ova is normal. ‘l’hie population of non dif t ’erentiated cells com isti tuted by
the u mot yet u mi m phanted  embryo can still  repair the lesiomis caused b y ionising radiat ioui  in certain cells , because of the
presemuc e of to tmpoten t  (undif ferent ia ted)  cells. In oth er words , there us at i “all or miothing ” et ’fu e t ,  If too m i ia n y cells
are a ffected the em bryo dies,  If onl y a few cells are damaged they cami he replaced by further mitosis of the
unaf fec t e d  cells. Time developm ent of tI m e embryo then fol lows i ts  norm al course.

It  there is exposure to radmat io um af ter  some cel lu lar  d i l fe r en t i a t iomi  has alread y taken  place , this  rep opulation
(res to ra t io n  by the totipot ent cells is no lomiger possible , amid various types of abnor m al developme m it wil l  then be
noted. These are closel y related to time stage of organoge ne sis readied. (‘bus, disorders in time development of time
central  un erv ou s system amid serio os malformation of the  h i mm i bs ( ameli a . h em nime h ia )  can occur. In ammim a ls  th i s
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cr i t i ca l  stage of ’ d eve l opmmiemit  of tfme orgamms Is of te m m very sh ort. lii  m ii im mi i t  is between tIme second and the s ix th  week
of t tu e (‘ mum bry onic p f m ase.

As time deve ho pm u met i t  of the embryo cont inues  amid orgamiog enesis is co im mp leted , the foet us of umiamm i m als  becomes
Is’s’. sc’u i s i  t i s e to rad ia t ion  and itmcr e a s i m ig ly ass um nies time appearance of an adult .  ‘(‘lie l e t l mal  radiat ion dose for a foetus
d u u m u m u g  t Im e last thuree mmmo tmthms of ’ pregnancy would also be the lethal dose for  the mmio t l mer.

l ’lte se t i i i d m mmgs of f’oetah setmsi tivit ~ to r a d i a t i o n  amid of ’ t h e  possibility of abmior mmi al i t ie s  in development have led
t i c  r ec o gm imt u on of t h e  um eed for prophi ~ lact ic  u l ie a sures imi t he  rad iodiaguiostic examin at ion  of pregnant women.

h l owe s e r , in the earh ~ stage oh gesta t m omm a wom m i atm us often not aware that  she is pr e gnarmt.  If she is exposed to
io mi ix i m i g  r ad i . m tu o mm , u i i s f  the f o e t u s  dies , th m e wom nami comicerned t imay t h i m i k  t h is is om i ly ami abmior m na l i ty  of t h e  menst rual
cc  d c . M a u m ~ women undoubted ly  exper ience  suchi i rregulari t ies iu i the ordimiary way. It  is therefo re possible that  a
t ium hs ’n c t pregmiamicie s  pass u mminot iced  i n i t i a l l y  amid etid in time expu l siomi of aim u i iderdev ehmped foetus. This fact in
i t s e l f  ms abnormal for  u m m k i m o w n  re a somis

Apar t  t’roni thm ms earls stage of pregmiancy, if  there is exposure to iom l isi n g radiat ion , the risk to time foetus arising
fr ommi smmma ll  doses (of a t e~ rads ) is tha t  of mna h igmiancies  in early ch ildhood. The I.(’ .R .P. recommends controlling the
exposure  to ionu i sing radiation oh womii en of ch ii l d-bearmng age so tha t  (lie dose received by the foetus does not exceed
1 rem dur ing  tIme f i r s t thure e mo r mt h is  of p r egm ia i ic~ amid a f u r t h e r  I rem dur iu m g the remaim m imig months.

1 1 m m ’ .  precaution is ref l ec tesf  iii the r ecotm i mi m endat io m is  of tIme US Nat ional  Conimittee on Radiat ions and Measure-
t i memit s  N .R .(’.P. ) wh u ci m h i:m s fixed time t u m a x i m u m  dose of 0.5 rem for  a foetus during the w uole of time pregnancy.

2.4 Evaluation of the Risk of Carcino genesis from Galactic Cosmic Radiation

( , a l a c t m c  cosmic radmatmomi produces dose rates wh ich vary according to a lt i tude,  la t i tude  and, to a cert ain extent ,
solar a c t i v i t y .  However . th ese dose rates can be considered relat ively com istant , wi th  variat ions associated with solar
proton eveumts .

The dose rate at an a l t i tude of 25 km will not exceed 2 umii l l iren m per flyitig iiour (f l ight  near the Pole dur ing
solar m i i in imum) .

Assuming that  mili tary amrcrew will be f lying at such altitudes and under such couiditions for 500 h ours a year ,
the annual  dose equivalent is about I rem. For every year of fligh t , the incidence of cancer during the 25 subsequ. ’mit
years is estimated at 40 cases per million aircre w exposed to these conditions.

The nsk of death to airline passengers is I in 300 000 flying hours . The same risk for mil i tary aircrew , taking
one mill ion aircrew flying 500 hours a year , is 1700 deat h s, or 40 times the risk of occurrence of radiocancer.

It is recognised that  the estimated risk of cancer from doses of the order of I rem is made with strong reserva-
tions about the validity of its de te rmi m in a t ion .  Undoubtedly  the risk of radiocancer is underestiniated.

3. SOLAR PROTON EVENTS

For present purp oses large doses may be considered as those exceeding the dose limits recommended by the
I. C .R .P . ,  tha t  is:

10 re m for a single whole-bod y exposure ;
25 rem for a succession of whole-body exposures.

In space , solar proton events deliver large doses to the skin (one or more hundreds of rads), and sometimes
eve n stronger below the skin.

However , the overlying mass at 25 km alters the proton spectrum , removing the lower energies and reducing
the dose rate considerably , For these reasons at 25 km . and even more def ium i te ly  at lower alti tudes. ,  the dose rate
very rarely exceeds 100 mih lirem /hour ,

Statistical evaluation of the possibil ity of whole-body irradiation of operational milita ry aircrew exceeding 10 rem
‘~fmow s this to be so slight that many authors consider that it caum be disregarded.

li the dose rate is multiplied by a factor of 10 , and if an operational sortie is longe r than 10 hours (which is
u rm rea lmst m c), th e whole-body does would exceed 10 rem , assuming that there was a strong possibility of such a solar
proton event.
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4. HEAVY IONS

Above amm a l t i tude  of 18 kin , the f lux of particles of Z > 2 ( heavy iomis) emiergy loss increases sign i l ’ic a imt l y .  I t
is known thmat  such particles prod uc ce stromig iom m isation along thei r  track , wh i c im ium t iss u es may re :ich i a d i at i ie t er  of
20 mnicrometre y . ( sm/c  of time cell). The l e m igthm of time track , wh ich depemi ds on time m mature  amid energy of tume i n c i d e t m t
par t ic les , ca” vary fro m a few nini to several cm.

No part of the h u m a n  organisni is out of range. Moreover , there exist  along the tr ack iu i te rac t iomm s tars  which
are capable of causing exte n suve  daniage in th eir v ic in i ty  (exper imemut s  omi skit i  and cerebral t i s s u e :  F l aymaker , Pfj ster
and No gtues . Several aut h ors cot isuder time use of t h e  mad as the u n i t  of absorption to he um i r ealistic , since i t  r e f e r s
to hm ommiogemi eous radiation and h o t  to par ticles wiiic hm hua v e an imidi v idu a l  cl ’f ’ec t ,

Sommie of the affected cells may be destroyed or mi iodified fumic t iommal ly  h u t  it is d i f f i c u l t  to e v a l u a t e  precisely t u e
effect of such mon isatmomi on the in c idence  of tumours or on t lme risk of deat l m to the indiv idual ,  I t  nay be f e l t  t h at
t h u s  s snv  sm i m a l l  destruct ion of cells could head to tnuc b i more serious e f f ec t s  thuami  lua d heetm t hu o ug l mt .  For exampl e , if
tIme fovea  is a f fec ted .  t h is could lead to partial  b litidness ( sc otoumma).  ‘l Ime s :ucu ic applies to h raium damage amid in th is
ease a c c o u u m t  m ust be taken of the rate  of spom itam m eous destr iuctio mi of ner s e cells , wh ich us of t tme order of 10 000
neurones a d a y .

B eckmiiami ’s exper iments  omi t h e  eyes of Rhiesus imiomikeys (see Paper 2 ii t h is Report  by De l ahuaye  ammd P listc ’r)
have sbmowm m t l m a t  it is possible to observe r etimia l  aff ’cctio n m s (haeniorrhmage .  mie cr o sis) dime to h eavy iomis 0~8. Such
effects eami be I’ouum d among aircrew. The f lux of h eavy iom is in galact ic  cosmic radiatioru is of t h e  order of102 cmim ~

2 .hour .  TIme risk of danmage to the retimia at h igh a l t i t ude  is slight , but  i t s  ev aliu a t iot m is st i l l  ver~ di f f i c u l t .
‘(‘lie same us true of the risk of exposure of the brai n , but  thiere is apparent  agrs ’en i emit  omi th e  probable gr e :mt er
f re q uemm ey of ’ superficial  ch anges in the remi n a ,

5. CONCLUSIONS

‘(‘he risks (‘roam i r radiat ion by galactic cosmic rad ia t iomi  amid solar protons are ver~ sl iglut.  Research on h eavy
ions us to be cont inu ed with time aim of chari f ’yimig a u iu m nber  of (uncer ta int ies  w hm i c l m exist at Present.

‘J’hie qu estion of the effects , or rathe r of th~ dangers , o~ small doses of’ r a diat i om i is still  a m a t ter  of discussiomi ,
It  sbmo u m l d be recognised that  extrapolat ing t’rom large to small doses most probably results iii ami overestimate of thetrue risks. Accepting the I.C.R.P. evaluations , which are tIme best estimates avai labie , we m i may comic lude t h at  time
dangers from exposure to extraterr estrial  radiatiom i at alt i tudes up to 25 kin are very sligh t.

Anal y s i s  of the results of various studies does not imidicate wi th  cer tainty ( fiat  t h ere is amiy reduct iou m imi the
life-span of aur erew. Estimates of the incidence rates of radioleucosis or of radioc anicer need fu r the r  consi deratioti ,
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INTR ODUCTION

The discovery of electromagnetism dates back to the last century with the work of Harvey . He lmho ltz  ,und
Thomson. Faraday, and then Maxwell , formulated the theory of the electromagnetic field , a theory which was
verified for the first time by Hertz. Subsequently, Tesla , Branly,  Lod ge and Popov succeeded in transmitt ing signals
from a distance. Finally, with Marconi , radio became a reality.

The first remote detection experiments began in 1 904 . The first practical achievements did not , however .
materiahise unti l  1937 at Le Bourget aerodrome , although Tesla hiad described radar , but without using this word ,
in 19 17 .

Radar , as we k now it today , was developed durim ~g the last World War , arid its use has since undergone an almost
exponential  expansion. Restricted ini t ia l ly  to mil i ta ry  applications , it has become generahised to the point of being
used everywhere : the police use it to measure the speed at which cars are travelling, it gives warning of the approach
of intruders etc. Soon , it will be employed in an a t tempt  to avoid car accidents. At the same time , its uses have
become many and varied and the number of i ts  applications in industry,  medicine , and even in cooking, is m o u n t i n g
dail y.

The existcncc of such generators of electromagnet ic  radiation poses the question of their  effect on hiving beings ,
and of the presence of possible dange rs. The numerous studies earned out in this field have increased our knowledge
of such radiation and its biological e ffects. Such knowledge is , however , still insuff icient , partic umlar l y since it gives
us a glimpse of the possible ways in which it may be used on hiving mat te r , possibilities which will certainly make
for  considerable progress both in the fundamenta l  unders tanding of vital  mechanisms and the therapeutic t rea tment
of many  diseases.

An attempt will be made to indicate  the present state of knowledge in this field by reviewing some of the
essential physical amid technical facts , and then stating what  is known about the biological effects of this type of
radiat ion.

(‘onside ration of the pathological disorders found in human beings will lead to a discussion of safety standards
and occupational medicine. Finally,  the authors will try to indicate the results which may be expected from the
developments in current research.

I .  BACKGROUND

The earliest studies can be traced back to those of Arsonva lilS at the end of the last c eum t u r y .  Subsequently.
certain researchers , generally working alone , such as Lakhovsky u l 7  or Van Everdingen it $ .~~9 continued this research.
In terest in the biological effects of electromagnetic radiation then moved firs t of all westward s to the USA and then
eastwards to t h e  u SSR. Research was no longer undertaken by individuals but coordinated wi th in  major programmes.

The most well known of these is the Tn-Service Programme ’ of the Minist ry of Defence in the USA , of which
Dr Knauf of the USAF was the Director from 195 6 to 1960. For the fi rs t time a methodical att empt was t imade to
explore a field which was even then proving to be of great importance.

The views and stat ement s contained in thf s text  are those of the authors and cann of be regarded as reflecting the opi n ion s of the
Mi nistry of Defence (F) or of the Navy Departmeni (USA).
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Roundabout the same t ime , a number  of laboratories in the U S SR I2O . i a m  also turned the i r  at t en t ion  to this
research work wider the direction chiefly of academician Pr esmnan au id Madanie Gordon.

About 1960 the conclusions of these two programmes showed serious disagreement between the Amer i cau i  and
the Russian results and this was mainl y reflected in the safety standards of the two countries.

Later on , there was a general waning of interest , leading to the almost complete abandonment  of research in
the U SA . while severa l laboratories in the Soviet Union turned to other fields , such as parapsychology.

An investigatio n into the biological effects of the radiation from radio waves was then begur ’. in France
(CERMA ~ for the French Air Force , followed by CERB 6’38 for the Fre n ch Navy),  and late r on , i n other countries.
In 1970 NATO decided to draw up its own safety standards. The American Government ’22 launched a new research
prog ramme which this time covered not only milita ry personnel but also involved a number of civil administrations.
The World Health Orga n isatiou i became aware of the biological importance of such radiation and organised a large
Symposium in Warsaw in 1973 (Ref.3). The European Economic Community decided to provide itself with legisla-
tion in this field. In short , electromagnetic radiation was arousing general interest.

2. PHYSICAL REVIEW

Electromagnetic radiation has been studied for some time. It is known empiricall y by everyo ne , th e prototy pe
being in fact light. Without going into too many details which would be unnecessary for biologists and doctors, a
descri ption of electromagnetic radiation must be given , followed b y a statement of a number of parameters which
make it possible to characterise it. After studying its constitution , it is proposed to review the descriptive parameters ,
which may be divided into thre e categories: frequency, modulation and power.

It is essential firs t of all to exclude ultrasound from our study. This is constituted by pressure waves and not
by electro magnetic waves , bu t a great many people do not appreciate this difference. Electromagnetic waves are so
called beca use they are composed of an electric field E and a magnetic field H , in phase , which are at right angles
to one another and to the direction of propagation (see Figure I) . These fields vary according to the same sinusoidal
law: they are t herefore constantly in phase. Their resultant is Poynting ’s vector. The frequency according to which
their amplitude varies is the natural  frequency (or carrier frequency in ce rtain cases), and is related to the wavelength
by the following relationship:

X = 
~~~~

- ( I )

c being the speed of ligh t in the medium under consideration. These fields can be classified within the electromagnetic
spect rum by frequency or wavelength. The waves used in radar do not differ in nature from visible light , u ltr aviolet
rays etc. The electromagnetic spectrum (see Figure 2) is continuous , from the very long waves with waveleng ths
of m ore tha n a thousand met res and a freq u ency of a few her tz , to t Im e gamm a radiation , the freque ncy of which is
as much as 1024 Hz for a wavelength of less than l0~’~ cm. This spectni m is rough ly divided into two parts: ionising
radiation and no n ionising radiation.

honisiu m g radiation has a wavelength which is less than that of visible light and its frequency is therefore higher.
Its energy , established according to Einstein ’s relationship

W hv (2)

(h being Planck ’s constant = 6.6252 x l0~~ J .s . and v being the frequency ), is high (see Table I) . It  is assumed
at the present time that the boundary between ionising radiation and uion ionisi n g radiation corresponds to an energy
of 13.6 eV , or a wavelength of approximately 0.1 micron situated in the far ultraviolet.

On the other hand , the radiation which concerns us here has a wavelength which is hig her tha n that  of
visible light and a lower frequency : its energ y (see Table I)  is there fo re insuf f ic ien t  for it to h iave any direct  ion ising
effect. However, such radiation often p roduces a phenomenon whic h baft les or causes soune concerm i to those who
witness i t :  fluorescent h i g h t ing  tubes or neon lamps light up when irradiated by radar radiat ion.  The electr ic field
whic h is a const i tuent  of the radiation concerned is in t h is case suff icient  to accelerate the free ions in the gas
contained in the tube: as the gas pressure is suff ic ient ly  low their f ree  path is large enough to enable these ions,
when they meet o ther  atoms , to ionise the ni  by impact.  This property mu iakes it possible in certain cases to us .’ a
neon tube as a detector , the electric field must  be fair ly intense , that is , the l ighting up threshold will be d i f fe ren t
for a continuous or a pulse d radiation.

In the non ionis ing part of the electromagnetic spectruni , t h e ul t raviolet , visibl e and infrared radiation does not
conce rn us. It should be noted in passing that the exactly similar nature of the infrared radiation and the radio
radiation has been confirmed experimentally. The radio section of the spectr u u i has been divided into several
freque ncy range s (see F igure 3). In practice only the three higher ranges are used in radar. It is geuierah ly assumed
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th at the nri icno w ave frequet icies ,ur e between 300 mn vg ah er t i .  and 300 gigahert z .  a rauige which is divided in to  several
hands ~k ’noted by the le t t e r s  P . L. S . etc. Two special f requenc ie s  have been assigned by iu i t e r u ia t iona l  agreement to
industr ial . comune r cua l , mn edi cal  e tc . ,  app fica t ioums ~ 935 MU , (32  cml  and 2450 MU , 12,5 cm) .

‘r echnm ca l progre ss and uuu cre as ed c omu n uu imca t i o u i s  requi rements  have led to ar m incre a se in frequencies. In fact
the higher a f r e q u e n c ~ the greater t h e  de ui s i ty  of ’ inf ’or tn at iomi which it can carry. The trami smission of speech and
ml lUS i c  r equire s a h igher  frequency  tb ia u i  the  t n au i su mi is s io m i of morse signals  ( t e legraphy) ;  te levi s ion is even m ore
e\ae t iumg.  At present, the use of satellites for iu it ercont in enta l  communication makes use of t’requeu m cies which were
fo rmerly employ ed onl y for radar.

‘I’hie choice of such h igh f r cqueuic i e s  f or  radar is the r e sul t  of a cou i i pro uru i s c :  high f requencies  give a be t t e r
rcf l e~ t i ou m from obstacles , t h e  shorter the wave length , the sniallcr will  he the obstacles which can be seen by the
radiatio n. F in a hl ~ the higher the freq u enc y .  the smaller  the equipment .  On the other hauid , the higher frequencies
are absorbed to a greater ex t en t  by water  (au n bieu t t  humidi ty ,  rain) ,  and f ’ina l ly ,  they are more diff icul t  to produce.
since the equipn ie nt is more couui p ht ’x arid more fragi le .

Thie use of this radiat ion in con vent ional  radars will  require a special modu la t ion .  Radar  is used to “see”
oh st , iLIes  whi ch are sour ie t im e s  su tua ted  a long way off. This requires the use of a power fu l  t r ansmi t t e r  which supplies
signals to a large an tenna  in order to cou ’u c en t r ate  the radiat io n in as small a beam as possible. The wave t ransmit ted
wi l l  be reflected from an obstacl e which is pract ical ly never a mirror , and which ss il l  therefore send back the energy
in all d i rect i ons.  Only a very small fractio n of the power t ransmi t ted  will return to the observer. I t  must  therefore
he collected b~ means of a high gain a n t e n u m a , which is therefore very large , ar id fed into a very sensitive receiver.
It  is rarely po ssihl~ to have two large an t ennas  close to each other , and the simultaneous func t ion ing  of a very
powerful  t r ans u i i i t t e r  amid a very sensi t ive receiver leads to the immedia te  des t ruct ion of the receiver. This d i f f i cu l t y
has been surmounted  by using the samuie an t enna  for  both units. The transmit ter  fuumcti ons for a short period
producing .i pu l se . whi le  the receiver is “bl ind” , then the t ransmi t te r  is stopped while the reciever comes in to  opera-
t io ul . Thus radiation is kn own as pulse unoduha ted  (see Figure 4). Time term pulsed wave (PW ) is also used as
compared w i t h  cont inuous  waves (CW) ,  such as those used in furnaces. With pulse modulat ion the carrier frequency
is t r ansmi t t ed  only dur ing  periods of approximately  one microsecond , separated by periods approximately 1 ,000
times longer. It  is therefore important to know the du ra t i on  of a pulse and the period or frequency of repetition
(PRF:  pulse r epet i t io n f requency ) .  In standard radars the pulse durat ion is generally between 0.1 and 5 mnicro-
seco nds , and the PRF between 100 and 10.000 H z .  These two parameters def ’ine t im e usefu l range, the bl ind distance
.iii d the resolving power in the axis. In addit ion there must  be a third concept: the frequency of scanning. The
aerial in ta ~.t moves in order to allow the beam to scan a certain area in space. The movement is generally a rotatory
on e ,  or son ieti nui es an osci l la t ing one , and, except for certaiu i radars used for artil le ry or for missile guidance , the bt am
does u n ot r e r u ia in fixed in a rmy  oul e direct ion.

Two new techniques are changing this  s i tuat ion.  More and more use is being made of aerials with out-of-phase
electronic scanning. In this case the aerial is fixed and onl y the beam moves with much greater speed. There is
however one du s ad % aui tage  for the personnel: It is impossible when looking at the aerial to tell in which direction
the beau n is pointiu ig. The second technique affects the pulses. These are much longer , their  PRF is lower and they
are processed when received in order to plot the info rmation which they contain:  this is the pulse compression
method.

Pulse nmo du lat ion added to the carrier frequency makes it difficult to determine the eum er gy carried by the beam ,
and is l ikely  to give rise to some ambigui ty .  For the engineer the most important  factor is the power t ransmi t ted .
For the doctor it is the power received by the subject. At the transmitter level the simplest case is that of (‘W trans-
mission: the power of the apparatus can be determined by calculation and measurement.  In the case of pulsed
radiation (see Figure 5) a distinction must  be made between mean power (Pm ) a nd peak power 

~~~ 
. The first

corresponds to the energy liberated per uni t  t ime , e.g., one second. The power wil l  not however be unifo rmly distri-
buted in this  second but will be condensed into  the few microseconds making up the total dura t ion  of the pulses.
It is theretor  necessa ry to define peak power as corresponding to the max imum power at a given ins tant , arid there-
tore at the top of the pulse, and mean power which can be calculated as follows:

= Pc X T X N  ( 3)

(r being the pulse duraction and N , the PRF ). In the case of (‘W radiation , these are identical. For pulsed radia-
tion. pea k powers of several megawatts are commonly achieved, with mean powers of several kilowatts.

When the radiation is transmitted in a free space , it ca rries energy . At a given point in Space it is possible to
measure or to calculate the quanti ty of energy present. The power density is then defined at this spot , expressed in
W/m 2 or more commonly mW/cm 2 . Here again it must  be stated whether this is peak power density or mean power
density. This power density can be calculated by the following equation:

P x G
d = (4)r’ 4,rR 2
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P being the po sser ( peak or mean as appropriate) in wa t t s . G the aerial gain , R the distance as compared wi th
tIme aerial m i  meters . dp being expressed in W/m 2 .

It  would soniet i nu ie s  be p re f e rab le  to determine the power ac tua l ly  absorbed by the  subject in W or niW
per grain . This is t im i i or tu i ia t c i y  not always practicable,  even in the laboratory, and it is of ten necessary to be cot it eu r t
wi th  me ast mri n ig ti me incident  power d e m i s n t y .

We must  now consider ~ lia t  becomes of the radiat ion when it has l e f t  the aerial .  There is a general tendency
to consider it is a more or less conical projector beam with  i ts  apex on tIme aer ia l .  Th is is true but  only from a
cer ta in  d i s t ance .  lii  time v i c m n m n t y  of the aerial  the s i tua t ion  is more complex.

.~ erua ls are chara cteri sed by t h eir radiat ion pa t t e rn  which describes t ime sh ape of the field im i the v i c in i ty  of time
aerial .  I b i s  p a t t e ru m shows the exis t ence of side and rear lobes (see F igure ~) imi whi i eh  the power densi ty may be
con sid erable.  fhi i s  therefore e x p l a i u i s  winy perso m m ne I can be irradiated wi thou t  a c t u a l ly  being in the centre line of the
beam , and even ~s hen they  are beh iu r d time aerial.

In time cen itre Inure  itself , the wave is ac tua l ly  form ed with  phase agreement between its cons t i t uent  fields only
b ev on d  a cer t a i u i  d is tance.  Ph ysicists do in t a c t  d is t iu ig u ish three zones (see Figure 7):

i i  The Fresnel zone w u t lu m n  a l i m i t  equal to . D being the largest dimension of the aerial and A being
4X

t u e  w~ve h eng t h :
D2 D2

( b )  an in t e rmedia te  zone between — and
4X A

02
( e )  the Fraunhofer  zone beyond —

To these l imi t s  must be added the Rayleig h distance: this is the distance for which the paths followed by two
ra~ s. one from the centre of the source and the other from the periphery , do not differ by more thaum A14 . This
distance is approximate ly  equal to D2 / 2 A . I t therefore l ies in the in te rm ediate zone. According to the au thors  the
region in which the field is constituted , known as the fac field , begins cithe~ at the Rayheigi’m distance or at the
Fra umihofer zone. In the region closer to the aerial , or the near i~eld , it becomes very diff icul t  to determine accurately
time value of th i e power densi ty .  Table II shows that this can sometimes comp licate the work of the person responsible
for m aki tm g this  de terminat ion .

Once it arrives in the far field the radia t iomi will propagate itself in space. As the beam is not cylindrical , the
power density per uni t  arez’. will decrease with the square of the distance (see Equation (4) ) . It will in addition
undergo a t tenuat i on  which depends on the transpar ency of the medium at the frequency involved: this transparency
decreases in relation to the increase in frequency, and par t icular ly  in relation to the water content  of the atniosphere .
at least at high frequencies. Sea water constitutes a special case which explains the need for techniques other than
radar f ’or submarine  detectiou m : a coefficient of at tenuat ion of 40 dB (that  is l0~ ) per metre is assumed.

Final ly  the radiat ion reaches the obstacle. It then divides into two: one part is reflected and forms the radar
echo , the other p ene t ra tes  the obstacle, There then emerges a major difference between the engineers and the
biologists and doctors. The former are interested in the echo and the lat ter  in the energy which penetrates the
obstac le , at least when this obstacle is a l iving being, esse n tiall y a human  b einig.

The fraction of the radiatiou m which pem ietrates the mater ia l  depends on the coefficient of reflection (see
Figure 8) of time interface:

I = 10 ( I — R ) . ( 5 )

‘I ’hms coefficient of reflection depends on the electrical and magnet ic properties of the materia l  at the frequenc~in question (See Figure 9), as does also t u e  coefficient of a t tenuat ion  of the radi at ion beimmg propagated in this  mater ia l ;
a depth of penetration d is therefore defined , the distance for whic h the power density is divided by e (base of
the neperian logarithms). The power density at a distance x is given by:

-
~ x e (XR~

) 
. (6)

The pen etration depth (see Figure 10) decreases very rapidly when the frequemicy increases: for examp le . i i i  the
blood it increases from 0.78 cm at 3 GUi to 0 .15cm at 10GHz.

‘ro ~~~ tide th is  chiapte r nienti omi must be made of a risk whi ch is not associated with microw ave radiation ,
For the production of wav es , the tubes used require high electrical voltages. Account must  therefore he taken of (he
possible production of X-rays at certain points. Generators us ing semiconductors ( G unin i , ln i p a t t  diodes . etc.) do
not present the same risks but are much less powerful.
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3. BIOLOGICAL EFFECT S OF MICROWAVE RA I)I AT I ON

I lie m a in  in , u r ac t e rn s t t c  of the e lec t romagne t ic  w av e s  used in radar ms t h at they  are reflected from obstacles. It
has been seemi pr evmo u sls  t h a t  on ly  a f r a v t i o n  of time radiat ion was reflected , and t h a t  the r cmamnder  penet ra ted  the
mater ia l  comicerned. I’he presence of t h us r a dia t ioni  inside h ivim i g material  can be of in te res t  to biologists onl y to the
e x t e n t  to which there us any i u i t e r f c r e n c e  between the field and time vi ta l  mechanisms.

l im e numerous works devoted to t h is problem thiroughout  the world have shown tha t  such interference does in
fact ex i s t .  l i osse ver .  a con trovers y s t i l l  reigns i n regard to t ime mechanisms involved ,

The re sults ob ta i n ed iii the I S A  from the Tri ’Servic e Programm& ’2 exan imi ned the ef fec ts  on h i vmng orgau mi sm s
of the heat gi veu m o f f  in situ by microwave radiation.  These heat effects are the most obvious ones: one li: i ,  only
to put  uric ’s hand in t’romi t of a hj rn  which is emit t ing a radiation of a few wat t s  to feel tha t  it exists. l ) urmng the
Sant e period the work carried out in time USSR i20 , m2 m showed the existence of other e f f e c t s . not apparent ly  due to the
l ib e r a t ion  of he at For more than h O  years  th m ere has been general disagreemnent over the existence or otherwise  of
t hese l a t t e r  e t f e c i s . ss imich have b ee n i described as “specific ” or “non thermal ” . We shall re turn  to these two types
of hnul ogi cal  effects  ha t e r  on . but have t r ied to show here that the controversy f requent ly  arose tro mn inadequate
under stan i d in ig  of the i~lne n onm i ena involved.  An analysis  has been made of about l i f t y  articles from various sources
reporting ex p er i m e n t a l  results  and arr iving at the conclusion e i ther  that effects of a non thermal or ig in do exist or
tha t  there are no such ef ’feet s. They have been plotted on a diagram (see Figure 1 1 )  iii relatio n i to the in i c ident
power d ens i t y  amid the durat ion of the irradiat ion.  I .ach result is accompanied by a sign ( + )  or (— ) .  accordi n g to
ssh ether  t ine  co mi clusiou m referred to the exis tence ( f )  or the non existence (—) of non the rma l  e f f ec t s . ari d by its
ref erence um u m ber  itt the Bibliography

It would appear from the results t h at the (— ) signs are grouped in tIme upper I ef thand quadrant , corresponding
to hiu ghi power densi t ies  anid short periods of i r radiat ion.  Inversely ,  time (+ ( signs are to be found in the lower right-
han d quadrant , correspom iding to low power densities amid long periods of i r radia t ion.  Only six articles appear in the
lower lef thand quadrant , where low power densities are associated with short pulse widths.

The boundaries betweeni the fou r quadrants  are obviously impom. sib le to determine accurately.  Th ey can ,
however , be est imated at 21) nm W/ cm 2 for the power densities and at 24 hours for irradiation periods , such nu m erical
values being taken nmereh y for purposes of i l lustrat ion.

