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A simple review of some of the problems which  beset us  at high pressures muy
o of value to you,  Men are exposed to high presures both under water and in Caisanny''
it ‘which Uhere is air al high pressure in order to keep the water out.  Now, you might
wik Wy need men be exposed to changes of pressures?” The Air Force have pressurised
vahing so that when we go up the pressure need not fall, and we ulso have pressure suits
s that o mun may he coclosed in air at a pressure greater than that outside him ol great
heighta. “Why can’t you do that for your under water worki” The soswer is quite
intereating,

Thers i certainly an equivalent of the pressurised cabin, a more or less spherical
vessel which is let down into the ses ond in which the pressure is not raised. But les us
gee what it has to withstand. One atmosphere’s pressure s equivalent to  one kewi.
pér square centimetre; and 10 metres of sen wiler give you onother atmosphere's
pressure.  Lence, for axample, at & hundred metees you are under a total pressure of L1
atmospheres.  1f you go down one kilumetre you sre at a pressure of a hundred atmos-
pheres, oad if you go  down 10 kilometres, abour = thouwsaml atmcspheres, or one ton
pressune on every square centimetre of your sphere; and it i= quite clesr that that is a
pretty tough cnpincering job. 1t is a very much tougher job  than muking &  pressurisci
sabing evea though pressurised eabins, as you know, have burst. In faet you need o
#leel aphere, but it has to have s glass or guartz window, and if it 15 to be of any use it
must have sn spparatus outside, worked by some kind of remote eontrol, for picking up
objects or boring holes o whatever it may be.  That is by no meanz a simple engineering
probdem. It is nob so simple to put wire with insulation through a wall when thers iz a
pressure of one ton per square centimetre on thet wall, That is only one point. TIn fact,
at b0 wietras, which is ahout the practical limit for work by divers in dresses, these pro-
blems ara not st all difficult. The main trouble is that o wan ina steel cabin lowered to
Hh metres sannot get into a sunken ship, and he hes to be cxtremely expert if he iz going
B fse A remate aontrol apparatos; in faer some fatal aceidents have oceurved with ex-
plomives, shnply because nf the difficulty of dome things by remote control,

What about an armours! suit! Why shouldn’t & diver go down in o metal suit
with air oy ome astmosphers ingide and water at 10 atmospheres outside?  Plenty of
armoured snits have Lisen derigned, and they work beauntifully in shallow water down to
aboul one stmosphera;  but, it =" obviows enough that they wonld not work ut sny grest
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depth such as one kilometre, They would just cave in unless they wore quite fantastion! |y
thick. But still they might work at a hundrod wotres whers thepe s viely 10 atmoapliores
extra pressure, until you stert thinking about it. Consider the shoulilar foint of gueh o

apparatus.  We might be wble to reduce its aren to about 500 sejuarn cantimetees, Lough
perhapy that would be pather & tight b, but i we did that, there would be o pressies of
about 5 tons at a hundred metres; and even if you had super hall-hearings with a oo-all
cient of friction of only 19, you woulld need a foree of about 90 kgms Lo move yanr
shonlder. The thing just does got work,

8, for meny parposes, the only thing is for men to g dowsn in o flexible dross
nnd hreathing air at o pressure cqual to the wator outdide. There are severl types  of
diving dress. The simplest one is just a big which you wenr on your chest or alsowhere
eonneated to W mouth-pisce;  vou huve a evhinder contuining oompressed wiv or eompressed
oxygen which feeds it: ond you may have some means of romnoving the parbon divxide
from the air, if you want to economize. That fs the simplaat type, wnd it wonld be amply
sufficient for a great deal of work in Todin beeause the water hope s ralativaly wnrem, In
Europuean watera you must be dry to keep warm, 20 yon must have u dress which vovers
the whale of you. There are several types of dress. There wes salfoontmined  dresses
where yon take your own compressed air or oxygen with vou, and thers are deosses in
which the air or other e i= sent down to you thromgh o pipe from the surface cither b
means of pumps or from a bank of evlinders.

