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Introduction

T h i s  book  is n o t a m anual: it is n o t m y  in tention  to explain to 
engineers how  one m ust go about constructing  a bathyscaphe. 

I f  that were m y object, this w ork  w ould contain m any m ore technical 
details and the m ajority o f  its readers w ould  find it try in g : that is w hy  
I have avoided, as far as possible, formulae and figures.1

T h is w ork  likewise does no t attem pt to keep its readers breathless : 
the deep-sea dives effected w ith  the Trieste conform ed too closely to 
our forecasts to be dram atic. If, w hen we were on the sea-floor, we 
had had any trouble about releasing ballast and if  we had barely 
m anaged to rise again after t.wenty-four hours, I could easily have 
dram atized this account. But, to m e, a book  o f  such a nature w ould  
have no reason for existence : on the contrary , I  w ish to show  that the 
bathyscaphe is a dependable device, in w hich the father o f  a family 
m ay trust him self w ithou t anxiety.

T h e  construction o f an abyssal subm arine is certainly n o t child’s 
play : it requires the solution o f  an infinity o f  problem s. But, in the end, 
there is no insurm ountable difficulty : that is w hat I w anted to prove.

I have tried to express m yself in such a w ay that anyone, even if  he 
never had to deal w ith  technical problem s, m ay understand me. In  
particular, I have had in m ind young  people w ho do no t yet possess 
the scientific equipm ent they will acquire later on, bu t w ho are already 
passionately interested in the achievem ents o f science and m odern 
industry.

B ut while getting  a better grasp o f  the difficulties they will, I hope, • 
share w ith  m e the joy  felt in overcom ing them .

People have often asked m e w hy, after the stratospheric balloon, I 
w anted to build the bathyscaphe, a subm arine designed for great 
depths. W e will see in the next few chapters that the analogies betw een 
the tw o machines are striking, although they are intended for dia­
m etrically opposed purposes. I t  is probable that destiny wished to make 
these analogies fruitful by  en trusting  the same physicist w ith  the 
w ork ing  ou t o f  bo th  types o f  apparatus. A nd how  can we set ourselves 
against ou r destiny, especially w hen the end in view  is so fine ; w hen

1 Certain technical details will be found in the Appendices at the end.
[ x i ]



it is to play our part in one o f  the splendid tasks set for men, the con­
quest o f our w orld?  T o  discover new  countries, to climb the highest 
peaks, to travel th rough  new  areas o f  celestial space, to tu rn  our 
searchlights upon dom ains o f  eternal darkness, that is w hat makes life 
w orth  living.

H ow ever, the m odern scientific seeker should no t cast him self 
head forem ost into these perils. T he  sport o f the scientist consists in 
utilizing all that he know s, in foreseeing all the dangers, in studying 
every detail w ith  profound attention , in always using the admirable 
instrum ent o f m athem atical analysis w herever it can shed its magic 
light upon his w ork . I f  he is convinced that in advance he has avoided 
all imaginable risks, and has neglected no th ing  in his plans, the 
scientist then has the serenity necessary to achieve success. O f  w hat 
use is oceanographic research ? T his question has been asked me m ore 
than once. I t  is pointless. T w o  kinds o f research exist. T o  begin w ith, 
the scientist w orks ou t o f a love o f  research, w ithou t a determ inate 
object, w ithou t always perceiving direct practical applications o f  his 
w ork . H e discovers new  facts, unknow n relations. Even if this appears 
insignificant, a day will come w hen the results obtained will prove 
useful. I t  is then, bu t only  then, that research turns tow ards the 
practical. Industry  w ith  its great resources then takes a hand. T he  m ost 
disparate discoveries are adjusted like pieces o f a Meccano set, and w hat 
is m issing is discovered in new  researches. T hen  a new  scientific 
edifice is built, som ething from  w hich hum anity  will benefit.

W e can m ake the follow ing statem ent w ithou t risk o f being con­
tradicted by  fu ture events : each discovery, even the m ost apparently 
insignificant, will end by  being o f  use to m an. T o  support w hat we 
have just said, innum erable examples could be cited. H ere are tw o : 
the D anish physicist O ersted (w ho discovered alum inium ) observed 
that an electric current caused the compass to deviate. A  fine discovery, 
o f  course, quite unexpected too. But o f  w hat use could it be? T hen  
decade followed decade. T he  m agnetic needle was made larger, the 
current stronger, O ersted’s single loop was replaced by a coil. T he 
result is the electro-m agnet, the electric m otor, the dynam o, the whole 
electrical industry , all those m odern techniques o f  w hich we are so 
proud. In  less than a century, the e igh t-hour day has replaced the 
fourteen-hour day. W as it really o f  so little im portance for hum anity, 
that, in a little laboratory, the needle in a compass turned a quarter 
o f  a circle? H ere is another example, m ore recent. In this case the
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fundam ental discovery and its practical utilization came close together. 
A  British scientist, A lexander Flem ing, took  an interest in certain 
species o f  bacteria, keeping them  alive on gelatine, taking care that 
no foreign spore entered his culture. N evertheless, a spore o f m ould 
did enter. A  green spot arose and developed. F lem ing recognized 
it as the Penicillium notatum , in w hich he was in no way interested. 
T his m ould was even a nuisance, for all around it the cultures o f 
bacteria ceased to develop.

F lem ing could have th row n ou t the w hole preparation and started 
another culture, taking still m ore care to avoid all contam ination. But 
for w hat reason could the bacteria n o t live in the neighbourhood o f 
the m ould ? A  com m onplace observation, perhaps. But in b io logy no 
fact is com m onplace. F lem ing studied the phenom enon at closer 
range. O ther investigators follow ed him  in this direction and m uch 
m ore rapidly than O ersted’s discovery (we are in the tw entieth  century) 
F lem ing’s observation bore fruit. Everyone know s it. T h e  Penicillium  
notatum  secretes in m inute quantity  a new  body, penicillin. I t  is toxic 
for the germ s w hich cause certain maladies. U ncounted  cures will be 
m ade presently, thanks to it and to o ther antibiotics w hich were 
discovered as an indirect result o f  the researches o f one man.

T h e  scientist, w hether physicist, chemist or oceanographer-, makes 
investigations then, first ou t o f a taste for research ; and if  a new  region 
o f  the earth, o f  the subsoil, o f the atm osphere, or o f  the oceans opens 
up before him , if a new  phenom enon or a new  substance is discovered, 
he looks forw ard, th inking o f  the future. T h e  w ork  has no t been done 
in vain.

By inventing an instrum ent able to navigate freely about the ocean- 
floor, I satisfied m y taste for invention and, I trust, opened a door in 
oceanography.

/W < o ¿s~*o>

L l â r t  <* y
* ' Í* *
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P A R T  O N E

F R O M  T H E  S T R A T O S P H E R E  T O  T H E  S E A - B E D

i : In the Stratosphere

T h e  technical m eans called upon  for the exploration o f the high 
atm osphere and the subm arine depths present such striking 

analogies that m y editor has asked me briefly to review  the conquest 
o f the stratosphere.1 T his w ork  essentially aims at the description 
o f  m y bathyscaphe and its voyages. W h y  did the achievem ent o f  the 
F N R S , for such was the nam e o f  m y stratospheric balloon, precede 
that o f the bathyscaphe ? T h is is w hat I w ant to explain.

F rom  the beginning o f  the last century  it had been noticed that 
gases reputed to be perfect insulators for electricity could in reality, 
in certain conditions, conduct it. It had been observed, in particular, 
that the passage o f  electricity th rough  the gases was possible w hen 
these gases were exposed to the radiation o f  radio-active bodies. But, 
w hat was surprising, these observations m ade in a balloon, for the 
atm osphere at altitudes o f  miles to 5-j m iles,2 revealed an increase 
o f  conductivity , w hile, as the distance from  the earth and its rad io­
active bodies increased, it had been expected that a decrease w ould be 
observed. T his led physicists to adduce the existence o f  another 
phenom enon, that o f  cosmic rays com ing from  outer space.

It was to enlarge our know ledge in this dom ain that I, a physicist, 
conceived the idea o f ascending into the stratosphere.

Let us recall in a few lines w hat this w ord  signifies. T he higher we 
rise in our atm osphere, the low er are the tem peratures we encounter. 
But, as Teisserenc de B ort discovered by  means o f his sounding- 
balloons, between 3 j- miles and io  miles, according to the latitude and 
the season, we encounter a very  m arked limit beyond w hich the 
tem perature ceases to fall, or even increases slightly, w ith  the altitude. 
H ere, from  the m eteorological poin t o f  view, begins the stratosphere, 
the region w here the vertical displacements o f air, w hich produce the

1 On this subject see m y book: ‘A bove the C louds’ (.Au-dessus des nuages) ;  
Bernard Grasset, ed.

2 These and all follow ing calculations are suitable approximations to the 
figures in Professor Piccard’s book. (Translator.)
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condensation o f w ater and the form ation o f the clouds, no longer exist. 
T hus the stratosphere is righ tly  term ed the region o f  perpetual good 
w eather. I t  is because it comm ences at miles, as an average in our 
regions, that aviators in their everyday usage give this altitude as its 
low er limit.

I t  was to this high region, to be m ore precise to an altitude o f io  
miles, that I w ished to ascend to m eet the cosmic rays in order to 
observe them  in mass, w here their initial properties w ould no t yet 
have been too modified by  collisions w ith  the molecules o f  our 
atm osphere.

F o r a num ber o f  investigations, use had been m ade o f  sounding- 
balloons, the classic free balloon scarcely allowing m an to do useful 
w ork  beyond 3 J  to 7-J miles. Beyond this range, in fact, the air is 
too rarefied for our organism , and even if  the aeronauts have an 
equipm ent perm itting them  to breathe pure oxygen, they  cannot 
stay for long above about miles. T h e  sounding-balloon was thus, 
fo r m eteorologists, the sole means o f  exploring the high atm osphere. 
A  generation had laboured to devise autom atic instrum ents for record­
ing pressure, tem perature and hum idity . But the m easurem ent o f 
cosmic rays was a delicate operation very  different in nature, and 
could no t be effected at the time w ith  the necessary precision by  these 
autom atic instrum ents. T h a t is w hy  I decided to ascend m yself to 
io  miles. Luckily I was licensed as a free-balloon pilot and I  had 
already m ade a dozen ascents. May I here relate how  I became an 
aeronaut ?

Like m ost young  m en o f m y time, I  had a passion for everyth ing 
related closely or rem otely to this new  science. I t  was the epoch w hen 
the heavier-than-air m achine was m aking its first essays and w hen 
only optim ists foresaw the future developm ent o f  aviation : the 
lighter-than-air m achine was still k ing  o f the sky. As a young physicist 
I  naturally  read all the aeronautical journals w ithin reach. A  question 
was being discussed in them  by  specialists : that o f the d istribution o f 
the gas tem peratures in the in terior o f  spherical balloons. N ow , I did 
no t agree w ith the published results. These seemed to me to be in 
contradiction w ith  theory, and this was explained by  the fact that the 
m ethod o f m easurem ent chosen was no t suitable. I t  was necessary to 
take the m easurem ents again in better conditions. I addressed m yself 
to the Swiss A ero-C lub  (A éro-C lub  Suisse) w hich, understanding the 
im portance o f the problem , perm itted me to make several ascents w ith

[ 2 ]



this scientific object. These-w ere m y first trips. I had in the in terior o f  
the balloon, along its vertical axis and also in the neighbourhood o f  its 
equator, a dozen electric therm om eters, therm o-couples w hose cold 
junctions w ere in the basket o f the balloon. I m yself constructed a 
simple and exact potentiom eter and by  means o f  an E inthoven galvano­
m eter I could m easure the tem peratures o f  the gas w ithin approxi­
m ately a tenth  o f  a degree. A t the same time I could, by  means o f  a 
rubber tube, take samples o f  gas from  different parts o f  the balloon w hen 
it was at different heights and from  them  determ ine the density by  means 
o f  a bunsen apparatus. T h is perm itted me to follow  the diffusion o f  the 
air com ing in th rough  the neck and being slow ly mixed w ith the gas. 
All these m easurem ents w ere m ade for daytim e and for n ight-tim e at diff­
erent altitudes, so as to show  m ore clearly the influence o f  solar radiation.

These studies familiarized me w ith  the balloon. I did no t then th ink  
that later they  w ould lead me in to  the stratosphere.

I have said that it was the study  o f cosmic rays w hich had led me into 
the stratosphere. As a m atter o f  fact I had also another reason for going 
up there m yself: I w anted to induce the air services to use the high 
atm osphere, to travel at h igh  speeds at an altitude w here the rarefied 
air offers less resistance. B ut since, in the stratosphere, the low pressures 
make hum an life im possible, I was going to have to m ake use o f  an 
airtight cabin perm itting the m aintenance o f  an alm ost norm al atm os­
phere. T he  specialists o f  those days considered m y suggestion as 
unrealizable. W hat today  appears elem entary to us, in those days 
seemed U topian. But the single objection that they w ere able to make 
to me was that up till then no one had ever done it. H ow  often have I 
heard reasoning o f this sort! But it is just the function o f  the engineer 
to place his reliance upon  theory  w hen creating som ething new. I f  I 
had been an aviator I should perhaps have constructed, at the begin­
ning, a stratospheric aeroplane. But being an aeronaut I plunged into 
the construction o f a balloon. I t  was besides a relatively simple thing 
to suspend an airtight cabin to the free balloon.

T he  Belgian N ational F und for Scientific Research (Fonds N ational 
Beige de la Recherche Scientifique), w hich had just been founded by 
K ing A lbert I, supported m y project and accorded me the necessary 
credits. In  hom age to the Fonds N ational the balloon was baptized the
F N R S .

I w anted to ascend, as I have said, to meet the cosmic rays at a poin t 
w here they w ould no t yet have traversed m ore than a tenth o f  the
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atm ospheric mass. N ow  at such an altitude the pressure is, naturally, 
no m ore than one-tenth  o f an atm osphere. In  o ther w ords, at this 
height the pressure o f the air is no m ore than a tenth  o f that we ex­
perience at sea-level. As the lifting force o f a balloon is proportional 
to the density o f  the air displaced, as Archim edes w ould have already 
told us, I  had thus to construct a particularly large and light balloon, 
so that it could carry observers, instrum ents and the airtight cabin.

I  spare the reader the calculations I made : I had to have an envelope 
o f 223,560 cu. ft., o f  114 ft. in diam eter, m ade o f a material o f the least 
possible weight. H ere arises the principal difficulty in the construction 
o f  stratospheric balloons : a balloon o f this volum e, com pletely 
inflated w ith  hydrogen, w ould have, at its take-off, a static lift o f  nearly 
16 tons. T o  resist this force, material and net w ould have to be extra­
ordinarily strong, and thus heavy— so heavy that the balloon w ould 
never reach io  miles, w here a cubic yard o f hydrogen supports only 
one-tenth  as m uch as it does dow n here. T o  perm it the use o f a light 
envelope, then, it was necessary to in troduce into our balloon, at the 
m om ent o f  take-off, only  a small part o f the gas that it could contain, 
one-fifth o f its m axim um  volum e. D uring  the ascent this gas w ould 
expand under the effect o f the decrease o f atm ospheric pressure and 
only in the stratosphere w ould the envelope take its spherical form .

W hich o f m y readers has been present at the rigging o f a spherical 
balloon? T he  envelope is spread ou t on the g round, like a cast-net. 
U pon it the net is disposed. T h e  gas is introduced. T he envelope 
dilates and lifts up the net, w hich is held (and stretched) by  bags o f 
ballast. As the volum e o f  the envelope increases, the bags are taken 
from  mesh to mesh to be hooked on lower dow n. D uring  this w hole 
operation care m ust be taken that the folds in the expanding envelope 
open out com pletely, w ithou t being caught in the folds o f  the net. 
W hen the envelope has become spherical and has attained the desired 
height, the ropes attached to the net are affixed to the hoop and the 
balloon is prepared for the ascent. All this is accepted practice.

But our F N R S  was to receive, at the beginning, only a small part 
o f the gas w hich w ould later inflate it entirely. It was thus only  the 
upper portion w hich w ould contain gas, the rest o f the envelope 
rem aining em pty and hanging in great loose folds w hich w ould be 
progressively filled during the ascent. In  these circumstances w hat was 
to be done to avoid the accidents arising from  folds partially retained 
in the net ? W e could no t count upon a procession o f guardian angels
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to  release the folds during  the ascent; and as we could no t give up 
the envelope, we were obliged instead to give up the net. I t  was 
therefore necessary to suspend the car directly to the envelope by  
means o f a belt. (F ig . i ,  Plates i and 2.) H ere arose a difficulty o f

F ig .  i .  The stratospheric balloon F N R S

a. Valve e. Necks
b. R ipping panel ƒ  Attachment o f  cabin to the envelope
c. Ground-manoeuvring band g. Car
d. Load-bearing band

a new  order. I had chosen A ugsburg  as the poin t o f  departure because 
it was there that the balloon had been constructed by  R iedinger. 
A ugsburg  besides had the advantage o f  being distant from  the sea
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in any direction. But a balloon, as well as a car, is subject to severe 
regulations. I t  m ust be constructed according to classic norm s to 
obtain its certificate o f  airw orthiness. N ow  m y balloon varied from  
them  in an intolerable m anner, as m uch by  the absence o f a net as by  
the extreme lightness o f  the construction m aterials (2-f oz. to a square 
yard for the upper three quarters and only  iy  oz. for the low er quarter, 
the w hole covered by  2y oz. o f rubber to the square yard).

A n adm inistration can m ake no exceptions, above all w hen a foreign 
professor is in question ! T h e  G erm an perm it was thus refused to me. 
F ortunately  the in ternational agreem ents allow  a Swiss aeronaut to 
leave G erm any w ith  a Swiss certificate o f  airw orthiness originating in 
Berne, and Berne, m ore liberal, gave me the authorization asked for.

Let us now  look at the basket o f  our balloon, or rather at w hat it 
had instead o f  a basket. W e m ust have a herm etically sealed cabin, 
carrying breathable air at ord inary  pressure, and able to resist this 
internal pressure even w hen the outside pressure will be no m ore than 
one-tenth  o f an atm osphere. O u r lives depend upon the airtightness 
and the strength  o f  this cabin. Let us, then, have a spherical cabin in 
sheet alum inium  o f  one-seventh o f  an inch (3*5 m m .) thick. T h e  dia­
m eter will be 7 ft. (210 cm .). T w o  observers, surrounded by  their 
instrum ents, will be perfectly com fortable here, surveying the outside 
w orld  th rough  eight round  portholes o f a convenient diam eter, that o f 
3*15 in. (8 cm.). T o  avoid the danger o f breakage caused by  the differ­
ence between the pressures prevailing on the tw o faces, these w indow s 
are constructed o f  tw o sheets o f glass, each 0-3 in. thick, separated by  a 
thin layer o f air w hich contributes to therm al insulation. W e thus 
prevent the form ation o f rim e on the w indow s, even in the stratosphere, 
w here the external tem perature is in the neighbourhood o f  -  76° F. 
These w indow s offer no danger o f  breakage even w hen obliged to 
sustain a difference in pressures o f  nine-tenths o f  an atm osphere.

I did no t im agine then that, nine years later, I should construct 
portholes to resist a pressure o f  600 atm ospheres.

H ow  could we, from  this sealed cabin, m anage to drop  ballast 
w ithou t air escaping? T h e  principle o f the air o r w ater lock is well 
know n. Here is how , w hen I was still a child, I observed its functioning 
for the first time. O ne day I was taken to visit a menagerie. In  one o f  the 
cages was a lion and a lion-tam er. H ow  w ould the tam er get ou t w ith ­
ou t the lion being able to follow him  ? It was a revelation for the little 
lad that I then was : the tam er w ent into a little adjoining cage th rough
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a door w hich he closed behind h i m:  only after this did he open a 
second door w hich gave him access to the outside : at no time were the 
tw o doors open at once and the beast had no t been able to get out. 
F o rty  years later I had n o t forgo tten  this scene. T he  tam er was now  
the ballast, w hich had to get ou t o f  the cabin w ithou t allowing the lion, 
that is, the air, to follow  it.

I t  was sufficient to apply the principle o f  the air-cham ber : let there 
be a container provided w ith  tw o stra igh t-th rough  taps. By means o f 
a funnel, we pour the ballast into the container th rough  the upper 
cock, the ballast being com posed, in our case, o f  lead-shot. T hen , 
after this cock is closed, the low er cock is opened and th rough  it the 
ballast pours directly tow ards the outside. So that the lead-shot in 
falling m ight no t injure spectators, a very  fine shot is needed. I made 
sure m yself that there was no danger, by  standing at the bo ttom  o f the 
b ig  chim ney o f the U niversity  o f Brussels under a rain o f  shot w hich 
was poured on m y head from  a height o f  165 ft.

All w ould  have been for the best if  international regulations had 
perm itted anyth ing  o ther than sand or w ater for ballast. W hat was to 
be done? T o  cut all discussion short, I declared that I had as ballast 
lead-sand. T his explanation aroused no objection. H ow ever, by 
definition, sand is a non-m etallic substance and nobody  has ever seen 
lead-sand ! I thus im itated the fam ous priest in the anecdote w ho was 
served w ith  roast chicken on a F rid ay : he baptized it ‘ca rp ’ and was 
thus able to enjoy it w ith  a quiet conscience.

Let us note in passing that it was iron-sho t w hich was used as 
ballast fo r the three bathyscaphes.

M y b ro ther, for his balloon , has found a graceful m ethod o f resolving 
the problem  and satisfying the regulations in force: this time the 
ballast is o f  sand, real sand, and the sacks w hich contain it are arranged 
on the outside o f  the cabin: each one o f them  contains a detonator 
w hich electric conductors connect w ith  a battery  lodged in the cabin. 
A  simple pressure on the switch bu tton  suffices : the sack rips open and 
empties itself. A fterw ards this arrangem ent was adopted on the 
Explorer I I ,  w ith  w hich the A m erican pilots reached 13-f miles. T he  
balloon had been inflated in a sheltered valley : the balloon commenced 
its ascent w hen, suddenly, the w ind beat it dow n upon trees standing 
on a ridge. I f  the pilo t had no t im m ediately made use o f  his sw itch­
board the Explorer I I  w ould have been destroyed. N o  other system 
o f unballasting w ould have been speedy enough to save the balloon.
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I cannot here give the w hole sto ry  o f  the construction. H ow ever, 
I should like to describe one incident. I t  happened at the m om ent 
w hen the building o f  the car was nearly finished. T h e  cabin possessed 
tw o m anholes, closed b y  means o f hatches to be pu t into place from  
inside : the pressure prevailing in the cabin forces the hatches against 
the joints. T his principle is em ployed in all pressure cham bers: the 
hatch naturally has a diam eter greater than that o f  the opening. 
H ow ever, in order to be able to in troduce the m anhole cover usually 
the m anhole is m ade oval : the cover is inserted by  first pu tting  in the 
small end and then by  ro tating  it, b ring ing  it in to  place. O n  the con­
trary , I had asked that the m anholes in m y cabin should be circular: 
for one thing, this system  guaranteed better airtightness, and for 
another, the round  shapé better suited the spherical form  o f  the cabin. 
In  such a case, w hen the cabin is finished, there is no longer any 
possibility o f  getting  in the hatches. I had therefore rem arked that the 
covers should be placed in the cabin before they  welded the last sheet 
o f alum inium . W hen- g iv ing  the order I had once m ore insisted upon 
it : o f  course, the directors o f  the factory  w ere o f  m y opinion, b u t no t 
the w orker responsible. Better than anyone else, he knew  how  to 
m anage it : it was no t the first pressure cham ber that he had built and 
he had always seen the m anhole cover pu t in last o f  all. (I even suspect 
him  o f  never having understood w hy  the m anholes w ere oval.) F o r 
h im , a m an o f  action, only  practical experience counted. H e was w ary 
o f  theory  and was no t going  to let anyone im pose upon h im : still 
less a university  professor w hose reasonings were abstract. T h e  car 
was welded then, bu t— w ithou t hatches.

I was invited to examine the finished effect. M y first glance w ent 
to the inside o f the cabin.

‘ But y o u ’ve forgotten  the hatches ! ’
‘N o, they’re there.’ A nd I was show n the hatches nearby.
‘But you know  that they should be inside. N ow  you w o n ’t be able 

to get them  in .’
‘But I  don ’t see w hy  n o t,’ he replied, convinced that his experience 

was as good as that o f ten university  professors.
H e took  up a hatch and turned it about in every direction, like a 

child try ing  to push a saucepan lid into the saucepan. T hen , w hen I 
returned to the factory, the tw o covers were inside the cabin. I paid 
tribute to the dexterity o f  the w orkers: and I am still w ondering 
w hether they had cut open the walls again or if  they had cut th rough
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the hatches and rewelded them  once they  were inside. T he  repairs 
were, in any case, com pletely invisible.

A ugsburg , Septem ber 1930. O n the 14th Septem ber the balloon was 
inflated. K now ing that the w ind w ould hinder the rigging o f  this 
large balloon and could even render departure im possible, we had 
waited several weeks for favourable w eather forecasts. But to our great 
despair the w eather changed abruptly , a v iolent w ind took  a hand and 
we had to em pty the balloon and give up  the idea o f  departure. A  
great disappointm ent, it goes w ithou t saying, for the public and the 
Press!

W e w aited once m ore for a m ore clem ent sky, b u t in vain. W e had 
to w ait until spring, w inter n o t being a season favourable to an 
experim ent o f  this sort. Finally, on the 26th May 1931, the w eather 
forecasts were favourable. In  the n ight o f the 26th-27 th  M ay we go t 
the balloon inflated: 100,000 cu. ft. o f  hydrogen. But on the m orning 
o f  the 27th the w ind rose once m ore and knocked the balloon about : 
the cabin was th row n ou t o f  the transporter and pu t slightly o u t o f 
shape (later we w ere to notice the consequences o f  this). H ow ever, 
w ith  m y friend and collaborator, Paul K ipfer, I w ent into the cabin 
and we closed the m anhole behind us. T h e  w ind increased. T o  hold 
the balloon, they attached, w ithou t m y know ledge, a supplem entary 
rope to the hoop. A t 3*57 p.m . K ipfer, looking ou t o f  one o f  the 
portholes, said to m e:

‘A  factory  chim ney is passing underneath  us!’
T h ey  had let the balloon go and forgo tten  to give us the signal 

o f departure that had been agreed upon!
W e w ent up very  quickly. Some m om ents afterwards I perceived 

that the insulator o f an electric sounder going th rough  the wall o f  the 
cabin was broken at the time it fell : the air— our precious air— was 
rushing out, w histling th rough  the hole. Fortunately  I had had pre­
pared a m ixture o f  tow  and vaseline, expecting that this paste w ould 
be useful in case o f  a leak. I surrounded the insulator w ith insulating 
tape and with this paste. T h e  w ork  was no t easy.

Soon Kipfer, w ho was observing the pressure gauges, said to me : 
‘W e are at miles and there is still an equal pressure inside and 

outside the cabin!’
W ell, w hy  have I had this beautiful alum inium  cabin built? Since 

it leaks like a basket, a simple w ickerw ork car w ould have been as 
serviceable! T he  situation was critical. I said to m y com panion:
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‘I f  we don’t become airtight immediately, w e m ust pull the valve 
and land, if  we don’t w ant to  suffocate.’ W e d idn’t yet know  that the 
rope o f  the valve was blocked. . . .

B oth o f  us confident in this last resource, I w ent on w ith  m y w ork . 
B ut the hole was big ! Bit by  bit, how ever, the w histling grew  feebler, 
then was silent. N ever have I appreciated silence so m uch. T he  
pressure already in our little hom e had gone dow n to less than tw o- 
thirds o f  norm al. H appily  we had a reserve o f  liquid oxygen. I poured 
som e o f  it on the floor in small quantities1 and the oxygen rapidly 
evaporating increased the pressure.

