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DEEP-WATER DIVING COMMITTEL

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS
OF THE DIVING COMMITTEE.

Summary oF Mars Conorusions,

i Th» 1'%5&;?*1?(\?‘? (?:mtrm V,bich '!m(k‘i ﬁh present conditions of diving
ally : han ver *zzao&ambe depths, such

and can iw pmiwﬂ* O§T3 ed by he wppiv of air in direct pro-
o 18 increas biite pr sure. A fable has been drawn up
the air 0’2})§%§T, m e 0? pamping, and number of men requived for
g, with the div terent depihs.

he test at pre ent in use for proving the efficiency of diving pumps
@ pnreliable, and many prmps in actual use, althongt ;
are so leu\.V as to i)s very inef o for work in deep

H;L mu«.e}],m
fo enable a diver to v
it 18 necessary o conple
patiern.

v goord pumps supplying the amount
g a 3'9&*&1‘ pan work as comfortably st
rom the hampering effects

it i%{*“{)ths fmm a}xm‘:‘ﬁ
two efficient punps
* &{“h@m trials

vork freely
le togeiher

mis efé;}.z‘ré_ed oud
by that the serio :
of nitrogen in the blood and 1 i‘BuuC‘ on th aseent of a {?.;
can hest be met by {1} limiting the $ime spent in J
taost of the di‘.stall{:v rapidly, and afterwards e
o stages, with stoppages iuterposed. In or
deep waler, the d i, and most of the m(;«%ﬁ‘h
method, which saves much time, besides being far safer, has beon practically
tested at sea up to 55 fa . the greatest depth hitherto defi Pi?ew?v recorded
as having been reached by divers, a‘nd a ?a?‘fi@ has been drawn up showin,
time limits on the botio t tions recommenderd
in ascending, for different depths ap to 35
6. The risk of * blowi g up | can §w ar
the legs of the diving dress
which i3 a harmful encun
{. In cases of accidental

zn*,

; *no Ty m}w toin
hould be rapid,  This new

.EY enzmm%hgci by laving up
and 3}\: abol ;%ﬁé ng ‘the wuse of the © crinohine.”

Cup, o too rapid ascent, the danger
aiv bubbles in the ?3‘" roided by sending the diver dtwn
gain, even after serious sympioms have alreads iewiopa or by placing
hite in & re-comy aaber carvied on the deck, and raisin
pressure.

¢ the ai

HeoovMenpaTions

That it be wmar
of air which the -xz;-,:zm%;-ﬁi
different depths ; and ‘aha. i
the nunber of {:y}iﬁéf,ﬁ‘:‘ requite
dzv'nq pamp

Phat arvangements be made for regular and thoroush
ah\m,ﬂ pumps helonging to each s §1§§>, together with the air ¢
gauges, and helmet \*a:{vea and for the nméuzz'f gond of any ;

: - all new punps and other diving apps E”d?)i,w be ﬁmfsomg Iy fested on

,E“t‘ 3
: thmmz éne rate oé gn
1 at dzi?mmzé depths he supphed -

A ‘i&af all new divi
lacing up the legs, as descr
of she “orinoline ™ he :&m;g{iu}’;zg{i

4. That a mesal ; i

1 three pumps he

oo
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REPORY
TOOTRE
LORDS COMMISSIONERS OF 'P'HE ADMIRALTY
0%

DEEP-WATER DIVING

SENTEDR Y PHE DEranraentil JOMMITIER APPOINTED U0 INVESTICATE
THIS AND OTEER SOBIECTS.

TA

INTRODUCTION,

in aiems%ﬂn o with our instructions io investigate the subject of Deop

Diiving in the Royal Navy, we bave the bonour to present to your Lordships
é:{:@f‘. if Eg(}i ; .;t;{ p(\w ....... ~

e

There

aoiated *ﬁ‘ah o diving under
athing is fownd ﬁo hecon very
at depths exceeding about 15 fathoms, the movements of the diver
sis power of doing work becoming thus more and more fimited, althou OE;
of exceptional skill and endurance have succseded in worki ing for sho
¢l as muc b ag even 30 fathoms,  The second is that @,z’fly after Eim
veturn from deep water to the surface he way develop very serious
resulting  sometimes in death, wore frequently in  paralysis,
darly of the logs and bladder { diver’s palsy 7).
o connection with hoth of these v Ines, a
Anks, a X;Lige number of experiments have been caryd
livection of the Commitiee.  These were begun at Whals
i an experimental diving tank, presented some years (z;ze E)v
rorIan, & {lo., the first series being eant sd out by D ﬁa&f’a :
’& ‘; cms gunner ziém uzw:% zmuuwm in diving at Whale I3

> two gpecial difficuliies
conditions,  The first iz thet ©

& other subsidiary
om uzmifw the

fovean)

33

‘%éi,v {
sing ??}ms%éz courses of diving festruction ; and nwmerous
: the air breathed by the %amm were obtained, and analysed by
s Tgenn Eué’{—‘x, who had meanwhile been appointed Secrotary fo the
Uomimttee, and who superintended the work, The leakage of the pumps,
siribution of air in the helmet, and other questions, were “also investigated
Physiclogical Laboratory, Oxford, and Dr. gg{*-%“« towted o number of
diving pumps in use on vessels ab Portsmouth, In April 1806 E..;széexmzzi
Dannt was app@zm@d for experimental v in eonnechion with the o
mittee,  Many further experiments were carvied out at Spithesd and in the
exporimental ¢ %W ng i :n%; %sv ?mn ail d My, Catio,

b : stigating the means of avoiding the
f;%mgez“ of d "mmg:p;e“ nu) ayraufea,z}aezm were made with the Director and
(ko Body of the Lister imtrm o, London, by which, during June and
Qzﬁ»‘ .iai. stenant Damant was enabled o o bwapemtv with Dr. ALK, Boyeott,
v Institute, Fellow of Drasenose College, Oxford, in careying oui
'immn series of experiments on animals and men in a Egz?% s‘w@i
e wiurh had just been gz}"cwmeé %0 the Tostitute by Dr. Ludwi
, FRS, and which proved of the wimost serviee. The expenses m
; xperizaents wers met by the Lister Tnstitute. Taeutenant Damsnt and
M. CUatto also subj _;t/éfe)f‘i? themselves iu this chamber to pressures which were
gzméi nally ineressed up fo 30 Iathoms of water, the maximum depih then
conteniplated by the Committes. '

B 40088, B

)
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As sulficiently deep vmem was nob avaik
shrong s,§z§<><~ cause el ffﬂim in diving,

LA ggvﬁaiuru From
ae& iw Lie S—— Prugmaore,
_ aiwcezv izmm wmumyz ession had been (‘amiuiix thought
»’—*imm, but as a forthey “’iiu}l} o means were also provi ided ou

mypt treatment of a ; The diving was again vodoer-
fenant i?‘\mam an - depths which were gradually
3 casion or el of any kind, and
.é:it@m and demg work, Bo fara
we are aware this is i ‘ v definitely recorded as having
heen reached by e’iiv, L and z‘omz{ﬁvr %i&f %veef% that at which work has
titherto been deemed fo be ordinarily practicable.

o

i

with iui power of 1 OV og m

As a consecutive mmm"ﬁ of all these experiments would be lengthy
; ing 1% will be more convenient 1o trace one by one the ;zmmﬁ
o and C(}ﬁ{,h}bli}!}b‘ arvived at.  And since I was the re
dis in deep water, and consequent ditheuliy 1 vking, whish or
ied to the inquiry, we ¢ ’ hi

T

Part 1.

_gv

Ten Cavses or avd Resgpiss ror Lanorren Beestmrso o Dhviwe.

o waderstand this subject it 15 essential to bear in wind the arrange-
- of the diving app .m The apparatus in commnon use in the §u}w£
s that aupgéaes by Messrs. w, Uorman, & Co, and iz fally
cribed in the Ser vice Manual for Div are,” igsued im 1804, The f;mommﬁ
parts fﬁ: i% dress consist of (1) o stout copper helmet provided with glass
lows, (2) a br@a@f»gm%“ on which the helmet is serewed and secured,
andd am 8 ﬁgx: ble wz wroof dress, which can be comnected water-tight with
the breast-plate, and covers the whole body *\cw@? the hands wh 1 £
throu fn close-fitting elastic cuffs (Figures 1, 2, and 2). Ehe air s w;;g}yézw&

3 .

de

'("*

ol

through o flexible rubber pips *gii‘“uffﬁhﬂn@ with embes xdmi stoe!
counected with the hebmet i‘i rongh 8 non-rebam valve,
of air 1z on the right side of the Telmet , about the vw&cw
provided with a weak spring and a screw adjust r 4
smount of air o t}ze dress.,  Thers is in addition 2 2 ;} near the front of the
helmet a3 o supplementary means of letting off an excess of aiy, i’mv tap
{fnmiliarly called the “spitcock 7} 1s also wsed by & ‘ y water
into his mouth for the purpose of we whing down the malsiure mize}uwm” on
the nner surface of the glass window. Ap ext 18 w@ similarly placed, was
used in our experiments for obtaining aiv-sareples from the beln Tn order
to enable the diver to sink, fromt snd back weig hzq of 44 each are
ched to the corselet, and each boot is mx;w}m 1 owith 16 he. of lead on
the sole,

Airis forced down to the diver by means of a pump with fwo double-
ug ovlinders (Figure 4), the arcavgement being such that the air from
v oone w’zzm}»z alone or both cylinders  together, csu be supplied,
ling to the depth of the diver, or pair of divers, served by i‘hé“ PR,
, § mdm@ivs of eas‘*? der ig 4 ma& . &ﬁd aim a{*mé\e s& zmhsm

!

‘»iuéﬁeﬁ, of the ¢ }}mnuif&« ‘{E;@ im’ ?36%?.
The ey‘iiizdms are

SRS

MJ

23

oot oi zm

er goes under water, any aiy with which his dress is inflated
-‘Ezz’ow’}z the outlet valve by the pressuve of the water, zo tha
SROCINSE d«y«cig applisd o his legs body, and arms, up 1o m
ruves 3 and 5). I the valve were kept scrowed up so far that the
: remained inflated uméw water he would not he able to get down.
The consequence of the collapse of the dress is that the pressure on all parts
of ths body below the h@imﬁ% i preater than in the belmet. I the valve is
rwiv opea the excess of prossure on any part of the body wfﬁ be equal
hat'of o column of waler the height of the valve-outlet above this part
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’féf'};'zz@ ﬁi"@ exte; *"af y?ewﬂr o1 zizc

chest ‘;‘f ?Eﬁf‘ i ggﬁs ml? Eg\, &E)a} nt 1 z‘v)i

aﬁi;a pres mz:s
his Ezz*t ;WZ‘ME% ﬁm @\:Oe&'s af pz‘f;;«:mr{  and when ?Ew cxyemms; f 15
the exertion requived is found o be very considerable, and 1

3 . a

flref

0 @‘.{péjrimme’s iE}a affects of
- the heis

the \*&ﬁw ourtlet :
: 50 a rubher tube of 1 inch féiuﬁ eter zm&
w, with a v wlve on ihe {\1};‘2, attached ot E}f‘ nozzle. By varyving the
this wﬁ&m) which s of varving
o in the helmet were o E&wm it
it m hs\if& few inches above he hel imet, ure o
‘hest and abdomen was 5o great that breathi : .éw;«;-,@% 1 LKI‘}>(“”4Q§;’E§"
owing to the very limited power of the ingpivatory rauscles.  The ozp@l’izrm L
is 2 very unplessant one, and, wwmabiv not free from risk of hew -
from the izmgg OF QIr-pPRESAZes, O temn mzu;y stoppuge of the heart.
lve ‘ ble, but was extres
it opposite the e

essure being specially felt du
&

W

: mh‘@ ab its uzfi
g Was s‘@ﬁi laboured, the ad o
1, or with a short aiymwg}p 7. With ihe valve 2 or 3 inches lower,
> level of the part of the breast-plate, ng was much
At this height of the "(13*2:5\ the helmet ane ghis are just
off the shoulders, and the wmuwked reliel expervienced is probably due

fevel (al

o the fact that the diver has no longer to inspive from what s
<§v a small air-space with 1ig i,_w smalluess of this spaes

,n“ duw the &(,mai

it 3m@uc&ﬁw> fm" him 1o ing ;
Ei mwnr ?3;9 he

§zum u);f’si @ roke of %%zz» pn

that the dswr bagins to lose his hmii on ’z,ize grmm{},.,

Under ordinary wz:mztmz}.s ai experi{mc el diver adjusts the pressure on
his valve 1n such & way as to ease his breathing as far as ym*iiﬁe withoud
endangering his stability, and he may fre ,i-év have to sdjust the
on the valve as he chs the positio wad,  1f with the valve
comfortably adiusted for the evect ;{:{;%iﬁon? he sirof;p&s down for more than a
shovt time, air accumulates in his dress, a e runs the risk of being “ blown
" {2.0., carried to the surface) sngerons accident if he s at & conside mﬂﬁw
Tn order to stoop or erawl on the boitom he must unserew his valve,
let air m&zg}b ?? hh Eta il is nearly as low as his body, s
; ‘ ' , hie can, however, breathe guite
somiortal JE} W Aiii iw ‘i’é}i‘s{‘ rvei& ope'”z, eince the excess of pressure on the
chest and abdomen is greatly diminished.  This position is the most easy one
for o diver,

Bleeding from Ji@ nogs

O

&e. is commonly observed with ine
, s cdue fo the mﬁwmw between the 1‘°~§3§‘§,‘<\:;31§Q
ood-pressure in *Eas, walls of the w : g abnormally
=) ow ing to failurs of the di }Lh,émgﬁx closed,
rly fém‘mo w:«uri;z,z‘ ”u‘ i or will, for msmwc viwze
: 5 valve wide open, and has, ¢ '}mommnsh
a .?,_ X ¥l with éns arms ; Wi’i@ cas an experienced man will serew
up his 'vai G &4 ﬁueniig to take the weight off his arms, and slip up the rope
with practically no sxertion, .
What i3 i}@@; cause of the opprossion of breathing which affects divers the
MOYe Herion dt‘%@:{}é'ﬁr ’i!i:z{zy go? and which t;hey universally attribute to
the i ' ingreased absol pregsure can have
awthing o do Men in eajssons acp to dey Ew of 15 fathoms can work
guite freely if the ventilation s adequate, and, in fact, are generally believed
0 WOTK more e than at novmal atmospheric pressure.  No oppression of
?31‘%&1&&&53 was syienced in the experumental steel chamber by wmen or
animals up to 30 fathoms pressure, or could be observed through the windows
in animals up o pearly 40 i;.wmm aave s snd o carsful consideration
of ‘{3 s faets pointed, even af 1 £ of our investigation, towards the
conclusion that the cause is ﬁ{}i irzwemw% presgure of air oy water, but

and bl
iner

“

-

£ 49084, E
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increased presenre of the carbonic acid gas (COy) pres
helmet.

ok i}."g the alr of the
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The weans by which breathing s .

vecently ehucidated by Haldane and Prisstley

~ninute by an everage sdudt mase v posis
S Terd ,

s per minute {at 607 I

hreathe

acgzahiaé has been qmz@
§ he volurne of breathed
nool perfect yest 8 abont
or, roughly, § of a cubie foot. The

AT if‘if?fid sd ag follows, ;«f:\;i- ?‘anmzai fi'i;iii! herie pressure

00 m;mm; o onla his bre ! ; %E 3t the
i { ils, of

S Yaries

5, but is pre game individual.

5, BVETL Very <~§ W?}*E;, @ b@& s deeper, 80

s or s m@om%s*d
7 fszgw(};é& musenlar work
sedd to three or four times
hed s correspondingly
may 3.3{7 twice as grest as this.
breathed 1 ;‘.i\f(} incrsased,
d alvenlar (U0, percent i 3
nsy g 8 peor eent. of (0, the
air breathec , E,a K‘Q&?;v"('Ea.’,}'i}_é'}}i@{ij since nearly double se much
rifiated air i; zz'mgﬁjwq} in méém‘ to keep the alvaclar
s normal ran moderate muscnlar work in such air will
at respivadory féw‘z’ew

6 5

L it again yise sormmal, During
e graonnt of OO, suwzz ot %*"‘ the iwﬁm .
s}? snd  the amonnt of air bre
3 Ezm{? w@m the
air inspired is i
n such propor iz 3
1},%;5 rwrn‘al,\ Thus,

i it falls, the z}%}&@i...

th

?Ew resting norn

the law as ‘éu@z? stafed coases

i the stmospheric ;\rewwra FEh
o hold, and 1t ig éammé that whe me constants is not the per
but the absolute : ciged by the €O in the alveslar aje—i. gz?
the percentage nm, i Thus, to quote

'{ 116 "*p}gm‘“;‘ T

Wi iz}mzf% b af in themselves
at 765
et ui
o c«mempm;ézzw {allowing

fﬁé per <£?i<§ I 5‘%
3 s the work of

2 Lﬂ@*rim‘en‘{ bv

it ?h@ aqw{\u\ ‘,”&}r’za%‘; $
16, of one ;@h“z’f

{ m}:mm ee , this E,;m 31(2» been ‘ up to n opressure of

§aer&s {f::;‘ sponding to 28 *am: sms of sea-water) by Dre. Hill and

'é«;d in :»;{zz experimental L chamber capable of

2 man in t‘
Boveois (w;%i §*
two-thi
s oair oo
Mer Dressi

o dowmn
thevelors, the
_‘Og and ab the

] p er vem“ ol
jm’: cnm { wg

s as nmeh
e as little as &
o judge from ‘fiz"
m the atr of
ji ouy ﬁ@wzmemu on mmzy E“zws ¢
ance, as alr containing Q} per . cent. of {

: : Em"
m)si Boes m’mi e mim at

;«‘itina‘;s‘@p?iégri{:

Hre, §ir containing = (68 per cent. will p*;’mémr@ Al

v :zs%.a 35 fathoms, the greates
%s, howey w, it was desirgble Ve
wdence on this point, the following exper
Y mi on himself and Mr, Catio in the at
"-nwd 0 me téw min and out of 8 Ea,w' '
3 “his hottle wag connes
: amﬁzmi Prie bfiw
3 eowdd be o
nle (,f” q.h@ air “.L,kazu

: maé {;uf
chamber. The
A58 buf?i@ uzﬁié mae’imd

* Journal (}f Fhysivlogy, Vol, 32, p:ﬁ,gx, 295, 1906,
T FieGerall and Hablane, Journal of Fhysiology, ¥ ol 32, page 488, 105,

i }'m{'f'émm,w of the Boyel Soclety, Vol 10, page 453, 1808,
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HExperiment.

Parpant - .| 3% {3 ; 3 570 570 2
o - 4 44 37 180 5-8% i PSRN
Casto - -} 8} o 1  Bea 822 x20
“ - - *‘sf«, 44 37 ’ P64 [ERREE A

Orwing to ¥ ; ] D

0%’ anzrb f:}aw“%m&i th re&;u%ik are nob f:«*%ﬁ‘%vt:}* accurite | b,‘ét
that e effect of (10, on the hres
on s per
Hary of furrdn: win thig law,
i that fsi?a atever the pr ' : me volume
of wir. measured ab i me%g, %ﬁ»\ minimumm supply
af atr, measured on E atrmosuh Tressure, mnst
i in direct pmg}a}mm i %%zf f}%m@h‘a‘fe g 'sm&m‘ A
tiver at 210 feet, or 7 4 atmosphers 4
; m%w}; :sizu n‘m@&sa:@.x*@:ﬁ“’i M,u

}?@ Et*i’?r
ite the
= .mf;or, by a diver, as

;ngxrzis.‘zi_g::saé::r’ p ousure zji
water, or »)fs 992 m? sea-water, hanes the .u}iig;mf%ﬁg ble repr
inereased air supply nasded at various dey ;
compared with what he would need at @uré o

{ “the air supply )
At 2 atmospheres, or 33 feet, or 5% fathoms 3 must be & double.
. mereased to

«

Ay 3 . e, 11 , . trable.
At 4 .o 9%, a8k, N

At B . 132, 922 . ;

. cop : . s

AL 6 s, 21, N 6
3 Is4 R ERTS; 4 4

Ab é 33 éi}%ﬁ 3% 33 2t 54 M 2
(\‘? ig 3* I 8” 32 ] & 3%
“‘?‘ ) i} i ¥¥ 4{% 31 b g} [
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¢ an adeqguate 8
on if no extra L
nee 1o pumping,
d m i};‘s—sv ;3?8«53%‘5:@;'&

be &ééam‘fr%
but als iy of air Zif‘*’*{}f :
From the praciical «’zamipy nh 1

Nince a diver not only
he must re- %z@@ih& o 5
and if h“ °if;@;»:a '

fﬁi‘(é‘é’ﬁ izi’

.i'& LIpOY
p@! tant o

3 DIEERULS ‘z’mxa the
: b xmzciz mwmov iwai

F are neb mm*q 3
,}ti‘s’ '?1 Ti1) iﬁlm cause,

%‘h@ air ui mé* E’ : m‘ﬂ and ih{;
ordinary conditions in diving
of air from the helmet for
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ough the
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of the helmet in front, at

tary um‘wi tap (Fspiteock ) at the side
he mont -

ers of stowt gla ‘x“;

'E“; & :;m}_'

3‘9

.‘\’2.

s3EL

i he iz:;:;o'i‘w QE'w‘sw noon ?’i‘w m; :

The receivers were filled with wa
ump?a}; s shown i
e outled s, w0 thatb
very um;s wal
§a§ , B8 thf‘w W

?:.; or 1; & mg;q E;@G‘
samples had fo be &
riments, ordi
open bottles b

sa:fi%i}a. ag Lit s
bottles of about 70 ee. (2 o
g simply inv vf?wi over the
o cork, through which passed a
shed @ piece of yubber tube clos
Lo Betwesn the s v
bber tabing. cted ax o non-return valve,
BUADS S the diver as ‘@mi@d When the diver
3 80 as 1o make the

%ue}

y wihich was st
wpper (Figurs ¥
Sh?- in ?ize T
airto e
: n@ glass stopper wa
] secure, In a few cases
%;ppmw wore nsed, ‘53’::3 s’i’zp‘;’sez*
allow “d J’i).(/ exee ;

the anaﬁys&s an
by Dr. Haldane
1506, It giv

Cied f’w o :?; anai *3:%

air }‘*z O me
’, awﬁ Was

’ difh mi?y was overcome Dy having two
elose to the gas-burette on the rubber fube connecting it with the
Before cach reading one of these was seres ed u;‘s 'Ef‘fh
as iv fhe mereury ; and the lovel was aceur ately adjusted |
locsening the other céip

in umeem QtiB_"’ {Eze ang!

lovel m %‘?}e huretis

weessary, as already ¢
bt the pressures of ;
‘ vzmi offects ﬁ@g ik upon their pres
{0, 1t was found §33 Haldane snd Priestley®
per cent. of an atmosphere the amount of fresh
Hy {E dw hangs was about 50 per cont.
ent. ; a%@ﬁ“ﬁ}“pﬁm ;
ih about 500 }’)9‘3
% mm 3 per cent,
¢ OxCopt during
send, more panting than =/zm§
: mnih;h: ¢ by, and not z‘s’gﬁy
he effects mf' the work. Wit than & per cent, the dis i
d headache 18 often ;Qﬁm@(e*{é in a short %im&z, With wo
fnf izoze* ‘« an Incre: 3t é»mi&z:ﬁ"r' ;

f‘s ﬂ‘i

ner cent.
o of shout
B 0f GO0k
besn ziz*ze(i as an
s diver’s hreathing
- by struggling, the
breathing powers,
00, than durting rest

SR N c‘%i’(‘n QY
by a conszider

# Loc. cif, pagn 248,
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Deficiency of oxygen has ranch mors formide
than

v of C0y; but o diver using the ordina; never i
gor from this cause. The effec 5, if any, of oxvgen, f L@ ﬁz%w of {')@J
d 'z"pm: its pressurs, hence the é‘@‘cpeﬁ & diy
>ply of exygen. Foven ab the surface a
STos, hoas o divers belmet, the &‘ﬁ'ﬁ-ii ot £, 1 :
in any danger from want of OXFZeL: ; r«i & diww b fathoms under water w
tainly become wmnconscious . nre of OO, long 1
z:s‘i by defic v may have to fear the
Ve $Ore, lepths grester than bave
7 ;fg as will ?w shown in Part 11 In the sanples
n the oxygen percentages bave been determined m@yvév as a check npon
{3, pereern ages.
the air «aug;gis* to o diver is defini
: saiated from the
% %E:;,at, as 1&"&%3 E}Q shown below to
§ 1 of the '*am*g}if% iz the ;
caler ;? rion, which is & very
S ans 1};»;653 Whemmz the delivery o% ‘{E.s.e p&ﬁipm Lzﬁr;mnw for

' ap_’gam b

[P

oy known his j;}rf}{?iu{z
fwﬁvw« of the helmet :

zzeem
lenkage,

*'ME};S'*S of air from the helmet wers made with a view to
flects of adverse pressure in breathing on ths COy pro-
10‘{ % diver. The sarples were u%mmmi W the experimental diving
Dy Ha}&a*w being the subiect, ] : chopair were ta Ten
after 3 and 5 minutes of va tilation, ot as vesrly as ?u*«‘;ib?a & constant rate of
12 revolutions of the %mgw pump, oF i 2 a:aﬁ}"{ feet of air, per minute, about
an hony being mmagﬂe«ﬂ for the whole series. The movable esperimentsl
valve, deserd? el 2 bove, was attached to the helmet - —

S— Percentage of €O |

(‘sfm.d mg on zhw plai?@m:

H

[

o

' sights off,
mple ia.{eﬂ ~ - - -
& - on bottowm, helmeb § fest below snrfiee. R
smppmnm al valve at level of top of b Ym0 2063 518 {M
plate. Y aive open freely, Breathing o A ’
a8 fast, but experimental valve :
inary valve {heighf of ear).  Breathing
inboursd - - S~ - -
( Hawe as last, but experimenial valve alb top of
helmet,  Cansed so wuek é;xiren ’&mf the two

pelas

£

%

%

[N

;3~53 4-36 043

STV T SR U —

4 samples eould not be tak aocesstvely, and Y %{é’GS 4-38 0484
the 00 had probebly not reached its maximom e
percsuisge - - - - -
% B "m 2. ?\m‘ "mm‘s* now gt sby vevolntions,
5 i w' ¥ g and sswmples had & }\5‘83 Ton | .
tahan o L O ?1&& eoriain ¢ : ’

not resched s ¥

e

These results are in reany ways instructive. During complete rest in

an easy position the UOgproduction of Dr. Haldane, w which has been often
measured, vartes from ahout 010 1o 012 cubie feet per minute (measured

3
under water with
dy thrice as great

at about 607 P Yet in the diving dress, during ve
the breathing easy (No. 2), the € Gmpm(i netion was
and was four times as greab with the miv- '
position.  The strain of the unacenstomed It

as of course shiefly due o the v
positing fo the ienk Lientenant Dy mﬁe #a
33 Ty per mivnte, and often less the
My Oniso s subject aud an shundant air
in o perfectly ensy position, with the valve
war OI0 anbis feer per minute, and with the
4} per cent. more,

{2 cubi
o ap a5 to complet ;
valve fresly open ~014 cuble

o035
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grent inerease in the (Orproduction, the latter being still faz?ii}@r raised
sent of about 40 per cent. by the szme broathing wor with
: &t 18 3‘“&}&‘&? Em" E? wl (R umsei it

zr;a;ifi 'hfmmrez. b@

hed é; u@ per on

iiw{{uprv i
: duces a vicious eircle

o the valve ;}m perky thos prog 3
to a diver. In No. B the B of pressuve, distr
at, for-all practical purposes, was similar to that produc ad in
Y W&%ﬂr W fé:?’z the ordinary inadequate &w»msp;}?w

: ; reen the caleulated OF
ing dress, and in an ordinary comiortanie ‘pnw‘
s from the side tap of the b
air :mjf%@ the helmet, confain
e outlet valve. To test this g')ow
B near §_‘ s }’)Ue&\{%i :

w

4
P
i

1&3336 11 L_w si iy
‘_i Ew ww;};fvm that the saw
roixture of
air mcapnw from th

mmm
more OO, than éém
array snts were made 10 take sampl
from the side tap and the internal opeui
with Lwo ‘xz(ic fap, wag used, one of these

insid relmet with the opening of ¢
s-engine oooling tank at i‘iw Pzw
“ewﬁiw were as follows, the ventilatio
E 12 revolutions of the single pun