For experimental purposes my colleagues and | from 1939 o 1944 ecrbainly diel
some real diving in water, but we also had two forms of "“fake” diving,  Viegy of all, we
had zome evlinders, very mneh like ordinsry hoilers, in which the air pressure could  he
rapidly raised. One in which we did most of anr work was abot & ft. long ared 4 . in
diameter; i wes lving on its side, so that we nonld get three prople sitting theee, not very
enmiortably, and two side by side very comfortably. and within that sinall volume we
eontld get the pressare up very rapidly.

But there was an intermediste form of “fake”., We had another chuanber, in
which there was about 7 ft. of water. above that water there wis Ao air apace-in which s
man could sit, so that he could pull & comrade ant of the water if he ar she lost conseions-
ness.  The air pressure above the water could be raised. so that we eould veb a man in o
diving suil under water, 2t a pressure equivalent to 100 metres of sen water, And it was
found that the resnits which we obtained i that water under pressure  were directly
applieable to diving in the sea. It was & pretty good [uke, whersas what we tizcoveread
in compressed air in the dry was not neeessarily correct under water, S0 we wlways  cid
our finul experiments under water with eompressed air above it before wo went on t6 de
them in the sea. Tt 3 easier to pull a person out of 7 [t of water, then oul of 50 f or 300 £.!

Now, T want to give you a mongh eclasssificntion of the dangers b which ten are
exposed,  Them are the physival effects of the pressure as suech, and there are the affects
of sidden changes of pressure.  But the most important anes are the cfects both i
diate and remote, of hreathing varions goses at hich pressures, beenuss when von hroadh-
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Wopar ot high preseare 1t goss into solution in your blood, and later in your other bissues;
and the effaots of that may be serions.

We aleo have to consider seeondary effcots, . the effeer of eold, to which divers
wnd others muy be exposed, and we have to oomsider paychologivnl offects, which are guiti
important,

My colleaguen and 1 were specially concerncd with prepurstions for the attack on
the “TIRPITZ" ander which some divers finolly monsged to stick bombs.  That was in
Nurway; the water was oxtremely cold; they had to swim for & considerabile distonoe
aatd it wod ol on l;'ni:ir‘trlj' gl jnh: oot wll of them pot back, But it wonld have heen
very much less safe il they had carried with them a supply of compressed air, If you
havve eylindus of compresssd uir then yon can only take. according to the depth you are
ab, ball vr perhaps a litthe more of the oxygen ont of it, so nitrogen has Lo come up to the
surlaee in hubbles, which the rmemy may detect. Whercas ift you have oxygon in your
eylinders und something to absorb the earbon dioxide you can pretby well avoid muaking
bubbles at all. You have ta be rather clever and you have to hove & good deal of practice
o nvind daing so; and we had a special gadgot to woke any bubbles thet did come aut as
small ag prssthle,

With regard to pressure, experiments on fish, frogs, and =0 on, show that
pressura ag such only beging to have a serious effect on physiological processes at pressurcs
if the order of 100 stmospheres, corresponding to a depth of a  kilometre, and I don’t
think any man has ever biea to o pressure of more than 20 atmospheres. ; In fact it s
A most surprising thing thet at these high pressures you do not feel partioularly abnormal,
Certainly if you are in compressed air you notice the air is prefty thick: to breathe wul
yuickly is quite au effort, but you do not necessarily feel bad. On the other hand you do
feel prossure changes,

The most obvious cffect 1= that known to every airman during deseeut—the
preseure onthe coar dewn, A diver most learn to open his or her sustachian  tubes. In
an aiveradt. you ean hold your nose and blow, but in a diving suit. if you think of it, you
have o gloss window hetween yonr nose and your fingers, so you have got to learn to apen
up without using them, This is a trick. and perhaps one person in four never learns to da
it and had better not become a diver.  OF course if you arc compressed tou quickly your
vur drums may burst. They pgenerally mend again. Since I learned to open my ensta.-
chinn tubes, my tronbles have heen firse of all with sinuscs. and alsw with stopped testh,
¥ have had a tonth stopped; hehind the stopping there is s eavity with air; when the
preseurs is increased that tooth may eave in: or air may get into the cavity, and during
a rapid decomprassion the tooth may literally cxplode. This has happened; 1 lost two
teeth that way.