One conclusion is clear: the two types  of articles do not ta lk  about the sanie thing;  the existence of the contro-
versy to which reference was made above is then inevi table , but  to no purpose. It is d i f f icul t  to exp lain the dis-
pa r i t y  between the two sets of results. Four assumptions are possible :

there is a nme cessa ry min imum irradiation period for non thermal effects to appear , irrespective of the
incide nt power density.  In such case, at high power densities the thermal overload to which the experi-
um iental animal  is subjected would prohibit  the extenision of the i r radia t ion period for a suff icient  t ime:

the ti m e at which non thermal effects appear is dependenit  on the power density. In this second case.
the existence of an appreciable thermal  effect would hide the non thermal effects which would th eni be
prevented fro m develop ing;

the non thermal effects exist only at power densities below a l imi t ing value. Above this value , the
mechanisms would be inhibi ted and the ef fec t  would no longer appear ;

non thermal ef fec ts  use d i f fe rent  mechanisms , the acute effects in tIme lower lefthauid quadrani t  being
different  from the chronic ef fec ts  in the lower r ighthand quadrant.

As a general rule, the usual terminology describing the biological effects due to microwave radiation as
“the rmal” . “non thermal” or “specif ic” wou ld not appea r to have other than a practical advantage , in this sense.
one of the conclusions of the Symposium held in Warsaw by the Worl d Health Organisation 3 seems of considerable
interest .  it distinguishes three power density ranges: a high range more than hO mW/cm 2 ; a low range - less
than I mW cm 2 , and an intermediate range — between I and 10 mW/cm 2 . On the diagram in Figure I I , the upper
le ithand quadra nt would correspond to the firs t range , with the boundary then being sligh tly under about 20 mW/cm 2 .
The lower half would correspond to the other two ranges since the boundary bet ween the intermediate range and the
lower range cannot he shown in the diagram.

It  is also essential to define precisely the meaning given to the adjectives “ thermal ” and “non thermal ” , if it is
desired to continue using t hem. A practical definition is to at t r ibute  the word “t hermal” to any effect which is
reproducible by a means other than microwave radiation , the word “non thermal” th en bei ng reserved for eff ects
not reproducible in this way. Many other definitions are , however , possible.

I n sp ite of the cr i t ica l  comments  just made about these words, we shall continue to use them in this Paper
beca use they are in general use .
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4. E XP E R I~ 1FNJ ’AL TH F R ~ 1. ~ F I F F I’l ( ’TS

..\ siu d ~ wil l  now he made of the ex pe r i n inen t a l  biological e f f e c t s  for which t ime release of he a t  in t h e  t i ssue s
would appear to he t Im e me chau m isni  tlm rougli which rad ia t i o n  act s .

I lie sc r y  maum y ss orks  fevoted to th i s  t y p e  of e f f e c t  have shown the i m n i p o r f a n i c e  of t i n e  f requeu ic v  time hig h er
frequencies  are absorbed iii t h e  f i r s t  f e v ~ m i l l i m e t r e s . m a in i i y  through ti m e sk i n , wh i l e  t ime lower frequen cies penetrate
more deeply . •~ i t e r  p e n i e f r a t m n m g  t u e  tissues , the e lec t romagnet ic  energy mO 2 , iO.i is comi serted in to  theruima l  energy by
means of two u n i e c f i a i i i s n i i s :  ion co u id u c tm o nm , and p r n i i n a r u l y  . e x c i t a t i o n  of tIme d i e lec t r i c  r e laxa t ion  of cer ta inm molecules .
par t icu la r l y  ss atc r  molecules .

This conversion to the ri mi a l  em l erg y m a y  occur e i t h c r  in t ine orgaumis m as a ‘.s hole,  d u r i n g general i r r ad ia t ion ,  or
in ~e r t a m n i  viscera d n m r i m m g  locahised irradi af ~on . Gemmeral i r r a d i a t io n 53 at h iig i m power d en s i t i e s , leads to t u e  death of the
an i mn na l  t h rough h y p e r t h m e r m u u i a .  TIme cent ra l  t enmpera tu r t  rises amid m a y  become tempora r i l y stable as l oumg as the
t h e r t n o fy t n e  m e c i i a m n n s n n n s  have trot been exceeded; when t h ese nm ec l i ami i s n m m s y ie ld . t In e t e m p e r a t u r e  again beg ins to rise
un t i l  it reaches a lethal  value ,  If tire q ua u mt i ty  of emicr g~ is too h igh at time s’cry heg in m n i ng ,  t im ere is nio s t a h i l i s a t n o n
penod ari d time in te rna l  temm iperature  rises un t i l  t 1 ie an imal  dies , or r a tbmer.  u u m t i h  the g a n n n  an id loss of heat are in
equ i lu b numi i : tIn s aum i ount s  to a kimid of “cookiru g” of time anit im a l . il ype r t h er mia  caused in this way is accompanied
hs various phenomenma such as s a l i v a t i o n , behavio u r i u m d i c . i m i n i ~z a desire to escape , convuls ions  etc.

ocalised irradiation of the head 25 may produce similar  i n a u i i i e s t a t i o n i s .  Time head is iii fact an organ wh i cbm is
ver y  sensitive to any increase in temperature. Other organis are also par t icular l y sens i t ive ,  for example  th i e t es t ic les 2

~ ,
ssiii cl i  niiay ex h ibi t  all th e stages of a le sio n up to the p o iui t  of bu r n ing, a f t e r  exposure to hig h power d en s i t i e s .

The exposure of pregnant  f’emales 66 i i i  a power dens i t y  of more t hi a ui  100 mW/ cm 2 nnn . i y  head to the occu rrence
of ’ foetal mal fonnat ions of various types .

In the case of lower power densi t ies , the an ima l  reacts to time e x t r a  heat by immure or less prolonged disorders
of i ts  cardiovascular amid respiratory paramet ers

At the skin i level au ana i ep t i e  e f f e c t 2 hias been des~r ihed iii a um an imal  wh ich ssas i r rad ia ted ,  whi le  unde r  an
anaesthetic , ~ it im a hi gh frequency r a dn . i t non  I h O  GUi )  amid a power dens i ty  of 200 niiW ,/ cm 2 : the skin ten mpera ture
w.is es t imated  to be ~~ t ’ . a t e nmi perature  which was ~m n f f i e i e u m t  to cause sen sations pa in f u l enough to aw aken  the
anin m al.

I r radiat ion of the eye has been studied by mium erou s resear cfi ers~~. Because of i ts l a u mme hi ar  st ruc tu re  and its
type of s ’ascu l armsat i onm . the leums of the eye is part icularly seun s i t ive  to im eat .  A n u m b e r  of pape ’s have  been wr i t t en
examin imig th i’ fo rma t ion  of cataracts  fol lowing irradi ation , depending upon time f requennc y amid t ine perio d of expo sure .
Loca lisation of the lesiomms appears to he related to tim e f re quen cy.  becoming lui creasingly anter ior  is t ir e frequency
increases.  The existence of a power density threshold has riot beeni clearl y established, nor that  of m n n y  c u m u l a t i v e
ef fect.

The conimon char acter is t ics  of all these studies is t ha t  they use I mig h power densi t ies  and are related to t h e  m ean
power d e n s i t y .  They are too numerous to permit an ana lys is  of t imem all , and tire reader is ref ’erred for t ’ur t i ie r
details to the almost exhaustive reviews which are asai lable.

5. EXPERIMENTAL NON THERMAL EFFECTS

Thm ~ type of biological effect is surrounded by a munch greater degree of mystery thau i  the  p r ec ed ing  type.  It
us also the more interesting oh’ the two types. We have seen that  it was responsib le for an in t e rna t ion i a l  conitrovers y
which has not yet  been resolved. It  raise s in fact several qu mest iomis.  The first  of tiiesc relates to  time ex is t e ume e of
such e ffects: Is microwave radiation responsible, or not, [or biol ogical e f f e c t s  in a ranm ge of power de nsities fo r
which there u s only a very smal l I mb er a t ioni  of h eat ” As f , i r  as the a uthors are comicerned , their ownm ex perit mi enta l
results lead t hem to rep ly in the a ffi m’mat ive ’3”~~. N e x t  come quest iouns abou t the na tu re  of ’ these biolog ical e f fec t s
and the nature  of the mechanism or mechanisms through which stidi e ffects are caused by electromagnetic  radiation.
These ar e qu i es t n oui s  for which it is ve ry d i f f icul t  to f ’ind an ins~~er both because of the very large n m un m ber  amid the
diversity of the e t tec ts  descr ibed , and bec au i ’w of th e lack of theo r etical and e’x perimn e nta l  d a ta .  At the present time ,
and with very few exceptions , it is merel y possible to l’or nmu l at e  a ssul t i ipt ion s .

Some of these effects  have been ctudmed fro m th e hioph ysica l ang l e ’23 and their t mi ech .m m mi sn m is at least parti a lly
known: e.g. the phenomenon ot th e strings of pearls , the o r i en t a t ion  of asy m metr ica l  s t ruc tures  amid tIm e electro .
ma gnet ic  pump.

W hen i subj ected to a s u f t u c m e m i t l y i ntense el e c tromag n n m t mc field in a fluid medium . stimall size p ar t ic i t ’s . of the
order of a few muni crons , tur i n themselves in th e med ium i n t o  f a i r l y  lomig hi nies.  l i n u s  p tm etio m en omm h a s  been stu died
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iii time c.use 01 po ly ’ st y  rene or sn l ic o iie p art icles . baeter i ;n amid e ry thr ocy tes . ‘l ’ine theory whic i n  exp lains  th is  phenounne no n i
is based on mm m terac tuon he t s~u’eni t ine field and the e lec t r ica l  dipole s amid is iii good agreement wi t f i  e x p e r i m e n t a l
I ‘i rid in igs .

It  t he  par t ic les  are a s v n m m n n e t r i e , , l , t ln e m r  m aj or  axis is o r i c m u t e t ‘along time field. Tii~ ~le~ t r i c  field requ ir ed is
u u , ’ , iks ’r t h n a m n  for t h e  s t r i n n g s  of pearls .  This o m i u ’n , l a t i o u i  is p robab l y ’  dine to ion cni r r e n m t s  ind u ced in the nmedi un m.

F ina l l y . us i i e i i  a field us .ippi ied hs’tw een i two non par ;uilel  him ne :m r  electrod es, a pump phei m ot n ienon occu rs m i d
t ine  p a r t Ic les  are expelled th roug h  tine na r rowes t  ennui .  In th u s case tIne  ph enomcnonn i r i s es  f rom in i r o n i noge nen t i e s  in
tire f i e ld ,

lii t h e  three c,ises quoted, obta ined iii v i t r o , it was possibl e to fo rmula te  a new theory , or to adapt  an a l r e a dy
c \ i s m l nng thi cor y m~ exp la in  time phme no nmv ’u m a . I i r s  is u n i f o r t u n i a t c l v  not so m m  t ine  case of the fo l lowing  s’\ a m n  p ies curt —
t a in n imi g  t ine r e s u l t s  of ex p ernu i i e i i t s  on an an in ia l ;  c o n t r , , u f i c t i o n s  are f r equen t l y  found b etween the ex p e r in ieni t a l  f ac t s
,n u m d the . i s s uimiie d t ineor y .

..\ ver y large number  of b i m m l m n z i c , i l  c t R ’e i s  are founid in an a n inn ia l  exposed to how p ss’er d en s i t i e s . centra l ly  less
t i m u ni I t ) or even I imm\ t  cnn 2 . I t  is impo s s ib le  to descr ibe t h em ~u hl in de fa i i , and g e m m er: i l  r ev iews  or books wb nich do
describe them are already ’ avai lable .  h u e  discussion here wil l be conf i t ied to a lew ex a in ip i es . a  par t icular  a t t e m p t
li .,s ing been u im a de to cinoose tho se for whic im t h ere is ai m e ’x p h a n a t o r y  :us s iun n i p t i on , wire t i n e r  true or f ’als~ .

Onuc of the most ~u e I l  know ii c sa ummp l c s  is time t :m c t  t h a t  it i~ p u ) ssib lL ’ to ‘he,i r ’ ce r t a i n  radars 49 . Wi t h  his head
in l ine  us tI m the he. ,m a ‘ci b pc5 I per ce i s L’ S a soun d the  f r e q u e n c y  of w h i c h  co rnes po n ids  io t ine PRF . rhere are t w o
opposite theories in regard to this  p i i enom en on .

ti me earlier theory ’24 us based oum direct action of th~ radiat ion on the cor tex ,  producing an exci ta t ion
01 the umeu r nn ~ in the temporal  reg : ui  which react  b y perceiving .m sound.  I b i s  th eory is su ippor i e d  by
cer ta i n  arg unm cnt s .  e i th er exper i m ei i t .u i  ones , such as the f a c t  tha t  pe r ce p t uo u l  d isapp ea r s  if time temporal
region is m i m .i sked but  not if the m ask is m i  f ront of the ear , i r r ad ia t io n  being iatera l . or t h eoretical argun ic ’imts.
by de te r u nm m nung  time peak power d e n s i t y ’  th resh olds at  vari m u ’  freque n cies anmd c a l c u l a t i n g  Ibi a t  ti m e v a lues
become equal  at t u e  cor tex:

tine nmm m re rec e imt theory 129 exp l a i nus  the phmenomenon by t l ne r m a l  e x p a n sion of the end o ty n ipim c .,u sed by
each Pulse , the  expansion th us produced hL ’iui g capabl e of e.x e u i i n g  the  eochieu and the r e fo re  r e s u l t i n g  in
the percept ion of a sound.

In the aut h or ’s vie w time f o l l o w i n g  e x p e r i u i i e u i t  suggested b y Frey b ur t .  so far as is kumown .  ur o t  y et  e . i r r i 5 ’d out.
ma y  provide a nmeans of deciding w h e t h er to adopt one or oth er of these th eories . Time e x p e r i t n e n t  consists in
c r e a t i n g  in :i nr im na i s  a reflex cond i t i one d  to th is sou nd , and then  making them deaf by destroying time cochlea or
ses tuon  of t ine  8th pair:  if the an immal  reacts to tIme s t imulus , this can be only .is a result of d i r e c t  :n cti o nm ott the
c i i t e \  If there is no nc ’ .i ct ion , the action takes place at the level of the itmr i ’ , r  car , A l t h ough app a r en i t ly  siniple this
cx p e r u tu i e m i t  is in t act  a com pl icated one to pert  m r:

A series of s lu shies of (‘anadian orn g i nm m2’i ~i2S is inves t iga t ing  time L’ f f c c t  of t l i i v r ow av es  on birds m m  f l i ght (parakee ts )
and on t h e  ground l i n e n s ) .  A nu t u ibe r  of disorders h ave resulted r e l a t ing  m a i n l y  to b ehaviour ,  um eu r o—muscular
f u n c t i o m m u n g  .,nd balance ,  It  appe .Irs from these s t u d i e s  t h at f e a t h ers be h ave like hig h ly sensi t ive wave de tec to r s .
The h ,ird . which is capable ~f detecting scm’s weak electroma gnetic  fields . apparen t ly  reacts abnormal l y  to time . n m n i f ic ia l
f ield to which it  is s u b ~ec ted , a i i e i f whose i m i t e n s i t y  . a l though  low , is hig irer t im1u i i  t im at  of tIme u ia t u r :ul  fie lds found
urn na ture .

In another  s t u d y  ‘~~~. , n g . nin  concerned w i t h  hens , i r r : u f i . , tmon  wi th  a power de n s i t y  of I mW ’ cm 2 produced a
d i s t i nc t  Increase nn t h e  rm uu n b i ’ r of eggs l a n d .  Tin s increase iii l ay ing  was how ever  :mcc o i n u paui ie d  by a dou bling of th e
m o r t a l i t y  r at e ,

The s’ e u m f r a i  imervunuc  system (CNS I is an organ wimich is part i c u u l a ry  sens i t ive  to microwave  rad ia t io n  amid i t  would
he j  dif ’f i eu lt  task t m  coun t  the number  of studies whic h have heeim de vot e , )  no this  th roug h ou it  t i re  world , in spite
of sern oui s  mct in odo l ogic at  d n t t n c u h t i c ’ , F o r  example , it is impo s s ib le ,  for  t h eoretical reasons , to place electroenceph alo-
gram recording electrodes on an an imal  which is h eiu ig i r radia ted:  the  umm e tal  fu c ,uss ’s the electronnagne t ic t ’icl d and
the la t t e r  may reach very hig h values w lmnch are p r a c t u c a l l s  impossib le to det ermine but  winic im are very much hig h er
than  the inc ident  field.

The a u f h m m r s M irradiate  animals but  . i tt ach the electrodes only m i t e r  comp let ion  of fl i t  period of ir radi , i t io mi .
They have shown the exis tence of serious disorders , of tIme p a r o x y s f u c  ou tbu r s t  type , wi th  spike s and spike waves,
These disorders , fou nd with a pulsed rad iut io u i  of 3 ( Fi z for 5 mnW , ’ . no 3 , oc cuurr ed ag :uinm w i t l m the sante poss en 5ien msi t y
at 2.45 GUi , (‘W , amid for 0.7 n i W ’ cnmi 2 with a pulsed radiation of ~.4 Gu i.



Ses cr , il  a u l h n m m r s  have s h tow nu  c h mamuges  i nn t ire I l G69 recordeu l on sar ious  a m mimal  species for d i )  f e r c n m t  t y p e s  m u f
n rr . al n at n smn. I ’hm e m r iod ui l .u t  ion carried by tire rad n af  mo t n has bee n shim w mu to produce air e l f  cci .  l Ine mi ,  f in  u ,rs t hremsel vm ’s~
have k m u ui d  time I ’RI ’  f ’ronr a f r c quenuc y  ~i u m a l v s u s  of tine I ’ 1G. ‘l ine disorders do not occ u r n i u s u m l a t i o u n  bu t  are
.ucconnpa uried by c h iani ge s in t hu e mum ovenmeunt  of time ca ic m u m  i mu t ime imead 129

The cemitr a l  nier v u is sy s tern  does miot re ,m ct on ly at tire I I t ,  level :  c h a n g e s  ds u i  m m c c u u r  mum t i re  h i ’ iu :m viour  0 )  the
.mn im rral 66 . (‘his us .1 d i )  t i s u l t  field ru t  s tu s fy . Soviet rc sear cher s~ . fol lowing P ;u v l , uv ’s m , ica s . h ave de v u t~d n u m e r l m u u s
w o r k s  to c onmd u t ion ra l  r e f l exes , the occurre urce amid disappe uu ra m ice if w h mic in  are a f f e c t e d  by ’ i r rad ia t ion .

‘hue large n u m n u n h e r  of s t u d i e s  on tire e ffect of unr icrow , uu e r :m dia l i o nr  our f i r e  centra l  niervo ums 55 s t em h a v e  produced
dif f icul t ies , e spec ia l l y  snm u c e  t ime observ ations uu r a de show tire resu l t am i t  of n iumerouns  processes , sever a l  of w lu ic i m nrua y
he dis turbed by t ire  c l ec t ro mr’ u ag n etm c f ield.

One ex’amr mp le ol’ ti tus us provided by time ca rd iov a scular  react ions to i r r ad ia t iom m .  TIne h i t e r a t u r e ui .n mo is rich in
cases sh owing  sa r u a t ions  m r  blood pressure,  cardiac r inyt inni  ~te . It  would appear .  however , f rom thre s e works tha t  t ine
s o u r c e  of such var ia t i o u r s  is the n i e u ro v eg c t a t i ve  s vs t u ’ un i  iii which u the ur lost imp or tani t :uge nr ts  are time heart  .nnd tIme
bloo d vessels . A s previously noted . a pa m urf ’ul s t u i rnu lus  is l iable  to occur i n the perip h eral nervous s y s t cm n r .  Such a risk
does not. h osucu e r , seem to be very gre at  durnu ig  ur radia t io mn over ,u lonmg period several weeks to scu era l  r t n o n mt b ns
if the  p u s  er d e u u s i t y  is low .

It us in u npo s s ib l e  mn th is l i s t  of ex tu np l es  mint to n ren t ion  ,m l su t ire s tudies  show m nmg hormonal 72 , blood 22 , biochemical
L i e ,  changes (‘h umnges in c er ta in i  biological r lu y t h ru r i s 75 h u , m u  e bee n observed , as well as nni tot ic  chaumges 4m

While t h e  m a j o r i t y  f cx p e r i n n e n r t s  are c ou n duc m .’d b y i r rau l ia t ing  tIme whiole of an animal , sonm ie are carried out
on o ther  exp er in i renta l  subje cts . w u n h u  i n t e r e s t i nmg  resuilts .  ‘l In u s W e h b i i ) , 04 has simown the selective absorpt iomm of
cer ta in  very  ii ugh t r equenc ies . r o u n d a b o u t  70 (.1hz . by bacteria. whic h has affected growth.  This work h as been
conhi rtn ed (j un i t e  r e c e n t l y t m 3 m

\s th u s l eu m gt lm y en uuum era t i o u i  sit iws . the  effects of m i c rowave  radia t iomi  vary widely. With  a very few excep t i o u r s .
su,, h e f f e c t s  are f o u n d  orn ly a f te r  long periods of i r r ad i a t i on .  m u most f requent ly  h’or periods of t imore tha r n a week amid
up to several unron thus .

‘V hu , i .ut rvady beens s’aid , it is nm ot easy to give an overall picture. Certaimm facts earn , however. be noted :

First of all , the  dusm u rders  caused by low level n nicrow :mv e s  ire more fu nnet io n r al  than organic , or possibly functional
‘amid their  organic.

Very of tenn . amid the authors have nioted this not onl y in their own work but also in coutnection with other
res u l t s , the  diff ere mn ee between an imals  whic in h ave bee n irradiated amid th ose whie im have umot beemi subjected to radia-
E n o nm is shown o u nl y  by an addit ional  factor:  i r : ad i a t i o u r  a l ters  tire m nma n in u er  in wimieh aum anr imal  reacts to aim e’ste rrn a i
stress or .mge n rt .

i m nal l y , hire e x p e r m n n r e n n t a l  r e s u l t s  are at  t r ib u i ted t ( m the et ’f ’ect of extremely’ hm g lm frequencies (or microwaves on
any  other syn n onrymrn  f .  I’hese ternu is  are gcn ’era h i unre s  amid denrote a grou p of e lec t romagn e t ic  waves whi ch often diffe r
considerably f rom one gru ) tmp to an ot h er. N , iw . it is becon n imig i i u c r e a s in i g l y e e r t a in r  t h at tir e large umumber of effects
found a f t e r  low level i r rad ia t iomi  arc due to sever al d i f feremit  im m e cham i is inrs , sontr e related to the carrier frequency . au i u
ot irers  to mod u lat ioni  etc.

Onrc ui  the  reasons whic ln make  it  so dif ’f i ct ul t to g l u e  u nni over a ll  p ic ture  of t l ne s e  e f f e c t s  probably lies in the
fact tha t  an a t t empt  is being mrnade to p u t  th inugs  whic h  are dif fm .’renmt in to  the same fr aummework.  For t ine purpose of
ca tegoru s i nug  the various types of e f f e c t s . it could be said th at  som ume effects are dine to urm icrowave rad ia t io uu  in general .
or possibly t i  un even wider t r e~ u ux’ n u cy  raurg e , and ennul d be described ins ‘general’ et ’fect s. A s ~commd type , related to
the carrier f requenicy ,  a p p a r e n t l y  occurs mn il y in a tmarrow f r e q u m v n r c y  bau d , amid f i n u m l l y ,  a th ird t ype . wlni eh depends
our nr i odu l atuun , enmuld  be comunbi m med wi t h  t Ine  two previo u s types , resultitig possibly in the occurrenm ce of symiergy or
inh ib i t i o n . This m ethod m l i l l u s t r a t i n g  time e f f e c t s  takes in to  accou nt appare n t opposi n io u ns , for examp le between a
result  obtained wit in  a pulsed wave r a d i a t i u m m r  of 3 G}lz and au m ot h ier  result  ob ta ined  with  a (‘W radi atiomi of 9 GHz.

t h i s  assunne s tha t  tIme v ’mncrgy ca m ied by t in e  e l ec t ro n m i agnmet ic  field Lin es not play a direct  part , as in time ease of
thermal e f f e c t  , buut acts by di s t u r b inm g nu T or i ent imig cL ’r t :u i i vital  mec i nanm is m n r s  m u  a cell. Research in to  time cell amid
uts  m e chan is m n m s has bcg unn m mm l a che nrm m ca l b sis, i’ine ph ys i cal  ,ispect of tb n ese sys tems hn :m s been u nder inivesti gation
for several years , amA bi as shown time u i m r j m m i r t : u m r f  p a r t  p layed by in t race l lu i la r  s t n umcturcs , pa r t icu la r ly  tim e mrmembranes ,
amid b y the electr ical  phenom m nena whmi ch t ake  p lace at th is level.

Muclm st i l l  remains to he discovered , however . i mm th u s field and it is possible that  mechanisms which carry
infor u miat ion f rom cell to cr11 or w i t h i n  the same cell are more senus i t iv e  to ir nterac t iom m w ith e l ectrom ui ag u ue ti c waves
thann is felt  to hc tir e :usv’ it pr e senit .  I ’h is u nr t e rac t  i m fl n ‘ould be nu ia u mi f ’est ed e i t iner  as ~uddi t i omi aI  sou i n m ,h , or ins cxl  r u
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in f o r mat i on r  on top of the inr f ’o rn n at iour  alread y in the s y s t c n n r .  In time ha t te r  case , the carrien frem ~u en r  ‘, s m u t u l d  sen se
m u ) ’, t u m  car r y  th i s  u i u i  , mm n na t ion  to the cells. In the ligh t of present cybernetic knowledge tm32 , t ire q u a n t m t s  of energy
rr ’ , t u i mr ed fo r  stij i u umter t ’ere n mce us conceiva bly  sniall er f h r a m r  mr a direct e f f e c t .

( ) t i t e r  mm t e m n i p t  . tm e x p l . m m n r  t i m c s e  e f f e c t s  are , i ls mm possible , based omm mni umr e con i vem m hnom u a l  theories.  For es ,un rp le .
the co mni p le x i t s  m m f  h u m i l u g nea b s t r uue t um re s  and the resu l t n m i g inh om n ogeu u e i t i e s  in the  el ec trom ,ug ’ict  ic f meld unmay  give ruse
to m n u i c r m  t imer nu mal e f f e c t s  leading to biological d is tur ha mices .

It  is ch e , u r  th ra t  there us ins u uff ic i ent  kumowiedge iii t i n s field and t h at a great du a l  of work ill  r em , mmn s to be done.

fr Ut \IAN PATHOLOGY

It has j uu st b ’  ii s lu mus mm t h a t  mucr u w ’ave  radiat ion canu penetr :mte h u n g  m a t t e r  am i d i n t e r f e r e  w i i i  : s  t u n c t u . m m u u n g
Wh i le  m n n . , k m u u g  c u > n r s i d e r , m h l e  nu ’s e r v, ut iou i s  amid conf iu u iu m g th nus e l ves  to already’ est , ,h lu sim ed facts , the .u u utb mor s  .‘a n r fores ee
t h i n  s u n , m l a r  o cc i m r re u ic e s  are liable to he found in a h r u i man  being placed mn a s imi lar  s i t u a t u u m n ,  h i n ts  us p . m r t i c u i l . u r l y
t r u e m r  the e . m s c f the r nia l  e f f e c t s :  the e lec t r ic  amid i mm a gne t i c  parameter s of h i un i man tissues d i )  i c r  only  s l i g h t l y ,  in
t ,,~ t ,  fro irn thro su ’ of a m u i n r e l  t i ssues M i c r o w a v e  r a d ia t ion  which pene t ra tes  a luu un u. i n  orga mn isu n wull  lead to the p r m m d : u c —
t o n  f m e a t  t ire e f f e c t s  of w h u c h r  c’anm he e s t i m a t e d ,  at leas t  approx m n i :m te ly .  In tine non the rmal  field nri u eh grea ter
c ,ure has to be L’\ ~ ’t ~ used As it is prac t ica l ly  urn i7ossih le t o use a h u m a n  being as an e x p e r i m e n t a l  subje ct . our kn ow ’
hedge is nmuuch less cx t enn s ive  tham i  in tIme case oh a im i m: i l s . wh ere it us a l r e a d y  provnm ig m nad e qu , u t c

The therunal  e t l e c t s  de n ron ns t r a t c d  m u  the case of tine anminmal  ca m m thmeref ’ore be expected to occur in a h u m a n
b e m u r g .  vs u t h  mm cii cnum s eq lucm m ces  gem iera h ised u s  per t imer m ia.  lesions of p ar t icu l ar l s  sens i t ive  organs e tc  . Accou nt mni ust
he n , i k c u u  ml th e  fact th at  the human  beinug geum era l ly  has freedom of movem nm eumt :  if  he feels a sen s a t io n  of h ea t , he
can mov e away  f r mn r the field. \‘er \  ofteur , however , the war n ing is late .  I t  has been seen , mum fact . thmat  m i c r o w a v e s
can p e ne t ra t e .  sometimes de e p l y  if ’ . inn t I ne  \ band at :um oun r d 10 ( l I z , there is almost total ahsorptmom m in the first
f e w  m n l l m u n r e t r e s  of s k u n r , inn the S or L band , 0m m time timer hand , at frequencies of I or G u i . the depth of
p c i i c t ra t uo m i  is i1rea t r ’r and nn n i u y  be is n m u uc h r  as several cen t imet res . h eat  is t h e refore  prod u ced  m m  time deep tissues.
Sinuc e the tn eat -s r ’n sit iv e corpusrlr ’s are located m u n a i m m i y  in the s k i n ,  t h e y  wi l l  be mm iv ~ lved onn l s  wh met i the heat generated
in the u m n d e m l y  u nm g t i s su eS bias spread to the sk in .  ‘[his is a major d u t l e r e i r c e  h ct w e emm microwave radiat ion and other
iv  p r ’s of hea t ing .  It  is t hus  p m ss ihl e f u r  the warn ing  to he perc e ived on l y  a f t e r  the radiat ion has had an effect .

Tht di ru m ens ions  mrf  a h u m a n  body are also genmera i ly  bigger than  t h r m m s e  of lah oraotry animals , wh ereas the wave-
h e m i g t h r s  are t h u r  s :n n m re ,  ‘l ’hmis p ronr m pfs  us to consider a ’ r ( u t i r e r  poss ibi l i ty  the t’ormat ion of st aurLh i n rg  waves inside
c e r t a u m r  on u t au m s . such forunat ionu being f a c i l i t a t e d  by’ the fact .  that  al tho u gh there  is no change in tI m e f ’re~ i uemic y  of the
rad ia t ion .  u t s  wavelength dc ;re ~uses because of the me d uced speed inmp osed u pon nt by the chara eter is t t e s  of the
I j  hup ica l e n v i r o n m , : m t .  •\ radia t ion of 3 ( .hhi , whose wavelength in air is 10 cm . um m ay t h u s  have i t s  wav e leng th
reduced to 2 cm. Sucim s t a t i o n a r y  wave sy s tems  unay lead to the formation of h o t  points . wh ich become sources of
im m tc rmia l  bu m rur s

F in a l l y .  i t  is usd 1 known t b n ~m t . as imi the anunna l , the t e s t i c l e  and the lens of th e eye are part ic u lar ly  sensi t ive
to hea t .  . \ny’  localised increase in t emump e ra tu re  in o n e  u m f  these organis may there iore  resu lt in lesiomrs s inm n l a r  to
those produced e x p e r i m e n t a l l y ’ .

Ua vin ig  seen the po ssible consequmences of exposure t mn h i ghm power dc n r s i t i e s .  an cv~m Iut a t io n  must  then be nmade
if the dm sm n rder s  vs hn ic i i  i mc t uu a l l s  o cc m ur ,  I l i e  i m p o s s i b i l i t y ,  for  obviou s reasons , of c: m m r y l u g  out d i rec t  exp crmm en ts  on

a humman  heinr g has afready b eeni mn ien i t iomied .  l’wo tools , .ir c ’ . hmow ’es ’e m . :mv a n l ab te  to doctors  in order to m ,,ke suich
atm e v a l u a m m m m n  a s t u d y  of cases of acc idents  reported in tire l i t e ra tu re  amid time cp iden m’ u iolognca l suir v ey .