W e still w ent up. T h e  sky  became darker.
Tw enty-five past four! T w en ty -e igh t m inutes ago we were still in 

A ugsburg , 1650 feet above sea-level.
‘ W hat altitude, K ipfer ? ’
‘ 51,200 feet.’
In  less than half an hour we had gone up over 9 miles. T h e  balloon, 

w hose shape at the m om ent o f  departure was rather that o f  a dried 
pear than o f an apple, had now  inflated follow ing upon the expansion 
o f  the gas and had becom e perfectly spherical. T h e  excess gas escaped 
b y  the neck and our aerostat reached its first position o f equilibrium .

A t last here we are in the stratosphere !
A round us the sky. T h e  beauty  o f  this sky is the m ost poignant 

th ing  w e have seen : it is som bre, dark  blue o r violet, alm ost black. 
I f  the air w ere perfectly transparent, we should see the earth over a 
radius o f  280 miles, and our visual field w ould cover 246,000 square 
miles o f  the planet (m ore than the surface o f  all France). B ut beneath 
the stratosphere there is the troposphere, w hose upper lim it on that 
day was about miles : it is m uch less transparent. A t the horizon we 
perceive the confines o f  the tw o zones, as if  draw n w ith  a ruler. I f  one 
looks obliquely across the troposphere, the earth, so d istant, is 
invisible : there is no th ing  to be seen bu t fog. B ut the m ore the glance 
is directed dow nw ards, the m ore visible is the earth. Beneath us is the 
Bavarian plain. But, even if  we look vertically dow n, the picture is 
b lurred as in a bad photograph . T here  is, in fact, between us and the 
earth nine-tenths o f  the atm osphere, alm ost as m uch as if, at sea-level, 
we were looking at the m oon. A lone, the m ountains em erge from  the 
foggiest regions o f  the troposphere. A t first hidden by  clouds, they

1 I f  one pours out too much oxygen at a time, the sudden increase o f  pressure 
affects the ear.
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reveal themselves b it b y  b it: a sum m it, then ano ther: at last, all the 
snow y chains o f the Bavarian A lps and the T y ro l, w hich we are 
approaching gradually.

In  spite o f  the splendour o f the spectacle, we took  precautions. W e 
th rew  ou t over a hundred  pounds o f  ballast, w hich caused us to rise 
som e hundreds o f  yards.

W e soon m ade a very  unpleasant d iscovery : the rope w hich 
controlled the valve was no t w ork ing . I t  was tangled w ith  the supple­
m entary  rope w hich was affixed at the m om ent o f  departure. N ow , if  
we could n o t open the valve, we could n o t let the gas escape, to begin 
the descent. Instead o f  obeying us, the balloon w ould go dow n only 
w hen external conditions perm itted it, that is to say, w hen it grew  
colder at sunset. W here should we be then ? O ver the land ? O r above 
the A driatic ?

As it descended, the balloon w ould g row  longer : the rope operating 
the stopped-up valve w ould therefore be stretched out, and w ould 
open the valve, accelerating our descent m ore than we wished.

H ow ever, to carry ou t our program m e and reach that altitude w here 
the pressure is only  one-tenth  o f  an atm osphere, we threw  ou t m ore 
ballast and soon w e saw a difference on our barom eter between the 
tw o meniscuses o f  2*992 in. exactly. Being used to seeing in the 
laboratory, on our barom eters, colum ns o f  m ercury o f  29*92 in. we 
had a curious sensation w hen we read a barom etric height reduced to 
one-ten th  o f  w hat we call its norm al value.

W e should have been perfectly happy if  it had no t been for this 
incident o f  the valve. T h e  future was uncertain. W hat were we to 
do?  W e decided n o t to th row  ou t any m ore ballast, partly  to 
shorten  our trip , and partly , also, to be able to dispose o f  w hat re­
m ained at the m om ent o f landing. T hen  we decided to pack up the 
instrum ents. I f  the balloon, as it drew  ou t in length, itself pulled open 
the valve and thus occasioned too sudden a landing, we had to take 
precautions against being injured b y  loose objects.

W e tried once m ore to open the valve by  turn ing  the windlass 
w inch around w hich the cable was w ound, by  means o f a crank placed 
inside the cabin. But the cable b roke clean off, w hich definitely put 
at an end any hope o f controlling the balloon.

T here  we were, prisoners o f  the stratosphere. F ortunately  we had 
at ou r disposal a good reserve o f oxygen, and o f  alkali, w hich is used 
to absorb  the carbon dioxide produced by  our breathing. A lthough

[ l í  ]



our program m e provided for a landing about m idday, I had a 
reserve w hich should have let us remain shut up in our cabin until 
sunset. P rovided, at least, that we could keep the cabin airtight. 
H aving felt several times, in our ears, a sudden low ering o f  pressure, 
we perceived that we w ere once m ore losing air th rough  the hole near 
the insulator ; the vaseline had run  ou t th rough  the tow . So the struggle 
for life began again. T h e  longer the trip  took, the greater was the danger 
o f  reaching the A driatic. W e had a drift indicator w hich hung  50 yards 
below  the car. As long as land was visible, it perm itted us to determ ine 
our speed and the' d irection o f  our drift. T he  direction was, in fact, 
tow ards the A driatic. O u r speed was, luckily, very  low : if  it did no t 
increase we were sure no t to leave terra firma during  the day. In  the 
stratosphere the w ind is often very  violent. O n  certain days it w ould 
have borne us as far as above the Persian Gulf. I f  I had know n the 
m ountains w hich surrounded us, I could have found our position. 
B ut the view  was too  often obstructed by  clouds to perm it us to 
follow  ou r course on a map. I t w ould no t have helped us m uch any­
w ay. W e could do no th ing  about it and all we could do was to await 
the tu rn  o f  events.

As a last stroke o f  ill-luck, one o f  the large m ercury barom eters 
broke as the result o f  an aw kw ard m ovem ent. T he  liquid metal flowed 
to the bo ttom  o f  the cabin. N ow , in certain cases, alum inium  can be 
rapidly  eaten away by  m ercury. F ortunately  a good  layer o f  paint 
p ro tected  the cabin. N evertheless the presence o f  m ercury was no t 
reassuring. I f  only  w e had possessed a little pum p w ith  w hich we could 
have sucked it up! W e had w ith  us a rubber tube. I f  only, we thought, 
we had had a vacuum  cleaner! As a m atter o f  fact, never had a physicist 
at his disposal m ore vacuum  than we had! T h e  w hole stratosphere 
was at our disposal. W e connected our tube w ith  a tap w hich led 
outside and we placed the o ther end on the cabin floor. T he  m ercury 
was sucked up and th row n outside as well as the condensed w ater 
w hich had accum ulated at the bo ttom  o f  the sphere. But we hadn’t 
com e to the end o f  our difficulties.

W e had departed before sunrise and we had traversed at h igh  speed 
those zones w here the tem perature was between 50o and 750 C. below  
zero. T h e  walls o f  the cabin w ere then very  cold and its in terior 
was rapidly covered by  a good layer o f  frost. I t  was as if  we were in a 
drop  o f  crystal. I f  the situation had lasted, we should have suffered 
seriously from  the cold. But soon the sun rose, the stratospheric sun.
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Its radiance is twice as intense as at sea-level. T he  alum inium  became 
heated and the frost dropped off. I t  began to snow  in our cabin.

Bit b y  b it the tem perature rose. 70o F. was very  pleasant. 85o was 
bearable. But over ioo° was too m uch! W e sat dow n as low as possible 
in the sphere, as there it was coolest, bu t still we go t very  thirsty. 
I had asked that tw o big  bottles o f  w ater should be put in our cabin : 
we found only one small one. Beneath the flooring w ith w hich the 
rounded bottom  o f our cabin was covered, the condensed w ater had 
collected : there w ould have been enough o f  it, b u t dust, oil and 
m ercury made it into an undrinkable em ulsion. Luckily  Kipfer dis­
covered a sp ring : fresh w ater, clean and distilled, flowed along the 
wall, on the shady side : there was no t m uch o f it, bu t it sufficed to w et 
our tongues from  time to time. I found som ething even better : when 
we poured liquid oxygen into an alum inium  goblet and waited for the 
oxygen to evaporate a thick layer o f  frost was form ed outside. But 
it was so cold it b u rn t to the touch, for it was form ed at — 350o F. : 
we had to w ait a b it until its tem perature was that o f  m elting ice.

12.30 p.m ., the sun at its zenith. A t last the entire cabin came into 
the shadow  o f the balloon ; and the tem perature sank. O ne side o f the 
cabin was painted black, the o ther being left bright. I had intended, 
by  m aking the balloon tu rn  round, to regulate the tem perature, since 
black absorbs m ore heat than a b righ t metal : bu t the m o to r intended 
to bring  about this rotation had been damaged at the time o f departure : 
the w hole m orning it was the black side w hich had been exposed to 
the sun. D uring  the afternoon the balloon turned round : and so we 
no longer had to suffer from  the heat.

T ow ards two o ’clock in the afternoon we began to descend very 
slightly. B ut a rapid calculation showed us that at this rate we should 
take fifteen days to get dow n! As a precaution, we decreased the outlet 
from  our oxygen apparatus and we kept as still as possible so as no t 
to turn too great a quantity  o f this precious gas into carbon dioxide.

3 p.m . T he  speed o f descent is m ore m arked. H ow ever, it w ould 
still take tw enty-four hours at this rate to land. All the same the 
descent is getting faster : that is the essential thing.

4 p.m . 5 p.m. 6 p.m .! T he  hours are passing. W e are crossing the 
Bavarian Alps. T he  sun is going dow n. T he  balloon, now  colder, 
descends faster and faster.

8 p.m. A ltitude 7^ miles. A t last we had left the stratosphere. By 
the fog w hich suddenly covered the distant horizon we saw that we
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w ere passing into the troposphere. Below us tw ilight flowed th rough  
the valley o f the R iver Inn. O n  the g round, we found out later, people 
saw an unusual sight. T h e  balloon, still in the sun’s rays, appeared to 
the earth-people brilliantly  illum inated against the dark sky. U ntil 
today, only  the planets and the m oon have been seen lighted up  in this 
fashion. So they took  us for another heavenly body. T o  the observers 
nearest at hand, the illum inated part o f  the balloon appeared in the 
form  o f  a crescent. H ad a little m oon  been born  ? N oth ing  was m issing, 
it even had a halo. T his was produced by  the light reflected by  the 
balloon and diffused in the fogs o f  the already obscured troposphere. 
(O n  the 18th A ugust 1932 the reverse took  place : our friends w ho were 
follow ing us in a car w ere speeding in the direction o f Venus, w hich 
they took  for our balloon.)

T h e  sun disappeared beneath the horizon. W e descended m ore and 
m ore rapidly. N ow  it is know n that if  m ore ballast is th row n over­
board than is necessary to stabilize a descending balloon, and the 
valve is n o t opened, the balloon will generally climb again to  its earlier 
position o f equilibrium . W e had to  be very  careful then, w hen th row ­
ing out ballast, no t to go back at one jum p to io  miles up. I t  was just 
unfortunate  if  the landing proved a little rough.

By means o f  the tap w hich com m unicated w ith  the open air, we 
slowly decreased the pressure in the cabin, so that we could open our 
m anholes as soon as possible.

Kipfer watched the barom eters. A t 15,000 ft. he announced equal 
pressures w ithin  and w ithou t. W e opened the m anholes im m ediately 
and pu t ou t our heads. A fter having been shut up seventeen hours, 
we were at last in the open air. A bove us, the starry  sky. Beneath, the 
high  m ountains, snow  and rocks. T he  m oonlight was m agnificent. 
T w o  little clouds were lighted up from  second to second by  storm y 
discharges : b u t we saw no lightning nor heard any thunder. T o  be 
ready for anything, we prepared our parachutes, b u t the balloon very  
luckily left the storm y zone.

A glance tow ards the h o rizon : it still form ed a straight line. B ut 
soon gloom y silhouettes em erged : m ountains. W e were already lower 
then than the highest peaks. T h ings w ere going  to happen fast. W e 
w ere in the high m ountains near a pass covered w ith  ice. O n  the south 
side it appeared to lead rapidly  dow n tow ards the plain, bu t we w ere 
drifting northw ards. Because o f  the danger o f  clim bing again to io  
miles w ith  the m anholes open, we dared n o t cast ou t any ballast, and
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w ere obliged to m anœ uvre only by  means o f  the ripping panel. W e 
touched a very  steep field o f  snow. In  m y hand I held the strap w hich 
allowed me to open the panel and to em pty  the balloon alm ost 
instantly. But I took  good care n o t to do it : the site was no t suitable 
for a landing. T he balloon bounced and flew over a glacier. I t  was a 
maze o f  crevasses. O ne m om ent I could see the lights o f  a village, and 
I flashed a signal tow ards it w ith  a torch. (T h e  next day we learnt 
that this signal was seen perfectly from  G urg l.) But the village dis­
appeared in the valley. A t last we approached a flat place free o f 
crevasses. N ow  was the m om ent! K ipfer pulled the strap o f  the ripping 
panel ; the balloon quickly em ptied ; we touched the ice, the cabin 
rolled a little, then came to rest.

M y m anhole was on top, so I had an unrestricted view. T he  envelope 
was floating above us. T h e  w ind was so light that at every m om ent it 
threatened to fall on the cabin : then it leant over and lay dow n on the 
glacier: the opened ripp ing  panel being underneath , it em ptied only  
very  slowly. A  glance into the dark cabin show ed me a heap o f  strange 
objects: 400 lb. o f instrum ents, 750 bags o f  small shot, all scattered 
about upside dow n. A nd underneath , K ipfer, w ho was slow ly picking 
his w ay out tow ards the top.

W e had landed at an altitude o f  som e 8700 ft. Switzerland ? A ustria : 
Ita ly? W e bivouacked w here we w ere. T h e  place w ould have been 
fairyland if  it had no t been so cold ! W rapped  up in the balloon m aterial, 
I w ent to sleep, bu t I started from  sleep from  time to time, w oken by  
the noise o f  a waterfall w hich in m y dream  I m istook  for the w histling 
o f  our air leak! A t daw n, from  aeronauts we became alpinists: linked 
by  a double rope, sounding the snow  at every  step w ith  a bam boo 
stick found in the rigg ing  o f  the balloon, w e reached the edge o f  the 
glacier, and seeking out passages across the rocks, we w ent dow n slow ly 
tow ards the valley. A t m idday a patrol o f  skiers came from  G urgl to 
our rescue, reached us and led us to  the village. I t is w ith  gratitude that 
I th ink o f  the valuable help given to us as m uch by  the m ountaineers 
as by  the authorities in the T yro l. F o rty  m en, tw enty  soldiers and 
tw enty  peasants carried the envelope o f  the F U R S  on their shoulders 
from  the G urgl glacier to the village, w ithou t a path  or on the w orst 
trails and all this w ithou t one tear in the delicate material.

A  few days later, at Zurich, w here the Swiss A ero-C lub  welcomed 
us in trium ph, its president, Colonel M essner, congratulated us, and 
expressed the hope that the w orld  altitude record w hich we had just
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set up w ould no t be beaten for m any years. In  m y reply  I had to 
contradict him .

T t will be a fine day for m e / I said, ‘w hen o ther stratospheric 
balloons follow  me and reach altitudes greater than m ine. M y aim is 
n o t to beat and above all n o t to m aintain records, bu t to open a new 
dom ain to scientific research and to aerial nav igation .’

In  the m onths that follow ed, although w e reached the altitude we 
aimed at, ou r enterprise was called foolhardy, partly  because the 
valve rope became jam m ed: if  we are safe and sound, it appears, it is 
a miracle. M y spherical balloon had a bad press : I had no em ulator, at 
least at the beginning. M eanwhile I kep t m yself occupied w ith  w ork  
on cosmic rays. A fter a while I  w anted to m ake a new  ascent. T his time 
it was m y friends o f  the A ero-C lub  o f  Zurich and m ore especially 
D r. E . T ilgenkam p, Colonel G arber and D r. Bonom o w ho took  it 
upon  themselves to organize it.

In  the early days o f  A ugust, the w eather forecast seeming favourable 
we decided to set fo rth  the next day : the balloon was to be inflated 
during  the n ight. In  the afternoon, in radiant w eather, the envelope 
arrived and was spread out. A  little later, M. Jaum otte, director o f the 
Belgian M eteorological Institu te , rang me up from  Brussels. H e had 
heard that we w ere planning to take the air, b u t he w arned m e that 
thunderstorm s w ere expected over central E urope during  the night. 
Zurich confirmed this forecast, so I did n o t hesitate. A lthough  the 
crew was already m obilized and everyth ing ready for the business o f  
filling the balloon, w e cancelled the departure.

I still rem em ber w hat the reporters though t o f  it : fo r was no t the 
sky cloudless? F ortunately  I  stuck to  m y decision. A nd I smiled w hen 
later a v iolent storm  burst over Zurich and D ubendorf. T h a t n igh t, I am 
sure, m eteoro logy  gained prestige in the eyes o f  the international press.

O n  the 17th A ugust, finally, the forecast was good. In  splendid 
w eather, in the night, w ithou t a breath  o f  w ind, the F U R S  was in ­
flated: on the 18th, before sunrise, all was trim  and at seven m inutes 
past five in the m orning , ‘ L et go ! ’ rang out. W h a t can I say about the 
ascent? E very th ing  w ent sm oothly  according to our plan, like a 
laboratory  experim ent prepared w ith  m inute care. W e found out that 
the particular gam m a radiation, w hich according to a certain h ypo ­
thesis should have been m anifest above in an intense fashion, did no t 
exist. Enjoying perfect visibility, we drifted slowly above the Lake
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o f W allenstadt, the G risons, then the Lago di G arda, in  the direction 
o f  D esenzano, w here we arrived at 5 p.m .

E very  landing in a free balloon has its surprises. I t  is one o f  the 
charms o f  the sport. A t the m om ent w hen the guide-rope was about to 
touch  the earth, I collected m y best Italian to haii a crow d w hich 
gathered :

‘ Prego, tenere la corda/’ (Please take the rope.)
A nd the answer, in Germ an-Sw iss :
V o, H err Professor, mir häbets dä schol (Yes, Professor, we have it.)
I t was m y com patriot Zweifel, the engineer from  Glaris. W ith  his 

help, we m ade a perfect landing.
T h e  geodetic surveyors o f  the Swiss topographic service, using the 

theodolite, calculated the greatest height attained to be 55.800 feet 
w ith  a ‘p robab le’ m argin o f  erro r o f  about ten feet. Calculated on the 
barograph, according to the rules established by  the Fédération 
aéronautique internationale pour Vhomologation du record mondial 
(In ternational A eronautical Federation for the Verification o f  W orld  
R ecords), it was no m ore than 53,400 f t:  the difference— 2400 ft.— is 
explained by  the fact that the regulation takes account only  o f mean 
pressures at given heights, while the real pressures vary  from  day to 
day on account o f  m eteorological conditions. W e thus beat our p re­
ceding record, that o f  the 27th May 1931 : Colonel M essner was 
satisfied: it stayed w ith  Switzerland. As for me, I was satisfied to o : 
this tim e we were able to bring  our scientific program m e to a satis­
factory conclusion.

T his ascent o f  the 18th A ugust 1932 broke the ice: the airtigh t 
cabin acquired full civic rights in ballooning and aviation.

W o rk  was begun on several stratospheric balloons: three in the 
U nited States, tw o in Russia, one in Poland, all larger than mine. 
N o t for a second did I regret that the Century o f  Progress carried off 
the w orld record for the U nited States. N o m ore than I regret that 
the F rench N avy, breaking m y record o f  3150 m etres, dived to 
13,287 ft. (4050 m etres), off D akar, w ith  the F N R S  j ,  a bathyscaphe 
in the construction o f  w hich I took  part.

W hat happened to the F N R S  after that? T w o  years later, to the 
very  day, on 18th A ugust 1934, having on board M. Cosyns, pilot, 
and M. van der Eist as assistant, it rose once m ore into the stratosphere, 
to establish the connection between the A rdennes and the m ountains 
o f Jugo-Slavia. F or o ther ascents m oney was lacking. W hen, because
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o f  age, the rubberized envelope began to split and the balloon was 
unusable as a gas aerostat, Cosyns and I tried to m ake a M ontgolfier 
(ho t-air balloon) out o f it. T he  attem pt was no t devoid o f interest : 
m oving w ith the air, the spherical balloon w ould have escaped the 
cooling action o f the w ind, and the heat o f  the sun w ould have warm ed 
i t  sufficiently to keep it in equilibrium  w ithou t auxiliary heating. 
H ow ever, the neck was too small for a ho t-air balloon : driven back by 
a sudden w ind before the take-off, the envelope took  fire and was 
destroyed in a few seconds by  the flames.

T he  advent o f electronic instrum ents m ight have sounded the knell 
o f  the era o f  the stratospheric balloon : in fact, equipped w ith  au to ­
m atic instrum ents, sounding-balloons today allow us to m ake m eteoro­
logical and physical observations in better conditions and at less cost.

But the aerostat still has a task to fulfil: that o f observing the 
spectrum  o f solar light reflected by  the planets. I f  we can attain this, 
we shall know  the com position o f the atm osphere w hich surrounds 
these celestial bodies. W e shall know  then if  there is oxygen in the 
atm osphere o f  the planet Mars, hence if, from  this poin t o f  view, life 
is possible there. F o r that, a spectrograph m ust be directed upon  Mars : 
b u t no mechanical device as yet allows us to direct a telescope au to ­
matically upon  a heavenly body  : the presence o f  an observer is indis­
pensable. So that terrestrial oxygen m ay no t falsify observations the 
astrophysicist should no t have above him m ore than one-hundredth  
o f  the terrestrial atm ospheric layer : or in o ther words, he should rise 
to over i8 y  miles. A t that height the lifting force o f a m etric cube 
o f hydrogen (33-9 cu. ft.) is reduced to io  grams (y  ounce): the 
balloon w ould have to be, at once, extra-light and o f large volum e. 
M y b ro ther’s Pléiade, w ith  its hundred rubber ballonets w hich sup­
port the cabin, w ould seem to be o f  particular interest : during a p re­
lim inary trial it attained the altitude aimed at o f 9900 ft.

N evertheless, to reach over i8 y  miles o f altitude it w ould be neces­
sary to increase the volum e and the num ber o f ballonets o f  the Pléiade 
and, naturally, make use o f  an airtight cabin. T he  cost o f such an 
experim ent w ould rise in p ro p o rtio n : for the m om ent it cannot be 
attem pted, m oney lacking: it is a pity. M y friend A udouin D ollfus, 
astronom er and aeronaut, is m aking efforts at the present time tow ards 
this end. I hope he will bring  them  to a satisfactory conclusion.

A fter having journeyed th rough  the stratosphere, let us now  
penetrate the oceanic deeps.
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Plate I T h e F N R S  takes o ff for its ascent to io  m iles, 18th A u gu st ‘1932



Plate II The cabin of the F N R S , with Professor Piccard at the manhole. 
The emergency parachute can be seen top left



2: Man Beneath the Waters

I N T H E  S H A L L O W S

F r o m  the beginning o f time m an has been interested in the sea. He 
w ent fishing to find the com plem ent o f  the food w ith  w hich the 

land furnished him. H e ranged along the rocky coasts in frail dugouts 
and reached neighbouring  isles.

Later he began diving beneath the waves seeking sponges, corals 
and pearls, using a technique w hich has hardly  changed for thousands 
o f  years. As m an can live on ly  b rie f m om ents on the reserve o f air in 
his body , the diver w ould m ake a faster dive by  carrying w ith  him  
a heavy stone ; then, hold ing on to a rope, he w ould have him self 
hauled up as quickly as possible by  the men w ho rem ained in the boat. 
I f  he held a reed in his m outh , the other end o f  w hich em erged above 
water-level, he could o f  course breathe beneath the w ater and p ro long  
his dive alm ost endlessly : bu t below  a yard or tw o this m ethod cannot 
be used, as the pressure o f  the w ater restricts the chest, very  soon 
preventing all m ovem ent o f  the respiratory  muscles.

I t  is told o f A lexander the G reat that he had him self shut in to  a 
crystal barrel and let dow n in to  the w ater by  a rope held by  his assist­
ants on board a boat. W h a t he is said to have seen is m ore than 
m arvellous: in particular, a m onster so long that, travelling along 
before A lexander’s eyes upon  the com m and o f  an angel, it took  three 
days and three nights to pass. W e have m ost eloquent engravings 
dating from  the Middle Ages, show ing the k ing  in his barrel and the 
boat on the surface, w ith  the boatm en. O bviously , here we have 
m erely a legend, w hich arose no doub t quite late in the Middle Ages. 
Yet it is interesting, for the principle o f  the device used is that o f  the 
bathysphere o f Beebe and Barton.

But let us come back to reality. W hen m odern  technique allowed 
o f  the construction o f pum ps, o f  air- and w ater-tigh t vessels and o f 
flexible tubes, it was possible to w ork  ou t the diving-suit w ith helm et 
(too w ell-know n to need description here) o f  w hich the principle is 
derived from  the diving bell.

T hen , m ore recently, it has been possible to do w ithou t the air- 
supply tube, w hich has m any inconvenient features and even serious 
dangers. T hus the diver has becom e free, au tonom ous: he carries

[ 19 ]



w ith  him  a reserve o f  com pressed air w hich perm its him , according 
to the supply he has at his disposal, to breathe during fifteen, th irty  
and even forty-five m inutes.1

A t the same tim e the im pedim ents o f  the ‘d iv ing -su it’ and the 
heavy ‘helm et’ have been dispensed w ith. T hus instead o f  w alking 
w ith  difficulty on the sea-floor, the m odern diver m oves freely in 
three dimensions. H is speed has been increased by  rubber flippers 
affixed to his feet: thanks to this invention o f  Corlieu, the diver has 
becom e a ‘fro g m an ’. T his sport, w hich arose before the w ar in France, 
is now  spreading th ro u g h 'th e  entire w orld . W e know  the role played 
by  frogm en-divers at the time w hen the Allies landed in N orm andy.

Readers interested in the h istory  o f  diving will find a quantity  o f  
little-know n details in the book  o f P ierre de Latil and Jean R ivoire, 
A  la recherche du monde marin ( ‘In  Search o f  the Undersea W o r ld ’), 
P lon  (Paris), 1954. T h e  authors, w ith  extraordinary  patience, have 
examined everyth ing to be found in ancient docum ents on the subject 
o f  m arine exploration.

W hat depths can m an reach w ith  these various m ethods ? W hether 
he uses the classic d iv ing-suit o r the equipm ent o f  the frogm an, the 
diver will still be subject to the pressure o f  the w ater, w hich adds 
14-2 lb. per sq. in. to the atm ospheric pressure each time he goes dow n 
another 33 ft. T h is pressure enters the thorax and the entire body. 
C ontrary  to w hat is often believed, it is n o t the mechanical effects 
o f  this pressure w hich lim it the depths accessible to man. T h e  serious 
o r m ortal accidents w hich occur are due to physico-chem ical reaction 
in our bodies. U nder heavy pressure, the n itrogen  o f  the air breathed 
in is dissolved in the blood and even in the tissues, thus setting off 
various disturbances, o f  w hich the m ost dangerous is a feeling o f  
sleepy w ell-being. In  this state the diver, losing consciousness little 
by  little, can be led to m ake false m oves and even to rem ain beyond 
the safety lim it, w hen a few m inutes earlier he knew  perfectly well that 
he was running a m ortal danger in staying subm erged any longer.

In  rising to the surface, a new  risk is incu rred : the n itrogen, dis­
solved in the blood and in the tissues, is affected by  the low er pressures 
and released just like carbon dioxide in a bottle o f cham pagne or 
mineral w ater w hen it is opened. T hus the blood vessels m ay be 
obstructed by  bubbles o f  n itrogen : this leads to ‘gaseous em bolism ’ 
and produces paralysis or death, either during  the ascent, o r even a

1 For example, the Cousteau-Gagnan device.
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few hours later. These dangers are lessened either b y  a very  slow  rise 
to the surface, the diver stopping to rest at different levels: or by  
diving only  for very  short periods and then rising very  rapidly. 
T h ey  w ould be elim inated com pletely if  it were possible no t to  
breathe at all during  the dive. In  short, here is a dilem m a : if  the diver 
breathes, he is threatened w ith  n itrogen  intoxication, bu t if  he is 
deprived o f  air, he suffocates.