MNow what can a trained man stagd up to in the way of pressure ahanges! My
twn hest reeard was Vin the dry'. I ran up from one atmosphieres to 7 atmospheres in 00
aecondy.  That corresponds to diving in water st 40 metres & minute or 2 fijsoe, although
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the first atmosphere wos quicker.  Compared with o dive in air, it worreaponds b o veeki-
eal dive at twice the apeed of soinnd or 2 Mook, It was heginning to ben bk nneomfor.

table but by no means intolerable;  but you eannot dn vory mieh botter tlan that, |
do not think any sirmun iz Hkely to dive at twice the spewl of sound in an espen aararaft,
#0 L do not think that question is goiug to arise for you.

Thesy dungers are mechanienl.  And they are sinply doe to che fuot that the alr
pressure 1y different on two sides of o membrans, whether it iv the enr mombrane or Chi
rather tougher mombrane which my form hetweon v mese oaed ainue, There aee
murh more sorious dangers,

If u man is going down in the water and the air pressare ia not supplied quickly
enough the first thing that will happen will be that e will faal his legs pinchod,  Hie may
get coneiderable puin, his testicles being squecsed by the water ng the aic is riwtliandly
driven up into the upper part of his dress; and if he still does not got crough air b will
have pulmonary haemorrhage which may kil him. Similacly if, in coming ugy, he ean not
get rid of nir quick enongh, he may burst his lunga; and that is particularly s0 in a type
of dress with & menth-piece. We divers  hud a word for goetbing rid of air at the edge of
your month-piece: it i5 called “guffing”, and it was one of the things  that one had to
learn to do in a sclf-contained dress.  Nevertheloss oven if ¥y ara carveful, you may
burst your lungs, particularly if vou have what i3 called o congenitix] holla, which of eoure
iv a hazard in sirmen. They too oceasionally burst one.

But it is the kind of thing which may very well happ=n if von are hremlhing  air
thrangh & mouth-picee and if von have not got the wutomatic habit of getling rid of an-
wanted air.  You must remember that you have pot to train vour men to make oll kinds
of physiologieal adjustments antomatically, e opening their eustachian tubes, hnhbling
air ont of their dresses, and controlling various valves. They have got to have done thess
things handreds of times- hecanse they mey have to do them under sircumstances of eom-
bat when they have two minntes to spare getting sway from a bomb they Tave just started
off, or something of that kind. They have to do these things without thinking, as «
eyelist, let nz say, halanees without thinking.

I have neeasionally noticed people  who appear to lose comsvinmsness during  w
very rapid compression, say going up from one to 10 atmosphercs in fve minutes ar o,
I have never done it and nonc of my physiclogical colleagues did. T suspact it may be g
mere peychological effect,

Now T come on to the important dangers. The arterinl blond ia very  nearly in
eyuilibrium with the alvcolar wir, und the amount of gae which is dissolved in it is propor
tional to the partinl pressure of that gas in the alveolur air. For axam ple. it Lam breathing
nir at one atmesphere I shull have a partial pressure of 809, ofan atmespliers of nibrogen.
Tf 1 am breathing air st 10 atmospheres | shall hove o partial pressurs of 8 wbrmaspheres
of nitrogen, and cach c.e. of my blood will carry approximutaly tan times as much niteo-
gen 1o my brain sod other tissues. And Lhat is the main soures of douger, The anly
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exeeption is that mout of the oxywen in the arterial bload is i combination with hueeo-
globin, ro that the total amount carried in it s only nbont 10%,  greater than normal if
you are breathing pure oxygen or if you are brenthing nir at 5 atmosphores