The first  mrmethod is the cast rel iable.  Quite  f ’r e m i u i c u n t l v . an imrd iv id u ua l  wi th  clinical  evidence a t t r i b u ted to
i r radia t ion  by rad ar,  bras not previously be cum cx amim neui  amid given a cer t i f ica t e  confirming t h at he is in good heal th .
1 he source of the di~ m A c m s  c , ui u th u eref ’ore ourl y rarely ’ he u u t t n i h u t c ’u f w i t im ce r t a in ty  to radiat iomu , amid the doctor mus t
he sj t m s f  med with a ‘ i e , ms un a h l e ’ doubt . w i t h  the  r i sk  of e rr u mr w h i c h  th us u mi m p hi es  t h i ronm gh hack of oh i e c t i v i t y

To u l u m m t e  the loh lowi mu g c, isc reported b y M c I a ui g hmh i nn mm3 . a tech n ician w o r k i m u g  . p p m o s i m r i a t e l v  3 m e t r e s  fr um n ni
a n u  a n t e n n a  h ec anie aware cml an unbearable  sen i s ; i t i om n  of h eat iii the abdonrem i aird moved ,isvii v front tIme spot
wh ere he had been working .  I ) i ing the n e x t  few b uo u nrs  per i toni t i s  c i e ve l m iped  amid tIne suibject dieu l elevm .’um days
ha te r  in sont u ’ uf several suurgic al operations.

Wi tho u t giving any  detai ls  time same author  quotes two cases of u u n f u u r c t i m m m n  m m f  the sp heenr .  w t t h  haemorrhage ,
fo l l owing ser crc i r nu mdna t iom m .

Rose nrtha l  and Be cr ing m
~~ repm n rt  the .isr’ af ’ a you m ug m a n  who , i l  icr b e imig c’~m o s ’d several t imes to intense

i rradiat ion ,  developed ohigospermia w i t h  m u r t e r t i h i t y ,  altho u g ir lie had al read y given prmmot  of his fe r t i l i ty .
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l ire a u u t b n m m r s  m t  t ime I m n e s e n t  paper h a r e  seenn tin e case u n t  aur engineer whim ) was working one nro n; ming on a par abolic
aer ia l  e u n m m t t i n g  \ humi d r a dm.u t m on ,  Wh en his h ead b ec.u nrm e t & m m n  bnot . hue moved away f rom the field in order to cool off.
Ru n b nu ’ ennui m i t  the  a t t u ’rn n oo m r he im ad a severe ir eadach e , f ’olhowe d im y a inuenninngea l  symndron i e s u f f i c i e n t l y  serious to warran t
a perm m m m f m ) t  one m mw m m mth imi hm s p u t i l

( ‘ares m m t  c , u t a n . i c m  present the samin e  d i f f i c u l t i e s  of m m u t e r p n e t a t i o u m .  Subjects have rarely had uu m m y previous eye
e s . i m u n m n n a t u u m n r  I he o cc uu rr emiue  of c ry s t a l l i ne  opaci ty in a su bject exposed to nnicrowave radia t ion may t h erefore
a l w a y s  hr .um t n i huut ~’d e m h b n e m  to a coincm dence dime to chanmce , or to the i r radia t ion i t s e l f ,  hum th u s f ie ld ,  however , it is
possible to carry m mi i i  a su rve y  , co m m u par um mg a control grou p wi th  a group winich h a s  b eenr irradiated.  Several such
slur s ’cvs l m , ir  e bu ’en m m ade, but  tIme results Ira ve not been su mft lc ie nm t l y  decisive to c m m n n v i n c e  the seepti cs .

1 m m  s i unm m nraru su ’ . i mi fo n i r m atuonu  about h uu u u ia mr  pathology due to the thermal  e f f e c t s  of microwaves us very poor . an d
c h m n i w  ,u l ras cs r e r y  rare. Cataracts  cons t i tu te  a special case , s imnce , inn spite of the do u nhfs  which may be levelled at
t hu en r n , the  o h s e r u a tuonr s  n u made b y ce r t a m ur  auu thon s s) , 3m are such that  they nmust correspond to some actr ua l circumstances.

Ii  usm ’ now c u m n i s m u i e r  the patho logmca l  tnar ui fes ta t io mrs  a t t r i b u t e d  to specific ef fec ts , we are faced wi th  a s i tua t ion
sm u n im lar  to t h at of the  exper im n uem i ta l  s tudies .  1m m contrast with tim e l i t e r a t u r e  of the Westerni world , Soviet reviews ima ve
publ ished a l arge number  of cases of occupational diseases f’ounrd in techn un cnanr s  who have been working for some
t ime in ann eh e c mromr ua gnc t i c  enmvnron m en t .  l ’he clinical sigums are very numerous and cover both the endocrine glands
and the  c a rdumu r a s cuha r  m mr nmervou s systems, The Soviet Sch ool ’20 imas described a mnicrowave radiat ion symidromne
whic h  comprises these various symptoms.  The sy mm dro m ne develops m m  three  stages of sever i ty  aumd shows itself main ly
through , i s then u a , headaches . nnr emory disorders and variat ions iii blood pressure.

I b i s  syu udro nn e  calls to umi m urd a mreur ovegetative dystomiia . a disease which is very widespread nuowadays to the
pourt of hmavnnmg been described as a ‘disease of civn h isat ion ’. It  appears to be one of the usual nmodes of response of
h um nuaun organ musir n to the nummuero u ms  stresses to which it is subjected by o u r  nuoderur env i ronment .  It  shouui d , h owever ,
be noted that mummy of i ts  m a n i f e s t a t i o n s  are sin it ilar to those pnese u ited b y anrimals  which h ave been irradiated dur ing
c’xp en iu um ent s  e x t e n d i n g  over a lonmg period.

One of the di f f icul t ies  mentioned previo u sly is agaimi found here: the organisnn may  react  in an exact ly  si mnm i l ar
n u man n er  to dif ’fereumt agents. It  thus  becomes extr emely dit ’ficu nl t to a t t r i b u te to any precise cause anurong others a
par t icul ar  e ffect which has been brought to lig imt dur ing  an investigation.

Epnde mi ologjca i  surveys may be useful , but , as bias been said above , the i r  conclusions are often contradicto ry
.u c c o r d i m i g  to th eir  origin. Whereas those condu cted in Eastern Europ ean coumrt n ies  conclude that  various disorders
do e x u s t , the surv eys earned ou mt in the West have led ma in ly  to negat ive resun h ts . Such dispari ty is probabl y d u e  to
a mr u m mr her of reasons , for examp le , the cn iterna adopted t’or the in i t ia l  selection , or the prior ideas which led to the
de cusmon to v onduc t  the surve y .  It is possible that  the su rveys in the Western cou ntries have not been directed
towards  reve ah im rg the p h ienom u ienra described by the Eastern countries. The diff icul t ies  presented by such studies
um u igh t  e x p l a i n  this state of a f fa i rs .

A gu nm d example of tf m is us provided by a survey conducted imm B a i t in umore i~ i mr to  mongo lisnm . This survey has
shown inc iden ta l ly  that  a larger number  of father s  of mnongo h ianu children had beenr exposed to irradiatiomm b y radar
thran u niorma l f a t h e r s .  The differe unce was small :  8,7% amid 3 .3”~. The peop le interrogated had not been selected inn
r e la t ion  to this  e lemen u t , t ine factor ‘unider invest ig at ion heinrg pr innar i l y ionisin m g rad ia t ion .  It  is t ir erefore innrpossib l e
at  the presemit  t ime t m a r r ive  at a def ’m nm i te  conclusion that  m omm go h is nm is connected wi t h  tIr e f’at irer ’s exposure to
ehec t rou n r .u g mu c tm c  fields , A f u r t h e r  survey, for tIme purpose of s t u d y i n g  this  factor . wou ld have to be commduct ed to
se t t le  time quest ( m u m .

Imi the l i t e ra tu re  of the West , a few elements are nevertheless found  which are ~imi I ar  to those described in tIm e
l as t .  I hus I) oury 62 reports observ ationu of a mai m who shrowed ch im m ical syn lpton m s which do in fac t  seem to he due
to the nuucrm w . u r e  radiat ion symu drom ni e referred to by tIme Russian authors.  Mir o i)S has described a decrease m r  the
osm m uo tic r e s u s t , u u m c e  mf the red blood corpuscles inn personnel who have been exposed to radiat io mn duri mm g time cou rse
of their  d u t i e s .

Most of the synnptonns  a t t r ibu ted  to microwave r a diat io n m are subjective amid therefore dif f icult  to denionstrate~perhaps our methods miss tIre mnark and are mnot very ’ suitable for dealing with this  problem, Fui rthu er s t u mdies , based
on ou r inuproved kurow l edge , will  very p robably help us to recognise amid ident i fy  th e disorders which are to be
feared during prolonged expos u re to microwave radiation.  I ’.ven so. it us clear that  in present work ing eomudit iomrs ,
serious accidents are very rare occurrences.

7. SAFETY STAND ARDS

To avoid or h in ui t  as far  as possible any accidents  due to dangerous radiat ion , certain coui ir t r ies  or organ isation s
have formulated sa fety standards. ‘I ’hc earliest s tandards canune fronm the USA amid the U SSR , as a re sulb of wh ich
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si milar action was tak en by oth er countries which thus adopted standards which were e i tbm er  o r ig i n a l , or based  on
the Amnierican or R u us s l iu nu  syst et nus,

These sy ste ms app l y to the microwave frequencies proper , for wh ich d i rec t  m n e a s u u r e m u r e n f s  of the power densi ty
are p m m s sib le .  The frequencies in quest iomi are between two h inn u i t s  which vary  s l igh t ly  f n o m n m  c o uu nfmy’  to c o u m n t r y :  the
lower  l imi t  lies betweemi h O amid 30 M l’lz and the upper l in u mit  between 100 amid 300 ( Hz .

‘The system 36 most widely adopted in the c o u m r t r m e s  of the West is tinat  designed by Sciuwan aui d his colleagues.
It is based on the human bod y ’s ab uln ty  to dissipate extra heat produced by radiat ion aind therefore ass u mm m nes tha t
only thermal effects are involved. This system is based on two thres h old v a l u e s  for the mea u r power d e n s i t y
100 mW / cm 2 amid 10 nmn W cm 2 . Any expos ure to a vahu m e higher t h an 100 mmuW/ e m 2 is prohibited. Betwee n 100 and
10 u ii W’ cm 2 the exposure t i u n n e  in mimiutes  per one iuo uu r l y  p cr i m i d  is calc u lated according to the t o rn m u l a :

6000
t 

p 2

P bemng the mean power density m m nmW ’ cm n i 2 . Below hO nuiW ‘ cnn 2 . t h e r e  are imo restrictions.

To with imi  small differences, these same val m ues have berm adopted by other Western coum tries su ch as France ,
( ‘aniuda. Federal Germany etc.

The adoption of a similar s t , mm udard  fo r  NATO is nmo w imi hand .

The USSR has adopted a very d i )  f c r e n m t  system ’6 wi th  very d i f f e ren t  m mn a xn m nmtmmni  r : u h u u e s .  Amiy exposure to a
power density of more than m I nnW/cm 2 is prohibi ted.  Between 0.1 and I m W/cnn 2 , a period of 5 to 20 minu u tes
per working day is authorised , subject to the wearing of protect ive glasses . B e t r c c n  0.1 and 0.01 mn W/ cm 2 , exposure
must not exceed 2 hours per working day. Below 0.01 mW/ cni 2 , exposure mas’ be ex tended  to the whole period of
the working day.

Czechoslovakia 35 uses a more comp lex systenr .  This svs t r ’n n n makes a d i f t c r emmc e  b etween ( ‘W fields and PW fields ,
and also between a techum u ena n  a m md non special ism personnel. In the case of tec l mn ie i a n r s , the nm . u ’s u m u u m n  pe rn m n issih l e
power density for an 8 hour working period is fixed at 25 pWfcnn 2 t’or (.‘W radiatio n , and at h O  p w , c m 2 for PW
radiat ion. Fom higher power densities , the author iscd period of exposuur e . in inouurs . is obtained hs d iv id ing  200 (CW)
or 80 (PW) by the value of the power density expressed in p W ’ e m r n 2 In the case of mron special ism personnel, the
ma ximum permissible power densities are divided by h o , or 2.5 ~a W/cm 2 (CW ) and I pW/cm 2 (PW).  bunt the period
of exposure is increased to 24 hours. For higher power densities the exposure time is similarly obtained by ’ d ividing
a constant by the value of the power density expressed in ~aW/em 2 : the const u nmims adopted are ~0 f or  the CW fields
and 24 for the PW fields .

Po laum d 5° has recently adopted a differ enmt system. I t  f i x e s  a maxinni mi m l imi t  t’or power density at h O  t nmW ” cnm 2
and a lower limit of 10 )JW/cm m below which there are no r e s tmu c t i o u i s  on the exposure perio d, For tine innt crmediat e
values the period of exposure to the field in hou irs us ca lcula ted b y d iv id in rg  a constant  by the square of the power
densi t y expresse d in mWj cuni 2 : in no case must the period of exposu re be more than 8 hours. The novel feature in
this system is the dist inction nmad e between the st ammdiumg wave fields and those produced by a rotating aer ia l :  in
the first case the constant is fixed at 0.32 . and in the secou rd . ut 8. Time m a x i m u i m  authoris ed power densit ies f ’or
a period of 8 hours are therefore I mW/cm 2 ton a moving field, and 0.2 mW/cm 2 for a fixed field.

A comparison of t hese varuous safety stan dards (Fig. I 21 sh ows clearly the differences betweenm them.  It  has
been seen that the American system was based on theoretical and exper imenta l  data which allowed only for the
dissipation of heat. The other systems have been arrived at from mn tire f ’inmdings of epide nu iologica l suirv e vs ari d
experimental  results , and take into  account pr imari ly  non thermal  effects. l ’his in i t i a l  difference in concept is
certainly one of the reasons which explain the differences umoted.  A second reason lies in the basic philosophy behind
safety standards in general: in the Western countries the l imit ing values are fixed in order to avoid the occurrence
in a human being of serious or prolonged disorders , with an associated safety factor , and such values muist not he
exceeded. In i’astern European countr ies , on tIne oth er h u a m u d ,  the l imi t ing  values are t h ose which produmce the
first disorders , even though these may not be serious , and constitute ideal values which one must try t m m  mainta in .

There are probably other reasons which are  also part ly responsible for such differences. It is ins t ruct ive  to
note that the two earliest systems are also the ones which show the greatest differe nces.  Time (‘,ech system, of
mo re recent date, is a little higher than the Soviet system. The lat est syste n m t ha t  uised im m Po la urd is even higher.
Converse ly, in the USA , the system recomm ended by the American Natio n al Standards In s t i t u t e ,  although based on
previous standards , m x more strict .  Th ere would there fore seem to be a tu ’ndency at time u iion ment towards standar disa .
muon of the various syst ems. In any case , ouir present knowl edge is still insufficient to provide any degree of ’ certainty
in this field and it will  be some time yet before we are able to recom uin iend statida r ds which can receive universal
acceptan ce. Such standards will very probably hav e to take into account not omi ly the nun ea n u power density ’ and
the exposure time , but also other pa r :umel er s of the field such as modulation , peak power density etc.
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l Ine s tanrulards  re fer red  to above are r ’ s l m m su ur e  st~mn r d ar d s .  l’hey apply to persom u muel , in most cases n n mm h i t a ry  personun ch .
siimce there bn ,us her ’nr s m m m n m e  delay iii t ime legi s la t tomu co v er iung civi l iaum workers . ‘1 h e y  detim m e tIre c o m u d m t m m m m m s  in w h m u c l m an
in d i v idu u a l  caum he cxpm m s eu f  t m m  a m n n i c r m m w a v e  f req u memicy i’ie ld , w i t h out pnejudice f u n  the  c imaractermst ics  of the appara tus
w h i c h  pr odumc e t i u n s  t m e i d

They nr u u s t  umot he c o n n f u s e u f  w i th  eq uu ipnient  s tanidards . wimic hu lay down tIne specification for a gemnerator and
are not e otm cenm ne ul  s’. nt i r  p e r sm ) u n ur e l .

Suich n a sy s t e urn  in . u s  beemn m inad e nece ssar y by the u n n u m l t i p h i c i t y  of generators for i m idus t r i a l  or comnuercial  use.
~ b nil e m n m u h u t . u r s  genmerat mr s are dr ’s ig mne d to send ount a munierowa v e f ’ield inn a f ree  space , industr ia l  equ ipment  produces
tire field in a r i n s e r )  c,is i t y .  I t  us t tu r ~ref ’ore i m m m s s i b l e  to  lay down u n a x i n n u n n i  values nu ot to he exceeded by amny leaks.

1m m t I ne USA t i n e  \ l m u i i s t n y  of Puib l ic  I I ea l thm inas f ixed tIne i rnaxin n nu i u ui  pe mmu rissible v alues  for equi pnruent  bui l t  f rom
October 197 1 m , u r w . u r d s . wi n enu tIme fuur m r : ic e  us sold , a i ry leakage must  not exceed I mW ‘c u r 2 , mn e a suured f i v e  cen t inuet r e s
l r i m n n r  t ime wal l :  t h e r e a f t e r  umo leakage m r n n u s t  exceed a m t n a x i m m i u u n n  valu e of 5 nm i W/ emn 2 , mu meas u ured as before.

~~s an ,us the :u umino n s  ire a w a r e , ne g uu l :u f ion i s  of t h is k ind have not been im utroduiced m i  any other cou mutry .  al t h ough
mu m a nnui fac tu u r c r e s  of ’ mim i cr ossa ve  t ’uurn u a c cs  are n u m a king th~ u r equipment  in teru m us of these val u es .

it  is i i r i pumr ta in t  to h e i r  m u  mind  time dif  f ’ercnc c between exposure s tandards  and equ l ip n rrent  standards. Thmey differ
c omu rphe t e i v  inn t i re i r  iurmp l e i t nen m ta t ionm . and ,uls o in t h eir results ,

9, PROTECTION OF PERSONNEL

To w a u n t  to protect personnel exposed to nmm icrow a vc radiation assumimes th at there may be a danger. It  has been
shown t l m , m t su u chi r au lua t iomu couu ld . inn f ac t , prove dangerous in cer ta in  cou iditions because of time thermal  effects
produice rt .  W i t h  r egard to non threrm u mal  e f fec ts  time posit ioni is less clear. Time ex is tence  of a biological effect does
imot a l w . m y s  me , in f i ma t  this  e i f ’cct  is dangerous amid only conmt i u m u a l  re .seiurc hi in to  a bet ter  undenstanding of the
nnn cc l man n i smnm s  involved will  be able to provide time auu swer.

l ’ur ther i rmore , mm order to protect personnel , we munst know whom to protect 39 . In this conneet ioni  there is a
concept  wh ic h is all too often unm isuuumde r stood : j im many cases tIme personnel exposed to radiation are riot those
wh ose duties are concerned with  extremely Iri gim frequmencies. This is so on board sh ips: their metal  superstructures
r m m i s t u t u t e  good Faraday cages wh ich protect  radar operators workiumg iii a roonm inside the shi p. Onu the oth er hand .
t h ose who  are on watc h  du ty  oni the bridge amid sailors working on the deck may be exposed to radar beams without
k m i o w u n u g  i t .  The same o f t e n  applies to aerodromes where runway personnel or control tower staff  may find them-
selves in the field of one of the radars, e i ther  acc iden ta l ly ,  or even voluntar i ly ,  when the radar is being uused to
nunonmntor  t r a f f i c  onu tIme ruimuway amid roads. It  is th erefore very im por tami t , from the point of view of the protection
and medical checks of personnue l , not to confine one ’s a t t en t ion  to the sinmg le case of the skilled personnel opera t in ug
the generators.

Pnotection cair be eirsuured by various mea nm s~~. First of all , the areas irradiated mu m st be determined , that  is . a
unnap tunust be immade of the part icular  areas exposed to the radiat ion , using calculation resources and m easuring
equipn m enmt.  it is then somet in m n es  possible to take some precautions whicim will reduce a collective risk. In certain
cases this us impossible and it becomes necessary to consider individual  protection. At all evenits , a medical exanmina-
ti o mr is essential in order to keep a chreck on tine state of health of the persons concerned , to collect data which are
very important  for a bet ter  knowledge of the effect of these fields on human beings . and timially. to assess the
causes to wimich any ef ’fects might  be a t t r ibu tab le  in the event of ann accident.

M a k m n i g  a map of the areas exposed to radiation is a theoretically sin umple problem hut one very difficuilt to
solve in pract ice .  The values of the power density at various points in the beam can be predicted by calculation.
ihowever , any obstacles located in the vic ini ty  of the antenna may considerabl y affect these values. The same tIming
occurs when several aerials are close to one anot h er. (‘ a lcuhat ionus  then very quickly become inadequate and must
always be xuupphet r nented by measurements  of the f ’ield , using an ins t rument  which indicates the value of the power
d e m m s n t y .  Such ins t rum emut s  are fairl y common nowad ays  and operate by means of various techniques. They may be
frag i l e  and there fore  require del icate  hand l ing :  if used i n c m m r n e c t h y ,  they are liable to give wrong readings and mm nay
even become damaged by the f ie ld  which they are to mm neasure. Their use should therefore preferably be heft to a
tr a i ned techunician ,

The results of such mnne asurements  require critical examinina t ion .  They often depen d on the type of equi pment
used: ex t remely  b n ig h n frequemucies arc in fact polarised and t h eir type of po larisation unay vary ’ from transmitter to
tra n nsnr mi t tc r .  E ’or any given inus t rument .  the response to a field nn ay thus vary accordimn gly to the sensi tvi ty of the
piek .up t m n  various po larisations. ‘l ’his r es pomm sc m nua y ~ls mm vary accordimig to time frequency , amid it is difficult  to
develop a pick -u~m which is iden t ica l ly  sensitive to all the frequencies in a wide range. If , in addit ioiu to the maimi
rad ia t ion , tbnere arc one or mnore nehlu ’ c t n m m n n s , or if one area receives several di f ferent  k inuds  of radiation , the result
ot’ the measuremnen t  may give very unre l iab le  val u es.
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The ideal me asuirinig n n u s t r u m e n n t . which shoun id be cheap, portable , not affected b y poharisation , f requency,  or
nmn o du ilat ion , and c,mp ab l e of of inn tegr atung several types of radi at ionn or re flections etc is not to be found,
I u us t r um u n e m nts  whichn appr o x m nn r a t r ’  to this  ideal have been available for som mne t ime.

Another  approach to the problem h a s  been nrnade relat ively reeenut ly .  This has taken the form of small flat
tuns t nu mi r m e mi n s , w i th  s imnnp l i f ied  e l ec m r u nn ic s . ca r ry ing  a bulb or a 1.1 . 1) diode wh ich ligh ts up when the field exceeds a
certanmu thre sinold. Small inn si/c , these inust r u mt i eumt s  are easil y carried iii a por ke t  oi worn on the lapel of a coat.
Unfo r tun ra t e ly .  the authors  feel that  they are of limited app lication. Beischer et at , m u ~ have shown that the mere
presemice of anu i nd ivuduna l  m m  a mru icrow a se field distuur h ed the inmst run m en t  by the creation of stationary waves. Although
this phenom imeumon is not too mum uch of a mnuisanrce for the techmmician  usin ig a standard measuring ins t rument  the probe
of w hn uc l n  can be moved , in the case of the badge it us a l a tenmt  defect which should debar its being sold. Such an
im mstrunme n t  may.  on the other  hand , be uus efu l in a workshop or a laboratory if used as a fixed or moving beacon.
Incorporated in a warning panel , the lmgh t ing up of’ the lamp would give warning of the existence of a field. Such
a sv stem n would prove usefu ih for any area which was only occasionally exposed to radiat ion.

Deter nu mimm .um io m n of the valuies of the electromagnetic field iii the various areas frequented by personnel may show
th at m u m certain areas the values exceed the auth rorised levels. Two solutions are then possible: to prohibit  or l imi t
access according to the measured level or to reduce this level. In the first case the areas in question should be
marked,  and it is always preferable to use a standard form of marking. The standard now being prepared for NATO
l .uy s down the characteristics required for the warning signs , which will probably be similar  to that shown in Figure
13. If , otu the other h ma ir d , it is desired to reduce the power density at a part icular  spot , it is possible to use either
boards mrmade u) f absorbent mater ia l , which are effective bu ut expensive , and liable to ageing, or metal reflecting boards.
It is even possible to preserve the transparency of windows by using special materials. Metal h ised mylar  for exam Tn p l e
seems to give good results ,

Such collective precautions are obviously of use , bu i t it is also clear that  the ini t ia l  step in this direction must be
taken at the time of insta l la t ion of the aerials which sh ould preferably be located as far as possible from the premises
occupied by staff.

In some cases an individual is required to go into a prohibited area or to remain in an area for a limited period
of t ime. On such occasions it is theoretically possible to protect him by giving him protective clothing. Such garments
are being investigated in several coumnt n ies m32 , although , as far as the authors are aware , very few of those designed
and developed so fan are actually of any use. Indeed , it is diff icul t  to make a garment wh ich is usable and hence
flexible , vent i la ted and capable of el iminat ing the heat given off by time individual  whic h provides protection .
al lowing only a fraction of the incident radiation to penetrate th rough , whatever its direction ‘ and whose properties
are not affected by t ime , tha t  is . capable of withstanding the effects of the weat h er , the operations of dressing and
undressing etc. Fina ll y,  beyond certain pulsed wave power densities electric arcs are liable to form between the metal
threads of the weave of the material , and this causes it to deter iorate.  At the present t iur i e .  protective garments  can
cons t i tu te  no more than a solution to be adopted in exceptional circumstances.

Al thoug h comp lying  wi th  all the safety standards and necessary preca umtions , personnel exposed to microwave
frequencies minust umidergo medical checks. It is dif fi cuilt  to re commend any examinat ions which should be made in
addu m non to the usual ones. Any extra work which is unnecessary, expensive and a nuisance for everyone must  be
avoided , hui t  the resuu lts of such supervision will  provide va luu abhe clinical data for a bet ter  unders t anding of time risk
involved.

Medical supervisio uu n n nu i st  be exercised carefull y:  wi thout  hidinug any th ing  from tire people subjected to such
examina t ions , care must be taken to avoid arousing in them the occurrence of the symptoms beimrg looked for , as is
too easily the case for such subjective sympto’ns. The questions put  to tIme pat ient  and his general examinat ion
should aim particularly at ascertaining the existence of elements of neurovegetative dystonia . Part icumlar a t tenmtion
shouihd he paid to the cardiovascu ul ar system b y mneasuring h m eu urt  rate , blood pressunre and , if necessary , by recording
an electrocardiogram. Laborato ry tests shouul d include a blood cell count and , if possible . eleetrophoresis of the
serous proteins. An ophthahmo l ogical examinat ion  will check the condition of the lens amid the ret ina.  An electo-
enceplua lograrmu , often difficult to obtain as part of a routine examinat ion , would be a usefu l additional check ,

Such examinat ions , carried out first of all when an imudivi dual begins working in an electromagnetic environment .
shou ld be repeated regularl y once or twice a year. In the event of accidents due to excessive irradiation it would
he useful to repeat them once a week for a period of one or two months. If any exceeding of the standard values
is not accompanied by cl in ical  disorders , an examinat ion shou mh d be carried out as quickly as possible after exposure
and repeated one or two weeks later .

Medical cheeks of this kind may appear superfluoums . inn view of the small number of pathological symptoms
att ributable at the present time to mn i icrowave radiation. It should be recalled that some of this pathology is
probabl y not detected by our present examimra t ion  methods , and the above nnnemmtioned checks will help to provid e a
group of medical detail s which will supple nment the results of experiments on animals.
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Particular care should be taken wit h  those who wear protheses. (‘ e r t a ium pacemakers 2 ’ may be disturbed by
m icrowave frequencmes . l’he solution to t lnis problem is one for  the enginreers arid it is l ikel y th at wi th in  a short
t u n e  all these devices wi ll actually be immune to radiation. Som e do e x i s t  at tin e present t u n i c , the ‘sen tinel’ type ,
which are blocked by the field. They do nuot react to bradycardia or to cardiac arrest , a fact which bias been
detinot u strated when cert ain accidents have occurred. In eases of doubt it is prefer able for wearers of pacemakers not
to be ex posed to radiati o n.

Anrother risk anuses fronu time presence of mn etah mn asses such as denutal  pivots , bone pins e tc .  These c onnd u i c tnng
mimasses focus tIne ehe ctro tmma gn et i c field , possibly resul t ing in serious lesions .

As a general rule it hmas been proved by experience th at accidents f requent ly  occur because of f a i l u r e  to
appreciate the risks involved , e i t h er fromn lack of knowl ed ge or fronm too nri uch ku nowled ge. It is the re fore  e s seu mm u a h
tha t  all techn m mcmanms required to work with microwave fre quencies sh ou uh d be aware of tine biological impl icat ions .

9. THE FUTURE

‘rhe nmmcrowave field is a comistantly es ’olvin g one. Radar itself is becom ning increasingly tmmore p owerf ’ul and
u mmore types are being developed. Sonic tr am isconutnn m enta h  radars have a peak power of more t h a n  ten g igawat t s . wh ile .
on the other hand , manufacturers  are mak ing snm uull  u mu mit s  for use in boats , and even in cars. ‘\ part from i t s  use in
d etect ionm , its m undus t r ia l  app licat ions h ave widened considerably. Fonnerhy reserved for hea t ing  certain mat e r ia l s .
suich as ear thenmware , rubber etc., its ruse is becom m nu g iu m ere :m si u igh y general ,  Japan is propos inrg radar  equmupmemm t f ’or
road repair work~ the Int ernat ionua l  Microwav e Power I n i s t i t u t e  has b eenm coumside n ing for several years the f e a s i b i l u n y
of a s a t e l l i t e  to captuure solar energy for tra n sm nm iss ion to tine Eart h iii the for m of m n ic r (n was e s .

In parallel with the above , developments have also beeni t ak ing  place iii biologica l researc h . i’he ear l ier  s tu d i e s
were commcer nued with the h iarunufu l effects  aioni c . Sonic of the cuurren t  research in t h i s  field is ; u i t e n n u p t m m i g  to ex p l a imi
t h e  mechanism mu s throug h which microwave radia t ion a f fec t s  h iv imng n r i a t te r . while yet oth er  s tuudies  are t r y i n g  to put
su ch radmat ioum to beneficial use either along eonv emmt ionna h  lines , su ch as stuudi es onu t h e  neineat in ig of tus s um es  whic h h a v e
beenn kept  at very how temperatures °2 , or orn hyper thernmia  t h erapy 19, or along less conivent ional  lines , such .us tIre
works of Pu iore amid Pautriz el5 ’~~, Such researcbm is bound to nmeet wi t h  suuc cc ss m m  t Ine not too distam i t f u t u r e .  When
that  t ime comes , knowledge of the mechanisms involved will sh ow us possible way s  m m  w inich rad i a t iomn can be uus cd
on cells , sonrething wh ich it is still very di f f icul t  to assess.