F rom  w hat we have just seen it is clear that the classic m ethods o f 
d iving cannot open the doors o f  the subm arine abysses to m an. 
H um an limits are very  restricted indeed. D ow n  to 20 fathom s, it is 
adm itted, there is no danger provided the diver ascends slowly, and 
sports am ateurs are recom m ended no t to go beyond this limit. T rained  
divers often go dow n to 30 fathom s. But low er than that the danger 
increases very  rapidly. A t 45 fathom s serious accidents are to be 
expected and rare are the cases w here a diver has been able to re tu rn  
in good condition from  the depth  o f  50 fathom s. F o r greater depths, 
n itrogen has been replaced, in the U nited States, by  helium , w hich 
produces no chemical reaction and w hich is m uch less soluble in b lood . 
T hus the diver risks neither intoxication no r em bolism . T h is has 
perm itted Bollard to endure a pressure o f  100 fathom s o f  w ater. But 
w hat are these hundred or so fathom s o f w ater in com parison w ith  the 
miles w hich m easure the ocean depths !

A  m inor difficulty, bu t nevertheless one w hich cannot be neglected, 
is know n to m any divers. A t times they  feei a sharp pain in the ears. 
T he same pain can be felt in a free balloon or in an airplane. T h e  
explanation is know n : the m iddle ear contains air separated from  the 
external air by  the tym panum . T here  can be too m uch pressure on 
this m em brane if  external pressure increases (or if  it dim inishes, as is 
the case w hen one goes up in a balloon) and the air w ith in  the ear fails 
to adapt itself to this pressure. F ortunately  the m iddle ear is connected 
w ith  the buccal cavity by  the Eustachian tube. I f  this tube is quite 
open, the entire dive can take place w ithou t pain. But if  the tube opens 
too late, a pain is then produced. By sw allow ing m otions, skilfully 
executed, in general the canal can be opened. I f  a courageous d iver 
keeps on w ith  his w ork  w ithou t the tube being open, a perforation  o f 
the tym panum  m any result w ith  consequences that can be imagined. 
T he  susceptibility o f  the ear differs no t only from  m an to man, bu t in 
the same diver, from  day to day. T h e  slightest cold can cause an 
obstruction o f  the Eustachian tube.
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But, it will be said, if  m an meets so m any difficulties in diving, how  
can the great cetaceans rem ain beneath the w ater during  half an hour 
and even m ore? H ow  can they reach depths o f  considerably over a 
hundred fathom s? H ow  is it that they  do no t exhibit disturbances 
similar to those w hich in man are set up b y  a lack o f  oxygen o r an 
excess o f  n itrogen  in the b lood? I t m ust be understood to begin 
w ith  that, the bigger an animal is, the less surface he offers in relation 
to his w eight : if  we have to m ake ten packets o f  i lb. we shall use, o f  
course, m ore paper than if  w e have to m ake a single packet o f  io  lb. 
H ence, the surface area o f  a large animal is relatively less than that 
o f  a small one. A no ther simile will m ake it quite clear: io  quarts o f  ho t 
w ater d istributed in ten pots will get cold m uch quicker than if  they 
were all in one pot.

I t  is then clear that the large cetaceans m ust produce relatively m uch 
less heat than us. O f  course, they  live in w ater, w hich carries off heat 
better than a ir: bu t this fact is m ore than com pensated for by  an 
enorm ous layer o f  fat, w hich is a rem arkable insulator.

These sea giants m ust then have, in com parison w ith  ourselves, 
a m uch slower m etabolism  : at the same time, w ith  them , each unit o f  
volum e m ust consum e less oxygen than w ith  us. T hus they  m ore 
slowly exhaust the oxygen stored in the red corpuscles o f  their blood 
and so carbon dioxide will accum ulate m ore slowly. T h is is sufficient 
to explain the length o f  tim e they  can rem ain under water.

L et us note, also, the reverse case : a small m ammal like a m ole eats 
every day the equivalent o f  its ow n w eight. W hen  tw o rival moles 
fight, the w inner devours the loser w ithou t delay. A  whale o f  this 
voracity  is inconceivable. N ow  the quantity  o f  oxygen absorbed b y  an 
animal is necessarily p roportional to the quantity  o f  food consum ed. 
W e can conclude that the small m am m als cannot dive for very  long.

Some o ther details concerning the cachalot o r sperm  w hale: even 
if, before he dives, he fills his lungs w ith  air, the volum e o f  this air 
m ust dim inish during  the dive, for the body  cannot resist the pressure : 
at 500 fathom s dow n, the volum e o f  this air, even if  it is no t absorbed, 
is reduced to alm ost n o th in g : we m ust conclude that in the cachalot 
the bronchiae and trachea are no t rigid.

T h e  cetaceans have, m oreover, the peculiarity o f  being able to 
adapt themselves to very  irregular respiration : the mass o f  their blood 
is relatively large. As for explaining w hy  they can go dow n so deep 
w ithou t feeling the disturbances w hich m an feels, it is very  sim ple:
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they  do no t breathe at the bo ttom  o f  the w ater. Hence they do no t 
dissolve, under h igh  pressures, n itrogen into their blood and are no t 
prone to the accidents arising from  this gas in excess.

Let us come back to man. T here  is no doub t at all that, to reach 
great depths, he m ust be com pletely protected from  external pressure, 
that is, enclosed in a rigid apartm ent. C onventional subm arines are 
constructed upon this principle.

T h e  entire hull o f  the subm arine is subjected to w ater pressure and, 
since it contains air at o rd inary  atm osphere pressure, the depth  it 
can attain depends upon  the streng th  o f  the hull. I f  the w eight o f  the 
hull w ith  all it contains, in m achines, fuel, accum ulators, arms and m en, 
is equal to  the w eight o f  the w ater displaced, the subm arine is in 
equilibrium , just as A rchim edes could have told us.

Hence, the w eight that the builder can give his hull and also its 
thickness, its resistance, and the depth  the subm arine can reach w ithou t 
the risk o f  being crushed, is lim ited. W ith  our present structural 
m aterials this lim it is betw een 50 and 150 fathom s. By forgoing  all 
arm am ent and decreasing the pow er o f  the engine, P ietro  Vassena 
has been able to increase the range o f  depth  w ith  his pocket subm arine
C .3.

I f  a hull is to resist the pressures o f  the deep sea, it has to become 
thicker and therefore heavier than the displaced w ater. T o  sustain it, 
an external force m ust come in to  play. W h at is this force to be ? T here 
are tw o im mediate solutions : either to suspend the cabin from  a cable 
attached to the windlass o f  a surface vessel, o r to have recourse to 
hydrostatic  forces acting upon  a bu lky  elem ent, lighter than w ater, 
to w hich the w atertigh t com partm ent is attached.

W e m eet the first o f  these solutions in the rigid diving-suits used 
for the recovery o f  treasure contained in ships sunk at depths inacces­
sible to ordinary d ivers: the diver is enclosed in a steel cylinder 
furnished w ith  portholes and hung  from  a cable: by  means o f  his 
telephone, he directs the m anœ uvres o f  the surface vessel w hich, w ith  
explosives, hooked tools and clamps, carries ou t the w o rk : this, 
how ever, is no t practicable beyond abou t 100 fathom s in depth. 
These rigid diving-suits can be considered as being the precursors o f  
the bathysphere w orked ou t by  Professor W illiam  Beebe and Engineer 
O tis Barton. As for the second solution, I in troduce it in the bathy­
scaphe.
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b e e b e ’ s  b a t h y s p h e r e

T h e  Beebe-Barton bathysphere is constructed o f  a cast-iron sphere 
o f  only  4 ft. 6 in. internal diam eter and w ith  a wall thickness o f  
i -26 in. : tw o w indow s in fused quartz serve to perm it observation 
outside. I t  is borne by  a steel cable and is lowered and raised by  the 
w indlass o f  the surface vessel.

By means o f  this first bathysphere, then, w ith  a second o f  the same 
sort, bu ilt later by  O . Barton, deep diving was carried ou t w ith  
com plete success.

H ere is the record :

M etres Feet Fathom s
1930 3rd June 600 1980 330 E m pty

6th 240 792 132 W ith  Beebe and Barton
n t h 435 1410 235 W ith  Beebe and Barton

m 2 13 th Septem ber 900 2970 495 E m pty
17th 900 2970 495 E m pty
17th 900 2970 495 Beebe and Barton
22nd 655 2148 358 E m pty
22nd 670 2211 368 Beebe and Barton

1934 7th A u gu st 920 3036 596 E m pty
n t h 750 2475 412 Beebe and Barton
15th 223 735 122 Beebe and Barton
15th 200 660 n o  B eebe and John T ee-V an

1948 O ctober 1360 4488 748 Barton

T his is enough to show  the great u tility  o f  the bathysphere, above 
all w hen it is desired to reach m edium  depths. Like all hum an w orks, 
it has some drawbacks, how ever, and the m ost serious is certainly the 
danger o f the cable b reak ing : far beneath the surface, the observers 
w ould  be condem ned to a slow and terrible death.

W e know , o f  course, that it is easy to give the cable a strength  in 
every w ay sufficient to bear the cabin. But' jarring m ust be taken into 
account. T he  surface vessel, rolling in the surge, rises and falls: it 
also suffers horizontal oscillations. Lateral waves and even longitudinal 
waves thus run  dow n the cable, w hence come interactions w hich 
cannot be calculated and also the danger o f  localized excess stresses.

Professor Beebe was several times shaken in a very  unpleasant 
m anner in his bathysphere and the crew o f  the surface vessel heard 
om inous noises resem bling violent w hip-cracks. Fortunately  there 
was no  break in the cable.
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O ceanographic expeditions w hich low er nets to great depths always 
carry an ample reserve o f  these appliances. I t  is well know n, in fact, 
that they  run great risks o f  losing them  by  the cables breaking. All 
this dem onstrates clearly, I believe, that the bathysphere, that is to say, 
the sphere suspended by  a cable, is a very  dangerous device if  we w ish 
to pursue our exploration o f  the oceans to their great deeps. T h e  longer 
the cables the greater their w eight. I t  is, o f  course, possible to use 
cables w hose resistance to stress increases w ith  the increase o f  the 
w eight they  m ust bear, b u t that is n o t sufficient to eliminate all risk 
o f  breakage. N o doub t the safety o f  the bathyspheres could be in ­
creased by  using nylon  ropes. N ylon w ould  have the advantage o f 
having practically no w eight in the w ate r: besides, its considerable 
elasticity w ould  absorb the effects o f shocks. B ut are we certain that 
no spoilsport w ould take it in to  his head to sharpen his teeth on it?  
A part from  the danger o f  the cable breaking, the bathysphere has 
another disadvantage. T h e  surface vessel being always m ore or less 
rocked by  the billows, the sphere can never be com pletely m otion­
less in the water. T his m otion  is disagreeable to certain fish w hich 
prefer to  m ove aw ay and thus escape all observation. Finally, let us 
note that, according to the accounts o f  P rofessor Beebe, his bathy­
sphere never approached the sea-bottom  : he evidently  considers that 
contact w ith  the sea-bottom  is dangerous for a cabin w hich shares 
the m ovem ent o f  a surface vessel. I t  is no t to be forgotten , how ever, 
that immense credit is due to P rofessor Beebe for having built, w ith 
Engineer Barton, the first subm arine cabin able to resist high pressures. 
It is no exaggeration to say that it is he w ho opened the doors o f  the 
abyss to man.

B A T H Y S P H E R E  A N D  B A T H Y S C A P H E

Briefly, the bathysphere shows m any analogies w ith  the captive 
balloon. Like the latter, the bathysphere is jarred if  it moves in relation 
to the surrounding  m edium . In  bo th  cases there is the danger o f  the 
cable breaking, w ith the difference, how ever, that the aeronaut, rocked 
in his car by  the tem pest, cannot help w ish ing : ‘I f  only this rope 
w ould break, w hat a fine trip  in a free balloon we should have.’ V ery 
m uch to the contrary, the oceanographer, shut up in his tight cabin, 
is haunted by  the terrifying idea that the cable m ay break.

But can we do w ithou t the cable ? W e now  arrive at the idea o f an 
appliance w hich w ould be to the bathysphere w hat the free balloon
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is to the captive balloon. N o longer attached, it w ould be truly 
independent.

T h e  subm arine free balloon w ould have the advantages in the w ater 
that free balloons have in the a ir: at first it w ould go dow n, as the 
balloon rises, as soon as it is let go : then, it w ould be able to rise 
again as desired just as the balloon can descend w henever desired. 
T h a t is w hat has been arrived at w ith  the bathyscaphe, or deep-sea 
ship.1

T he  idea o f  such a ship iá no t new  to me.
I was a first-year studen t at the Zurich Polytechnic School w hen by  

chance I read the fine book  o f  Cari C hun recounting the oceanographic 
expedition o f  the Valdivia. N ets let dow n to considerably over a 
thousand fathom s b rough t back subm arine fauna to the deck o f  the 
ship. T h ey  w orked day and n igh t. W hen  a net was b ro u g h t up in 
com plete darkness, the oceanographers, leaning over the rails, were 
struck by  the m ultitude o f  phosphorescent animals w hich the net 
contained in its seine. C ertain fish were endow ed w ith  veritable head­
lights. B ut very  quickly these lights grew  pale and w ent ou t. T h e  fish 
could no m ore endure the low  pressure and the high tem perature o f 
the surface w ater than we could have endured the enorm ous w eight 
o f  the masses o f  w ater beneath w hich they  live.

T o  observe these fish in their natural setting, there is only  one 
m eans, to go dow n ourselves to the deepest part o f  the ocean. I t  m ust 
be possible, I said to myself, to build a w atertigh t cabin, resisting 
subm arine pressure and furnished w ith  portholes, to allow an observer 
to adm ire a new  w orld . T h is cabin w ould be heavier than the w ater 
displaced. I t  w ould be necessary then, in com plete analogy w ith  the 
free balloon, to suspend it from  a large vessel filled w ith  a substance 
lighter than w ater.

T h e  fundam ental principle o f  the bathyscaphe was born.
T h e  idea never occurred to m e to use a suspension cable for m y 

cabin. Even at this time the cable w ould no t have seemed to me safe 
enough. H ow ever, at that time I should naturally have been incapable 
o f  resolving all the problem s conjured up by  the construction o f  such 
a device.

T h e  student became an engineer, then also a physicist. T he  idea o f  
subm arine exploration in a free balloon never left him , although for a

1 The name is composed from tw o Greek words : bathos, deep, and scaphos, 
ship.
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long  time he was no t able to th ink  seriously about the possibility o f 
realizing his youthfu l dream .

I have already explained how  the cosmic rays had given me the 
desire to rise to io  miles. But a m an cannot bear the low pressures 
w hich prevail at such an altitude, even if  he breathes pure oxygen. 
‘N o m atter,’ said I to myself, ‘m y subm arine cabin, intended to resist 
external pressures o f  several hundred  atm ospheres, will give me the 
solution. I t  will suffice to build a m uch lighter cabin and to suspend 
it from  a giant balloon capable o f  carrying it in the rarefied atm osphere 
o f  the altitude concerned.’

T h e  evolution o f m y though t is clear. Far from  having come to the 
idea o f  a subm arine device by  transform ing the idea o f  the strato ­
spheric balloon, as everyone thinks, it was, on the contrary, m y 
original conception o f  a bathyscaphe w hich gave me the m ethod o f 
exploring the high altitudes. In  short, it was a subm arine w hich led me 
to the stratosphere.

Soon after, I retransform ed in m y m ind the stratospheric balloon 
into a subm arine balloon and I w ent and once m ore knocked at the door 
o f  the Belgian Fonds National. I asked for the credits necessary to bring 
the bathyscaphe into being. M y request was accepted and I was first 
allocated the funds necessary for equipping a laboratory  specialized 
in the study  o f  h igh  pressures. T h e  question o f  the strength and w ater­
tightness o f  the future device was so im portan t that I was obliged, in 
fact, to m ake num erous prelim inary trials w ith  different models. I had, 
in particular, to subject a scale m odel o f  the cabin, in special tanks, 
to pressures reaching as m uch as 1600 atm ospheres : the w eight o f  a 
colum n o f  w ater o f  io  miles.

As m y bathyscaphe, intended for the exploration o f  the sea, had to 
have portholes, their construction had to be studied w ith  care. I also 
had to find safe m ethods o f  passing num erous electric and cable wires 
th rough  the walls w ithou t allow ing w ater to enter. T h e  question o f 
dropping  ballast also had to be studied.

In  all these labours I was seconded by  m y valued assistant, Jean 
Guillissen. T he  m ost im portan t trials had been made, the construction 
o f  the bathyscaphe itself had begun, w hen the Second W orld  W ar 
broke out. In  it I lost m y young  friend, a victim  o f  his patriotism .

A t the end o f 19451 once m ore w ent to the Fonds N ational and asked 
for the credits necessary to take up the w ork  again. T he  Fonds N ational 
gave m e the credits, bu t w ith  the stipulation that Max Cosyns, w hom
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I had chosen as m y assistant, and w ho is a Belgian citizen (while I am 
o f  Swiss nationality), should share the supervision o f the undertaking 
w ith  me, w ith  com plete equality o f rights and responsibility.

Such a division o f  com m and was no doub t necessary from  the 
political po in t o f  view, bu t the form ula hardly  proved fortunate in 
practice. A n achievem ent o f  this im portance dem ands som eone in 
absolute com m and : as- this chief cannot physically perform  the w hole 
task himself, he m ust be surrounded by  assistants over w hom  he has 
authority .

In  the follow ing chapters we are go ing  to discuss, to begin  w ith, 
some questions o f a general nature relating to all bathyscaphes; then 
we shall begin on a detailed description o f  the building o f  the F N R S  2.



j :  The Principle o f  the Bathyscaphe

S T A T I C  L I F T

T o understand how  the bathyscaphe functions, it is sufficient to 
com pare it to a free balloon.

In  spite o f  the difference o f  surroundings in w hich they m ove and 
o f  the quite opposed ends in view, the principle in question is the same : 
that o f  Archim edes. I f  the w eight o f  an im m ersed body  is lighter than 
the  w eight o f  the am bient fluid corresponding to its volum e, the body  
will rise : if  it is greater, that is to say, if  the body  is heavier than the 
fluid w hich it displaces, it will descend. T h e  balloon m oves about in 
the air, w here it m ust at first rise and then descend. T h e  bathyscaphe 
m oves about in the w ater. Leaving the surface, it m ust go dow n to the 
depths, then rise. T h e  balloon rises because its envelope, inflated by  a 
gas lighter than the am bient air (h o t air, tow n gas, hydrogen or 
helium ), is volum inous enough to support the w eight o f  the car hanging 
from  it. In  the same w ay the bathyscaphe is, in its principle, lighter 
than w ate r: a float filled w ith  a light substance sustains a w atertight 
sphere w hich is fastened to it.

W hat is the substance w ith  a specific grav ity  less than that o f  w ater 
w hich is suitable for filling the float ?

W e m ust straightw ay exclude the use o f  gases : they  are m uch too 
com pressible. T h e  pressures prevailing at great depths w ould reduce 
their volum e and their supporting  pow er in such proportions that it 
is no t possible to consider their use, unless the effects o f  this com pres­
sion can be avoided. T o  obtain this result it w ould be necessary to 
enclose the gas in a vessel w ith  rigid walls, the m ore resistant and heavy 
the deeper the dives in prospect. I t  is the principle adopted for con­
ventional subm arines, the hull o f  w hich is filled w ith  air : bu t w e know  
that they  cannot dive beyond 100 fathom s o r so w ithou t the risk o f 
their light hulls being crushed. But for the bathyscaphe w hich 
m ust be able to go dow n som e thousands o f  fathom s, we m ust seek 
another solution, since this requires a considerable thickening o f  the 
walls, and hence a prohibitive w eight.

I turned from  gases and looked for a less com pressible substance. 
A  solid lighter than w ater w ould suit and w ould have the advantage 
o f no t flowing away if  the float became dam aged. Because o f  the fact
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that a solid is less com pressible than a liquid, its lifting pow er does no t 
decrease w ith  the depth  o f  im m ersion, as is the case w ith light liquids : 
on the contrary, at a depth, it w ould increase. O ne could contem plate 
the use o f lithium  or paraffin wax. L ith ium  w ould certainly be ideal. 
35-3 cu. ft. (a cubic m etre) w eighs 1211 lb. (its specific g rav ity  is only 
0-55). In  fresh w ater, 35-3 cu. ft. o f  lithium  w ould suffice to carry 
a w eight o f 992 lb. U nfortunately  the production  o f  this metal is very  
limited. Before the last w ar, w hen I tried to procure some, one m anu­
facturer offered m e y  oz. and another -f oz ! Since then the production  
o f  lithium  has increased in the U nited States, bu t it is reserved for 
researches in nuclear physics.

In  the end, the only  solid w hich one could use was paraffin wax. 
Its specific g ravity  is 0-9. In  fresh w ater 35*3 cu. ft. o f  paraffin w ould 
lift only  a w eight o f  220 lb. and in sea w ater 264 to 287 lb. T he 
bathyscaphe w ould thus require a very  volum inous float : its cost and 
the difficulties o f  transport w ould be considerable.

H ence we m ust give up solids and look  for a suitable liquid.
Petro l, a liquid o f  low  specific gravity , fulfils the required con­

ditions. B ut w hat quality  o f  petro l should be chosen ? T he  lighter it is, 
the m ore the size o f  the float can be reduced : b u t on the o ther hand, it 
m ust n o t be too light, o r it w ill be too  volatile and too com pressible. 
T h e  hom ogeneity  o f  this petrol m ust be such that a partial evaporation 
w ould no t too m uch m odify  the density. A fter studying  the problem , 
the Esso C om pany furnished us (for the Trieste) w ith  a quality  w hich 
gave entire satisfaction. I t  boils at betw een 1400 F. and 176o F ., w hich 
proves a good hom ogeneity . A t 32o F. its specific g rav ity  is from  o-68o 
to 0-695 : at this tem perature 35-3 cu. ft. o f  this petrol carries on the 
surface in sea w ater a load o f  from  716 to 769 lb.

T o  an extent less than gases, bu t m ore than solids and w ater, the 
volum e o f  petrol is a function o f  tem perature and pressure. T h a t is 
also a fact that m ust be taken into account w hen the problem  is to 
build a bathyscaphe, by  arranging, at the bo ttom  o f  the float, a passage 
which allows the sea w ater to enter and to leave freely to com pensate 
these variations: in this w ay the same pressure will always prevail 
inside and outside the float, w hich will allow the float to be built o f  
relatively light metal sheeting. L et us here note the analogy w ith  the 
small envelope o f  dirigible balloons.

T he  reader will perhaps w onder how  we set about finding ou t how  
the volum e o f  the petrol varied under the effects o f  com pression and
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cooling. O ne can, o f  course, using prin ted data, calculate the con­
traction that a given hydrocarbon  w ould  sustain under the effect o f 
pressure and cooling. But it w ould be exaggerated to add these tw o 
contractions : at h igh  pressures the coefficient o f  therm al expansion is 
sm aller than at ord inary  pressure. N ow  on this subject the relevant 
literature is alm ost silent. W e 
though t it wise to m ake direct ex­
perim ents and w ith  the engineers 
o f  the Société Sécheron at G eneva 
w e perfected a new  m ethod at the 
tim e that I was w ork ing  on the 
bathyscaphe for the F rench N avy.

In to  an iron tube w ith  thick 
walls (see Fig. 2) 7-87 in. long 
and 0-787 in. in diam eter, con­
taining a certain quantity  o f  d 
m ercury  c, there was in troduced H  
a glass tube, filled w ith  petrol 
w hich had a small orifice at its 
low er end. T h e  iron  tube is closed 
at bo th  extremities and by  a 
flexible lateral tube d  it is con­
nected w ith  a high-pressure pum p.
O ne begins by  heating the w hole 
apparatus to 86° F. : the petrol 
expands and the excess escapes by  
the orifice. T hen  the w hole ap­
paratus is cooled dow n to 320 F. 
and th rough  the tube d  oil is 
in troduced under pressure. T he
petro l contracts and a corres- Fig. 2. Apparatus for measuring the 
ponding  quantity  o f  m ercury variations o f  volum e o f  the petrol
penetrates by  the orifice into the according to temperature and pressure
glass tube. A t the m om ent w hen,
at the same time, the pressure reaches 400 atm ospheres and the tem ­
perature is at 3 20 F. the apparatus is inverted and opened, and the 
volum e o f  m ercury w hich has entered the graduated part in the glass 
tube is m easured. A fter a few small corrections necessitated by  the 
contraction during  and expansion after the experim ent o f  the glass
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and o f  the m ercury (o f w hich the coefficients are know n) the volum e 
o f  the m ercury gives us the total contraction o f  the petro l; the problem  
being to determ ine it fo r an extrem e case w hich m ight arise. U nfor­
tunately the com pressibility o f  petrol is greater than that o f  water. 
F rom  this fact the lifting capacity o f a given quantity  o f petrol neces­
sarily dim inishes p roportionate ly  as the bathyscaphe goes dow n : 
its vertical equilibrium  is thus unstable. H ence the farther dow n the 
bathyscaphe goes, the heavier it becomes and the m ore it has a tendency 
to descend. T herefore it is nécessary for the pilo t to be able to lighten 
the bathyscaphe by  th row ing  ou t ballast.

T h e  bathyscaphe can, how ever, in rare cases, recover its equilibrium , 
if  in the course o f  its descent it encounters a layer o f w ater that is 
m uch colder, and so denser. B ut this state o f  rest can only  be 
tem porary , because at the end o f  a few hours the tem perature o f  the 
petrol will be equal to that o f  the su rround ing  w ater.

W e observed this phenom enon o f  rest follow ing upon  a cooling 
o f  the w ater, on the 14th A ugust 1953, w hen m y son and I were m aking 
a trial descent in depths o f  22 fathom s. A t about 14 fathom s from  the 
surface the Trieste reached equilibrium  in a layer o f cold w ater, w here 
it came to a standstill (see pages 109-10).

T H E  B A L L A S T

T he problem  o f  ballast is vital fo r the bathyscaphe and from  this 
po in t o f  view there is a fundam ental difference betw een it and the free 
balloon. I f  the aeronaut has no m ore ballast to th row  overboard he 
cannot rise any farther and he will perhaps have to land m ore quickly 
than he w ould have w anted to , and perhaps also m ake a rougher 
landing. But it is no t a catastrophe. O n  the o ther hand, in the bathy­
scaphe, a breakdow n in the unballasting apparatus w ould prevent it 
from  ever re turn ing  to the surface. A  m ethod m ust be found thus, 
which in any circumstances will allow  the pilot to unballast, and w hich 
will never be in danger o f  a breakdow n. T h e  ballast is outside the 
cabin : the pilot m ust then in some m anner w ork  th rough  the wall o f 
the cabin. H ow  is it possible? O ne could im agine a mechanical 
system : a push rod or a shaft w ould pass th rough  the wall and w ould 
start the unballasting: that w ould necessitate a stuffing-box. N ow  a 
stuffing-box, w atertigh t at a pressure o f  some thousands o f  pounds per 
square inch and allow ing free m ovem ent o f  the shaft, w ould be a 
very  delicate and dangerous organ. I f  it is held too tightly , in fact, the
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shaft can be jam m ed and even m ay break. M oreover, the external 
pressure o f  the w ater jeopardizes the free play o f  the system. W e m ust 
then give up  the stuffing-box and any direct m echanical drive.

In these conditions I see no o ther solution than to use an electric 
contro l, bu t the very  w ord  electricity calls up the double spectre o f  
short-circu it and bad connection. Let us p u t the problem  the o ther 
w ay : the electric current will retain the ballast and w hen the current 
is sw itched off, w hether in tentionally  or accidentally, the ballast will 
fall. I t  is the electro-m agnet w hich fulfils these conditions: as long 
as the curren t runs th rough  its coil, it will retain the bu rd en : it will 
d rop it as soon as the curren t is cut off.