Foatrdon of Diver i

1 | On sarface méz‘,éi&ﬁ bank - S . 118 i-8%
e » - - - 1568 144
3 In tank, valve just below surface - . 185 - &-47
4 . k N o ~ - b4l i 144
5 ; In tank, vaive well helow swdsce - - 1-41 143
é "\ w o o - . 1-1% B5

| Mean - - - - 148 14

i

iierences 10 one

cach pair, doe in par,
1y 1o zketm ahﬁw was praciically
: riv somplate,

Ii will be sesn that although there were somet tirmne
irestion or the other hetween &‘é o sal
shiv, to *{Ew 1ot

;»«

TG ave rer
there being 1o ;»'si';e‘srzsm(,ua uit of fresh air ?zwz the inlet *é;\'s t ws outlet valve,
Tu the case of the last palr of saroples, the diver {(Dr. Haldane

care to get mto a perfectly comfortable position m L%fw tank, miis %he v
well screwed up, 89 28 10 make the: 3 g

pereentage {103, 1o the two samples was
a production of € ‘\? of “012 cubie feet pw? m&uée g O ,a,? ;mmum ioz
U\mw?f“zeﬁ et in his

emm% umi@z nmmaw s mditions
in ?Ew

, - _
\ wu?é uol E}@ 200 'x%,,_ 2‘? s,a« 3N u%em, 0 iimt, @.:‘ R6id $
iver cannot bo stated.  The cmmgﬁm ave arranged in ¢ %ar oi the
‘*@%E} at which they we w&izama 1. Tn collecting , CATE was ), 6
wssible, to keep the pump working ab 2 constant speed, an 4 the diver

N oA o 4 state of rest or work, for 2 or o minutes previ wously,

pele
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sressuye of
mmwi from
g the latter
o Y‘% atkins
by on the
ot his dist
7 s‘éu( howas probably a mni E
ace, or less than 004 o '3:sif.*
s of the i
1ence and inal
el as soon as  the Wﬁg CITERSUTE
to exceed about 4 per cent. s}‘f‘ an aimosphere.  Thus at a d gﬁéﬁ of
homs, or 139 feet, and a UOppressure of 4728 per cent.,
L‘m ant was unable o coniipue for more than B mzm%gf
: voof pulling 8 rope 3 g through three blo eks, so
t about 9 feet per minute. On the other i,
SPTERSUTS WGM under 3 per cent., heavy exertious, such as Wa?
tank, or on ihe & ¢ i ?%s* cun’nrﬂe{/ for long period
3 _gmit,{‘iﬁ}f e

34 per cent. of an m-mufg :
UTe Was
goalling for more air, a
ng consclousness,  As he was
¥ “due to the inadequate air-supph
De oy winute measnred ab sU
cived as it reached him, Fro
o could be drawn that mea
derable exertion

akon w

EEO st

a1 At
table with

The e Egn:zi &omzeu iiw i U
anee, as furnishing u:;m from W k
of air needed by a diver, i

per minuke is of m\‘iiiz pnport-
AT pnbwi de to caleulate easily the supply
v, taking into account alse his depth. During rest
the average production of wi} by Lieutenant Damant was <022 cubic feet per
minute ¢ sea~botior, and 41 %cz:&b:ﬁef e tank, where the conditions
were more favourable from ahsence of ti e Catto the Sgures were
016 on the sea-bottom, and 01 both divers ave spare and
t tall, weighing only about 11 ston e, their normal average CQOpproduction,
during complete rest, is probably not more than ~O1 eubic feet, so that dwing
1 the sea-hottom 5}91’: average Clypprodue i;ur; was about double the
g value, and sometimes, ‘ xertion required to
Wath a hde w;m!“ﬁ;: 2 or four times the true resting

: ' L it Damant as

ight at the
; Oﬁpz rsz%u(*um was only
mm as in the tank at ove fathom
ons ab 23 fathows.  The oxygen
153 per cant. of an atmosphere 8o, that
?i oxygen as usval, bus “the oxidation

il

o

keep ste

value,

R4 J‘M‘h&mv, Ln,e :

snd of the she ~.rx37@$3,

013 cubie feet per FISRRIER

or on ms %eaubo Yo undez’ ??}8 BAINE wnd
703 times the norm zzfg or 1

%19:3,?111110 73 ;

o5 10 his ;

Ug-prod z*a*?ifm Wa? L of ¢
\;“@a‘"e“t A mi

’ zumésww " pmg we i?si
‘m;zi in which he bad
er sheort, and the

mud and the air. ‘TEL o8
value. Very nearly as hi ojﬁ a { 0, »g_“ix
in the case of Lieutenant ?)a*mu; imvie Ez@ W
the tank.  He had, ho Iy ;
the CO. ~pressuUTe in th ‘mime* ?3{ Ny O E«, E 37 p( ¥ ocent. i‘ur mf%frw.w “miv
hard work the amounts more com s,:;GLEy ol _a@zs@& were "04 to U6, or about
two o three fimes the average amouni during rest on the Rmismi’;zgx 1o
tak @ ognot ‘ entenant Damant p%wiufvf? 05” o
feet per minnie dur horas, and 059 to 061 while pulling
At §<>~ »"‘{si we‘f,’ -“:"n k] }”g}}’?{‘
it s qui

AIT-BUPDLY
would be sewwwéeej as i«};ziv is‘wi
be very moderate if done on ﬂxe ?
hard with tide ;
if an oxzw g : , : SR in

the helmet, 1 added 10 his other trou %*3 he may easily 5"@ mm}%}‘fu d {ov
s work ;) or his life may be endangered if hig mind E(‘{*{%m@&: wnﬁswd ginde

ng-rest at 23 fa

&

that in ool

" ANy con iy
5 o do wounld
(on {’3 ‘«‘““u‘ gle
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3
e might blow himsell suddenly to surface by failure fo manage
i tain situations might wll and be fatally mjared by the sqv
st inereased pressore,
Since a diver vesting on the bottom usnally produces, to judge | )
> v:z,ﬁmmzfim about ~019 cubic feet per zmnwﬂ Ew would need, during rest ab
,z‘imm{s}u s pressure, just below s ' - 63 cubic feet per
piinete qm order 1o %eeﬁ the { Wit S per. gent,  During
v hard work he ‘,m&z : 5 euhic feet of O 20, per mi
By mm?az\ie *{m? a diver at work mwh? nob o los:
: foet per minuts or the reasons alres g)kz
he should have &‘; s velume of air at whatever }f}l‘f“-«\ﬂ%?’f he may be. “Hence he
will nsed, if the alr be ¢ mospheric pressure, the following air
supply o '

it

Depth,
Swfac - - - - - - 18
5% fathoms - - - - - 3
i, . . . . . . 15
18 5 - . . . . &
” - - - - - - 75
33 " . - ~ ”
k33 ~ ~ - - "
41 h - = -
An ampler aiv-supply would doubtless be of much advantage during hard
work, sines a pressure execseding 3 per cent, of C 91‘33 will ha ¢ BEeT,
@ very marked effect upon “hreathing, and will thus limit the power of

3

will, ?ﬂﬂ;xvmfu, at teav‘ b sparsd the severs

The diver

for breath and dangers sy, which ars 8¢
nnder present conditions ab coms hs or under conditions

*??%cxﬁ

:ztah Rty i(’é* o

an extent s fé g“sér (e‘nf of OO, fram the sw igwwa‘;
qnic matter 7 in sue B oatr is (*er‘s‘zmiv In the case of ths

wherhithe tunuoel, at present being cons
London County Ucmn, <1l ;egm 5 that the POy
air in which the men work should nnf exCE
reason may be for this emzemnix costl
Cy nor “organie matter 7 from res g}m LoD W
unless this prf}pu*fmu were very sz
standard of ventilation } srmi ts fji 150 im
a8 18 wzm:;@ni}
to the “ organic matter.

In order to a’s;mm w2 given stavdard of ventilation it is evideni]
necessary to keep the pump ruz t oo certain rate; and in view of the
jg:m?mnuty that the oppression wxumzuz;e:eé by divers in deep water is dus
to inoreased pressure of U0, from inade: quate ventilation, the first thing done
was to fest the pump whic] s t0 be emyploved in the mrév EXDe
the tank.  Unfortunasiely, as matters twned out, this
new, & ad phenomenally good. It delivered at time exzact
air {*10 cubic feet per z*@wsimm for each ffy jnﬁ@%“ {,;"ié

e A o

3 ‘i" o~ . L A FRN At i
dlameter )i zim uihnf?eh md St30 }w of the
! ] wﬁ?zw ]

:ed ynder the T 10, “,:m
: {3y in the com pzekw

408 per cent.  Whatever the
'mﬂm 1 I8 certaln that neither
4 have ¢ any dels 1
f;i; and  altho gh our
spivatory ;;ng;m: v
10 rnisgivings whatscever as

the gv

: .}jiﬁfz('ﬁii‘if A
SHE ups, i oiled
and ,ff.zz:mii for in a&:wzsi (ehats wsi}; ééu, Servics {'ﬁm.‘ ,iozzs, Wi \mfifi sive a?w 13
@{;gu;ﬁiv goodd results. The results of nnalyses of sir-samples from deep water
SO, EMW(WM‘, arcused suspicions. ’E’.’hwgs} 0 take an instance, three samples
collacted by Me. Oatio doring vest at 14 fathome, with the single puwmp at
27 *@v&ﬁu‘{mm per minute, gave ?‘53}}9(‘ tively 1°5658, 1 hZ and' 1°54 per cent.
of OO0, {eorrespondding o the bigh pressures of 554, 5 858, and 5°40 per eent.

oo




1 {.}/3 ‘%=§0°§?r<,
m;» was o '] ,V; sbout 27 cubic § ot of s
been don ng. had « '. bosn tight.  Other vesnlts

i {with a pr

}‘}E‘iéﬁ%‘t/ 3
?mm g ¥e

QZ
ef. fﬁ? T voﬁ'e'aé'éom of
M AJE% z‘%w gm‘z'ms;‘

A '%"Gﬂiﬁw f
3? W

tent 1@; a ﬂz*"n pfm;;} Liw ondy
@‘i%} Q’fi *p; :

‘@i;&(}, and wato ?‘A ‘he
v falls slowly, i at all, th
howsver, that since ?ha anauy
565 the um‘m? m}a

ping ihg ‘g;z mp. E:: §
5 \m%@e% to be tight. T4 s evident,
connected beyvond the ouﬁm, valves, thi
ap, and not the pistons or i,i,i§,§‘3i»
£ ;}g the pamy itself,
sk fhe real efficiency of & pun
speriments {rom the

i {see :
@b to the pump was conuected ot its far o nié ?‘3 3 &h“fﬁ @wca of
ay{% vy touz iy‘«;“@z?*’ m{ka’@iv o% b@mc‘ COT readily ¥

%) ' 2l dn o

k,{ wi ~§1

capacity. 1o test the
i requil s

r 1o st cubic feet
L iresiy open, at
- of

pmr fﬁie namber of rwn?kz‘igurzn w‘nw
of aly was counted, ?hf a?a;zzp bt
the sec ﬂnd screwed o ‘
a2t the third swad up
cyhinder was tested \«f*p'u"zi(&

By f:v?;zzéer 56 §

Qe m’io;%& (u“

Griay C8WAR
160 ver 0 u}?)se o5

were neaded, the 'iw age wonld eviden ‘h he 33 nt, ;) if 200, it would
. b 5 2
be 80 per cent. ; and if 300, it would be 67 per cent.®

The first fests made mﬁ} z”%xe pump used Va%
mauch distress o
100 feet pressure
from the right ¢
the diver woald or
from the strokes of © :
the depth at wl wd’ é\w ,*m“’oz
ihy a uivm Wm? be 63
3 ?}_-b{}‘v’& 1
el a g L frm
pump %1115% at uﬁ ?e‘mimmzm pnr minute, &bﬂu

se, amrﬁ whic z %‘z zd (fm&o@{i 30

w a;kmb b
f“=§§31£‘ foet 1

zm‘m), as m}ﬂ
{E omiy have 1eu
) : mg <wmu 'Efir

w;i}; Aw

drive i At 200 fest he would unly hav

eylinders, instead of the 1175 feet required doco

1 , quite evident that auy npt 1o do serious wor
wims with a prrnp in mm f‘rmdz?:em counld anly

T guantitative s made af the U
ahh;_m.g}.. 'é;E‘wm was slight iﬂm’m at

; wﬁm» in amount Wes?} ﬁ

: owm&r canse of leakage w as fai

1 : 1 faidar {,{w}{ﬁ only

3em§3<:e‘ wrily wme&a Iy S G

similar means, In pumps which had } i,._%fas:‘f_

considerable, even with no adverse }@*j@?iﬁz(‘ and in one old p »

i Portsmouth no air ab aEE Was dmwﬁ‘ﬂi Ton one . of

1 the ;

5] §}§E‘i§”ﬁj




Lk
UG

awd ouly 71 per cent. of the proper delivery when the pump was
g oat 40 re *mimt HOLS POT e,

» fullowing table shows the resulis obtained in the case of & number of
putaps i use on vessels at Portsmouth, aud tested under the supervigion of
D, Hees af ordinary rates of working —

Pruopwracs Leaxacs of ordinary Suavics Divive Powes o use on
Surps ab the Time o Porvssorrs Harsous.

. 106
Meeof Panp, Crvlinder.
X C§ | Left . e o 24 g7
5452 - ThRighe - . . o S8 BB
¢ 1 Tl .« - ¢ 6 43
. T TR Right - . - O L S B
s i i Bight - - -l B 48 35
S T . - 12 35 72
i} Lefs . “ - 40 74 T
w 1 £ - - 25 a1 46
o { - . 0 it V7
8 ) " - : 2 23 56
ey *; B ~ - i 18 33
Z88G - - "3 . . . I 85 33
1533 i . P o 24 63
e i - - - 25 a7 73
{ . .- 10 53 83
. ] . . - 37 68
{ - - - 23 55 71
S10 “ - ~ e
e i . 20 G
¢ - . 20 60
1837 - - x § . . HY) 1%
Moan - - 11-3 A4-6 R

In view of the varying leakage existing from {Eﬁ,» to day e the aval lable
pumps, | it was found ne continning the experin .’;zm,i £
test ench pump before or after use, at about the cormn SR
rate of revolution ; and the air-supply, as given in the ic&& 0? at a?.mm, i
based on these fests, The percentage of lsakage can  be calowlated
if ?e{gimul from the aivsupply as compared with the rm*oimtmrm pey minuie
and pumber of cylinders used.

Ve it owas ovident, also, that one double pumyp sould not §§zmaa

i ..u‘f f%’i mg in s.f%eep water, az’rz‘m;;cxvze’frﬁs were ma df* }’m%

leg § hree ;

'i% quantity @i i {owm .w§§ e
ih ?3’13 G *2302‘ : ami ziz‘ t z?w

fasiod

air \mummu at atm
{mqi h 8 in pz"n@mnm to the de }m

esistance varies as the squave of the ‘areﬁ?u;,mg am? ly as the de .
Eims with a diver ap 100 feet, or 4 stmosphere absgolute pressure, the
density will be increased to four times, aud v of How reduced to a

fourth, This re
surface with the s

istwnee will therefore would be at
me aiv-delivery,

The arrangem ent imdiix adopted

4 for connecting  the PUIGDE Was &
four-way ;m}@i}(m»' 508 j@mvzgémé with taps gzzsi Connec iing junctions, so that
in case of necessity & pump could be easily connected or disconnected with
the diver down, dnd a socond diver could be ssnt down from oue of the
same pumps after disconnestion.

In wiew of the liability to leakage with the present pattern of @aﬁ*m}ﬁ
pump, particnlarly after use for some time, the Commifies commmmicated
with the makers, pointing out the necessity for more reliable pistons for desp
diving. As the result of & nwuber of experiments, Mess
and Co. farnis

s, Siebe, Gorman

3

wed o set of pumps with greatly improved pistons, which, whet
B4
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festad in %’hf workshops by the m&imd {é{ %4’313}9& above, gave excellent vesults.
5 gnh'fom were fitted ss, carefully fitted and

E wmiz;m o gr Fe mmdv ﬂp;ﬁz«:‘a} to ths
Wit}z me‘s’t.ai piston-rings (see Figrre 19)
ih%}w wWEre m@(? §v ’d‘;-ﬂ experiments in very aieep water ai Loch
iven, where they were tested almost daily with the meter, snd both
crne, with the ex%pn{m of one e&iimiey fitted with niston Tings
i ermi‘v ex &.&mv;z) mmz?tsg Lhz, Ie %&:wa or le only abous
fer, Bnd 12 per cent. at 100 feet
©. This amount of Eo»:» g hé pe ﬁm;w b@ slightly im pmwzi npn, bat
¢ be | horne in mm% s}mb %E ere are certain una wzu&%}ie causes of loss,
ghly compressed air must be left in the
 the pMOﬂ at iiw dnw of e(;f% stroke, although the clearance is very
; anl secondly, the piston and cylinder are hes fesch more or less, so that
‘m@ meoming alr will be warmed anil will take WY S0n the condsnsard
; _expansion be g caused, and cons squent {Ei:ztn shwn in the

; j air delivered by the nest st The water-jacket round the piston

can unly partially prevent the wanming.

LN

s the
o,

The following table show tests made 1n the workshop,
sofore the pumps were sent set made at the end of the f:;se;h
Huriven experiments; about si; after ail the pumps had been
i for some time; and of a further set Wmﬂ during colder, weather on

nher 10—

Perversage of 25 @ Frossars of
i 200 Feoet of Water,
nher of Pump and Description of Pistous. -
mmi i
Xov, 1,
!
j
3388, Both pistons with metal piston rings - | ] LS 22 boan s
St okt pistons With welsi pston rings - ' Le 25 g 4
iR 18a i ~
359¢, Both pistons with leathers s P i?”“ i 26
J 5 §

e : | Rig 184 25
PRI ot ol L0115 wr b 2'5 e - - ,\g =N 3 'jv‘
2383, Both pistous with leathers { Lot e 91
8604, Right eylindor with metal piston vings. || Hig 26BL per cent. 445
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The workshop tests were made with cold water slowly circulating i?&mnﬂ’h
the we r-jackeis of the pumps, while the fests made e ¥ ‘%p(m&&
wers without this prec zz?zoz; and, owing to the prnps e‘@am, phw& on deck

ver the holers, the water standing in the jackets was about 7% F. above
ﬁm air-ten rature Whmz the tests wers made. This differenice might
acoount for the slightly greater loss in the serond set of fes

Ino %‘m’ to ascertain the effects of ’iisﬁmmg ni ﬁw water in the jackets @u
the el ,ene of the pomps m U;mgwomiv
30 revolutions per zezmm‘f\ and 200 feet §¥¥\ & ‘
of the water (after mixing) being mw 2k mierw 1s, asﬁfi th@ delive
measured.  The rise of teroperaiurs was as follows 1

4

315,1’

Biae of
Tempers

Pregrees B, | Degrees F.

At starting =« - - - 54 e
After 15 widnutes - N - 7é 18
s 80, - - - 88 24
. ATE . . . 92 23

The delivery of the puraps could noi be measured o imultaneonaly with
the temperature, but the Iatter could he culenlated by tuterpolation. The
ults were as follows, including a supplementary observation with the
cot artificially heated '

a0



5o

24
! i
’§ srapersburs of ;
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« ! ; !
; ;
§ | |
| Avstarting - - - - 205
 Afier running 17 susutes - - - i 295 ;
IR 1 - - - B3G-0
i A.ffez hot water pourad inte jacker ; KRy :

These results show that it is Dbefier to keep the jackel cool by changing
fw water, but that the loss cauvsed by heating of &w water is not very sertous
Wﬁ?.&;zz an %wazr, With water slowly civenlnting “ket, the san 26
putap, as reported by Messes. Sfebe, Gorma 0., sh increase in
less of only 2 per cent after half an howr’s wor ic;ﬁ a4s >{szmcw’m§ with an
incresse of about 9 per cent. i the ahove tests with the water remaining
unchanged,

A farther guestion invest
formation of CO,, or even car
sonseguencs of the heaﬁ*m ol the
stroke };n} appreciable formatio
ampi@ of the air Eﬂwte{} aﬁ@}.‘
that the conditions mig !
'bv z""y

&%

ated ai the sume time was whether suy
e oxide {(WE oceurred in the pmngsc, n
oit iwn Eﬁ:‘ gre ot alr-e <>mpw ’i( : each

%@@n améz
was carelully ?aa&%e&:?
\':To frrmw ecounld, however, be detected.
iw**es.’i by COMPTESHOTS has of
ne trace of i mné% "he
( sressors on Lor s
1&19 .,,em‘;m"sa@s:z:s;s e)% 25}3.@ ejyhm s riees an :i n thos
pumyp. 1t 18, of course, essential to Emv@ aﬁ ’ Qf extremaly low 8
to prevent any risk of firing; and for deep ing, waler in the Jas
absolutely essential. §i§i’30“ of a oylinder, with consequent g;zum{‘zwﬂ of
C0, and CO, would be dissstrous,

iim results of the other analyses were as follows 1

58 of a divin
& %Ei«“g} ot 53 £y

| Toereas
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87 ; 400 00
150 § - ; 0110
142 500 : 0012

From ﬂ:\ms 10»32&?::&: it appeared that there wasg no ‘O*m&?iun of CO, by
oxidation, but that when the jacket was ade very fn ot a 1§ abmz’pumz of
oxygen oceurred,  This wmﬁ% 1 be of no di 1 !

Assumi ng that pumps giving only
oressure, and a proportionally ‘s}‘hééii’? o8 ab E,{}zx er pm w, are avails mie,
we may now proceed £o cale uE e the rate of pumping, and the nwnber of
dinders and of wen nesded in order fo give the amonnt of abr already
cified as needed by a a‘iivw in doing moderately hard work ai different
depths.  In the following table m_« is e

w;)

Trepth in

Fatixome.

& e
i6 P
ES 2
56 4
99 A
182 2
165 i2
194 iR
241 12

’s

v Heport to the Howe Seorstery ou the Health of Cornish Miners, 1804, page 88,
49034, I




A good diver can no doubt usually get on {*Omimzmﬁsiv enough with the
ties of air specified in the table, and half as much will suflice for him

s doing no work ) bub whenever he hag to exs wuch, as when
‘cs contend with tide or mud, or h H i;m& h{\ will nesd more than
reidl *wi air supply, and provision ougm at least w0 be mades 1o let him
4 more when LECESSATY. Not only the gz u.,i',am ui air from the
many other observations mads in ’fho course of the experiments,

;4

E‘m zmmee, at 30 fathoms Mr. Ustio accidentally ¢
aowive hawser which he wag wé;a{*khn;,; on touw {23@111 rog&w% uting an anchor.
The two gm} 1ps supplying him with alr were meanwlile, owing to the men
Deing izf&u, wiv going ab 24 revolutions par mim m;) so that the air %a@g;i‘;
Cper minute, which was not mwmeh short of 977, the
A {é qus mmn Although he was comfortable enough with this air
i long as all went well, ke found & quite insufficient when he was
> Essmaeﬁ to get {ree, and was 50 much 2 i by the O, thet before
he had freed himself, after a struggle of 20 minutes with ibe aoils ol the
ev in goft mud and piteh dard , he had %f»‘;g;m; te feel that he was in
- of loging consdiousness he stopped 1 vhich, however, he
wpwilling to d(;? as he had sleeady much esceeded the it of time
iated to be safe at this depth.  Next day. al the sawe place, he shackled
hawser in 4 minuies from the time of rescl the bettom, and
7 winutes from leaving the swrface, feeling no discomfort, with about the
szme veniilation ag before. :
Ar 233 fathoms Lieutensnt D

s foml of the cotls of

K

W

amant found that with the two pumps at
24 revolutions (sbout the specified quantity) the air supply was not suffi-
pient to enable him to continue :§ or more than § wminute, a heavy exertion
in hauling a rope. The CO; pressure n the helmet air had visen o
428 per ceut.

To take ancther instance, Mr. Uatto was greatly sffected by {0, when
gling out of mmﬁ at a depth of 42 feet, the pump delivering at the time
enbic feet of air per ummi% and the €0, pressure indicated by s
pi@ from ihe Imet being T 42 per cent. of an abtmosphere. The
35 oubic fest calonlated from %E}@ table would have still been insufficient,
i-.}-uf % third more than this being requived.

Tn order to have some wri of measure s‘;f ?he DOWED :3 0'{' & ziix‘fe“’ de’)iﬁ%‘
wink Wuis varying supplies
sk and g}m?}m a%‘wahcd Eo *?éw gmﬁ ?u:,u;c 5{3, was ri
ck of the vessel, Over the pulley o rope was passed, with g

a’; swehed gt one end wnear surface, the other end Eﬁ@m o TOve
ond pulley attached to a Zecwt. sinker on éize biottom, so that
5 diver ca,zzi 1 stand vpon éize sinker and haul on the yope.  An observer on
L counted the number of times the diver conld Lift the B0-1b. welght, and
ch 1ift, & toggle being attached to the rope above waler to

: .;.égz%e observations. . In the experi ns?i’liw at 23§ fathoms two pulleys were
emploved above water, 80 as 1o prevent the H0db. weight from getting foul .
of the rope. Except where the conirary is stated, the diver oonting
heave the rope wntll he was exhausted and had to stop.

The following table shows the results of & nuwber of observations v

J :ﬁ
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cpeviments 16 should be explained that
i;zk, ﬁr&‘{ AIr-SAT Iip;“ during work after four lifis, :m d his second
en more,  Ho was not exhausted at the end, and could have con-

Tieutenant Damant, whoe was w a}féxiii}l: faster, took his first
after five lifts, and bhis second after I8 wmore, when he fels

his helmet ?}aa*:;zm 7o
at of My, {

£ _{ma} aut of breath, the €
§: & air %ugygﬁg’ Wag 8
resulis of these ’ } It
: &mg inanner the conclu i
wr i deep water, and which destroys
¢ and sgolely 1o increase of ‘z;he {
ver the depth may be up fo 55 nx, this diste
climinuted by supplying the guantity of awr theovetically ealewk
With a ple it air s a.;\‘g;ﬁ}f, a8 iz; the first three and the sisth
the diver could : : 1 hauling on the rope as he
whove water, the wi rape round two or
va, 8¢ as to R smewhat exhaosting.
srate supply of 5, the working
reduced ; z‘m&i Wiéﬁ»h & ¢lis Loair supply,
inis \,.\E ich were made v Servies oon-
E‘(ﬂi“‘ii? o oa wznzn(é»ﬁ{ﬂ ?; %.e,wﬁx;&:mﬁaiiom of {0, in

, pressurs
g0 a fifth ]

@ixa 0 ik

spé’ ind s from which
sheir m;mwo powers, s due
re in the fm%ﬁn@é and zﬁm

s

& ot
AR maricmiv

t would be superfluons fo wmention in

wmy oth
conchusi son, which may thevefore be yegarded

Hotad, led to exucf gets g
as quite definitely "mhmim}
it has alveady been remarked that the work i‘é\q“” 1t heave round the

: nem&my xtent nereas & with the depth nwuch more mapidly

srease in pressuve.  The incresse in work is shown in the table on
Az o matier of fact, 36 men, working w hard 1o alte rnate
sails of rest (,m} work, were searcely able to keep wp the proper air
at 35 fathoms ; and 24 fnen vfoz‘mzw similarly faled to

hoof air at alenlated that about
por minute of pumping Wn‘r%“ represented the masimum
n without previous training ”}diii be expected Three men
ed on each handle of the pung, but owing to there only being
WO Ten, fiu, work was done at o disadvantage. Longer %:sayguiz;éu
a:aczpiw& for three men a side, were afterwards supplied by the Eiieikt’ﬁ{“m and
with these the men were able to hsave zozzn<§ at t%le proper speed. They
wWErS, Leww“r near the Dmit of their . + to the g%}" snre atb
& were markmw Emmng aiso rﬁa&m LL#‘ Em zi of fhe& qzm-*w

Smping.