Now T am pgoing to deal, in turn, with the eftect of excesive nilrogon, OXygen
onrhon dioxide, wnd other gases. Thers are two ain effests of the nitrogen which yon
inavitahly take up into your hlood and into your other tissnes when vou breathe air noder
high pressures.  The fiest iy what 1 believe in now wencrally called aeroumbolism,  Nitro
gen dissolves fn all the tissues of the Liody: and unlike oxygon iy is o great deal more soluble
in Hpoids than in water,  Hence it dissolves in your adipose Lissues and i your conbral
nervous system.  Now enpposing we have o bit of extra ges dissolved and we suddenly
tuke the pressure off, what happens? 1t is somewhat like the formation of earhon dioxide
bubles which ceeurs when we open u bottle of soda water.  But the Lubhbles of nitrogen
which are formed are very much smuller because nitrogen is very much less soluble thun
earhon dioxide, You ean indeed get carbon dioxide bubbles i the intestine, but they are
nod very dungerous although they may be u real canse of mefficiency in fliers.

Suppusing you breathe air under wuter at a depth of 10 metres or leas L. aiv ut
two atmospheres’ pressure or less, yon can be decompressed  instantly even afler 24 honrs,
thaugh T wonld recommond o short pause, say ata depth of three metres,  But after heing
at p pressure anvthing highve than that, there are several kinds of symptoms if yon e
vompress too gquivkly, With very rapid decompression you get pulmonary v bolism.
What happens smmetimes is this: o diver on the hottom fails to use the serew which i al
i back of the helmet wdeyusately, in order to let the air out, his dress gets inflated and
he just folls upwards.  You have some weights on your dress and on your boors. and you
nurmelly adjust thie valve so that your net weight is abont 10 pounds, and yon can move
ahout vomfortably. But oreasionally a diver is blown np to the surface. It he is Blown
up from even 20 metres he is very likely to get his ung capillanes bloeked with huhbles;
he 13 black in the face and unconspious. The only thing to do is to serew his face-piece
up and drop him dewn again. Many lives have heen saved in that way. By all means
send annther man down after him as quickly a= vou can, but meanwhile get those bubhles
recompressed ot oll costs.  OF course. in muny operations they have a compressed air
chaimber available for pecompression. bot it may be yuicker to drop the man overboard

The commonest symptom, when one is unear the borderdine of serious buhble
formation, i= itching in the skin which i supposed to be due to buhbles in the skin capi
Uariee. They have Leen seen with a capillary microscope, I am told.  Af a Inter  stoge
vou pet pains in the joints. Those are nndonbtedly due to the formation of bubbles in |
the ynovial fluid, and they are not really very bad. Mine have usnally heen vither ot II
the base of the thumb, in the shoulder, or in the hip. They nee called “hends™, hut I do
not pegard them as serivus puin. using the simple eriterom that they pever mate me swenl.
And 1 think there 18 8 gosd denl of psyehalogy in the obiection which people have to bonds
Much more serions are the cffeels of bubbles in the central nervous system. They cun
lond Lo permppent paralysis or pamesthesin. My own ease i< guite instruetive. Il
on severnl oocosions hean af 10 stmosphens’ prossure, corresponding to 80 metres depth
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ireathing wiv, andd T decompressed on s eertain time table without any harm, T then
reathed o mixure of four volumes of helium with one of oxygen, Inalead of air. On
reaching atmospherie pressure T had fairly nesty bends, and pain of the pins and needlos
type. 1 did not wory 0 be recompressed as | woanted my lunch, But T probably ought
tu have licen, besause [ wus left with & permonent aren of poraesthiesin over the aron
supplied hy my 4th and 5th soml roots.  Those whe know At wnatomy will oongribue
lnte me that my third was not invalved! Helium hags cortadia ndvantages of whioh 1 shall
speak Iater.  Bul in my opinion. which is based on very definite experience, il does not
make decomprosion =afer, bui less  aufi,