T h e  electro-m agnet in its conventional form  has, how ever, a dis­
advantage. Each m agnet can hold and release only  one mass, and that 
w ould only  perm it o f  unballasting in large portions, w hile it is essential 
that the pilo t should be able, in some circum stances, to unballast in 
small am ounts. I had used small sho t w hen I was m aking m y ascents 
into the stratosphere and now  I used it here and stored it in tw o big 
tanks bu ilt in to  the float. H ere is the arrangem ent we adopted and 
w hich proved to be to our entire satisfaction. T h e  low er part o f  the 
storage tank is funnel-shaped : the orifice is encircled w ith  an electric 
coil. I f  the electric current is runn ing  th ro u g h  it, the small shot is 
m agnetized : it then form s a com pact mass w hich plugs the orifice. I f  
the current is cut, the shot flows like sand from  a sand-box. I f  the cur­
rent is sw itched on, the flow ceases instantly  (see Figs. 9, 16 and 17).1

Besides the iron shot, the first bathyscaphe, the F N R S  2, carried 
three o ther sorts o f  ballast : tubs filled w ith  scrap iron, held in place 
by  electro-m agnets and capable o f  being unballasted one by  one; 
gravel stored in four b ig  tanks closed at the bo ttom  by  flap-valves, 
also held shut by  electro-m agnets. I f  one switched off the current 
from  one o f  these m agnets, the valve opened and the contents o f  the 
tank flowed out at once. Last, in their turn , each o f  the tw o heavy 
storage batteries was suspended beneath the float to  the arm ature 
o f  an electro-m agnet: thus the batteries served as em ergency ballast 
and could be sacrificed in case o f  necessity.2

1 T his is the device with which the Trieste is equipped. W e shall see later that 
the storage tanks can be unballasted as well if  necessary, for example, if  the orifice 
becomes obstructed by a foreign body.

2 T his last mode o f unballasting has also been adopted for the French bathy­
scaphe F N R S  3.
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From  the m om ent the bathyscaphe was begun it was necessary to 
know  w hat quantity  o f  ballast it m ust carry. A n excess o f 
ballast is useless and increases the cost o f  building and use o f  the 
subm arine, since it necessitates an increase in the volum e o f the float. 
But if  the quantity  o f  ballast available is insufficient, w oe to the pilot! 
W ithou t going into details, we shall trace the principal elements o f the 
problem .

I f  a float o f  rough ly  22,000-gallons capacity, as that o f  the Trieste 
for example, is in equilibrium  on the surface w ith the sea w ater at 
86° F. and has this tem perature itself, its lifting capacity dim inishes, 
in round  figures, by  8800 lb. (4000 kg .) if  it goes dow n to miles 
(4 km .) and reaches layers w here the tem perature is around 320 F. and 
if  it stays long enough at this depth  to reach this tem perature itself. 
But if  the descent is very  rapid, the petrol, instead o f  getting  cooler, 
is heated by the effect o f  the com pression : this heating is in the order 
o f  4-5° F. per 3300 feet, in difference o f level.

T h is is the phenom enon called ‘adiabatic hea ting ’. W e shall benefit 
by this heating w hen the bathyscaphe, steered by  an autom atic pilot, 
will descend rapidly to 3¿ miles. T o  com pensate the decrease o f  
buoyancy we m ust then dispose o f  a quantity  o f ballast o f  8800 lb. 
T o  this ballast, w hich is obligatory , it is advisable to add w hat we shall 
call em ergency ballast, w hich we fixed at an am ount o f  9460 lb., 
because if, during  a test w hen em pty, a jo in t breaks and the cabin is 
entirely flooded w ith  w ater, it will suffer an overload c f  9460 lb. : and 
we w ant the bathyscaphe to rise again to the surface in spite o f  this 
overload.

T he  float o f the Trieste, as a safety measure, was divided into com ­
partm ents, the largest o f w hich had a volum e such that the loss o f 
buoyancy w ould no t exceed 9460 lb. if, follow ing upon serious 
dam age, all the petrol w ere replaced by  water.

O ther considerations likewise prescribe em ergency ballast: in 
particular, the danger o f  being stuck in the bottom  m ud or in o ther 
obstacles such as seaweed. Likewise, in case o f  danger, we had to be 
able to unballast the bathyscaphe com pletely w ith  the m inim um  delay 
to be able to go up at full speed. I t  is clear that these last considerations 
cannot be calculated in advance. But I estim ated that 9460 lb. o f  em er­
gency ballast w ould be sufficient.

T he  reader w ho is concerned for ou r safety will ask : ‘W hat w ould 
happen if several o f  the mishaps m entioned occurred at the same time?
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Plate III The launching of the F N R S  2, Dakar, 1948

Plate IV The float of the F N R S  2 is filled with petrol, Dakar, 1948
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T o  provide for this, it w ould be necessary to double or treble the 
quantity  o f em ergency ballast available.’ It is true. But let us n o t forget 
that each o f these occurrences is in itself very  im probable. Supposing 
that there is a chance in a thousand for one o f  them  to arise at a given 
m om ent, the probability  o f  tw o sim ultaneous m ishaps is one in a 
m illion : it is then less than the danger that each o f  us runs w hen we 
walk in a large city any day. Since we are no t afraid to go about tow n, 
w hy should we fear to go dow n in a bathyscaphe ? In  fact, for reasons 
w hich we shall see later, the quantity  o f ballast available in the Trieste 
is several tons above the 18,260 lb., the sum  o f  the tw o preceding 
figures.

T R A I L - R O P E  A N D  P R O P E L L E R S

O u r bathyscaphe is then endow ed w ith  its essential p roperty  : it can 
m ove about vertically, it dives to the depths, then it rises to the 
surface and can even remain stable betw een the tw o. In  that, it re­
sembles the free balloon : bu t the analogy goes further still.

Each free balloon is furnished w ith  a trail-rope, that is to say, a 
rope o f  a length betw een 33 and 55 yards and o f a w eight w hich 
varies betw een 44 and 176 lb., w hich hangs from  the car. I f  the pilot 
is getting  ready to land, he lets the balloon go dow n w ith  some 
rap id ity : it is im portant, how ever, that the balloon should be u n ­
ballasted at the last m om ent to reduce the shock o f  contact w ith  the 
earth. B ut if  the pilot throw s overboard only  a trifle too m uch ballast, 
the balloon rises again. I t  is here that the trail-rope plays its part. 
Autom atically, w hen the balloon approaches the earth, the trail-rope 
is th row n overboard ; bu t it is taken on board, if  the balloon shows any 
tendency to rise again. A lso, if  the balloon, in com ing dow n, arrives 
at a place unsuitable for landing, the pilo t can let it ‘run on the trail- 
ro p e ’ until he finds a better place. D u rin g  this last stage o f  the journey, 
it is the trail-rope w hich stabilizes the balloon at a short distance 
above the ground. In  o ther cases again, even if  it is no t intended to 
land, the trail-rope is allowed to trail in order to observe the ground 
from  close at hand. T h is procedure is above all entertaining, for it 
gives the passengers m uch m ore variety  than a trip at a high altitude. 
I rem em ber, for example, the delight that m y passengers felt— they 
were Swiss aviators, am ong w hom  was Bieder, the conqueror o f  the 
Pyrenees and the A lps— w hen one w inter day I dragged the trail-rope 
for m any miles above a beech forest w hich enabled us to discern a
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m ultitude o f  hares and roe-deer w hich, caught unawares, ran off in all 
directions.

T h e  trail-rope has another im portan t function. A t the m om ent o f  
landing, it directs the balloon into a position suitable for operations.

T he  bathyscaphe, too, is provided w ith  a trail-rope w hich plays the 
same part as w ith  the free balloon : it unballasts the subm arine at the 
m om ent w hen it approaches the bo ttom  and thus decreases the landing 
shock. I t  m aintains the subm arine in stable equilibrium  in the vicinity 
o f  the bo ttom  and if  a light current o f  w ater moves the ship, it allows 
the passengers to  observe the bo ttom  from  close at hand, while the 
cabin m oves about slow ly at an altitude o f  a fathom  or so follow ing 
the folds o f the ground. D u rin g  this trip the trail-rope attached to the 
stern o f  the float also orientates the bathyscaphe in such a fashion as 
to place the observation w indow  in front. T h a t is w hy I equipped the 
F N R S  2 and the Trieste w ith  a trail-rope and w hy  I have recom m ended 
its use to the F rench N avy.

T h e  trail-rope o f  the free balloon is generally m ade o f  hem p: 
as ours had to be w eighty, even under w ater, I used metallic cables ; 
as it had to be m ore flexible than w ould be a single cable o f  the righ t 
w eight, I em ployed a series o f  relatively thin cables w hich, com bined, 
form ed w hat I have called a ‘horse-ta il’. T he  F N R S  j ,  on the other 
hand, was provided w ith  a heavy chain w hich offers the advantage o f  
great flexibility. H ow ever, on a soft terrain, the friction o f  the chain 
is considerable: this can in certain cases bring  the bathyscaphe to a 
com plete standstill.

If, as is generally the case in the A tlantic, the w ater, even at great 
depths, is m oving at a certain speed, the bathyscaphe will be able w ith ­
ou t any other aid to prospect a long strip o f  terrain. In  m any places, 
how ever, for example in the M editerranean, the current is too  weak 
to overcom e the friction o f  the tra il-rope: sometimes indeed there is 
no current at all. In  such a case the observers, during  the w hole extent 
o f  the dive, could no t observe m ore than a few square yards o f  the 
bo ttom  : the scientific results from  such a dive w ould be alm ost nil. T o  
rem edy this, the bathyscaphe should be endow ed w ith  its ow n pow er 
o f  m ovem ent. I t  m ust then, from  being a free balloon, be transform ed 
into a dirigible balloon. T h a t is w hy  we equipped each o f  the three 
bathyscaphes w ith  tw o electrically driven propellers, one to p o rt and 
one to starboard. T h e  pilo t operates each o f  these tw o propellers 
separately and can vary  the direction and speed o f  rotation. T hus he
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controls the heading and the progress o f  the bathyscaphe. T h e  pro­
pulsive groups o f the Trieste w ere placed on the ship’s deck, and con­
sequently w ere easy o f  access w hen the bathyscaphe surfaced: the 
fact that here they become unusable is w ithou t im portance, since one 
does no t have to use them  then. In  the F rench bathyscaphe F N R S  3  
the propellers were placed low er dow n, beside the float: this is m ore 
in conform ity  w ith  tradition : bu t in the position so chosen they  were 
m ore exposed to dam age by  contact w ith  boats or o ther obstacles.

W hat conditions w ere necessary for our propelling apparatus? T o  
m ake observations, we did no t need great speed ; I  though t a speed o f 
4 in. per second w ould am ply suffice; or, in nautical language, abou t 
y  knot. But it m ust no t be lost sight o f that the propelling force 
developed by  the screws had to be sufficient to overcom e the friction 
produced by  the trail-rope dragging along the g round . As the pow er 
o f  the m otors was limited by  the capacity o f  our accum ulators, we 
had to have propellers o f  large diam eter and o f low  rotational speed.

H ow  w ere the m otors to function under w ater? T hree m ethods 
presented themselves.

O ne could consider using three-phase induction m otors w hich have 
no brush. T h is was rejected; we should have had to install in the cabin 
a ro tary  converter, w hich w ould have been too cum bersome.

A m otor could have been installed, in the air, w ithin  an airtight 
container resisting pressure. W e rejected this idea as m uch on account 
o f  the w eight and cost o f the airtight container as on account o f  the 
construction problem s that stuffing-boxes present.

T he  th ird  solution, the one we chose for the Trieste, is ideal from  
every view point. T he  m oto r turns in a vessel filled w ith  trioline (an 
organic insulating liquid heavier than w ater) : the shaft o f  the m o to r is 
vertical and it projects above the vessel. Because o f  the great density 
o f  the insulating liquid, we dispensed w ith  a stuffing-box. A t the 
top o f  the shaft a system  o f gears produced the desired reduction o f  
speed for the rotation o f the screw, and converted it w ithout difficulty 
from  rotation  about a vertical axis to ro tation  about a horizontal axis. 
T h is arrangem ent served later as a m odel for the tachom eter designed 
to measure our vertical speed in the course o f dives : we shall speak o f  
it again on page 97. T h e  m otors were designed and built by  the 
Ercole Marelli C om pany o f  Milan : the reduction gears were built by 
the Navalmeccanica o f  Castellammare di Stabia. W e gave up the idea 
o f  furnishing the bathyscaphe w ith  a rudder w hich, in view o f  the low

[ 37 ]



speed proper to the subm arine, w ould have been very  inefficient ; our 
tw o screws w ere enough for its steering.

D I F F E R E N T  T Y P E S  OF  B A T H Y S C A P H E

W e now  knew  how  we could carry ou t the different operations in 
diving, in rising again or in low-speed navigation at the bo ttom  o f  the 
sea.

But how  were we to get the bathyscaphe to the diving-place ?
Several ways are possible.'
T h e  first consists in loading the bathyscaphe on a cargo-ship o f  large 

tonnage and transporting  it to the place : this was the m ethod used for 
the F N R S  2. F rom  the hold o f  the cargo-ship itself the passengers 
w ent into the w atertigh t cabin : the hatch was then closed upon them  : 
then a crane lifted the subm arine and deposited it upon the w ater. T he 
dive could begin.

But this has one disadvantage: the w eight o f  the subm arine and 
o f  the float filled w ith petrol. Hence a very  large ship was needed, for 
it alone w ould possess the hoisting installations necessary. But even 
such a ship as this w ould list dangerously while it held the bathyscaphe 
above the w ater and to counteract this tendency one w ould have to 
shift some o ther cargo in the ship to trim  her. T his in its tu rn  w ould 
present other difficulties. A  ‘k an g a ro o ’ boat w ould have avoided all 
these difficulties : bu t we did no t have one at our disposal.

As we could n o t choose the type o f  ship to carry us, we had to adapt 
the w eight o f  the bathyscaphe to the tonnage o f  the cargo ship. T hus 
we w ere led to the idea o f  launching the subm arine before filling the 
float w ith  petrol and then pum ping the petro l in, w ith  the pilot and 
the observer already shut into the sphere. O nce the dive was over 
the reverse operation had to be done : that is, em pty the float o f  its 
petrol, then hoist the subm arine on board : then only could the crew 
leave the cabin.

T his was w hat we did w ith  the F N R S  2 in the Cape V erde Islands 
in 1948; we shall see that it was only possible in a very  calm sea and 
that the crew was obliged to remain shut up in the cabin for too long.

T he  second solution seemed easier: fill the float at the hom e port 
and from  there tow  the bathyscaphe to the diving-place. It is there that 
the crew enters the cabin.

But this m eant that the float had to be strong  enough to stand up to 
tow ing, w hatever the sea was like. M oreover, the shaft w hich per­
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m itted the crew to go dow n into the already subm erged sphere was 
o f  frail construction. O ne th ing was certain in any case: the second 
solution called for a m uch m ore expensive m achine than the first. 
T h a t is w hy, w hen building the F N R S  2 , we gave up the idea from  the 
outset. I t  will be show n later that we w ere able to adopt it in the case 
o f  the Trieste, thanks to the help that we received in Switzerland and 
Italy.

T h e  th ird  solution is a com prom ise: the bathyscaphe is built in 
such a w ay that it can be taken in to w : it is loaded, em pty, on to a 
cargo-ship w hich transports it to the p o rt nearest the diving-place, 
and there it is launched. I t  is filled w ith  pe tro l: then, w hen the sea 
allows, it is tow ed to the place selected. T h a t is the solution adopted for 
the F N R S  3  w hich, as is know n, was transported by  cargo-ship from  
T ou lon  to D akar, w here it was filled w ith  petrol before going dow n 
to 2200 fathom s.

T here remains one question to resolve: should the bathyscaphe 
be loaded in one piece on the cargo-ship, o r should the cabin and the 
float be shipped separately ? T h is depends upon  the cargo-ship itself.
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4: The Construction o f  the F N R S  2

A f t e r  these general considerations, let us return  to our first 
bathyscaphe. W e gave it the nam e o f  F N R S  2 in m em ory  o f  the 

first stratospheric balloon, the F N R S , and to record once m ore our 
gratitude to the Fonds N ational, that m agnificent institu tion to w hich 
Belgian science owes so m uch and w hich one can say w ithou t exaggera­
tion has stimulated the creation o f  similar institutes in o ther countries.

T ak ing  into consideration the limited credits at our disposal, we 
chose for this bathyscaphe the non-tow able form  : this decision was 
no t taken w ithou t ripe reflection no r w ithou t having discussed w ith  
the specialists the possibilities o f  operating on the high seas by 
em ploying the cranes o f  a cargo-boat.

H ere is the construction in detail.

T H E  C A B I N

T he spherical cabin is naturally  one o f  the m ain portions o f  the 
bathyscaphe. I t m ust conform  to the follow ing requirem ents :

I t  m ust resist the enorm ous pressures w hich it will sustain at 
great depths and that w ith  all desirable safety ;

I t m ust be perfectly w ate rtigh t; and be fitted w ith  an equally 
strong  and w atertigh t hatch ;

I t  m ust have portholes w hich will allow the occupants to observe 
and to pho tograph  the external w o rld ; these w indow s naturally 
m ust also be strong, w atertight and perfectly transparent;

T he cabin m ust be spacious enough for the crew— a pilo t and 
an observer— to be able to rem ain there w ithou t being too re­
stricted in their m ovem ent, in spite o f  the presence o f num erous 
instrum ents necessary for piloting, for renew ing the air and for 
observation.
F o r the stratospheric balloon I had fixed the diam eter o f the cabin at 

6*90 ft. (2*10 m .). T h is cabin was constructed o f a light alum inium  
sheeting o f only 0*1375 in. (3*5 m m .) th ick : we were able to allow o u r­
selves this luxury. B ut the cabin o f  the subm arine represents, in itself, 
the main source o f w eight, the problem  being to m aintain it in 
equilibrium  in the w ater: all the dim ensions o f  the bathyscaphe and 
consequently its cost depend thus in large measure upon  the w eight 
o f  this cabin. W e had to be m odest.
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But, on the o ther hand, if  tw o passengers are to be shut up for a long 
time in this subm arine cabin, it is im portan t that they  should have 
some com fort relatively. T h e  bathysphere o f P rofessor Beebe had an 
internal diam eter o f  4 j  ft. Beebe and B arton have show n that tw o men 
can live for long hours in such a space : bu t they  them selves found that 
it was very  uncom fortable. I spent a few m inutes in it myself, in 
Beebe’s laboratory  o f  course, n o t in the open sea. A lthough I  was 
alone in the sphere and m y height is no t m uch greater than that o f 
Beebe, I found the situation rather painful.

A fter some trials m ade w ith  m ock-ups we settled for an internal 
diam eter o f  6-J ft. (2 m .).

W hen  the Trieste was being bu ilt I adopted the same dim ensions 
fo r the new  cabin— a p ro o f that I have n o t regretted  m y  initial 
decision.

L et us note in passing that if  I had held to the diam eter o f 6-9 ft., 
the w eight o f  a cabin w ith  the same safety w ould have increased in the 
p roportion  o f 100 to 116, that is to say, in ou r case, by  3520 lb., w hich 
w ould have resulted in a considerable increase in the dim ensions o f  the 
float.

In  w hat m aterial should we m ake the cabin and w hat should be the 
thickness o f  the walls ?

T o  calculate precisely the stresses to w hich the wall o f a sphere 
will be subjected, if  the thickness is the same th roughou t and the 
pressures w hich it bears are uniform , presents no difficulty. But it was 
otherw ise in our case. Several openings were cut in the cabin : portholes, 
hatch, passages for electric cables and some tubes ; this decreases its 
solidity. I t  is clear that the thickness o f  the wall m ust be increased 
around these holes, and it is here, particularly w hen we pass from  simple 
thickness to reinforced thickness, that calculation falls short. W e were 
forcéd to m ake tests w ith  m odels w hich alone could give us the 
necessary data. Scale m odels rigorously  conform ing to plan and, o f  
course, constructed in the same material as the real th ing, were placed 
in the laboratory  in a steel tank filled w ith  oil in w hich the pressure 
was increased progressively by  means o f  a pum p until a violent 
explosion announced that the little sphere had been crushed. T he  
pressure at w hich this took  place was that at w hich the full-size cabin 
w ould also probably  be crushed.

T he  pressure to w hich it could be subjected in safety w ould 
naturally be less. W hat is called the factor o f safety is the relation
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between these tw o pressures. In  the m ajority  o f  technical structures a 
safety factor o f  4 is insisted upon. I f  the designer can call upon very  
great experience in the m atter, and above all if  the failure o f  the 
structure w ould no t be fatal to the crew, a safety factor o f  3 or even 2 
w ould be permissible. But in our case I though t that it w ould be better 
n o t to go low er than a safety factor o f  4.

A lthough it im m ediately appeared probable to us that we should 
fix our choice o f  material upon steel, we first o f  all made some trials 
w ith  plexiglas and w ith  a m agnesium  alloy. These materials, lighter 
than steel, w ould have allowed us to have a greater wall thickness for 
the same w eight. T h e  m agnesium  alloy did no t satisfy us. As for the 
plexiglas, it is n o t strong  enough for great depths : on the o ther hand it 
w ould probably  do very  well for the m esoscaphe, w hich is no t in ­
tended to go dow n beyond some 500 fathom s (see page 142).

W e therefore chose a steel o f  the best quality, in this instance the 
cast-steel called ‘indefatigable’ from  the H enricot Steel Mills (.Aciéries 
Henricot) o f C ourt-Saint-E tienne, Belgium. In consequence o f  our 
calculations and trials w ith  m odels, we gave the walls a thickness o f 
3-54 in. (9 cm .), increased to 5-91 in. (15 cm .) in the neighbourhood 
o f the openings. T hus conceived, the cabin w ould probably be crushed 
at a pressure o f  io  miles o f  w ater: at 2\  miles deep we should then 
have w hat we w ant, a safety factor o f  4.

H ow ever, it can happen, above all w hen pieces o f cast metal are 
used, that bubbles and flaws form  and remain in the in terior o f  the 
metal w ithou t there having been any fault on the part o f  the foundry- 
man. W hen mills proceed to mass p roduction  they"make prelim inary 
trials in order to determ ine the casting conditions w hich will give them  
an absolute guarantee o f  the hom ogeneity  o f  the metal. In  our case 
this was no t possible. T herefore we subjected the finished cabin to 
radiographic exam ination.1 T he  Union M inière du H aut-Katanga  
(U nion o f Mines o f  U pper K atanga) lent us a gram  o f radium , w hich 
we placed in the centre o f  the sphere. Photographic films, in the 
aggregate 18 square yards, were laid around the external surface o f the 
cabin. A fter being exposed for tw enty-four hours, the developed film 
showed that the steel was hom ogeneous alm ost th roughout. In 
certain spots, how ever, we discerned lacunae in the material. T o  dis­
cover their nature, we then proceeded, w ith  the help o f  a sort o f  boring- 
chisel, to  take a sample o f the defective part : the material thus rem oved 

1 With the assistance of the Établissements Gevaert.
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had to be replaced by  a pin in the shape o f  a truncated eone in ‘in ­
defatigable’ steel, having the apex o f  the eone coinciding w ith  the 
centre o f  the sphere. T he  stresses being everyw here perpendicular to 
this conic surface, the streng th  o f  the sphere was in no w ay affected.

T he  sample taken out showed bubbles w ith  diam eters rising to 
j  in., bu t w hich, in the opinion o f  specialists in steel, w ould no t too
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F ig . 3. Cabin of die F N R S  2, the F N R S  3  and the Trieste, without the clamping
device

a. Forward porthole b. Passages for electric cables c. Door porthole

, greatly  im pair the strength  o f  the cabin. I agreed w ith  this, while still 
m aking up m y m ind to have the bathyscaphe m ake dives while em pty, 
dow n to a depth w hich w ould exceed by  50%  that to w hich we in­
tended to descend ourselves. I considered this an elem entary pre­
caution.1

Fig. 3 shows the cabin in section. T he  casting as well as the m achin­
ing w ould have been im possible if  the cabin had had to be in a single

1 I wish here to express my gratitude to the Établissements Henricot and thank 
them for the trouble they have taken.

[ 4 3  ]



piece. T herefore we designed it in tw o hem ispheres, separated by  an 
equatorial jo in t: this division in no w ay dim inished the strength  o f  the 
w hole thing, the stresses along the jo int being everyw here perpen­
dicular to its surface. I t  was naturally  essential that the tw o surfaces 
to be joined should be perfectly flat, so that the stresses should be 
distributed uniform ly over the w hole contact surface. T he  tw o hem i­
spheres were finished on  a lathe, internally  and externally, so that their 
thickness m igh t be uniform . A t the m om ent o f  casting, each hem isphere 
had a w eight o f  io  tons, a 'w eigh t that m achining reduced to  5 tons. 
T h e  object o f  this process is to  eliminate doubtful parts o f  the casting 
w hich are found, generally, on the surface and upper parts o f  a casting.

T H E  W I N D O W S

F rom  a bathyscaphe, it goes w ithou t saying, there m ust be a w ide 
view  o f  the subm arine w orld . T h e  cabin m ust be furnished w ith  good 
w indow s, w ithou t w hich the bathyscaphe itself w ould have no  reason 
for existence.

H ere we encountered a new  and exciting problem . As theory  is 
com pletely lacking, we had to depend entirely  upon  experim ents w ith  
m odels. T h e  concern w ith  w hich w e w atched these experim ents can 
be im agined and likewise the joy we felt as we saw the ideal solution 
appear little by  little : it was only  after having found it that I was able to 
decide to  go on to the construction o f  m y submarine.

Professor Beebe and Engineer B arton had equipped their bathy­
sphere w ith  w indow s in fused quartz. B ut even w ith  small differences 
in pressure the results had n o t been satisfactory.

In  the laboratories specializing in the study  o f  high pressures, we 
had recourse to  very  tiny  peepholes m ade o f  a eone in diam ond. A t 
the highest pressures even these diam onds cracked regularly : it is 
true that they  w ere subjected to enorm ous pressures, about a 
hundred  times as great as those to w hich the w indow s w ould be 
subjected in the sea.

B ut w hy n o t sim ply take glass, as I  had done for the stratospheric 
balloon? I t  is because the pressures we had to resist w ere infinitely 
greater.

I f  a cylindrical hole bored in a plane sheet o f  steel is covered over 
externally by  a sheet o f  flat glass, a porthole is obtained w hich will 
quite well resist all the pressures we w ere th ink ing  o f  ; bu t the diam eter 
o f  the opening w ould be too small, so that the visual field w ould be too
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restricted. W e then considered cu tting  in the wall o f  the cabin a conical 
hole to w hich w ould be fitted a b lock o f  glass in the shape o f  a truncated 
eone. T h e  visual field w ould then be m uch larger. O n  this subject I 
consulted P rofessor Michels in his celebrated laboratory  for high 
pressures at A m sterdam : he advised me against it, predicting cracks 
w hen  the bathyscaphe rose again to the surface, that is to say, w hen the 
pressure was dim inishing. I then m ade o ther experim ents interposing 
betw een glass and steel a diversity  o f softer substances. O ne day we 
th o u g h t we had w o n : the glass appeared to have resisted perfectly. 
But we suffered a great d isappointm ent w hen tw o days later there 
appeared in our block o f glass, near the smaller end, a series o f scarcely 
perceptible cracks. I t  was clear that we could no t use glass.

T hen , in M ay 1939, P rofessor Guillisen, m y young  assistant’s 
father, drew  m y attention to plexiglas, a perfectly transparent organic 
substance well know n today, w hich had then just appeared on the 
m arket. Plexiglas is m uch less hard than glass: therefore I though t 
th a t, to  have the slightest chance o f  success, we should have to reduce 
the internal diam eter o f  the new  portho le to m inute proportions. But 
we discovered during  m odel trials that this was quite unnecessary 
and that all things considered a portho le w ith  an internal diam eter o f 
3*94 in. ( io  cm .), an external diam eter o f  15-75 in. (40 cm.) and 
5*91 in. (15 cm .) thick was am ply strong. By extrapolation from  the 
results o f  ou r observations, I  felt able to conclude that such a porthole 
w ould only  be deform ed perm anently  at a pressure corresponding to 18y 
miles o f  w ater, and that failure (w hich w ould, o f  course, be fatal 
for the occupants o f the cabin) w ould only threaten them  at m uch 
g reater pressures. T his result, so surprising at first glance, is explained 
by  the fact that plexiglas is som ew hat plastic: if  a small part o f  the 
substance is overloaded beyond its lim it o f elasticity, it goes slightly 
ou t o f  shape and passes the excess load to adjacent parts : thus the 
stresses are distributed in a m ore uniform  fashion th roughou t the 
entire piece, w hile glass, w hich does no t possess this plasticity, can only 
yield to an overload by  cracking.