Part 1L

GRS OF DREOOMPRESSION IN DEEP DIVING

:ivéy' days of diving in dewp water it has been a well-known
on their ve fo the surtace from deep ‘f‘ai‘mg may develop
: sting sometimes sn atiack of breathlessness
anid ;xnmp “which may end in sdeath few minntes or hours
asmvemms;s« motor o sensory paralysis, the lower Lmbs and
blagdder » and some tmx@ z‘zz‘f ?mih}ﬁw WOTES ks of pain in the lmbs
or slsswhere.  The yhin attacks sre specially commnon among tivers 1o
sep water, the affe ing pont uév known as “divers j;,&ém,f The
roater | ?w aiep?’*} &’a \ﬂ vich divers work, the more serious does the risk on
i Eﬁfz mmewr Wi“s@;z me? alarmis g Ji?aaiw ot

cry usually

ot

mmtmz with mspimn ' sgmimf
3 vho work in compressed air in o
mb% ” ynder constroetion in soft ground b

being sunk through wi atery
;33 o2
ns—known as o

5BONE,
low water- ,
o, &o., are subjsct on COMNE Ut 1o ¢
sisson disease.’ Work of this kind is us '&v
on at a much less high aic-pressure then that to which i
cormnonly go, but ihe duration of the exposurve is fur longer—ustally 4
to & hours per day.  Among these workers in compressed air the
esommonest symploms are attae m« of gmm, usually in the Limbs, often very
aculbe, an called  bends 7 aud “serews ” by the men; but ca :
and asphyxial altacks also ocenr.  These symploms e
a fow 3}3..%:;1:&1@;3 i0 an hour after deccmmpression, W %.?%}. pr
about 20 1ha. to the square inch (about 45 M@eé of water) % begin to
oo, and at anything over 30 Ibs, pressure they become very serious in
their frequency, unless ab precantions are taken. mong divers, on the
ather hand, dee m;m TESHION B s seldom met wit iver has
heen st more than 40 lbs. {15 fathoms); and the cor paratively
short esposure Ui the diver ﬁémzbimg s,’ secounts for this mﬁwmae,

The cause of these various forms of trouble was successhully elucidated
about 30 years ago by the French physiologist, Paul Bert,® | ‘“cpormzf‘w o
animals,  When a gas is brought mfo contact with a b md the latier takes
up the gas in simple solution (apart from any chemical aﬁ;miw until a state
of saturaiion is reached. The amount thus taken up de sonds upon the
“go-eflicient of solubility ) of the gas in the lg uid and the tf}mjgae .
she iiqui«:‘i, and varies iﬁzzm‘% with the pressure of the gas, in accordance
with what is kmown as Dalton’s Law.  The blood passing @L}.oug‘z}. the langs
is practically in contact with the air br eathed, and therefore takes up, when
@ oTnan or &aumﬁ 8 in _compressed air, an increased proportion of nitrogen
and oxygen in simple solution, in sceordance with Dalton’s Law.

§f% Tnereased proportion of oxygen so taken up only adds slight iv to the
total oxygen in avierial blood, sivce far wore is normally mkeﬂ up in locss
QE}@H%}U/& cotnbination with iize Em*ma;g{iéﬁﬂn‘; ozm% I any oase szn:’?“ a %E ﬁze

1 wmeorabined) oxygen of the 3 bl
issues. {fm’?‘»oﬂif* ;@'ifi is ui courss diw pze%em i1 1 fh{‘ lung aly

exceerding

air ms&«m o iiii;@i‘{’ni/s} a3 i’k}g,;é‘&l(}* the wi%z tion of U’?} i ime 'E Efsuu "u{,(‘, as
alveady explained fu Part 1., wnless the alr breathed is very foul, the pressurs

n the lung amr is kept constant by the breathing, whatever the
total a‘immg& irie pressure may be,
The increased proportion of nitrogen taken up by the blood i compressed

alr passes o the varions semi-lagn sues, which gradually also become
saturated, since nitrogen, unlike oxygen, doss not f%u&}mmf by entering into
chemical combination. The whole body thus gra&u&i%v heromes diﬂi’di?d
with nitrogen at the pressurs (70 per cent. of the total atmospberic
pressure) which this g gas exerts in zhe compressed air.  That the blood doss

* }Ze@ stxi&;z Borwmpdtrigis, Parls, 1878,
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ults E ave
; : Qf. d»ll’~§? ; » :
s guickly to ﬁz& szw;&xc&, or A wWuo L il ';;z‘@x 8 zi,mig T
) ﬁi'rwé,&da;, z 13 clear that the bilood ;m{% iz‘m‘acs will for & tim
ondits her-saturation for the dimy pressure. In cone
fhsa 1 i.i'ws*{,ﬁ will ¢ to liherate within the body in

gm as L Qg E‘s, *;mgd 1) 'bzi f;ac; W’hm ';hei‘;ezég of &

be i

vas in w\immn 35 E‘},e}.
m soh ztmn will tend ¢
the lguid e

wes be saba
above

SEUTO *;xt,fi“*i by *ih@
tact 'WE%E’} i, ’E‘hs\ e
of bub i

the gas ign_ ¢
i the fore
syternsl
4 aly

Em« ‘if{l{‘ ?ﬁga
sres pressure | eos at 3 atmospher !
ve will tend to liberate itself in bul soon ag the ex
Jﬁb below 79 per cent. of 4 alr es, Lo, below 318
It EQ% not follow, however, ﬁmz any actual, or at any rata
mmd, ffﬁf{ﬁa“f,ﬁ of babbles will nccur, pmum}&iv i1 i?w cage of an
snous Hguid like blood. Ezi ps:ee(,. : ¢ :
sadden decompression wadess : 4
i}'ﬁi what it was; and the §vvy§‘m g;mmm by 3,5§<i decompression
which o fatal accident has ocourred in g caisson worker, 1 far a8 we idw
:;E-;E;,ﬁ 0 ase mi(;m w% 'i‘m pe‘r square inch, or 2°G atmos pheves of

s £ sen~water. The ccourrence of
: »p?'em« ui m*e; in é @f)m not seern to be observe ed with pressures of less

A5

than 273 stmespheres, or 19 1ha, (43 feet of sea 1 ;
E‘cmi Bers proved by numerous experiments on az}imaas that sudden
decompression from comsiderable pressures corsmonly causes death with

symptoms of asphysi ia, or slze paralysis.  The higher ‘the pressure, and the
longer, within certain lHmits, the exposure io it, the wmore absolute the
certainty of death becomes. Op examingtion of the bodies-of the animals

post mortem he found the veins in various parts of the body fall of bubl
consisting almost ovmw? of nitrogen ; and fn the cases with symptoms of
4y 5 éfne right side of the heart was ol of froth, which had completely

blonke ﬁ the sireulation,
§’m» symptoms of paralysis were evidently due io partial or complete
king of vessels supplying the spinal cord or beain; and in snimals
which had swrvived the pam?‘-*e attack for a few daye, softening and the
wual degenerative changes wers found in the spinal cord st the places whare
the block had oceurred. ' : : :
Paul Bert's mam conclusions have boen oo
mi wb»m e 0@@ ervers. By 4 sortable ges
throngh a znse,s’fw:%npe the hub }
fter keeping the antmal
'u g which the civeulatibn ite z‘{ta
ire bo moreaal, and ¢ ez’ve{% é'im? “foy
ion the virenlstion comtinued unaliered,
raboone, and then anocther, and éﬁf}:f}n
and driving the u&'pz s :
el became sntirely pec
: (z? an mzi

zhe Bap Ez
20 ‘i‘f&’“ﬂas%pﬁ(;r
nenal, they ‘sumwnfﬁ
} it 8 minute 1
T3 fszz‘ﬁ;f&' dar x }z{%;?&? wers
* ogumbers seurrying through the v
them, fi.n ) Y*zomxai oF %*ﬁfﬁ the ¥
amng of air-babbles, «ma i the cired
Tapid re-compression W W 4
sirculation became re-establighed, ﬂk&mﬁf 79
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cof men who have
aupetent manuer,
: s > has been mors
e and j}'@ﬁ@r{imi'ﬁuy Aollowing, yeported in the
of the Navy ™ for 1000, by %"ies&‘éﬁa‘aigwn Al M. MeKinlay, who
ed by Surgeons Forrester md o :
&1 ?zy) ) ] 88

s of water at ‘«mﬁim%

Pmé E}ez‘éb mg
ompletely mvestigal

Health

3 g;i’aw;‘szté diving for a torpedo in
voon November Z8th. He was a man of
good physigue, not -chese vfectly healthy, A warrant
in char ge of the divi owiz W to the great depth of
¢ partic slar notice of th ; the aan took 40 mz:&iz%zw
the bottusn, that he yer tes, and took 20 ming
woup. Lhig la is z(%z? without .Em zzf
.ftw men 1n the hoat o i3 m dmz};f ai a;g; the

I o the hoat's
removed, he said he ;
: snce to be undy the E:z&hz:y_ea wag . b answered 8

er of questions vork, and gave i @zﬁ secenunt of the
He also joked w ;’é:iz. ’&s& other men, who all say “éff.'z@}; never saw him, or
g s% se, come up in better condition. He felt perfeotly well all the time
the water, suffered no inconvenience whe wtever, and only came wp

it was so dark in the depth he was iv that he could find nothing.
cheerful and sensib ics and had afi oln v o symptoms whatever of
i s ’ dapsed from the time of his

ROTIE | 9 minutes
He mcu md&f&iv mm;xi&nn , o‘? pain in the «a:@maa %&
t off his dress,

Elx??fﬂ to be guick and g
ceond or two after he said, Se Ci énr iiz@ i@f*

a2

1 ',”“ e'};{‘(‘

,«

it fately shid dosn in the boat Q?lﬁ?i‘ﬁizziy and wnconseious,  Fleet-Burgeon
i .}imzzim saw him at once, and found him in o comatose %iai@ His sk was
: { and his bres mw was stertorous, labowred, and diffiouls, 5 fips
vere blowing and covered with froth. He was taken out of the dress and
muie& 0 ?h\ \siz,i ?.m}* but death icok place ve he got there, viz., about

ung the surface, and -7 from the first s syrptoms of
ik& i’z&i no vomiting, convalsions, or spasm of muscles a w'é any i
A pa‘:? morten exami aim; was wade on the next for encon, 23 howrs o
ith the ag e of Buy ey and Fores
mortis was well nmzka 8
lower hmbs, On incising the se alp, 8 vk
oat black, fuid blood z‘iem d from the ont vessels, principally
On removing the calvariion, the veins over the whole surface
were deeply engorged with the sawme dark fluid blood, and on
he E an‘ “the brain & lw i g sl at the base.
f‘a z,‘mﬁgi EXan 1;11:;;3%143& Wi wlla, and upper inch of the
: Thers was ot extravasation of hiond,
azvm‘i" . marked in the cord, &e. by the black
g black blood, but up to this RO QIF WS el
O V;mi\sm» mth@n of the Ezemz spheres g mal was noticed ol
the .E&*{“ vl ver °§f§9«e were <;>;:>§:~>.si;,@s‘;§; ap. These umw +d little or no finid.
The striki wesence of bubbles a, aiv in large guantities
in ’a 8 v 1 plexus, these he d w beaded APpearance,
wist the dark background of the plexus.  On
imuov} s:sf ﬁ%}f‘ veins Qi the surface of the brain, which 1 by tlus time wers
el of their. bloed, they were found to be in a shnilar condition. On
ening the thorax, 1 Ema ge were found ¢ (z? o?.ntei; heaslthy, They appeared
; %EO@{E tlian veval, and we gorged.  The pericavdiam
E he heart was 'ﬁ-;:armai m size, but the velns on it
5 shrane were markedly beaded with aiv.  Ou.
Lftang it up, 3t ey hialf full of water, and, f;z making pressure
o raise i, was heard fe wuw&, londly, dﬁiﬁ a gquantity of black frothy blood
fowasd “i’"’{"sm the sinuses at the base of the skell Qza opening the right
e air came out with a puff, and o small gquantity of black Frothy fluid
Hood was still i, bt no zmsf* whatever of any blood clot.  The left side
of the heart was empty, Al the valves were perfecily healthy.
On opening the ahdomen, the small vessels of the mesentery at he,
atiachuwent fo the gt were found m bf% izﬁeai with air. Fhe liver was very

E 4

ter

rtom staiting marked about

ntity of very e
1

St




farge agss(mmtv <=§1 hﬂ’da i?ﬂé Y gave *% 18 wzyrww :
ight flont in water, bus on trial they sank imomediately, 1 ««yf& T Was
¢ and enlarged, of & globular shape, 34 inches i thickn s8It was

and ¢ é)il%ziaﬁbd &}h& Dblood and air; the latter nof to the same extont

'i;z the subeutaneous fat of the abdomen and vnderneath
of atr.

sned small bubbles

1 that all his
:»Eef;ndai.,un g i
“the heart 2nd in the whole venous

were healthy and that the
aiv in large amziﬂ’ms% ig 1}
rstem,

.+« Onaprevicus afterncon a man, T.1., age 22, AB., went down in
lmoet the same depth, viz, I«L?;}E.O}?{}& ' O minutes to go down,
the bottom for 22 minutes, snd took 18 mingies o come up ; b(*i}}cp
3 minuies on the botiom to im; other's 40, e, Likewise, sulfered no
fnoony a,;,m‘ ¢e when E:}Wm and was quite well on ;*mehmg’ the surface, but,
¢ other mag, he remained by good heal
e 11 a;émn, a pﬁ_gf}/ rraph »»Ewev*mw the appearances presented by the
of a goat killec nd decompression from 100 Db, pressure (corres-
ing to 39 fatho \ the steel chamber at the Lister Institute, The
wll over u m,omﬁy}m shortly after the

sure was reduneed to normal.

&B ona

Fignre 12, fvam 3 section prepared by Lientenart Dament, and kindly
g)}iﬂsufﬂnpheri for us by Dr. Coventon, of Oxford, shows the APPOATANCEs
P 1 by the spinal cord of a 1 goat after death by sudden decompression
from a high pressure ‘

Unfortunately, the vecords of other fatal cases which have cccurred in the
Hoyal Navy have been so ivcomplete as to be of litile service in connection
with the present Heport.

The following extraet from a short account by Fleo f»t’%nw@ﬁ POW. Basset-
Himith, ?,% N.,¥ gives a vivid aceount of the dangers to which pearl divers in
e are exposed -
?‘v hgi@ on board HUMB. * Pengan, f*”z‘r'ag:ﬁx‘mzw'? in swoveying s part of the
north-west coast of Anstralia, w,%mi was then an importans @mizﬂ of the
peark-oyster fishery, cases of divers’ g «EV“",{“& came under my notice now and
?%w ’i%w E&m'wﬁ eontaln about six men, wostly Japanese, occasionally
' s, and a sccompenied by a schooner which acts as a store and
pital h}@ All the work is done in diving dress in depths of from 1 1o
25 fathoms, the period of submersion %;mm, ofters 4 or & hours.  Cases of
igat paralysis were comuon, coming on suddenly on vemoval of the dress, but
cenerally recovering f*ozz*pkﬂiee?v : oﬁuwmg ig the WOW case L saw ro
“4 Jay aocﬁ about 0. Had been working in 32 fathoms f’%gx
considered to be a dangerous depth} about thres weeks ago j
on yemoval of the dress he became p zmi s, and §za@ i)m T O me sinde,
Y His condition was one eat emaciation, free frowr pain, but very
apathetie.  Temperature ; puifwe 1205 tongue furred; romplete
pmmgﬁ{w' & with loss of cont ;f,»E of bladder and’ rectam, and loss of sensation
to the level of the wmbilivus. There was o large d?("'p hedsore over the
sacyurn, extending from the tuber ischii on either side to the crest of the
‘Ezng above, with a thick, Black, extremely offensive slongh: pdnmﬁ*y
It had eaten thyough skin, fascia, and glutens maximus, and in
exposed the bone”  (He died three ﬁma féaéﬂi
e mate attending on him said that he | been as bad himself with
er and paralysis for 8 months.  He wow walks with a limp, bus
slar power is fair and tissues firm, kneejerks increased.  He said that a
: ad sign is o localised swelling o f the ahdomen, from which, if allowed
0 {f(\é ander the 1ibs, death is cevinin, and that ?}mf 2;}:@3@7 any pressure o
keep it down, oven sit on if—probably a paralysis of intestinal mmscles and
ction of fatns.  Those in charge told me that they iried to prevent men
from fmmf»" f?f}wn over 20 fathoms, Dt as they are paid by resalts, it is very
fittie o
For im

]

s, and for a discussion of other theories which have been
: : put foz'v» ard to explain caisson di wa*‘f;, and whick still some-
times re-appear in medical literature, we must refer to Paul Bert’s ook {0 &
large and most valuable treatise recontly published by Heller, Mager, and

# Foneoe, 1., 1893, page 308,



von Hehrdtter,® and to the papsrs of Di. Leonard Hill, FRE, and his
sagues. ] Relerence may also be muade to Dr. Snell's %003( Caisson
5, London, 1896, to Dr, Haldeoe's article on the subjent at page 41 of
ihe Teo iéejf; of {};Lam;aawwmj mgd z }’s{ra;’ﬁmiapm adited iay Dr. AE.E & White,
{3 axe wid Therapte der Laftdruck.
zn? .13@%3) by von ba,}irepmm
decompres ifm do not ssem to }1 Ve E'sewp é‘hn m;;zﬁn actual
;%z'su.zzte& the prosecution ol ¢ v oleep water.
of “ﬁf{zi@h we ‘iz ave evention
pat, never-
wwn by the
2 qmﬁe(?

M
ﬂ@w very g
mwon are, is <,%,;<zndc.zm"
nut It t?ie 33{: % ‘

VETY  Cong:
rvkers in caiss
L}iii)} (/\\ L j\ £

Hiver §
=il not ondy to zm,&h
; vs‘m} air, ,
ioiz’mn ATV 1 S cluded., Eiz ’f%;e
‘ TN BUAC thzbzhtv W ‘z‘ak i éo BRISL, sme 1
nune from symptoms wnde
experiments at the I
i made the sams obser
(mmmit amnw relaii w?y insmune.,

a8 wi mai

{&0 cpse o*“ the K
subie

armne of é?;n

repeatedly escaped serd
sions, does Zimy LrOve that oth
think that & consic WY
uld seem o have proved safe in individe
s"g}@i?}?iiz‘v {0 decompression symptoms has been
0 increase ai’?m. mididle age is reac it sesms desirable that men
%M, @zzfi 45 shounld not mu%a‘rmke deey

The ;}mbien sse

to decompres
ape a/mii smnne o de
& wiﬁ.u mm be;‘*o zme m {%o zzgeiz 1 work at the

hottom, o

re tWo *nsﬁm\m of s 2
. the tmm during which the diver iz ex
i e 15 10 hmg hzm up very slowly
Y, o the method i chiefly wsed-—1f only for the reason
diver cannot stay ’%s&uw on aceount of the disiress caused by the
; pressure.  In diving for pesrls and a}}\ mges ab great depths, i appears
£ ’oe e practice for the div @z i sink Ld?‘y’ i &n, Eem,em remain there
for 2 or § minutes, and then come m};idi to the surface. When the
i.iws«‘{my{;r “{h s 7 gank dn 32 fathows off Patras, in the Mediterranean, in
1904, cok and Swedish divers descended zeyeﬁﬁéw 41 01@@? o
examine the hull, so as to clear up the canse of rézs sudden  disaster.
They were able to get down for 3 or 4 minutes at : and to retumn
¢ rapidly, withows accident, although they chd vosed in the
t. They were usually about I & The depth
homs) is the greatest to which we ha e heen dbie to find any
divers penetrating sal mhu case In which this depl
| to have heen react atal to the diver, as &h‘eauy stated
?“&eé i om B;ﬁ%fs?»«’*ﬁ"' Annﬁ,e*{ mmr V*;‘z is reported to

A

e

m;»wnim in upm‘ ui 0

’?»f;veév rapid
Ezvm %E@m nder Ai

{ossrs,
\ i Lambers
itk <)§§/}£/}(‘3 nf f}z{i? f%iwzw\a i }'?{»_m us b E at &w ing J{m salving of 70, iﬁ{?i worth
of gold at a depth of 27 fathoms, he descended 33 @;mww-»a;.&m.iiy twics, and

a0 i roe. iwgmzf Hogiedy 70, page , 1803 Jr;zsﬂ%fzf of f’fw oi:;e,/?;, Eui M,
58, 1603 il and Ham, me;zaz? af Py 'u!a’;y, Vil { Hill and
wood, Froe. Boyal Seciety, B, Vol 77, pege 448, 1906, :

¢ 45084, B
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&

wemmjme thrice per day. -He stayed 20 to 25 miodes below, took & to

3 sscending, and only 4 to 5 in ascending. In his Jast
descent he uniothaieix %‘J’ﬁi aénma oy 45 pany f‘:@*-a, and about hall an bowr

the lower part of -
His vmunidy

nding he became complately paralyse e
From this attack he v completely ‘(‘(’U""i{?%i
ouly 4 or B minutes spent in éwzumy:m {0 i
sg on bhe botiom, was nev z%}w“
‘um?hci iy avkable recor
¢ iic scded o salvin
. During this
mm L{,.b v ¥ i}mm 1
ites, and o 1h n\mzz?m EE@ ,,wk 3 m 5 z:a:;i;ztg.u@@ 0
and about 3 minutes fo come up, 80 that he was on the bottom
3 18 wminutes. On cne oceaslon ke romasined wnder water fov
at ;;, and about 15 minutes sl turniy B he b s very i, suffering
His eondition seemed o jons that the Last Ssorawent was
; to him. The skin of his legs, srms, and s houlder became
ack fmm extra .wauo?to of blood, He was guite well again o week later,
&tmu{ d his work.
i seriod of (xp%m (,'h prossure 18 lmited o g shord time,
become saturated with niirogen at the
being formed on decompression is thus

3, aemmm of wﬂr o
¢ he made LS}L»E;?

the i-?oud dﬁd tiagnes :
' pressure, axnd the rh& of bul >i>ie,:‘?

L even aiter an %;{sm' *}w z‘gw@;\w gre nob
: 25 1eh less
u;\z 5]

SeTience I CAISEONE PIOVes
completely saturated, since the ri
than after two or more hours.
35 1bs. (13 fathoms of sea-water) &
of d%CO"R{)Y‘erZi}ﬁ provided this is not very y zpzsi :
however, the period of exposwre has io be much :ue:i ced
shoriness of exposure only ; and at 30 fathoms 10 minutes’ exposure would
certainly be dangerous with very rapid decompression, as i that time the
blood and part of the tissnes ‘;&'ﬂ*ﬁd have time t0 become suliciently satwrnted
1o give rise to cousiderable risk
’E %;f‘ 506 omﬁ n’veéiwd %Eaxi ?ms been strongly recommended by Paul Bert,
5 pmgmm;ieziiv at the subject, has been for
long s.npir) ? by (‘i rs dnmw serious work in very deep water, although
they usn ally also confine their am an z‘éza hottont short period, such as
10 to 20 minutes. ‘

Ome of Messrs. Sigbe, Gorman & Colg divers, &, 1 ving gold
{;o,ém alé a de 274 %&‘fiwzsm mm s 'iw dives, €‘§ﬂ§‘i" éi,@

a:mi i, wenb. re
30 Z s @0&“&2;,, : and 21
1 ne place, §>3Wer \"‘s "z&'”a&er went for about the sams time

about 20 wmn ,i.lii§}€->$_~f o ascend, with stops
5 or 6 fathoms.  He had previously worked two sh
vy in 21 fathoms of water moaowell b

work, and {
\ »

mtes every
f months uan%‘zmz:m; 3
spending half an howr on the bottom
ascending. Another diver, (. Mayeock, during
in o well in L@fzt%zz spent 20 winntes on
7 : "“;»‘G’szwn*- 'pému of. ”*&Uﬂx at s
W;ﬁii pressure "

";/“ fathoms
Cand came up in
Vater mrém in 100 feet
and arms after working
v B ninube
son workers mpakeﬁ ‘for several §f3 OrE 0

shont 22 ths. per square inch slow decompression is il % ¥ Liw
necesssry slowness, however, there is much divergence of opinion, with
N}j{'?t’"i'{}{‘ . d}u SIENOes 1N }?;mé‘ﬁﬁé‘ As o ovesult of hus @xpa/mm nis Paul
that at ieiz ser atmosphere {14°7 Ibs. or 33 feet
;WM i de cw@gamwm; h‘mm hs_g.z;

aci&:@{% }:rmfi».a, OTE
oot tha, (11 i’;i‘a‘hm‘
}0{} the latter went iv 55 - 42 Ibs.,

mynv&imﬁ £ ,{ 08 foet of sea-water , and was ﬁz G| dwomm 12 5 hours
at a rate of about 20 minutes pex af mmp@a}ra;, In spite of this he E’mé attacks

}fﬁr}.mu:&.& ui
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dnin both arms after decompression. In. other experiments Hill and
aoenwood went to 75 lbs. pressure, and wore decompressed at about 20
- minutes per atmosphere of ;%f:a,mwe; or E,? .h,»::} ars in all.  On several occasions
they experienced localised pa i seion, and found that thess
; ?zzgﬁom 5 wers absen n ’su move the joints and muscles
e ;:he-, skin,  They were Iying down in
aends,
= engizg%rmg g}f&i}@éﬂt‘, %n comnection with work in caissons and tunoels

c hutherto been to decomp the men nwuch more yapidh
et ?eﬂz’uiamogv have besn laid down hy the i'rsg;w>v=r‘ i

i&‘fmz» have freg a;slmﬁv ?;wn umcbe%i
s of yapul decom 5 ;
ressed in L0 em@g&s from the ca

in France, the depth reached imzw’
1bs. pei ineh) i oone eaiseon, and 40 feet in the other.
> only 2 ﬁ(}ii’hb ze,,z'\i 14 other serious cases, although the number
ves of men through the ,;z;wimfk w3 CCOTAPTESSIon in
s from a pressure rising to 36 1 L fect of w ater) would seen
an @w };mes?u i i}*ui@m&; the ?21?50‘9 the Seipe at Argend

fv *Zg the %ﬂ‘;aéoe gi g‘*u}‘r

e

‘A rA v %)

antd 0o whi repor rted on the
offect p E.aced “on zhv: meﬁ, Az,@(:{}mmmd?h “ag;zé decomypression,  The
remarke @ ‘ix gave to the wmer mmmg shrough the sicdoek was

s de qae pas de g6 wmi‘a‘s;z‘@ vous
|y  was that of the hrzaig@
%a..gszzi in EHU‘B the depth when rock w

: are ;:f,;cfr.z 3o Asthe depth increased
irom 4 hows to one. Oug of
seviously inju w}w»wg s ;ki‘i&oi*} '

@%mﬂmg d
bre trop, ha

hu

15 et gzhf ;in

ﬂzx";’ men i~5e3:§§§(} 18
syeadd zmm“hor I bthe men are said to have
n 310 4 minukes i charge, w ”w WS-
of cawson dzseaw‘ WAS E’}.z;m@% £ affected by o
ab a ”pr ssgure of Qi} feet of water, but recovered complotely. E%gcw WETE 1o
more fatal cases when the length of shift wag reducsd to one %zm}z; and none
among the many visitors, i sza%azémff ladies, who were 1n the caisson for short
jgzeriozib) even at the greatest depth Teached.

These facts wiil he no surprise to those wha ars acquainted with practical
(E wing., Livers fr
5 “aﬁ;ﬁ
The comparal
favorr; and
within ong ﬂmm’év

CHUBD
honrs

sntly come wp in 3 or 4 wdouiss from da,,pfhs of
roms or more without ifl-effects, although ace idents nocasionally | ?&pm‘!?

short time under high pressure s greatly in a diver’:
fime be sufficiently rwﬁzwai, 5 diver can safely a&Cui{i
from sven 25 fathoms or probably mueﬁ?} more.