What are the procautions to be taken agninst bends und the lke? First of all,
descend ns guickly ax vou cnn and stay as shorl o Lime us youb ean ad the hottom, so as to
eut down the time during which you are abisorbing nitvogen, and then come up swhout Lol
way und decompress by stages, My father worked out the methoda some & years oo
the point being that you should ron things tairly fine, 50 that you should net be breathing
in an exeass of nitrogen for any longer than ia necessary,  The trouble i that there ppee
various tisses which take it up and get rid of it at different rates, so calewlations had L
be made as to the way in which one could o up, without exposing any of the Gissues o
ricks; then of course they had to lLe chucked by practiesl cxperiments.

Diving tables are available given in feet, usually at stages of 10 ft apart, but a
VEry important bnprovement waos introduped by Sir Rolert Davie. Wor reasuns which
will be elear to you in a moment. it is not safe to hreatho oxygen at great depths but when
yom Have got up to abonr a depth of, let us =y, 13 metrey it s safe to start hreathing uxy-
gen. The ususl plan i to let down a “hell” with an assistant in it. and an open hattom,
The diver gets into the-hell takes his face piece off, and - starts breathing uxygen from a
special apparatns. His arterial Ulood iz now almost completely cleared of nitrogen, and
will take sway nitrogen from the tissues at a very much greater rate than if he were breath.
ing aiy. Under these circumstances the time needed for decompression ean be cut, to conei.
derahly less thun half of what it wes before. It is obvions that the same principle san he
applied to rmapid ascents in planes.  Tf the pilot has been breathing oxypen fur sore litt:
time before, he i very much less likely to got serovmbolism,

Bends have besn known for a long time to be dus to nitrogen.  In about 1035
Capt. Behnke of the US. Nuvy and his eolleagues distovered another effect of nitrogen.
At about 8 armospheres’ pressure people beeome silly, and al 10 stmospheres whers most
of my work was douc. some people have somEory symptoms. A bypical statement was,
“my fingers feel like bonsmus.™ Others see w sort of mist ground. T don’, but my
thoughts wander. I begin to remember episodes from my childhood, nomeense  words
suddenly seem to be very important to me, and T abviously behave ina stupid manner.
Objectively we found thut everybody’s muanmpl skill was very preatly redused.  Their
seore on the test which we ueed was reduced to about o hell. ‘But the striking thing was
that 4 very lsrge fraction of them tried to chear. Their morls wore at least us murh
affected ss anytling else.  [L was ol st themghl Lo be an sffect of pressure, - But Behnloe
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midi it quite elear that it was dne to nitrogen. T disappeared when one breathed o mix
ture af 4 volumes of helinm with one of oxyvgen.  Case and T Jownd Lhet we gol just 88
good offeata breathing & hydrogen and oxygen mixtore.  That mude it clear that it wos
duo to nitrogen, and in faol other so ealled anert gases such as argon have guite a similar
offvel to nitrogen,

T said that we wsed hydrogen, amd you might ask 1y not o hydrogen and oxygen
mixtuey extremely  dupgerous und linble o explode™  Well of course, o mixtors of 4
volumes of hydeogen snd one volume of oxygen s very explosive. 8o we had eylindars
with 98%  of hydrogen and 2% of axypen.  That mixture ix oot explosive, but is of eoutse
viry dangerous to breathe at ordinary prossure. Butoat 10 atmospheres it gives o partial
prospure of 209, of an atmosphere of oxvgen:  the mixture suppocts 1ife pecfectly well wed
1w not explosive; ond under these cireumstanees, you behave normally