These w indow s are perhaps the finest feature o f the bathyscaphe. 
Let the reader picture to him self an observer stooping  to one o f 
these portholes and contem plating w ith  his ow n eyes the w orld o f 
the ocean depths w hich, for the first time, are revealed to man. O n 
one side an interior, o f  reduced dim ensions it is true, bu t com fortable 
enough. H ere a norm al atm ospheric pressure prevails. O n  the o ther
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side the ocean, w hich is w eighing on the external surface o f  the 
plexiglas w ith  a force o f some 500 tons. O u r confidence in these 
w indow s was so com plete that during  all our dives we never though t 
for an instant o f  the consequences o f our plexiglas cracking. T he 
production  o f such items is no t in the norm al program m e o f industrial 
m anufacture. T herefore we owe our suppliers 1 special gratitude for 
the care they  took  in furnishing us w ith  these beautiful objects, w hose 
transparency is that o f pure crystal.

I t  should be added that observation can be im proved and the visual 
field o f  one o f these portholes can be greatly  increased by  applying 
a prism  o f  plexiglas to the internal surface : the total reflection that the 
thin layer o f air separating the tw o parts w ould produce m ay be 
prevented by  in troducing  a drop o f  glycerine.2

T H E  J O I N T S

I t  is no t enough that the cabin should be solid : it is also necessary 
that the different joints and particularly  the great jo in t betw een the 
tw o hem ispheres should be perfectly tight.

T here are m any m ethods in use to m ake sure that the joint betw een 
tw o rigid parts does n o t leak. W hen  there is low pressure, o f the 
o rder o f  one atm osphere, for example, it is enough to place a layer 
o f  rubber betw een the tw o parts. Because o f  its flexibility, the rubber 
adheres perfectly to the tw o parts, even if these are no t perfectly flat : 
this is the sealing com m only used in preserving jars. A t h igher pressures 
the rubber ring is in danger o f  being forced ou t o f its position. T he 
rubber m ust then be replaced b y  a harder substance, leather, lead, or 
even pure copper, and the parts o f  the vessel m ust be clamped strongly  
together by  means o f  pow erful bolts. H ow ever, even for very  high 
pressures one can, in certain cases, use a rubber ring em bedded in a 
groove.

In  the case o f  our tw o hem ispheres the interposition o f  any m ore or 
less flexible or plastic w asher w ould offer great dangers. O ne cannot 
in fact prevent tw o hem ispheres forced against each o ther by  the

1 W hen the Trieste was building, it was the Société Vétrocoke at Porto- 
Marghera (Venice) which was kind enough to supply us with three new port­
holes in plexiglas.

2 The reader wanting more precise details will find in the appendices a résumé 
of the pressure tests that we made in 1938 with plexiglas models in different 
shapes.
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enorm ous pressure o f  the w ater from  squeezing out, how ever slightly, 
the edges o f the washer, while the m iddle portion  o f  the w asher w ould 
remain in place. T he pressure between the tw o hem ispheres will then 
be decreased tow ards the edge o f the jo in t and increased tow ards the 
m iddle. T his non-un iform ity  o f  stress w ould im pair the strength  o f 
the w hole construction. So we had to give up the idea o f  an interposed

F ig .
a.

4. F N R S  2—F N R S  3. Clamp for the two hemispheres 
\ t t  1  i  C .  Rubber

b. / Hemispheres d. Steel clamp

layer and make use o f the autoclave joint. T he principle is very  simple : 
the tw o hemispheres are placed directly one against the other, and on 
the exterior o f the cabin the jo in t is surrounded by  a band o f rubber. 
T he pressure o f  the w ater forces this rubber against the metal and it is 
perfectly leak-proof provided that the two hemispheres are fitted 
against each other exactly, in o ther w ords, on condition that the
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m achining is faultless. I f  anything should penetrate the fissure, it w ould 
be the rubber. Let us add, to be exact, that this sort o f  joint, how ever, 
should no t be used under pressure m uch greater than those in question 
in our case, for then the rubber w ould  become hard and brittle.

W hile the Trieste was resting on the bo ttom  o f  the T yrrhen ian  Sea 
under a pressure o f 325 atm ospheres, I carefully examined the great 
jo in t o f  the cabin: I did no t find a single drop  o f  w ater in it.

T H E  F L O A T

I t is the petrol contained in the float w hich m ust carry the w hole 
w eight o f the bathyscaphe. T h e  cabin w ith  its contents has a w eight 
o f l í  ton s: bu t it only displaces 5*5 tons o f  water. Its apparent w eigh t 
is then only  5*5 tons— the w eight that the float m ust carry. If, in round 
figures, the density  o f the petrol is 0-65 tons per cubic m etre, and that 
o f  the w ater at the surface o f the sea is 1 *02 tons per cubic m etre, each 
cubic m etre o f  petrol will carry 0*370 o f a ton. T he  volum e o f  petrol 
necessary to carry the cabin and its contents should then be

r - ? £
— L -L  = 1 4 - 8  c u .  m . =  5 2 2 * 7  c u .  f t .  
o * 3 7 t / m 3

O ne m ust also take into account the w eight o f  the metallic parts 
o f  the float, o f  the heavy storage batteries and o f o ther loads, and 
lastly o f the contraction o f  the petrol due to the low  tem peratures and 
to  the pressures o f  the great deeps. O n  the o ther hand we had to have 
a reserve o f  petrol to take care o f a possible leak, or to free us if  we 
were caught in floating seaweed, the m ud at the bo ttom  or any o ther 
obstacle, o r again to com pensate a possible difference o f  density 
betw een the petrol allowed for and the petrol supplied. All these 
considerations reckoned in, we w ere led to fix the volum e o f  the float 
at 1059 cu. ft. (30 cu. m .).1

All this petrol was contained in six up righ t cylindrical tanks, as is 
show n in Fig. 5. Between these cylinders was placed the small vessel 
containing the driving petrol and the ballast tanks. All this was sur­
rounded by  a casing o f  iron  sheeting 0*04 in. thick w hich should in a 
certain measure protect the petrol tanks, decrease the hydraulic 
resistance opposing the m ovem ents o f  the bathyscaphe and retain 
any petrol w hich m ight leak from  a reservoir: finally, one could by

1 For the Trieste the volume was increased to 3742 cu. ft., this last bathyscaphe 
being stronger and therefore heavier.
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in troducing  air increase the buoyancy o f  the bathyscaphe on the 
surface. I t  is clear that if  we had had unlim ited funds we should have 
im proved the float righ t at the beginning : it w ould have been a simple 
m atter to reinforce the casing and to give it a m ore hydrodynam ic form . 
But if  we had at this m om ent presented the plan o f  a m ore m arine 
construction , we should have been told, ‘I t ’s very  pre tty , bu t i t ’s too 
dear.’ H ow ever that m ay be, if  we had no t b ro u g h t the F N R S  2 
in to  being w ith  the means and in the conditions that I have recorded

00

2 2 '9

F ig . 5. F N R S  2 . F loat and cabin

here, the F N R S  3  w ould certainly no t have seen the light and p ro ­
bably n o t the Trieste either.

These reservoirs had to be m ade in alum inium  sheeting o f  a thick­
ness o f  0*1375 in. A fter the dim ensions had been fixed, M. Cosyns 
discovered in the second-hand metals m arket alum inium  tanks w hich 
were o f  dim ensions corresponding exactly to our plan. T hey  had 
originally been intended to contain the fuel for V2 rockets, bu t the
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rapid advance o f  the Allies across Belgium had prevented their use. 
I t w ould have been a curious trick  o f  fate if  these vessels, instead o f 
helping to propel engines o f  death and destruction th rough  the stra to ­
sphere, had been used for the scientific exploration o f  the subm arine 
deeps. O ne can see here another example o f  the analogy betw een 
aeronautics and subm arine navigation. (These remains o f  the V2S 
unfortunately  were lost to us at the last m om ent.)

A  fresh analogy : the tanks were supplied to us in the end by the 
Etablissements Georges L'-Hoir o f  Liège, w ho had previously con­
structed the alum inium  cabins for the stratospheric balloon F N R S .

T he seven alum inium  tanks were placed vertically upon  a steel 
fram ew ork w hich supports the cabin (F ig. 5). T he  M ercantile Marine 
Engineering C om pany, o f  A ntw erp , generously took  upon  itself to 
supply the envelope and arrange the w hole rigging o f  the bathy­
scaphe.1

T H E  S O U R C E S  O F  T H E  E L E C T R I C  C U R R E N T

T o  supply the current needed for the lighting and propulsive 
equipm ent we had to have a considerable source o f  pow er: a lead 
acid battery  o f  14 cells and 900 am pere-hours as well as a small reserve 
battery  o f 12 cells. T he  large battery , arranged in tw o iron caissons, 
was held beneath the float by  tw o electro-m agnets, as we have already 
said. T he caissons were filled w ith  oil and w ere connected w ith  the 
sea : this oil was consequently at the same pressure as the water. T he 
pressure could have no influence on the electro-chem ical reactions o f 
the batteries because the volum etric variations w hich accom panied 
them  were sligh t: for the rest, the tests w hich we had made in our 
pressure cham ber had proved it. T here  is no point in spending any 
m ore time on the special details o f  the F N R S  2. All the principles o f  
its construction were repeated in that o f  the Trieste and above all in 
the F N R S  3. P rofiting by  experience we naturally in troduced im ­
provem ents into the tw o latter, w hich we shall m ention later.

1 We take this opportunity of thanking them cordially, as well as their 
director and chief engineer, M. de Bièvre.
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5 :  E n  R o u te  for Dakar

A t Tam ise, on the Scheldt, above A ntw erp , a cargo-ship is being 
built. T w o  professors from  Brussels visit it frequently. T h e  fact 

is that the Belgian G overnm ent has pu t the Scaldis at their disposal to 
take the F N R S  2 to its d iving site and the ship m ust, consequently, be 
prepared for its w ork. It is a ship o f 3500 tons, pow ered by  steam, 
w hich is superior to D iesel, in that its speed can be varied rapidly, and 
it can go into reverse as often as is desired : it is thus very  m anœ uvrable, 
w hich is im portan t in our venture.

T o  say that this ship was conceived under a lucky star and that good 
luck always accom panied her w ould be an exaggeration. Before being 
used by  us she made her m aiden voyage to the Baltic : ill-luck pursued 
her, for the electric m o to r w hich actuated the rudder broke dow n : that 
could happen to any ship, and an em ergency device is provided which, 
operated by  hand, allows the crew to navigate. But, as luck w ould 
have it, the Scaldis was in shoal w ater : the m en rushed forw ard but, 
before they  could intervene, the ship struck a shoal. T h e  crew just 
m anaged to avoid shipw reck, b u t the Scaldis had to be pu t into d ry  
dock. Later, while we were on board, she stopped in the m iddle o f  the 
Channel because o f damage to an engine. A  few days later there were 
fresh alarms : this time it was our ow n engineer w ho, w ith  the help o f 
the lathe from  our little w orkshop, repaired a defective valve. A nother 
time, w ith  ou r oxy-acetylene w elding apparatus, he repaired a dam aged 
steampipe. A t D akar the single screw o f  the Scaldis was found to have 
tw o blades instead o f  three and she had to go once m ore into dry  
dock. A fter re tu rn ing  from  our expedition she was sold to Bulgaria.

Such is the ship, then, w ith  w hich we had to w ork . T he m aster, 
Captain Laforce, a crew o f fifty, and the m em bers o f  our expedition, 
made up her com plem ent. Madame C osyns accom panied her husband, 
as chemist : am ong o ther tasks, she had to m aintain in good order the 
apparatus, w hich, during  the dives, m easured the am ount o f carbon 
dioxide in the air inside the sphere. M y son Jacques was also one o f 
the party , as well as tw o young  biologists from  the U niversity  o f  
Brussels, G eorges M arlier and Van den Eeckhoudt, w ho were joined 
at D unk irk  by  T heodore M onod, Professor at the M useum o f N atural 
H istory  at Paris and D irecto r o f  the Institu t Français d'Afrique Noire 
at D akar, the oceanographer Claude Francis-Boeuf, w hose tragic end
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in a plane accident in Abyssinia we had to  deplore not very  long after 
that, and D r. D aniel Bouchet, the physician o f  our expedition. T here 
were w ith  us also an engineer from  the U niversity  o f  Brussels, Louis 
O ckum , w hose assistance was valuable to us for the adjustm ent o f  
certain pieces o f  apparatus, and for all sorts o f  repairs, and a ph o to ­
grapher, Raphael A lgoet, w ho was to develop the stills on board 
and also some o f  the films that we intended to take. Lastly, the Belgian 
G overnm ent sent us, as publicity  officer attached to  the expedition, 
H enri Ghysels, w ho carried ou t the no t always easy tasks w ith  w hich 
he was entrusted w ith  a tact and delicacy that it gives me pleasure to 
stress. I t  m ay seem excessive, looking back on it, to have four observers 
w ith  us, bu t if  all the dives projected had been accom plished, each o f 
them  w ould have been able to  go dow n at least once.

T h e  cabin and instrum ents having arrived safely from  C ourt-Sain t- 
E tienne and from  Brussels, the bathyscaphe was set up in the w ork ­
shops o f  the ‘ M ercantile . . . . ’ T hen , by  m eans o f  a pow erful crane, 
it was stowed in the large hold o f  the Scaldis, w hich was entirely 
reserved for us. In  the free space round  this hold we installed a 
w orkshop w here we w ere to w ork  during  the voyage. T h e  plan was to 
pu t in at D unk irk , w here the Scaldis w ould take on freight intended 
for W est Africa, the freight to be stow ed in the unoccupied holds : 
on the return  trip it was to bring  back colonial produce.

O n the 15 th Septem ber 1948 the Scaldis w eighed anchor at A ntw erp 
and m oved tow ards the Scheldt. She m oved so slowly along the docks 
o f  the po rt that our friends had time to reach the Kruisschans L ock by 
car and w ait for us there. W e leant over the railings and waved fare­
well, while the Scaldis was let dow n to the low er level. So we set sail 
for the open sea.

T h e  w eather was threatening, w ith  drizzling rain, and the ship 
had to drop anchor near F lushing, no t being able to risk a n igh t passage 
in a storm  th rough  the difficult channels w hich lead to the N o rth  Sea. 
B ut w hen we reached the headland o f  B rittany, ofFU shant, the w eather 
turned fine. T h e  Bay o f  Biscay belied its reputation and all the w ay to 
D akar we were to enjoy m agnificent weather.

N ow  that we speak o f  it, w hy  D akar?  W hat region had we then 
chosen for our experiments ? Several considerations dictated our choice. 
W e could no t go too far from  E urope, o r ou r costs o f  transport w ould 
have risen ou t o f  all p ro p o rtio n : we had to avoid localities w here
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storm s are too frequen t: finally, an essential point, if  we w anted to go 
dow n miles after having subjected ou r apparatus to a test while 
em pty, w ith  an ‘overload ’ o f 50% , we should have to be able to use 
depths o f 3 J  miles. N ow  the N o rth  Sea and the Channel have no such 
dep ths; besides, there is too m uch traffic on these seas. T h e  Bay o f 
Biscay and the N o rth  A tlantic are too often racked by  storm s. T hen  
we had though t o f the G u lf o f  Guinea, and, in particular, o f  the poin t 
w here the geographical co-ordinates are the sim plest in the w orld , 
longitude and latitude o°. But having in m ind the limited time during  
w hich we had the Scaldis at our disposal, we gave up this plan and 
finally decided on the vicinity  o f  Cape Verde.

D uring  the first part o f  the trip , in the Channel, we m et m any ships 
and passed fairly close to a subm arine. I t  sent us light signals in M orse 
code, b u t at such speed that none o f  us could m ake them  out. W as it 
an o rder? A  message o f  goodw ill?  D id  it suspect that ou r ship was 
carrying a new  subm ersible capable o f  diving tw enty  times deeper than 
itself? In  the A tlantic the ships became less frequent. Several times we 
saw sharks. M ore rem arkable, we saw butterflies at hundreds o f  miles 
from  the coast. H ow  m any hours had they  had to persevere in their 
solitary flight to reach that po in t?  D oubtless they  had been carried by  
rising currents o f air like gliders. O ne o f them , after having followed 
the Scaldis for an instant, was snapped up  under our eyes by  a bird. 
T h is  sight pained us!

O ff the coast o f A frica we m ade the acquaintance o f flying fish. 
W e saw them  abrup tly  rise ou t o f  the w ater in great num bers and fly 
off in all directions. I t  was not, as is often said, glid ing : the speed w ith  
w hich they em erged from  the w ater w ould no t be sufficient to carry 
them  to the distances w hich we observed : we distinctly  saw their 
flying fins v ibrate in the air like the w ings o f  dragonflies. A fter fifty 
or a hundred yards the fish drops into the w ater. Its alighting, con­
sidered from  the aeronautical poin t o f view , is quite a failure. It 
dives no m atter how  into a wave, w ithou t m aking the least attem pt 
to reduce the im pact, as any bird w ould do, by  flaring out before 
landing. I f  it doesn’t fly a great distance, it is because flight w ith such 
small w ing-fins m ust be exhausting. Besides, a pro longed flight w ould 
have no purpose, for it is clear that it only  leaves the w ater to escape 
an enem y : to tell the tru th  we never saw their pursuer, bu t by noticing 
the place from  w hich the flying fish em erged we could guess the 
path o f  the hunter.
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6: Diving a t  Cape Verde

O f f  D akar a sloop o f  the F rench N avy came to m eet us, the 
Elie-M onnier ; she had on board Captains Tailliez and Cousteau. 

A  w arship, or m ore exactly a m ilitary vessel fitted ou t for oceano­
graphical research, it serves as a hom e base for the famous divers o f  the 
F rench N avy w ho, equipped w ith  the light C ousteau-G agnan div ing­
suits, have specialized in subm arine exploration in the shallows and 
have already given us films o f  great beauty. A lgoet, our photographer, 
did no t know  that som etimes they fish for cameras as well. A  few days 
later, in fact, while getting  into a longboat w ith  bo th  hands on the 
ladder, he took  the strap o f his camera betw een his teeth, bu t im itating 
the crowr in the fable, he let it d rop  into tw enty  fathom s o f  w ater. He 
was m ost upset, b u t D um as, one o f  the divers, consoled h im : ‘Take 
it easy! It will be all righ t w hen it’s d ry .’ A nd pu tting  on his equip­
m ent, he jum ped into the w ater, dived and came back w ith  the camera, 
just as coolly as if  he had picked a pencil up from  the ground.

D A K A R

A t D akar the authorities gave us a trium phant reception as if  we 
had already succeeded in our attem pt. It seemed prem ature to me, and 
I though t about counting  unhatched chickens. Several details o f the 
bathyscaphe had yet to be verified and adjusted. I was realizing the 
drawbacks o f the expedition’s being under a divided com m and, and 
I was regretting  that I was n o t in sole charge. H appily  the French 
N avy gave us all the help we w anted. I t was invaluable to us.

W e had to find the bathyscaphe as quickly as possible w hen it came 
up after a deep dive. A  considerable drift was to be expected, w hile it 
was under the w ater, and a single ship w ould no t be enough to find it 
again : above all no t the Scaldis. A dm iral Sol, com m anding officer at 
the D akar base, decided to give us an escort o f  tw o frigates, Croix-de- 
Lorraine and L e- Verrier, and to attach tw o hydroplanes to them . May 
I be perm itted here to thank A dm iral Sol m ost cordially, as well as 
the officers o f  the F rench N avy, and the engineers and personnel o f the 
arsenal, for their generous help and for the cordial reception. I t is a 
pleasant m em ory.

O u r departure for the Island o f  Bao-Vista, one o f the Cape V erde 
Islands, in the vicinity o f  w hich our first dives were to take place, was
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delayed by M. Cosyns falling ill. T his w aiting period at least allowed 
us to proceed to som e practice in the m atter o f  launching the bathy­
scaphe. T h e  operation, though  a little too com plicated, was spectacular. 
T he  subm arine lay in the hold o f  the Scaldis : tw o hooks were raised 
above its float. O n the cable o f  the crane hung  a b ig  hook  w ith  a beam 
attached to it. A t its extremities hung  tw o o ther hooks w hich were 
attached to the first hooks. T he  steam engine o f  the w inch begins to 
w ork. Slowly the F N R S  2 is lifted ou t o f  the hold. Its cabin is above 
decks: the crane turns. T h e  Scaldis lists. T h e  w inch turns in the 
opposite direction, unrolls the cable and for the first time the F N R S  2 
makes contact w ith  its elem ent. T h e  cabin enters the w ater : the float 
in tu rn  is immersed to a th ird  o f  its height. A t this m om ent the cable 
slackens : the F N R S  2 is afloat. I t  is light, for it has n o t yet been filled 
w ith  petrol. As a precaution the float had been filled w ith carbon 
dioxide in order to avoid all danger o f  explosion at the m om ent o f 
pum ping in the petrol. T w o  hoses connect the Scaldis w ith  the 
bathyscaphe. By one hose a pum p sends the petrol from  the reservoirs 
into the cylinders o f  the float. T h e  o ther is used to evacuate the gas : 
driven ou t by  the petrol, the gas flows back tow ards the reservoirs o f  
the Scaldis, w here it occupies the space which has become free. 
Slowly the bathyscaphe sinks, until the m om ent w hen the 7040 gallons 
have been pum ped in. O u r calculations are show n to be correct, the 
float still shows a little above the surface. W hen  the tw o passengers 
are in the cabin and the ballast is in place, the bathyscaphe will be in 
proper equilibrium , ready for the dive. A fter having taken the petrol 
on board the Scaldis, we replace the F N R S  2 in the bo a t’s hold.

O n  the 19th O ctober we at last left D akar for B ao-V ista: the 
Portuguese G overnm ent had authorized the F rench N avy to enter its 
territorial waters, and the Elie-M onnier w ith  its echo sounder took  
soundings at a great num ber o f  points. I t m arked ou t a zone in the 
neighbourhood o f Bao-Vista w here the bo ttom  descends in a gentle 
regular slope : this was the place w hich seemed m ost suitable for the 
first tests. W e dropped anchor here on the 21st O ctober 1948.

A lthough  we did no t come ou t to explore the archipelago, b inocu­
lars and telescopes were m uch in evidence. T h e  climate here is ex­
trem ely arid, alm ost a desert. W e w ere told that it had no t rained for 
three years ! T his was perhaps a little exaggerated, since vegetation was 
not totally absent. T he  inhabitants appear to live from  fishing.. O f  
mixed race for the m ost part, descendants o f  P ortuguese and N egroes,
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they  lead a w retched existence. Since w e d idn’t land, some o f  them  
came off in a small boat to offer us eggs, even a chicken, in exchange 
for cigarettes. T h e  first day we though t we saw a large lake on the 
island, at sea-level. T h e  breeze was light ; bu t strangely enough large 
waves seemed to w rinkle its surface. F rom  hour to hour, m ore extra­
ord inary  still, the lake changed its shape: it spread out, and then 
shrank. T he  next day it had disappeared. I t was a m irage.

T h e  first descent was to be m ade at a depth  o f 14 fathom s : I w anted 
the divers to be able to come w ith  us, to survey operations, particularly 
to check our unballasting. A lthough  I was persuaded that there was 
no th ing  to fear on this score, it seemed pruden t to be able to call upon  
them  for help in any case.

As our subm arine had to be able to make tests w ithou t a crew, we 
had equipped it w ith  an autom atic pilot : it had to cut off the curren t 
to the electro-m agnets by  means o f a servo-m echanism  m anufactured 
by  Sprecher u. Schuh (A arau, Switzerland) and thus release the 
ballast as soon as the H aenni pressure gauge recorded arrival at the 
prescribed depth. But it could have happened that, either th rough  a 
m istake in the level, or as a result o f  drifting, the bathyscaphe came to 
rest on the g round  w ithou t having reached the depth  in tended : to 
arrange that in this case the pilo t w ould no t rem ain inactive, it had 
been equipped w ith  a Longines tim e-sw itch w hich, at the end o f  a set 
tim e, should set off the unballasting and the ascent. Besides this, a 
special installation was to start off the same operation in the case o f 
w ater leaking in to  the cabin. F o r this first descent in shallow  w ater, 
w here there w ere to be tw o o f  us in the cabin, the autom atic p ilo t was 
n o t needed. I t  had been understood  that it w ould n o t be connected up. 
Howrever, w ithou t m entioning it to m e M. Cosyns had connected it, 
m erely being satisfied w ith  no t rew inding the time switch. F o r m y 
part I had w ound up the time sw itch to see if  it was w orking  well.

W hat had to happen, did happen. A t H -hour, while the bathyscaphe 
was still in the bo ttom  o f  the hold  and we were preparing to transfer 
it to the w ater, the current to  the electro-m agnets was cut autom atic­
ally and one o f  the big  batteries was detached and dam aged. T his 
accident held up our operations for one day, a delay at first sight 
w ithou t im portance, bu t annoying w hen one m ust w ork  w ithin a very  
lim ited time. H ow ever, this made it evident that our ro b o t was 
behaving itself.

O n  the 26th O ctober, finally, all was ready for the first dive.
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N orm ally , M. Cosyns should have gone w ith  me. B ut he preferred to 
stay on the Scaldis, from  w here he kep t an eye on the w orking  ou t o f  
operations. I regret for his sake that he did n o t participate in this first 
o f  all tests that I  had waited for for so long, and that I was rejoicing 
to be able to carry  ou t at last. Since this left a place free, one o f  the 
biologists was able to go dow n w ith  me. V olunteers w ere no t hard to 
find, and we drew  lots to decide w ho was to come dow n w ith  me. 
P rofessor M onod drew  the lucky num ber. T o  console themselves the 
others persuaded them selves that they  w ould go deeper w hen their 
tu rn  came.

F o r m e it was the great m om ent. I t  was n o t a m atter o f  a dive o f  
14 fathom s, b u t that all the details o f  the bathyscaphe m ust now  be 
p u t to the test. W hether one is at 14 fathom s or 2\  miles the unballast­
ing  and the renewal o f  the air in the cabin, the headlights and the 
propellers, all m ust function in the same way. W e w ent dow n into the 
hold and by  the m anhole, w ith  its diam eter o f  17 in., w e slid in to  the 
cabin. I t  was three o ’clock in the afternoon. T h e  heavy door suspended 
from  a tro lley rolling on tw o rails installed at deck-level on the Scaldis 
was b ro u g h t up, pu t in to  place and bolted. T here  we w ere, cut off 
from  the outside w orld . T h e  telephone should have allowed us to 
keep in touch  w ith  our friends, b u t it was n o t w o rk in g ; one result 
o f  the divided com m and. F ive years later the telephone in the Trieste 
was to give us com plete satisfaction: m y  son could direct the last 
operations from  the cabin before the dive. W hile at a depth o f  22 
fathom s w e were to drift along before Castellam m are di Stabia, the 
com m unication w ith  the surface continu ing  unin terrupted .

But we are still at Cape Verde. Shut in the cabin, P rofessor M onod 
and I looked out o f  the portholes : we felt no th ing  at first, bu t all at 
once we noticed that the bo ttom  o f  the hold was m oving away from  
us : the w inch had taken us in charge : here we were now  above the 
deck o f  the Scaldis. A re we starting  ou t for the stratosphere? N o, after 
30 ft. we stopped rising, and the crane turned. T h e  deck o f the ship 
seemed to slip along beneath us, then the rails and the blue sea : then 
the hull o f  the ship appeared to rise. W e w ent slow ly dow n tow ards 
the w ater, till at last the portholes w ere im mersed. T h e  blue light 
penetrated the cabin. T he  sight was m ost beautiful.