In revent times more oaTo Em& %;em m}i en Ay reg
ease of ﬁ.n?&em i ealss
vl Jﬁéi&.l WATS i‘s
most
¢ <}§3"a§32"9%m% air is the double tunnel under the Fast
About 120 men are omploy e of
A4 ihs, {en onding §

Bt bem a&}vz(ﬁf@ Th@
ng “at E?r »sm’f being f*“rm;@ ont with the use of

v York,

Hiver at
cone thues-hour shifs daily ab a P

s

ng : § fathoms of sea-water). Through the
s, B Pearson and Som, Lad., Westminster, the contractors, we
u ug}im{% w ﬁh information a8 o the number of cases of hoth s?gw 36
i ng the men.  These have heen carefully recorde 4] by
S 24 : .;1{,3} dirwwr appuinted by the fam.  During the 4 months
from Apr 1 1st to ﬂ%wm st 1st of this vear the cases have been ag follows -

“Mild cases ” (tempor ary pains in the lmbs, &o.) - Bih

¢ Hevers caso §7 o o o
Digziness - e - el L8
Abdominal pain - - - -
Pain and prostration - . - T
Partial paralysis ~ . - &
Coraplete paralysis (now nserdy well) - S |
Dleaths - - BT - - <4

One of the deaths was m the case of a lock-tender, who, countrary fo
regulations, éwwm@?@ge@fﬁ himself. mgiéiy ﬂhmagh the mud-ock. The time
;mnﬂméil allowed for decompression was 15 minutes, All serions cases are



ey
I

traafed, wherever possible, at once, and nearly always with mark
welicand atr-loek, é?}@ nse of which was first introds
‘»EE(, £, of Messra, Pearson and ton, Litd., many YOArs ¢
The mort éz*” {ne iecz...img the mud-lock ease) is ab ih«l rate of one
15,000 <§‘>uf}zz~;§,3tc, ons, & great improvement on the older statistios
this kind., Further efforts ave, however, now being made by the
to eliminate the risk to life, since they have been disappointed
v expectation that the precautions alx ready introduced would fulfl

d &zw@%w,

o)

Before describing the precautions actually adopted i the deep diving

wents carried out for the Commitheo by iz@ui”n m Damant and
5, 1b 18 necessary to di Homore deiwﬁi 8 ocourring
hody during exposure {0 compressed ] éumw decomprassion.
nce of a carefal consideration of *?‘9»«9 PrOCOssos Em»\ we think, led to
many raistakes in the practice hithert b
There is every reason o Ew’im X w*“i?‘ﬂf'z*‘m? e’ﬂ:i{% e on the

Lf;u;r‘ateii é@ ﬁm exnct extent of E. e ;:;m\&u re of the
sathed.  Whatever, therefors, the pressure of z!i?zg,rmu
air by ea,the‘i may be at a given moment, the nidrogen pressw
2d blood Eaazvm;ﬁ ﬁ;% jongs will be exactly the same. immw
on, as a diver goes down, the blood leaving his Tungs will gixm 8
bo charged with dissolve & npitrogen in proporiion (o s‘%}u giz«oh
the air he is breathing, 7., to the mnmspi evic pressure ab surface

14°7 pounds per sguare inck, or 338 feet of sea-water) plus the pressure
5f the water.  The sawme w il hold for decowpression as he comes up, and
since the arterial blood leaves the arteries within half a minute at most,
and bubbles scarcely seem o form within this e, there will be no vl
trbbles actually forming in the arterial blood during decompression, exc
when it is almost lustantenecus.  With very rapid aiﬁ(om@ie n, however,
c\m&ﬁ bubbles which have passed through the capillaries of the .%“vm% ey
'ncxea o in gize in ?}\6 ari ;

ervation, ths
jEic i:;ia;m of 5&3"@ ﬁ@mm;mmbwﬂ Wmﬁé E\?L easily wmmaé §§1a\ Wr{‘wm of Blood
1oal :h has recently heen me ma*gﬁ by Haldane aud Torrain

s E} per cent. of the body-weight, so “that a man of 70 kilos,
or 11 stone, will have 42 litves or 5°6 gmm: of blood. The time which the
blood r@qmms o b(}ﬂép%{‘ib a roumd of the circulation in man is not definitely
known, snd wviuxmx : sonsidor &‘b?v for different parts of the %}(m‘{“
according to the varyi 1 vequirements of different fissuss ox
organs.  We oan, howe vough ides of the av erage ﬁmé rw}zm ed.
The average venous bloo 2g o ‘ii’z@ iwési g‘;{%fz
found in animals to have EG»» \
‘ > air breathed loses (in man) a?;mw 4 § cent. iﬁ* "{}hl?% :;‘% z%wywvmn,

sherefore, that not much oxygen is normally used up in the lungs
dude that the volume of blood passing through the
hed

5, We Way oon
ungs 18 &’{woas) half the volume of air breathed. The volume of air bre:
pgr “minute {m’m g rest by a novmal average man is, however, abous 7 h
per minnte {measured dry at 07 (L and 760 ram.).  Hence the blood czzwh
18 abous 35 litres per wminnte. ?aonghiv speaking, therefors, 8 quantity of
blood equivalent to the whole blood volume will, on an average, pass round
the civeulatl fon once a minute during rest, E_:%; thevefore, only the blood had
to he considered, as has often heen assumed, we

ight conclude that the
whole of 1t would be safurated, or nearly satur

wwc-l e
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, with nifrogen after
exposurs of a minute or fwo to a given pressure of nitrogen in the air, and
ihat the &em%er of nitrogen bubbles forming in the Ua@é would cease o
minute or two after sudden decompression,
The actual conditions are, however, far move comples, sincs we have to
consider not only the excess of nifrogen i the blood, bt also the excess in
:Eu, tissues. Just as in the lungs the nitrogen pressuve of the blood becomes
vy diffusion equal o that of the air, so iu the tissues of the body a similar

* Journal of Fhysiology, Vol 25, page 831, 1900, The acoursey of the method cmyployed
by Haldsss and Lorsain Swmith bas recently bean verified fn animsle by Douglas, Jowrnal of
Figsiology, Yol. 83, page 4898, 1903, '




equalisation process takes place, by diffusi he thin walls of the
i and the venous blood leaving 3‘.3' : v vessels of the lissues
uently have about the same zﬂmnom pressure as the tissues
Thus in the case of 8 man exposed to high ar-pressure
ssure of the venous blood will not become equal o that of the
ues have also become saturated. Now the mass of the whole

j

- aboub 20 times the mass of the blood; and its capacity per

F taking up nifrogen in solution s probabl
fthe blood. Hence it will tuke a very considerable ’nme to saturate 4
s of the w}x with nitrogen in mmyro L alr, or desaburste them on
DTEssIoN. The proc ; éiiigé??f’ﬂké} cne, sinee the
Blood will at each roun si 5f the eironk: < and less nitrogen fo the
tiagues, or vice versd, 80 iim the point o ¢ ;-i‘%ﬁ}}“&ﬁi(}ﬁ or desaturation
will form an asymptotic fomi
Fet vs assume, i’( -
v all over the

5 of ¢ deulation, that the blood distributes Hself
» the person is gt vest, and is suddenly placed

i pressed sir. En the first round of the cirewlation (0., i the first
minuie) the tissues (since they have 20 times the mass of the bleod) and

- . o - .
venons blood will become about w B per cent., saturated with the excess

1Y
of nifrogen which wou Eé (*urr@sg»mﬁ to complete saturation.  The second

minnte will add

1§ B sk 0 tha Phivd ”’ e
o6 ¢ T O 475 per cent.; the third will add . .

= 43 per cent.

s the fourth will add

snd the Afth - Thus in § yoinutes the tissues

il have beeo
== 2265 per cent. GE

and at the pressurs of

addition will evidently be = Z8°65

Foh “‘zm‘vm ab mi*ﬁosg,hom,
i:n next 5

i""‘

nent. of z':},}_e

2285 — 17
160
will have reached 58377 per
¢ that in o8 quarter of
£ way ; a0 ball an hour
an hour L,E:EL of the way, and in
sstmption that the blood distribuies
ot to find that after an hour the
{ o arr at 32 Hhs. pressure

sames difference, and in the unext, 2265 = 138 per

cent. Thus in a quarter of ag honr
cent. of the mﬁ%rm({ Houghly #
an hour the process of satural
thaee-fourths of the way, in three-q
an Emﬁ; %m uf tha, way. thus if
iﬁ't‘e?'?‘ v - we ﬁ%mu
fisg
W{m}

1

A ’-znc&}x how ver, ?izrs rate of average satwration will nob be so great,
The blood = wimgﬁv not ev euly distnibuted throughout the body. Bome
parts, such as the grey matter of the rentral nervous system, and the musales
and v&mm dwz;w h:.«we a far greater %}szi S f}}.uzz. aE}aié;i‘ parks,
&s, m'he

j,

parts pivm;if{ izi LV cczng: ]
cease 1o take more, m?zm, mo narts mguiﬁx SEERS - sabural
that in many parts of the body the tissnes and venous blood Wzié. nob %m frore
than ﬁézwwf% rbers f»(zmmimi or even half saturated, after an hour, {31,; this

P int our knowledge &s as yet very incomyp %@ie bt some ideas o orD
from practical @xgpezmwe« i connection with work in com presse
weems perfectly clear from ?he ¢ g f>§ m)r}:ci' wm a‘nmmu and tunpe
that, other ﬁ’ﬂnm b ing 18 very
less if the xiuz&,mm oi“ expmum ‘m uxm;:r ol alr i (“emfiﬁéu to one
hoor,  As to longer periods of BXpOBUTe Mr. E. W, Moir, who has h&a vEry
: : o this subject, informs us thab he ix i'fmz ‘3&@'{&?; from his
t“/}?{}'.’}(;i%i}}“t" 't{ v ;
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The wcm% ubsezv%m% of ‘ir’ ’l“(;{}s;i in mm}@mmu “with the
caiseon work for the new High iwz-,i iﬁzzxifm st Newcastle (Proe, Insl. of
®
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Cinil Fmginsers, Vol CLXV., page 231, 1006) point in the same direction
We roay ther 3 in compressed

fore nonclude that even %i‘mz 3 hours of we
Sne @M%s of the hody sre pot fully saburated with m
o parke ave nol more than half saty 1 :méd after one homr's exy
Tt us now consider the process of desatnration during and
3 I¢ the pressure were lowered suddenly, and no bub
desaturstion of *f&e tissmes and venous hiood wounld:
rate as saturation. I the blood were evenly distrib
sni. of the excess of nitrogen wonld dwa;}ga Can z} W
ver cenb, in 15 winutes, If the pres
. there would be no possibility of mhmie forming or inor
70 minuntes, since the combined | Prossue mi zm gon, (.
w in the tissues and venous Hi 2.3. ‘Wuiﬁ@ £
. As, however, the blood

¥

.

some. u? hw h««nuss

or hefore this point is reached in the «
pmﬂmuzé SETerience agrees *ma,ia shis expecta o known
sends ” and “serews’ qmms in the i ax, or

of

in mzs‘zy ity, meveral ke
: od air ki T8¢

it i mﬂ':len that if the aim-pressure is lowered gradually and evenly, the
nitrogen pressure in the fissues muast lag further and further bohind the £a11
o the pressure of the air, Ewwwvm‘ %m the decompression may be. Let us
sstme that the blood and fiss ratad at 40 ibs. pressuve, that
fil rm*gremum is lowered ab ahs, rate of 2 Ihs. per minube from 40 lhe, and
the blood is evenly é;b’mbu%@& &Ea‘zc‘zwhwr the body. At the end of
wes the ai r-pre ; ng these O minutes
go pressuro w;?i have ;30(,.13. 3') ths, '"‘f L ,i; U % i A {?;n tis

betwesn 35 avnd 4@ Vi’é’)% ?? w z?% :
pressure of 39 lbe. of alr, or 3 Tbs. above &w act
the next B minutes the ailrepressure will be

“:m;sunu ‘2*} samm&o&
,;;i pwawm of the alr.
while the nii

362 3%3:% of air, or
162 Ths, above the actual pressure of the air. After the next § mummies

the excess in the tissues will be 219 Ibs.; and when @m‘mﬂgm’
macheu i Wi } ho 76 ; Ebm, {,@zm“ :

,«z.

pressure in the tissues will correspond to 59 —

”*x@«}f{ei in z‘nﬂ case of some psn‘?« <)%
others. For example, o the
fialf saturated in the compressed air, anda oo z%ynn:hr
uration, the exeess would be 36 1b
izave now to consider the risks %Lom format ;u@ n% bubbles during
Experience seems {0 shiow ré iz with mpz(fg
i ‘ggme’mmiiy no risk of 8 ';,sp’mzm Lum bubbles bemg
excesds ‘;Ezum) 0 1bs., and that even with
samon, though m?h hgs:}sez DrESHTes ?h(,
505, and hecomes ver v marked when a pressu
: s fairly sa to to assume that p %cﬁ&sﬁw
by the blood and tissnes unless sﬁha pregsire
sded 15 e, or one “tmu%;&v ahove atmospheric pressure. Now
the volume of 2as mp{a ble of being 11 sm decnmpres sgion fo any given
pressure is the same if the relotu fm;msmog of pressure is the same. Thms
the volume of gas, if any at all w tad, wonld be ﬁ}{, seans on decoms
pression from 2 atmospheres of absoluie pr 5 1bs. pressure by
to ope abmos g}bﬁz’e& {normal pressure), 83 1% wouid be on decompres-
w4 atmospheres aheolute (45 E‘m to 2 (15 Ihs), or from
8 atmosy absolute (103 bs. predsure, or 384 fathoms of sea Yo 4
(44 Tbs., or 16% fathows). It therefore ned very probalie that there will
be no z%epjgn:e&zmi;éﬁ liberation of bubhle

’3€3 S;a i e*\:u‘{%%{ 1.
ne ‘;mh‘bi& at all are liber

ith any of thége pressurs-dimino
tions, even when sudden. A number of experiments on ani imals, made Esy
Dr. Boveott and Ldewtenant Damant in the steel chamber at the 14
Institute, have, so far, borne ouf this Eng;ﬁzmé% Sudden drops of ¢
80 1hs. wore in several cases observed to be tolerated with impunity if the
absolute pressnve was not more diminished than to ¢ g thivd, wheredy deops of
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ihe, with the absolute pressure dimdnished 0 a fourth caveed very serious
YpeTns. ' o

> danger of le-formation  thus szg’p&am %u évg;z upon the
nee in velabeve, and uot shbsolute pressure, bet he alr and the
vodissolved in the tissves. Weo may therefore p onally assume,
ou&pi{mw of the experiments st the Lister Institute, that this
bv in the proportion of taore than two to one before bubbles
v and that decompression ean be safely procesded with if
ence is ot more than in the proportion of about two to one.
‘:@2 3 H{EW mnx w from cong §? ave of considerable
bhe conducied

'"ne;z}dif:é. It

Ay 33@031 Sh@w:i di)is‘fb tha
nd the nitrogen prossure mthe
a; uniform f?& (T pmmmg? auii i

& 0N in mx«mzzg
she end of the decompression,
: slightest wm§ £ an unsi ita
y take into account that i s velativs,
enee in }1?1@1‘{3@'61‘1 pressure that ma :i‘ez‘;»s, the unsuit-
ion | OMES ffz'z‘ maore- evident. In the
00 in an a%z‘foc?{ K

s ahsolute,
uuf:orm

favour whib a@ss;mpz‘
body, would be, assuming the atmesp ‘
3914147 5:’;6‘55 4 M’;" 32”%} -+ 14'? 26‘4}
301477 20+ 17 8147 147
P47, 18 2 ?‘s} The relative differences of pressure "ﬁ"@'&iéi thus be in the
*pmnomioq of 20, 47,88, and 180, or ronghly 1, 2°¢ 4, and 80, With
aniform sjea:ms;\rz wmn %3;@ rigk of M{iﬁei wiormaw i, wy, 18 thus, a8 i
e, eoncentrated in an acuts f@v"m at the end of i

Practical results fully hear out this theovetioal
8% the OCCUTTENCS of symptoms (im ng ffm,iong_}i&.mrzii_;il is. we be
wnheard o of, et @vnmuff ka@z’% in esissong and iunnpels or
“On ne paie gu'en sortant,” as the wmalier was put with character
atness by Pol and Watelle, who, 5%'} years ago, frst gave n
wal account of the symploms.
b seemns vxda,m z?zﬁa with untform decompr a greab
fime 8 in the i i time lost, for during the greate
thne :»gsvz*a t unil umpression the difference in pressure b
nitrogen in the t hat in the air s much less than it m
be nmw; and as a Cu;zseqm,z;_ the mitrogen s given off from the fngs
much more slowly than would he safely possible,  If the absclute pu,w\uﬁ
wore reduced w;?%@u‘{ ei@ ay to aboni half, much time would apparently
saved with g the Bmits of safely, For instence, ab 4

: 15% £ iﬂhom’* @z‘f seg 'wa*w or 38 atmo
£ oot ‘;h“ .is

w “i”ﬁm

,or ”2{.‘?,

Toak

1

SNTY

Wit OV

s e wx«d ag\para:rfs}v 3 azr«;sméz to 13 1ha
or the dive e b ought up to 30 E@a/s or faihozm ‘mﬁ‘;‘s;‘i risk from %mb

formation, however long he had been oxp ;

the decompression conld be carried out ;iowﬁvg ané w H?z grad uiév z*za,wa,\,uw

slowness as afn*n»p?ch p“ approached ; the rate bemw co caleulated
Iy

gas-pressure between ‘*}w sir and ‘any part of
e ﬂmuifi never eI ée‘-;{i._ a safe limit, sueh, for instance, as two to one.
et us consider whai this safe rate wounld: he, as suming that the whole
boly was saburated with nitrogen at 41 Ibe. pressure; that the Dblood was
gvenly buted i the body, and thet the du@mpzm o was o avu,\%
out by stages of 3 atmosphiere, comesponding to 10 o, o
: s by ge in an ablock. Tt weuld be 'sez,fe to reduoe i.%m g}ii’%\%%?@ by
1 the uitrogen pressure i sues did not exceed that
ug to saturation with wir at Z% § }( 2 SR &%Zx.&‘\m;}i}’\,. ; and
nt, caimz%izmg as has beendone-above, wo A(i his reachad :
s, 50 that thediver might then come up 10 feet, or the ?3@
the airlock be lot down 43 1bs. Before the next stage the nitrogen pressurs
¥4




feiny

in the tizsues wonld rw;}zirﬁ to fall 1o 173 « 8 = 270 asbmospheres, which
woukd \w,apv b%u}: 10 minutes ; and before the next, or ﬁzm;) stags, the
AL pressuz i the tissues wonld have to full to 1 X 2 = 2 atmospheres,
for which about 13 mwinutes would be needsd.  Thus 31 minntes in all wonld
be needed.  As, however, the blood 18 not w@n%y distributed, in consequence
of which some paiig of the body must take at least fowr times as long to

saburaie as has just been assumed, the time ealonlated as ai{*«;mi}ie, for
lecompression wust be correspundingly extended, so that af least 4 31124
inutes will be actually needed in order to prevent syrapioms occurring, or
ame that it is safe to ascend to surface whm the
e in the tissues does unot exceed about Z°3 atmo-
: we, S far ss t 2o, the experimenis on goats
orne ot ihzw wia ulation, since they have feaza, shown that & decom-
n rate based on the as that me Blood distributes itself avenly
1y = unsale. .‘ii)}fa(}tmé;i expevience in eonnsesion with calsson and
1 work points clearly in the ssme divection. The c;zzis':'zﬁ;a&imi shows
gven with stage-decompression about an hour and s quarter at least
i be needed for the &aée decompression of a man mmﬂe body was
d at a Dressule {}i ‘3 Ibs. (Hw numerous cases of caiseon disense

Lo

ion at du pws;me are therefore just what
might be 9X‘§) soterd,  In the caisson work connscted with the consiruction of
new locks, &, on rfm Danube Canal at Nissdorf, 3 decompres wéo*z 'raés of
i for men working at 30 t0 351 In

13, there were many cases of cai disease,

3 »Enéa, of e*mmi hourh hu'

per minute was adopte
f this ;ms}; sf;fh(,«l pre

EXR3S Iy EAS
§ ’voi . &}rcadv referred ‘?0

A E};ﬂi;lﬂ&;&ﬁﬁ stmntlar to the above will show ?hat 1 would take, at the
Hest, about 3 hours to Jsﬁt‘wnpi%w s a man whose hody was saturated
at o pressure of 3 fathoms, or 80 lbs, With uniform da:{‘f)m§)E°5‘§:«*>EL)E.£ the thue
needed would probably be much Ionger.  Such long periods of decompression
a3 an hour or more may he esiamb? i connecio ifi with work in oatssons,
%mmﬂ}q &e., but not in the case of dn’im umﬁoz ordinayy conditions. I ig

' *'?“'oiutew essontial to it the p(*zmd of stay of a diver on the bottom
it the depth exceeds about 10 ov 11 fathoms. To give a diver at the same
time a sufficient time fo carry out serious work it is also, Law. T, DOCERERTY
o tuﬁw proper precautions in decompression,  Hwven with caisson workers af
pressures exceading about 30 1hs., it is desivable to combine limitation of the
jpemed of eontinnous exposurs with precavtions in decompression,

et

The slow desaturation rate in some parts of the body explaine what is
porhiaps ab fivst sight & puzsling phenomenon in connection with decompres-
gion symptoma, These symptoms sometimes develop, or increass in ntensity
{at Jeast 1o the case of funnel or calsson wor knzm who have been long exposed

.

{0 pressure) 8ev wours alter deccunpression @ ab a time, that is to say, when
the formation of fresh bubbles could wvot be ("{?}L&’ﬁ“d i ocenr according to

the foregoing calenlations.  In such cases it is probable that what has really
0c mmud, is that bubbles formed on decompression, or soon afferwar ﬁa, have
Uy increased in size until they have pmémei wz’apmﬁm, A bubble
med v any part of the hody-—for ance, in or about o joint—will
» 10 Ineresse in $17e 80 émw as the gas-pressure in the swrounding
fissne escesds the atmospharic pressure. ?w extending the calenlation given
above it will, however, be found that the gas-pressure in some of the tissues
may easily continue to exceed the atmospheric pressure for & or 4 hours
oy rapid decompression, so that during all this time symptoms may
develop or else increase in intensity. E,m»v when symptons oconr soon alter
' ssaion, it is probable that small bubbles forme é almost at once have
seme thue to inerease i size fo o dangs L 1 thal this fact
goos far to explain the length of the inierval between ¢ z,mmg ression and the
appearance of symptorns,

Acmnan ab vest, and exposed to un excess of pressure of 30 fathoms of soa-
water (30 1hs.) for B minutes would uot, acenvding to our praviows caloula-
, have his fissnes u‘zmm%ed with nitrogen to roore, on an average, than
'gy - cent. of this pressure, ¢ ., to not more thun 16 Tba. pressure—a perfectly
safe limt,  But a diver ?xeiiznw himself, and exposed in all probability to o

Q}E"}
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seure of OO, which hy tiself would greatly increase hus circulation, night
’x have some parts of his body, and *;ammziariv the grey matier of ’*3&‘3
nival nervous system, which is so richly supplied with blood, saturated to ¢

much greater extent, so that very Ejgf:z{% decoropression, a8 i}y blowing ug};
would be 7 ky.  With every minnte of further exposure the risk of mg d
decompression s would increase ; and this ni«i« would be chiefly due 1o bubble-
%ozm stion i parts richly supplied with blood, such as i?w ral n ervous

33

A

Zw)

systenn, and any muscles ially used. The * bends ” and *screws,” wh

arve such common snd characteristic gyraptoms among caisson and tunnel
workers after decomy fon, and which are pro %3& 5 due Aty o nitrogen
iib comyparati harmiessly in conuective nd jeints and nerve
trunks, sesm to be rare among &wwc in deep "C{{i’(u} who arve © awé a.mjﬂf: el
by g;ami is, &c., due to bubbles in the central DErVe ise EW

shyxial symptoms due to massive Liberation of bu
cotem, with consequent blocking of the civenlation, The sism §y wamm‘gs g
onmeciive fissues, &c., have not had time to become saturated fo any
considerable extent,
The longer the exposure o very high pressure, the gmawf T 0 8 ceria
fmit, will be the timse needed for deco i however,
foly assumed that parts of the body Wiﬂé b 3%\ 5
. ab high pressure will de nhm?o LE;@L%@? Ve CETESpOL f?i ng
nngdm* &uu ag d u’s’*‘npz’e%y}-_: adsg if the exposure o high pressure
i parts w mﬁk x&ivzméf amd desaturate slowly will
nre,

;E"g,

&p@age iae {%n

he drums of hh CESTTE vfh 5 (Zu}w mcmi Ez;m witl
%‘3 Hile he is desc way ; and,
hi speaking, he will a form rate,

wall as wueh nifrogen as
bottom,  Hence tune «};mz 1 dé
uwaﬁy wwen 0

: an 9({& 1 fime on the
sending is all to the bad.  The advice
(iws\rﬂ» to descend slowly into deep water is very wngound
from the puwaps & so bad that the diver O(t@?\
s down at all), The pi‘a\@a‘l’i? Bervies Mz
‘ ance, 8 rate of descent of 15 minw
Eaﬁewm At this rate s diver would take 41 minutes to get down 351 ii*m{lw :
and 39‘%.\)_(&/ he tonched bottom he would alveady be most ddm 5T 8 mmwi
; ' A good diver s uot troubled by bis ear
: r,;p@v Trom z‘he mnmon‘{ f}i submersion his dr
son of the air within the he}ma& &
{'aiw were easily a

mek Wsﬁi
= he

aipe ;‘eupb ¥ ’me{z ;mxie nate.
Another equally mport

et up cut of the very high pressure

a8 z§ mickly ag 18 safely ;:rmxbae The 1 ;&n eomcinding that a diver ean
G up qzw%iv to half the absolute pa & with  safety E; ve already been

At 1Y

stated ro is half that at 30 fathoms s and
at 12 fa g diver is already out of any f‘@*‘mi(ﬁmm pressure, Let us
SUDES E%m? instead of coming straight wp within 4 or 4 minutes io
2 fathoms, » diver who has heen down for a few minutes g 30 fathoms
ot o uniform rate of 12 fathoms i 15 minntes, as has been
TECCINIS z}(ioﬁ T will thes take him 15 minuies to reach 18 fa ﬁm ng. This
is not merely & waste of time, bul e $poses him to additional %ki abont
’\gmm%m o an extra 15 minudes at 24 fathoms or 12 minutes at 30 fathows,
s}zzszf whz&' the iissues in at auy rate most parts of his body will bo
Fay wgﬁ n. Thus, supposing he comes up and goes down at a
niform r’aie, o about 40 minutes each way, and spending 10 minutes
o the %m‘fiams, the total perind of exposure will he ahout squivalens to

: Emmb» the absclute pres
¥

* }}L he bas ontarrh, sod mmw;alsrt b}mrkmff of his Eunstachion tubes, he

’f§7§m eeﬂa{'u‘(rf‘m‘

cukd not sitersps

.03}«@:‘1’ :

58 in a?@@th at the diver s o e

ehian tubes, and ayiid ;zii risk of fujnry {o %wv GHTR,
a  AROB4, &
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20 m:mﬁm st B0 fathorms for O“m@ ngWi’iQ 1{3 m;mzi@s &u‘&z‘
i, and say, 12 minutes Jai
wﬁ be fortunaie if he esc i % an a‘grfwk of gmmi g
g, on coming to the surface, which he will reach in
s, and 5 u Lsﬁi% from 4 fathoms, the rate of asce

Hy apent at

) OF asphyxi
minutes from
ot al the ond

ii& iw: fcmﬁ £
above ab page 313 zhe f}.x ver ook v, A
: i cqma’ 20 minutes
on the bottom, where he actually ; 40 minates.  He o 2 mrrotes
o come np, and pwi’m’i’;}v not move than B winutes %uz ?Eas tagt 6 fathoma—
the siage where rapid decompression is so danger The risk he was

g Was fhm a very great one. 'The second poan L veferred to in the
i ‘Zﬁz{‘s"fi 4 symplom, took 28 roinutes fo go dowx,
wins, and came up in 18 minutes,  His exposure
343 myinuvies at 28 fathoms, or o

minutes at dé i 5, a8 ,Jmpa.x_efi vish 60 minutes in the other
] sz was ‘zhsm fore m=;;<3h less, though it was certainly greatly mner
;};%;-k% too rapid ascent near surface.
v on the bottows in dee
ing not merely the descer
*wﬁv a«m,m ?"?'Eg of""‘v 1

’.?

water hos hoen
. 15 ki aii ?E?fj‘

%ﬁhé}}”"{», .the FEARONE fﬂ? 31:-
1% exeept the I
v hecome ab allh
: fdiv; no part of : ;
saturate very slowly will not have mkeﬁ &p Wheient nitrogen to be a/&p@-”c
of causing any trouble at all on s%r(,«;mmef« ion. I""w can %“,Em@ be %ﬁ'
sufely ab a rapid rate to less theh hall the absc
remaining stages oan be gr stened. D&
5 fathoms may only increase ¢ oand delay in
will (,Cl"fa.liﬁy lo 8o
We may now describe the pre
Toch Striven wperm}ezm from H.MLE
two main obje The one alread
possibilities of wummv‘ ab depthe
sufficient to keep the COpspressare net within reasonable limits
The other object was to test the practicability ami adequacy f% the T
raations previcusly 35 g};ovwosmﬁv by '
desirable for the dwz 5 Ot &e !:;puw»mﬂ
tions had been o i
parfly in view
a result of ihv R g
by Dr. Boyeoit and f
Pani Bert, Leonard Hill, “J\E of § 1T ; &zmi p‘m‘ :
available data as to accidents on dee mpg;ze#\ in eonsect '
and other work in compressed air., We ad ot erring well on ¢
side if we erved ab all ) and we were under gsiwiw o your Edomi‘
allow no risk to be rim by the ollies zs@@a n the experiments, st
care and foresight wﬁ% 1 pmwde &glamz‘ risk
ag’m"a} EXpRIIeY ng and ealsson work seen £,
Prov ﬁ@d decornpression 18 smi im mpzfé 4 Man may remain for an hour mt
ure {\f: E‘é fgi}zm* L or 58 1bs, to the «»qtmrsz inch, without risk
At the end of this time parts of the
Y &f{me ’t}ovu p“ wabiy be satur ated
W hils
; 'f:mw fissues,
saturated to the not ab fﬁi
: ’zﬁga?znw in the san
and ér'z E&"*&SSK‘%?T‘%%fQ’_}&E s with an average
supp §v w§§ L‘:"O%}eﬁtﬁv E}o hai m%aéiaxs;fw after o stay of 15 minutes at » pressure
of . 30 fathoms, or 80 Ibs., while parts Very sparsely supy ol vith Blood will
sole be saturated fo a p ve of B fathoms.  Some g, such as the
%’*t’h??dé nervous system and museles o a state of s,za*in*iix iE, 00 ﬂu}s other
hand, be more highly saturated than parts with an average blood-supply.
On the whole, however, decompression from 30 fathoms afler 15 rinules

oy

say i?bp’u Nge
izm half of his agcent

ai

16

sautions s<§c>pw «d in connection with the
: These experiments had
toin Part Iowas to iest the
-,;},:mnsﬁ with supply of air

- congl <s<\mf;zms ahe’a{iz' fiw*uw%w§
ser at %ho a8 En;%@;?,u‘ >

pwv el fments of
Sit by o% fizf*

‘pzr?,s ery spars
mé m}% EW MOTE




ghs 1o be aboud as sale as decompression from 15 fathoms after
Towers,

EXPOSUTE OF
an hour’s exposure. The experiments on animals in the stes! chambe
: they went, in accordance with this infore nee, .fi;i‘z}z-f,::z,gi,a. '{;;15«:, ;
v short experiments at high pressures

sth of time occupied in reaching ki
15 minutes, including an aEim
g@nb n going dowy, and three-f
s ;rffm 1y & quite sa
15 and 30 fathoms corresponding Hmit

¢ E .-mfi are bu‘ém/d on the fable on page 48,
' ion, the possibility had o he allowed f{or thai
ctive circulasion, such ss the central nervons syste

b pressures. )
of haﬁi ‘:;E;.e tx_;_ne {about

s himit of ‘-i.imfa at 30 fathome,

of

iy ac ™
Vvhcr? th’> CITe: Qanov had bee ‘geﬁm}*iv active owing to the work
o, mw%f, he ue saturate (E with even a
?L was, therefore, arranged uot to bring the
‘ saslute pressure withont a paunse,  As a further
on th@ diver, (Ez.zying ea{zh stop on the way up, kept his arms and
nstant movement, so a8 to nerease the rate ¢ of cireulat fion, and so
o desaturation. The stops and times spent at each stop are shown
able. It will be seen that for a 35-fathom dive the first step was io
come ‘.sp 20 fathoms in about 4 minutes i3 15 a veduction of B4 lbs,
in the pressure, which would have been a risky drop had it bheen to atwo-
ic pressure, and not to a prossure 40 lbs. above it.  The further steps
wluated with a view 1o vza{,otmff the increasing risk {rom Hheration of
it the last step, from 10 Foot 10 5 urface, was certaindy the one
i here was
stop the atrsupply was
ab a moderate speed.
cleazed, and it Was eon
sf air ‘Wf’;uiu S0 g
of his extra nitrogs
er is on the bottom “rt'

23

vnishied to that from cns double
ost of the men working the punps
f,ierf"i that a small excess of {"‘{E n
g nlation, and thus geip b to
easot, U,zt excess of { HO; while
, bEv add m hi&; ks by inereas e rate
at sw}z{ h he takes up nitrogen®; and this is a mr‘i?mr reason in i;wom of &
iful :;‘szmsupm} ab great depths.  An excess of (O, cortainly adds also
risk by bimdering his work, and thus ;}roia:n;wincv‘ his stay on the

As a preliminary precantion, belore the Loch Striven exgumwma both
divers subjected themselves in the stes! chamber at the Lister Institute to
the pressures which they intended to go £ water, remaining st sach
pressure for the time on, spd ¥§Ps‘€)ié§p seing themselves. alto in the
mainer “0"10:*3 o, tesls were very severg, since if =<)<33 sbout
or to vaise the pressure to 80 the, (30 ixza
pw%v"@\ in conse qn{snm of vf% ich the pfﬁmm of exposure in the chamber
at the E ghest pressures we iy rmu oh E«mﬂ@?”han the times agreed
ont ﬁi(, end of e ?'z. s remgined {*Ess wi in the
1 .