It is w ourious diseovery of Bebnke's that nitrogen 5 8 narcotic, hetiuse wa  wers
slways told thet physiologieally it wis an  inditferent gas. It is 0 norootie for just the
gy peuson 08 nikrous oxide and many other aulstancss which are not metabolised in the
bedy bul get in the way of varions chemienl reactions.  Nitrons oxide i about A times
ap odnble in water a8 pitrogen. 80 on this view one would expect that at 10 atmeospheres,
air which containg § atenospheres’ purtial pressure of nitrogen, would e about 53 naveotic
as 207 of nitrous oxide. Tn fact B s aboubl as nercotic, 1 would swy, as 409 or 50%;,
The incraased offect is beeause it is relatively wore soluble in lipowds and, therebore; in the
vantral nervimia syatem. A rmmber of gases have been tested in this way, sud it appears
that the solubility in warer and oils determine when  they will beeome naceotie. You can
calenlate that hydrogsn or helivm wonld not become =0 until one got o 100 atmospheres
or so and are. therefore, perfectly safe to use at pressares like 10 or 20 ctmosphsres.

Now T am going to say something about oxyvgen,  Oxyeen. in spite of what you
are told, is a virnlent poison. It hus two main effects. When | breathed oxygen at 40
ft. (which i= ahoot a total of 2.3 smmospheres): afler bresthing it for about 3 hours 1
developed a nasty cough, and after about 43 hours I seid | hoad enough and was decom-
pressed: and T had bronehitis for three or four days after that. IF 1 had continued for
% or.8 hours | should prabably have died of hronchopneumonia. Yow can get  broncho-
poeumonia from breathing pure osygen at atmospheric pressure for several davs on end
That is the effect on tissues which are directly exposed to high pressure oxygen,  There
is snother effect, mamely convilsions and other nervons sympromns st higher pressares,
say 4 almosphetes. In particularly semsitive people the nervous symptoms will arise |
before the brounchitis. The most striking of these are epileptiform comvulsions with nss
of ponsvicusness, IF you have an EEG. golug you find spikes very similar to thrse of
an ordinary epileptic fit.  This is commonly preceded by fibrillations of some of the facial
muecles, wapesdally the bucoinator orls, and you may or may not be able to foresee  the
fit, Orveasionally people see purple lights sl other things, and sometimes thero is some
anxiety, hat never confusion or exeitemend.

FPeaple whi are very resistant to oxvgen  poisoning, lke my wife, iT they ore givén
pure oxygen to  breathe, say at 34 atmospherss resct by ntense  bradyoanlin.  Her
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normal pailee e wonkd be about 70 or s0 and on hroathing oxygen it dropped to aomo-

whera hetweon 30 and 40, and stayed thire for some time. 1 her vagos let go, a8 | aapposs
it did, and the trequenay came back to normal, then of course blood with a lot of oxygen
m ot was coming prtty quickly  through the beain, and she would probably heve o son-
vizlaion within 5 minutes or so,  Other people are not s good ot slowing down thelr ciroula-
latien. 1¥ ane does not slow it down.  then one will have o convulsion n good deal quicker
than otherwise.  Ur ono may get  jectitetion without loss of conscipusness—pome sork of
sub-cortical discharge is going ow Some people wsually  wet that; T have ocessdonally
hoad it

Al about 8.7 elmospheres, we found  thas the mean time foe.she  onget of enn-
villsions wae nbout hell wo houe, but it wus lesdened during hard work,  We wara inelined
1 hope that ~ome narcotics might slow down the onset a little; but f'('nl‘fﬂ'i_[ll}" the amount
of wmytal which wonld be nesded to do so was 2o great that ic wonlidl have talken the adgo
off onr I'ﬂ.lf‘:.tlu!l!'}' in any important operation.  We tried ol gorte of thinﬂq lilee witamin
' and s oon; bt we did nor find anything  which would reduce our lHability to these fite
withant very greatr effects on  efficiency otherwise. At 3 or 4 atmospheres you can hold
out- for abont half an hour: at 6 to 10 armospheres it is aboul G minutes, and the conleacs
tions may be rather violent