In the more immediat e  term , microwave radiation is mak inmg it possible in hospital to u nder take a check of cer ta in
bmoho gica l p aran n et er s tm39 wi thout  disturbing the pat ient .  Measurenment of tIme amrio unt  of radn , at io i r  ahsorbed m unay
provide data m4o which will  be valuable in certain diagunoses.

It should be observed in conclusion that mnicrowav es are onl y one sectionu of the radio wave f r e quency  r anuge
Although the relevant data are even more inmadequate , it is eer ta inr  t l mat waves of a lower freque nnc y ’~ also produce
a biological ef fect .  And at wi ll one day be necessary to w r i t e  a eomprehenmsive report wlmi ch wi l l  show the r cla t iom m ’
ship betweenu electromagnetic waves and electric and magnetic fields.
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Fi g. 4 Pulse nuodu .al a t ion.  The modula t ion  (top trac e ) is imposed on the carrier frequency (centre trace).
N = microwave: t = pulse dura t ion :  FR = pulse repetition frequency

= peak power — .

mean power

ag . 5 Peak power and mean power
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Fig.6 Radiation pat tern.  In ad di t ion  to the main beam there are secondary lobes - rear or side
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Fng. 7 Constitution of the beam. The etctromagnetic field is actually fo rmed onl y in the far field ,
correspond ing to the Fraunho fe r zone. The Fresnel zone and the intermediate zone

correspond to the near field
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to I l~ ly