$53

E

at any momend recomp i be at onee his “gmcau*{zrm
inly nece @%}Eﬂ with so long a
Eposure. No svmg";’mm& were, however, observe Hza“}zs*y Pressures
&0 The, ware nw? ’{tﬁtﬁa‘i en %}1@ :s?i%‘é n?mm?}w, sinee it v ’
inte mi d o dive i '
" A further 1
diver left the . : Portsmouth
' d was ecarviad on the Spanke ’Ef‘.b.:is ahm}?;w which
m Figure 12, s hmfz mmuw?) ?v fva?;:@ ‘é‘;m} persons essily, and is
ded mt}z a door wide enough lo & ] i : §7¥ wag

after the

»

5%

vith the comprass by
. }EQ; has drawd ‘aitentien toibe ofont veudilation in efzm nishing
S5 and 4 3t he wall '=(*a 35 where tiw DERASRTE

3 ton high. ?.m;i %@93?

;:9 oo calsson wss fmund o §;g

+ 3’% th similer exRposures o :1@0{{1’ i3 ;;b», ;}mswx 'S, &md similar &Qmmmfa
§j>‘ri>§a{; of the gonts. . T
severs rorpiratory Svm 5‘:1 RS °2¥‘f,§ ii;%’i., 4 11 soul «i ot ba re- n‘@iﬁ??&“«‘«@d - ,L;qe fixe.
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copper iubing, so that o diver coudd, if wnecessary, be recowmpressed in
ioup o a p‘ﬁ'ﬁ;wre of 45 Ibs. or more in 2 or 4 minwtes. A bag of
GXYHeN WAS a?ﬂ@ kept in readiness ?or ?Efzs diver to breathe wotil he could
he x il Fortupately, howsver, all MG EX %mwmmo vwm as we
hoped and anticipated, neither diver hmi ing & i
U snd, althoungh even the shight
2iter each dive,
Ex,ifm’ each dive the pump, and all the
1 acifxma mﬁ {8 ‘f}ze Ea@imm Wete

onnactions up 1o
ed at a pressure

the

thie % i’aéés;x,& ic- aa E}:’7 o1t ’i:he other hand, i
satisfactorily, the burst pipe could be replaced, the diver being mean-
while trought up to a moderate depth as a measwe of precaution, snd if
e @wsz brough | iu sarface. ’Ehe aiz:»su;;;; v i the helmet

; ‘ 15 mi ¢ 0T OTe
¢ in the

giv-indet of the helms

¥

as the effect f>1i qfa, }ﬁ(,f{\%‘.bf‘ in the i{? "g;v
'.EG 3351 cout tmww by the decreas
plet valve of m@ }mimf‘ the piece of
<, conuseted in veverse direction with
1 of water, so that the leskage coald be
bing the eso ping air in 8 pins measure. When tested
e of 100 ‘ieéﬁ of water it §<>:ﬁ<;w§ o the trifling amount of one pint
onds, or “08 cubic feet per minuie of air measured ab atmospheric
Cand a:{ Qifﬁf\s "’s%sai: ;‘srg»:;,"*mn ’f%@ Ie &i*aw was m_dfg 07 cubie feet.

5 at a
since whm ?e«?ef? af *emf;réa W}ﬁb air at 200 feet
n nm&v

view o
TYOSRUTE i
presgure it only le

Catsaras (quote:
case in which the a@%«ng;@ §m: ?
17 fathorns,  Although the diver was at once ?m;m’»’ff

Yrencrds g
“was aff, a depth of
}e ;La:m?v

W hs%& 4 bu\’k

ALY

escaped with his life.  When he reached the s
: scarcely conscions 1 and his fac ’

size.  The valve on s helmet m

size.  The valve on his helmet mus

a1 enormous
loy
We have never heard of a burst in an >1~w*gji*)w oreurring in the Royal
Navy, bat it has happened on at les »:i one nceasion that an al rmpipg became
detached from the pomp owing to o swiden and very
eeffocts followed, however, as the ﬂumreéurr}. valve
case of a similar sceidend with the diver ats 200 feef, LR 05 s
1 cubie foot per minute fxé Qir o Lfsezsz‘fﬁ ab abroosphene e would i:\,-
of nu importsnce, ag his helmet and dress would ‘p:z‘@‘tm?:)g contain shont
10 cubic feet of alr measured at the same pressure. He would have plenty
ai time to be hauled up at s falely safe rate, or 1o ascend the shot vope, '
hone with the deck of the
This was 8 convenience in many ways, particularly when sarnples
ken, or work e xg&emz;w’z% carried out, and when one of the
divers got foul.  During his ascent the diver was n?opg}a{i atb each stage by
wl&?;f"iﬁ‘ﬁ"' on the E};w%ﬁope in the ordinary way., Ths gauge was w atehed
- he ascent; and when the depth indieated by it was within shout 10
- of the pmyo" s&;}}@;:{w place the pups were stopped, and the
Y i) s proper indication, wherennon the diver
< the slightest difficuliy in stopping

storily, zn

The diver was always f*aﬁzmeﬁi«ed by seiep
¥

“ Spanker.
wore hei

ey

was B 35}?@{}@ by sigr aal. ’fifﬁem Was naEv
hira at @h@ mg}&i point within a foot or two. It was necessary 1o slop the
TUINDE, B8 OWIing ‘io the resistance in thoe pipes the depth shown by the gauge
WA B em? feet 1 seyond the actual depth.  The ganges had heen speci a?iv
tested, and wers @z’syr@r“&y gradoated for fresh wabter. Thus, with the diver

sitfing on the bottorn, st an actual depth of just over 35 fathoms, or 210 feet,
a8 @argfuéiv measured on the shot-rope with a standard measure, the gauges
showed a depth of 216 feet with the pumps stopped, and 220 foot with them
going. A pressure of Z16 feet.of fresh water cor responds almost exastly to
210 feet of sea-water. '

&3
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dix 11, contains a @harﬁ jonrnal of the experiments at Loch Striven
ount of the prel mm&z v expertments on the divers ot the Lisi
E‘Em only incident which
thoone (}f the <§‘ F

G
» will be found in Appe mﬁzx i
mcnmun was z?w mis

.3 m m&fc > i;ﬂ mzzii &
and the rather inadeguate aiv-suppl
ed with nifrogen, it was s decided v(
up, the stops being all abous double %Bw i} ""wi ’f}"m@, and the as
mm{ an §om and 5 ha EL. It was a tedious sxperience for fm* diver, ime,
w pisking the oeeurrence of “ bends pt
,p@mmcmb on gnilrals at the 1 b Aai k,izuw that
ion by stages in the usual lime : @ BXposure “"\Eﬁn
ry“f hme been safe.  Tach diver made only cne dive per day.  Owing
upied in sounding i@z’ the wqmrer the, shifiing t
pazsmon testing the poamps : £as ,
: Wa,ys? more than ‘sWO dives per day "\»»{\,‘u?aﬁ have heen it
i Haldane and had to sleep on shore at some dis
wag aiso 3L1§3(33°t3,31t to give suflicient time fov any de
toms m dme? : 33@3,?‘1)0' in nvind Lim*{ th symptoms v
rould alse §aw cert Jizﬁw
zémif on ‘@"}Jt; %mima '

“( L}Eh”‘

ot

bedd

# hours. P{f&zﬁi aﬂ& a;}oz
short periods at a #ime. often
At the b seginning of each
et with mitrogen, and th@ ad
rrove dizastrous,

o d}b amfo b or other trouble w

”‘ formns a.,%z,ez mo or thros dives.
eir fissues ave more and more
onal safuration in the last dive may

ted to dive to about the maxin
the pUMpS Wmﬂi ,La w, and 3 ; v
1 3 g A 3
wag reached in the deepest dives 5% mz;r;ef; zz;:,h Eifm*c”an, o z.t

down to 6 minates fo give an {th ecam@ 1 zasﬁ i it is perhaps
wmstructive 0 compare these two dives with the .~:§;p<—énmemiﬁ ?n Wh;(:i
Dr. Gresnwood exposed himself to a pros Oy Be arest in & sheel

chamber, On reaching 92 ths. in 54 minutes, he Fand uniformiy

deco 1}“??“556(1 at a rate of abhout 22 minutes ng‘ 4* : sz’& this process
taking 2 hours 17 minutes. A oming cof “hepds
: rms. The divers, on f?ze mther 2 minutes,

= up 44 minutes.  With so short ’mfm conld P robably

Tu

have come up without any ser wus risk 05
consequence of the slow compression and :
< kept him for 8 very long fime wnder extremely §U{>§“ pgf@wuw

SN W mci, who was Inily an i At an average pre 7 ibs, or
28 fathoms, must have ?mczz fcﬁ more ighty satarated with ity Fer ﬁzgﬁ the
divers, and vet at the most ; ;:a;imo gsbm iﬂw rate ol
d@i. ozz.@.z‘enszon was after

v zv Qiam snd b;m{uzz 1 e

YO dwzmw b '»Los*%; Hir
COTPESPOE g{'g;grmacm«a made upon themselves in ¢
: {ﬁwe s, constitute a '?az't‘fv 3(;?;{2 3 evidence that, wi ith 3: .
seb oub in h@ ACCOLaY abile, He n{‘? fathoms 18 safe, <t§ (ﬁ:w m’%e
for o g‘;r‘“z; Had any s mgsmnm Jaa\ '
shight, been uo?m ?u, W ve :é“& mu*h more doubtful in dra ;
a conclusion.t It is ven pz*o _sab.e that o more rapid ascent, or elee &

* The sysbem at pr - adopted | ; ,y;a‘i‘mizz‘g; all divers bafors the:
wly afrds sn oy it protest & wan whoe ds from auy
cause wot in perfest heal ¢ must E{Qé{}%ﬁ;‘i’f gi‘v %w {mwéz HHOTE %wi- o 10 ’fu, wusly affected by the
formation of pubbles in ks bloud, :
o antmals

- e [ AP PO 14

eeomprsgsion * bonde

m?wm& have 3}9?

he Lister Tostitate have showw thas
i 1( ¥ o nesur than any othet symplom.
SN “'zsméa %?W'e m@‘wa‘w mosi neree

s é%* fuloe
i Qﬂgerved Am’

Paralvile
fully wa v
danges Hudb,
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ithout ranning appreciable risk; and much
to be the csse. The contemplated fart

i Lmé men in the gieel chamber at
: *nm;,a,me gz dane t £, and 'i"rsmw ot

gg

¢ iime o711
41

’m d«; wmnch valuable

mioz'f” ‘;mi? ndrane

The

O Are, huwmm
ieularly if ia 1% fmmi ?mm m}; {iz
rom an amre of OF
% iuv cotni 3 a disad
was %
‘ aid be eo Tnpkﬁ,e& in
OO sdations s::'{ ‘?Bh Hervi
: 'w &0 fathoms, with 12 minutes on $he {
an hour., Yy hen ifi»: frather experiments ot the ieiszwr i
we Propose to 1ssue a \up“%%‘ nent som&;mﬁ;{ 5 do
:  precay tions - ve veosmmend during
depths and wf?z \fm',s'}u;% times on the bott
antage be affixed to the case of each diving pump.
shed ai the end of the Report.)

ted, g0 that o dive to u depth
sime than i‘s -wa; presevt taken

Divers” be aé@p?@é A
completed within
ute are completed
ble showing at a
nt of divers from
a table might

e

s

is supplement

The Loch Striven experiments were conducted frop
gunhoat, about 8 fest above water-le i i
S or 10 feet of ladder before even |
removed, the tomi EME 'Ewi_ng 154
TEOOSS :
iud'dw
To get o :
pr mz{ia,& w‘? seans of smuimw up 2 man standd 5
wnprovemsaot w%ma diving is earried ont from a vessel’s dec

?szma
", hig climb was
; zz\pam*izzm it mu;
: d Wiziaﬁ T
1is A diving ladder
son it wounld be an

Hoany of the very varinus symptoms which a;; ATiSE 4
have oceurred, the qu
pain in the limbs, wi ;
nff E}a‘ﬁath OF MOINT OF SEnSOTY g)(;,m'ivﬁ
such ag local Iriction, hot or otlwe

paﬁia’ai ve tr eg& ment
wwine counter-trritant appli

odermic iajection of a small dose of morphia. For the
stfective treatment of decorapression symptoms by far the m
i3, however, re-compression.  Uhis plan tentatively recoms

CaISROn 31413»:&
: ir‘ tunnelk
k into the compr
im cong irw*z ue u‘

by Fol and Watelle, the eart tical writers
aim*w!vum&d by Paul Bert, as a resuly of mb XY
to be }u.bm el known among Wox“ker‘« in
sheir pains and froubles will disappear
air. ‘»‘s’ e are inforwed, iur exmmyis»,
pressed air of & C
back, and even slesping, m i;?:z,e' ‘:,11}.2,3,%3.?\,, if ﬁi’}.(v{)
coming out from a‘hei'z day's work., In exten

f‘ﬁ»’ uwafmu work

Cfmzpmw‘fc(i air & “medical airdock ™ s now usua 31‘« provided for TE-0
pression.  Thiz plan, combined with the precavtion oz keeping the men close
by for some time after coming out from the, i, was introduced by

Mr. £, W. Moir, one 6f the firm of % Pears Tad., who has had
chd,za » of varows largs sebagueows tw goundert .’nff parried out by
them. It was first used, and with the ke in ponnection
with ties fivst Hndson Biver Toonal ) and ent ?;aw {e”'imi saverd

wmuch suffering, disablement, and EOWM of Bie.

on, if applied belore any permanent damage
has been done to the affe by the cutling off of their b icsud»mp@%\ .
or in other ways, must be very off cm e and experience with men, a8 well as
ith ;m,mw&} fud AV bears this oud.  In the frst place the bubbles are at once
shed in vohume proportionally to the increase in absolute pressur
suses msiant reliefl of pain, awi of any asphyxial symptoms. In the
second ;}E@ce ihe bubbles begin at once io re-dissolve, if the air-pressure is
high excngh fo make the nitrogen pressure in the bubbles exceed that in the

It 18 evidend that re-compres

they will be dininished tow third 3 the pressure i radsod
& o b1 fethows of walm )

For instance

t3-3 stmosphare
slaciute (f.e, 25-4
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Vo enable this re-solution to complete iiself, or go sufficienily
practical purposes, some time wmust be allowed, after which decom-
may be slowly and {’;Alé?émz&fiy carried out. Even the paralytic
Bsappear very guickly, as s, 0N PE-COIPYEssicn, exeepl in
ea, but any part of fhe wmir“z} nervons system which been
y blocking of the cirenlation) sygen way fake some hire 1o
over ; and if it has Emwm iﬂr EL yaen it will not vecover
- all, slthough other pi fanetions, so tha@ ?m,
pasient uith a%eiv ¢ pletel 3
ried hy Dr. Conle ber Lg E%ﬁ{; omrnanicated to
STE %ﬁ arson atl 33011 ﬁ& Mr} a‘{m well the wmiwe :-ch.i{m of re-corapre
s of & workms the Fast River Tannels, who had worked
,uini)i‘ TN
fmmi fna, on about 8 pan., while W;&kiwf howms.
Walked bas ‘im} blocks, when legs
back to fioal lock in mzbnémzﬁe,
‘ i sht sensation.  Knee-
od, Put ie wedical

e motor gkamii* s in both legs, an
Bo d\msz&; no pam or mm

\ walked perfesily w
sm’wz‘ézam normal w; i} .E b%. C"Agz‘ 168 on‘g ab c, 42, \eﬁrumi after f?:ﬂmn pTe

75

&l

Sir Weetman Pearson, M.P, viner e the fomy, was hbuself on
one coccasion attacked by pe f}f the legs shortly after coming out of
i i mgz@? .séu,m pé@szmt? é;mp}w w{i 0N TEmCUII

g . ; return
}wsmo when hs was \& ) Eum dz..:«mn-cs@ fmm the mz;%-hmk; an& he did net
Bt ﬁ;ﬂ? stely recover for some {Ewy"x
wefn no radical freatmoent is adopted the bubbles will uly
oear of themselves. This 48 due fo the fact that the nitrogen p
- the bubbles {about 90 per cent. oé' one atmospher '

ERIe

the blood (about 79 per cent. of here, a..orr"s*gvunfimw to the
nitrogen pressure iun the alr breathed)  Thus nitrogen will slowly diffuse
out of the bubbles, and they will ultimately dz%@pa, The nitrogen
bebbles in the blood itsslf may also, perhaps, leak out ?}:{i:&y through the

3.

lungs. At any rate it takes very little sure to make air pass from the
fung slveoll into the blood. The Emi;.;t\, ave, n fact, astoundingly le
air; and wnless air leaks ont hodily from the hlood into the lus
very difficult to understand how small the effects sometimes are of slowly
mgeotzz:g enormons guantities of air into an animal’s velns,
Iu view of the great additional safety and sense of security affovded by a
Te-COMPression c}@mwmg i owas A{}i;{iii advisable to provide one for use in
case of any unforeseen wceident in connection with the Loch Siriven sxperi-
ments ; and this chawber i likely to prove of mueh service in futwe. It
can not only be used for treatment in connection with any extensive dee
diving operations, bui also for experimental purposes, and for testing the

sare of men undergoing diving instruction, and teaching shem bhow fo open
cheir Bustachian tubes.  For ’fs‘zf

atter purpose the {‘%@@m?}er is §:§:z.§fa§;s:§a§3‘5€=“
and affer o lesson inside & two of the officers of the “Spanker,” and a boy
of 13 who was on board, had no difficulty in descending to the bottom in
6 fathoms of water, though none of them had ever dived betore.

He- emqprwsﬁ@m charrbers are not available in connection with ordinary
diving work; but there remains the wpossibility of %@zx(m,b; & diver down
again showld 2 awy serious  symptoms threaten, should he be accidentally
“ blown up 7 to surface, or Qf{mn%d he from any other cause have come up,
or been hauled wp, more quickly than is safe. There is an interval of some

5 at least hefore symptoms develop in consequence of rapid decom-
D on and if, for instance, a man has been blown wup, there is plenty of
time {o hanl him in, ease his valve, amd send him down again, Hven i

D0y fu the tlesues 1s probably ahout 7 per sent. of one <ximm§3§‘ ere,
rpen about 3 per went.  Henoo the bubbles, I sf atmospherde pre S

about Y0 per eent, of pitrogen, 7 por eent. of U0y awmd 8 per of wxygen.
however, that owing fo b%év&amz of the shroulaiion or other 3 hh (/O; ;
in which sase the } 32 feg rmay counisin less then 79 per of nit s«}srm“ and will noé
saotve, po that thaey gsm"%m;m remmain for duva,

2

%




ious symptoms have already developed, and he is helpless, it is far
o open 3?;;3 valve, give hz*n pim?v of awr, and drop hiw down slowly

8 He-line or the bottom is reached, He
y h}m e rwovexeé ‘w ifw time he iz down a fow fathoms, and
iver can be sent after him shor tlv. I he has no symptoms he
<o) dmmz himself in the ordinary way il a safe depth is reached, as
shown in the table which we have deawn up. :

In any doubtfal case, wherve symptoms se though  not

robable, the diver, on coming to surface, might remain in 'EEw yater or on
the diving ladder for 10 n befors coming on board and h:wmff his
helmet unserewed,  He could th very ensily again descend if he z(iﬂxm iu
feol any symploms. On coming on board he oughf not fo undre
another 20 minules,

Another form of fre may be of value is
oxygon.  Beneflt is to ?s;, e;xpm?@:ﬁ i two ways from oxy
he fizst place, when pure oxygen is fnhaled thes
in the amount of uxygen carvied by ?z( blood to the tissue
4 with the shin of the b ?oz“(i
when or ' ,;Lé,azefi}g a,mi fg}*

P

seh does nob
£ is in %finz?

valng, since th{a ‘;*mﬂie of it 18
mends ; and in cas
of ORY e

ke
{, _?

adily av 3
es where the symploms ave due 0 4%310031& 1 th
1 %rmwb‘f by the ‘n uQé the effects of breathing oxygen are very
5 S oua dec conipre ion symptoms are due
general blocking of the circulation,
! mhmmfem

’ae’%i‘émies mn fii%pymmwe of nitrogen bul g;?ﬁ@ since it
iize f,?iﬁ"ee:r sre between the nitrogen
hig difference from 10 per cent. to
15 consideration chiefly which led
;Eaé;m RER mf:.fhm @f freatmont alternative

E?fia re
& supply

.
§
,,1 r

“E%(I

s re- -\/(3:33} >
Uu; fhe ‘ % nowas as follows
’xevpza,w Wikl 35 was comnected by a plece
, ng sad a wide tap with 2 bag coutaining about a cuble
foot ni GRYZen. was xmo provided with an outlet tap and an extra
tap for running in move oxygen from a steel oylinder.  The diver could thus

ey, be at once given pure oxygen to breathe™ With this plan the
{ the air expired accumulates in the bag, which cught wfore to be
~emptied and then filled vp agsin frow the eylinder every fow mivutes.
vaver, an advantage in 8o f{xr as :%3':. stiznulates the respiration
and eirg untwn( auri thm fact Em B3 <’\‘f E%i??(}‘“’@?,u

There se
uot be gw:»vsueai for in sonnpec ieun v*z?i; o‘f*a}wwﬂ (iz sw ?Eu, o
be conveniently generated from ““ oxylithe ” and water, or else car

ylinders,

It has been proposed in cases of impending asphyxia from air in the
bleod, to puncinre the right side of the heart, and suck ma? the exossa of a;i?‘
which im% conmiated an ordinary fine trocar, cannuls, Lmé @ :
Lottle being use '; for the purpose.  This is a desperate remedy, hut, fo n&ﬁm

from expe s on animals, would sometirass save Life.
A sony

’vu} cmzé{i
ted 1 steel

of ﬁl‘(;hb}r‘ and {iangm to divers in {Epep water |
cident known as “ blowing vp.” If a diver g 255 10
se lifted upwards. Uwee he has et fa.z@ bottom bha,
expands more and more as the prossure diminishes, and be shoots upwards
: wing velocify. At or near the surfa he may strike violently
: Vs or boat’s bottom, and thus dag age. Limself or his dress,
Yhen he r{%&{:hf;@ the sorf fromy any considerable depth ldis dress is
ended ; he cannob move his arms; and he foats helples ‘.E.V with his valve
wowater wotil ke s hanled in. (See %‘:sg{( 213 The dress doesnot burst,
roean escape from his ou Fven if he could do se, i would be most

- i %“1“3

A+ Wmﬁe‘i Q,{" SONTES be éz’gngera}ﬂs o admind ._zx,vgm En 8 T mmmpx saston (Ei;&m‘wz with the
pressuve at auyihi 3 s, The method sometims iving oxyges by sllowing
it 16 o S awid ridiculous.,

H



ansafe for e fo Jet the air oub and so sink down again. He could not
check his descent, and might be squeszed o {Eezmz zi“ the pressure in the
helmet becamme terporarily less by a very few feet of water ?%}. s on hus body,
has been in deep water for constderable thue he also runs the
lot of &eeemp*zmxm }:}p%&@ "o wym::; but i iw 18 i’mxi@d m
and goes down wﬁ"}f‘f\’d e Again W”'if;'if‘ii‘i

broug it izp aé yAin 1T mc asm,ﬂ v
A v diver can of course biow
convenient to him to do so if he s in shallow -
SYMpPLos are coz‘mm L there can be bitle or no o

depths up to 7 fathows. adental blowing up s ')m\; zgé“ £ GO
the diver 1s crawling on the bottom m%i‘ iis head down.  When he pﬁ’h h i5
head down the escape of air valve is o*? course a’i%
accumulates in the be | [
in s way without
T 15eTs, de he Hay

;Eh

i:’.?m) :;’xf’
<§ down (md mx

the air may ~e§
“ﬂv; Ez éﬂ I3

wated and Ciu‘m 7 c,ﬂm?}&“:mw ‘ ?.f it pes ‘,;spa ffi
e is ioo mmeh OO, in elmet air, If »
‘ wm,efi w‘géz the i Wy <‘>§5§" SOME O

‘@ncs,, and
eotion.
number of experiments have hee
. Catto to try whether it would not be pr
*mmal ‘i% Wam instond wi on E;b.a £0

s unless
£ 10 w@i \aii;il( gent air mto
uhorach em;r%

T ATe ﬁrmiy ﬁXGiE on, in »x..s}d (’m ; it s diffier
'wimm to enable the diver to ascend the shotted rope it
elly the plan was adopted of ng up the a§ whs and legs by
e arrangeme m wému noin iﬁwm : s means sir ig
from capsizing bl - o of the dre
much al s while he has his head down the helinet iz carvied
BD SULON wii&;, and the excess of ailr escapes by the deney
to accidental ’miam&g ap i thus ;
upright, even if he has been place od sz»{ 1o
diving dress  dis with air, with and widh
Fignre 15 shows a ¢ s purposely blown him
d;es, i will %}g\ n t he v in Lfi’;s‘; u?}-'
automaiically ass i :
In wview of 'L'}E% gﬁ’@a‘é; sk attending blowing ‘x.;.;} o
aeems desirable to dise b the “erinoline,”
of lacing up the legy,
should be wound round ¥
knees being, bowever, lefy pe?f{:‘acﬂy :a'?m&

5

O E?.Q ey -‘éid

vy deep

and 1o :%zéo pt




Part 111,

THE POESIBILITIES OF VERY DEEP Dl

Tu Parts L and TL we have dealt with the main difficalties met with in
diving with the ¢ rr(fim{; Service agrﬁpﬁa‘i up to depths of abont 30 fathoms
sider the possi sibilities n% praci wai?