But then som ething happened, for the w indow s came out o f  the 
w ater again while w e were im patient to go dow n : prisoners, we could 
do noth ing. I f  only we had know n w hat was happening ! B ut the
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telephone, alas, was silent. I had, how ever, had the operations 
tho rough ly  rehearsed in the po rt o f  D ak a r: hadn’t the crew had 
enough training ? As I had no w ay o f  com m unicating w ith  the surface, 
it was im possible for me to intervene. I f  only  I could have been tw o 
m en ; w ithou t losing m y place in the cabin, have been present on the 
deck o f  the Scaldis\

A t last we heard the noise o f  the steam engine driv ing the w inch. 
W e w ent dow n again. A  fathom  low er we came to a standstill. As the 
float was no t filled w ith  petrol, it was too light and sank no deeper 
in the w ater than to a th ird  o f  its height. T h ey  seemed to be connecting 
the hoses for the petrol and the carbon dioxide. T h e  only  th ing  that 
we could hear was the m urm ur o f  our D raeger apparatus. But at last 
a new  noise was added: the m urm ur o f the pum p m otor w hich was 
sucking up the petro l in the fuel-bunkers o f  the Scaldis and sending it 
dow n in to  the tanks o f  the bathyscaphe. Loaded thus, we w ent slow ly 
dow n. W e w atched the sea. In  fron t o f our portholes a swim m er passed. 
Is it Nicolas, the friend o f  C aptain N em o? A  picture illustrating 
Tw enty Thousand Leagues under the Sea has rem ained engraved on m y 
m em ory  : half a century  has n o t effaced it : A ronnax, P rofessor in the 
M useum at Paris, and Captain N em o in the sem i-darkness o f  the 
saloon o f  the Nautilus', outside, in full light, the diver. T o d ay  it is I 
w ho  am in the subm arine. A t m y side there is indeed a professor o f  a 
M useum in Paris, bu t it is n o t A ronnax, it is D r. M onod. W e are no t 
in the N autilus  b u t in the F N R S  2. A nd we are in 1948.

T his cannot be, then, the pearl-fisher o f Cape M atapan. But in spite 
o f  all this, the analogy amused us. I t  was a diver from  the Elie-M onnier. 
H e had in fron t o f  his eyes the big goggles divers wear, betw een his 
lips the m outhpiece by  w hich they breathe, and on his feet Corlieu 
palms. H e came close to our portho le  : I lit up m y face so .that he could 
see me.

T h e  w hirring  o f  the pum p ceased: the float was full o f  petrol. 
N ow  w hy  d idn’t w e go dow n ? T h e  daylight decreased. H ave they 
forgo tten  us on top there ? T h e  tropical n igh t falls rapidly. T h e  lights 
o f  the Scaldis lit up  the sea around us. W e plugged in our lamps.

O nce m ore a diver paid us a visit ; he found us playing chess. W h y  
no t ? W e had no th ing  else to do, unfortunately . As neither M onod nor 
I saw him, he attracted our attention by  knocking several times on the 
wall o f the cabin. O n  a little board , w hich he held in fron t o f  the w in­
dow , we read : ‘Y ou are going dow n. D o n ’t stay dow n there too long.
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D o n ’t start anything w ork ing .’ A t last some news! But w hy did he say 
‘d o n ’t stay dow n too lo n g ’ ? N o doub t he m eant no t longer than is 
usual during  bathyscaphe dives, bu t as our descent was the first ever 
done in a bathyscaphe, the order lacked clarity to som e extent. A nd 
w hy w eren’t we to start up the m o to r?  W hen  we came up, no one 
could give us an explanation. I t  was a disappointm ent for me no t to 
see our propellers function. W e concluded from  the message that 
they  w ere in the process o f  pu tting  the ballast aboard. Suddenly M onod 
cried : ‘W e’re at the b o tto m .’ W ith o u t a jolt, w ithou t a jar, the 
F N R S  2 had grounded  at 14 fa thom s: the projectors o f  the Scaldis 
illum inated a vast area.

As the echo sounder and the frogm an had led us to expect, the 
bo ttom  was flat. But if  we had hoped to find anem ones, corals or pearl 
oysters here we should have been d isappoin ted : the sea was em pty. 
Everyw here there was a grey  sedim ent, ridged like a ploughed field, 
w here the surge had rolled it in to  furrow s. H ere and there, there were 
a few dark  patches, w hich D r. M onod could no t explain. A  lum inous 
fish passed. D r. M onod told me that it was n o t the fish w hich was 
phosphorescent, bu t the algae w ith  w hich it was covered.

W e started the apparatus to m easure the cosmic rays, and the m eter 
crackled loudly. W ith o u t even checking the recorder, we could hear 
that it was slow er than on the surface. F ourteen  fathom s o f  w ater, 
then, absorb an appreciable part o f  cosmic radiation. A t the end o f  a 
quarter o f  an hour, having no th ing  to do since we w ere no t to m ove 
about, we decided that the lim it betw een ‘no t long en o u g h ’ and ‘ too 
lo n g ’ had been reached, so we set abou t th row ing  the ballast over­
board. T w elve large tubs o f  iron  scrap w ere held to the float by  
electro-m agnets : I had m y hand on  a switch ; all I had to do was press 
w ith  one finger for one o f  the electro-m agnets to let go. In short, i t’s 
as simple as a m odern  lift. In  fact, after a light pressure on the bu tton , 
I could see th rough  the portho le that one o f  the ballast tubs had 
loosened itself and fallen. I repeated this operation several times : and 
the g round  m oved away from  us. A t ten o ’clock at n igh t we came once 
m ore to the surface.

H ours passed, interm inably. W e heard the pum p functioning and, 
at last, the w inch going into action. M y porthole came ou t o f  the w ater : 
we were rising. I could see the Scaldis, w ith  the w hole crew at the rails : 
I recognized m y son, w ho is a head taller than the others : he w ould 
very  m uch have liked to come w ith  me. I f  one could have told him
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that n ight that five years later he w ould go dow n too, bu t to 1680 
fathom s, in a perfected bathyscaphe, the building o f w hich he had 
him self directed!

W e w ent on rising till we came to the level o f the deck. T h e  crane 
sw ung ro u n d ; under us the hold was open : on all sides the sailors 
held the machine by  ropes so that it w ould no t knock the sides o f 
the hold. T he  final phase: we were lowered into the hold. I saw our 
com rades, w ho were eager to join us as soon as possible. A t last 
the F N R S  2 came to rest on its cradle. I t  was three in the m orning  
w hen the door was opened. All w ent well, b u t w ith  an incom prehen­
sible slowness. W e had been shut up twelve hours. T he  same D raeger 
apparatus, w hich on the 27th M ay 1931 allowed us to live for seventeen 
hours in the stratosphere, had furnished us w ith  breathable air during  
all this time.

T h e  F N R S  2 itself behaved very  well. T here  was no reason then 
for no t going on w ith  our program m e.

F o r the first serious dive I had contem plated going  dow n w ith  one o f 
ou r biologists, or, if  M. Cosyns w anted it, w ith  him , to 550 fathom s. 
F rom  the beginning it had been laid dow n that the bathyscaphe w ould 
n o t go dow n w ith  a crew to m ore than tw o-th irds o f  the greatest depth  
previously reached w ithou t a crew. In  o ther w ords, we were applying 
here the classic rule o f  the engineer w ho requires an overload o f  50%  
before any mechanism  is accepted. (W ith  the cabin o f the Trieste 
m ade o f forged steel, this precaution was unnecessary in 1953 w hen it 
was only a question o f  going dow n to 1650 fathom s.) T h a t implied 
then an em pty descent o f  the bathyscaphe to 825 fathom s.

F O G O

T h e  Elie-M onnier  had picked out a place suitable for the tests, 
behind the Island o f Fogo , w hich is another one o f the Cape Verde 
group . In  Portuguese, fogo  means fire. In  fact a volcano dom inates 
this little island. I t  is a eone o f  rem arkable sym m etry w hich rises to 
nearly 9900 ft. F o r me and for several o f  m y com rades w ho had never 
seen a volcano from  near at hand, to approach this was som ething o f  an 
event. A t the m om ent o f  our arrival the volcano was dorm ant : it was 
alm ost the sleep o f  the Sleeping Beauty, for the last eruption had taken 
place in 1857. G reat lava-beds transform ed into grey rock reached dow n 
to the sea and showed the route w hich the destructive fire had taken
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during the past centuries. I t  was clear that an eruption  w ould be very 
serious, for all along the coast there w ere dwellings. T w o  years after 
ou r visit, the newspapers announced that an erup tion  had ravaged the 
island. I was sorry  that ou r little fleet, the Croix-de-Lor raine, the L e-  
Verrier, the Elie-M onnier and the Scaldis, w ere no t present then to 
give assistance.

O n  the 31st O ctober the F N R S  2 had to be sent dow n alone to a 
depth  o f  825 fathom s. So that it w ould n o t strike the bottom  too 
v io lently  if  it happened to be at a po in t w ith  less depth  than supposed, 
we had installed, as well as our autom atic pilot already described, a 
sort o f  antenna hanging below  the bathyscaphe and w hich, upon 
arriving upon  the g round, w ould have released the ballast. D u ring  
the launching o f the bathyscaphe, the antenna was still tucked up. 
A t the m om ent w hen the bathyscaphe crossed the railings, Cosyns 
and I, w ho were w atching operations from  the bridge o f  the Scaldis, 
noticed that a rope was com ing dangerously near to our machine. 
Before we could intervene, it touched the sensitive point. T he  robo t 
functioned well, bu t as a ro b o t w ithou t sense : and tons o f ballast fell 
in to  the w ater. I t  was the rolling o f the Scaldis w hich had caused the 
accident. A gain an annoying delay.

T h e  sea was too rough  to start operations again, so the Elie-M onnier 
w ent off on a reconnaissance trip  to the Island o f Sao-Thiago. U pon 
its re turn , its officers announced that conditions were ideal in the Bay 
o f  Santa-C lara and that we should find the depths needed near the 
coast: if  the w ind did no t change, we should have a glassy sea. T he 
Scaldis therefore set sail for this island.

D O W N  TO 7 7 0  F A T H O M S  W I T H  T H E  A U T O M A T I C  P I L O T

W hen  the m orning was well advanced on 3rd N ovem ber 1948 we 
began preparations once m ore. T h e  contact gauge was set for a depth 
o f  770 fathom s. Like m ost alarm -clocks, the time switch which, at the 
hour fixed, w ould set off the unballasting in a situation w here the gauge 
had not been able to w ork , was no t intended for dorm ice : it cannot be 
set for a time beyond twelve hours, because its little contact wheel 
turns round  twice in tw enty-four hours. A t the m om ent when the 
hatch was closed on the m anhole, we gave it a maximum delay by  
fixing it to go off at 4.40 p.m . I t  seemed that this w ould give us an 
ample m argin o f time. T he  series o f  operations to be carried out, 
how ever, is rather long. I t  was one o ’clock in the afternoon before
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our subm arine could at last be launched. T h a t left us three hours and 
fo rty  m inutes until H -hour. T he  Elie-M onnier  took new soundings. 
W as our navigation at fault? H ad the current carried us away from  the 
island ? In  short, we now  had only  495 fathom s under us, so we had to 
tow  the machine to a deeper spot. Since the cabin was underw ater, we 
naturally  could no longer adjust the clockw ork. W e had a very  short 
time before us. Scarcely had we begun to m ove than one o f the two 
tow ing-lines o f  the Scaldis broke : a new  cable had to be b rough t from  
the reserve; and we had to catch the F N R S  2 , w hich was adrift. A t 
last we started ou t again. By now  the time at our disposal was extremely 
short. T he subm arine was still a little light. V ery hurriedly  we gave 
it the extra ballast. A t last, at four o ’clock, the bathyscaphe w ent dow n.

W e knew  that at 4.40 p.m . it w ould unballast itself. N o th ing  could 
prevent that. I t had then only fo rty  m inutes to reach the prescribed 
depth. W e did no t know  exactly its speed o f  descent. T he  m om ent was 
dram atic. W e had equipped our bathyscaphe w ith  a radar antenna so 
that the frigates could find it again in case o f  fog. A t the m om ent 
w hen this antenna disappeared below the surface, Captain Laforce, 
w ho was sceptical, said to me :

‘D u rin g  the w ar I saw several ships go dow n exactly as you r 
F N R S  2 is going dow n now. N o t one came to the surface again.’

It was no t encouraging. But our F N R S  2 was no t a ship like the 
others ; it was a bathyscaphe ! I had entire confidence in m y autom atic 
pilot. But I was afraid that fo rty  m inutes was no t enough for the 
machine to reach the desired depth. C rew  and passengers scrutinized 
the sea : clusters o f observers crow ded the masts and spars o f  the two 
frigates. I m yself w atched the horizon from  the bridge o f  the Scaldis. 
Everyone was afraid that the bathyscaphe w ould no t come up. As for 
me, I was sure it w ould come up  again, bu t I was afraid it w ould come 
up too soon.

Slowly I turned m y telescope. Several o f  ou r launches and boats 
w ere scattered about. But w hat was that little boat that I could see in 
the distance ? N one o f  ours had been sent over there. I t  could no t be 
the F N R S  2, since it had no antenna. H ow ever, I recognized its orange 
colour, and th a t’s w hat it was! It was 4-29 p.m . T he  time sw itch could 
no t have gone into action, then. But had the subm arine really been 
able to cover in tw enty-nine m inutes a vertical route o f  i-f m iles? In 
that case everything w ould be in order. But w hat if  w ater had pene­
trated the cabin, if it was a leak w hich caused the alarm apparatus to
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function? T h e  answers to these questions w ould have to wait until 
we could open the cabin and read the recording pressure gauge.

M eanwhile the frogm en o f the E lie-M onnier  examined the cabin. 
W hat they told us was no t very  reassuring. D rops o f  w ater could be 
seen inside one o f  the portholes, w hich proved that a joint was no t 
tight. I t  is true that a few drops w ould have been enough to dam pen 
a porthole, and I refused to give up  all hope.

T h e  subm arine was b rough t alongside. M eanwhile the wind rose; 
n ight came on suddenly, as it does in the tropics. A fter dark, operations 
were m ore difficult. W e connected the hose w ithou t difficulty w hich 
should conduct the carbon dioxide into the float, bu t we could not 
manage to join up the big tube w hich w ould bring  back the petrol to 
the Scaldis. T he  sea was too rough  and the hose too heavy: all our 
efforts were in vain. T he waves sw ept the deck o f  the bathyscaphe and 
the tw o men w ork ing  on it stood in great danger o f  being washed 
overboard. A  shark turned slow ly around the subm arine. A lthough 
sharks rarely attack m an, so they say, this m ade us anxious, for fear, 
perhaps, that at n ight they m ight be less pacific. A t this m om ent I 
learnt that one o f the m en could barely swim. T h a t made up m y m ind, 
and we took them  back on board.

Since there was no possibility  o f  raising the bathyscaphe w ith  its 
petrol in it, we decided to tow  it to shelter inside the Bay o f Santa­
c la ra . But we could only go very  slow ly: the F N R S  2 was no t 
intended for this sort o f  tran spo rt: the waves beat on its sides: the 
metal plates creaked under their blows. A lso, I had the im pression 
that the float was slow ly going dow n : if  that was the case, it m eant there 
was a leak in one o f  the reservoirs, and the w ater, entering by  one o f 
the low er orifices, was driv ing ou t the petrol and taking its place: at 
n ight and in such w eather it was difficult to tell. In  fact this was a 
m istake, bu t I was no t to know  it till later. I f  the bathyscaphe go t any 
heavier it w ould end by  sinking. W e therefore had to take a quick 
decision : the petrol had to be replaced no t by  w ater bu t by  carbon 
dioxide. W e had to force this gas into the reservoir by means o f the 
narrow  tube, bu t since the big hose could not be connected, we had 
to sacrifice the petrol and let it run  ou t into the sea. T h a t w ould put 
an end to our diving and to the w hole expedition, bu t we reckoned it 
better to sacrifice the petrol than to risk the loss o f the bathyscaphe 
itself.

6600 gallons o f petrol in the open sea caused a considerable danger
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o f fire, so we had to prohibit sm oking. I sent this decision by  radio to 
the Elie-M onnier , and we opened the cock o f  the carbon dioxide: 
the petrol from  the bathyscaphe spurted ou t like a geyser. A t this 
m om ent the Elie-M onnier  drew  near; and its funnel sent ou t a 
show er o f  sparks. M y com m uniqué had no t been transm itted in time. 
Fortunately  they  heard our shouts and the dispatch-vessel m oved away.

Little by  little the float was em ptied : the F N R S  2 rose h igher in the 
w ater. W e now  tried to attach the hooks hanging from  the cross­
beam to the hooks on the bathyscaphe, bu t all our efforts w ere vain : 
the Scaldis and the F N R S  2 w ere rolling m uch too m uch. Fearing that 
the sailors w ould be injured by  the hooks, we had to give up this 
operation and once m ore take the sailors on board. T heir courage and 
loyalty  were adm irable. T h e  Scaldis set course for the Bay o f  Santa­
c la ra  from  w hich the w ind and the drift had carried us far : the w ater 
w ould be calm there. M eanwhile the bathyscaphe battled desperately 
w ith the waves. Its plates groaned all n igh t long. A t m idnight I asked 
the captain w here we were.

‘W e are still in the same place,’ he said. ‘W e are only just holding 
our ow n against the cu rren t.’

W e dared no t go faster : the bathyscaphe w ould no t have stood it. 
A t last, as the n igh t w ore on, the situation slow ly im proved. W e 
gained on the drift and the closer we go t to the island, the less drift 
there was. T he waves grew  less as well : and we m oved faster.

W hen  dawn came we w ere in the b ay : and there, w ithou t any 
difficulty, the F N R S  2 was b rough t aboard the Scaldis.

W ith  feverish anxiety we opened the hatch. A  first glance showed 
us that there was very  little w ater in the cabin, no t enough, in any 
case, to have caused the autom atic pilo t to unballast. T here was there­
fore some ground for hope that the desired depth  had been reached. 
I slid first into the sphere and to m y great joy I could announce a 
depth o f 759 fathom s. T he  difference o f 11 fathom s betw een the 
depth  for w hich the contact pressure gauge was set and that m arked 
by the index o f the recording pressure gauge was o f no im portance: 
the autom atic pilot had fulfilled its mission.

U nquestionably then in tw enty-n ine m inutes the bathyscaphe had 
covered 1518 fathom s, w hich represents a mean speed o f 5 ft. per 
second. I t was clear that the unballasting had been too substantial: 
the bathyscape m ust have risen to the surface at a speed o f m ore than 
6 ft. 6 in. per second. A t this rate the critical velocity had been
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exceeded. A  m arked rocking  had resulted and it was this m otion 
w hich had caused the antenna to break (see page 62).

But how  did the w ater get in to  the cabin? T h e  direction o f  the 
splashes led us to the faulty part : it was the un ion  o f  the tube bringing 
w ater under pressure to the pressure gauge w hich had become partly  
unscrewed. I f  the autom atic pilo t had had tw o hands and a pipe w rench 
it could w ithou t difficulty have tightened this joint. O n  the Trieste the 
same unions did no t allow the passage o f  a single drop  o f w ater, even 
at a depth  o f  1650 fathom s. I t  was a p ity , in short, that this dive had 
been done em p ty : if  one o f us had gone w ith  the bathyscaphe, the 
Press could have spoken o f  a great success: at this m om ent it was 
still P rofessor Beebe w ho, w ith  his 508 fathom s, held the w orld 
record for depth. N evertheless, we had no t set ou t to hun t records, 
and the fact that a habitable cabin had indeed come back from  759 
fathom s had exactly the same value, from  the technical point o f  view, 
as if  a m an or a guinea-pig had been shut up in it. Perhaps even a little 
m ore, since the construction o f  the robo t constituted quite a presentable 
technical achievem ent.

I t  should be noted here that tw o F rench officers o f  the Elie-M onnier , 
full o f  enthusiasm  for the bathyscaphe and confident o f  its success, 
had offered themselves as volunteers for this dive. T his courageous 
offer could no t be accepted for the reasons given above, our subm arine 
having first to make a dive w ithou t a crew.

T h is dive to 759 fathom s pu t an end to our tests for 1948.
A  few days later Mr. Barton dived in his captive bathysphere to 

748 fathoms.
W e now  set sail for D akar, arriving there on the 6th N ovem ber. 

T h e  end o f  the expedition came alm ost w ithou t incident. T he  Scaldis 
had to go to collect freight in F rench Equatorial Africa, so as no t to 
go hom e em p ty : the budget at our disposal did no t allow us to pay 
for the passages o f  twelve persons in a passenger boat or a plane. 
O nce m ore the French authorities m ade a generous gesture ; and on the 
12th N ovem ber at ten o ’clock in the evening we left D akar all together 
on board an A ir France plane. W e flew over the Sahara on a m oonless 
n igh t : in the darkness we could scarcely distinguish the dunes. A  little 
before dawn we landed at Casablanca. In  the east M ercury was visible, 
standing ou t against a still dark  sky ; in Europe one can never see this 
planet so clearly. T hen  the plane left for Paris, passing in a straight 
line over Cadiz, T oledo , M adrid, the Bay o f  Biscay, A rcachon. As we
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flew over, we could see to the east the Straits o f  G ibraltar and its rock, 
M orocco and the A tlas M ountains, and beyond the M editerranean. 
It all looked exactly as on the map. It is true, then! A nd yet the map 
was draw n long before any hum an eye was able to see all these places 
as a group.

A t Paris we changed planes, and at four o ’clock in the afternoon we 
arrived in Brussels.

W hat is the verdict on our expedition to the Cape V erde Islands? 
T here we had, w ithou t doubt, p lenty  o f  disappointm ents : but, and I 
should like to emphasize this, the expedition was far from  being a 
failure.

It is riot the first time that a scientific experim ent has had to be done 
over and over again until it can take place in perfect conditions. A nd 
w hat o f  technique? W hat is the num ber o f  planes w hich have run  
over the field w ithou t ever having been able to get into the air ? I still 
rem em ber the time w hen we lay dow n flat in order to m ake sure that 
the wheels had left the g round  : we were struck w ith  adm iration every 
time we saw a few inches betw een the tyres and the ground. Is it then 
serious that our first expedition did no t have a spectacular success, 
since it provided p ro o f that the principle o f  the bathyscaphe was 
correct? H enceforth, for this study we could call upon  m uch greater 
resources, financial and o therw ise; resources such as one w ould no t 
have dared to risk for a first trial. W ith o u t the F N R S  2 , neither the 
F N R S  3  nor the Trieste w ould have been born. A nd if  in 1953 and 
1954 it was possible to dive successively to 1100, 1650 and 2200 
fathom s, it is indeed to the F N R S  2 that it was due.

T h e  F rench officers o f  the Elie-M onnier, w ho so brilliantly and so 
spontaneously collaborated in this expedition, im m ediately saw the 
value o f  the bathyscaphe; and it is they w ho, by  m aking strong  
representations to the F rench N avy, w hich was hesitant, caused it to 
decide to take it over.



Plate VI Completing the for­
mation of one of the hemi­
spheres

Plate VII One of the hemi­
spheres on the lathe after 
stamping
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y: The F N R S  3

WE have seen that the F rench authorities and F rench N avy lent 
us valuable aid in 1948. F rom  D akar to the Cape Verde Islands, 

and during the tests, the dispatch-vessel Élie-M onnier  and the frigates 
Croix-de-Lorraine and L e - Verrier never left our sides. I still feei a 
great gratitude to all o f  them.

W ith  the F rench officers w e naturally  discussed the results obtained 
and the difficulties encountered. W e were all agreed that it was neces­
sary to m odify the structure o f the F N R S  2 in certain o f its parts. In  
particular, taking it on board had proved difficult. T herefore it was 
advisable to go back to the form er plan, studied by  me in 1938, which 
had been abandoned for reasons o f econom y, the tow ing o f  the bathy­
scaphe to the diving-place w ith  its float already full o f  petrol. A part 
from  the cost, this solution offered no extra difficulties in particular. 
I t  was enough to follow  the lines o f the hull o f  a vessel : how ever, it 
im plied that on the high seas the crew w ould have to enter the cabin 
by  a shaft and operate the door while the cabin was subm erged.

U pon m y re tu rn  to Brussels I studied this problem  in detail. But the 
Fonds N ational had to take into account public opinion and the re­
actions o f  the Press. T h ey  were reproached w ith  having invested funds 
in an undertaking doom ed from  the first: they had to pay the m ore 
attention to these opinions because I was o f  Swiss nationality and I was 
no t a sailor. D iscussions followed ; in 1950 the Fonds N ational signed 
an agreem ent w ith  the F rench Centre N ational de la Recherche Scientifi­
que (N ational C entre o f  Scientific Research) and w ith  the French N avy, 
by  the terms o f  w hich the French N avy took  upon  itself to transform  
the bathyscaphe by  utilizing the cabin o f the F N R S  2. T he  Belgian 
institu te granted large credits for the new  undertaking. M. Cosyns 
and I were nom inated ‘scientific advisers’. T he  bathyscaphe remained 
the p roperty  o f  the Fonds N ational until three dives to great depths 
had taken place : then it w ould belong to the French N avy. I t  was to 
be called the F N R S  3.

In  the beginning, in m y capacity as adviser, I w ent to T ou lon  on 
several occasions: m y suggestions were o f  use, I believe, since the 
arsenal did no t possess an experimental physicist. I m ay say that I 
began this w ork  w ith  enthusiasm . But the conditions under w hich I
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collaborated w ith  them  gradually  became too painful for me : the w ork  
showed no progress : I had no rank : m y situation was no t easy.

T his is w here I stood w hen an unforeseen event took  place in the 
beginning o f 1952. A  message came to me from  Trieste asking me if 
I w ould direct the construction o f  a new bathyscaphe, as physicist- 
engineer in chief, should their plans come to a head.

T he  prospect o f  w ork ing  out plans and overseeing the build ing o f 
this second m achine, m yself being solely responsible, was tem pting, 
there is no doubt. I t  w ould ' be like before the w ar, w hen the Fonds 
National had granted funds to me alone. M oreover, if, instead o f one 
bathyscaphe, tw o w ere constructed at the same time, the explorations 
o f  the great depths could only  profit.

A nyw ay, now  that I had com m unicated m y ideas to the French 
arsenal, I had no t m uch m ore to do at T oulon . T h ey  could henceforth 
get along w ithou t m y help. W ith o u t delay I let the F rench naval 
authorities know  about the proposal that had been m ade to me.

T h e  arsenal at T ou lon  rem ained in possession o f  the cabin o f  the 
F N R S  2, w hich it could use just as it was, w ithou t m aking any 
changes, and it had m y instrum ents.

F rom  this time on, w ith  m y  son Jacques, I devoted m yself to the 
building o f  the new  bathyscaphe, the Trieste.

I regret to have to refer here to a discussion w hich arose w hen the 
Trieste was com pleted. In  tru th  the reproaches made to me are no t 
w orthy  o f  being m entioned here : b u t if  I were silent it m ight be m is­
interpreted. I was m uch criticized for leaving T ou lon , and. for having, 
according to some, ‘secretly’ undertaken the building o f the Trieste. 
O n  this point I m ust m ake it clear: on the 23rd January  1952, before 
going to T rieste, and long before anything had been decided in Italy, 
I m ade the Direction Générale des Constructions et Armes Navales at 
Paris conversant w ith  the new  situation. Follow ing this, I had asked 
the Fonds National to com m unicate to the F rench N avy that I was 
w ithdraw ing from  T ou lon , unless the F rench N avy asked me to do 
further w ork.

Certain newspapers w ished to give the im pression that the bathy­
scaphe was a French invention and that I had profited by  m y visits 
to the arsenal at T ou lon  to copy the plans o f  the F N R S  3 ; according 
to these newspapers, I had used them  afterwards to build the Trieste. 
T he  tru th  is m uch sim pler : taking into account all the experience we 
had acquired, we had one w ay and another though t it well to build a
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tow able bathyscaphe. In  o ther w ords, we had come back to the con­
cept I had had in m ind in 1938 and w hich I had given up, as I have 
said above, because it was m uch too expensive. Im m ediately upon m y 
re tu rn  from  D akar I had w orked over the details and I have in m y 
possession a project representing a bathyscaphe o f  this type w hich I 
drew  up in Brussels in Ju ly  1949, that is to say, long before I had 
entered the arsenal at T ou lon  (see Fig. 6).