t~ ( L — r) r = coefficient of reflection

= 10 r D = depth of penetration

= 1 1 e — -
~~~~

- = I , e”2’~’~ coefficient of absorption

Fig.8 Reflection from an interface. L = incident radiat ion:  ‘r = radiation reflected;
= radiation transmitted
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I ’ug .9  Variation of the coefficient of reflection in dependence on frequency. A P = air-skin interface;
P - G = skin-fat interface; U M = fat-muscle interface
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Fig. 10 Variation of the depth of penetration in dependence on frequency.
G = fat; Cr hens of eye; C = brain
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WARNING
/‘ DANGER OF RAD IO WAV E

/‘ / RADIATION

(Insert here all information
relating to the warning)

Alumin ium border

Black background

Aluminium lettering

Red background

Fig. 13 Proposed warning si gn
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MEI ) IC .\L ASPECTS OF LASERS ANt) LASER SAFETY PRO B LE MS

by

W . Schuwarzer , MD
53 Bonn ( F R U

Sam ni t ) t s anu t  der Bundeswehr
Platanenweg

I .  INTR OI )U CT ION

Lasers . au a c r n u u n v m  of “Light A m mipl i f i c a t ion  by St imula ted  I’.mission of Radiatiouu ” , are optical masers. A laser
c O uu vcr t s  ordinary  light of d i f fe rent  f requencies  and wave lengths into monochromat ic  coherent light beams. Lasers
canu he produced over the whole ranig e of the spectrum. i.e . .  in the infrared , in the visible , and in the ultraviolet.
Be .a u u u s of this  type  arc ex t r e m e l y  iuntense ,  They are capable 01 being focused by optical  devices. ,  the resulting
s’ol l i u mnat ion  is su n high as to produ ce beams measuring 1 - - 2 microns in d iam eter .  The following examp le is a good
i l lus t ra t ion  of wh at th is  rea l l y  means: An er ythrocyte , i.e., a red blood corpuscle , has an average diameter of
7 , 6 m u c r o u n s , A laser beam can be focused to such a high degree that  it can perforate an erythrocyte , t ransforming
It tui to an ,annu lar  body.

Inn l9 5~~. when (‘.H.Tow mues predicted the development of optical uun ase rs from maser techniques , and in 1960 ,
when T . I l . ’ a I . au m am n un vemi ted  the first pulsed l aser ( ruby laser), no one would have suspected how important this
mm ive n t in , un  would be only 15 ye ars la ter . I t s  revolut ioniz ing effect can be compared to tha t  of the electron tube ,
Ti n is has been demonst ra ted  by the mi uu shroon u ing develop m ent of an enutire new branch of indust ry .

I) ependiuug on the i r  mode of op er a t ion , we dist inguish between pulsed lasers amid CW (cont inuous wave) lasers
Only a fe~~ years ago the power ou tpu t  of lasers amid their efficiency were comparatively how. At the present t ime
haboratoru cs  amid in idus t r y  operate solid lasers , gas lasers , and liquid lasers wi th in  a power range ex tend ing  from the
m i l l i w a t t  up to the g i g a w a t t  (pulsed I , ase r )  amid thneir  e f f i c iency  has been steadily increasing. For industrial  purposes
c o m n t u m i t n n n u s  Wa V e ( O ~ l. i ser s wi t h  ou tpu t s  ranigiung from 250 to several 1000 watts  and with I S  to 25 per cent efh ’ic iency
are co nun ne rcia l l v  available.  Under  cer ta in  condut ion is  the eff ic iency of the CO 2 laser can be increased to 33 per ee mnt ,
In addi t ion ,  the power supply slevices required for energizing the laser have become smaller amid handier  as compared
wi th  tIme h u g  amid h e avy u m n i f s  fo rumner ly  used,

I oda~ lasers are ex t e n s i v e l y  eu iuphoyed for  mi l i ta ry  applications . e.g., range fimuding,  fire simulators , guidance amid
, n ’ n i m r o l  e n h u i p m e m u t , a im uu i r u a t  devuces , fire control devices , computers , communication systems , etc.  In the Viet -Nam war
t f n e y  were emnp lnnv e d by the A m e r u c a n u  side wi t h  hig h ly satisfacto ry results ,

~\m the present tun ic  lasers wi th  iun c oncei v ahl y  high emu ergy ou tp u ms  are being developed for technical and mil i tary
purpoSes. ( ‘02 lasers w i t h n  ou tpu t s  of several hundred k i lowa t t s  are no longer considered surprising achieve mnients

Due to t h is dev e lop iunent  the in t roduc t ion  of high-output  lasers as a radiat ion weapon seems to be possible
today.  Omily a Iew years ago stil l  a f a n t a s t u c  subject u f  science f i c t u n u n , the development of such a w eap omn I na s now
h ec on mu e t ec hn ica l l j  feas ib le. I lowev er , I l a u s  ‘.~ a l l  hardly he possible on the basis of the (‘02 laser: but the radiat ion
we.apon could be realiz e d with  the aid of mew develo p m t ’mnms such as the hydrof luoric-a ci d laser , and , above all , the
iodin e laser. l ine i m n u por ta m n ce  if such a weapon wou ld b~ eno rnnous , ‘.‘spe ciah l y for defence against low-fl yitng
ai rcraf t  and iuuissile s. sin ce it would convey energy to the target ‘~ ithu the velocity of ligh t , wh ile projectiles of con-
ven t iomn a l  weapons as well as in n issiles will , even in flue f u t u r e , hardly  exceed a velocity of 2000 m

By means of laser s lummnous- emier gy levels c a um be ob taumn e d  t l ma t  are several t h in nu i s a u nd  times higher than the solar
energy r e,a ct u in g (lie earth ’s surface per cm 2 . The c ’nu uce u utra ted beam of the laser could effec t  the es’aporation of am l v
known c lement .  I t  is han pc n f  t in a t  it will some sf ’a~ serv e as aim a c tua to r  for nuclear fusion.

It is ev ident that intense lig h t source’. of this  t~ pe arc lu ighls  dangerous to biological substances. As a sense
organ , the eye is par t icu la r ly  susc ep tuh le  to the hazard s of light m , a d u . a l u o n .  In several cases these light sources h ave
been the cause of eye hes ana mus and blindness. Another i m n m p o r t a u i m  fa ctor  is the exposure of the skin , i.e.. of the body
surface .  It  must  be comn sa der ed sheer good luck t h at only sec nmnd-degree burns have so far occurred in accidents.
(‘he ex t r eme ly  high energy of the pulses  nO solule Q-switched laser ’. and also of the (‘02 lasers could result in severe



mnij u r k ’s to t I ne sk ini aund t ln e m a t e r n a l  oug . a mn s . l:c) r (lii ’. r e , a s onn i t  is of p r u n e  i nmu ( n ) r t a u n c e  to c o m i d n a v t  de ta i led  s t t i d iu . ’s
ot the  p . i t h t o l n n g a e . a I  n ’ I I e c m s  of ’ Laser I n e a n u u s  omi anum ni a l s  amid m u m  d e t e r u n m i m m e  thr esh old Ie s i u ous  w l u ic l u  un ua ~’ p r n n v i d e  t l ne  h~sis
b r  des e l opmmn g m ales for the s. a Iu  h a u n d h i u n g  of laser devices . Inn t l mi s  u n n n t e x m  . eye d amage must  r e ceuv e p m i m c  . a t t e m u t i n n .
sin ce u g l u m  emuerg ie s not Ina iardous  to tIne e~ e are m mn ’ . i g m ni f i e , a m i t  to th e rem a imuder  of the body. Inn ord er  to u m n d e r s m a n d
ho~ lasers c ,aus e eve k -s iouus . i t  is .ah s n u lna t e l t  necessary to s t a u d v  eye I esuoi n s c .uaus ed h~ In i t l ne r t o  kunowun ve r y  in te uns L ’
lig ht source s amid to f ind out  cn . u m n mi nuomm as ‘.s e l I  as differ im i g f L a c t u n r s  of the umnd er ly ing  dain iua ge mechanisms.

2 . F U M ) \ % I F N T A L S  OF THE LASER AND Till’ LASER P R INCIPL E

I. ig lnt c no ns t u t n i t e s  omn l v  a sunia l l  se c t iomu n n f  t Ine v~ ide raung e of e lect roinn a gnet ic  r a d i a t i n nn  v i sub l e  to the sense orgam i
called ‘eve ’. ln u I ~~‘3 it was M a x w e l l  ~ ho I a r s t  demoinstra ted ligh t to be e le c t rommiagnn n ’t ic  r ad i a t i on .  In a v a c u u m  its
speed of pr opagat ion  is 3 x I o~ iii see . .a~ c’o rd mun g t n n  I’ u n u s t e u n , th ne veloc it~ of l ight  s conus tamnt  imu t h e  whole u u n i s  erse
\~ cn n rd i u ’ag to t h e  q u a n t u m  t lne orv .  eh eu ’trom :agmi etic rad :atiu )n mus t  be reg :arded as corpuscular  rad ia t ion :  its sm nna l les t

m d a v a s u h l e  q u a n t u m  is the ph iotom i .  I t s  amouint  of cunerg y is determined by rn eau is of flue fnd low im ng  e q uat io m n
F a ’ . h - w h e n e  i’ is the radiation f requency  and h us P lan ek ’s vus n a tan t .  Frequency,  wave length , a nd v e l n u c i t y  of
lig ht .are interrelated as follows: c v . A . where c is the velocity of l ig l nt  amid A is the wave lengt h.

An emus s momn n u t  el ect rom agmn etic  radiation.  amud conisequ ent ly  of l ight , a lways takes p lace ushen a e lnarged particle .
such as an e lec t ron .  re le: ases e m n t ’rgs to an n electric field. l’his is the case when, in a molecule . ira an atom n n,  or in am
ion , a mu electron falls from a level of high er  energy to one nut ’ lower emnergy . In the case of couui mon !ight sources
t h u s  is am i i nc iden ta l  process Not  so w i t h  lasers. Here these t ransi t ions  are s t imula ted  by photnu is  aund the  e m u i s s i n u u n ’ .
have the s:ar mne ‘.save l e m m g t b n . thne same phas e , and the same direction. In order to enabl e electrons to (‘all to a
I ”.s .’r energ s  level and to scm free radiant  energy in the fo rm of ph otons at the same t im e ,  th ey have to be boosted
t n n  a higher energy level first. l’his c amn he e f f e c t e d  in various ways , e.g., b y means of In e at  as in the case of electric
bulb s , by ah s orp t iom i  of photons , as in tIne ease of luminous  pa in t s , by chemical  reac t ions  as in a flame , and b y
coll ision ~ m th u other  elec t r omi s . As far as I ,as ers are cnu uu c e rn e d ,  e lec t rouns  in a sui table  mater ia l  undergo t ra u i s i t io n  to

mn ie t a s t a h l e  sm . am e  of hagher  ener g\  . .\ t  f lue same t ime a popula tuomi  amnvers ionu  nf l ’ elec t rons  us e f f e c t e d ,  i.e., cont rary
to t he n a m n i r , a l  s t a t e ,  th e  mnunnb e r  of electromis on a higher  level exceeds f h na t  of e lectrons on a lower level. If  a few
electrons p :ass from a higher m e t a s m a b l e  level mn .a level of lower energy, other electrons, :u~e s t i m u l a t e d  by photouns set
free inn the process and a ~ha~n re ,action takes place,

‘.~ l.ase r lua s three essen tial  b , as ac con ipn uuuent  parts  which are needed for  the generat ion of Laser h e a m u m s .

( I )  .\ laser un n ed ium
( 2 )  .\ pumping  system fo r  .a i s i u ng  electrons to higher energy levels ,
(3)  A resonant c av i t ~ .

.~ I I a n the r  opt ic a l  e l em nnents  such as I emns t ’s , mirrors , etc. are only of secondary importance.  l’lneir funuc t iou n  as to
generate shorter pul ses  n u r  to mi ncrease th~ power ou tpu t . or they are required for the hocusing of beams.

line laser mnmed uu amin  mus t  at least h n a ’ .e  the emu e rgy  level requnr u -d (‘or a s t in ni ulated nui etastab le state m u which e l e c m r o u u s
can he raised and from wlt i ch t f t ey  with not fa ll back spomitaneousl y to lower levels at once. They should sta) On
t l t i s  level for  a du ra t ioun  of a few mn icr (us eco mad s  up mu several m i l hu s e eo mi ds .  At a s n a i t a b l e  pu uui pu n g  energy a populat ion
i r u ’ . e r s u n i n of electrons should ex i s t  inn this  metastable level , i. e. . the number  of ’ e l e c t r u u m n s  ou u the  high er level of
imncr c , ase d en erg~ should exceed the number  of e l ee t r u i mus  0mm the lower le ve l of les’ energy. ‘I lie electron s are retained
there  u n t i l  a s t imula ted  enn iss ion sets in.  Laser ac t ion  ca mi alread y be a t t a i mi ed  wit !’ media having two energy levels .
mu l os t  lasers, however , work wi th  4 levels or more. Most ly  lasers are desi guuated according to their  type of laser
mnu e dium.  Media used are: .r y s m . a ls  air  gI.ass 1 s a n l u d  lasers), gas or gaseous m i x t u r e s  (gas l , a s ers ) ,  t r : a u n s ms tu r nna te r i a l
(semiconductor  lasers), and ac ta v ’ nnater i a l  dissolved in l iquid or sn as pe nusion ( l iquid lasers) .

I’he e l e i t m u m u s  ,ar e rj us u .’d to a higher level by a pum ping  s~ stem m u I l u a s  can be achieved in :,evera l ways. Optical
pu u n i fns  employ a h i g h - i n t c n s :t y  lig h t sawr ce , e.g.. a xenon flash lamp or cv emi amiot l ’er laser: in the case of p uun upi n g
by n n ie a u n s  of electron collu sion , ama electric current is sent through the laser uui at er ia l  or the la t te r  is honubarded wit ln
acLt ’lerat ed e l ee t r o u l s  Chemi cal  p a a m n n p i n g  is e f f ec t ed  by enu e rg y set free in f lue  coumrs e of chemical  reactiomis . 1 m m the

,as~ of solid lasers mmm d li q n u a d  lasers . pumpinig  mostly takes p lace by optical un n eans , w l n i l e  gas—laser pumping  is effected
by elt’ctroi n collision , In some types of l iquid  lasers ami d gas lasers chemical pumping  is emp loy ed.  As fa r  as semi-
c o n d u c t n r lasers are concerned , pumpi ng  may be of the optical kind or by electron collision.

The resonant cavi ty  I n a s the important  func t ion  of pro lommging the hold ’up time of pho l omus in the laser mediunu ,
A simp le way to a lui eve this  prolongation is to , u t t : a e b n  mirrors to the ends of the laser m edium u i . By this uu u eth iod
photons leaving the laser medium are reflected back into the medium. They pass throug h the medium nua ny tiunes
and thus  i n t e n s i f y  the photon beam. Omu e of the nu irrors attached to the end of the laser medium is par t ia l ly  tra uu-
missive and allows parts of the light beam to emerge from the res onant cavity.

Lasers diffe r wi th  r e spect to their  methods of operation. l’hic diffe rence lies in the way imm which energy
am n n a i n t s  ir e saapp lied per un i t  t ime.  l’he difference between pulsed lasers and CW (con t inuuous wave ) lasers has
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.a hr eau f s  hee uu m n e m ut i o u u ed .  ( et ie r al l ~ P ai l se d la scus nnp ’ma te s ’ . ithu pulse durations ranging from .a f e w  rnu ilhis econds t o
f r , a c i u u mu s  of u n i i cm n n su ’n. n , i u n f s  t._)’ss’. m t e h n e d  lasers op erate wi t l n  p au ses iii th e  nano r amuge ( lO~~ Se c I. pn a l s c ’ nf ‘‘ umn nn de ’ h ucked ’ ’
l asers us i th  pulse d u r a t m a u m u s  m u  t Ime o r u f e m of p i c nnse u ’ a n un ds  a IO _ ~ see).

I lie b u n l l n u s s a m i g  as a short dcs~ r a p t u n n m n  of the c la ssuc pa alsc ’d rub y laser and I t s  nuode n u t  operat ion.  Here ’ t h e
st  a uu i uh .a t ed  eum nission of lig h t  a s generated ‘.‘. ut hu i un  a rub y ca~ st: n l h av ing  the shape n n l ’ a slender cy l iundr ica l  rod , the
p.a ra lkl ends of svhnc h are srlv er ’co:ate d f o r  spe cular  re t lec ta on.  A m aab y c u mns i s t s  of crv sm :i l l i z ed a l n am ni l nua n m i n  oxide wi th
somn ie nu t  t Ime  .a I i i nn i u i iu m a tounu s  replaced by ch ur o m ates .  By the  l i g h t  uf  :a flash l amnp th e se chromates are raised in
qu an uta  to a higher level of eu n erg \  and when  th ey return to thnu ’ir original  s ta te  photons wi t h  a wave lem n g t l n  of
b ’n 4 .~ m utnu are e n n u i  t ed ,  I lnesc p l n n u t n u m u s , wInch are e u u m m t t e d  a l namng t h e  c r y s t :a l  axis , m r .a ’, ci fromun one nn ’airror — coated plane
to t h e  nu t h i e r  clue to in ternal  ret lectton wi t h in  the cry st :a l .  At t h e  same time they also induce an the r  st imula ted
c h r o m m n a u u n n  . a t om n n s t o re turn , p r em nu . a t u r e ly .  to th e original eun e rgy  s t a te  wi th  a s i m u l t a m n c o n a s  emus s iomi  of light.  This
c. aa ase s st m u n u l a t a u u m t  of a lugh t  w :av e’ whi ch m nn ves  i nn one directio m n a f t e r  I n av i u ng  emerged l’rom t h e  e m i t t i n g  p lane of the
c i’s st . ah.  a c . .  t r o uni  t he  par t ia l ly  nu imrror -c oated end f ,ace . amid which is ex t remely  i n t e n s e , monochromat ic , and co l te reui t .

3. PHOTOTR A F M ..\ S CAUSED BY SUNLIGHT (PHOTORETINITIS SOLARIS . ECLIPSE B U R N I N G )

h ’ s e r  since a n t i q w t y  at h a s  been common knowledge that  prohornged looking at the sun camu produce visual  dis-
tur h am n ces . .’\c c ordiung to Pla to , Socr :ate s recommended tha t  a solar eclips e ’ should only be observed at at ’ .  reflected
amnuage onu a su a t er  su r face .  Gale un , too, was alread ~ acquainted wi th  eye lesi ons cau sed  by exposure to suii l ig ht.
( ;ah i leo ( , . a l a le i  incurred dam ,nge to his u’yes as a resuilt of astro n onu iica l observatiomis of the solar ball conducted by
muneanis of a telescope.

I. esmons of this  k ind have ex tens ive l y  been dealt  with iui un iedi c a l  l i t e ra tu re .  In most cases a solar ecli pse had
hu ’emi watc h ned throu ghn a glass not suf f ic ient ly  blackened.  For thu.’ durat iom i  of an eclipse , t w i l i g h t  condit ions prevail
o ser  the landscape which  may easily temnipt  a persn n uu  to unde r ra t e  the imi t euns i ty  of ’ solar radiat ion.  In addit ion i , in the
twi l igh t , the pupil of the c u e  slu ows a h igher degree of d i l a t a t ion  than in normal dayl i ght conditions. Sounetinues
t he ecl ipse ’ is observed by mn i ea ns of dark-co loured g lasses wh ich t ra n sun id  pra t ica l ly  all of the iunfrared radiat ioun.  As
there as n i  s m u b t e c t a s e  b l ind ing  sensation , severe ref amia l  damage may easily ensue. The result ing eye lesions are depen-
deun t  on the I un im nou a s  iu n t ens i t ~ amid on the d u r a t i o m u  of ’ exposure .  In light cases bl inding occurs with a con current
a f m c r - i u m n a g e ’ of mn n ’ n r e  or less l omm g dura t io in .  lii tIne l u c I d  01’ is i omi scotomatu may occur which sometimes disappear
only  a f t e r  several  days  or ‘.‘.eeks amid occa sionall~ are n u t  a pe mnl aun en t  u u a t u r e :  at tin ies they are acconipanied by a
ln ss of c e m n t r a l  v isual  a c n i u t ~ Op ht hu a hu n to lo g tca l l ~ evudemi t f’umudus  lesions snn cl u  as re t inal  edema. et c. , do nuot appear
ann all  cases ( r e t i n n u t u s  so lar is) ,

Sen crc t ra ta mf la ’ .  show objective signs of a phot nco agula t ion nuecrosis nfl ret inua l  tissue. They are burns caused by
rays of vus ib l e  as well as of imuf ’rar ed light.  l’lney :are focused h t tlne optical systeun of the eye on a small area within
the I a n ve , a cent ra h is  of the ret i na.

I ) a m n ua gv  t a n  both e~ es occurs ve r ~ I requemi t 1~ becatase ’ many people watch the solar eclips e wi th  bot it eyes.
\~.cording t n u  B i rc hn ’Ij i r sc hfe l d . flue s eve r i ty  ol t h e  t r auma is . among oth er th ings , determined by individual  factors:

at  is also sai d tn n v ar ~ wit h n  the degree n i l  p ig n i e r u f a t ioun .  Th ese observ:amuons . however , la ck general confirmation.
o n  the other haind , a s i g u r a t f t . a u r m  part in the occurrence of a lesion is p l a y e d  by th e refract ion of the eye Arm emune-
t m pie or s l i g h t l y  lu vperop tc  p er s o u n will focus more precisely than a person with a higher-degree uncorrected error of
rc t r , a c  i u u ) n u  and for t h a t  reason a k ’sio in wi l l  n n , . Li ar m ore f r e a t a a e u u t l y  in persons belongin g to the firs t ca tegory.  Of
c , n u m s e . there  m u  longer exus t s  a m y  such di f ferenc e , if t h e  error of r e f r a c t i o m i  in the  eye has been corrected. Due to
the hi ight ’r transparency of the lent ’ .. photo lra u i in a s  will occur uuuore f requent ly  in younger peop le th an in older persons.

onnp ,ared to th e normal ev e ,  the aphakic eye is m u chm more su sceptible to ph oto mraunuas .

Nurmal f ~ , lo nuk in g  at the sun w u l l  not prod ua ce any damnu . a ge to flue eye as the d u r a t m nm t of the glance is much too
short . Va hen ohse rs a r n g  a snn l , a r  e’c lu p s e ’ , however , we star e ’  at the  solar b all and consciousl y suppress the winking reflex.
Lo oki mn g at  the  si an for j u s m onue minut e  can be enoui gln to produce a fu n nd ans lesion. At flue su r f  ace’ of the earth the
a m u t e n s a i s  of solar mnt di t a o n am u n o u nts  to about 0. 1 W ‘ cm 2 . As observed fro m flue eart ln . the angle of ,m p p e ar .an i c e of the
solau h a l l  va l u e ’s  in th e n u u n m n t l n  of January it us 32 u mninu , 36 see , or n ) 4 ~ inr :ad . in J u l y  it is 3 1 miii , 3 1 sec . or 9 .17  mra d .
(‘his nsou ld correspond t a n  retinal image sizes a nt  161 microns and 156 u t n a c r u m u s  respec tive ’ l~ In the case of marked
pu p i I l a r ~ con t ra c  ( ion to .a d iameter  of , a b n n n a t  2 tui nu , as would he e x p e c t e d  f nn r  direct observation of the sun , about ~~~~~ of
fl it s energy ~~n n u l d  p enetrat e the eye. Assu ming a retinal innage size of 160 microns , this spot would be exposed to
about lb  Va cint 3, al t he  total energy e un te r in g  t ime  u ’ye reached th e’ re’t in :a .  l :ve m n if 30’’ of this  energy is lost on
the way Ib u rough the ocular media , th i s  would s t i l l  leave us wi th  10 I I  W ‘ cm 2 . This am ount of energy is s t i l l
high enough to e a a a s n ’ sesere retinal ( ‘urns wi th i m n  a short period of t ime,  Acc ording to Verhoeff ant i Bell , the 26th
pa rt of’ this . imount of ener gs as sufficient  to produce ret i m m al  burn ’. in rabb its. Outside (lie atmosphere of the earth
the risk nI I f l n  nn r r um n g  r ’ i ’  m m m n a l  lesion is ct mns i derah ly  increas ed because t h e  in tens i ty  of solar r n a c f u a t u o n  as about so”;
higher than that  on the su r l , acc  of the earth (Strughold et al ).



P f n u n t n u i r , a a u u t n , a s  n u t  fhie  e’~ e’s wi l l  he of l r e ’ qum eaut  oc ’ e’a i r renn e ’u’ w ln e ’re ’ p r nmlo uig e d l u o k u m u g  at  t h e ’  snnI . a r  b a l l  a s a c o m m n m u u m u
prac tu c ’e, e.g., u h n a r m m t g  t I m e ’ r i te ’s n u t  s n u a u n e ’ r e ln e u n n u s  s o c i e t i e s  ‘.aae’l n as l I ne ’ s u m ] w n n r s l u i p p e ’r s . Occ : as i , u i i a hI ~ q n aa n. ks . too . m n i , i k e
t lne ’ m r v i e t a u r a s  s t , a r e  at  th i n .’ suun  u t ine ’ p l i r pnnse ’ n i  ‘‘ s t r e ’ u n g t b u e u u u r u g  f lue ’ e y e ’s ’’ . l i n e  r e su l t s  n n f  th is  k i n d  of ‘‘ t i t e ra l n  ‘ e’a uu
e.a sa I~ he intn . agiune d .

Dorm mng f lue ’ is :ar ai mini e f l  t ’re’ni ui e mu ( lv  s n a i l  c ren l eye ’ da uu i age’ a s ,a eu ulse ’q rae ’ nec ’ o f es e u ’ ss i ye e ‘. pn nsa  are ’ t a n  so un l i gh t .
Oth er c ases occu arred among \ . ‘~~ pe’rsununmi el  s c a u u r r a m n g  t ine ’  sk~ t l t r n n n n g l u  h i u r o c i n l a r ’ .  in sear ch of ’ e u i e mnny  a i r c r a f t .

The s~ u r u p t n u m n . n t n n I , n g ~’ n n l  ret inal  s n amn h i ghn t  le’siotns com nu prise ’ s s u b j e c t i v e ’ :as Sic ’ 1! ,as o hje ’e’ t u n e ’  s~ r mt p to m ns .

‘F lue s r a h i e ’ c t a s  c s~ rim t n n u u n s  are h u igh ly characteris t ic  un ue s .  ‘l’hey cant occur is t i i o a a t  ,uru ~ morp inohogical  Ie ’su ou u s of
t h e  re tm m ua  amud their  e s  t e n t  c , ura  l n a rd ly  be’ related to flue sa l e ’ of t l n e  a t  r em ,  W u t l n  f lue  except io n of a ce r t : a imn h h i m n d i m n g
se n s :a ta nn n ,  the )‘ .a t re mit w i l l  e’xp erience fe”’. in nim niedmat e  e f f e c t s  A f t e r  a sh ort per i nnd n u t  t ime .  h iowe s er , d i l l  n ase e I u u i d i m u g
as csp e r iemi ced in the .a f fe c ted  e v e ’ . h ) a s t u a r h i m u g  ah ’te r —imn iage ’s occur. O e e . n s i o m r : a I I y  p i i ol oph oba. a amid ch ro rnn . a t nn ;n s i a  .u I ’ I ’ n ’ .a r .
Som m uc ’ t m m nne ’ s  p h n n t n ~ ’ sn.n n u e ’ e’u rs ‘~ t t e ’r ab ut  24 lnoui r s t i t u s  d i f f u s e ’ c loud wil l  c u r r t r , n c t  to fon nn a se’ u t u m m i a  arm ( hue s s i n a I
f ield , I h a s  m nn a% i , ast  f u r  ‘.seeks or e v e n  i m n o m i t h s , at fam i nes  i t  is p e r m a n e u n t .  () c c asiona lI~ it cant e .a sa l v  be d emu naurus t r a t ee l
by In n s rag the p~a t m e n t  look , wit i n  the  :at t ec ted  eve ,  at not too a u n e  a wire unnesh.  \bove all , it s n a I l  he r n n n m i c e d  b y t h e
j ’ , n t i e m u t  h imself  wha le  read m mug. In a cer t a umi  spot of t h e  vusn ia l  f ’icld le t ters  wil l  he b Lurred or t n n t : a l I \  disappear.  Some—
t im rne ’s , e’spe ’eua l l y  inn t ine m m n m t i a l  s tage ’. the pa t ien i t  note ’s t l t a t  there is “mnn o veme n t ” in t h i s  d e f e c t ,  l’lne borders n n f  t ine
d e f e ’~ r may cha n ge. at  u m n : a v  r e v o l v e  round it s  ax is . f l i t t e r i n g  se ausa t iomis  m n n a v  occuir. ( ‘en t ra l  v isual  ac tn i ty  is immi p. a i r c ’d
h~ t h e  t~ p eal locat ion of the scuu t o m n u a  ( scotoma he l iec h ip t icu m in . Gem nera i lv  . t i n e re’d u mct ion  ul  a cua t ~ a m m n n n i u r m s  to a h a n u t
St) ’ . snuu ne t mmes  cc en t n n  a h a n u i t  ‘01’ As t i n  t l n e’ir size’, scuntoni a t : a  nu .av v a r y  c n n r u s u e l e r a t u l y ,  I ’ Ine ’~ e’aui he’ ol a m a h s n n l u t e
or rcl ,i t u s  c miature:  . u t  t i m u a e ’s t iney .are in i t i a l ly  absol u te  amid hecomne re la t ive ’ later’  eun , Sonn etimes ann a h s n n h u a t e  se u n t o m a
is s i n r r , n n i u i d e d  by ant an unnu l a r  r e ha t i s  c e nmm e ’ . l un f lue  course ’ n f l  a l ’ew ssce’ks or m or .t in s  it he’c om ine s su rna l i e r  aurd  d i s a p p e a r s
c omr mp le ’t e ’ly .  U n f o r t u n a t e l y .  f i n n s  dnn es  not u ccnur  in all cases . i lowec e’r , i n i t i a l l y  major d e fec t s  mar  c ak e , d i s a p p e a r .
The f ina l  st , n te  f r e q u e n t l y  us a permanent  central  scotou u ia. S n n u u a e ’ m i m r n e s  i t  is so small t h at it us very  d i f f ’ice ai m to
e s t a b l i s h ,  Fhere is the possibil i t y .  I n o s n e v e’r , t lu a t  major cen tral  defec t  w i l l  reun i a imn.  Accordi rug to S t r u a g l u n u l d ,  omue
ease h a s  been e’ s i s t a m n g  I u u r  u s e r  40 ye ,ar s . N n n r r r u a l c v  of the pe’ri p h iera l field of visiomn is r e t a i n n e d :  however , especia l ly
dur ing  the first  sn eeks a t’r e qucmut  re lat ive an u nula r  s c n n t o un ta  e s  me ’ u i u l i n n g  over 20 4() ‘ mn u: ar occur. In most c:ases it
wi l l  da s .n ppear  later on (B ir c h i -H i r s c i nf e l d ) .

E ye damage oce’urr m n i g in a v a : a t u r s  is fr e’qu e znt ly not noticed by tin e af f ’eeted person. It is d i s c n u s c r e ’el in the couirse
of close eye exauu u ina t ions  sometimn ies perform ed f a r m  qe i i t e’ d i f fe ren t  reasouns .

t h e  occurrence of mnn eta m orpho ps i a  c n n r r s t a t n n t e s  a t r a r n s i t i o u n  to ob jec t ive ’ syn n ipt o t in s . Inn the ear I ~ sm :ag e ’ it is
ascribed to a ret inal  ede mn i a cau sing displace m n i emi t  of str u c tu ra l  e le m nneru t s  in the r et i un a.  In the later  st:age ’s it  is mostly

caused by d egeuner a t ive ’ chnanges.

‘I Inc object ive symptonus in i t i a l l y  mmnamnmf e s t  t he n nnse l v es  in t Ine  form of a m e’deuina inn the macui lar  regioun . h u n i i g fn te r
eases the m n acuh , a  appears s n , mn r e ’ w l u , a t  darker , whic h is prn h ab ly  due to a local hyperemia  iii tIne chuoroidal vessels, Inn
the nuore se rmo n s c.ases the c e n t r a l  re t i m nal  region is raised : it is edematou s and so unet innes  i ts  coh ou ar inas changes to
gr ay .  M i n u t e  sp e ck le  l i k e  h e n r i  ‘ r r t i a g e ’s u n nay  o c c n ar ,

Sometimes the central  dark sp n n t  is s t i rrouind e d by ann edematous ah ha t io  ret innae.  In mn iost cases ov u al  amid
nnc e asm u na i l v  s e mu nm lu nar  s1 a’. d e s ’el nn p in the nnacu l a wh ich gradumally  chan ige to ru o ru n na l  re t inal  tissue. Probabl y the ’
cen t r a l  spot is d i n e  to burns in the p ig n n ented  ep i the h ium , wh ile t h e  r i ng sur r o u imdimng  it is cau sed b~ arm accumu a la t ion
of igmeunt  In serio u s cases an ex t ens ive  ret inal  edema occurs : t Ime  c f um nica l  puc t u i re  m u na s reseinible a ne u ir i t i s  ni em ’v i Opt ic i
Outside the mac n ala r  region small  c l n n u m a u r e t i t u a l  a trop hied fu cni ses  unl ay appear. Detac h nmeunt  of r e t i na .  o c c l u a s i n n m u  of
centra l  n.c ssel s, re t inal  hem m n o rr lnage s . re t rohulbar  neuri t is , and . a t u u p h y  nnf  th t e opt ic  ner v e’ are condi t ions of inf ’requ a eu i t
occurrence.

I t  is  not easy t n  mnn a k e ’ a prognuos is wi th  regard to e y e ’ damage caai s euf  by suun l ig l n t .  In most cases flue f a cu i l t y
n f l  vision will improve in the first two months .  It  scot omun ata re muua imi . t h ey most ly  heconne re l a tuve ’ amid souui etime s t u n e ’
small in sm/u ’ for ant e e e e m u t m u e  i i ’ . , a t a n , u u  to be possible. lii the nuacun l a , tIne red zone wi th  m t s  y e l low spots tun ostly c t u :ar r g e s
i t s  co lou r  to gray and n uay e lus .a pp e a m altogether. Generally,  a fav ouira hl e p r a n g r u n n s u s  can be im n ad e . if the
s y m n n p t n n m r m s. .i bn nve  all tine’ s co t n unnma , subside in the t u r s t  mou th. Improvement  is pnn ssib l e  even  , a t te ’r several mon u t l u s ,
in m ost eases , howe v er , th e  damage is irreparable.  If  a mniac n i l ar  lesion , e’s t n e ’e’a . a l l y  a h ole ’ in t h e  nn ac u ih a .  h ici s developed ,
a P ermanen t  c e n t r a l  defect n u t  vision will  probably always remain. Frequentl y the size of a scoto mnia n u nay, es ’emm a f t e r
a per iod u n f  years , decrease to such an e x t e n t  t ha t  it caun hardly be established any lou ige ’r t l r n t u n r t u n m n . m t e ’lv . t h is n n m n l y
happ t ’un s in some few amid far between cases.

4. RETINAL PHOTOLES I ONS DUE TO TECHN I C . .~L LIGHT SOURCES AND LIG H TNIN G FLASH

I n t u ’mnse tec h nical ligh t sources sometimes cause suabjective visual dis turbance ’ s , whi le -  objective signs rar ely occur.
Pro lounged l ook a mm g at the fla m e of arc lamps amud ch ea t r ae as well as autoge m uous weld ing arcs can lead tan  decrease d
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.a en i t e uu e ’ e ,  u) f s u s a u m i  , am uel t u l  t ine  n le ’sc ’ lo l n r u u c ’u u t  n u t  a se ’ ni t om n tca  if  t I m e ’ e y e ’s ,a r c ’ u a m n p r n u t e c t e d .  ( Ic e : a s i u n u n a l l y . ‘a ui ar r o w i m n g  of t h e ’
‘c’m i ph u e ’m. a l f ’i e l n f  of sa s uo n t  n u r . a \  a l s n n  n ’c e ’ n i r .  Fr~ t i n r n n p s u . i  am id  ‘ . . u m n f i u m p s n ~a a re ’ rare ’ s\ u m u ptu nm ul s .  There is ci d i f f e r e n c e