3x§:.€1:ﬁding the time on the

2

eeferred to avises from the fact that at alf )‘i‘h’%
5 Vim pressure of oxygen in the air hreathe
v hegins i:o be o zg\aaﬁ_f\ of gwcdm- ;
«+ discoveries was the fact that
He foond that at an absolute pre
wygen {correspondin to a‘ba 1t 1» at
wns about a Hifth
soon die, even o *fz“@ré: QYE}ODQV
%10111‘@3 A presst

s B8 2 @ OIEOR.
: ‘@wnphweﬂ« of

Ve AN Mwiq a.{<
often fatal, With an exposire of
1 & atmo _’p heres of cxygen, or 10 atmospheres

OFTaiT Qmsth has hcw ;
pm(ma ing pneumonia {inflamemeation
» may he produced after /-.%;
preseure of as little as 75 per cent. of an atm
abnut 3% atmospheres of absolufe pr
4 pressure 0? abont 1f atmospheres of en
28 fathoms of water) 43@&&’& from poeasmonia
’5\{ about 1° h strosn of oxvgen

ire gets of
_? formd that
fv;p 0 oan 0%
{rorres g;yz 4
spth of i

y (6 ab m%p? BTER
was produced in about
sre {P'%* @an E:ze

foair, or
3 hours,
of air, or

250 feet of water) ma Srpboms ¥ oneury M t 12 E?O'ﬁ‘f“ snd
death in 20 hours, thou h in one case he antmal mw}. i 7 ha’sui s, A aboud

9.8 gtmospheres of oxygen (133 tmospl of air, or 70 fath

8 m of w afz’w,;_}

raarked symptoms were sl in about 8 howrs, and death in & howrs,
Tao mdge from these {?\:';;x"*riu’;ez‘;&sg and n au
Macieod,t 1t Wouixi Beem
with air in ‘sz

seqquent series by I ?d
obable that in all “{sz%}%‘)a?ki‘iity & Inan
ht dive to about 400 feel, ar say TU fathe
cof dleffects {from im OEVEON Pressus
2 or & hours at 300 feet would not :

this subject arve, however, evidently

and that an &};p@gn:{’e x:)i: E
dangerous.  Further experi

breathe pure os;
ULN;(‘ {W E}ii
of 3
been g
$he ri%iw a

much execoding

T

v Wazm*s ig m:h%m 1y

n for long a*’ PRGESHG
by gauge {33 feet of
; } . or A
supply

&

4

'i}»w@ mx,zzfév pf}mfw sm‘i zhe sroobles arising f
s 1 h.{—fm»;, f air can be overcome by incres s 1g the air supply, pumps
driven };,7 power being, if wsary, substituted for hand pumps. There
are, however, methods by which the amount of iy requived might be
f_hm.;mshe& '

n presaure of

wve tried on
fathoms of

ihev ’i‘:,v}}i%. 3*( reeoy
ing 3o about 40 fathoms of water, .DI'(
dutoot in themselves any sympioms, sither oblestive oy 3




On the Continent a diving dress pmv ided with an sir-reservoiy on the
and Denayrouze prineiple 13 muc housed. The diver earris
feel &zr«vmmemoiz }e}.z.r} u%m Es the air is Cii E;_x 1 ¥ i

R 1]
138
% t“l{“&.
\E{(@:

liver @fi}*e’:aiz'z& ivi{f.
A v reguires. The air-rveses
Cugland, however ; and it appears 1o h
To the fivst pﬁaw it 3»» more shicated in
use, and Habl E* s
: SHEE apt to g_y . mxia,
z:?m diver's way.

¢ has nev
téf hY,uif‘

¢ ,-.m.a}i on 533\, Am*ia
cannoh by the he Qﬁmﬁ’ indicates afne
pres in the airw?‘ ; 1 The
of pum wping 18 also mmh increased, since ths re in il TYOID
is considerably gres i Hina 'z' the diver ¢
readily onntrol his bur' so that the reservoir is
above him, hfa“hzz,s:; to b s ave, therefore, very
stantial objections {o ey .%mmi there
no risk with the :

head down, since no sir will esc nto Es.x'
vigk from falling, since i the diver falls
swrvolr through the breathing tube ind m§ ﬁz@ pze'wm‘a, in

ter will thus be pw\@xw'? from beoo coming srarily less than in

the surrounding water.T  On the whole, L dvantages of an ar-
reservolr seem to be greatly outweighed by its disadvantages.

Another plan by which the alr-supply z’nég}zt be o ‘ﬂ?iv ‘z*o&%;(w’i ww?é ’5‘30
to use an arrangement %}v which the Ci‘”ig in the
With such an armsog ;
menaured at f}limﬁ”pfe’“?( Dres:
during hard work, so that at <}€} fal 3
as much air would he nec S axious
Lowever, be introduced by ﬁ}z plan, and
2Xper imented with it.

In the Fleuss apparates i
obtaining oxygen from a si

;ﬂz’ ;_mmz‘é'-"
depths, even
about o tenth
tions. would,

3 ok

and oo
this ren

i85

ipe is dispensed with altogether, the diver
} a,ﬂzm er and the 4 Gz heing abwm‘bmi by caustic

soda. Tn co rparal v water this apparatus “could be used with
satety, provzfim g i taken 1o % st any deficiency of
oxygen from ocenrring. lo wonld
coris EY" QOCRT, #O that it is 0 Heuss

@ would be specially ‘n%ei‘aﬁw g immrzc«%, in a ih s
vy to dispense with an air-pipe, and the depth is not great.  We have,
SVET, alread zfﬁﬁpc}zt{,u O OUY 8XDe ariments Wzih this apparatus,
tiom with deep diving s nndoubtedly
: fon. In Part TL of this Report the
TEAnE ﬂ”;,i?ah‘@ for ¢ ing these dangers under ordivary conditions of
diving work have IROTIREE arious further measures might,

sr, o a&;ym? in esses where much work has to be done at one
vage operafions or wo

appar:
e

hov

e

Y

“-”3? in connes

"3'.‘};@ most sericus diﬁ’;{a i

) *)
“gmmcuizm place in deep water, as, for instance, in sal
n cuz’mectmn wit h %b. ndations.

g dan of lowering to the bottom a steel
on the completion of his work, zm&
then be hawled io the »zzeh,m,
‘ 45;111&}.3 v by allowing the air to leak out

g ion could be

pressure 1ms i&@
a;t, S *%‘E%@LJV

rarged with very fonl
tinapirailon, along

s vibiated air,
sustomary, ?% & ai wesemww is 3«3)5 at
i 6 on il fing in

¥
ia;&mmﬁ;. in fars the w hole




Thie plan might, we think, be considerably shnplified and shoriened by

atdopting the principle of stage Ei:mmpz don ;}r@pvwf? m ?aﬂ' The
p‘f@%«z in the f‘}mmh{"’ {*Ovmi pm‘{xﬁﬁ” be § VOTY & Wi few

1w bauled rapi the mf} e it would not
Y e <§m re to wit ‘tuh{g a1 exe

ess of internal pm%zjw of more than one or two
atmospheres.

Several a ,a,di(a*}kyisgga would be gained by the nse of a subm f%ﬂf{ai deconm-
on chamwhber in this way, Tn i fest pism, the diver would be
he loug and tedious sscent through the water, i?ﬂmqﬂ’ dm agcent |
posetd to the risk of his seconting wambed !
nnot hold on fo the shotted vope.  If, as is of i*u iiw case, the %m@ 18
the risk of being carried away from b6 18, of course,
sderable, and a diver hus earried AWy WEE pi" hab%x come to guriace
at onee, and 80 be mx danger of the consequence tseompression,
A sacond aldvantage of ¢ m? ,d u‘%‘vmp would be that
in the event of : mpressed at
once, A third advanta vamxi{i hc ﬁmi if hzs air T;i{:é‘ was atiached to the
chamwber he wounld be saved the very formidable drag cavsed by the tide
soling on an air pip coming from surfa f.x and he could thus work as easily
at groat depths as he could near surface, with a tide ranning.

her plan available for prolonged work in deep water would be to nse
g vessel provided with o csisson aboui 3 fest in d Y pAsHing by

s well throngh the bottom to a point some 30 or 40 feet below the sarface
ai tho water.  This caisson would be open below and wonld end above,
inside the diving vessel, in an alr-tight « E&L.lu et provi led with an air lock
for passing in or out, or two air locks, one of which could be used for re-
U rope would be attached to the opon

.

e The sho
end of the eaisson. The diver could go down to his work in the ordinary
way from the ﬁhsp aside, but on coming e;§> could enfer the oateson atb ite
open end, and be brought up to the chamber at the upper end, He wonld
thue be saved the long wails in the water during the later and L,m\ v stages
of stage-decompression, and he could be &ewmpms cd at Jeisure, In the air
fock, after a wait swiliciently long to make the process safe. With this
arrangement if the excess of pressure in the calsson was one atmosphere
{35 feet of water), and ¥ sufficient time were taken before coming oub from
the calsson, it would be pos ):.ﬁo}': for & diver to work af doubls the “Qmézm,
pressure without increasing the risk from decompression. For i
30 fathoms, the sbsoliute pressure is double that at 122 fathoms ; 1

P
L

o th
diver could return as safely to the calsson from 30 .&a,i,n,umb as ho could to
surface from 124 fathoms. A vessel fitted out with a movable cal

ST | vm&éi
atb Gib ¢
a, iebe, Corman &

51‘3 a diving bell) was recently supplied to the Admiralty for z:'»;
E?wﬂ*amw of this vessel 18 given in Mes
“‘z‘tah}mw

In order to diminish the thme required §
priposed to a;fiszmi@f" oxygen ie; &;‘; ers.
the whole of the nitrog
i graduslly got w? of

BN Cann
rapidly zm&mme& E}% the Ezvma I
form on Cisa,ompr@w on wnless th@ T
if they do fomm they ave rapidly ;
mimw@n can bs, (?iapb{‘c«i fmm Mw

semmpression 1t has heen
‘s‘*« %;fw pure oxygen is bre ai&&u‘i

}.,A.m ?34)&11 extre m*@ss 2
153 é‘é‘@rsﬂ:?@z‘{
before decompression, sé iz

: e
I E‘ms airea&y been pa’;i:ﬂ.ﬁfiﬁ{i out that
v oto a diver at depths much excsed
pressure).  Henes the ;}}03&? :
(gzm be;_uxe heir ascent from great {2{»‘-,*}%:51:':
Time could, however, be “mweéfi in e 1
oxygen were only bpe”t‘iz at 30 or 40 fes *»&s COTOPTOSHION 88  deseribed
i Part 1L, the ohg(}f: is to keep the gas-pressuve in the venous hlood and
a5 aboud dmz Me, bub not mors ?h i double, that of the air. By o
ot oxygen o breathe after he haﬂ reached 30 or 40 feet froam su
during %?&z,:ﬁwéi%e)m%i‘& on the rate of loss of nitrogen by diffusion iiﬁromzh
W&

wn if the

§




the fungs will be about doubled.  In other words, the venous blood will lose
L bwice as much. nitrogen during s puassage ﬁma '*Qf%ﬁ m@ fangs. In

consequenes of this the éme rouml :

' ¢ half in the last three or

from a steel cylinder or oxylith @cz;%w'ﬁ,or coutd  be quite

rom a b dmm'? decompr

; & decompression
; lock. “There would alsp be no diffic '>j;>§ying i o
a diver wnder water from a steel exhi :

wid {ap, connected with the air- plp@
re required #0 work under heavy pres
& wzm gyment Woawi be very useful.

*ﬂw 3

for di’l‘,\? QG.Qmﬁ,i&i‘i{lE}A(‘. Lne

o

. : émzz%?@»’ which were d
with i Pat I of this Heport, it becomes doubly .
stion of safety in decompression always elearly
1 its which it is PrODOS Bo carry out ab f
we ‘:‘ u«t ?now Cumid :m?,&f: aew gl '33'?"- question, and g
ining th od at different

he at

d $0 the hest means of
ng from a dive sming badly fouled, and ih
T also as in uzev @2@33‘? of pir by more ¢

; }'{Emo’ fne rmi«m ar
ties caused by ¢
ém}z; hand-pumping.
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SUPPLEMENT.

PrECAUTIONS RECOMMENDED IN ASCENDING FROM DIFFERENT DEPTHES A¥D
AFPTER DIFFERENT PERIC BS OF HTAY ON THE BOTTOH.

shown 1n Appendix 1, the e giﬂ‘i’h&)ﬁt’* carrisd out ab the Lister

1 ngiu izgmw iii% 33 (mfi 1907, have furuished very clear evidence
1 4 et forth on page ik

?m“ke% 5 px‘ v of the new mﬁ‘*b

: om{i*utai stages.  ‘They have a:i. i

from which the preca

f. mfw ot ztw bafi@m at

: of experi-
?"sp&zd\ wore m?u taken ,;;,hfi it FPOATS
s precautions taken in the deeps s dives wers xm; hat in
Un the other hand, the BT Sxpes o
made on Lisutenant Dum el H}famb er of the
ter instibofte was a good deal more ra E& "*}“1’1 we ah )aii DOW 01 zsﬂie
e for a diver affer oxposures of the virtual durations and to the

 The Tables st the end of this supplement show tn detail the precasntions
which we recomumend. It will be seen at am% ﬁmt én e'&}ex’ L earey out
hese precantions efficiently, it Is necess
\sz pumps should indicate the dep
at lesser depths. For this ve
our racommmendaiion as to the
ing remarks will serve so explain the pr
havs been constructed. :

Temg
o oOrres :
wmie. to draw speeial
of fziz,e;:bff ;,:zm“‘w The

L Tables

(1} Lamats of safety in rapid Decompression.

The experiments on gosts have cleawdy shown that up to the limits of
pressure investigated it 18 safe to d compress capidly to half the a}w*o% i'ii‘
pressure or a Higle mors, Ewmﬂs er long has been the exposure to the !
pressure,  Thus a sudden drop from an absolute pressure o* iy § s, m 3” ib‘w
produced not the slightest syrptom, the fall in pre
ratio of the higher to the lower pressare ?wm@ 205
a sudden drop frova 66 Ibs. absolute pressure m 15 tha. (atmos :
pro duced disastrons effects on the same anin ratio of the two gms sures
ing now /i i to 1, (ii‘f hothe fall in pre ‘ ,Eb& was exa

“p‘{a;mu £ DU BO ADDEs
3 m% she two pramm@w exceeds
wre has heen a long 0*%
;mmv‘» in the same divection, it ;mw » absolute
i produeced no Hl effects on Ezza uizcmm Damant or Mr. Catto
d.mi. mmgé&r -rszga_ai drops to atmospheric pressure from twice ‘atmospheric
ssure or a Hitle more ave well kuown fo mmé«zw el hﬁ,\; vf 5 i dwenn or

“workers. A casewlich may be quoted sk '
irill work at the hotiom of Gibraltar harbour in the i
attached to a small vessel already referred to at 3 55, The wen work
four at a time in four-hour shilts {o very long exposure) at o depth of shout
35 to 40 fest, and take 1§ fo 2 minutes to come out through the air-lock.
My, {ix*m? who is .at present in charge of ithe vessel has made careful
sagniries a8 to whether any of the numerous men who bave been employed
during the last five years have ever shown any symptoms due to the decom-
Dregsion. He found that no such s yptoms were Eaown 10 have ocourred at
any time.  Several of the men have besn eraployed since 1002, :

In view of this clear evidence we bhave assamed in caleulating the table
of precantions iv ascending, that however ifm the stay on the botiom, it s

H o4

¢, 50 far as if

ame




. e 18 reduced to ab
se 18 concorned, there is

less than 7 fathoms or

o for o diver to ascend rapidly until the absolute pres
12 §m§‘2; also that so far as risks of i g

sed for any delsy in ascending from depths of
< of excess Pressure.

*

2y e required ?m“ compl 2 of the body with
i i

The experiments on gosts show that the z;yz:zirg)mzz:aa produced by rapid
npression  inorease in 5’1 equency and  gravity with ihe duration of
we to high pressure up to two hours; longer exposures cause littls
fnerease in symploms, so thet meximom saturstion s, practic z,EE*\
eaking, reached in two hours,  In man the rate of respiratory e iﬁzmw{ and
cirendation of blood per wnit of hody weight is nearly half that of u‘m?«
'.H.eziw We may mmc"',;ciie‘ that in wan maxivum saburation 1 pme*us:aﬁy
in about 4 hours, or perbaps a ltile more; and U}h eonclusion
5 accord fairly well with the human experience referred to a6 page z;ﬁ
¢ same page there iz a calenlation, ausmimé; to which paris of the
Rmm.a hﬁlv Wz? hoan average circuiation would be almost completely satn ~€'ﬁd
This conclusion was sormewhat difficuls 0 reconcile with act
and iamf% wr dnvestigation disclosed o very material souree of
Tt was noticed by D, Boyeott and Liectenant Damand
"~ poats which had been i&;%ér‘d by too rapid decomypression
be fas‘ WaS Oft . remarks 533& full of gas-bubbles, No other tissue in the
body showed the same phenomeson; and this led to the suspieion that the
gi}hz?}z%z“y of gases iv fat or oil might be high. This suspicion was confirmed
. > data publish ed im eonnection with a guite diffe stigation by
M. Yernom, I dalen (;i?mu,\,, Oxford. - Vernon then
v undertook o series a)ﬁ; exact experiments with animal fats at the body
pezaﬁ:.me. These experiments] dwsclosed the very vemar] kable fact that
gen is about six times as soluble in fat as in an e ;“fé,u,» of Bood at
sdy temperature, As the human i boat
cent. of fat, its capacity for Emidmg nitrog , @O§‘£' don must be neatly
{wice as greal a§ was assume 15, In other word 'éw fime ve
for saturation must be 1 as long. With this smendment the
calowlation accords much botter ﬂmth practical experience. It also follows
that o fat man will take longer to saturate with ni trogen in compressed a.ir
and to desaturate during decompression.  He will, th meiurv probably be le
subiect to caisson disense after short exposures 10 pressure, but more su %{;u g
after long exposures, other conditions being equal

-.i{ﬁu.

Tz

Time vequired for safe Decompression.

don ean be carried oub without visk of
any symptom w hg‘twe , if during the process the partial pressure of nitrogen
in any part of the body is never more than twice that of the atmosphere, “In
arder to fulfil this condition without wasting time unnecesssrily, it 38 necessary
to know to what extent diffevent parts of the bady have become x‘mraéui
with nitrogen during the exposure to pre . and how rapidly they give off
the excess of }‘éiﬁ; ren during z%u,mapz@xmn The wnwmi pz‘mapie% 0n
which this may be mﬁ“zﬂawd have been explained on pages 38-43. The
later experime on gouts (Appendix 1) have furnished experimental
data which enable these principles to be app Emé 1 detatl, and at the same
fime f‘ClﬁOﬁSiﬁg?b their general correciness, An actual example will best
ode of applying then.  Let us suppose that s diver hag 1o go
to o depth of 3 fathoms {a,z}rm&pnnc%m;z to an escess pressure of 75 Ibs. per
srare “ineh, or 51 atmospheres), and that i i3 decided to allow him 1o
rerain only so long that he can come wp salely within about hall an hour.
We wmay also assume that he can reach 28 fathoms in ahout ¥ minutes.

Ap alveady sxaplained f%s;ws'ﬁpr

1()#

it

® Von Sebrditer (% Py Sauersioff in der Prophylare wnd Dherapic dey Logfidruckerkran-
Bungen,” Berlin, 1906, p. 42) econcluded that saturation pwst be practieally eomplete in s Hitle
a8 15~-20 minutes,

+ Clommuuieated to the Royal Seeety, Muy 30th, 1907,



The loganthmie c\zrv (Fignre 20} represents graphieally the average rate
at whiok

2

b any portion of his body with an average ¢ irculation of bm@& and an
AVRrage “omgsuzi lon of fat, during rest, will probably become wated with
nit 2 if ?}U i suddenly exposed to any given excoss pre The curve
: o i*m almost sl : plained at
I, however, satu g (md sthers
_ ’aterinv the scale it is possible
: aéz cousideration. 5, 8 pm‘t wit éh hecomes

in & minutes will be s {in 15 minutes,

sart which becomes hall satwested 1w oan howr will only be shout
safurated in 15 minutes.

:ﬁ &}'}CW ]

Y

Iy the ““ie‘*zfzateai inerease in safuration of

fiver who has gone to 285 fathoms in
p,‘i’é?%&ih@ until 16 minutes aft v he left
150, T}ze i b i descending are counted as equivalent
to one minute & on 3“3 o, 80 that the total virtnal exposure to an excess

ure of 75 lbs. i L} minutes, For reasons which will be expls
most rapid rate of saturasion which need be consid

{i.

idered corresponds
ration j;z & minutes, and the slowest rate to hall saturation in
It will be seen that ot the most vapid rate the seturation sfter
s from surface corvesponds to an exeess pressure of 60 Ibe. of ain
and at the slowest rate to 10 the,  The latier pressure iz far foo low 0 be
eapable of causing any trouble on decompy m, and the same remark
appliss ‘o parts which half saturate in 40 Vn’zmz?% &:‘Zm"x; these p&r% will at
the end of 16 minutes only be saburate s, lven with sudden
decompression, therefore, we shonld é,;xpaci 0o yzz ptoms in wan from the
more slowly satarating parts of the body. As shown in Appendix L, the

stoms known as “ bends” are dus {0, oo rapd zi &eco:@pz@: fon of the
slowly saturating parts. Ths srifling
u‘%?ﬂrm a most nseful v warning o \V;A;{b}‘b in caissons and funne sls
b dower pressures, but this warning is abseni with divers going for
seriods to grest dept Any wmpiom ocowrring in the case wuader
evation, would presumably be of 2 mors sevious character; expsrience
in diving shows only too clearly that this is the case. '

We have now to caleudate how our diver may be brought up salely by
stages in the mintmume of fme. I his body had been m%?** saturated with
irogen, the first step would have been fo bri ing him to hal

SN
L4

I8 minut

= 45 s, absolute pressure, or 30 Ihs. excess pressure
wating parts o

'3“1&5“; saty f
and these paris, which are
ﬁf Ew %ué :fmzéx blew uyp

¢ ibm ascent
“f mi@m io let Lim
SR In order i@
sl hoyry and risk of overshooting the pzm@ez &l w}; we think it 1s
te that a diver should not as a rule asesad more rapidly than abowt
1 per second. dionid be ped when ghu ge indicates about
/ f,’%:}e 1 s stop,  The aiv-supply should also be stopped, and the
gange tapped, while the diver slowly aseonds o the first stop. Itowould,
}mmzm e, take him about 3 minvdes to come ap fo 50 feet

, 0 feet. Only the very x
s highly satur
ng any symi

weh of

s mcapable
ce, (,)1{8‘?_
o e é;.,zu:si stage. Ifis ther

ascend of once to 50 fset from asz‘zfaw {23% ’25 p 5
'§ﬁ?2't’5 vent

2 24
During these three minutes the mean pressure will he "L gy ihs.,

will be about equivalent to 3 minvies exposure ab 49 the, so
o lighly saturated ;:3,@*&,« f the body wil ‘i Cii}"ﬁifﬁlab3 and the less
wmmwi parts iucrease, in saturation.  Let us follow what must
‘im;g;m 13 > of the m%i rapidly saturating parts, vepresented in the
erz, “}i 3)%;3’;{;&; the three minunies of ascent to B0 feet

: (49 The.)is 17 Ihs. below she imitial safurasion
As g:{piaim”é on page 40, the fissues will
7§ ‘é‘hm‘ saturate, the sxeass ;&r@swz 3, POB sitive uz
negative, being the same:  In the case mnder consideration the tissues, wit
a given exeesh of e, will Em?f saturale or half desaturate in B munutes.
o, as shown graphicsily en Figure 21, they will desaturate 1o the extent
2  £$044, i

dmmzmia at tia{ same vate




60

of oue-thivd in 3 minutes.  In other words, they will desaturate 1o the extent

iy . . T g ;
of = = about 6 Ibs,, or frow 66 lhs, to 60 bs. At 50 feet, or 223

ES

B oa sstop of 2 minutes. The excess of pressurs in the tissues is now

60 - = 374, and during two minutes the tissues will becoras 24 per cent
desatur a&t@d Now 24 jg}@*’ cerd. of 374 ix about 9, hence the saturation in
the iissues will dimanish by 9 The, or from 60 1o e>§ ths, ; {md oW ;ii BOW b
quite safe to come up o 40 fest.  The farther stops are 3 {e
Boninttes ab 30 fest, 7 minutes 2t 20 foel, and 10 minnies ni
shown in the following table. fi‘i‘{: rates of desat uration, as caleulated
sirailor manner for ‘oom a;}m&d\ and slowly S:gm;aﬁémv parts, are grap %mmiﬁ
aesented on Figure 821, The L,‘a«.‘,@}_}sfw are so caleulated as to just prevent
RTALcn Pressury iﬂ any part of the body from becoming more than
o] {i@ me ﬂzrwp;fw‘«w : the object being to prevent all risk of syoptornms,
ion is in the ease of the last step from 10 fest to surface ;
b ££§ oven in this case the bi chest sataration pressurs is not allowed o sxeced
i Eim, which is a safe §mn=? as alresdy gyiammﬂ
,‘,nmo’ zv‘uwm%a? exertion the rate of blood circadation in incressed ; and
€ g his ascent did very litle muwscular work he wmight, in
nence Gf ’&?zéﬁ f%m’zmmimu civenlation, give off nitrogen at a slower rate
than an umdma io the above caleulations. To guard against this possibility
i is d@m f;m.{z shat during the stoppages he showld actively xwm with his
8 This o tion was faken in 3“,: : g;emmm@ 1 odives of

dives to varions depths and w a‘:iﬁ ‘f&i‘i()ﬁ‘w gx,}:zoaiw of smy on Ethe biotiom.
frst table refers to ordinary U 2y on the botiom, the Hndts belog
such that a diver can always zetm 7 m surface safely within about half an

© ab most, and might rew P stages much more rapidly without sevious
risk.®  The second table °§mwm' periods on the bottom. A diver migh
got doal of something on %31@ b&iz,{)}i.a,, and thus be nnable to return wi

Emit of time epecified in the first tabls; or for some other veason it
wight be necessary fov him to remaln for sn extra long time. The table
provides for enforced stays of any duration, but as the time nesded o yeach
surface withoub visk of even sl u;.,hé syieplome, such as “hends,” is very long,
and the risks from exhaustion and cold during the process have to be
considersd, the stoppages during ‘ghf»s ent ai&ez Q,Ei{»z. longest {},i)’%%h’{?“’x are
only sufficisntly long o prevent s HEon &
from ocourring.  Both human expe ,
that with long exposures to pressy of {i@m;mg;zmwm can be sele
which 13 sufficient to prevent any sericus symptom, but not sufficier
provent “bends  cccurring,  The precaution of exerciging the lnbs during
the steppages will, however, probably reduce the fisk of bends. 'The
experience of Ds. Hill zi}ld hruzmoaf% {(p. 37, sbove) points distinetly in
fhis direction.

i @an diver cannot sxercise his lmbs, or if he iz of heavy build ow mg o
exoeess of faé, in his body, the stoppages should be folly o third longey if
posaible.