T he  characteristics o f  the Trieste will be seen im m ediately from  this 
p lan : cylindrical float tapering at back and front, entrance cham ber, 
cabin attached to the float by  four steel clamps, etc. ; the m echanism  
allowing the cabin hatchw ay to be set in place was modified later. I 
had, besides, given a photostat o f  this plan to Captain Cousteau and 
to M. Francis-Boeuf. F rom  the m om ent it has been decided to design 
the bathyscaphe so that it can be tow ed, its general form  is ipso facto  
determ ined.

O n  m y suggestion the F rench N avy  adopted  num erous devices 
installed on the F N R S  2 :  release o f  the ballast-shot by  m agnetic 
valve, control valve, trail-rope, screws, lateral lighting o f the field o f 
vision by  projectors, and m any o ther things. T h e  fact that we left 
w ith  the French N avy  the D raeger apparatus and the H aenni (Swiss) 
pressure gauges, etc., is secondary ; bu t I insist on one p o in t: the cabin 
o f  the F N R S  2 constitutes the main part o f  the F N R S  3. N ow  it is 
I w ho first drew  the plans : I had then a perfect righ t to reproduce this 
sphere and incorporate it in the Trieste. Its w eight fixes the dimensions 
to be given to a bathyscaphe.

T his is enough, it seems to me, to explain the similarities between 
the F N R S  3  and the Trieste. C onstructed on the same initial principle, 
neither o f  them  is a copy o f  the other. Just as is show n by the published 
photographs (for example, Plate V  o f  this book) the float o f  the F N R S  3  
very  m uch resembles the hull o f  a real ship, while I retained the float 
o f  cylindrical form  as in the plan o f  1949, it being m ore solid, lighter 
and less costly. In  spite o f  that, and on account o f the internal bilge 
keel, it behaved very  well on the high  seas. Certain details will be found, 
naturally, in bo th  machines, as, for example, the tow er, or the upper 
hatch o f  the entrance chamber. T hey  are norm al practice in subm arines 
and, the two bathyscaphes having been constructed w ith  the col­
laboration o f  subm arine engineers, these similiarities in no w ay 
prove that one o f  the tw o machines was copied from  the other. A 
biologist could say here that a cat’s eye was no t copied from  a
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d o g ’s eye, although the tw o animals descended from  the same 
ancestor.

In  conclusion here are the first perform ances o f  the F N R S  j ,  
m anned by Captain G eorges H o u o t and M arine Engineer P ierre 
W illm , as I read o f them  in the Press :

1953 17th June 13 metres (7 fathom s)
19th June 3°  » ( 1 fathoms)  

(38-^ fathom s)25th July 70  „
29th July 500 „ (270 fathom s) (w ithou t crew )

5 th A u gust 1500 „ (820 fathom s) (w ith ou t crew )
6th A u gust 75°  » (410 fathom s)

12th A u gu st 1500 „ (820  fathom s)
14th A u gu st 2100 „ (1150 fathom s)

1954 27th January 4100 „ (2250 fathom s) (w ith ou t crew )
15 th February 4050 „ (2210 fathom s)
22nd April 1600 „ (880 fathom s) (C aptain H ou ot

Professor Monod)
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I

PART TWO

T H E  T R I E S T E

In  the spring o f  is)52  m y  son Jacques and I  accepted the proposal 
received from  Trieste to build a new bathyscaphe', it was to bear the name 
o f  that city.

W e are fundam entally indebted to Swiss and Italian generosity fo r  
being able to bring o ff our fir s t series o f  experiments: therefore the 
T rieste  wore the fla g s  o f  those two countries together. Italian industry 
granted us industrial and technical aid and Switzerland gave us large 
funds. The F iat company accorded us generous grants and by its g ift o f  
a car facilita ted  our work. The Esso Company p u t at our disposal 22,000 
gallons o f  extra-light petrol distilled specially fo r  us. The Terni Company, 
the Contieri R iuniti del! Adriático ( U nited Adriatic Shipyards) and those 
o f  Castellammare di Stabia, and m any other firm s and institutions, in 
Switzerland as well as in I ta ly , generously shared in the undertaking. I  
shall speak o f  them later. I  thank them all. In  the appendix will be found  
the list o f  friends, patrons and donors.

W hat did  our new machine look like ?
The general principle o f  the F N R S  2 was naturally kep t: a watertight 

cabin sustained by a flo a t containing petrol. B u t there was an essential 
difference : the machine was intended to be towed, as we have already said: 
the result was that the crew had to be able to enter and leave the cabin on 
the open sea, by a shaft which went down through the floa t. This involved 
considerable modifications. The cabin, however, was almost identical with 
that o f  the F N R S  2.
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i ; The Float

T h e  float o f  the Trieste was built at one o f  the dockyards belonging 
to the Canderi R iuniti dell’Adriático  C om pany o f T rieste at M on- 

falcone, a p re tty  little industrial tow n lying betw een the K arst hills 
and the sea.

As is often the case in technical problem s, different requirem ents 
suggested m utually  incom patible solutions, and the answ er was som e­
times a com prom ise based m ore on  judgm ent than on mathem atical 
form ulae. W e w ere lucky to be able to profit b y  the long experience 
o f  M. Loser, the engineer at the dockyard. I  have special gratitude for 
him  : he spared neither time no r trouble in seeking w ith  me the best 
solutions o f  a great num ber o f  problem s set by  the construction o f  
our ship, w hich varied, it m ust be said, in a m arked w ay from  estab­
lished practice in conventional naval architecture.

Fig. 7 shows the structure in its m ain lines: the float, in plates o f  
m ild steel, fusiform  or m ore correctly cylindrical, tapering equally at 
b o th  ends. T o ta l length  49 ft. 6 in. ; diam eter o f  the cylinder 11 ft. 6 in. 
(3 • 5 m ). Inside there are twelve com partm ents for petrol o f  a total volum e 
o f  3736 cu. ft. : at each end an air tank o f  212 cu. ft. T he  central com ­
partm ent o f  a capacity o f  153 cu. ft. contains stabilizing petrol. I t  
is built in the form  o f  a vertical cylinder. Each o f the o ther com ­
partm ents and the tw o tanks w hich occupy the entire w id th  o f  the 
float are separated from  each o ther b y  twelve transverse partitions, or 
bulkheads, o f  corrugated iron. T h e  thickness o f  the m etal sheets 
form ing the bulkheads and the air tanks is o*i 18 in. (3 m m .) ; that o f  the 
metal sheets on the outside o f  the com partm ents for petrol is 0*1973 in. 
(5 m m .). T h e  w eight o f  the float w hen em pty is 15 tons : this float enjoys 
the luxury o f  having its bilge-keels inside : im m ersed in the petrol, they 
dam p ou t rolling m ovem ents considerably by  their friction w ith  the 
liquid.

T h e  reader will see from  Plate X I the dark  lines painted on the hull 
o f  the Trieste', their purpose is no t to im itate a zebra b u t to indicate 
clearly the position o f  the partitions, for, during  the operations on 
land, it is im portan t to support the bathyscaphe w here the float is 
stronger, that is to say, at the bulkheads. M oreover it is im portant 
that, in case o f  dam age, it can be im m ediately ascertained w hich com -
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partm ent has been affected. All the parts, outside and in, have been 
painted, bu t it was difficult to find for the in terior a paint w hich w ould 
resist sea w ater as well as petrol.

I f  I had it to  do again, and if  I had at m y disposal sufficient funds, 
I should construct the entire float in stainless steel. T h e  increase in

 o—----

T

No. I

sO
153

475 364460

-----------49' 6 '---------
F ig . 7. The Trieste

cost, in the end, w ould no t be as great as one m ight th ink at first sight, 
for one w ould save on the cost o f  painting w hich has to be done 
periodically. M oreover, w ith  stainless steel, w hich is stronger and no t 
liable to  decrease in thickness by  corrosion, the plates could be made
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th inner; the decrease in w eight w hich w ould result w ould perm it a 
decrease in all the dim ensions o f  the float.

D irectly  or indirectly all the com partm ents o f  the float m ust be 
in com m unication w ith  the sea. T hus the w ater will partially take 
the place o f the petrol w hen this dim inishes in volum e, either as a 
resu lt o f  the increased pressure due to the descent, or follow ing upon  
a decrease o f  tem perature. T h e  w ater will be driven out w hen the 
petro l expands. T h e  pressure will then always be about the same inside 
and outside the float, w ith  the consequence that the walls will no t be 
acted upon  by  the enorm ous pressures o f  great depths. Fig. 8 shows 
the arrangem ent used.

Ü mg_

2 1 2190475 153190

F ig . 8. Com partm ents in the float o f  the Trieste

Let us im agine the bathyscaphe floating on the w ater. T h e  float 
is still full o f  air. T h e  caps o f  the openings C are unscrewed and the 
drain-cocks B are opened. In  order to avoid a loss due to expansion, 
the float is n o t com pletely filled w ith  petrol. F irst, therefore, a certain 
quan tity  o f w ater is poured in to  reservoirs 6, 7 and 9. T h is quantity  
o f  w ater has been calculated in advance, in term s o f  the density o f  the 
petro l and its tem perature, as well as o f  the total w eight w hich the 
bathyscaphe is to  support. (A t the time o f  the first filling o f  the Trieste, 
it was a m atter o f  510 cu. ft. o f  w ater.) F o r the rest, the float has been 
calculated rather generously, for, as we have seen, at the m om ent w hen 
the plans w ere draw n up, neither the w eight o f  the metal plates nor 
the specific gravity  o f  the petro l w ere know n w ith  precision.

T h ro u g h  the openings C we in troduce nearly all the petrol required 
to  fill the float com pletely. All the filling-holes are closed except the
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one w hich is on top o f  the tow er, on the left in the diagram. T hen , 
th rough  this last opening, we continue to in troduce the petrol. D u ring  
this filling operation the air in the com partm ents goes ou t by  the 
drain-cocks B. (These consist o f  tw o stra igh t-th rough  cocks w ith  a 
bore o f  0*49 in.) As each com partm ent becomes full the petrol is seen 
to rise th rough  the drain-cock, and this m ust then be closed. W hen  all 
the drain-cocks are closed, we know  that there is no m ore air in the 
float. T h is is very  im portan t because, in the deep sea, any air in the 
float w ould be com pressed to a very  small volum e and an equivalent 
quan tity  o f  w ater w ould enter the float. F rom  this there w ould result 
an overload o f  about io  lb. per gallon.

I t  is thus essential to m ake sure that all air is excluded before each 
d ive; b u t we m ust also be able to determ ine the quantity  o f  w ater 
present in each com partm ent. F o r this purpose we constructed a very  
simple instrum ent: a metallic tube 13*2 ft. long and 0-394 in. in external 
diam eter, w hich is traversed from  end to end by  an insulated copper 
w ire w hich projects 0-394 in. beyond the low er end, this last part 
being bare. T h e  top  o f  the tube and the w ire are cemented to a d ry  
battery  and a little bulb. I f  it is in contact w ith  the base o f the tube, 
the sea w ater (a conductor) closes the electric circuit, and the lamp 
lights up. T h e  drain-cocks, in the open position, give free passage to 
the tube ; it is thus easy to sound each com partm ent and to determ ine 
the quantity  o f  w ater present in it.

C om partm ents 2, 3, 4 and 5 as well as io , 11, 12 and 13 are in ter­
com m unicating at their low er ends by  the openings H , while the 
com partm ents 5, 6, 7, 9 and io  com m unicate by  the tubes G. T he  
purpose o f  these tubes is always to conduct the w ater tow ards the 
central reservoir 7. T h is prevents losses o f  petrol by  w ay o f  the re­
ciprocating valve and also im proves the longitudinal stability o f  the 
bathyscaphe. T he  reservoir 8 contains the stabilizing petrol. I t  is 
equipped w ith  a valve E operated electro-m agnetically and w ith  a 
hole K  by  w hich the w ater enters to replace petrol that has been 
jettisoned.

W hen, after the filling, all the openings B and C are closed, the float 
breathes th rough  the double valve F  to com pensate the variations o f  
volum e o f  the petrol. T h e  U -shaped tube J should avert catastrope if  
by  som e accident the double valve F  becom es blocked. It contains 
m ercury, and its dim ensions are such that it allows w ater to pass in 
either direction if a difference o f  pressure o f  0-15 atm ospheres occurs.
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(T h e  details o f  the construction o f the double valve F  and o f  the 
control valve E  are given in the A ppendices.)

A nother danger, nam ely, the stopping  up o f  all this piping by  ice, is 
also guarded against. I f  the bathyscaphe stays a certain time at the 
bo ttom , the petrol gradually  takes on  the tem perature o f  the am bient 
w ater, w hich in the A tlantic, even in the tropics, can be close to freezing 
point. Let us suppose that now  it begins a rapid rise: on account o f 
the adiabatic expansion, the tem perature o f  the petrol will go still 
lower, falling to 150 or even 50 F. As a result the w ater contained in 
the pipes will freeze along the walls. T h e  cross-section o f  these pipes 
m ust then be o f a size such that in no case can the ice form ed prevent 
the free circulation o f  w ater, otherw ise the float could burst. T ak ing  
in to  account the therm al conductiv ity  o f the ice, and o f the time during  
w hich the low  tem perature o f the petrol could continue, we calculated 
the cross-section that these tubes m ust have and, as a m easure o f pre­
caution, these calculations w ere verified by  tests carried ou t at the 
Glacier es de Bruxelles (Brussels R efrigerating W orks) and at the ice- 
w orks o f  E. Bürgin o f  Basle.

Finally, the drain-cocks B are covered w ith  caps w hich protect 
them  against all damage. These caps also prevent a loss o f  petrol in 
case the stra igh t-th rough  taps should leak. T o  avoid the caps, w hich 
naturally  contain air, being crushed under great pressure, they are 
connected to rubber vessels filled w ith  w ater, placed in the float: in 
the depths the petro l compresses the rubber sacks and causes the w ater 
to pass into the caps, to replace the air, the volum e o f w hich will have 
been reduced to alm ost nothing.

T H E  A I R  T A N K S

T h e  extremities o f the float are air-tanks (N os. 1 and 14, F ig. 8). 
T h e ir purpose is to give buoyancy to the bathyscaphe during  all the 
surface operations. W hen  full o f  air, they increase the lifting force o f the 
float by  12 tons. Before the dive is begun, the valves A  are opened, and 
sea w ater enters at the bo ttom  o f  the tanks. A fter the dive, compressed 
air, supplied from  the tow ing vessels by  means o f  a flexible tube, is used 
to expel the w ater in these tanks : the deck can then be seen to em erge 
m ore and m ore above the level o f  the sea. I f  necessary, the float can also 
be trim m ed by  filling the tw o tanks unequally. T h ey  also assure a certain 
protection in case o f  collision : being built in metal sheeting o f  o-i 18 in.

[ 7 8  ]



thickness only, they w ould m eet the im pact first and their damage 
w ould no t result in any loss o f  petrol.

T H E  C O N T R O L  V A L V E

T h e  bathyscaphe, derived from  the free balloon, is, like the balloon, 
equipped w ith  a control valve: by  ‘p u llin g ’ the valve the aeronaut 
allows gas to escape, thus dim inishing the speed o f  ascent or beginning 
the descent. In  the same w ay the pilot o f  the bathyscaphe m ust be able, 
by  opening the control valve, to sacrifice the petrol to check the rate 
o f ascent, to stabilize his m achine or even to m ake it go dow n.

T he  valve o f the balloon is placed at the top o f  the single gas 
envelope. I f  it remains jam m ed in its open position, the pilot cannot 
avoid a re tu rn  to earth. T h is happened w hen the first Am erican 
stratospheric balloon, the Century o f  Progress, took  off; instead o f 
going up in to  the stratosphere, the balloon, after having reached a 
heigh t o f only  a few hundred  feet, landed in the m iddle o f Chicago 
railway station. Some weeks later, the valve having been modified, it 
w ent up again, and this time b ro u g h t the altitude record from  Europe 
to Am erica. T o  elim inate dangers o f  this type, obviously m ore 
serious for a bathyscaphe than for a balloon, it is sufficient to 
place the valve on the top o f a small, independent reservoir. I chose 
the central .tube o f our hull (from  w hich the cabin was to be suspended) 
to store the stabilizing petrol. Its small volum e o f  153-5 cu- ft- 
represents a static lift o f  the order o f  3300 lb.

T h e  m anipulation o f  the valve, very  simple in the conventional free 
balloon, m ore complex in the stratospheric balloon, here became a 
difficult problem . I t is described in the A ppendix.

U N B A L L A S T I N G

It is difficult to say w hich is the m ost im portan t part o f  the bathy­
scaphe: just as the strength  o f a chain depends upon  that o f each link, 
each o f the com ponents o f our subm arine was o f vital im portance: 
num erous problem s had to be resolved before it wás possible to plunge 
into the construction o f  the whole.

T he  problem  o f unballasting, how ever, is am ong the m ost in terest­
ing : it is one o f those w hich occupied our though t from  the beginning.

In  describing the F N R S  2 we m entioned different systems o f 
unballasting, all based upon the utilization o f a m agnetic field w hose 
action ceases as soon as the current w hich feeds it is cut off.
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In  the construction o f the Trieste we simplified the system  and 
rendered it m ore flexible by  m aking use o f  only  one o f  the means 
w orked out for the F N R S  2. T he ballast consists o f 9 tons o f  iron 
pellets contained in tw o metal tubs together w eighing 2 tons. (See 
Fig. 9.) A t the base o f  each o f these tubs is placed a m agnetic valve 
perm itting the ballast to be released. M oreover, each tub is suspended 
from  an electro-m agnet: thus the ballast can be released in small 
portions by  means o f the m agnetic valves : the tw o tons w eight o f the 
tubs constitutes an em ergency ballast w hich can be dropped by cutting 
off the current to the electro-m agnets. Besides, if  necessary, such as 
would be the case if the valves w ere stopped up, the pilot could always

L e v e r  s u p p o r t i n g  

\  b a l l a s t  t u b

w i n d o w

E l e c t r o - m a g n e t  h o l d i n g  
b a l i a st t u b

L e v e r  a n d  m a g n e t  f o r  t r a i l

T o w e r

B a l l a s t  t u b y

B a l l a s t  V 

L a r g e

A n t e c h a m b e r

F ig . 9. Side elevation o f  the Trieste

drop at one b low  all the iron pellets w ith  the tubs. (T h e  detail o f the 
valves and the electro-m agnets will be found described in the 
A ppendix.)

Suffice it to say that the iron  in the valve, w hen m agnetized, form s 
into a solid block, and stops up the outflow  pipe at the poin t w here its 
cross-section decreases. Figs. 16 and 17 explain the w orking.

C H A M B E R  L E A D I N G  TO T H E  C A B I N

T he passengers o f the F N R S  2 entered the cabin while the bathy­
scaphe was still in the hold o f the parent ship. As the Trieste had to be 
launched in the port, it was necessary to arrange that the crew should 
no t have to remain shut up in the cabin during  the w hole journey
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to the diving site. F rom  this arose the need to reach our cabin in the 
open sea, when this cabin w ould be 13 ft. below  the surface o f  the 
water. T h is was how  we did it. A  tube b b o f  a diam eter o f  25 in. 
(Fig. 7) traverses the entire float from  top to bottom  and ends beside 
the cabin in a little space w hich we called the antecham ber (see F ig. 7, 
F ig. 9 and Plate X I). T h e  top o f  the tube can be closed by  the norm al 
circular hatch seen in subm arines and ends in the conning-tow er on 
deck. O n  the surface this shaft is generally em pty : it is entered by  a 
ladder and one gets into the cabin by  sliding th rough  the door, shaped 
like a truncated eone, w hich gives access to it. T h is door is closed and, 
by  means o f  a pum p on the tow ing vessel, the shaft is filled w ith  water. 
T hen  the upper hatch is closed. T he  bathyscaphe is then ready for the 
descent : it will suffice to open the air tanks for it to dive.

A fter the dive the shaft m ust be em ptied. F o r this purpose the 
occupants o f  the cabin have ready bottles o f  com pressed air w hich 
they direct into the shaft by  means o f  a small steel tube. T hus the 
w ater in the shaft is driven out th rough  a large tube w hich leads from  
the bo ttom  o f  the antecham ber to above the deck.

O ne can also m ake use o f  com pressed air from  the tow ing vessel 
to em pty the w ater-lock w ithou t action on the part o f the passengers. 
T h is is necessary during  em pty dives and is useful w hen one w ants to 
econom ize w ith  the bottles o f  com pressed air in the cabin.

T h e  use o f the pum p to fill the shaft w ith  w ater could have been 
avoided, for example, by  placing a sluice gate at the base o f the shaft 
o r by equipping the bathyscaphe w ith  its ow n pum p, bu t after study 
the system  chosen appeared the m ost suitable, at least for the first dives.

T he  door o f  the cabin has a portho le in plexiglas w hich allows one 
to see into the antecham ber: the wall o f  the antecham ber facing this 
porthole has a large w indow  in plexiglas 1 ■ 18 in. thick, 33*5 in. high 
and 23-6 in. across. T his w indow  never has to sustain a difference o f 
pressure o f m ore than a few fathom s o f  w ater, since in a dive the shaft 
is in com m unication w ith  the outside w ater th rough  the large tube 
we have m entioned. Hence the thickness o f  i *i 8 in. for the plexiglas 
is quite enough. T his plate o f  glass is a beautiful industrial achievem ent 
that we owe to Vétrocoke. T h ro u g h  the porthole o f  the cabin and the 
large w indow  the observers enjoy very  good visibility in this direction, 
always provided that the w ater in troduced into the shaft is perfectly 
clean. T h e  Trieste thus possesses tw o portholes giving broad fields o f 
outside vision, while the F N R S  3  has only  one that is really o f use.
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T H E  C E N T R A L  T U B E  O F  T H E  F L O A T  A N D  T R I M  O F  T H E  S P H E R E

T here  is a vertical steel tube 47*3 in. in diam eter, w ith  a wall th ick­
ness o f  0-394 in. in the centre o f  the float, w hich goes righ t th rough  it. 
It is welded to the tw o extrem ities o f  the hull. I t  has three separate 
functions :

T h e  in terior o f  this tube serves as a reservoir for the stabilizing 
petrol. A t the top o f  the tube a b ig  hook  is affixed w hich allows the 
crane to lift the entire bathyscaphe: thus the load is well d istributed 
over the top and the bo ttom  o f  the hull. T h e  bo ttom  o f  the tube 
projects slightly below  the float : the cabin is suspended from  it. T h e  
cabin is carried by  tw o bands o f  m ild steel 3*94 in. w ide and 0*394 in. 
thick w hich run  round it and cross each o ther at its base and o f  w hich 
the four extrem ities are connected by  means o f  four straining-screw s 
at four points o f  the central tube. Between these steel bands and the 
cabin there is a thick layer o f  rubber, as well as betw een the cabin 
and the base o f  the central tube. By means o f  the straining-screw s the 
cabin is held tigh tly  against the tube.

A t the base o f  the cabin an iron  cross prevents the steel bands 
from  getting  ou t o f  place and assures them  a certain protection.

A ccording to calculations the safety-factor o f  this suspension is 
very  great. Even so we tested it and this was done in the follow ing 
m anner :

W hile the float was at the dock and rested on its cradle, we alter­
nately loosened one and then the o ther o f  the steel bands. T h e  load 
on each band was thus doubled in turn . But as the cabin is rough ly  
twice as heavy in the air as in the w ater, the suspension was thus 
tested w ith  a load fou r times the norm al.

As a precaution we also surrounded the cabin w ith  four large cables 
w hich w ould suffice by  them selves to carry it.

I f  this construction  is com pared w ith  that adopted for the F N R S  3, 
it will be seen that ou r old cabin o f  the F N R S  2 is resting now  in a 
veritable basket o f  steel fram ew ork: the factor o f  safety o f  this sus­
pension seems very  m uch greater than for ours. H ow ever, I should 
n o t like to m ake an exchange o f  the tw o system s o f  fixing. I consider 
that a m easure o f  safety corresponding generously w ith  technical 
norm s is enough : m oreover, it is obvious that the basket o f  the 
F N R S  3  runs the risk o f  becom ing caught in subm arine obstacles.
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Plate IX  A model of 
the Trieste undergoing 
hydrodynamic tests
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2: The Cabin

A f t e r  the cabin o f the F N R S  2 had been handed over by  the Belgian 
Fonds N ational to the F rench N avy, we w ent to T ern i to build  a 

new  bathyscaphe.
T ern i, about 60 miles no rth  o f  R om e, is an industrial centre on the 

banks o f  the M arm ora, a tribu tary  o f  the T iber. In  the beginning, 
before the era o f electricity, the falls o f  the M arm ora supplied pow er to 
a forge. T h is developed and became one o f  the greatest industrial 
enterprises o f  Italy , the Società per VIndustria e V Elettricità  (Industrial 
and Electrical C om pany), w hich now  operates in its original centre 
vast steel-mills o f  a very  m odern  type.

T h is com pany bent all its energies to the build ing  o f  a really 
faultless cabin.1

T h e  first, that o f  the F N R S  2 and the F N R S  j ,  was in cast steel. 
F o r the Trieste, how ever, it was decided to m ake it in forged steel, 
w hich is stronger and m ore malleable.

As a m atter o f fact every solid that is subjected to stress is deform ed. 
I f  the stress has no t exceeded the elastic lim it the part takes its original 
form  again as soon as the load is rem oved. I f  this lim it has been ex­
ceeded, the part, after the unloading, retains a certain deform ation, 
called ‘perm anent defo rm ation ’. A  still greater stress produces 
breakage. F o r certain m aterials, like glass, this ultim ate stress is alm ost 
identical w ith  the elastic lim it: glass does n o t sustain perm anent 
deform ation, w ithou t breaking. O th er m aterials sustain a very  great 
deform ation before breaking : they  are malleable. A m ong the ord inary  
metals, lead presents the greatest m alleability. W hen by  accident a 
com ponent breaks, it is no t generally because the load has exceeded 
that w hich the broken section should be able to bear : the cause o f it is 
m ore often that the stresses w ere n o t uniform ly distributed over the 
w hole section. W hen  an overloaded part breaks, its load passes 
entirely  to the neighbouring  parts : these, overloaded in their turn , 
break. T hus step by  step a w hole part can yield, although rough 
reckoning has led one to believe that it was strong  enough. If, how ­
ever, the m aterial shows a sufficient m alleability, the overloaded part

1 Here I should like to express m y great gratitude to this company and 
especially to the engineer, Mr. Flagiello, Director o f  the Professional School o f  
Terni, w ho devoted his energy and his art to the manufacture o f this component.
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can stretch out beyond its elastic lim it w ithou t b reak ing ; it thus con­
tinues to contribute to the strength  o f  the whole.

In  general, forged metals will take a greater perm anent deform ation 
than cast metals : they are m ore malleable. T his is the case w ith  steel. 
W e were very  happy w hen they told us at T ern i that they possessed 
a press pow erful enough to forge the tw o hem ispheres o f  ou r cabin. 
O ver and above the superiority  o f  the material itself, this process o f  
m anufacture had o ther advantages.

In  a casting the upper part is apt to be o f lesser quality. I t  is there 
that one m ost often encounters flaws and pockets arising from  gaseous 
discharges. T h e  raw  m aterial for each hem isphere form ed an ingot 
cast in a vertical position, 12*70 ft. h igh  and o f  a mean diam eter o f 
3*5 f t.:  this ingot w eighed 24 tons. O ne could thus sacrifice all the 
upper part o f  the cylinder before beginning to forge the m aterial in 
order to utilize only the low er part, w hich w ould be o f  m uch better 
quality. T his part w ould then be flattened by  means o f a press, so as 
to give it the shape o f  a disc. T h is disc w ould then be pressed into the 
shape o f a hem isphere. T hus each pocket w ould be flattened and w ould 
finally form  a thin vein w hich w ould run  perpendicular to the radial 
line o f  the sphere. T h e  elem entary theory  o f strength  o f  m aterials 
shows that in these conditions a small initial defect w ould hardly  
decrease the strength  o f  the sphere at all.