het sn’c’c ’ mn t I t us  e h m i n a c c i l  p i c t u r e  cann el t l r , m t  of k e ’ r ca l i t m s  I n t i o t n n . e ’Ie ’ct r ie’c a s’ e’r s f r ee l t i e ’ nn t l y  c ’ cau ase ’u l h~ c’hec t rue ’ sne ’ I d i m n g .  S imne ’e
m I n is  e u m u s t i t a i l e s  .a c nu rmn c ’.i l c o u i d i t u a n m n  eca i as e ’ u f  bs f lu e ’  h igh u t  of t ime w ekh a n i g  arc wh ic h is ric in inn u l t r uns ’ n n u k ’t r :a s s. U l t r a —
s’ i olel r u s s  do auanf  pe n e t r a t e ’ im u to  t ime ’ u n i te r  e~~’ bs the ’ sn. , a~ of flue ’ c ’ n n r r r e ’,a ,

\ c  c u n r u f i m i g  I n n  R t i i g e ’rs l a s  n l uo t e ’d f m n n u n u  l ) i u k c ’ i  lde’r t .  tIne l ig h nt  i n t e ’ m n s i t y  in a a i t u n g c ’ u u e ’ a u u ls w e l d a m a g  c a t a d i s t c a n r c  c’ a n t
4( 1 cmn n ‘nor m a t he  eye a m i n a n u a m n t s  t a n  S ( ,  P11 ( 1 ergs , sec c m ru 2 , ~‘ of which is imn f ’r cared lig h t .  ‘[m ere m u u , a \  be an occaurre n c e
of ’ t e ’ m u u l n n n r , a r s  s c n ’ t e ) u n r , a t , a ,  and w i t i n o t i t  , ia i s  e n i d e ’ u u f  s u g r r s  nn un  t ine  f ’und ua s  n ne ’ u h i  t I ne ’ t ’:ae ’ n i I t ~ ’ n n f  s ’ u s i u n j i  mm civ be reduced to
th ~ pe rc eption u nl h , iu id m luovemuie u i t s .  Obie~ t ave s s ’ mn u pto nns  n n n a n i f ’ e s t a u t g  t hn e mnus e ’I ves c at t ine l’Li n u c l a n ~ occ aur se ry  i u u f ’r e q u e n l l y
‘a t t mm ii c’s ret man ,a l e’ufe mnu as c i in c h m n n acu ha r e’lna im g e’ s were lou and w I n n  ~‘ lu led ho t Ime  el c’s chop nra e’ un t u n f it n nl es .

l’r n lu nmng e ’d s t . a m u m n g  a t  t ine  g Ras s ’ oh ant c l u e  t r u e ’ f ’urmna e’ e’ n r u n i t ’ ’  t i n e ’ fire’ — h n n ’ .  of ca I , n c u , u u u n u t u v e ’ sonnet im ri es  cause d
p ermp ial e ’ b i m a e ’ c i u , a u r g c ’s i nn t h e’ r e t m m n a , hnem u n u rrh :a gc ”. in tIn e V a t r c ’n ) Lis hanu h ~ . amnel  ch nor iore t inual  l e ’ s innuns . Sinuni la r  l e s i e n n n s  were
aucc ~asio u n calI v  f nn n i  mad inn g lc ass b luss em s . ‘[hey c,a an c u I s n n  n n e c ta r  c a l l e r  sin ’ rt ‘c i rcUits  iii power t ransmnt  iss ioun l ine ’.  a m u d can he ’

eh ’,e rs c’d l n f l l e n s s i u n g  i i g i a t n i m t g  t i cas lnc ’s . l e n a  l) , , e ’sschate c i l s n n  n u e n t i n n n s  the occ un r r e r a e ’ e ’ of cannet iu n r scnn t o u iu a t cn ’, a f t e ’r hh ine i i m inr
ecu na se’d by t i l t  ra s’iu he ’ t l.a un p~

It  us qu es t ionable  w lne th e’r f ’u t n d u a s  Ie ’ s n unn s . e’spe’cia l ls  mni a cu la r  chcn nr ge ’ s , e’ ,a a a se d by li gh t  su u m e ’ c’s n e t  thus  k nun d
.a re ’ a u n s c i r a c a i n l y  a n t ’ a t i n c runua l  n a t u r e  , ,‘s , a ido f f  amid Sl iu n ev obsers eel a case’ of un i ca cular  l e’sa nn nn caui sed bs s t . n r m nug  at  au
e I e c t m n ~ ‘.s’ e ldmung arc ‘.sith umi prote e: t e d eyes . By m n e c a s u r e m u n e n m s  perf ’orunned omu e lectr ic ’ ca res ca u nd h~ .n m n a l y , i n g  t he  e’mie rgs
comndm t iomns  t i ne s  uarris ’ eel cat t Ine cenmi c l tn s nnn mu t ha t  t l uem mnic a l l e ’ s iu n n had beem a e .n uns e ’ef in this c .ase . ‘dunce the aumnoumnt  of e mne ’ mu1s
required for c . i a a s arn g a h e s m u u r  of t ina s  t~ e m a d  unot  becun re , ac lneef .  In t i t u s  c,isc the re ’ cac t unnr n  me e lnamuisn ui  ru n g l u t  h ave he eun
oh a d i f f e r e n t  m a c a t  lure ’ or the lc sa a nmn could ln :as ’ e’ be e im caun se ’d by ph ot och em ic .nI  ‘ruee ’sses. I t  I n a s been t h o u g h t  t h a t
such processes u u mmghnt  p r o v i d e  a m e .xp l ana t i e nn  t ’n n r  most rc t i u n a l  lesiours caused by l ight  sn . urces of th is  k i m id .

5, R E ’ I I N ’ i L  PHOTOL I SION S RESULTIN G FROM N U C L E A R  BURSTS

Due to tI m e ’ d e s  e l u p m n i e m n t  unf  m i u c le ar  sse ’ .ap u urs  t h e ’ proh lenn of re t in n a l  p hotolesions Ircas  gaim ied u i mne xp e c t ed  impor-
tance. Tine de tomna f ion  of ’ ann . a t n a m u n i c  warhead sm cirt c , w i th  auu i mntemn sc  flas h of l i gh t .  In  tIne case of a 20-k’!’ mnu cl ear
t n ss aorn bomb , the’ so—catt ed nominal bomb , the spher ica l fireb all re aches a d iamete r  of ‘13. ’? un i e ’tres w i t h i n  0.1 tm i ihh i-
see’ n n m ne l .nI te ’r the d e t u n a t i o n n .  I t ’ .  sau m l cace t emuipera ture  is 300 .000 K. ‘it a d is t : am n ce of ab out  6 miles i ts
luaminnous  a u n t e n s u t s  is l Ot) t imes  t h n .n t  of tIne sian . The radia t ioun  of t ine i m n i t a , a I  h ash us rich inn t i l l  rcavio let and blua e ray s .
At  te l  10 milliseconds t ine  radia t ion t u m u n s  r ed di ’d n .  Si u n u l t a n e o u s l y  wi t h  the  sur f ’:acc temperature the q e aa n t i f ~ oh ’ light
e m n i n m t e i f  per u am ii t  area ,nnd the t y p e ’ of rcad ia t i o nm c h c a u n g e  comn s idercah l v .

It is es d e n t  t l u . n t  sUe It e n a n n r m n n u u s l s  high lig ht i n t e ’n ns i t ies  wi l l  ,af ’f ’ect the r e t i na ,  Wh ie ’n tbne ohse’rs em looks im n the
di re e tmonu  a n f  t Ine fireball the imn iage of the bal l  i s fortui ed out Isis ret im la , t his im ’u i t i a l  image cons ee iuent ly me ceaves per
unnu t  area the to t a l  a n t  th is  radiant  e’un e rg v .  ‘is tine I u reha l l  e’sp am id s . a n n u l a r  t n ) nn e s  formn n aroumud t h is i n i t i a l  itnuage
which comntain less energy per u m ni t  .are:a In ad d u t iomi . the radia t K n mn is more reddis ln cas c c num t l nare ’uh ss’itbi t ine imn i t i a l  flash .
l Ine  dia m n i et c ’r of the f i rebal l  image on t I ne m e t i u n a  vc ar i e s  l inear ly  w i t h  t Ine  size :and ch i s t c a u n ce ’ nt  t ln e l a t h e r ,  ‘the openi n g

w i d t i n  of tine pupil ’. is also nn l considerable impo rt : n nce.

‘rhe n n c e u a r r c m r c e  of a r e t a n m a l  ie s i u n u n does m n n n t  depend oun tIne d i s t canc e  of the detomuat ion i  only.  I t  is c n nmns id e rabhy
int lna enced by a tmn ans p bn e rac  t ra t i s i mni r’s io u n .  Rai ui , sunioke , ef t u s t  , c n mne t  t ang  can p mnns  ide s u g n m i f i cua nt prot ection.

‘rite y ield of a un u clear  we ’cap nn tn  cas su ch is of l i t t l e  i m n n l n n ’ r t c i nce  I n n  f l ue de se ’ I au pun ue ’ m nt  an f  ca r e ’ m u n a l  bu rnt . . “a tmos—
pherue ’ t ransmm ii ssion b e imrg the sanne . a 2 Megaton \v e’ , a p a n u n  wi l l  iund e ’ed yield 100 t i m u t e s  t Ine eunerg s ot ’ a 20 kT w eapoun
and i t s  total  r , adm a t i on  at  ,a d is tance n u t  30 miles wil l  equal th i. at (nf the l a t t e r  at a distan ce of 3 miles. Snua h her  weapons
release the i r  enuerg ~ inure rapidly  and the diam eter  of t h e i r  f i r eball  im inage oun the ’ ret ina is smnia ll er .  The released
radiation reciehes the e’ye in such a shuort t ime t in ca l i ts prote .’tive m n ecl nca m nisnn b h u n k i i n g  reflex amid pu ip i l l a r y  cn nuntrac-
lion cannot  become effective in t ime .  In we’apons in the umne ’ gc a foun range thue thuer m n n a l  pulse wcas e’ I casts lon g enoughu
to pr ovide tIne eye with  some d egre e of protection b y cac t iv at ion  of t ine bl im u kimug r eflex.

( RET I N A L PH OTOTRAUMAS

Excessivel y intense l igh t  may cause ret inal  damage by thern u na l  action , Rays a n t  t h i s  t y p e ’ he ’ ha ning to flue visible
and aunf ra red  regions of the spu’ctrum. I (n c ’ y are mainly  absorbed by the pigmented c’p i t h eh iu inn  of the ret u r n . a  and
converted i ’ heat.  The temperature  and th e exposure period de termine  the ex ten t  of t h e  r e su hl amut  Ineat  d au na .age
A e u ’ r t , a a n n  amo u ntut  of heat cain be dussap a t ed  by the vascular system of th e eye, especia lly by the e’hnu nr oi d s e’SSt’ls .
I i n u as , less intense l ight  sou rces need ,a lomu ger 1ner an, d n ) f t inue  to cca u a se damage to the ret in ue I ( anw ’e s er .  sih emi t Ine
retina mc struck b~ a h ig h ly  intense lig h t wa ve , e.g.. b y the flash u n l  a nuuchear  explosion or by a I ca ’ .c ’u h eann,  th i e heat
is released is n t i u m n  such a short pe riod t h at it cannot  be c fu ss i pca ten .t vuc a the blood stream.
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‘1’lne r~’ i s .i m . n m k e ’d c h a t  t c r e ’ m uc ’ e’ In c ’ I w ee m u tIme n ne ’ e’uar re ’ne ’ e’ n n t ’ a s k u m u  l e’ ’ . iom n u lni e ’ to hig h at  , am ne l  t h at of a re t i m na l  t n l n u n m n , ’
le ’ saa n ua  Inn  ( lie h u r s t  l m u s t c u u c ’e’ t Ine u u a t e ’ n a s i t s  a n f  t h e  i m n e u n l c ’ u r t  eu le ’rgv us i tuverse ly p m n n t n n r t i u u n c a l  f a a  tIn e square n u t  f lue  d i s t am u ce ’
h r a n m n t  t i t e ’ lig h t s n n u i r c ’ c’ l ’l n is  is ito h the  e’:ase ’ u n  re ’ I m m n c i l  e l camm uu ig e ’  bec: aua se ’ n n f  tine e f f e c t  u n f  the opt ie~ I s s’ s te ’nu r  of t h e  eye.
In m I n u s  e.n sc ’ t h e  i m nn a g e ’ n n l  h u e  I i g hn t  sn nanrce  u s I ’or um ueul on tI n e n e t a m u c m  w i t h  ci sc ’mv m ni g h  energy densi ty  ca e ’ e ’ n a u u u u l . n m a m n g  in a
munu m nu i t a . ’ regionu ot tine ’ re’ t im uc a .  R e m i t t a l  u h . a n m n .agn . ’ e’ , aaase ul  b~’ e x c e s s i v e l y  u n a m e u n s e  l ig h t nnuay be’ unf  t ime ’ l o l l ow mung twau t y p e s .

I ) \ be rp h n u u l ogi c a l  ie’s u n u n n s  s s l a i e ’i n ca i n  he de ’ te ’ e te ch oun t Ine  f ’umuda i s  ocuh i by m u n e a u r s  of opt i c ca l  devices :
( 2 )  h ’ u a n u c t a n n n a a l  c f , a n u n c a u r c ’ ss i uic i n , at  su g unaf ’ic ’ . a in t  e u t o u g h t ,  c :iun he u a f e ’n t i f ’ic d he ’ c’’ . t ab l i s l n i ing  t h e  d e t e ’e’ts in t ine ’ f i e ld

cn f s u s R n n u  p a r . u m n u e ’t r ic ’ .ah l y :  t h ese e’ c u u n i n a n t . hm uawes ’ e’r , be’ d etected on t h e  h ’t im n d ua s  nne ’uh i  of tIne l iv ing  eye b~
a up I ie ’c n I al e ’s icc ’s .

We ’ .ass u a u r a e ’ , b u n a v . a ’ n e m .  f i na l  t h ere us a c n a n t i u n u o u i s  t r : n a n s i t a a n m n  hc ’t si e’ e ’ u i  t lne ’se’ tv , , ,  m~ I nc ’s of ’ damage. Besudes , micro—
sc en l n i e ’ le ’su u n mms cciii be d e t e c t e d  by h i s t n n l n n g u c : n l  e’x a i m n i m i : a t i o n  of tine p h n o t o t r a u m a t i u  r ’ e’ g u a n u n s  auf  t Ime eye. Nan t ever s
lr c u a i m n n c a t u i e ’ef es e cc a n u ,  lunac y  eve r . he Iu u s t a n l e n g u e  . a I I s  e’xamn n imued ,  For flue purpose of chluu icc a h e’vc a iu i a h ions  of re t imua l  photo—
tra i inu ic as . e I , a s s i l n e ’ca t  au ra i m u m a  u u u a n r j m l u n n l o g i e a l  m m d  f ’u t n c t i o m n a l  lesions is . t lneme f ’un r c ’ , j u s t i f i ed .

P I l O l O I R A L  al \5 OF THE EU R I S U L T I N G  FROM LASER BE AM S

‘as regards t In e  des c l o p m n u c u n t  of a pi notn ) t ra u i mc a . t inere are marked di f ’f ’eremuc e s betwa ’en l a ser ’g eunerc u ted li ght amid
h a t l n e m t c n  k un u s i n e’sce ’s su a e l ig l nt  souirces. [he l a t t e r  e ssen t ia l ly  lnas ’ e’ Iwo c a e t i u m n  t ’: a c t n n r s .

I I )  The t in er n n i a l  ae’tionn factor amid
( J  t Ine piuotoc l i emnui ca l  ‘actor ,

I Inc l a t te r  is of impor ta u nce  especiall y urn thr e s lno l d lesions. hun t h e  f ield of Icasers eve mn more factors can be of impor tance ’
in tIme ’ d eve lopmen t  of .n lessionu :

( h a  t h ie rmnna l  a c t u o m n ,
I 2 a  aco u i s t anmmne ’chan u icah sl a ck wcave s .
( .~ I the’ p I’a o t o c i n e i m i i c a l  (‘ac tor ,
a.! I gener .at iomn of ha m unuomuic  oscillatio uns , e.g.. doub h inng  of f requeun cy,  t’re qu iemn ey  t r i p h ica t io u n .  etc. . aund reso mnance

n u n  te’rk ’re’m u c e ’,
S I  occu rrence Ut  free radicals .

( ( n  I B r i lho u in  se’a t te r imng ,
17 )  Rca m rm a m n sca t temiung,  amid
I S )  ret l ect ioun .

I tie f c a c t o r s  a n t  counsiderable  impor tance  iii hue deve lo pin ne unt  of laser l e s u n n m n s  a lun n ost  a lw :ay s  comprise t h nermal  action ,
.a e a n u s t o m n l e c l u : a m m n e , a !  s ho ck  w cave s  amid .  i n n n s s i b I ~ , d o u a b h i m n g  of I ’req u ie u icy amid re sona miee iun t e r f ’ere ’un cc ,  The c t u e c t s  a n f tine
an the r  (actors are  umnasked by tine af ’oreunneuut ion cd  Lie moms . Th eir e f f e c t s  mam i i fest t l u e ’ u m u s e ’ l ve ”e enn ly  in lesions app re n .ae ’himn g
tIne t l u r e s t u n a l d  value ,  l ’has also app l ae ’s to th u e par t ial  e f fec t s  of the doubling c n f  l r e q u u e u r c ~ Inn enrd er to et ~n el ’, thenn ,
t e s t s  n u u n s t  be arrang e d ( mu su ch a wc av t h at t l ae  t i te r m nual  f ’c n c t n n r  w i l l  beeo mnne el ’t ’ec t ive  to a suuna l h degree onn l y.  ‘ l ’Iuus can
he .a c c a ) um l p l isi ie ’ d by a r e d u a c t a n n u n  of pulse d u a r a t i a n m u , e.g. . by m nnode— l ock , e tc .  H ar mu nonie  u sci l lat iomis occur at h nig h n e l e c t r i c
aund m nna gn ct ic  field s n r e u n g t h s  and very  s lnor t  pa u se dur c a t i u nmis .  TIne innf lu eui c e ’  of htc u n n no mn ac enscil lat ions and of f : a c t a n r s
( 5 )  to ( f on biological nuater ia l  is tIne su bject a n f  i i r t e ’ n m s i n  e’ re’searc in at pre ’se ’ u mm

hu n gem me r . a I , ( lucre is pract ical l y nut d O  fe’re ’nce bet ween re t imual  I e s a a n n u s  cau sed h a y I case ’r bea u nns and thets e resui lt ing
I m n a u n  the ’ e f f e e t ’ .  c f  o t h er exc e ssmv ely  imntemuse  l i g hmt  sn .u a a rce’s . I’ h u e l e s i n n i u s  mtt ca ~ he i m t s i g u n i h ’ica i mt  imu t he  hegimuning.  a
ae ser sib lu,  r e m a m u a l  edem u na  f e a r  n n a s l , a u n e e .  amid t I i e ’ mn s t e c a d a I ~ i mn cre ’ ,a ’ .e’ ut sevC r a t v , de’v el e upa ung mme u ’ r cn se ’s a n t  t ine ’ r e t i t na  and thu e
e h u m m a uel , l ime nuost sc s ’e ’m ’e’ l e s u c n a u s  mnu ay mn ua ma i f e s t  t iu eunm s e lv e s  b~ e’ ’ . t n l n s i cumi — Ii k e m up ta i r e s  of ’ ti uc’ ret in , i  ami d t ine chore n id
. a u e ’O mnn lu am ti e d by a s a g m u a f ’ uca m n t I ae ’ rnn a nrrhncag e ’ u n m a n  mIne ’ s’it ru ’ n naas  hn u tn io r  amid eve n  he ’ p e ’ r t n n r c a t  a u r a  of t I n e ’ s~’ler a .  A i r s  el ’f ’ect
on tIne fum i ct io m i of flue eye c’ .p emi d s auau  w hm ch  p o r t h u m r s  of tIne re t iu r n ar c ’ damunaged.  h e ’s’. severe ’ I es i a n uu ’ .  wi l l  p r ohab l~ un ot
he d c te ’cted by the p a t i e m u t .  a t  they are s c u l l  a c i c u a m l y  s m mn al l , thu the oth er imand la ser  l ae ’ cam m t s  care ’ capable of causing b h im nd-
unes s when  t iu e ’y h a l l  upon t ine  m c a e a a l c i , t Ine ’ poimut  of e’e nnt ra l  v a s i n n n u .  a n m a n n  f lu e  opt i c’ ner ve. h i mja i r i u ’s to t h e  pap il l o u nna cu i lar
I fa res can a l s n u cause se’ma a aus  v a s u n , a I  m a l l  unct iotns .  It  is n n hs ’ a o a i s , howe’s er. m t r . a t  the  e x t e n t  unf u l c m mmucage a l san depends uipon
th e  s i / c ’ c f  tine ’ le ’ s u u a m u .  h a t  even  t inuy  le ’ s m ,n n us  sa mc lm as th us e ’ I ’reqai e a u t l y  cca~ise ul i ’s la sers wi t h  a ui gl u pulse repet i t ioun
f r a ’n~u ae ’ncy would have c u i n m n u i h c i t i v c ’ ef f ec t s  , nmne l wan u i h u l  f ’ im t a l l y  r e s u l t  ian s n n I ’ s t , a a u t i a l  I m e r u n i a n i e n t  dannage .

In addition to flu e c h . a m u n . a g e ’ c ,a aas c ’ eI h n~ da u ~’et ex pn ns u me  of tine ey e  I nn i u n t c ’mu se lu g i t i  , ci laser beam p r e s e n n t s  a
aiard ev eu i  ~a t  t e n  bn .uv in g  hee’ nm ret l ee  te’th f rom la su rf ace ’ , nm par f i c u t l a r , a f t t u e ’  s a a r h ’:ace ’ is spee t a lc ar .  I’ sposu ire  to r ehiect ed
scm he iu iii ’ . could even b~ f lue u u u n n s m  ennur n fl lo au caus e of m m i j u i r i e ’s . sn mu c e i t ucauny  p e r s a n n s , wIno wi l l  m ’uo r mui a l l y  avoid direct

u ’ ‘su r e ,  wi l l  inn a mn e’cess :a rml y he aware of th u s type  of h u r n i . u rd .

i f l u e a m i a b le ’  s l i e c t rumim , th i e lag l u t  us emi t t ed  us a h iigh ly c o l h im n i a t e d  v i r t u c a l l s  p a r a l l e l  beam whuie ’hn is r e’h ’r . ac ’l eci he ’
I a n  turn i a l a n e  a a seu h  ini t ag e’ on the r e t n m n c a .  I I n c ’se images ramige (ii s i /c ’ h’roni 200 lunier ons downn to h O  20 mieroums

ui l i m i t  a n t  th in ’ eye ). In small umca ge ’s Inag h u e uu c ’rgy a i e ’ m u s u t a e ’s ac c u m u L a t e ’ wlnic in can evenn exceed  vci l uae ’s inn t h e
i t t  a n ’ I 0~ ‘si. ‘cm 2 . l ’hu e en ergie s ca c c uum nnu l a t e d  mrmas v a r y  i n n  .a large d cgm n ’ n ’ depending out the  pr inuc i p le



81

an I’ anp e rca t knit  n i l  I Inc lase’m d c ’s a c e’ , e’ .g. . l’~ I seth ‘ ‘ inn a ‘aI d ’ lOCked ‘‘ I ease’ mx v. a I hi p u I se d u r,a t m on t s i mm the n nn icr n n I p i ca n sa ’cn n mu a l e
a I I )  a :  se’d I . L) ’scs u l e ’i r ed l , asu ’ms s i a t i m  pu a l s e ’ e l u i m , a l u n n u n s  inn  t i n e  a u r d e r  of ’ n , n m u n n s c ’ a e n n uI ’ .  ( lO ”~ See’), or ci n n t a u : u u n n u .is ss’ ,a v e  lasers .

“ am zad eIa tm om u al  f , a c t c u r  umnf luc ’ mnc im u g  t h e  ca e ’ c u u u u u m l a t i o m n  oh emncrgy is t h e ’ t s p e  auf  nnate’r ia l  e’ m n m p l a n ~ e ’ l  for  the I ;nse ’r .  In
a d d a t m o i m  ta n  t ine  p i n s  succ a l  c l n c n r c n e  t e r i s t i d s  en f l in e laser  d e v i c e ’s, t h e  st ne ’e t r a l  t ) r oP er t i es  a u f  t he  ey e ’ are a n f  i n u n p u n r l c a n c e .  i’or
i t t i t a un c u ’ , t ine es e’ m u nee h i a t r a m a s n u n u m  ()Q ( ( S  ; of tine h ig int  emi t ted  b y a rub y la ser at a w cuve ’ I eng t h n  a ,f pn )4 ,3 nm. whi le
a n n n l y  about  45 ; ‘f t ine l ight  f r o a c a mn e cne lvm n t ie m m m n laser is t r a u n sut u i t t e d .  ‘l Ine f ’umndus  n n cu h i  ref lects  I 5 2(Y. u nf  the ruby
!,ase ’r ligh t amid  .a b a n u t  d l )  . oh the h igb n t  [roman a mm e od yun n n u a m n u  l a se r .  Due to the  h a g l u e r  a h s n n r p t i o n .  iun ,w es’ e r , t In e eye
m nnedma  .are unnuch m m n o mc ’ su i sce t mh ab l e  to da imnage by a ne ’ encl v m u n n u m u i  l :i s er be ’ , am n.

The sa/e  of th e pupil is ano ther  i t i npor t caun t  I , u c l n n r  inn the n t e ’v eio p mnnem a t  of a metimnal  lesion. In br ig h t  day l i g h t  the
pu api l  e h ac um nue ’ tc ’ r is . a b n a u i t  3 n u nmnn . ( an t ine dark  it is (a 7 mnn m nn . ‘I ’t aeret ’ore. at is evident  tbna t  the ’ smn i ah l er t h e  pupi l  dia—
ut ue’te ’ m . the ’ sum r , a l l e ’r t ine q u a c a m n t u m s  of lase r lm ghn t  t i nca t cain reac ln tine’ r e t i u n c a  I n f ’o r t u u u c at e ’ l ~ , t ine  Si/u ’ n n f  t he  pup i l  does
uncut  a lway s pr u ’ s i d e  som m n e d egree ’ a n f  p m n n m e c t i n n u n . s imnee  t i nere  are Lase r be ua m n s wit l n  d iameters  of Ic’ss thann 2 n tnn .

l ine p i g m a m t ’ m u t a t i o n  e el the c’s e us another i m m i p o r ta rn t I ca ct or  in th e oe c uu rmc ’mnce of ret inal  lesianm i ’ .. It e t a u e s  not onl
va ry f ’ronum persomi to per soni . hu t  also front  regioru to regmoun inn t ine  s:a m nne eye.  h e a v i l y  p igm ne nted hu m nuan  rcaees are ,
t in cr e ’ tn  c ’ c’si a e’c i a h I ~ su s c e p t i b l e  to dauu tage bs l ight  hea mit ’ ..

[‘hue Is  pe and the e ’ . l e n r t  of a le s i a nun  s t rong ly deperwi on tIne c ’x p n n s a i re ’  t ime .  If  the ligh t im fl en si t ies  cure the sanie .
the et  l ec t s  of ’ s i n n nr t - te r mn n cxposuures are unnu l de r  t h amn those of l omng-te m unn exposures . E x a m n u i m n a t i o t n s  of ’ m in o r  re t ina l
t inres lmol d I e s i omn s produced l by pulses of r e i : a l a v e l y  sluort du a ra t ioun  (0.2 2 .0 n iece)  revealed his tolog ical damage in the
pmg nn ented e p u t l n e h i u m n n  only.  At  e x ) ’ e u s u a r e s  ‘x ceedimn g 10 mnu sec , damage of the chomoid occurred cue well,  Since the
l a gl nt  ahso rpt us  i ts ’  e,f th ne p i g mne mn ted epa t i t e l e an t  is near ly  tine saunu e as t im , n t  of the choroid , the cli i  f e ’ r emuce in effect  mui st
be .ascrmbed t a n  the dif ferent  t h ickness of tus ~:e’. B eiung te mn t i nmues  as th n ick  :is the pignnented ep i the h iunu , t h e  choroid
cc i l l  be a f t e ’c’ted bs a t e n l a n l d  a u n n a m u a m i t  ot l ig h t energy per u m ni t  v o lu im n e on ly .  For th is recusoun , provided t l n , n a  I :asers i f
‘abe mei t ideu nm mcca l  lig h t imn t en s i t u e s  are applied , an s l ig h t ccase ’ s Q-switchned t .nsers wit lu  e x p a n s u n r e  periods below I msec and
n n ( n s a anf ’ tine ’ pu ilsed lasers w m t h  pau l se  du ra t i omu  f r o m  I 2 mnn s ec  will o muhv a f f ec t  tIne p ignne ’nted ep i the h i unn  whi le
c o u n t i n n u c n ai s  w a v e  lasers ccumn p roduice  dam rn .uge to tine cluoroid .

Th ough thier t i i ah action is the m ost m m p o r t a m n t  f cnc to r  in tine dev ehop nnent  of re t imnal  p inutolesions , thne m e are other
factors involved , too. I x pecua l l y  in the case of Q-sw it cht ed l :users of very h i g h  energy densit ies (m n e g a w a t t s n cm n )  and of
shuort pualse dura t ion  ( 5  50 mccc ) .  the incidence of da m nuage eanunnot be ca se r ibc ’cl to the l iberated heat  alone. I t  n nu ust  be
ass u amnned  t h a t  o t ine r  pin s ieal  bac t a ’r s  p lay an importau n t  part  such as iomi i z at ion or shuck wcives whu ich mn iigh t be respo m nsib le
l e e r  the r u mptu i re  of vessel s and the ejection of tissue nu n ateria l  into the v i t reous  humor.  A n n ex t remely  high ra diat ion
un tens i t y  cit a mo anoc lirou n at ie  wave length is ann abn ormal  s t imulus  in itself This un u ig in t be the recasa ) m n w h y  biological
svs ten’us are sa n umnet inues  s l a , a t t e ’red by resonance in ter ference .  A u . y  m olecular bond which exhibi ts  resonance at this
speci fic (‘requenc y may he at t ’ected . ,~u)w:s ’er. if genetic material or enzyme systems are ’ affected by this type au f
i t u t c ’ r f e r e n c e ,  ci n u umunhe r  of pat ino io gmcc al  rea etionus will occear. Tinis might  especially be the case wi t i n  rc a d ia t ion  doses
caus u mn g subnuorp huohogic. i.e.. f’u u nc t iona i , lesions , Damage to the enzyme s y s h e m u r  of the ret ina caused h~ l :a ser beams
has be eun es tabl ished,  . a. m m o t h e r  l r e d l u e n n n y.d i e a e e n e l e n t  e ffect us caused by tine so-called “doubl ing of t ’r eq a n e m u cie s ’’ .
l ine p i gmc u n l  m n u . n t m e r  in tine p m grmn euut  cells of the  re t ina  has a crystalloid s t ruc ture  amid could l iberate u l t r av in n l c l  lig h t

,ut a wave t e n m g m h u  n u t  .~47 .2 nnnn a f te r  h n : a v u a u g  been struck by a k’ser beam. However , the area wh ere it would be l iberated,
i.e., hc ’twee mu tine ret ina aund t h e  chnoro id , is normall s  m me s’er exposed to u l t r av io l e t  rad ia t ion .  At prese unt , no dn ne knn e aws
what  r e c a u tuons  e canu  be and u iced  in the retina b y uul t r : us ’ ua n le t  l ight n u f  t inis ty pe .

l i r e  eye is not onuly su scept ible  to danuage b y h ig h ut  of the vis ible  and une ar-imi frared regions but also by u lt r ~ns i a a le t
amid Lur ’unfrared r a d a , n t u a n a m  A’. nm i entu nj ned ,ahens ’ e . a n eodyn u mu m n i lca sc ’r cant cause da m mua g e to the optical media , mnnn t  o m n l y  to
tine cornea annul lena ’ ., hin t ci hs ,n to the v a t r e u d i s  humor.  With ca Q- ’.wat e’he ’cl ruby h c a ser , this kind of danucage ’ I~’ flue eyes
a n h r a h i a a t s  was nu ot detected evemn w l m e m a  a n u a x a m n n u m u n  power was used. I t i c ’ absence of damage to these s t m u m c t u u r e ’s nn. ay
he expLained  tn~ the i r  how ene rgy . a h s n n r p t i v i t y  at (hu e wcave length of the rub y laser. Fuarthermore , the mec h anical
effect  of the laser hecam u m does not ap~r eca r to be Saul  ~‘ ie i emu t l y stromug to produce s t ructural  ebnanges wh en s t r ik in g  these
ta ss ue ’s The uris  d i fhers  fromum tine ’ e u nmmne : n  amid lens by it s r eha t ivehy  hig h emmergy absorption at the ruby wave length.
Despite ut s  logIn e ’nergy level , the Q- ’.witched h~a ,a ’r w i l l  o mu h y cca um s e ’ unninor  damage ’ to the iris.

l ine (. 02 -Iaser w i t h  a wave length an f  I 1) , n nn i er ons  is a special inc aia rd to t h e  f r n m n t  section of the eye. As
m m nemut i oned  above , t h is is r o am a n m u l y  dec~ to its extremely h igh power ou tpu t , but  also hecau i se ’ about  ô7”~ m l ’ the beams

n I  th is  was’e’ lcu ugth is absorbed w a t b n i m u  t ine fi~’.t hO intu it of the c or m ue c u. This means that the normally tn’a n smittant
opt ica l  m un a i n a  arc m n n t r a n s n n i t ’  , a m r l  t a m  t i t i s  wiave k :ng th ,  The sannue is tr u e of the sk in ;  th e comusequen ces unf its burns,
howeve r. are less e m a n e u c a l  Clinical  and hun ’ et o log iccal examinat ions have shown that  the eyes of rabb its are not a f fec ted
when e x t n n n s e d  to r a d i a l a a i n  of ’ a m energy d~ ~sm m y  ‘f 0.! W , c m m m 1 (‘or 30 m n u i i uu utes .  I-however , exposure of ’ animcahs to am
emne ’rgy d em usa lv  of 1.5 W/cm 2 fo r  I second produced dam mnage I nn the camnumal  cornea , even though flue lesion was
rever sab le and no longer detectable a h ’ew days later .  Higher emm crgy dens ities i r odu uee severe and deep ul eu ’ rc a t i an a ns
wh ich e v e n t u a l l y resul t  in the l e n s ’ .  of the eye.
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Sn u uehu c ’s ca .n mu ee r m umm ig t h e  m m uf lu u u ’ m n c e  nO lug l ut . m a n c l u m d m m u g  ex ce ss ivel y imnhense  h ig i nt  s n i u m r e ’ e’s , a n n a  ce lls am td cel l  co a ns t  u t u c n t s
it . a s e hee u n u iunder  scay n c r  a In n ing t m n n c ’. ‘a t  l a r e l  , cc d c - h a u n c h  I u g i m t  s t u a n l u e ’ . we’ne ’ c a n n a d u n c t e d  w h m i c in  l a te r  were ’ fo l lowed (a \
t e s t s  scu t h u  ce’ r t , a a u m  uy .as’ e’ le’in gti n s .  I h u ~ I , ase ’r u s es ln e’c ia l l y sa i n t e d  t n n r  u m n s e ’ s l a g c a m n anmns  u n f  ( i i i ’ .  k In d ’ Si m nc ’e’ e ’ n n b n e ’r e ’ mu ec  amud
u nu o uan nc lmrom un , a e n , u  of ’ f lue ’ h ec a mnu ~a iloss s ln cu mp e’ u a m l t r a s tuun g  of e ’f ’f ’ u ’ e’Is inn t Ine a l u f f e ’re ’ m n t  spnd ’ n.’tra l  re’ ga an nm s . n n a d hee’ ,a nu s c ’ l Ime ’ hu igit
m m n t e ’ n u s a t s  n i t  t ine t’na. ’u aut i  I n e r a l m u t s  se’lce’t a s e ’ d a t nnca g e ’ I n n  n n r  de ’ s t m nud ’ t io mn a e f  t ine a h s o r h mmng m n u a te ’ r a , n l  I fu e re  .ar e ’ I case ’r mm u i c r o —
se n n p d ’s u v l nme ’ hn , as lna s c al me ’a ds beemn m n n e m n t u o n a e ’tl . a re’ e. a t’ cn id e’ a l  l a n e  u u s u m m g  t ine ’ h ca nm n d ns c’ mn to ,s d i a u t a e ’te ’ r of t ca . a n  m n i e r n n u r s
or d e e m  t i mie ’ nnn n er ouu .  S u c h  I’m mn e I a u ’mt e ’ m ls u il ’ l ag h a t  care of i u a a p n n r t a n m c e  ev i t i n  re ’g, n r u f I n n  t i n e ’ s t u a d l s  of e’e’ lhu u l ca r nn r g:uau e ’ll ~a. “a
I u u r t h n e ’r :ad v . a m ntcagd ’ el t h e  laser as t h e ’ , ne t l l m c a t  i t  alum pe’ m u m n a t s  m r r a d r , a t u n n m a  u n f ’ I n i g h m h ~ m n t a n h a l e ’ d e l i s  ah s l n tn r t  puu l sc ’ d u a r a t i n n u n s .
1 ,use ’ r r , a c h m a t m o m u  e , a a a  a,le ’l , a s  c c l i  d n s a s u u a m m ,  m i u n p ed e ’ C e l l  g m n i c e l i n . .mm n eh m m u n t ’ .a n u  cell d i l h e r e m a t m a t i o m n ,  I lie pme’ se’unce n a f  s)a e’~ i l i e
~a a g m n u e m n m s  ‘ . s m n h n u n  t i n e ’ u’e l h l , ae ’ n h i t , a t c ’s t ine , a in s nn mp t m om u u n l  t ine  i cas c ’r he’au an ,  S nn m nne  degree ’ a f  imns ig iu t  i m a t n u  tIne ce l lu uh :u m I u , n c t n o n u
sy, as az. a mm ned hs eh n, ’ s l r n n s  a u n g  n n r g c a u r e l l a  or p arts  thne ’me ’oI ’ , ‘I l ium ’ .  i m a m p o r t , u n u t  d e t a i l s  ‘oua e ’e’ r m n i ung tine’ ,a s s u a m u u l c a t u a n m n  of ’ n a ad ’I e ’ i mn iu ’
, ae ’ads a c re ’ l e . a r m u c ’cI t r n n m a n  c a u t o r a d i n a g m c a p h m s  of a n t a t n e c l m u i m n d r i c a  w i t i c l a  Inad be eun i r r : a ch ia le d  w i t l n  Ica ’. e’ r I i g h m t .  The’ e l f  c e ’ t’ .  n I
I ,u ’eem i’.c’ J mnn ’ .  on m a a , ac ro t n t e nl e c ’ui he ’s . e .g , I r~ I nta n l a h l am us , p a u n t  d ’ inns. gam ni am n, a g l ohau h iun  , e m n i y m m n e ’s , n uch e in u ic  ae’u ds . etc. . Inca C d ’ ca ls au
be en s t u d i e d  i m a 1 e ’ u u s u s e I ~ . I lie r e s u n i t s  d a h ’fer gre _ i l k  aund  a g m e ’ .n t  decal a n t  re’se’arcln work  st i l l  re ’ umncaumn s t a n  be dn ,ne iii th is
h e ld . I t  us m m u t e r e s t i u n g  l e a  see’ t h a t  n a - v i t r o  ru n , a c r omn n ol e ’eua l car  s~ s te ’ uan s  do n m n a t  recoser  as eas i ly  t ’ r e n u n n  lase r i r r a d i a t a e m n  as m u —
v u v e n  55 s t e u n ns  do, ‘l ine u n n a c h u v a t i o u n  c u m u d  d e s t r u u e ’ t u o m n  a n t  a m n c u c rom n nohecu u i e .  u n r g a m n e h l e .  and c e l l  m e p r e s n a n a u a i n l s  c ca uu se ’d ch t i e hl~
h as f l u e ’ m eat d e e  e lne p ed  cau n d by sh ock wave ’s , l ’ n e r a t n c a t u a a u n  n n f  f r e e ’ r ad icc a l s un n ay a l san  oceu ar , ( a i im t l n e i r  e l  f e e l on c e h l u n l , u r
‘ am c i c l u i r e ’ c a u nd ce l lu u l ar  :ad ’ t i s i l v  us p re suum nt e d  to be’ i r u s u g u n n t u e ’ .a u a l .  ‘lIn e ’ .u hs nnrp t i on  nnf  laser l igh t  in the cell e’ n n n ’ . t i t a n t e’s a
a n n n, n le cuul , a  r t a r e  cuss  t ine cou rse ’ of ’ whni cht  var ies  u r n  t ine  a n n a !  as ’ iduuci l  orgaun el la .  ‘F ine ’ c i nr o mnnc i I i  mu of t u e  mn uic l e ’u may  h u m  p amid
a u t h i m u  it , aca i an i es  untas  nectar ,  D ep e mn e f u mng on tine ’ w :ns e’ heum g tbn .  ahso m pt iomn i m m t i ne  nnn i toc i no m ndr ia  u nna y e’\ ce’ e’d t h at I c a k i m r g
p I.u ~ e in th e’ mnucl eus m t s e ’ I f .  i ) u t f e r e ’ u u c ’ e’s inn w a t e r  couuc e m n t r z a t i n a n r  or t h n e m m n n c a l  rc’’.istcu mnce  01 tine n u c l e i u a u e ’ acu , ls  migh t
. nec a n u im nt  l e n a  tine ’ I cact  t ha t  occasmonia l l  tine n u u c l e u i s  is less su scep t i b l e  ho laser h ig i n t  t h ann  th e  e s  t o l a l c a s u a t .