Higurs 22 shows the calondated rate and extent of saturation of different

s of a diver's body with nitrogen when the descent to, and ascsnt from
horas ave conducted daa/mémff 0 the method v reconunended
Diving Manual, the rate of d@ nt 12 fathoms in
15 minutes, and the tme on the bottom being £
wlready discussed.  The time spent noder waé:ex’ i B mmugew a8 against
46 by the new method with an equal thwe on ihe bijisox-,z.s; and it will be
sean ab once that the risks of death or very sericus s;ymg;éﬁc}zzzss by the old
rmethod would be very great, as n the diver reaches the surface some
parts {and probably the most dangeron aa) of his body ‘% fmif} be siill
saturated 0 as mach as (%f} he, pmv ave. It would probably o hardly less
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safes fo go st might to the '%}mi:mn and come straight up after 14 mizméw.
Comparizon of Figures 21 and 22 shows at s qhmm the great advs
gained by descending mapidly and ascending by the siage n
she slow descent the diver's iméy 18 already almost as high
he reaches the bottorn aw if is after the whole stav on &’e
guick descent.  With the uweiform decompre
comtinumes to inerease in saburation during half the sscent or move while
with stage decompress sion the saturation v diminishes from the outset.
As trating the risks involved in the current method of descent ond
o the time on the bottom doss not sxceed 30 minutes, at o
} fathoms, we may relate the miim“zrsn recently reported
o ve divers of HM.S, “ Dians 7 during opervations fov the
ai an anchor and three shackles of eab 3{‘ in about 20 fathoms of
wator at Lagos. The work was corefully supsrintended, and the descent
wscent were carrvied oub in close accordsnce with the recommendations
> Diving Manueal,  The times were noted, and were as follows

»fatmaf;; Wzib %ha
don most of the diver's body

Guing Ao, Comiing v On botiem,
21.2.07.
{ 25 24 A6
Diver A ~ - "3 34 33 28
. B ~ - ~ 30 87 3¢
Y S - « i3 38 D
. D - .. 83 37 86
. B - . - 28 34 . &0
22.2.07.
Diver B - .- 25 35 50
[H noo- - - A 36 30
NS R - - 28 i 5

Of the five divers, A s o ’mb wecwm} }a
romiting, which, &mwwz* 500D, ym%m? off
o thie sxcessive pres 1
air supply.  Diver D ~§m; Liv 2l
‘ 711’1@»& &f‘ pointirg dis immiv t seric
les in the Ele ;}”*f‘ E zivvwioz&a 3
Both v

imm BaUNea fmd

,.\
s
o
e
[
o

R
o
=

:3.;}%‘;02133 ( fs
the cirouls
w after Ez

RHOSCNG
v, g}iv‘eﬁ{?

sred.
It wiii be ;zo‘i<5<“& ih‘

1 the symptoms were, not the “hends” which are s
5, tunnels, éu/ but of a far more threatening
character. 2d Tables we have kept n view the
fact that in ih@ comaparatively short exposures to pressure
the symptoms to 'isf uameé against are mudch more serious than “heeds”

Procaviions with very shori (m? ey :’e)m; Baposures, and with repeated

E; €3 w/;mz,,

nstance, there
ton after an 4,}@{‘%?"9 of

j 's:tss:'i& i}w N
: , BRI a‘a OrY . centye
y Eza’m?@“i 'W’*hlzzg 8 mzml o emcé many

, even irem }:E“" R ,szr
esnre I sufficiently short | for 1
i rapid decompres
i% mmu%m (zz“ 4; ihs.

five minutes.” 1 woulid seem, §1}‘ o no
visk i vapid decompression to a ifm;gr

They desaturate s 1dly that there

seeveted - during exposure to

n (}’mv Ropald Bog “3‘% B, ¥Val 74 THOTY



ELOGIMOUE pf
srnall arwhm}m

seept with
3 aéi in very
Irention,

s Bikely
.ﬁwea with
ure it Semms
ome half w&i‘ii%"d@f‘@& in less

The faci
WY SV

dy {§é3~

ag A qmz eéﬁ‘ the 3*3&«(3.:.1&@ ;};
A weeontd of parts which b
than five minu tesﬁ, particularly with a rate of a of only about 30 feet
per wminube, a8 recommmended in the Tables, With wwmpzﬂ dons o 88
far as a third, 10 13 also superfluous 1o allow for parts which half saturate in
less than ten minutes, ‘

h‘ the case of very long PXpOSITES to compressed air a different
ssideration appliss. The expe goats mdicate that in order fo

all sympLoms with *he% ax necessary 36 ailow for parts of
the body which become only b : and desaturaie
with corresponding slowness. e in the rate of
blood cireulation §}s—~§ TR i in order o
avoid any symptoms in men of © parts of
body which take fully 14 hours to become v | desaturated.¥
But the mﬂ;}/ BV mmzw produced by the wmost s a‘md
arall are, &cu}};ﬁimgg to hoth human exy
8, ¢ 'i‘wnd s andd these © bends 3 %
np;‘*w&mzs has been so carried out as to avold any mo
SVE g} oms. Any diver wounld cerieinly sooner ran 2 small
be z(i% han undergo the exhausting process of being h:pi
serd 1 rope for a longer time than would otherwise be nece
son the stoppages in 4 ’fi‘a?;if‘n gre ou?*v o cale fo s;wc}id tha
of anything more serious than * hends 7 . ‘a,hmv b suriace TEN,
ileal spacing of ihe stoppages 18, indesd, somewhat altered in order m avoid
- bends 7 under water,
“The rates of decom pression arve all calenlated as safe for the corvesponding
max i um p}"e«%w% and maximum periods of pxposure. For tnstance, at the
¢ the decompression rate for “over 1 honr” is caleulated as
sufe fasr 2 »«l% ﬂi suy {%vmikm, g0 as to meed the cass of a diver heing so
hadly fouled that he ree until the tide s,

A diver has often to x%eﬁ%m& twice or oftener at short intervals. It is
evident that at the beginving of the second descent the more slowly
tesaturating paris of the body will not have had time to lose é‘hsﬁi** BROBSS
of :sm}fawez;, and that conses ~ v owill be wore highly satomied al
the end of the second stay on the boitom than would otherwise ?z;;m been
the case,  This will be olear from a study of Figures 21 and 22, To weet
the lncreased risk io decorspression owing to this “eircunistance if s desirabls,
in imf,\zmtmf? the proper rate of éu(:umg) ession, to add together the two
periods of stay on the bottom, and adopt the corresponding vate of decom-
pres S0 i‘ur é‘é s first half of the stoppages this is not o ey, bub for
the second half, including, of course, the longer stoppages chmrvd to 1eed
the cuse of the wore bﬁf;%}v desaturating parts, the mia shoald be carried
out. Hefevence has alveady been made {0 the increasing danger ¢ experienced
by pearl divers after successive dives withont any precautions in decom-
pression, This danger does nob mount up to the same extent if stage
decompression be used ; but nevertheless exis

As the interval of the hetween two su : éwe« nereases the extra
fanger in decompression diminishes. h an how's Interval the extra
precautions in decompression might be halved, and w.,vtf%} two hours’ interval
they might be entirely cmilted.

In gooeral, the precautions recommended in the Tables are greatly i
EXOBES ‘?ht)ﬁﬁ which have hitherto been commonly smployed in e*i%wr
diving or work in caissons, funnels, &e. s have endeavoured to ’fu\%}}a
clear margin beyoend anything whi ¢h either human cEperience or experiment
on animals, or caleulation, has shown to be risky ; and fortunately it }zm

of \ah&\}:?
r oo the
For this

£

* For mpen of heavy bulld, snd inclined o obssily, this zﬁiowemee wondd be fsuficient, and
in the oppages during an sseent after 2 long exposurs shonld be fneressad
in lengh %W a third, as slready remarked




been possible to do this with a clear saving of the time spent uuder water
(with ordinary limits of working time) by divers af all dopths, and a great
inerease in working efficiency and comforl, We have every reason to believe
that if these precauntions for divers, and the corresponding ones for other
workers in compressed air, are carried out, the risks o life qud hesith from
caisson disease will practically disappear,

Tamw 1,

HMtoppages during the Ascent of o Diwver after ovdinary Limits of PTime
From Surfare,
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Tanne 1L

ppages during the Ascent of o Diver after delay beyond the ordinary
Famits of T 7 riace.
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APPENDICES,

Le—Notea on Bxperiments made at the lister Institute during June
and Claly 1008, by AL B Boyeott, M.D., Fellow of Brasenoss
Uollege, Osford, and Lieutenant & O (. Damans, B
HME Y Ex

H-—A Diary of the Deep Diving Experiments carried out off Rothes
Isle of Bute, from H.AMS. “Spanker,” August 1906,

@
. o
g

A suggested Method for the Better Testing of Diving Pumps.
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Appendix L

e

NOTES OGN EXPERIMENTS MADE A”{‘ T’Hf LISTER INSTITUTE DURING
1906 AND 1807, BY . BOYCOTT, MD,
FELLOW OF BRASEN ,?.i (A‘”iiLUL OXFORD, AND
G, C. O DAMANT, LIEUTENANT RN, HMS " EXCELLENT”
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Lon g
as g
5 1 ant Dan
umstances. "i;ee experiments on goa ats have
\"z hile leaving s nmmber of po for futurs
more imporiant mmf;pi ] "i“ the cansalion
e, and a brief account smois here given, F
ad in the Journal of Hygle

her, Wit

men were made
o ‘i?‘w dwiz*é;:

pressure chaw
. Lodwig Mond, cons
ither end,  Inside if is

52 mu EMM ?RG?E‘T&?S owes fo the ’fmnm e of
£ at

i L b

t leng, ;{}.}.ai 7 feot high a m% W m(z (m% ﬁm & Japacss v of

anbic foet 59,> H ; ii ia “thras | , sh to hold several persong com-
;, togeth 1*{?1 :mv appar i v may be required, BYs bwo doors

is shown
asignad

o,

A hole meas umz% Mf nehes v 15 8, 1% in CORION 1se, and
apen in Figure 17. ‘

{28 % 24 ¢ md , i:;

for the introduction of ?mi v appa,-ram\; it is shown el wed in A small
alr- 5:;31” sha"m in Figure 16 13 provided, through which small arti } passad

& progress of an e‘ﬂizrw}::i ‘while there are three observation windows.
1t of stout glass, but are also fGited with an a srrangement by
fv%; rsgg?igang of the glass causes @ solid metal plug to 4 ul into the ?mi@ {lom-
regsion or exhaustion was ab first effected by a ‘«magée con ssor gl
ine, which will raise the pressime about 2 [bs. a minute.
1 and regulated by a bor of valy Besides arg
the inlet fo the comypressor, the chamber iself is fitted w
four adjustable spring valves, weveral of which are seen in
means, the most exacth i imend may be made hotl

pressures, either from inside or outside. The 1
reduced from 100 Ibs. to atmospheric pressure in abont one

1 simple and
i*mmm 17, By this
and negalive
the pressure fo be
T zt;s,\,mmpe”{,m x

v RR?;{%,

and chamber are fitted with varicus spring press guug sether with a
barometer {or negative & ipercurisl manometer for low positive pressures,

Within, the ch ambe’ i f with bang for apparatus or

olectric heats o, and seversl ﬂiecir,m, peints for lighting, driv motor, and %?;r‘
like. Experimenis have already been made an homan beings af PressIIes varying
from 8% Ihe, below to 80 1bs, above atmospheric pressure, and the apperaius has
been found 1o be extremely satistaciory.
The anmmal sxperiments wers throug
were selected am being the lavgest wi
bearing in mind that a con »miemfzﬁn nuw
under consideration depend in a very fundar
rapidity and volwne of the cireulatic
T’he degres o which the cirm 'ﬁ&;mw .‘
and, and the tissues on the other T
h} genoral it may be stated that the mpzd;é,v xmh vhzm t}f 3
bmus} Cinto relation with the sir In the
aniinal.  We have no means of
civeulation, but, taking the series of warm-bl
doubt that it is zi«..nzsmiig, adjusted 0 corr
exchange. Now the extent of this geseous exchange, which may be econveniently
measured by f,.hee guentity of carbonie acid given off per vnit of hody weight ina
given time, is a function of ‘z‘ne vatio hetween the swrface and the mass of any given
animsl. It s thexefore larger in small animals. & mouse of 25 grammes weight,
f’or example, proe duses sboud B grammes of carbonde acid per ki wme of body
3 hour, a rat of 150 granues about 4 grammes, & n*szmmw?i’? of 403
g about L4 o Srammes, rabhit of 2000 granumes sbout 1 g“’nzzﬁaé’z«, 3 goat
of 18,000 grammes about 0 & grammss, and a man of 70,000 gramumes about 045
gramiues. 1t is clear ther efere that & monse will take up exoess of alr and becoms
saturated ab any given pressure much more quickly than a wan, and at the same

a mi?phxm(}, an

o

dealt with,
2 The guestions
al way on the velation hetw reen the
andd the mass of the tissues
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he size of the
vity of the
: : & whole, there is no
Sond m the zwi;z(*;w Eothe gaseons

?Jer %




a7

ime will get rid of this exoess more quickly, so thab in «,xgwmwﬁtu of moderate

o the mouse will appear 1o §,>ﬂ. ruch less stible b0 saisson disesse

man. In the same way it way bo assumed that the goat takes up and

s excess of atr more quickly than man, roughlyin 3“)25«;“9} ton 1o the fact thab

spivaloey @ Acﬁang@ (as was ascortained hy a n amber of experiments wmads by us

for this p\upf;m, is one and a half to two times as great as thai of man. At the

: e it mast be ramembered that these comparizons are good ouly for the

: ‘1 seres of individuals. There ave some goats which are mors susceptible

o decompression symptoms than some men, and some rats which are more
‘ e rahbits

o betwean diffarent

The iesiim\ g i an e),;‘f\mnel‘:‘i. which illustraies the differenc
;. We may premise that other fwz}mi;mﬂn% have shown that similar
o pf pressave and decompression would be inevitably fatsl to goats.
ce (average weight 20 grammes), 12 small rvats (35 gmzmz;@s}? 14
') gramme 5,8 large rats (200 grammes), 10 guinea pigs (250 grammes)
200G grammes) were compressed fo 72 Ihs. positive in 1 minutes,
hour and then dec ompressed in B0 seconds.  OF the 109 antwmals, the
;,& 3;? (weighing 2 8{\?"‘ s gravomes) and one grinea ply died | the others s
ite symptoms, ani all survived. In another series of experiments
il 9 mediam, and 8 large rats, 10 guinea pige, 5 rabbits and 10 gor
' 51 Tbs. pressure ?@r 3 hours and then decom 1] o quickly. ‘)f }w
d, 3 were seciousty ilf, 3 slightly ill and 2 showed no symptoms; the
rabbit (weighing 2,0 00 gmz;zmgw died and the others showed no sympioms.

wnall animals iz due fo the mpuiiiv Q their cireulation and
enal ie o ’hvm i gﬁ the - air very guickly. If
s discharge is effected be a‘rmsuef Dahbles appear in the
animals alike. Thﬂ in one experiment a selecilon of
s the chamber and after hall an hour's exposure to so low g

nea pig were killed

L;n.e Oscape of the&;{
M bhe”v %(3

We, 4 YO Mno rat, an old m t and a g
1 rossed w me schedule for men. {n emnnmmmn after
- atospheric pressuve bubbles wers found in the blood of all four animals,

erafions such as these thorefore determined the choice of the 1 largest
ihie animal for experimentation, so that the results conld ?he more readily be
irpnsterred to man, It was indeed cloar that axperiments on
senld only be translated into human experience by the Introds ci}fm of 2 qwmt iy
factor of almost gualitative dimensions.

Cloats nlao presented two further advantages. They are large enough to give
of symptoms on inappropriate {39«%1%9?:\@ ion from guite Jow pressurss {eg,,
15 1bs. positive). Small animals such as mice, on the other hand, required o be
exposed (0 pressures approxirmating to 100 1bs. positive to give many symptoms with
the most severe decompression,  Such pressures are pprm@hmw wmh Emw
exposuves) dangerously near the point at w wh oxygen {}%)1 soning is lable to ¢
The occmrence of this fataiiiy ,ve(zld Emgm@w‘w‘ ‘vmm the eXpert
of pure calsson disegse, Cloats aiso animale in which slight s
detected with o fair amount of ne ty.  While they are not };@;fz@uimm ntelligent
and on the whole definitely insensitive to pain, they ars in emotional relutions to
their andmate and inanimate swrrovndings {,‘i 7 kind sufliciently dehmn ’a “n&hiﬁ
those to whom they arve familiar to ding 1 ‘
abuonnalities which | shey may present,
7‘«10:»:3; of the experiments have been at & pressu
pheres absolute) as represeniing cp diving pr
s, as representing the ssf'}"»{—\r Tmat of work in cals
ca}w desivnble to keep well wi the Hmiis of oxygen pr

Y,
mental ¢ xamnmm@n
yptoms may be

-

ther 75 ibs.
&tfm}mcs: or

of oxygen poisoning might oo sum?z%w the ezpemmwi W
of 7 1 aks eXpos vd to 21 The. ; an &E}ﬂ&}bbu.t/rv o0 “tamirg vs§> 5 ey
cent, of oxy - atmospheres positive alv pressoure

= 57 fd,immﬂ, one died Oi *gnc saonia while under pressure, five of the others were
slightly il and one showed no symptoms.
We have been ahls io distinguish five fﬂ;ii'}y“@esfinite *ami s gw@;;i, syraptoms

of illness in the experime tal animals,  The M‘smii « effect which can be abserved
nfis expression in whab is appa sensabion of unedsiness b one or more

nu«‘m Withont evineing any & ‘f’1<§ o‘f p m. the animal holds s leg-—most
commonty 2 *or{ u;:r .-aff ﬂz* ground, and is clearly waw o rest mach weight
wpon it ii, ; ‘« %}x far the commonest s\*s;mmm 1 great
mgjority of cases it pam noa fow .iﬂ_.siu,««.. We have ventmred o provisionally
1de zi:g it with Lﬁw " i\s\ The symptom which follows next
in order of seve ng from a few minutes f:u one or
two hours, and nn

5 49084,
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affacts the hind limbs, as does also s much more serious form of paralysis, which is
pither par fmﬁv or completely permanent. Hesp &mm distress fmd dysproa form
' These are very serious symptoms, aud often only 3!
group, which include fatal resulis. Eefﬁié@&, these, a few cases of

severe iliness have oceurred, which are loo vavious for cleesifivation. In
Lows ay we LGc grouped the symptoms ander three headin light
vais, &e.); snd

N
ga (1)

death.

4 ggmes
symptoms or “ bends ;) (2) serlous gymptoms {pars

& oxact car Natlon of all these symptoms is not yet fully eluci idated. Hespi- |
i 5 1s an indication of ohstruction to the heart and mdmmaaw i‘ii‘(‘m&{}(‘;n
in the blood ; when these become churned mie a froth in the ;
' “{he whole mrcuhhon practically comes to a standsiill, and dea
Post-mortem etamin%iﬂp of the animals which have
r)f svmpiozm has borne out this interpre Ezami ﬂai;on of
tem of paralysed amm&h &hg«vq that iiw coadition is due o a local
ction of the circulation ( pz"mumaa,u by bubbles) eavsing the well-known
ton underly “hends”
v all clear. The synovial fluid in the "':;3;,123; ”‘s fall of fne bubbles, but
anation will hardly account for all the various pains in the limbs which are
d by men.

By

*iﬂ ning 7 of the nervous tissues. The anatomicsl condi

jaasl

Fhe time relations to decompression of

the onset
hionan ('Y;“ef‘”ie’qce Axny of them may {"ﬁ 16 a?:’.‘mm i
; ror, we have heen able fo watch the vemarkable pm‘md of
scompressed, released from uhc cham!i ,;er, run about in the var
\'om;mns appetite, and fight its companiong—all the ]
Yet a guarter of an hour later it may be dead, with i3 bloed
{ froth.” The onset of those Vn&(u symploms whic & we
have o Eled bends may uot be detected for Eu an hour, or even more, after
; The significance of this period of delay i3 onoa@ 1g o aitention
 in
n in water, and 13 is possible

sioms bears oul
“ziow commaonly
A 'fmz m.m

ﬂoﬁﬁz} g

;»wi:m nary experiments show that bubbles form meve ~1cwiv after dec GrpY

Blood saturated at high pressures oubside the body ¢
that this is the explanation of at least most of the delay.

The first series of Pxperizzaen?s on goats were made with the slow method of
compression already 2, I was therefors tmpossible 1o examine acourately
the effeet of the dura‘;ion {Jf gxposure in shorh experiments.  This, and our fgnoranes
bi the vesults to be expected from goats, rendered the experiments somewhat barren

a8 far as «%ﬁmme results were concerned, and no further account of them will |
given in thiz place. They served however to orientate th* experiments v
were subse mmiy made upon animals, and afforded » basis ou v’%udz the personal
cxperiments of Tieutenant Damant and Mr. Catto in the ;}r asure chamber condd be
framed.  These experiments were underiaken in July fﬁi} as & prelim
actual diving, and an account of them is hare given.

&

In the first three or four the decompression was controlled from im;ifie the
hanber: in the rest from outside.  The subjects remained closed in the chamber
for half an hour after sach experiment, the engine being alsc kept running so that
recompression could- be at onee begun i any serious “‘1‘E'§‘>i’('>i3¢l fie\"fao in
addition to the actual peried of exposure to each pressure, we the vivtual
period of exposure calenlated on the assumption that zz.bw_:t hmi t}},e tirne ocenpied
in compression must be added (see sbove, page 431

In view of the resulis with gosts, the ocourrence of :’%(‘:f'rznwrm_', sympioms
seemed probable in the more severe experiments. No 3, however,
observed, except considersble itching of the skin of the 5:»‘@&‘3\2:« where it was
uncovered, In the compressed air the well-uown alteration b 31@ voies, and
corresponding abnormal sensations {vé,aow *'h@ E
at pressures excseding 60 or Y0 lbs.
exhilaration or slight intoxication, 1
similar,

‘1. July 25th.  Actual emmsme to 40 Tha, ford > $8 minutes

o

Decompression in 24 minuies —

Compressed to - - - - a% 1hs, in 17 mawutes,
Waited at - - - - 39, for 80 "
Becoropressed to - - - -8, .
Waited at - - - -8, oo
Docompressed 0o - - - - 4, » b 24
Waited at - . - S I
Decompressed o - - - -0, o )

# Compaw the onse of the diver recounted above, page 38,
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1. July 7@%’&

34 minuies,

Actual exposure

to 50 s, 2V minutes.  Virtusl exposure,
Btarted at 10.37 a.m.

Diecompression in 34 minutes :—

50 1hs. in 24 minuates.

- - - - B0 dor 27 -

- - - 17, in 4 "

‘2: - - - - A7, dor 8 -

‘§)w*emprebse€i 16 - - - 13, in 1EF

i - - - - 13, for 3%,

umpz’esse«.fi o - - - - 9, in 2 .

itad at - - - -8, for 3 "

ampressed to - - - - 4 . in 2 ”

fzeci ab - - - - 4, for 8 "

Decompressed to - - - 0, in 4 o

L Same day, 3.3 pan. Kxposurs to 55 Ihe. for 18 minutes.  Virtual 33 minutes.
Jecompressed 1n 31 minuges -

G cunpresse}. 1o - - ~ 85 1bs. in 28 minnies,

Waited at - - - - 85, f@r 19 "

E)emmpresseri 1o - - - 17, in 4 .

- - - 17, for B .

23 33 = . - - 13 [E S 5 )

- - g 5

9 33 LI - ]

EH) 97 - - - 4 3y 8 10 3

Decompressed from - - - 4t00,, m 2 “

38 minw

exposure 35 1

V. Same day, 3.37 pa
36 minutes.

The time taken for decompressing from 17 to 13 lbs., &e.,
13 s,

IV, July 27¢h, 1029 s

fes, Decompression i
Compressed io
Waited at -

Decompressed 1o
Waited at -
Decompressed o

Waited af - -
Decompressed o
Waited at - -

Decompressed to
Waited at - -
Decompr assed to
Waited at - -
i }ecomprpssed b

oy

S

EEn

Decompres
Compressed to -
Waited at -
Decomfrc,&,sef 1o -
Waited gt -
Deoy fmgressoﬁ o
Waited of
Decomypressed to
Waited at -
?h,u;mp?m sed o ~
Walted at -
Dircompressed 1«
Waited at -
Decompressed to -

$

4

Vi, ?ﬂv aith,
i riies.
Clompressed to -~
Watted at -
i}e@aemg}? saedd 10 -
Waited at

i ~

LTS

S,xgx

L minnies 1 —

Faposure to 57 ibs. lor
in 36 minutes -

al exposure ad
in 4%

& = ~ 2

Cpadandes

to 60 Ibs. for 20 minutes.

was counted a8 fime at

Virtual exposure

60 he. In 304 minutes.

60
29
22

o frad
SRR

ook
%

18 minutes.

for 20

- ot 9
B s
for & .
m i .
for 4 ”
M 11
o 13 »
for A% .
in 1 .,
for 4 "
n 13 "
for 8% »
in 2% o

Virtual exposure

67 1bs. in 36 minutes.
67 ,, for 18 .
22 ,, in 3 >
22, for B v
¥ o, 1 "
i? EPI s
i3, in .
13 ,, dor .
8 . in .
5, for .
4 .. i -
4, for 43
O, in -

0 s

ERV RIS B
fa s :

Virviual

W 382 minsies
o For 15 .
. o 4 -
» oy B .



Decompressed to - - - - 221hs s 1 minute.
Waited at - . - - 22 ., for 4 wminules
Decompressed to - - - - 37, i 1y,
Waited at - - - - - X7, for 3,
Do orf@pzs\m@d 0 ~ w - 13, in 1 i
Waited » - - - - - 13 ,, for 4 .
é,}ee,u:{npreased G~ - - - # ., in 1 .
Waited at - - - - ~ 8, fw 4
-~ Deeorapressed o ~ - - - 4 . in 1F
Waited at - - - - - 4 . for B2,
e RO

Decompressed to

3
¥
$
i
o

n

-
&

-

1 Jaly 3lst, 110 s, Actual exposure to 80 ibs.
i \,-v..m{g 24 rminutes. Decompression in 51 minutes -

minutes.,  Virtusl

Compressed to - - - - 80 1be in 44 minutes.
Waited at - - - - - BO o, dor 12 "
BDecompressed to - - - - 31, i 3 '
Waited at - . - - - 31, "
mpressed to - - - - 22, .
ted at - ~ - 22 ., "
vanﬂ.pressed to - - - - 18,
Waited at - - ~ - A% .
Decompressed 16 - “ - S ),
Watted at - - - - 15, .
Brecompressed 1o - - - 15, .
Waited at - - - - - 13, '
Decompressed to - - -9, in "
Waited at - - - - - 8, for ¥ s
Decompressed 1o - - - -4, i 2
Waited at - - - - 4 for 8 1
Decompressed 1o - “ - - 0, in 3 .

in November fresh arrangements were made
of compressed air ooils were furnished by the Admiralty, which wers
Charmd up to 70 atmospheres with » high pressure two-stage compressor: at the
me time a largs stesl hottle was flled at 180 a mmphmem The contents of
so reservoirs were then discharged into the fank through appropriate conpections,
(st in this way the pressure conld be raised o 60 Tbe. in four minates and t
75 1bs. In six minutes, or a little less, instead of 39 wminutes wzii; ‘i 2 old }mmp.
With the aid of ihis arvangement a further series of exporiments on goats was
undertaken.  In all about 700 experiments wers made on 49 <f(ﬁd,§:>, besides the
sxperiments on men, and on numerous small animals.

gecurs more rapid compression.

The following account eontains s swromary notice of some of these which
ilustrate various imporfant points.  In each series the effects on the gosis awe
classed under four headings, viz. (1} no obvious illness; (2) bends; (3} paralysis
and other severe symptoms, and (4] death,

Lo Haperiments s?wwing that a eertwin Mintmum Pressure is vequived fo yive
Symptoms in Goats, and that the Fesulte vary with the pressure.

Pregsure | Exposure s - ,

in Lbs. m Decompression in Minutes gf ‘;i’; svml';\;;ms Bends. “\v:;‘;:(:“ ieath,

positive, | Minutes. M
20 240 -2 - ~ - s 21 i & &
25 240 ” - - - - 25 21 2 & 5]
30 B0 i) uniform - - - 18 15 4 jy [
45 60 " - - - 11 e 2 Tl @
50 45 ] - - - 4 i 3 { 3
75 i5 3 o - 36 1% 15 b H
78 50 1y u.mfr‘r‘n - - - 4 9 i [ 4

These experiments show that the eoffects become move severs as the P
Increases, ah}zm) gh the duration of exposure is ab the same thme diminished
duration of decomnpression ncressed. It was necessary to mvange the xr
i band j ity among the animals
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HoBaeperiments showing that the duration of Buposere to High Pressure @5 of
great vmperiance

Pressure 75 1bs. pwx'n mgdx q;’; 1 six minudes,

4 H +
] i !
i 1 Severs P
Bends. Symptome. {aath,
|
1 1 - - ] § i} I 0
3 H - - - - 8 4 4 1 G
& . - . - & & {: ¢ G
10 i3 - - - - 7 § g i g
i5 Hupiform - - - 7 % 3 i i
15 51 stages - - - 34 patl a i £
a0 . . - . 23 12 i 2 o
85 - . . 9% 13 4 3 9
120 " . . . 5 a 7 1 1
2443 . . . - 3 P 4 1 1

fov)

These experiments show that goats have taken up enough air n 15 minuies
tve severe symptoms or desth on uniform lwomme%mn in 10 minuies, th
exposure 15 less than 10 minutes, nearly all the ;
decompression, Note, 100, that with

on such sympiloms as a3 ;xse&r are more ireg ere, and that bends are
propovticnately less common tﬁz&n with louger exposures ani slower decomypressions,
Bevond 15 minutes exposure the results are scmewhat irregular, but on the whole
there 15 a progressive inerease of bad symploms up to two he v ezposure.  The
resuits after four hours ex (posure are about the same, so that it would appear that
goats ave practically saturated in rather move than two hours.