In the course of that work T was the st person to notive the tasta of oxygen.
Uxyeen is wot e colourless, inodorous amd tasteless gas. It hag guite a tasts, bt you need
to tuste in ol about 6 abnosphervs, Le aboot 30 times the concentration in air,  The taste
i & mixture of sweet aud sour. We found that the time of onset of these eonvulsions
wag extrasrdinaridy variable: My wife had five convulsions. Tn 17 experiments nt 00
feet, she onee had & convalzion after only 13 minutes, and onoe held out for 92 minutes
without one, though she had the facial twitching which wsually heralded a convulsion,
That iz a perfestly enormons range, and it means thas vou cannot predict, as yon can with
bendz:

Finally we come to arbon dioxide. Tn an apparasus where air 18 pumped down,
the pumps mey sart leaking at o high pressure, and carbon dioxide ray accumulate.
There is no danger an all of oxygen want., Supposing o diver i a4 5 atipodphess he donld
refuce the oxygen in the air in his dress to 49 withoot being any the worse for it, boowise
he woudd still have a partial pressure of o fifth of an atmosphere. But long Defore  he did
that lic wosld be uneonseious from the carbon  dioxide which he produced.  Apain men
miy wanl to leave a submarine; but to do i, they may have to flood it inorder ta he able
to open the doors.  [There nee specinl escape chambers, bat they may be inaccessible or
damaged by w collision), Thery might be 29, of curbon dioxide in the a@ir, ahd this wonld
he completely hormless,  But iF the submacine were on the boteom at 40 metres, it would
be comnpressed  to s partizl presure of 10V, and no one would have the faintest ohoges of
deang anything wieder such conditions. [ found that whereas at one atmosphere, oven
129, of earhon divxide causes & it of panting and confusion, but you den’t lose conseious-
ness, ot 14 atmospheres men lost consciousnets in five minutes or 80 in onything from 0,74,
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Lev 6585, that s {0 say o partial pressare of 79 or 0%, It is clear that this was o synergism
with nitroren.  One pusses out very pescclully sud wokes up when the pressure bos fallen
i ahout O atmospherad,  There is npothing very unplessant aboul i

Cse and 1 found that cold thell an hour's immersion in water ot lreczing poinl)
ilser dneremsed the effver, Consciousness was lost a good deal more quickly st 10 atnos-
pheren than 00 ong was not do celd, Wi were intacestad in this with & view to problems of
patpe from Aubmurines:  what we conld reasonally  expect people to do in the Avetie or
north Atlantie.

Nivw T want to sy o few words ion the pavehological side.  Some people fnd
diving objectionnble and othore hecome rather clanstrophobic in a steal chamber,  Fyven
maon who have been troined in diving and  hoave worked o submarines and are pot at all
elpuatrophabic may find these  convulsions somewhat objectionable,  Others find  them
funny, and those sre the chaps you want. Men with a fine record of eourage in sombat
aaked to be returned to doty, or they developed symptoms which might be regarded as
hyslerionl; or sometimes they indulged, after convulsions, in oriminal hehaviour: Ilor
expmple one was: making advanees o o loady  which she repelled, and the svening afler
hawing o convulsion he tore up all  the rose bushes in the front gerden of her house.
Whether this was really s corebeal effect or, as 1 think, much more probably oo expression
ol the fact that he didn't like having  convulsions, 1 don't pretend to know; I leave thet
G paychologiste. T ois important to reelise thet ope wants for this kind of work a very
specially cquipped  person with mther peeuliar psychological qualifieations,