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Fine u deci  of t reat  m u g  re tum i al  a f ) ’e’c(ions by ap p l ic .a i i e mn of ’ e~~ce~s’,iv~ ly intense visible light has been cherished for
a b u g  t i m e. I t  as based oun tIme observatiomi i lma t  ci r e t i u n i t i s  solar is wi l l  leave ,a c l n n n a n a n r e ’ t i m n a l  sc’car  oun t ine f um und i m s  nn e ’ u u h i
i i i  c sh t uu ’bt t ine ’ re’t m n n a ami d the c’ h i n n r a n a d  came ’ im ru n i l s  san l der e d to each o ther .  Buut  it cy cle not u u m n t i l  a h a n u a n  I ‘)5( ,) t ina t  t hus
proj ec m could he re ahu ,ed.  \ l cy e r— Sc h wu cker a tha  a.nf Bonn I,. r ancec ’c ity ’.und U t t n n an n  of t h e  lea ’. ’.  ( omnn p . a mn ~ devch a aped
tine sie’ l l — k u n a e s smm p h n n n n n n c’ nna g u h c a t o r  inn a l n i c h i  ca \e’ a m o m n  h i ig l n — pr c ’s’ .un re ’ Launnp served .a s a s’ e’ry u a n t e ’ u r s c ’ s ch i u t e  (g lu t  s a e u u r e e ’ .
‘\ u t e r  f lue ’ l aser h a d  been m a c c a n t e d  s n n a m a c ’ I f )  year ’. I a t e ’r , i t . t u n a ’ , w , n s  e n n u p t o s e e l  ‘cur t ine  samune t h m e ’rc ape ’ n u t a e ’ purpose ’s. I t

us ann e’ scessivel~ u u n t emuse  l ig h t sou rce of pa rt i~ seuperi om . in unnc ana y eases, however , still i a n f e r i c n r  c I na rac t e ’r u s t a c s  svh t eua
counupared es u t h  tine xcmnomu arc l a m u n p .  h ’h m as  t inerap y  c u m m s a s m s  of t lmc  c o rasc ’rsio mn of l a u u n n i m n n n u u ’ .  energy u u n l o  m ea t  by
p m g m n u e m n t e d  t i s suie s  wa tIn  suhsc ’c I eue ’mn t c ocagu ui at ive  e l I  cc l  . l i e ’ re ’ ma c ha  n a i m n amid ln em nu og l obi  an .a re ’ t ine suibst  rates w inic ln cibs orh
time h i g i n t  ian tIne ’ t a s sdae .  I lt e cora nc, a . ca quaeo uus h t e u t m n a a r .  and he m s as w e l l  a ’ . the s i t reou s  body care ’ nnot c h ncan u ged  Ps visible ’
l i g h t.  wh ile t ine ’ i r i s  c u amd t ime ’ pmg m n ne an t e d  e p i t h e l i u n n  of tine ’ re t iuna  amid chnoroid s c i t l n  t l n e ’ir dif ’feman ag degrees of ’ p igunnen ta—
tmonn e’ , uma be e n . n g i u l , a t e d .

Of’ t l u e  nnanny  ms ~~~ u n l  La sers un iv  five are ’ of op ln t ina inn uo logica l  i m a t e r e ’s l ,  h ’ l t e ’se n n n c h u u d e  (hue ru by l ,nse ’r amid t ine ’
an e ’ a ad m nna i ann  laser , pulsed I 15c r ’. em i t  t i ung  tbne i r  li ght  in t~~iI se ’s wi I In d u u r a t ions  of ’ so anne m n uic r n nse ’c’ n n n u c h s  tn )  m t m n l  h a se d ’ an u id s  am i d
the ’ h ue hue uu mm —m ue o mn Icaser a m nd the ~a a g u n u u  Ica ser wh ich are count  i uuuao u ms w :uve I case ’is Tine V A( ‘N el l a se r ,  too , is of’ c a pln I n a b—
mnna , l ane ’ aea l  a a t t er e s t ,  It  ecu n be cmn n p knyed cu e a ( ‘a’s l a s e r  .as cc e l I  as cm p u lsed  laser . .~\m present m n n a i m n l y  ru i h y  I c a s e ’ ns  wi thu
pu lses n n f  2( 10 m m n u c m n a s e ’ea j mnds to a few m n n u l l a s e ’ e e n a u d f ’ .  are ui sed f a n m  e’ h i t u i e ’ , al  a p p h i c , n t i a n m n s . Q’ssc’ i t e ’hed lasers s c i t h u  rubs ’
se mi au ng R u r  I ,uscr u iu a t e r u a I  eanmi ot he emp innycd for  t ine rapeu t i c  appi iu ’a t ionns  he’cau ase t h ey c o m n s t i l u u t e  ca unnajor sou rce enf
d , a r n g e r  t a n  t Ine  h u u i d u i ’ , ocu u hi  , As far as o p e r a t u n n m n s  out t ine eye ’ mare con c ermae ’el . m ui b y I :a se ’rs are of c ad v aunt ua ge ’ ia n s a n f , u m  a ’ .
their  dark red mm nonoc h u rom una t ic I gin I does mnot prod l ice ’ ‘t a c u t e  npbto h i :a .  Due I n n  t ine’  s i t e  n m ( 1 m ine of c \  I nn es u i  me . . a  ana c s th nes u:a
is anan t  re ’ e i n u u r e d .  I t  us ann addi tmomna l  a d v a m m t .u g e ’ t i t a t  t me ’ .a t m n u e ’m n l une’ar t i ne  m ac m Ica imns’ n n h s’ e’s oun l y  ,a lo ss r i s k .  i l a n s i e v e r , m nuh a s
I ci ’.e’ m —  arc , n m t euu ded w u h i t  ean mn s ider a ble  d i s a d v a n m c n g e ’ s  ci ’. well.  l b u c ’ir  re ’uh lig h t ( ( e ’>4 , t n o un I is p c e n n r l y  s t u n t e d  t a n  v a s c u l a r
ca n . ig u u l c a t o  a m y  at tine I u umnd us ,a’. i t  is u n t i l  rea d i I~ ab su t r hneel ia~ red i n lm n o d c e’sse’lS, amag iunmumat c a  . ar ci ne ’ uu r ~ s m u t s , t h e ’
blood ~u ig m a ne mut  us ant  ahm inost the’ s ,u ann e s I n ce  t ral  co b ouu r  as t ine r ut h ’ s l ig h t w h a m e l t  us Largely r eh iected w lne ’mu el r u k  imn g sca su a u l a r
tu mnu o urs.  In c id du t  uan ma , tine famine a ) I e x p n a s u u r e  f requu e’nn thy as a n n e  sia a n m t  in 1 1 a m ’ e’ca ’.e’ of puu lsed I case ’ r s Du u mimn g t ime  s bt a rh
pul se’ t ime  te  ‘ t . n l  emmer gy a’. del ivered to tIne  u a s sna e ’ ammd , si unc e ’ mid ) a e h j u u s t m u u e u u  is uire P ass u i n l e ’ du r ing  ( lie e’xpans u ir e , se’ r u d n n a s
comp h icat  momi s  sui c h n cii h a e m n n u  arrh .age ’s m m n t a  a I lie s a l  me ’n u a s In u i u i u o r  or ret i anal  iu ei tno rm ’hnag e s I n i ca s  carise ’. if t i l e ’ came ’ rg s a i f  t ime
shunt  as too high.  l i m e  ) u a uu dus  le s a aaa ns  are s ln a rp ly c a r c u u u m a ’ .em ui aee l  - es in ie ln as ma ch scaly ,u in tage’ if a l .arg e ’r re met  i ce / u a a n e ’ as
desa red,

l ine neoch s u n nm u i mn laser I I 0 (O  unti l us a t tended w i t h  ti me di sadvantage tha t  t Ine  u S e  mnue u hu : a  ca bs a a m ha i t s  h ighu l  t a n  a v e r y
Ii gin de’grea.’. I his mam ~iy lead ta n the deve I op mni em i t oh a c a  t~i ract. I )  pc ac i f i e ’a I i n i t  of ’ tin e’ s i t re’an na s body maca s cilsan oce’u m
I hee l u n a l n ! u a n i c . t i e  pr an me ’ a ml chaing u ’s w i ( h i n m  (lie v i t reous  h n n e I ~ were est ahi l ish t ed as ,a me ’ sua l t  of am u imun a l  c’s, l a c’ r i unn ei t t s .  S t i l l
, i a a n n t l a em disa dvantage of the  Inca ad ) ’, m u m m u u m n n  hca s e ’m is t ine fact t h a t  it  requires S to 10 t a m a l e s  th e ’ e m n c ’a gv oh ( hue ’ ru aby laser
(0 a’l l e e )  i , c  s a n n a n ’ t y p e  a t h f u n u d u s  les u om n , I t s  . a dvam n l.a ge ’ . i u a a w u ’se ’r , us t l n c u t  i f s  b e ’am n i as i m u v i s u t n l e ’  Iu ) flue ese  , arud l , hhmei’ e’
lore, dunes not ccan u se b l inding w i t l n  p h a i t u i p f u a a i n u . a  w ine m n applied m u  eye oper , a tnomts .



l’iue h ue h i u imnn ’ m u e ’n nmt lase r ( ( n .t 2  S n u t  ) is a ( ‘ a ’ s  gcas Lase r e’ a n n i t t i u n g  a br ighut  reel l i g l u t  . “ as a i umn p care ’ d w i t i n  t h e  ruby
lase r. a t  us , a t t e ’ m n uhe ’eh is th u the  . u d s c a m n t ~age t h t , n l  i t s  l i t t l e ’ .  of c’ \ p u n s u u re ’ a re’ s’ca m ucaha l e ’ . l e n don ugeu l l u n a t e ’s an h e’x p n a s n u r e ’ . buocc e’s’ c ’r ,
ren t uaun ’ c’ re’ t r e n b u m h h c m r  amn . ac ’ s t h m e s a . a ,  I t  u s c l isa uh s ’ . a n u t c a g e ’ e n u as u m n s a n l c a m  as Is h i g i n t  is m u n u n r e ’ h h i n d i m u g asl a ~’n e’ouinpared w i t h  ru bs
ha gIn I

I ac ’ c ar gm n m n I cas e r e’ m n u u l s  mau u nn u ’ r n n u i s  cs’ac’ e’ k ’ a a g m h a s  mamngiun ( ’, I r on n ttt e ’ h l ue ’gree ’ m n I n n  l i ne ’ u l t r cas ’ u ol e t  spe’c l r ca l  haunc h , I t s
p r m n n c a ~n ca I as case le ’mug t h ns  mire  4s~ c a und 5 I 5 n n u m n ,  ‘Flu ’. ( ‘a’s’ laser us cal  l e u n d e d  w i t h n  g r e c a t  a d s . a m u l . a g c s  cc In c - a u  compared w i t h  t h e ’
ruu bs I , a sc ’r. Sumn e e ’ tine t r .m ansmunussa o m n of t ine p r i u n c i p c u l  wcave ’ he un gt l ns  thro u ghu tIne ’ eye ’ uni edia m amnnou m ua t s  to ‘ah nnost  ~~~ ,
as sn n t a e r a u i r  t a n  the ’ I l e ’ ’~”c ’ I cu ’ .e’r as sc u l l .  I ’ u u r t i t e m m m n a a r e .  t I ne  e m n e r g s  a n u u t p n a l  of l hne ’ ar gon l ca se ’r is in i gher t i n ~a m n ( m a t  of tIne ’
i l d ’’\e ’ l a s e r ,  I t  , n l l d ’ms t ine gre ’. nt a ds’ , n m i t cage t i n a t  ) h i e ’ p r i u a c ’ a p c ul  wca s’ e’ l e u t g t h n s  care ’ I n n  ci vu -ms m i g ht d e g r e e’ m ah su rhe’d Ps
hue ’ m n n a n g l a n t a u u i  amid r e t i m n a l  t n n g n n u e ’ m u t e ’ a l ep i t i n e ’ I i e a m a n .  ‘f ine ’ \ , “ a ( , ~ \d l  l ase r is s e’r s p r o m n n u s a a n g .  n a n  I t s  iase’r mn n ed ium ’n u s an

~ t t ri e umuu a l eu u nnum u uum n n  gar tu et c r y s t c n l  wi t h  ne o dym iuiua mn ul na p am i g  which en m nats  ‘ .a a mu s e  length of I I ( n e 4  rum, h ’inis cc case ’ heng t i n
cap p rae .u c l a c ’s th at of (lie nea ’ u f s  a a n i u m m  laser;  since tIne  ‘u ‘al -N d mase r l u , a s  s a i l  h ’ i c i e mu t  c’ u m e’r g \  . Is second h a r u n n a n n i c  wave nn ,a s
he’ u s e d  . ma was e’ I e a u a z m i n  of 5 32  t u t u  us n a b h c a i u u e d  ia~ free l uiemne y d o u b h i n a g ,  Thai ’ ,  wc av u ’ lemug i nt  is r a n t  q u i t e  as a d v c a m n t a g e n n u a s
as t ime  pri nc ipa l  ss ’can’e Ienngths  of the  argoun I case ’r , t h i s m i m n o r  eh isc ae l v . au i tage  is , lnoweve ’r . nnore t l namn connpensated  b y t ine
Oct that  th u is  I cas er ec m un be eunp lc ayed ca y ma puui sed ma ’ , weh i  as ca Q.ssc i t c i ned laser cama c h  ev ean ci ’, cn (‘W I case ’r .

In t ine  t r e , n t u n n e n t  of r e ’ tuuna l  at f e c t a a n u n s  tIne e l f  e e l s  of photocaac a guu l a t ionn  came ’ ( I )  c i c a t r u , a I  i o mn m a m nd ( 2 1  v ase cu lar
obh i te ra  t iunn ,

As there us a potential  ret iunal  cleft het sse en pignuented ep i t h ne h iu uu nn  c an i d se’unsory e p i t h n e h i u m n n .  cie’ .n l r a i , a t i o n  is of
special  imnn l a n r t a u n c e  in the opera t ive  t rea tment  of de t achunneu n t s  of the re t ina .  B l ockiung  nt r e l i n c a l  m anIc ’s . especia l ly  ci t
t h e  p a ’ s t e ’ m a a e r  pole of flue  ey e ,  amid operat ive t r ea tment  of reti inoschisi s . has alsa n been sa acc e ss f ’a u l l s  pe ’ mtnnrm un e’d by
c u p ; ’ I a c c a t m n n m n  of photoeoag uil at ion ,  Pe m unnc u nent  occlusion an f blood vessels is effected by (lie formnnataon of a coag u u lu u m n
a u n d  b y s n a h s e a i u i e m n t  o rgann iza t io m n  of the’ eoagu l at ioun clot , This is oh impor tau n ee  inn t Ine t r e a t m e m u t  of m m c c c  ly-f ’ornne’d
blood vessel ’. at (lie fu m idus  mete mirabile occurring in n r e t inopa t ln ia  d iahet ic a  amnd pe r iphuleh i t i s  re t iunae  ( I  I ca l e s
disease ). The a p p l a c a t i o u n  of laser beams is also the best way to per l ’ormnn photoob i i te ’ra t iomn of m u e r u n a m n e u r y s a m n s  wh iieh ,
ca he nve all , are a guiding syuniptoa n n of d iabe t ic  r e t i nopa thy .  Vascu iar t u m m o u u r s  such ca y h n e m n u c a m n g i n n m n a t a  anu d cungio m .atan si s
re t i mnae ha ve also been successfully treated by app licat ion of photocoa g u i l c i l i o m n .

The laser has fu r the r m ore been uused m as ann operating ins t rume m nt  in a f f e c t i e n n u s  of anter ior  op h i t h ia lm n u ic  regmonus.
e .g . .  f ’or per l orat ive opening of the iris , inn opt ical  or t h e r a p e u n t a c  i r idectonnies , bui t  also in the  t r e a t m e m n t  an h ’ l c a u n a e t , a c  t ion
of tine iris. It  luas also been app lied in tin e t reatment of glaucoma with narrow ang euhus r radis . whie ’re ’ an a t t e u i n p t  was
mn n ade to burn  an n n ~ne’an u ng in to  the a ungulu s  ir idis in o r d e r  to ere ’ ,ate a draimuag e hole l’or the a q u i e anu us  hu m nn io r ,  Ian
a d d m l u n n m n . photoeoag ol atuo n tre ’ a t m nneunt  naf  g l au coaan .u w i t h  opeu n wide c amnguu l eus  i r i d is  Incas been a t t e mtup t ce h  r e c e n m t h y .  I t
would be premature to offe r an opi m nio m n at t lnis t in u ne :  it shnoea l d . however . be’ noted tha t  gou u i otomny amnd m rca i a e’culotom~
have beemi a t t emnt p ted  b e t n .nme w m t h n  other cau te r i z iung  ins t ruments  and that  tine expected smacees s very o f t e n  failed to
un iaterial  ize,

Laser t r e a tnn i ent  of macular affections has been successful very frequent ly .  This t~ pe of affect ion is of the  greca tes l
amportance wi th  regard to the visual process. Affections of this kind are of a partl y imuf la m nun u natory  and partly degenera-
tive nature.  Now and then , t raumata and me tab u n h ic  diseases , too, are the cause. Treatm u nent  of these a ffections must be
e nf  the quick-acting k i nd .  If the therapeutic effect sets in too slowly, retinal tissue is replaced by a neurog liar sear , which
imp lies reduced central  vision. Here angiograp h y with hluorescein is of great value. I I n u s  t echni que allo ws v i s u a h u z c a t a a n m n
of n nm nute  oozing points even in presence of severe nnacu lar  edema. They can be e’x ca c l l y  established by a p p h i c a t i e n m u  of
fundus  p inotography and by sh it- l a ;nup exami m nat ions  wit h the ruby lens or with  a contact  lens. (‘ ay es of inigh ly successfu l
t r e ’a tnnent  of ret inopat h ia ce m ntra hu s  scren sa have been reported which , in spite of its marked tendency to sponta mieo uis
recovery, h a d  a high rate of defective hea h i u ng.  (‘cases of chorioretinit is cenn t ra h i s  hcave also been snucce .ssfu lh y trecat e d h~
application of laser photocoagu lation . Frequent ly  histophasmosis has been t h e  causative factor in this  t ype ’ of . af ’f e ctm ou i ,
Medicinal  t rea tment  n n f  this aff e c t i oun is d i f f icei l t .  N e i t h e r  steroids nor an t ib io t ics  have been of any therapeut ic  value.
Desensitizations have also failed , If the inf l ann uu uat ory  lesion is a small one , laser photocoa gua lat ion is a usefuu l tech mni que:
in the case of extensive lesions it is mostly ineffective. Macular edema following cataract opera l i onus and man u c r e n cys lm c
macuhar edema occurring after retinal phhebothrou rm bosis and in retinopat hia d i ah et i e , i  respond favourably t a n  p inoto-
coagulation. In the ease of senile discoid degeneration of the niacula it proved ineffecti ve.

Laser-beam treatment of ophtha hun ic  tumours has produceu l dubious results onl y. h muves t i g a t iomns  in to  the e ffect
on pigmented and nonpigmented tumorous tissuue have shown that  the tumoro ui s mnm asse ’ s care not eomp l e t :hy  destr ens ed.
In m n a n n s t  cases irradiat ion does not even cover all  tunuoro u us  regions. l) e’ve lop tun ent of a bnyperaemic region occurs
around the irradiated focus (his taminic  effect) and the dannger exis ts  that  viable tum nnorous cells will  be spread via the
blood stream. Despite maximum exposure ’ tumorous cells in cell cultu ires exhibi ted undist unr he d growt ln after l a. ivim i g
been irradiated with laser beams. Morpho iogic :all y. too , the cells remained unuc h uamuged.  Amnother  di ffi~ a mI t v  iii laser-
beam op er cam ion s  is tine ean rme c t  dosing of the energy quantu u n un  required. If  tIne energy dose as too high . c m water -vapour
exp losion may cause rhexis of the tumin o rous  tissue. Living tumorous cells are’ then hur le d  u n t o  the  su rrounding area ,
a process which may lead to tine deve l opmemut nnf  iuu e ’l mastase s in , above all , the innuer eye.

In major sn ur gm ’ r ~ it has been t r i ed  I n n  e m p loy the ~~~ and argon lasers I n u r  c u a t t i m n g  snnft  pca r t s  Simn c e ’ bleeding is
very i n s m g m u a f  me ant , th u s nuethod would be of special adva m n l ca g e .’ wi th  regaruh t an ple t l n nn r me  o r gm imms . thnou gh n e schcam
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l a u m u n i m a l n a n m n  o c c u rs  .it (hu e s n n r f c i e e ’ of Im n u ’ i san n a n ,  U n f n n r t u a n c a t e ’Is , t lne ’se’ an l n c ’ r ca t i s ’ e  I ,use ’r ’, a re ’ us yet ve ry d u f l a c u i l t  to I ncaau d l e .
I ncr  c o u u s t u t u u t c  a m m n a j o m  lire lna , . u a r d .  I” u u r t h u e r u u u o r e , t i m e  opera tor  am nd t Ine  c u s s u s m a m u g  sur g e oums  s u u s t a u m n  h uur l ns  ve ry  fr e q u i c u a t l y ,
Re’flee ’t i otn a d h e amuas  by saurgu e ca f a m u ’ . t r u u m u n e’ m nts  e’n n u u s l i t u u t e s  aun add i t i omua l  I n a t ca m e f .  I hue ’ f i e l d  of ’ o ln er , a t io n is obscured
ami d t l ne  Oper ato r a m niu n n s  ccl Ps tine ’ g eu te rca t ma nun  of smmuok u ’ ammd s’al~ i an r .  I ’ y e -au if Sot u te’ n u f  t iue ’se nueg at ive f ’a c h n n m  s could lie
e ’ lm n nmmumn ted , t h e  a np e m . a t a s  i’ l cn ’ eer wouu id not c a n m u s t i t u a t e  a m y  s igni l ’ ic m umnh pruagre ss mu ( In c  snurgie ’ . a I f i e l d  ss’henn com nu p un red wi t h
ti n e op e ’r cntic e u n u e thn c ne l s  In i t l ne r to  u n s e a l .

lii de ’rmun ~a ta I nn g y , t en a u , t ine laser inas been em ployed I’or t i ner m apeut ic  puurpn n ses .  Very good resau l t s  have been
e n h t m u m m n e d  m u  t ine re n n n nv . a I  an f  t a t too -m t n , m rks ,  Lase r t r e a t m n e m n t  of cutam u eo u as  t um nuo u urs  has , however , bee mu d isap p ouu nt ing .
Here f lue s c im n ue c . aau  be said ca y is i th m re ’s ln e’ct to laser t i n e ra b n v  of o p h u t l n a h m n n i c  t a u m n n o u u r s ,

In dem it isi r s  e s .p ermn n ema us hcasc ’ b e emn conu ducted  ainu ied cal ‘ ‘ hI . a s t imug off” ccario us f a n c i  Ps app h ic , at ion of a laser ,
Being comunp i e t e l s  pai mu less t I tu s  tech mniqu e us au i m n t e m e ’ s t i n u g  one. Uu i f ’o r tunna te ly  it  s t i l l  inn volve ’s c un mnsmd e r a b l e  d i f f i cuut i es .
Cs cia  wh ten m a gla ss fi b re optuc  sy st e ’an us emplo y ed ,  More pro m ising, inowever , is. .‘mti expe r in ien t  co m udu a cted with the
cai rn of produ i em u ng Out mu t oo t h , by app l ica tuoun of ce r t ca in  n n inera l s  and w i t h  the .ui e l of a laser bea m , a flux t iuat will
i to m naen gc ’ne ’oaus ls f’aus e w i t h  th e dental  enannuel .  S a nunne day it  nni ghi t  even be t aa,s s ib le to dissect  l eet in  u s i u ng a laser , ‘l ine
so lu t i om n net  th ese ’ problems , lnan c v e’ve ’r , is subject to f u r t h e r  rc’sc’ca rcin ,

10. SOME LASER SAFETY PROBLEMS

To establish laser s c u f e t v  s ta lndard s  it us of I’u im nd m a mun enta l  importa unce tan detc ’r m n ’u ine t u e  energet ic  values  for
re ’ t m una l  t lnreshoid lesions. But their  de teruni n nat ion  is somnnewhat diff ’i cua l t . since we are nuot sure which cri teria shotn ld
be applied to cusses’, a t etnu n al  Lesion. The tern) thr eshold les m oun w ca s d i f f e r en t l y  defi mn ed by d i f fe rent  resecarch ers and
l l u c a t nnak e s  a e e m m a n p a r m s o n n  of the exper m n n e u nta l  resul ts rather d i f f i cu l t .  No r unua l ly  the ‘ . m n n a l l e s t  lesion detec tuable  by
n a s u a n g  the unphn ti na lm nosco pe us termed ca threshold. We muust  consider the f ’ohl owi mng points , however ,  using fine opht hnah-
umuoscope m u h o  \ unna g nni fm ca t ao n  is obtainned , at best: tine slit haunnp toget ln er wi th  a u x i h i m a r y  optical  systems provide a
40 X m unagnnifu a ’atio un of the fum ndus .  By the cisc of fitmorescein one ut nca ~ find even a mucit lower thres h old by the
de t cc tu o nn  of a possible s c as cular  frag i l i ty .  A mor p hno iogm ea ll y detectable un in imum lesion may be completely reversible ,
sc ’hi erecas a func t momua l  lesio in th at us not detectable by ophthahmoscope ca in sanmame ’t imes r e suuht  in a p ennaneu n t damage.
Al the threshold value  One reaction of tine re t ina may be ext rennel y strong and it may not be h i m near  to t h e  radiation
dose. I ven t  if the area of tine lesion is snna li , the sur rounding  ede m nna inlay be unuc in larger .  Uuuh ’o r t i unna t e ly ,
l u n c t m n n m n a i  s t u id i e s  calunot  be carried o uut  on amni m n al ’ ., becaumse the amnimlual  is unable to g i se  a m y  inform un at ioun oun damnnage
dum e to radia t ion,  l i ne  threshold determnnmmued b y opht ina lmnoscope cain he’ fu i r ther  lowered by histolog ical examinat ionus ;
however , it is seldounu possible to r elate tIne actual fuunc t iona l  der c angea ne unt  to t ine  pathological  amid inis to logical
changes. B~ uusing his toehe mi ni e cul  e x a m n m n a t i o u n s  of en zy nnne  iu nac l iva t io ns  it is paas sul ) h c to lower the ophtha lmoh ogica l
thres h old even by h O - 15 perce mnt .  Tine electro retinogra mi n ( E R ( ; )  w h ic h  is applied to determinne tin e electrical reaction
of the re ’ t m mna to cer taunn l ig ht  s t imnui h i  is also used iii the de terun i na t io mn nnf  threshno lds.  Lig h t euuergies tha t  are 50 per-
cenut lower th an the t i u r e s h a u n l d  energies deterunni u ned  by ophnt lna lmn oscope produce perunnanneunt  changes in tine ERG.
Fu r the rmunore ,  it must be coitsidered tha t  the eye t itr estuolds vary betwee mn di f f ’erennt anim n ual  species. Such stu adi e s
cannot be perf ’ornnied on u nnamu , amid hnuman eyes , which have to be surgically reunn oved to m other reasons are not rea dily
avca mlah l e  f or  t h nus  ty l a e  of examiuna tuon t .  Moreov er , resuu l ts  of ann examitna t io mi  of eyes cuf hl i e ted by a pri m nuary disease
woul d have to be interpreted wmthn  great caut ion .  Fro m the very sun nall nuimber of exaun ina t i ons  th at huave been
carrie d n uat , we’ m ay,  h owever , co mnclude , tha t  tine re t inna l  threshold h esio un s t’or nnauu are highter  thaun those for the rabbit
eye , amid t h a s  munay be cun nn sider ed as a certainn s a f e t y  f’actor.

l Ine term “t h res h old” seems de te m u n nunmiug  t ine energ y level cauasimug a le siom n in 50 perc eun t of call  t ine cases ,

Using x e mu on au nd carbon arc s inn pulsed opemat ioun , Haiti ,and h i s  s t cu t f  def er m im ned tine th reshmolds  whichu produce
a r e ’t i ia in l coagul atia )n in rabbits th u at  is har el~ dete c l cabl e ’ .  i r respect iv e’ of the s i / c ’ n u f  t ine ’ exposed are m a , t ine t h u r e ’sh mol d
e’t u er gi es a l n pr ( n ’s a a u u a t e  to 0. 7 J ,’e nau ~ cc tIn decre ’cmsann g e \pa )S t ire tu ni c . I t  In c a ’ , cm is un  be cmn fou u in e l  cut i de ’un l i e a l  e’nergies t h at tine
effect of ca rub y Ica s em equals  tha t  of a s eu to u u  arc cm ’ . f a r  as (bne t h nrc ’shno ld emnergy is concer mu ed.  If t he  exposuire ’ t ime
is reduaeed . (hue t i n res im unlef  energ y dec reases , too , him a Q ’ss satc h i c ’ d ruu h ’ y l , ase ’r w i t h  a pui lse deu rat m omi of 28 .5 nanoseconds
the thre sh no i ni  euae ’rg y decreases to 0.07 J , cm 2 . K o t i c a n n  aand I t i s  s l m u t  f eve m n fn na uund  th nt a t . by usiung t h e ’  sa m mme i r rad ia t iomu
energ y, a 0—s witched rub y I ca s er (80 nuanan s eco r uels  pu i lse ’ d u r a t i o m u ,a required ,cb o u i t  40 timn n es  less emner g y to produice a
lesion tha m n anu ordinary in u als e d laser cc t im a pu lse ’ du ra t i on  n f  0.5 muui l l i s e ’eaa rtul s ,

Whereas th e first  s a f e t y  pr imuc ip les m m a m ( i a l ! v  were t hte  n n a u t e  aa m nn e  n u t  c u a m u n m n n o n  sen use , l ine  real sa f e ’ t y  re g ua lc ut ienn s
could be set up t e n t a t i v e I ~, due I a n  the ’ c o m u t i u i u a t i a a a u  of tine h u n n i a n g i c a l  cind p b u ysi ca l  rese c ar ehn.  fiie I’ae’t t l t a t  the
per mn ui ss i b l e  m n nax l rn u m m i  value 1)1 a u f a r c c t  eye i r r ad ia t i on  us subjec t In ) C u i t t s t a m i t  c h uamuges  prove ’s that  it can inn no way
h)e a mnnmm t te ’r of f inal  megu u lmat ioum s .  Al though it is sh i l l  r u ’ I . a l i v c ’ly e’c a sy to set up s cih ’e ty  reg u a l a t iomus for  i n a u n d h i u n g  laser
equ ipmein t  in l ab or ca l ua raes  and m u a m f u s t  a aca l p lants , it b ae c ’onues very d m1 I ’mcuh t  whne ’n s a f e t y  reg u bat iouns for tine ’ field h andl ing
of lcis e ’rs are cnnac crned. In an induas t rua l  est~ihlu s ln iu i e mn t  there  are ’ a lways  re la t ively  les s people ounly w h o  mnnighnt  com ic
into comut . act  w i th  laser ) aeaumus , I Inc iuecessuir y op i u thc n lnu o ) na g a e  .mh el1e ’ c k a u h a s  d a n  not prese’ anh a m uy prob le’ mmus in t h is c a n e ,
It  is rci t lner m ore d i l l  m e u l t  to see h ma n w i t  t im ugbnt Ian ’ pu iss ihl e to c a r r y  na t i t  su a e ’h u m e’ga ul ar  e’lne e ’k u n ns wi t hn im n large groups.



It  us im l uper . a l i s ’ e’ t l m m a t a l l  Ia e ’ r s n n a u s  w ino  m n n i g i n t  c d n a a a e  u n t o  comt l c ic t  w i t in  lase r he ,ann i s  w i t  In iun  t l n e u m  nibs  sluou ld be s u h a te ’ete ’d
t e n ,ana  n ) p h n t i nm i ln un n l o g ie ’ .al e x c a m n t i u u . u t i O i i  ,a l ( hue h a e g i a a a a u m a g  .a m n eh c al t ine end of ’ the i r  cue t a v i t y .  More ’ ans ’ e’ r. it is adv us ca ) a l e  t ha t
su aclu cine ’ c k u i l a s  h e’ c c a n n n e’ eI c u t  e’s’er ~ six a n u o u n t i n s  d u a r i a n g  th eir  e m m np h o y m n u e ’ m n t . I hue l ’a i l l a n s s i u m g  shn.iunkh he t i no roun g h ly  e x , a nm i i uned :

I ) t ine s stu nt ) , u c u u i t s  w i t l nou t  a nr , i f  an c ce ’s’.c n m y  . cc tin ca corr e ’ct io m n fom’ f a r s ig h tedness a m aeh shor ts i gh utednue ’ss .

( 2 )  t h e  iner ip ineral  amid cen t ra l  visammul  f ield on ln a n t i n  sides , tine ce ’n n t e ’r of the  re tumna  shoumid also be e x a run m ne ’ d  by
mnn e , a  mu ’ .  of t ine “ a inus l e r  ch art iii ua rde  r to el asc ’ envcr  inn inn uu te damnu n ge s .

1 3 1  i t u o t i h m t s  a und puip il r c cae ’ tu oun s ,

e’ \ c unn i u i ma t ion  enf c n n h a n u u r  s usuon

( 5 )  e x c a i u u i m u a l i o n  of tine ’ au n te r io r  eve sectio mn s wuth  a unm u rrow pu mp i l  amid especially n a f  the lens in a m n y d r u c u s a s .

( ( a )  op h n t h u a l m m n u n s c n n p i c a l  e .\ a n n i m n a t i o m n  of tIne f ’eumud u s of ’ the ’ eye ( m n n y d r i m a s i s ) ;

( 7 )  nn ea suu ren i eu ut  of m t  raocua lc n r pressu re.

Tiuc e ’s c a m u m i m u a t m o u n s  nnuust  be cm amried out ext remnie ly  thorou u ghn hy :  all pathological chmaun g c ’s nu dist be carefull y specified.
If ne’cesstar~ . lens a nm f n m m ndus lesions nnust he’ photo grcap iued. ‘l ’luis is unecessary ma imn l y  becauuse mnumerou ’ .  pathological
ch anges m nn ci y be’ c aa n n f ’uused wi t h  eye  daunnages by ligh t . e. g. , chorio-metinah sears which are of another  origin .  Tine
res u m l t immg legal ca m mnse ’ a l u u e umce s . e.g. c lai m s i’or compensation , pension requests etc. wa)u ld be pr eca riouus . I t  might also
be possible tha t  a suntall hole u n  t ine ret ina cau used by a laser beanu could escape not ice ,  which mnni ght subsequently lead
to a retinal d e t a c h m n n e n n t .

Tlue experts  take di t ’t e r e m nt  views on the question whet luer  a rout ine fitness examinat ion b r  handl ing laser
e ’q t aip mn n ent  sh ould be iuntrodemced.  In ounr op inion , it would be very useful to set up princip les of fitness. Persons
h a v i n g  conns iderabhe defects of visiou n , acute or chromnic eye-complaints or changes (e.g. a uuni l aterah macu la process ,
chorinn -re ’tin ia l  sears , unuajor de fec t s  of the visual fields) should not be exposed to the possible hazards of laser beanns ,
since the cond it iomn of ma bad eye would thuis be deteriorated or the good eye might be damaged.

It goes wi thou t  say ing  tha t  certain precautio mnary uneasuires must  be taken when laser equipnnent  is umsed in a
roomn n , so final nobody is exposed to a d i rec t  or reflected beam , nor eve m n to a diffusely reflected beatn .

But  t iu e ’re is still a considerable u m neer t a in ty  abouit the fol lowing:  it is often re e ounnmnnended to have dark or black
walls in tine work-r oonn , so that a possible aberrant heau n is absorbed. That does mno t seem to us to be tine righ t thing.
If the work-roo mnu is kept too dark which would be the case wit h a black wall pai mnt or black screeu n s . t h ere us an
increased damnger for the eye to be damin aged by a laser beam , siunce the pupil  widens in dark n ess. .‘\ room in which
lasers are employed should have a m n i n i u n n u m  i i l umimnat ion of a p p r o x i m a t e l y 200 lux .  It  s tands to reasoun th at persons
whose pup ils are widened by drugs for somin e therapeutical or diagnostical reasons should not work wit h lasers for  the
durat ion of the mydrn , as i s .  The same applies to all persons suffering from a pathological wide m ning of the pupil
(condition after  bruise of the eye-ball etc. ),

It is e” . se untia l  t lnat  all persons who are likely to be exposed to laser beanns should wear eye-prote cters
dur ing the i r  work. This app lies not only to work in a laboratory or an industrial  plant , but also to tasks in
the mi l i ta r y  field d u r i n g  operat iouna l  exercises. Impor taunce  sinou id be attached to the (‘act that  tine p ro tec t ive
filters ui ’.ed must  give protectio n against the laser wave length concerned, If laser beams of dif ferent  wcave
lenghts are produced simultaneously,  the om n ly su u i tab h e  protective filters are those which protect against mall the
lay er beanu wave lengths imnvo lved. It  is obvious tha t  such filters must  have sufficient o pfmcm ml  de unsity for this
purpose. F iuna l ly ,  if used in war t i m nne,  laser fil ters must  be almost I OOe’/e transparent . sum ice otherwise it will not
be possible to use themun at night .
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~ Pa’ . Fuller
“a .W . R. F ., ,‘\ I a le r r uuaston , Ber k s lnir e ,’ ,

( iran de~Br et a gn n e

1. INTRODUCTION

l.es eara etn.i r n s t i q u e s  p hi ~ s i qa m e s généra le s des radia t ions  cosrrmiques ont été hien éludiées pour I ’AGARD par
.Al lkna te n i en I ~7 1. Cet ar t ic le  d e e r i v a u t  Ia eanmposi t ioun et Ic spectre d’ ém ner g ie des radiations primaires at comment
ces rad iat ions étament  modulées par transmission ml t ravers l’atm osp lu ére et par interact ion avec les c ina mp s  magnét iques
associés au solem l et a Ia t erre,  Le present art icle tr aitera pn inci pa lement des doses radio logiques associées a ces radiations
aux a l t i tudes  uti lisées par les avions mi l i t mu i r i ’s .

N on as avons Ctud i I  3 tran cl nes d’al t i tude :  10000 a 13 000 m (200 g.. ” cm nu 2 ) pour les réacteurs subsoniques . 16000
.a 18 000 m ( 100 g, cm 2 ) pour les avions supersoniq uies volau n t  a Mach 2 environ, et 28 000 m (20 g/cm 2 ) pour les