3 vith
@ aﬁei z‘«:;;i dt 0T~

«wé den

Pregsure 45 1hs. positive,

Decompression Mo, of Na Bends Bevere Treath

n minates. Win Goats. : £ alone, Symptoms, eadh.
18 i - ~ - ~ 15 14 1 9 [
“0 1 - - - is iz 3 o ¢
80 j - - - i4 19 4 9 g
120 1 - = - - io 4 2 4 O
60 19 uniform » - - 11 7 3 1 &
120 . - - - 11 8 4 1 ¢
240 " = - - ii 8 4 1 [l
480 1 - - ~ i1 8 3 2 0

3 1
These {-omvs show that with a durat of exposure up to about & hour 1o

"

dden decompre The series with sudden &{‘mﬂm
er {wo honrs are much worse Wun af one hour,
cowith 10 minutes de(f-:)mp o1, Em*w"e}’

pevere WL‘ptomq follow even s
pression show that the vesulis
This is not clear from the serie

shows that the results do not become distinetly worse ev hoars
gxposure,
L —Haperiments to showthat the duration of Decompression s of grent
mporkanee.
I TessUre ?‘" {bs. positive, vesched in slx minut
e T T L : o .
. He Bends vers ’
Exposure. Decompression. ; Dentk
mEposuLe Degempression Syrephoros, alone. B ysreptoms, de
15 1% uniform - - 7 % 3 i 1
13 o, . . 8 19 1 2 3
15 G0 . 12 8 3 9 G
36 31 stages - . 23 12 3 3 o
30 88 . - . 14 1 G o i
126 a - < % 8 7 1 i
120 82, - - 18 18 3 1 i)

IV —Haperimenis to show thai the absolute range of pressure through which
Diecompression ocenrs is of less dmportancs thon the relative van ve of absolute
i <f o
pressure,

Exposure

i in
e | Minutes,
* s
: P L
LI 2% 51 S S * T I (O T
IR T T 8l FR w2
S 7| R AN S R AN YU PS S R S S
o S 45 [ SV S 8 SR B
v B A I N2 A O O L
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A gadden f}rop of about 50 Ihs from 785 ibs. + o ’.7 or 24 Ibs. -+ has heen
made about 200 times altogether in the cowrse of %i ieso experiments without pro-

ducing any syx dpnomb and about twmﬁnrda of the 11&1::- ahav, ed no sym guums ab
the end of the sta dccomgm«bewn In the pr emm series e smimals were left for

one hour at 24 lbs and watched very carefully, and afferwards suddenly decom-
pm\a{d to 17 lbs. and again observed for one hour. The same goals wers
iently dmpp@d suddenly from 51 1bs. 4 to atmospheric pressure with very

sults, and a drop of BL lbs, from 45 Iha. -+ to — & Ibz. was oven

V.——Huperiments showing the importance of the mode and spucing of Decomprossion.
Fach of she following six series of experiments was made upon the same goats,
which were exposed t0 75 1ba. positive pressare for varying I T)Gl}()(ib a m men deo
>d on the one hand by stages according %o the p*‘mu
ined in the Report ; and on the sther hand at a uniform ra m thu wh,ie e
mku“i bo that occupied in the stage ﬁewmg‘@*l on. The only exceptions tc
>und \i) in Series E in ~VL'\h the umiferm decompression was extended
to 100 minutes in order to test the statement that uniform decompression at
of 20 minutes an atmosphere is safe; (2) in Series 4 18 goats were sach
twice except that two animals did not cxpcr}pnw the seoond test with stage
scompression ; one had died with aniform decompression and ome was il from an
mjnry.

75 lhs, Positive DPressure,
T !
5750 E Lo . _ ) :
4o 2B Btage Decompressicn. Dniform Decompression,
s = =
T e B S
- =B g
Beries, | = E 5 & e No. of Goats.
= @:2 £ 23 No Severe | No Severe | |
S8k Symptoms| Bends. | Symp- ::” Symptoms | Bends. | Symp. | S
= g" = G toms. | B | amp. toms, &"3
5 ; 5334 stages, {on... o 5 ) 10 o0 B9 ; s
A 15 31 1 36 sniform, | 2w 85 i & g 19 == 53 13 2 1
B 30 31 8 2 o oo 4 106
C 30 68 14 g i & 7 & &
D 120 70 13 ! 3 i G 7 2 &
I 120 92 18 7 3 1* it 2 53 1
¥ 180 188 HE : == 80 2 G & 5 & 1]
I i
s ' [ ' 96 stages, Vg e B AT . .
Total - - 5“ o8 unitore, | {197 82 18 i 1] 48==47 ] 39 ity 2
i

letely in an hour.
Fapnovs {F

Z\ds‘ﬂLg o com
yais in thrse o

femporary partial oamiynb (font-drop) of one kind §
T Temperary paralysis in fou se8 ; permanent pan
two cases ; and severe obscure illness in two cases.

1 oadv fn hesyt) dn

In each one of these six series, therefore, slage dﬁwmpreﬂzon shows bettor
results than uniform decompression in an 'Gua* taime, On the whole nearly fwice
as many (82 per cent. as againgt 47 per cont.) gosls eson guﬁd illness with stage

decompression as with uniform decompression,™ and only one ammai showed
t‘sym‘utbm% more serious than bends with the former method as compared with
11 cases of gerious illness z;,uxi 2 desths with uniform decompre

The e:,\penment\ also show that the 15&"1&&(‘@ of stage dec Qﬂ}ﬂ"’f‘SbiO becomes
fess marked as the durstion of the exposure is ;mm&aed This s in full agreement
vir’h the thecretical const o With shor osures stage (‘@comg?m%u, has
the advantage of shorten: posure o }mg%z Drakum as well a8 of increasi
the nitrogen extracting stress: with long exposorss any add onal ‘:%L{r{-l ;
exposure becomes relatively less important; and stage decompression is consequently
ows markedly superior to uniform decompression.

VI Bxperiments showing the bad effects of Slow Compression.
E’:cw.ue 76 ihs. ;pmm

|
Time of | 1 e N
: Ixposure | Decompression ; No n et
¥ ; | i, - Bends Dreath,
(/Oﬁl}“f‘”ef;(’nl Minutes. in Minutes. Gontg | Bympioms. e ! *
Minutes. | ‘ ‘ ;
| i ;
| i
39 - - 13 45 stages 16 B 5 U &
: . 3 y i ) N
6 - i5 B1 atages B2 C 29 & ] O

* Tt must be dote o
decomprésgions ave Lm‘l' {:rf 'fse‘fiés‘ o anid : s deeciapressions wore
intentionaily framed to gfm s@}m w&p’mms Ar g orule % siop was used which had been
caleulated az baing appropriate bo an syposurs avmewhat ter Bhan thab ackually given.

artinniar shage
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These experiments show that, with short exposures, the results are three times as
when 3Y minutes is m(myw& in ralsing the ;\rfmaure to 75 lbs. as when this
point is reached in & minnutes, althongh the animals were in the latter case
thsersuently deocmg,zm& d in two-thirds of the time ocoupied in the former series.
One of the most striking featurcs in all the animal experiments has heen the
est vartability of the ve ; i iebility is not diffevent from that which has
5 been noted among catssoworkers, The tables show that under all the
nstances examined a proportion of the animals showed no symptoms. It is
not easy to accurately define whether the gusceptibi?iﬁzv of the different animais
to symptoms was temporary or permanent, We were, however, able to satisfy our-
sel that certain goats were ha?ﬁmaﬁy reﬁiatﬁm}y unmune. It 18 a matter of the
test interest to determiine the basis of this va«rvm&\ ERE LPp’fialiiE In our animals
certainly not altogether a q uestion e, for the larg 3, oldess and
cogoat {(“Pa’) was very stant, while one of the smallest and thinnest
als (" Listle Billy ) was soon pros rated with paralysis by the same experiments,
:med, on the other hand, that many goals were di ',vn\,ﬁ‘; more susceptible
symptoms {(death) than 1l _Uua fﬂrmmx have more lax abdominal
znd much more abdominal and s fat than the males {see abovs,
The susceptibility to “ bends” a’mmt equal in the two sexes. We
ned some experimental svidenes (n &l an altogether conclusive
yacter) that the goats with the greatest respiratory exchange were less susceptible,
It is also of inferest to note the incidence of the different sympioms,  With
moderate or long exposures beth the proportion of animals showing iliness snd the
severity of these illnesses are in 1eiat1« n fo the rapidity and spacing of the decom-
presgion. DBut it ap pevr“ Likely that thig - applies o auimals which are fairly
warated or have taksn np 2 mai craai excess of gas.  For if sudden decompression
ANSULS mlmedm:e.ﬁ«_ o, or very shortly after, resching 75 s, pressure, the animals
show severe symptoms or none st all,

(,'D
w0

o

Prosanre 75 1bs, positive,

Ustapression in 5% to 6 minutes.

[

Actual exposure Decompress.cn " N R ;

in Minites, in alinutes, ! Goats, Ny 8 Bends. Death.

i 1‘

1 - 1 1 4 6 0 o 0

3 - - i ; 8 ! 0 1 (

8 - 3 ] i o, 0 9
10 . - £ 7 8 0 1 0
15 - - \ i ! & b 2 1 1

[ [ : i

The important conclusion is that “bends ™ do not m?iaw such brief sxposurss to
high pressnres as may cause more severe symptoms. It follows that “ bends” must
be the expression of Z\fm nomens whick are not nece searity identical with those which
in g more exaggerated form opause {)(»Td;v“uu and cat}s, und t%»dz the oeeurrence of
“bends” is an indication tnat S The
e:\pemments are in agy :
exposures 0 high }’)}‘P‘“EEI'GSE mx:pu* enee scvere b‘?npi oMK O mone aﬁs ¢
caisson-workers | m*’ long exposures to lower pressures) suffer very frequently ima:
“bends” and velatis seldom from paralysis or death. It seems ju tifiable io
conclude that * i s ave D n of the remoteness of the paris saturated
rathev L‘mm of the faet that saturation has ocenrred, and that when ones those remo
the 33{, dy have taken up » material sxcess of air, extr v slow decom-
pressivn would be required w escape that sympiom altogei! The practicsl
conseguence of this would ¢ hends are an indication of extremo g.mg@r i the
exposure hag 1ot boen the rate of dﬂm*n;rob:ion has E)wzz vapid, but that

thelr significance is much less serious if the sxposure has been long and the rate
of decompression slow.

nob

)
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Appendix 11

A DEARY OF THE DEEP DIVING EXPERIMENTS CARRBIED OUT OFp
SAY, ISLE OF BUTE, FROM HMSE “SPANKER,” AUGTST E,‘:)O{‘}m

20th August.
5.0 S»p‘m&er " arrived ab Rothesay about 7 pom., and was met by Dis
and Rees and Mr. Catio, Gunner M. fxzmnm .ments were made fo
contnenes evperiments the following day.

Tuesdsy, 21st August,

Al the pumps to be used In the experiments were tested U@
200 fest, and the leakage at this pressure measured,  The pressu
had heen specially gr &uu&ted for ihese expsriments, were tested ,
correct reatdings, The meiliod of testing emploved was to (um« b the free end of ¢
diving hose 0 a lead line, and jower it over the side into the ses to the required
depth.  The pumps were then hove round uniil there was o free st ply of @“, and
“Hop g)ed whilst the reading of the gange was taken. :
re-compression chamber was tested on the White
it was found that the pressure could be bro g, zr ﬁn 40 }im Pt
in 3 minuaies. There was s lesk 1 Ih. per minuie, or, roughly
3 e ;3'@ feet,  Afterwards Ihws. Haldane and Hecs were comp essed up to about

i 1 order to further test tue working of Lhe chamhr
in ihe afternoon both divers mads g trial dive in 1§ fathoms :—

|
! Mr, Catto.
i

y pressure of
w !mm

—_— ! Lieuienant Damant.

|
|
1
|

: Time of deseent -

» on bottom - -
i,y of aseent - -
' No. 3-minute stops -

b i i

Two double pumps wers used Em each diver iu these and the subsequent
he divers were perfectly comifortable in moving about on the ?ﬂoi‘énm A
be mentioned that Lieufenaut Damant lad not dived provivusly heyond s
19 fathoms, and had no experience in diving except what he bad gained i i1 his
sourse of instruction as a gunnery officer and in experimenting at Portsmouth for
the Comuittee. Mr. Catto had raioh previous experiencs in diving work, but had
never dived beyond 23 fathe

SIS,

Wednesday, 28nd August,
HALS, “Spanker,” off Hothesay.
In the forencon Mr. (atte descended in 23 fathoms, sad i the afternoon
Lieutenant Damant did the same 1

{ I ) ‘
e : Mr, Catio. I Ldentenant Damant.

! Time of descent - - - 2 minutes - - 1 2% minutes.
I, on bottom - - - 20, - | 20
i, of ascent - 1Y S P32

R
2 at 50, 40 fost.
L, 90,19

No. b-minute stops - ~ v i 4 ab B, 40, 1 G, 20 feet
. 100 . S, 08 font -

Thursday, 28rd August,
HM.S. “ %pa,nke » off Rothes 80y, ] _
After testing the pumps each diver made a descent to 25 fathoms

| : .. .
! — | Ldeutenant Damant. Tr. CUatbo.
i :

|

g Time of descent - - N -

i, onthe hotiom » - -

I, of ascent - E - 595

! No. 3-minute stops  « - - - Bat )ﬂ 10, 36 foet.

. -2, ’3(;‘ 10 fout. i

0, -




Friday, 24th
HMS ~
agnchoved off

August. » R _
Spanker” was taken through the narrows of the Kyles of Bute and
the entrance of Loch Riddon,

In the morning, aftex the wusual tests had been applied to the pumps, Mr. Catto
descended iIn 27 fathoms, and in the aftornoon Lieutenant Damant went down in a
similar depth 1—

Mz, Catto. Lientenant Damant,

Time of descent
on the bot
f ageent

uie stops -

~ | 2 minutes - - . - ~ | 1 minute 20 seconds,
tom -1 164 |, - - - - - = | 16% minutes,
- - 1588 - - - - T

4 at 80, 50, 40, 30 feet - - - ~ 1 % ab 60, 80, 40,30 [eet,

L et 20 feet.  (Diver was employed just under the ship's

bottom in examining a propeller which had been
slightly injured, for 194 minutes before coming up.)

2 ., 20, 10

Saturday, 25th August,

HM.S. “ Spanker,” off Loch Riddon, .
The “Bpanker” shifted her position shightly, and, after the usual tests of the
P FRELY

pum

ks

o8, hoth divers desconded 1n 29 fauthoms of water :—

| -

|

Mz, Catio.

Time of descent
on the bottom
[ ,, of ascent -
| No. 5-minute stops
‘l No. 10- »

2 minutes ~ - - 13
4y ., . - | 13} minutes
45 i - - - 48 minutes, i
4 at 70, 80, 40, 30 feet - | 4 at $8, 54, 40, 30 feet, !
2 at 20, 10 feet - - | 2620, 10 feet. z
i
] :

Monday, 27th Augnst,

HMS, « Spi oo ,:;

The pumps used were Nos. 3,604 and 3,593,

in reliefs of 5 minutes.

af Loch Biddon.

Thirty fathoms of water were obtained. Mr. Catto was the diver in the morning.

Six men were told off for each pump,

Details of the descent :—

Time, Remarks,

11.22 Glass screwed up.  Depth by lead line 804 fathoms,

11,234 Diver under water,

11,231 ., down &0 feet.

11,233 . w 790

11,243 w 110,

11.24% " . 150,

11.24% N » 380 ., oun the bottem, 1 min. 30 sees, in descending. Revolutions averaged 32 per
min., bat fell to 34 for » short Gime, owing to the great exertions that were necessary to
kee, pmmps going ab the bigher speed. Diver quite comfortabie while moving about on

the bottom,

11.36% Diver ealied np.
11.38% 5 started op.
11.39% s ab 180 feat,
11.392 w o 1D,
11.40% » oy 120,

s stop.

Znd s60p,
B3d stop.
ith stop.
Ath stop,
£& stop.

Diver smployed in gymnastic exerciges, One pump stopped.

There wers no jilofferts.  Water jackebs gained %) degzeos ¥

Time. Remarks,
2. 144 Sorewed np ylasa,

2. 153 Diver under water,

2.16 » down TO feet.

2,164 ' n 120,

2.168 . o 180

2.1% ‘, w 188, omothe botfom,

30 per reinute,
Biver called up.

33

at 170 Sast,
334 -

e

B0 W TE B

49084,

Do slarted ap,

1 minute 20 seconds in descanding.  Revolubions averaged

Biver stopped 1} minuies.
18t gbop.



-y

Time, Remarks,

feet 2nd stop,

Ard

ith

. Bthy,
0, Gth

calied np.
Glass off. There were no ili-effecis. Later in the afternoon the pumps were lested af different
temperatures of the waber jacket, to see how the leakage was affected,

th August,
e lof‘ﬂlli"}' Lientonant Damant made a second ent in 50 fathoms |
sin sanples of the air in the heliwet.  The pumps used were Nos, 3,588

In 338
rder 30 ob
and 3588 —

Time. : Remarks,

' Diver under water.

} I, onthe bottom, 1 xinute 40 seconds in going down,
14844 i started up.

1 i Glass off. Whilsh on the

| tide on the bottom, w

|

thom, diver took fwo smnples wid tovesl.  dhere was a distinet

h 53’%%@& the diver.

Analysis of Bamples.

; |
No. of Bample. | C.0., per Cent.)

i

| GO, Production in Onbic Feeh

. pur Cent. per Minute.

‘ ;
It - o~ 32 20788 i -025
2nd - - 50 1 264n 041 () tide.)

i i

{n the afternoon My, Cabto was in the dress,  Famps Nos,o 3,558 and 2,582 were
uged -

Time, Bemarks.

2.17 Rlass screwed up.

2.18% Diver down 80 feet.

%.19 " . 166, )

2. 19% o . 186 om the hotbom. The diver suck down with him s wire hawser {o shackis ou

to a sinker.

B.31% Diver called np, but could not come up 43 he wag foul, until —
2.484 . started np.
2.50% 5 at 140 feet,
.53 o H0G ., st stop.
2.56 » o 80, 2ud
.1 » w 80, Zrd 9
7 s o B0, 4th
N w o 40 Stk

N SN O

1 " 15 3 )
, . 10 Qﬁ,l o
, on the @uifaw

My, Catto attemupted o shackle & ha wser on to the sinker. He found the sinker
without the thh??% diffierdty, and ihen, ua*'mﬁ tied his distance line fu if, went
hack to the bawser. He found this in bights, and be seews to have got within the
coils, and in trying to find the end of the wire to have fouled his hfe boe. When
caﬁe‘i up he could not get away, and 14 was 20 ininutes before he could elear
himeelf, In all he was down 282 mimutes in 30 fathoms of water.  The rade of the
pumps could not be kept up above 24 vevolutions per minute, and the supply of air
was not adeguate 1o his exertions to free himsell, so that he was slmost overcome by
the excess of COx  Op acconnt of his long exposure during heavy work, gread care
was taken in decompressing him, 13} e being allowed. Thewe weve uo il
affects.

Thursday, 30tk August.
HMS © tﬁpaﬁ%&zaz off Loch Riddon,

My, Catto made another descent wader the same conditiong, and shackled on the
hawser to the sinker in 4 minutes after reaching the bottom. The rev otutions of
the pump averaged 24 o 30 per minute. The day was very bright, with the sun
shiving on the water, so that the diver saw with comparative case in the water.
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In the afternoon Liewienant Damast, at the sume depth, took thres samples of the
air iz the helmet, and ithe pumps were tesied at 180 foet pressure.  He suffered

from no il-effects :—
§ i
- ! Mr, Catio. Lieutepant Damant. ’
‘ |
|
Time of deseent - - | 3 minates - - ~ 11 min, 20 seos. i
» on the bottom -2, - - - 1 13 minutes.
, ofascent  « - 482, B - - | 46} o !
No. s-minute s50ps <1 4ab 70, B3 30, 30 feeb -1 4 Ak TU, 80, 40, 30 feet, |
. 10 o .2 ab e, 10 feet - o1 2 at 20 10 feet. |
i
Analysis of Samples obtained by Lieutenant Domant,
!
Per Cent. . First Hample, Fepond Sample, | Thind Bample,
i

N . . . . N .43 <38 ! -6
. . . . { 20+ 54 2052 1 2047
. | 48 52 | 57
| o35 ‘029 ; b7
i

fi?st August,
S, Span ker mwed down to the entranee of Lock Striven, where 35 fathoms

in ﬂle morning L;eutmam Damant was the diver. Pumps Nog, §5092, 3,604
and 2,592 were tested and used.  Six hands wers told off for each pump it L reliels of
3 minutes:

Time. ; Homaiks,

i1.8 Glass serewed g,

1184 Biver vader wates,

it s & own B feet.

i3.9 " w 1,

1i.94 - w 150

il.vg ” » 180,

11.10% T

11183 » 216, on the botbom. Revolutions kept at 30 per minnte, and the diver had

a gomd mg:pif of air.
Diver tuek smoplos seated on the shof ub the bottom of 1he rope,
o ealled up
w  started up,
i ab 1U0 fent,
w o 110, Diversiopped to blow off sampling tabe.
» i 90 3 isb =LoP.
woow 9, 2nd o,
b2 ,, 8Bl
] 73 4% 52 ith 5s
" o B2, Stho,
ki % 22 2 Gth 1
" o, ik
" catiad 5P

12.43

There was no light en the botiom, which wag of soft mad. The depth by the
shot line was 210 feet. Pressors wag 8931 lbs Th@ gange Jhowe»i 8 pressure
uf 6 feet of fresh waler with the pumps stopped, and 22{} feot whilst a}ifﬂ;’ wers
The actual depih, as ca 9&}5» meagured on the shotted rope aguinst the
bi;d,n‘l(ﬁ‘d measure, was fost over 38 fathoms, 9“) 26h, '

Tn the afterncon Mr. Unito wuwde the same descent, and veached 35 fathoms,
He found that the alv m:.g;yiy wag more than ample. He walked out to the
and of hig distance line, and then took a sample of the air in his hebmet

i
. i
Time. ; Remarks,

Bame pumps as last,

[ S

Her Uiza&mm reduced to 84, an the diver found the supply too much, He

line before @akuﬂ;{ his sanopis.

1 00 foek, £ atop.

2.5

9.3

3« w T0 o, s
2 0o i’{} 5 %
2 o ow A0 o
2 »0n ’\S? 1 ”
2 a oW 2, »
3.0 »oow 18 n
3.1 »  Calivd “45}@
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Analysiz of Samples.

{ H

: E Lieut, Damant. | Mr. Cato. |

| | ? ?
N | H

{0, per cent, - - - - “ 14 53 1

R - - - - 26°89 2034 i

i Deiffeiency of O, per cent. - - | 15 i %

%ionf‘i‘zy 3rd Heptember,

Experiments on rest and measured work were carried out, by means of the
apparatus fgared in the text. This consisted of a length of line which was carried
under a fixed block attached to a 200-1b, sinker, and over fized blocks attached to
& spar projecting over the ship’s side. At the simker end a light spar fonned

:dle, whilst at the other end a 55-1b. sinker was attached. The diver could
s the shot and pall on the handle with both hands, so raising the weight :—

Time, Remarks,

3,26 Diver, Mr, Catto, descended.

2,293 +»  on bottom, 142 feet,

2,81 » twok sa.m'\‘f* sighing on the shob, {Ne, 1)

Two pamps at 30 rev ,u,xza per minnte,

-z§ the weight £ times & fost, st the rabe of one BT per minude
928 a (Mo, 2.3
2t oweight 7 vimes & feck in B minutes,
¢.42 Yook ‘sampfe {Ne By
k. AB 5o larteien
5.823 - op surfacs, no il effects.

,  Lieutenant Damant, startad down.

down 104 feet,

»  On bottom, 139 foet.

. took =ample sitt ng on the shot. (o, 4.
Two pamps at 26 revoletions,
Raised weight § times in 1§ minnes.

4.3 W took sample, (No. 5.3
Raised weight B feet 18 lmes in B minutes.

4,10 ,  took sample. FYump 24 revciations (Ko, .3

4.13% ,  started up.

4.52% ,  at the surface, No itl-effects.

Analysis of Somples.
CO, - - o@ pm‘ cent. ‘} )
0, - L2067 M,
€0, - . “7(} . -
0, - DT B g 5 .  No.Z

atto.  Sample Mo, 1.

0 T » o No.d
g?? o 2{}%% }Lientenaﬁt Damant. Sample No. 4.
gi}z ST lagm § b No.6

Tueseday, 4th September,

The “Spanker” sas anchored in 6 fathoms of water, und experiments
made on the bottom by e Haldane, %)ie*ateﬂ(m* Damant, and My Caito on the
risks of blowing up. or being compressed in the air chami ;er m teach them fo
open thetr Fustachian tubes, Lieutenant and {lomn 'w:uf%cr : . R, Drugmore,

Licutenant & N, Henson, Jack Haldane {nge 10 ado < in B fathoms
of water. This was the first time that i had ever dived in a diving \ire:i»s, which
Hustrates the uwsefuluess of the ve-comrpression chamber in the practical teaching

of divers.

Wednesday, 5th September.

Fxhaustive tests were made as to the leakage of 7
tion of the air, with the water jackets al various am;mm?we&«.
embodied in the Report. These experiments concluded the wmk andertaken
for the Commitiee.
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Appendiz [IL

A BUGGESTED METHOD FOR THE BETTER TESTING OF DBIVING
PUMPS,

‘The following msthod of testing the leakage in the diving pumps has been tested
in H.ALS. “ Dreadnought,” and is suggested for use in His Majesty's shipe.

The diving purop should ke connected by means of a length of flexible metal
hose to a group of air bottles, or torpedo charging columns, of known capacity, It
will be necessary to provide an adapter piece for this purpose. The pumps should
be lested one cylinder at a time, and the sumber of revolutions required to bring
the pressure in the botiles, as indicated on the diving pump pressure gauge, up ic
15 1bs., 30 Ibs., 45 ibs., 80 ths. and &0 on, noted.  From this the percentage leakage
can be easily obtained, as the Service pump is caleulated to deliver "1 cubic foot
per revolution.

Un board HM.S. “ Dreadnought ” a group of air botiles having a cubic capaciiy
of 10 feet was used, with the following results : —

i . of Revolu.
Cvlinder ! Ho. of Revolutions to give 10 Cobic Feet of Air, tions o give on | Pressure in Lba,
K : ! as measured by 1he Dry as Meter, the Divng per Square inch.
| Pressure Ravge.
|
Lelt - - - 1105 at 7 lbs. pressure - - - - 105 i3
] - - l 119 » 22 » b - - - - 118 30
w7 - Hﬁ% y 87 2 k] - - - - i18 5
Right . - - 107 ., 7 , o - - - - 118 15
o o- - SN0 e, - o - - - 15 30
- 987, - - - - . 120 £5

It 18 to be observed that there was no corvection for temperature or the capacity
of the flexible lead, and that in the case of the gas meter the leakage iz measured
at the mean pressurve. The results show a very satisfactory agreement between the
gas meter method and the method of testing with the air-botiles and gauge.
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Fia. 4.—Service diving pump, with air-pipe connected to a gas-meter to test the leakage of the
pump at different pressures. The clamp on the air-pipe is being adjusted so as to give the required
pressure as shown by the gauge.

The dress is collapsed and closely applied to the body, as
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Fra. 7.—Photog
Diver tul

tank.

Fia. 8.—Portable gas ana'ysis apparatns used in the ecxperiments. The photograph also shows the
method of  connecting the sampling tube with the gas-bureite. On ship board, if the vessel isx not
o fod Rand I b

steady, the two serew clips seen on the rubber tube counecting the lower end of the gas burette with the
werenry reservoir are moved elose up to the gas burette and used in the manncr deseribed in the text.
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Fie. 10.

Micro - photograph- of Section ot $pinal Cord of goat
killed by Sudden decompression. A number of air
bubbles can be seen in the white matter, one being just
at the junction of White and Grey Matter.

Fre. 11,

Portion of Goat's mesentery showing bubbles in blood vessels
caused by rapid decompression from 100ibs pressure,
after 1§ hours exposure at this pressure, in 1} minutes
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Fig. 21

o x e
Fig. 20. Frgure. 2,
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