What application was made of this work? To clear under water obstacles, the
leam eopcerncd was one diver  erawling st the bottom in mud in g sell-contained  deess
and nue man in a boat above him, with a telephone, and a line to pull him ap if necessary.
If 4 ming exploded, only these two were lost.  Rapid ascent was nesded for two reasons,
First of all in the case of air raids when if vou arein a boat yon are perhaps safer than on
tand; on the other hapd if you are under water a shock wave even 4N metres away may
kil won.  Secondly if you are under water and hear something ticking which wou think is
a mine with a timefuse. it is nice to think that ¥ou nesd not spend half an hour soming up!
Pevehalngically that was of eome considerable importancs, even if it probably did pot =ave
very many lives. Now af I} merres air is good enough, you ¢an éome up straight away,
and purs oxygen wonld not be dangerons either. At a greater depth you must steer bet-
ween the dangar of hends and the danger of fits. My wite and | worked with various
mixtuves of air and oxygen. We were able to recommend slightly dilferent mixtures for
different depths. 1t is clear for example that st 15 metres a mixture of 609 oxygen and
ol 40%, of vitrogen would give no danger of convulsions and would sllow of instantaneous
ascent; ond even if bulibles were formed in the lung capillaties, they would consist largely
of oxypen and be qguickly absorbed, As an exsmple of the sucecesz we attained, 1 may
sy thit the time for ascent which is recommended after breathing air at a hondred feet
depth [or an hour used to be 57 minutes. With a mixture, we were ahle to cut it down to
# punutes, whicl v a veey considerable reduction.  The first neeal rating to da it on our
programme got mild bepds: and it was then recommended that you should take 7 minutes,
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Buf everyone knew that it was safe to eome up, oot abaolntely instantansousls, but in oo
minute or Two

I think that medical peraonnal and physiologists should pionear in teking physio-
logical risks. 'Theso are by no means as great as othems taken by divers and airmen, but
for example, explosive decompression is not entively devond of risks, Tt may be of the
utmost importance o be able o show divers that, for example, they have got & minutod
available if the oxygen supply in their dress suddenly gives out, They dou't have to ponio
it they can get to the surface in & minates.  Then they will be O, W s your job to
demonstente thiy o them,  The diver may have too little sonfidence in gquantitative phy-
siology Lo try quite g numbor of things which o physiologist will tey.

I think thay diving has one eurious spplication, not to Aviation BMedicine bul to
Space Medicineg, The diver, especially in o sclfcontained apparatug, i under no phydicool
atrnin when he = upside down, 10 hone by my feet io air, the blood ruos into ey head
und T wm yuite uncomfortuble wher § minutbes, Thal is nob so undee wedor, beeiuse, of
eonrae, the water pressore ineresses with depth aad i I bave s solt helinet, as inoa sell-
vontained type of dress, T feel abaolutely nothing,  One of the st things o diver must do
iz to get acoustomed to workimg upside down.  The recepturs in one's sarsarve still work-
ing, Ome knows one is upside down but one i completely indifferent, T seems oo
that this would be a pavchological preparation for men who wre poing to work ander o
gravitation; and it might be worth the Indian Air Force's money to invest in a self-con-
tainel diving dress or two and let people Sap aronnd in them, simply for two peveholagical
reasons.  First of all yon get aceumstomed to & condition where up and down mean very
littde, and sccondly you get accustomed to living with « uumt.h-piﬂf_'a hetwern vour lesth,
which egain may be important under certain conditions.

In eonclusion 1 must thank the Aero Medicul Society for the patient hearing which
they howe given me.  BMuch of what 1 zaid 15 quite irrelevant to their work:  However, the
physiology ond psyehology  of fiving and psrachute descent are nearer to those of diving
than are those of accurste shooting or long-distance marching,  And the relation hetween
physiologist snd fighting personnel should be similar.  Fach should show sufficient eompe-
tpnes snd coursge Lo carn the respect of his, or her, “opposite number”, 1 am only sorry
that T am tow old o belp the Alr Force of my adopted eountry directly. 1 shall be wery
happy if, by this fecture, 1 have done so indirectly. '