avions v olaunt  a M . a cf n  3.

N aeus  serron s que Ia maj eur e partie de Ia dose provient des radiations légèrement ionisant es et de neutrons
d’Crnergie a l l ant  jus q u ’à quelques MeV , Pour ces radiations , les moyens pour convert ir les résu ltats  des mesures des flux
en ~‘~m i f l i J t m n ) f l ’, de doses sont b ien éta hl as  en p n incip e 2 . P our tan t , une  peti te partie de Ia dose p r ovien t  d ’interactions
nuc lCa ires dam n s les tissus et . aux a l t i tudes  es plus élevées , il y a encore un flux detectable  d ’ions lourds for tement
mon u sants.  [.es effets bio logiques de ces deux composantes peuvent ëtr e qua l i tat ivement  diff Crents  de ceux des
r an imations kgCrement ionns antes  et des neutrons , de sorte qu ’iI convient de les considIrer séparement .

2 . LES DOSES PROVENANT DES RADIATIONS COSMIQUES GALACTIQUES (RCG )

2 I lonisation

L’iomnisation produite par les RCG (radiat ions cosmiques ayant  leur origine em de lnors de systéme solaire) a été
largenneant étudiée depums p lusieurs années . en particu lier par Neher et CoIl3 ’4 . Ce’s etudes ont Ctab h i  comment ha
sitesse ’ d ’ionms at ion van e avec le temps , Ia lat i tude em l’a lt i tude ,  Lm a variation temporelle re lCve de Ia var ia t ion du champ
magn Cti que du soleil et d I e  suit ainsi Ic cycle solaire de 11 ans , Les radiations de faible énergie peuvent pénétrer dans
l’orbite terrestre quand Ic champ magnCtique du soleil e,’st faible . Dc mCme , le champ magnétique de Ia terre produit
l’e ffe t  de lati tude , les radiations de faible Cnergie pou v ant  a t te indre  des points de lat i tude géomagnétique Clevée .

L’interact inn avec l’atmnosp hCre de Ia terre produit l’a t t C nnua t ioun  des radiat ions  pnimaires et Ia génération des
radiations secondaires qua sont par Ia suite absorbées plus profond ement damns l’atmosphnère . Si le spectre c o r u l u e n t
suffmsamment de particu les de faib le énergie ( la t i tude  élevée . activité solaire minimale) .  l’effet net sera une reduction
conutinue de I ’ionj satj on avec les al t i tudes décroissantes , Par contre , si les et ’fets magnét ique s n e a n t  déjà supprimé les
radiations de faible énerg ie , Ia vu t ess e d ’ionni sation va d’abo rd augmeu n ter 1 mesure que l’u l t i tud e  dCcroit typ i quement
Jusel u ’i des valeurs de prodondeur mie I’ ordre de 100 g/cm 2 (les ef ’fets d’al t i tud e sont dét ermi mnés par Ia qu an t i t é  de ’
matmére que les radiations ont traversée , p lut b t  Il iac par I’a l t i tude en tant  que te l le. On montre dans Ia Figure 1 Ia
relatiou n entre l’a lt i tude  et l’atmosphère résidue lle par un i t e  de surface pour m i m i c a tmosphere ’ standara l ) .

La plus grande part ie des mesures d’ionisation a des a l t i tudes  al lant  ju sq u ’à 20 g/cm 2 a Cté fai te  avec des cl iambres
d’ion i sataon remplies d’a rgon gui sont Ima l onnées atm sol en u t a l isant  des chnamp s conn sa s de radiationus gamma. Ces
mesures peuvent Ctre convent ies en intensi té de dose absorhCc si l’omn Suppose que  les relations en itre les forces d’arrCt
et I ’Cnergie r en luise pour f armer un c pa rt ’ d’ions pour I’angon ci ‘air sont les mCmes pour Ia composante ionisante des
rad i atin ns cos miques que pour les ra d i a mi o ans  gamma. On dit  que l’ int ensi tI  de Ia dose absorhCe par les li ss aus est plus
grande dc 14’ ‘ que I’ intens it C dans l’air pour les radiations faiblement  ionis an tes ,

La connparaa so n des r ésultats obten u i s  par d i f f Creauts  groupes de clner cln i ’u rs’ a nnont rC que les valeurs du groupe de
Neb ner sont d’ env &ro m n 20’4 plus Clevées que Ce l les  a l e  n ombr eux autres  groupe ’s, gui s an m nt muss el, concor dantes. C’est
pourquo i on a uti li sé les né su lta ts  de Neher pour determiner  Ia va ni a t i omn ale l ’ i u n t c ’ a n s m t ~ ale Ia dose n I ’ i n n n i s m a t i o m n  avec Ic
t erm np s . l’a lt i tude  et Ia l a t i t u d e , mai s Icc valeurs a hsn n lues  s n n a n t  etC corrigCes pour c un inuc in l e r  avec sine ’ utesse moy enne
d’a a a n i s a t i a ) n  au niveau de I~ mer a 4’~°N de 2 .14 pair a ’s n l’ ionns cm ccc t r C t ’Creuica ’ s 6. 7),
Pnnnar  les r (t erences vaa m r Ia page 7 du t ex m c anglais.
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Le,’s r e c u u l m , i u s  e l e t c ’ u a a i s  s n o u t  pr Cst ’ u a t i ’s a l a u ns  ha F m g umr t  2 ( v a r m a t u e n a n  ~i V C C  l’ a l t m t m m d e  ma l a t i t u d e  ~‘ Ie , ’vCe P na t i r  a c t a s u t e , ’
snn lj m r e iu i i m mm uan .a la ’ a t  u n t a x i n n n m i l i ’) , Ia Fi gure  3 (v m a r i m m t u e n u u  p end a nt unu u.’ vcle s a a l a i r e  ma l m i t i t u u d e  c I e , ’n ~’e,’ pour  dcc a l t i tudes
el u o m s m e s a , et It ’s I igures ‘4 et S (c ,u r i a t i o n n  , i see Ia I u t u t u u a l e , ’ t~~u ir ties a l t i t u des c’ I u n a i s i e s  l inn t mr  a c t u a ’ i t ’~ sn ) lair e mimni n na l e  et
n an ax iuuna l e  re sp ect us em in ent  ) .  ( es n.’nu u r he ,’’, s’m a ppl u a ~n ieu nt  a U n~ 115)5c c damns  ni a.’ pet it S v n n lum c s  isc n lCs d c’ t issu oil en s pra I mn ~ nie ,
a n us  danse’, al a u n u s e ,’, uu i  des  en a t r C t u i u te s  P n a u r t , m a n t ,  L a n n l n u n i l ’ c e t t e  c c a n i i p e a s u a n t e  de Ia a ln a se. ’ smi r uc ’ c n n a u n p , a r m a t m v e m ’ n e u i t  I em nt ens nen t
av ee ,  Ia I ) rn ) io n dt ’u r , sia uf pn~ ir I t ’s a l t i t  ides It ’s p lus CIes ’Ccc , d Ies sana n t  , a uas c i  un i e me.sure r , n u s  e a u a a . a h l e  de Ia dose’ a t r m u s e ,’rs
Ic corps (dose in nS t’~ r , n Ic

es com arhe s m u n t r e u n t  que damns le domaine ’  al t ’s a l t i t u d e s  pr~ st ’ a n t m i a u i  urn iun t C r C t  l ’ i a n t e a n s i t é  ale dose van e lieu cm ntre
60° et 900 de’ l a t i t u d e  g C a n maguu C t in jue ’  t I  que Ia n i nn ) d i ) i e a t i om n  tIe cet t e ,’ va ls ’ur (m a x i m a l e )  a l ’C qua t eu r  mag m n Ct i qu t ’ s m i rk ’
t’u n tr e un  f , i c t e n a r  ale In ima l t i t n i e l e ClesC e . a e t i v i m C  solaire m i a n i u i n a l e )  et 2 , 5 (hm is , ,e a l t i t u d e )  cmi t ’e n u n ct i on  t ie I ’ a l t i t u d e  c i ale Ia
pma. a st ’ . I n i  c~ d c  sa a l .a i r a ’ L.a sm ar i a t i on  pe un da nut  Ic c~ t ie  solaire ~st Ia pl a n s  g r am it l e  . ini ’, a l t i t ud e s  et la t i tudes  CIe ’v Ces. étau i t
d’un facteur d ’euus ’iron I ~ ii y .a h eau a . a n a a ~e m a inn s  ale s m i r i a t i o u n  mmv ca . Ic t eunp ’. p re s tie l ’ éa I t a a te u r ,

Pc andaant  u m i e pC ra aaa l t ’ al ’act u s me se i l a i r a ’ m,a s m u ni male , a l a t i t u d e  Cle v ~t’ . I’ i n t enns i t C  m ax ima le  pr a n s  c naaa t  a t e  cc I t t ’
caanupee s. a at  ca t .a peu pr Cs de 400 p r m a al  “ In .  Ce gu i  st produi t  da rn s  Ia t r m m u u c h e  de 50 g cnn 2 

, Pour un e  pCri ode ai’ a c t i v i t C
s a n I , a m r e  mni i m n mmn , a I t ’ l ’ i m u t e u u s i t t ’ a u g m n m e u a t t ’ c a e u a t m m n ü m e u i t  m a t t e , ’ l’ma l t i t u t l e , a t t e i g n a n i t  750 prad ,.’Iu  ml 20 g e m 2 .

2 2 [.e’. l ) a n ’ .t”. par le a Nc ’ u u m r n n mis

II n ’~ a ius de n e u t r ons dana  k’s radia t ions  g a l an ,t i ques pnmmair e s . m I s scant  tou s prot iu its  par Icc in teract ions
nuc lC an ,res de ce’s r . a a l i , n t i e na s  .a sec Ia u n m a t i é r e  ii t ravers  laquelle cUes passenut . Ccci about i t  d’nahora l ml des neu t rons  ale deux
~r e e 1i peS d’ ea nc rg ie . des n e u t r a n n u s  d ’Cner I !it ’ m r ~’s Cle v C e qua emp or t en n t  tuni c p ar t ie  subs tau n t ie l le  a l t ’ l ’Cnergi e ties par t ic u l t ’s
p rnu tu . . a r t ’

~
. et des n eutrou n s  “d ’Cvap orat i on ” de faible Cnergie de I’ordr e ,’ tie I MeV . Les neu t rons  d ’é n c r y ie  Cle vée

p eni s t a u t  déclencher eux-mCmes des reactions n u u c l t ~ai re s pro d uisaun )  plus de neutrons des 2 gr o t up t ’a , Ic groupe de fa i t ile
e,’n~’r ene cci dégradC encore en Cner g ie par collision avec les noyaux de l’air ,  Le spectre ’ r Cs in lt ant  c nn a u s’ r e  one gamme
d’Cnergi e ’ trés I , a r ee ( 1  0”~ mi 10~ Me ’V Plusieurs calculs a u n t  etC fai ts  sur Ic spe ct r e ’ de n eut rons  cr CC par It’s r a v e u n s
cosmialues de l’atmosph Cr e~ les p lus am nciens 5 ind i quen t  que des neutrons d ’Cnergi e ’ in f Cn ieure  ml 10 N1~’V cou n st i taaent
80’ de Ia dose. L’s ca lcu ls plus r Ccents s m o  mou it rem n t  t iue pr Cs de Ia m o i t i C ti e Ia tiose vmen t  ties neutrons d ’Cnie rg i e  plus
Cle vCe.

On petit obtt ’nir  u m n e ’ information systémati que sur Ia var ia t ion de Ia dose par les n eu it rons  avec Ic temp s . I’a lt i tu d e
ci Ia l a t i tu t l e  dans de nombreu ses etudes sun Ic rapport entre Ic f lux  ‘.1cc n e a atr ons a tnu o sp l n Cr i q a mes  ci ces param Ctr ec .
étude ’s euntreprises ‘.nr p lusieurs grn upes de p iiysicie un s ties rayons cosmia llies au co uirs  do cy cle  solaire ac tue l  et do
pr ec e dt .n t h a u 2 n 3 ~~~.

Merker et (‘011i4 ont compare leurs r Csultats  a cccix tIe nom h re nax  autres chercheurs et u s  se t rouvent  ge~n Cr a l em ent
en ae ,e , n r d  iii~~iu ’à 20’ ; . Oun trouve sine semhl ah le concordance avec les cakuls t hC n ) r ique S nit’s d i s t r i b u t i o n s  do f l n ax 9

Pour t au n t . so Ia grande dispersion en Cmnergie tb spectre et Ia sensibi l it C ii I ’Cnergi e de Ia comuversion dci f1u~ en dose, les
c a l c a uls  I l a C n n r i n l ue s  n ’ont Cté uti l is Cs que pour de terminer  Ia var ia t ioun de Ia dose due m m ix nn e ’a i t rons :  ha s’ m a l eur  ah s n lue
a et C étab lic d’apr Cs une nuesure directe en un point  tb onné.

On a dccix mesures i a nd C l ) endant e s m5 ~ pour l ’ in teu n si t C de Ia dose due au.s n n e u i l r o n c  ml eunviro n n 21 000 m au-dessus
tI e ’ Fn ar t  ( l a ur t ’hill  au moment  tie I ’ ac t ivi t é  sn n l maire minima le  entre  Ic l9ème et Ic 20Cm c cycle  ( 1965) .  L’uune . r C fCr enc e
iS  mm CIC ) m ’ i ( c ’ ,asec on dCtecteur  conçma poor mesurer l ’Cn luiv a l ent  dc close pon ir le’s neutrons d ’Cut t ’r ~ ie a l l an t  i u u s n l u ’à
14 M t ’’a ’ L’, a ii t re , r Cf Crence 16 . a et C fai te  avec ties emulsions nuc lCair es et a donu n é  Ia dose et l ’Cu lu i v a l e t n t  ale tlo .se
pr n avenan t  de protons de rec ai l aI’ Cn e r acue ,’ inférieure ~ 20 MeV ; d I e  Ct ah l it  lone nnne l i m i t e  in f C r ieure  pa wn Ia dose
nec atronique . l ,es deux mesures ont  donn C un r C s a n l t m u t  n I t ’ 500 prenn ‘I n pour l ’ in tens it C d’équiv a l en t  dc tiose pour It ’s
n e u t r o n s  “ale faibla ’ Cne ’rg ic ”. L~’ f a c t en an  de n l n n a l i t C  d Criv C des mes cmres ut i l is atnt  ‘:5 emulsions mont re  qi m e ’ ce t t e
a m n i c a n s i t C  correspond a 0, 19 mrad /h .  ( ‘‘ ccl l ’ i ru t t ’ru s i k ’  due e ssen t i e l l ement  aa m x p r o t n n n n s  de rec ai l tI’energ i e inf Cn i t ’n u rt ’ ml
20 Mt ’V dans un petit volume i s n n IC ale tissu. On expose p lus b u n  que Ia majeure pan ic tI e Ia dose pro v emnaunt  des
neutrons  d ’Cu n ’r L ’ae heaucoup plus CI e v C c eiue 20 M cV est due ii al t ’s reactions nm n elCmmmncs  ci cUe est alone eanr e ,’a z a s t r C e
d , au a s  Ia dose due aux  C t n n i l a ’s

La dist inct ion entre l’ i r raa l ia t ion de p et i ts  ou de granud s v u a l u i m e s  est hcaucoup plus i rnp o r t m an n t e  t ians Ic cas de Ia
caampo sante neu t r n ) n n i n l u e  que  damns ce iu i  de Ia composante p onisante.  La dnn sc p r n n d u i t e  par an f lux donn C de uneutrouns
dans on petit  volume isolé ( e x t r C m i t C )  est c n v i r e n n  Ic tb oub l e de Ia a lans a ’ miay enn e  p r o a i u i t a ’ t ia nn c sine splk’re ’ de 30 cnn i de
d m . a n u nC tr e ’  par Ic mCm e ’ f lu ’,  (‘omme c’est cni urant al a uns  Ia prati que ale Ia prot ect  innn  naa l u oIn n g i c ~ue . Ia plus gr m aunde dose
resultant de Ia c o n c i e , l C r m a t i u , n  d’un p e t i t  vo l o t ua t ’ ,a etC ut il isCc pour dresser les courhes donnée ’s dnm s les i ’ ig na res  2. 6 ci 7
a l u m  montr er ’ t Ia var ia t i on  de I’iu nt ensi tC de Ia dn as c ab sorhCc prn w euuam n t ales neutrons en fon et in n u de I’ a l t i t n m d c
(Figure 2) et de Ia lat i tude pour les phases tl ’activit é min imale  et max imal e  do cy cl e ’ solaire ( I ’ v : m a r e ’s 6 et 7),

Cummc pour les radiations i o nm sar u t cc , ces courhcs in e l i q u i c mnt  Ia mCme dépe nudan ce de Ia l a t i t ude ’. mais ca ru u n m c on
peut s’y a t ten n l re  d’apres Ia facon a b ont les neutre na i s  sont pn nnl uits il y a t o m m i u n u r s  t ine agg l u n m C r a t i o a n  nit ’  n e u t r on s  do mmm ii i
de l’ at r nn os p lner e j am ~ lu ’à 1 00 g/cm 2 environ.

L __ . - ___
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2. .1 Lea I’. m n u t’s N aic le ’mu ir e s

Les collisions anucl Cm nires  gu i  pn od ui scuut  lea ant ’ e n t a a n I s  a l an tu t  unnnt i s  u r an u s  p a r k ’  p lans  I m m m n a t  proa it ais e ’ na t  aussm des
par t i can le s  c ln , a r cc e s  al i l  c , n r l e a n r u e  t m  tIcs n n a n \  , n a n  s p la a s lc~ t ’rs dam i s Ic c m us ale coll isions ,ns cc dcc tissus . ( cs pa r tucu l e s  n a m a t
I a a b i t n a t I l c m n u c t n t  S ian . ’ n l t ’ t n s i t C  d ’ a a e a n u ’ e, at u e n u n  eit ’c éa ’ Ic b an g nit’ Icur  trajet  ( cnn t ’ a n n u u p a r a u s a n t n  mmva ’c It’s r mm a lu a t i o u n s  cns n rniqu e s
p r inna i r t ’s ) et . p a r t i c t n l u t ’re a u e a n t  a lu  l ’,u t qaae  p lu s i t ’u rs p renuneun t  un n a l s smu nc t ’ cmi on p un i t ,  t I l e s  p r o d u n s e n a t  tu nic t l ea n s a t e ,’
Cit ’s ct de t r m a a t s l c r t  a 1’ Cu uc r gi e  ( c ’e s t ’ .n ’ a l i re  u i a nc t l anst ’ locale CI~ v C a ’ I en cc poi un t .  Pour c C t t t ’ ra is u an . i l est pr :)t ’r~n Ia I e  n i e
can n usm ni t’rt ’n ect te  co u ul )n e nsmata t c  tIc Ia alnese sC pmu rC me n t . pl u to! g ame ni t ’ ha ira te r sm nnp l emeun t c e n m n i nnu e  t ine  p a r t i e  t ic Ia
t’ a n a n n p n n ’.mi n nt e  i oun i sma u n te  t i  n e u t r o n i n l u c .  ( ‘ omn inue n u a n n u s  ‘m a v oa n s  soulign C p lus In a u t , Ia p . a r t i c a i l t ’ t lCc l cnc la a u nt e  peam i  Ctrc n an
un esa tr om n tI ’cu nt ’ rgi c Cl t ’ vCc si Ia t iose dime mi i i ’ ,  C t n n m l e s  e.’st c e n u n s m a l C r C c  s Cpma r Cm eant , ccl te ca n m p n n s m a a n t e  ale Ia a l nn se ,’ par lea
neu n t r a n i s  nue d e n t  p. s Ctrc i t a c l u a s e  c lans Ia “ den se liar It ’s u u e o t r n e a n s ’’ C t u d m C t ’ maci par ,q ’r ap la e pr t ’céni a n m .  ( ‘c st Ia raiso n pour
la gu e l l e  It ’s e s t i n n m i t i o u n s  tIc dose unt ’u t r n n u n i q u t ’ l i m a t~’cs a l a s  i n e n n t r o u u s  n l ’Cn ner g i e  u i a k ’ra t ’ na r t ’ ml 20 \ ieV en v a r o t a  y m a c m a  n en t  e t c
m a t  u lact ’c s.

Lea C t a n i l e s  a nuc lCm i i r es  soni Ic p l n u s  c e n u r a m m e u n t  anh scrv Ct ’s clans les C m i m i s a e n a n s  n n i c lC , a n r e s , m a l l n e onc na s cm cn t  cel le s-ci
cont ienunent  des m no c mii i ’ ,  ml I. eL’ s t’ I ‘at ’ et Br )  i IW so u nt tou t  ml fa i t  t i l l )  e r c i n t s  des n ov mu ua ,  tics tissus ci Ia p l upa r t  dcc
r C , a c t i n n n s  sc f a n un t  t i , a a n s  ccc nn n ~ a i m s ,  [an c l n m u r c e : , a u n t  l’n 2 m u l s i o m n  avec t lu  g lv t ’Cr oI m7 00 can nno d af iau i t  Ic rapport ale  Ia
g C l m n t u n n e  au ad h a l ae ce n c al ’ ar an t’t nt  u s il t’st pee s s a l c i e  n i t’ a l C t e run n iun c r  s t m i t u s l n n l i u e m c ’n t It ’ !noanihr c d ’ C ’tnn i lcc  maven .’ on uno mhr c
donun C tIc ra m i f i cmi t i e en ns  sc prot itus ant ti a uns cln aque type  tic t a a , a t C r i m a u u  Ce’s a i n es na r t ’s ount etC I a u t e s  a 21 500 in ennv n r o un  ma
I a e r t  ( ‘ I n u r t ’ I n I I I  pendant  Ia periode d’ a c t m s ’ i t C  snn lm aire  n i ini tu ial e  tIe I~~64 65.

Shen 8 do n unc une  sCrie tIc coorht ’c m oun t r aun t  Ia vma n ia t ion  nit’ Ia irt’qut ’ance des Ct oi le s  damns lea tissus ma ccc  les
. n i t n t u d e s  et Ia l a t i tude . ha cCt ’ sta r ni t’s m e sair t ’s en t’lnam n hre tI c W i l soun cnn montagaue  ci un t r a i t em c n t  t l n C n n r a q c i c  dO ma
L i n e e n f c i t c u  L.n s ’ a le ur  a l C d t i n t t ’ de ct’s cantirbes pour Ics nn i est mrc s il Fort ( ‘Inurc lni l l  canu nc o n de  dauns  Ia i n a n n i t e  tIe ’ 2 ( 1  avcc
les valeurs a nhs t ’r vCe s ci elks on )  aloanc scrvi ii counstruire les Figures 8 t i  9 gui mou n t r cn t  g a me Ia l’r Cquence des etu des  e.’st

i a e i n c t i a e i n  tIe Ia l a t i t u d e  ml d ivers e ’s a l t i t u d e s  pour des p é r u a n n l t ’s ti’a c t i v i t C  c a n l a u r e  m i n i m a l e  et nuaximale ,

L ’ i n n t e r~’m rat liobiologique m is sn a c iC ml l ’ Ctn d I c  n.’st Ia a ] uan u t i t C  d ’Cncn gie dCposCe ‘‘h ocalement ’’ mive c u n  ‘I ’Ll élc a C (TLI:  -

t r a n n s l e r u  l in C aar t ’ d ’ Cnergie - e x p r i u n t ’ I n a h i t u e l l e m c n n t  en k eV Ip otm M eV ” g / cm 2 I . But ’an goc cc cn unc t ’pt s n u n t  mu sse /  V ,q/ue,
I ’ é t n i t le  dc Ia gann m c des e n r l as ml I ’LL Cl cv C qui peuvent  Ctr e prot luits  Iui pose uu n c l im i t e  dc I ’ ordre de 50 M~’\ p ar
C t a e u l t ’ . I . n adoptant  c e t t e  va l cu r  on a be l ’,u c t t ’nar ( I Cto i l e ” g ‘h produi t  0. 8 prmud ‘ i n )  poor con ver t i r  Ia fr équt ’nct ’ dcc Ct e i i l c s
en a u n a t ’ : n sn t C  de dose ahs a nbCe , Oun you abors qi ae I ’ a n t e i n s i t C  tie Ia dose des C te u i a ’c ed environ 5’ tI e cei le  de Ia close par
ia.n n n c , n t u a .n i u .  po un taun t . c na nnme  nnous en par l erons plus loin . l’ et ’fet b io logique re la t i f  peut Ct re  beauc oup pl um s ~arauid clime
cclii use l’impligue .

2.4 Lea laam ns  Lourds

I nviron l.5Y~ des par t icu ics  des r , ae i l , a t io u i s  primaires tint Z > 2: d Ies ont p ra t iqu e me ’n t  te u i t e s  Z < 2S t’t Ia
p lupar t  des par t icu les  ale ’ cc “groupc I a e u r d ’ ’  oro on Z compris can ine  6 et 9 . Les spectres d ’Cn e , ’r a ,’ue.  s’ils soant ex pr im e s
en t ermcs de Me’” / nucléon. j a m )  cane faaran ’ c semblable pour toute s It’s t l n a r g t ’s . de snnrte  gtie cc )n inn e Ia V ite sse n i t ’  pt ’ r t t ’
d ’Cn t ’rgi e v a n e  approxi innat ivemeunt  comme V , Ic nomhr c  re ia t i f  d ’ions lon ir a,Is dee r e n it r .npidement  quand Icc r a d m a t u e  ‘ i n s

p Cn Ctnent dans l’a ta : nansp lae r e .  N C a m n m a a m a u s  mis sont encore détectah ies ml t ics a l t i t udes  p l u s  Clevees gui’ 1 Ia 500 m I
t r m a~ct des ions bounds a 2 t r a i t s  caract Cn is t igues ;

( I )  La vitessc mini u nnunn dc perte d’Cnerg ie est propor t ionne l l e  ml Z2 . dc sonic t i m e  ces mou Th I n n a i n a l s  t i u l t
portions de leur t ra je t  oü Ic TLE est p 1us grand aloe celui gui est a t t c i an l  par lea proto uns a Ia t i n  de Ie a a r  I r a n ’.
.n ’ a i nre  qo ’on ion de neon ai ’Cn cr g ie  élevCe (Z = 10) a one por t i ann  de trajet  de 1000 p oO Ic Ill’ ccl p lun ’. e n

LV p .  Ia I onng u eun e o r rc sp n nn d an t  d im m aid des protons élan! de 10 is .

( 2 )  L.i vitesse m a x i m u m  de pa ’rtt ’ d ’énengie , a t t e in t e  prCs de Ia f in  do t ra j e t . s a n e  .a i iSsi ‘ a n .
a t t e ’ m n t  ainsi des va leurs jamais obtenu es pan les part icules plus  lCgCres: par exc’mn pla ’ . Ic 11. 1
dépasse 1 ,500 keV/ M a 20 p tI e Ia fin de son trajet.

II eat  pn iss ih le  que ce’s t leux cara ctCni stiques puissent donner  tIes c t t c t s  n u u ’ i  ‘ I .
faib le , de là vient l ’ in t Cr C t  special port e ~ ces part i c amle ’ s

l.es I gores 10 Ct I I  sn nun t  an lm a pt Cc ’s t l’un nap t ne i r t  de A l l kofer  a 9 et m a n u n n i e
groupe t’t ceux de Webber. La l’i gua re 10 montre t’ a,nuini n ’nt le f l u i x  d ’ u a e n ns l e on

Ia densité des fins de trace , c ’t ’st ’à-d ir e Ic nonibre tIe r C gn nan s  t r Cs b a aa i rd n”c

On pena l  noter que I ’intensit é de dose absorhCe ’ massnaciCe a ~ e ’s l u c a s  .1.
3 x 10~~ , f ins  tI c t r a c e ’ c u n i m u / h  avec Z = 10 dCpo senait ’n at  ‘ann a alt ’ ~tI M~’~

2.5 Inten sit e d’Equiv alent tIc Dose

I.’intensitC de dose ahsorhée, dont nous avons tur n ,
dose cnn cat i l isant  Ia rchatnn n n entre Ic 1 1.1 It Ic fat  t t ’u m 1
I’on c n u i un aut Ia repartition do ILl t l’eguuv dknt ale ’ 1’
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On peut savoir Ia repartition du TLE d’aprCs les calculs théoriques2’ qui montrent que Ia majeure partie des
radiations primaires a un TLE faible (FQ = 1), Ia composante a TLE Clevé provenant de fragments charges de
collisions nucléaires et de neutrons. Les mesures avec les emulsions nuclCaires” montrent que Ic facteur de qualitC
de Ia partie de faible énergie (< 20 MeV) du spectre des neutrons est de 2,6. Les donnCes expCrimentales sur les
étoiles nucléa ires sont encore rares. Les mesures d’émulsion a 21 500 m a Fort Churchill’5” donnent une intensitC
d’Cquivalent de dose, venant de cette composante , d’environ 0,4 mrem/h (0,05 mrad/h avec un FQ de 8).

Ces chiffres aboutjssent a un FQ de 1,74 aux latitudes et altitudes ClevCes pour activité solaire minimale. Le
chiffre concorde remarquablement avec ceux de Cowan et Coil22 qui ont utilisé un spectrométre de Rossi23 dans des
vols a 13 000, 16 000 et 20 000 m en 1971. Ccci suggCre que les composantes a TLE élevé des étoiles nuciCaires
augmentent effectivement a i ,~~ le FQ de toute Ia composante ionisante. L’intensité totale d’équivalent de dose peut
ainsi étre obtenue en appliquant l’expression:

intensitC totale d’equivalent de dose = (dose par ionisation x 1,5) + (intensitC de dose due aux neutrons x 2,6).

L’intensité d ‘equivalent de dose obtenue de cette façon pour des périodes d’activité solaire minimale et maximale
est représentée dans les Figures 12 et 13. Elle ne comprend pas Ia contribution des ions lourds, mais die comporte
l’hypothése que l’Cquivalent de dose provenant des Ctoiles nucléaires peut ëtre calculé de Ia méme facon que pour les-
trajets a TLE Cievé isolés.

3. RAYONS COSMIQUES SOLAIRES (RCS)

Les rayons cosmiques solaires sont émis par le sold en association avec quelques -unes des plus grandes eruptions
solaires. La majeure partie des particules atteignant Ia terre sont des protons, aussi les phenomènes donnant lieu aux
RCS sont-iis appelés CvCnements solaires a protons (ESP). La frcquence des ESP suit Ic cycle solaire de 11 ans, mais
dans les annCes actives, usse produisent au hasard. ils varient aussi grandement quant a leur importance (nombre de
protons Cmis), leur durée et leur spectre d’Cnergie. u s  sont tous pourtant beaucoup mom s énergétiques que les
radiations galactiques.

Les données sur Ic l9ème cycle solaire (1954-65) ont etC revues par McDonald24 et Shen25 , celles sur Ic 20ème
cycle allant jusqu’en 197 1 , par Atweil26 .

Quelques-uns des CvCnements les plus importants auraient donné lieu i de trés grandes doses dans I’espace. de
sorte qu’il est capital d’Ctudier les implications de ces phCnoménes pour les voyages dans l’espace et c’est ainsi que Ic
soleil a etC continuellement contrôlC par des dCtecteurs sur satellite depuis plusieurs annCes.

Cependant, comme les CvCnements sont irrCguliers, pratiquement imprCvisibles et brefs (typiquement de
quelques heures), II a Cte extrCment difficile d’en faire des mesures aux altitudes atteintes par les avions. De sorte que
Ia majeure partie de nos connaissances actuelles sur l’intensité de dose que produisent ces événements aux altitudes des
avions nous vient des calcuis de Ia transmission des radiations a travers l’atmosphère2’ ,28

• Les Cruptions solaj res
perturbent souvent Ic champ magnétique terrestre , et les protons solaires peuvent ainsi atteindre des regions qui en
seraient normalement magnetiquement protCgCes. Mais les caiculs negligent en gCnCral cette protection magnétique et
donnent ainsi i’intensitC maximale de dose produite.

Comme les protons primaires des RCS ont une faible Cnergie (compares aux RCG), les neutrons secondaires qu’ils
produisent sont beaucoup plus pCnetrants que les protons eux-mémes. De sort e qu’aux profondeurs de l’atmosphère
considCrées ici, l’équivalent de dose venant des neutrons est toujours une partie significative du total et aux
profondeurs dCpassant 100 g/cm2 , ii en est Ia majeure paflie21.

Fuller et Simon2’ ont calculé l’intensité d’Cquivaient de dose produite a ioo g/cm2 par les ESP du i9éme cycle
solaire et ceux du 20Cme cycle jusqu’en 1971 en supposant que tous les CvCnements avaient un spectre de ngiditC
exponentielie c’est-â.dire que Ic flux des protons ayant une rigiditC plus grande que P est donnC par:

N = No exp ( P/Po),

No, Ic flux total des protons, et Po Ia rigidite caractCrist ique peuvent Ctre dCterminCs d’après les mesures du
nombre des protons au-dessus de deux niveaux d’Cnergie. Leurs rCsultats pour Ic i9Cme cycle ont etC étendus pour
donner aussi l’intensitC de dose a 20 g/cm 2 , et est indiquCe dans leTableau I. Le cycle actuel (20ème) est de faible
activitC, sauf pendant une pCriode d’aoOt 1972 oü II s’est produit deux grands CvCnements. On donne dans Ia Figure 14
pour Ic plus grand le profil de l’intensité d’équivalent de dose a 20 et 100 g/cm 2 obtenue en appliquant Ia méthod e de
caicul de Fuller et Simon2’ aux donnCes fournies par des sondes portCes sur satellite3° .

La variation de l’intensitC de dose ou d’Cquivalent de dose avec l’altitude peut étre calculee pour les CvCnements
sur les spectres desquels nous disposons de renseignements dCtaillCs; plusieurs etudes de cc genre ont etC conduites
pour l’Cruption gCante de fCvrier 1956. On montre dans Ia Figure 15 pour cet évCnement Ia variation de l’intensitC
maximale de dose avec l’altitude obtenue par Armstrong3t . En gCnCral, pourtant . on n ’obtient pas d’informations
dCtailiCes sur Ic spectre , et il faut alors adapter les deux ou trois mesures dont on dispose a one loi spectra le supposée.
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Si l’on emploie la b k  de Ia rigidité exponentielle ii résulte que pour les altitudes comprises entre 60 et 200 g/cm 2 Ia
reduction de l’intensité d’Cquivalent de dose en fonction de Ia baisse de l’altitude ne depend pas grandement de I’index
de rigidité29 , comme c ue le fait entre 20 et 60 g/cm 2 (Figure 16).

4. CONSIDERATIONS OPERATIONNELLES

La dose maximale annuelle proposée par l’ICRP2° pour les personnes exposées professionnellement est de 5 rem.
Pour d’autres (en supposant qu’~1les ne constituent pas une grande fraction de Ia population) elle est de 0,5 rem. Est-
ii possible de considérer le personnel navigant comme “exposé professionnellement” mais pas le passager moyen.

Les résultats des paragraphes précédents ont éte présentés en intensité de dose et en intensité d’équivalent de
dose/h. En génCral, les vols sont entrepris pour transporter du personnel ou du materiel d’un point a Un autre , ou pour
faire des levés aérophotogrammétriques, de sorte que nous sommes en réalité plus intéressés a l’Cquivalent de dose reçu
au cours d’un voyage. II est important de faire une distinction quand I’on compare les consequences radiobiologiques
d’exploitation dans les trois différentes tranches d’alt itude considCrées, étant donnC que ces trois tranches sont utilisées
par des avions volant a des vitesses différentes. Le Tableau I! donne I’Cquivalent de dose et Ic nombre des fins de trace
des ions lourds/cm 3 venant des RCG, par 10000 milles a 20, 100 et 200 g/cm 2 , sur les routes de latitude élevée,
moyenne et équatoriale, en supposant que l’avion vole dans ces tranches a i 800, 1200 et 600 mph respectivement. On
voit que l’équivalent de dose est toujours faible, et que les doses du voyage dCcroissent quand l’altitude augmente. Par
contre, le nombre d’interactions des ions lourds s’élève rapidement en fonction de l’altitude. Cette augmentation
équilibrerait le “gain” de dose réalisé a 20 g/cm2 si les ions lourds Ctaient environ 1000 fois plus nocifs (pour un depot
d’Cnergie donné) que le reste des radiations.

Bien que les RCS puissent donner lieu a des intensités de dose qui sont trés grandes comparées a celles des radia-
tions galactiques, Ia probabilité de rencontrer un tel phCnomène, établie en moyenne sur le cycle de 11 ans, est Si faible
que Ia dose moyenne provenant des RCS est toujours petite comparativement aux RCG, spécialement du fait que les
RCS ne vont pas affecter les regions qui sont fortement protCgées par Ic champ magnétique.

Si l’on considére l.a plus mauvaise annCe du l9Ime cycle Ia dose moyenne de dose des RCS a 100 g/cm2 était
d’environ 0,75 mrem/h, et 5 mrem/h a 20 g/cm2 . Dc sorte qu’en faisant une moyenne pour les années en particulier.
Ia dose venant des RCS pourrait être considérablement plus grande que celle venant des RCG.

L’Ctude de l’effet des RCG est compliquCe par la possibilite de pre~’dre des echappatoires. Celles-ci sont proposées
pour Ies TSS commerciaux qui peuvent descendrejusqu’en haut de Ia tranche subsonique sans dirninuer grandement
leur vitesse. Dc sorte que I’équivalent de dose venant d’une rencontre avec un ESP peut Ctre rCduit d’un facteur de 4
environ; en fait l’Cquivalent de dose serait alors inférieur a celui subi par un avion subsonique empruntant Ia méme
route. La sanction de cette manoeuvre est l’augmentation de Ia consommation du combustible.

Vu Ia probabiitC très faible de l’apparition d’événements délivrant un equivalent de dose approchant Ic maximum
annuel pour les avions volant a 100 g/cm2 , cela peut Ctre considéré comme un risque acceptable pour l’aviation
militaire.

Des equivalents de dose considérablement plus élevCs se rencontreraient en plus grande frCquence dans les avions
volant a 20 g/cm2 , et ccci peut demander Ia misc au point d’une technique d’echappement si cette tranche d’altitude
devient largement utilisCe.
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TABLEAU 1

Nombre d’CvCnements solaires a protons du I 9ème cycle dCpassant des niveaux

choisis d’intensi tC d’équivalent de dose

IntensitC
d’équivalent 2 000 1 000 500 200 100 50 20 10 5 2de dose
R mrem/h

Nombre dCpas-
sant l~ 3 4 9 10 12 19 24 26 31 35
RI 20 g/cm2

Nombre dCpas-
sant
RIlOO g/cm2 1* I 2 4 9 13 17 24

* 23 Fey. 56 500 m rem/h
** 23 Fey. 56 2 400 m rem/h

TABLEAU II

Doses pour un voyage de 10 000 miRes a diverses altitudes

Equivalent de dose (mrem/ 10 000 miles)

N,~Epaisseur de
‘N4’atmosphCre
‘N.~~cm 20 100 200

Latitude

75 8,8 11 ,5 12,8 ActivitC
40 3,5 6,6 8,7 solaire
10 1,1 2,3 3,6 minimale

75 4,6 7,1 8,9 ActivitC
40 2,7 4,4 7,4 solaire
10 0,9 2,1 3,4 maximale

Fins de trace/cm3 /10 000 milles

Non
4,5 X 10~ 8,3 X iO-~ mesuré

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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