AT T H E  F O R G E

H ere we are in the immense forging shop at T ern i. T he  door o f  one 
o f  the greatest furnaces rises. I t  is so dazzling at first that no th ing  
can be seen inside. I f  a sm oked glass is used, how ever, an incandescent 
block can be distinguished. A  giant tool, suspended from  a travelling 
crane, transports this radiant mass across the haii and places it u p righ t 
on the bed o f  the press. N ow  im agine this press exerting 12,000 tons, 
probably  the m ost pow erful in E urope, if  no t in the w orld , while its 
ram , actuated by  three hydraulic cylinders, is lowered slow ly: under 
its pressure the block is com pressed and broadens out. U pon contact 
w ith  the air, a layer o f  oxide is form ed on the block o f  metal : less ho t 
than the in terior o f the ingot, it crum bles under the action o f  the press 
and the dazzling steel appears before oxidizing once m ore.

T h e  w ork  is no t done in one operation. T he  block returns to the 
furnace several times and stays there for several hours each time 
before the operation is continued. A t one time it is as broad as it is
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tall, then broader, so broad that the pow er o f  the press w ould no t be 
enough to flatten it over all its surface. O ther measures are resorted to : 
the action o f a great horizontal steel bar, attached to the face o f the ram , 
w hich rises and descends, pressing the block at each descent, while 
this turns du ring  each rise o f  the ram. T h e  w hole surface is thus 
crushed b it by  b it and the piece takes the shape o f  a ship’s biscuit 
io  ft. in diam eter. Its thickness, passing from  the centre to the rims, 
goes from  about 11 - 8o in. to 4-70 in.

T h e  spectacle is im pressive. All this w ork  does no t seem to require 
any hum an effort. W e scarcely see even the forem an, w ho, w ithou t 
saying a w ord , w ith  a few gestures o f  his hand, o r even w ith  a finger, 
directs his gang : every m an is always in the righ t place at the righ t 
time carrying out the action required. O f  a blinding w hite, the block 
gives ou t an intense heat and the m en have to have masks for their 
faces.

T h is  flat biscuit m ust now  be given a hem ispherical form . U nder 
the press they place upon  four blocks a steel ring  o f  an internal 
diam eter o f  7 ft. 5 in. T h e  incandescent disc is placed upon  it. A  massive 
hem ispherical die o f  a diam eter o f  6 ft. 2*8 in., carried by the ram, 
comes dow n slowly, touches the m iddle o f  the disc and, continuing 
on its w ay, forces it th rough  the ring  : from  being a saucer it becomes 
a bow l. A t the same time, by  means o f  a stream  o f  w ater, the bow l 
is cooled, so that the effect o f  deform ation is concentrated on the 
o ther parts. O nce the w hole disc has passed th rough  the ring, the 
entire piece falls upon  the bed o f  the press.

T his last phase represents the m ost delicate and m ost im pressive 
operation o f  the w hole m anufacture. T h e  directors o f  the mills, the 
engineers and the w orkm en w ho are m om entarily  free have come to 
w atch ; it isn’t every day, even at T ern i, that a piece o f  w ork  as large 
and at the same time as delicate is to be seen.

T h e  w ork  o f the forging shop is finished. Each hem isphere has a 
w eight o f 10-8 tons, o f  w hich m ore than half will be rem oved by  
m achining on the lathe. But it will first undergo a heat treatm ent w hich 
will give it the degree o f hardness required and the necessary hom o­
geneity and w hich will above all eliminate the internal stresses induced 
by  forging.

T h e  piece then goes back to the furnace, w here it reaches a certain 
fixed tem perature, its colour ranging th rough  the dull reds and un i­
form ly distributed. I t is then slow ly im mersed in a bath  o f  ho t oil, after
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w hich it is pu t back into a furnace in w hich the tem perature is 
allowed to decrease gradually according to a well-established plan. 
T his operation m ust give the steel no t its final hardness bu t a degree 
o f malleability w hich will facilitate m achining on the lathe, for the lathe 
will take off five tons o f  material from  each hem isphere in the form  
o f shavings. I t  is no t till just before the last m achining and the last 
polishing on the lathe that a new  heat treatm ent w ith  a new  tem per­
ing will give the steel exactly the degree o f hardness dem anded for 
its purpose. (Plate V I illustrates the w ork  in the forging shop.)

C H E C K I N G  T H E  M A T E R I A L

A lthough the metal used and its m ethod o f  m anufacture w ould lead 
us to expect a perfect quality, prudence still insists that we should m ake 
sure o f the quality by  very m inute checks. T hus during  the m achining 
we took  little specimens w hich were afterw ards examined in the 
laboratory. All the results were very  satisfactory. T he cabin w hen 
finished, trim m ed and polished shone like a silver ball. T h e  slightest 
surface defect w ould have been glaring. O n  this point there was no 
cause for anxiety. But did the heat treatm ent im part the desired 
hardness throughout the hem isphere? T h is is w here the Brinell test 
comes in. Before the very last m achining operation a small area o f the 
piece is polished, and on it is placed a ball o f  tem pered steel w hich is 
m ade to penetrate the metal slightly w ith  a w ell-determ ined pressure. 
T he  ball is taken out and, under the m icroscope, the diam eter o f  the 
im print the ball has left is m easured : if  it is too big, the steel lacks 
hardness ; if  it is too small, it is because the steel is too hard ; if  the 
edges are irregular, the metal is brittle. T he  check is m ade in a great 
num ber o f places distributed over the w hole surface o f the cabin. It 
is conclusive. W e know  henceforth that the internal and external 
surfaces o f our cabin are m ade o f  a steel w hich m eets our requirem ents. 
But is the same true o f  the in terior o f  the m ass? F rom  this poin t o f 
view we are to be reassured by  radiographic and ultrasonic checks, 
w hich we shall discuss in detail below. (See P art 4, page 166.)

T H E  L I M I T  OF D E P T H

W hat depth will our cabin stand w ithou t danger? F rom  calculations 
and tests w ith  a m odel the results showed that it w ould probably  be 
crushed around 9 or io  miles. T h a t did not, naturally, mean that it 
w ould stand up to a depth  o f  8 miles, if  such a depth  could be found.

[ 8 6 ]



W e know , in fact, that any piece o f metal can always, because o f  lack 
o f hom ogeneity  or because o f some internal tension, yield to stresses 
less than the calculated ultim ate strength. I t is the province o f  the 
engineer, and his alone, to w ork  ou t the load w hich m ay be sustained 
w ithou t abnorm al risks. F o r m y ow n part, I considered that depths 
up to 2-j miles could be reached practically w ithou t any danger by 
our cabin, seeing it had been m ade o f finest quality forged steel. I 
should have been m uch less categorical if  we had been dealing w ith  a 
cabin in cast steel.

T o  go dow n deeper it w ould be necessary first to carry ou t trials 
w ith  the bathyscaphe em pty, that is to say, to install an autom atic 
pilot in the Trieste as we had done for the F N R S  2. W e already had 
the necessary instrum ents. A t the m om ent w hen the bathyscaphe 
reached the depth intended, tw o pressure gauges, independently  o f  
each other, w ould cut the current feeding the m agnetic valves and 
w ould thus autom atically start the ascent. I f  for any reason the bathy­
scaphe rested on the bo ttom  before reaching the depth  intended, tw o 
pieces o f  m echanism , independently  o f  each other, w ould cut the 
current to  the m agnetic valves, after a certain set time. Finally, if  a leak 
occurred and salt w ater entered the cabin, it w ould close an electric 
circuit and by  means o f  a servo-m echanism  w ould cut the current 
to the m agnetic valves.

These em pty  trials w ould greatly  increase the safety. M odern 
industry , w hich makes great use o f this m ethod, generally carries them 
o u t w ith  overloads o f  50% . I know  only  one case w here the em pty 
trial is im practicable: it is that o f dams for hydro-electric systems. 
Even if it were possible it w ould call fo r the evacuation o f  hundreds o f  
thousands and in certain cases o f  millions o f  inhabitants. M ilitary sub­
m arines indeed are no t generally subjected to em pty trials. It w ould, 
how ever, be easy to fix under the hull ballast to be dropped au to ­
matically for the trial dive.

W hat is the depth that the Trieste could reach after having been 
successfully th rough  em pty dives ? I t is im possible to say precisely : 
it depends on the aim o f  the dive and above all on the risk that 
the crew has agreed to take. As for me, I was w illing to go dow n 
as far as 3 J  miles w ithou t any fear, no t to beat a record, bu t to make 
observations, the scientific value o f  w hich w ould be recognized 
beforehand.

I f  it w ere desired system atically to explore the very  great deeps it
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w ould be necessary to build  a still stronger cabin, that is to say, heavier 
(and in consequence w ith  a b igger float), or one o f  a smaller diameter.

T H E  C O M P L E T E D  C A B I N

O u r cabin has the same dim ensions as that o f the F N R S  2 and the 
F N R S  3 : internal diam eter, 6 ft. in. (2 m .) ; thickness o f  the wall, 
3*543 in. (9 cm .), increased to 5*9 in. (15 cm .) around the porthole and 
the d o o r; diam eter o f the portho le  seating, 3*94 in. ( io  cm .) on the 
inside and 15*75 in. (40 cm .) on the outside. T h e  w indow  is a eone o f  
plexiglas o f  the exact dim ensions o f  this aperture. T he m anhole has 
a diam eter o f  16*9 in. (43 cm .) on the inside and gradually  increases 
to 21 *65 in. (5 5 cm .) on the outside, w here it is tigh tly  closed by  a steel 
door in the form  o f  a truncated eone. In  the centre o f  this door is 
placed the second porthole in plexiglas, identical w ith  the o th er.1

Fig. 3 shows a section o f  the cabin (w ithou t the joints). H ere are 
seen tw o hem ispheres ; in the centre o f  one is placed the chief observa­
tion porthole, in the centre o f  the o ther the door w ith  the second p o rt­
hole. T h e  axis o f  sym m etry  passing th rough  the centre o f these tw o 
openings makes an angle o f  180 w ith  the horizontal. T he door opens 
obliquely tow ards the top in the antecham ber and the principal p o rt­
hole thus looks obliquely dow nw ards. T w elve holes bored in the wall 
around the m ain porthole perm it the passage o f  the cables and tubes, 
w hich will be described in due course.

T H E  D O O R

T h e  door, the dim ensions o f  w hich are given above, w eighs 352 lb. 
and its operation presents som ething o f  a problem . In  the beginning I 
had envisaged a sliding system  w ith  hydraulic control, ra ther like a 
L ondon tube door. T h is system  was rather too com plicated for us. 
A fterw ards the engineer, Mr. Flagiello, suggested a hinge w ith  a 
horizontal axis allow ing the door to be opened dow nw ards. As I was 
still no t altogether satisfied wflth this idea, I decided to  place the hinge 
laterally, its axis m aking an angle o f  180 w ith  the vertical. W ith  this 
arrangem ent the door opens to the side, obstructs the passage less than  
if  it opens dow nw ards and is operated m ore easily. I had been afraid 
at the beginning that the hinge w ould prevent the door w hen closed 
from  settling w ith  the necessary precision into its conic seating, bu t

1 These portholes are identical w ith those o f  the F N R S  2 and the F N R S  3. 
In the Appendix details w ill be found o f  the working out o f  the design.
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a slight m anipulation o f  the hinge overcam e this difficulty. T h e  
resistance that the doo r offers to m anipulation is nil in an open position. 
I t  reaches its m axim um  w hen closed and this m axim um  is one-th ird  
o f  the m axim um  w hich w ould  be required for a d oo r w ith  a horizontal 
axis (sine 18°=0*30902). Even reduced to one-th ird , this resistance 
w ould still be too great to allow  the door to be opened w ith  one hand. 
T h a t is w hy  we also placed a torsion-spring  around the hinge. T h e  
principle o f  this spring  is explained in the A ppendix and, in fact, 
perm its the door to be opened and shut very  easily w ith  one hand.

A  rubber ring w hich is pressed autom atically against the jo in t o f  the 
door, as soon as it is closed, ensures w atertightness.

So that the door m ay rem ain w ell closed, even if  the external 
pressure o f  the w ater is slight, a small screw placed opposite the hinge 
keeps it in position.

T h is m ethod o f closing gave us com plete satisfaction. I t  allowed 
very  rapid opening and closing and did no t require the great effort 
w hich was necessary to close the doo r o f  the F N R S  3. M oreover one 
could, to  go th rough  the m anhole, use the entire w id th  o f  the opening, 
o f  w hich the diam eter was 16*9 in., w hilst in the cabin o f  the F N R S  2 
and the F N R S  3  it was generally necessary to leave in place the closing 
ring, w hich is only  14*56 in. in internal diam eter and w hich, for 
certain people, made getting  in and ou t m uch m ore difficult.

A fter the dive it can happen that the door adheres to the greasy 
walls. I t  was easily unstuck  by  means o f  another little screw placed 
beside the first one.

J O I N I N G  T H E  H E M I S P H E R E S

Fig. io  shows how  the tw o hem ispheres a and h are joined together. 
T o  the edge o f  each o f  them is joined a sort o f  flange : the tw o flanges 
are clamped together by  means o f  tw o rings g  and h w hich are them ­
selves riveted and welded to each other. T h e  exact centring is ensured 
by  a circular pin ƒ  w hich enters into tw o grooves m achined in to  the 
flanges. A  rubber band c therm ally insulated by  a layer o f asbestos d  
placed over the jo int and stretched lightly  around the tw o hem ispheres, 
functioning as an autoclave, ensures a perfect seal.1 As a precaution,

1 From many points o f  view  it w ould have been simpler to give enough  
breadth to the flanges to allow them to be fixed directly by bolts and rivets. 
H owever, for reasons o f  manufacture we gave up this solution which, as well, 
would have necessitated an accumulation o f  material prejudicial to uniform  
distribution o f  the stresses.
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on the inside o f  the rings, the crevice betw een the ring  and the spherical 
surface o f  the cabin was packed w ith  lead. As it turned out, the joint 
never leaked.

? t1
i   •____________

F i g . i o .  The Trieste. Joining the two hemispheres o f  the cabin

O P E N I N G S  F O R  C A B L E S  A N D  T U B E S  T H R O U G H  T H E  W A L L

T h e  passage o f  the cables and tubes th rough  the wall o f  the cabin 
raised difficult problem s. A  num ber o f  thin copper wires had to con­
duct the electric current to various instrum ents placed outside the 
cabin: m agnetic valve and electro-m agnet for the ballast; telephone, 
radio, tachom eters and some small electric bulbs. T h e  projectors, the 
m otors and, as originally planned, the accum ulators required con­
ductors o f  rather large cross-section. F urtherm ore, a tube was needed 
to connect the pressure gauge w ith  the external w ater-pressure ; and 
another for the com pressed air w hich was to drive the w ater ou t o f  the 
entrance shaft. Last, tw o schnorkel tubes, w ith  cross-section sufficiently 
large to provide ventilation for the cabin w hen the bathyscaphe was 
on  the surface. These openings had to com ply w ith  tw o conditions. 
F irst, the pressure had in no case to be able to drive the conduit
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in to  the in terior o f  the sphere. A t a depth  o f  2 \  miles the w ater 
w ould gush  in at a speed o f  92 ft. per second w ith  a flow o f 26 gallons 
per second. T he  crew, even if  n o t stunned by  the spouting  w ater, 
w ould succum b to the pressure in less than seventy seconds. T h en  the 
conduits had to be perfectly w atertigh t, above all w here we had electric 
cables, all short circuits having to be absolutely avoided : this was a 
particular danger because, under pressure, sea w ater always tends to 
enter the insulators.

All these problem s were still m ore com plicated by  the fact that the 
num ber and diam eter o f  the holes going  th rough  the wall were limited 
by  considerations concerning the strength  o f  the cabin. W e w ere able 
to pierce a dozen holes around the porthole, just w here the thickness 
o f  the wall was 5-9 in .: as is show n in F ig. 3, the diam eter o f  an 
opening beginning at the ou ter surface o f  the sphere, was 1-97 in. 
over a length  o f 1-57 in. and then tapered to a diam eter o f  0-79 in. as 
it w ent inw ards, the junction o f  the tw o diam eters being effected by  a 
conical piece. F o r each o f  the different openings a separate piece o f  
construction  w ith  laboratory  tests, w ith  a m odel, was necessary.

C om plem entary  technical details are given at the end o f  this book.
T h is new  design o f  the openings allowed us to b ring  directly into 

the cabin itself the large pyrotenax cables, w ith  an external diam eter 
o f  0-63 in. o f  w hich the core had a diam eter o f  0-45 in. carrying the 
heaviest currents. T h u s w e were able to do w ithou t the relays w hich, 
placed outside the cabin in containers filled w ith  oil, caused certain 
difficulties in the F N R S  2 and F N R S  3.
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j . *  Equipment o f  the Cabin

R E S T O R I N G  T H E  A I R

T h e  problem  arose how  to prevent the air from  becom ing fouled in 
the restricted space in w hich we were to have to live for m any hours. 
W e had to have an installation w hich purified the air and replaced 
the oxygen consum ed.

T he  hum an organism  consum es oxygen and gives ou t carbon 
dioxide and w ater vapour : this is the principal action o f our breathing. 
(A t the same time the hum an body  releases, by  means o f  the lungs, 
small quantities o f  organic m atter called anthropotoxins, upon  the 
im portance o f w hich opinions differ. T h ey  can be absorbed b y  means 
o f  active carbon.)

T h e  quantity  o f  oxygen necessary fo r a m an depends on m any 
circumstances : while resting, the consum ption  is about 0*35 pints (0-21.) 
a m inute. I f  ou r nu trim ent contained carbohydrates exclusively, the 
volum e o f  carbon dioxide given off w ould be equal to the volum e o f 
oxygen absorbed, follow ing the equation C -f-0 2= C 0 2. F a tty  
substances, how ever, contain alm ost twice the num ber o f  atom s o f  
hydrogen  as o f  carbon and the com bustion o f  the hydrogen  absorbs 
the oxygen by  producing  no t carbon dioxide bu t w ater vapour. T he  
result is that, for 0-3 5 pints o f  oxygen consum ed per m inute, a m an only 
gives off about o*3 i7p in ts(o -i8  1.) o f  carbon dioxide. I  owe these details 
to the specialists o f  the ‘D raeg erw erk ’ establishm ent o f  L übeck w hich 
built the aeration apparatus o f  the stratospheric balloon, an apparatus 
w hich I afterwards installed in the F N R S  2 : it was handed over to the 
F rench N avy  at the same time as the cabin. F o r the Trieste the same 
supplier presented me w ith  a new  apparatus. H ere is the principle o f  it :

O xygen contained under pressure in a gas-bottle is released th rough  
an injector, draws up the am bient air and drives it back th rough  
cartridges containing soda-lim e w hich absorbs all the carbon dioxide ; 
the air, thus regenerated and enriched w ith  oxygen, returns into the 
cabin: this is w hat is called a closed-circuit apparatus. I f  the intake 
o f  oxygen is regulated to 2-64 pints (1*51.) a m inute, the apparatus purifies 
12-77 gallons (58 1.) o f air at the same time. I f  the tw o occupants o f  the 
cabin give off 0-63 pints (0-36 1.) o f  carbon dioxide a m inute, the con­
centration o f this gas will gradually  reach 0-62% . N ow  we know  that
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i %  o f this gas is quite innocuous ; a person w ould only  begin to be 
affected at 2 % . O u r apparatus was thus m ore than satisfactory for 
the tw o occupants planned for from  the beg inn ing : it w ould allow  the 
presence o f  three persons w ithou t difficulty.

W e could also, if  needed, reduce the intake o f  oxygen. W ith  1-76 
pints (1 1.) a m inute, for example, the quantity  o f  air regenerated w ould 
be nearly 9 gallons a m inute and the concentration o f  the carbon 
dioxide w ould rise by  degrees to 0-85% .

In  any case, the apparatus w ould furnish  m ore oxygen than tw o 
m en consum e and the concentration o f  this gas w ould rise b it by  bit. 
In the stratospheric balloon that was o f  no im portance since the excess 
air could always be allowed to escape and in the cabin there could even 
be established a pressure less than one atm osphere. In  the bathyscaphe 
the excess o f oxygen m ust be rem edied in another way. T his was 
very  sim ple: as soon as the oxygen became in excess, w e closed 
the bo ttle  o f  this gas and the air was sent th rough  the alkaline car­
tridges by  means o f  an electric fan. Its rate o f  feed being 52*8 gallons a 
m inute, it had only to operate a quarter o f  the time during  w hich the 
bottle o f oxygen was closed.

In passing, it m ay be noted that, con trary  to an opinion com m only 
held, it is m uch m ore im portan t to absorb the carbon dioxide from  the 
air than  to add oxygen to it.

W h a t about the w ater vapou r?  A  m an expels from  his lungs in 
tw enty-four hours about 2 lb. o f  w ater : the quan tity  o f  w ater given ou t 
by perspiration  depends m uch upon  the circum stances, b u t it can 
easily reach from  2 to over 4 lb. a day. T h e  crew o f  the bathyscaphe 
m ight then give off over 12 lb. o f  w ater vapour in tw enty-four hours, 
w hich represents io  pints o f  w ater vapour a m inute! As the wall o f  
the cabin o f  the stratospheric balloon became extrem ely cold on the 
side opposed to the sun, the  w ater vapour condensed sufficiently 
there. In  the bathyscaphe, how ever, it w ould be w orth  while to absorb 
the hum idity  by  means o f  a hygroscopic substance, in the present 
case, silicagel: this substance has the great advantage over sulphuric 
acid, phosphoric acid and calcium chloride, w hich are usually em ployed 
in the circumstances, that it never liberates a corrosive liqu id .1

U nforeseen circumstances could result in the crew rem aining shu t

1 D uring the expedition to the Cape Verde Islands, I used silicagel manu­
factured by the Uetikon factory (Switzerland). For the Trieste it was the 
Baslini Company (Milan) which furnished us with this absorbent.
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up in the cabin for longer than the apparatus is capable o f  m aintaining 
life, for example, if  serious dam age prevented the em ptying o f  the en- 
trance-shaft. In  such a case the bathyscaphe w ould have to be tow ed to 
the port, the petrol w ould have to be em ptied out, and the subm arine 
lifted ou t on to the quay by  a pow erful crane. A nd all this before the 
occupants could be freed. T h a t could last several days. T he  im prison­
m ent w ould doubtless be very  painful, bu t disaster w ould be avoided 
if  the cabin could be ventilated by  com m unication w ith the outside 
air. W ith  this in view, we furnished the cabin w ith  tw o schnorkel 
tubes by  w hich we could ourselves, by  using  the electric ventilator, 
set up a good ventilation o f  the cabin. T h e  passing o f the schnorkels 
th rough  the wall o f  the cabin and their closing during  dives presented 
quite a p re tty  problem  for solution. (See A ppendix.)

O n  the o ther hand it was im portan t to be able to control the con­
dition o f  our atm osphere. F rom  the poin t o f  view  o f  hum idity , it was 
very simple : a hair hygrom eter was a sufficient indicator. T h e  am ount 
o f  carbon dioxide was indicated by  a Siemens electric apparatus w hich 
did no t em ploy any reagent. I t was based upon  the variations in the 
therm al conductiv ity  o f  the air as a function o f  its carbon dioxide 
content ; a small needle galvanom eter indicated the percentage o f  this 
gas.

As for controlling the oxygen, this is in general rather a complicated 
affair. In  order to avoid the use o f  corrosive liquids., o f  w hite phos­
phorous o r copper filings heated red-hot, I invented a very  simple 
apparatus. I t  was based upon the follow ing reasoning: since we can 
neither produce no r absorb n itrogen, the quantity  o f  this gas contained 
in the cabin is constant. Since the relation o f  oxygen to n itrogen should 
no t vary, the quantity  o f  oxygen contained in the cabin m ust also be 
constant. I f  we, for the m om ent, leave aside the carbon dioxide, we 
m ust require that the total w eight o f  air enclosed in the cabin should 
rem ain constant. As the tem perature is variable, a barom eter m easuring 
the pressure w ould no t suffice, and to it m ust be added a therm om eter 
and a slide rule. H ere is the apparatus w hich replaces these three 
instrum ents (F ig. 11) : a U -shaped glass tube placed halfway up the 
cabin contains in its base a certain quantity  o f  m ercury ; one branch 
is always open, the o ther is provided w ith  a cock w hich is closed at 
the same time as the cabin door. T hus enclosed between the cock and 
the m ercury is a constant quantity  o f  air o f  w hich the tem perature is 
p re tty  m uch that o f  the average tem perature o f  the air in the cabin.
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T hus if the tem perature varies, the pressure alters on each side o f 
the m ercury to the same extent w ithou t influencing its position ; bu t 
if the quantity  o f oxygen in the cabin increases or dim inishes, the pres­
sure in the cabin varies and the m ercury indicates it.

T hus the control o f  the apparatus for the regeneration o f the air 
is very  simple. I t  is set go ing  as soon as the Siemens apparatus indicates 
i%  o f  carbon dioxide and this is done either by  the oxygen injector 
or by the ventilator, so as to m aintain the two 
colum ns o f  m ercury at the same level. I f  the 
m ercury rises in the closed side o f the U -shaped 
tube, the ventilator is set g o in g : in the inverse 
case, the oxygen injector is pu t into operation.

It w ould be easy to take into account the con­
centration o f  carbon dioxide to make corrections.
But such precision is superfluous.

P R E S S U R E  G A U G E S

A lthough  the pressure gauges were no t vitally 
im portan t to us, it was essential, nevertheless, 
for them  to be in good w orking  order, since they 
indicate and record our depth. In  the balloon we 
also had pressure gauges, bu t while these had 
to m easure variations in pressure w hich never 
reached one atm osphere, those in the bathy­
scaphe had graduations reaching up to 600 
atm ospheres, w hich corresponds to a depth  o f 
3¿ miles in fresh w ater, and slightly less in sea 
w ater.1

T h e  principle o f  the high-pressure gauge is 
very simple : the in terior o f  a steel tube, bent into 
a semi-circle, the B ourdon tube, is subjected to 
the pressure that is to be m easured, in our case the pressure o f sea 
water. I f  the pressure increases, the tube straightens slightly, and this 
m ovem ent is transm itted to the needle o f  the gauge.

T h e  Trieste has four pressure gauges installed : a large one recording

1 At the time o f the construction o f  the F N R S  2 our pressure gauges were 
supplied by the firm o f  Haenni (Jegenstorf, Switzerland) and after these had 
been handed over to the French N avy (where they were used on the F N R S  3)  
the same firm constructed a set o f improved apparatus for us.
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in orthogonal co-ordinates (a simple indicator system ), and a small 
one, the needle o f w hich m oves round  an arc o f  a circle: then tw o 
pressure gauges, each w ith  a needle and suitable electric contacts, 
w hich actuate apparatus designed to release the ballast, during  dives 
in w hich the bathyscaphe is no t m anned bu t is operated by  an au to ­
m atic device. T h e  tw o graphs (Figs. 13 and 14) show  the differences 
betw een the recording apparatus. F o r the first pressure-gauge m en­
tioned, the time reads from  bo ttom  to top ; bu t while the po in t o f  the 
recording needle in the small one describes the arc o f a circle, that o f  
the large one m oves in a straight line from  left to righ t w hen the 
pressure increases. I f  the speed is constant the little gauge traces a 
curved line : the large one, on  the contrary , traces a straight line the 
slope o f  w hich depends upon  the vertical speed o f  the bathyscaphe. 
I t  is inclined at 450 w hen this speed is 31 *4 in. per second. T h is greatly  
facilitates the p ilo ting  o f  the bathyscaphe and the m aking o f  ob ­
servations.

These pieces o f  apparatus m ust naturally  be in com m unication w ith  
sea w ate r; bu t the sea w ater m ust no t come in, for it could cause 
corrosion. In  the antecham ber is found a vessel full o f  oil w hich has a 
pressure equal to that o f  the sea w ater. A  steel tube o f  0*25 in. (6-35 m m .) 
external diam eter and 0*072 in. (1 *82 m m .) internal diam eter passes from  
this vessel to the in terior o f  the cabin, w here it ends in a d istribu tor 
w hich by means o f  four tubes is connected w ith  the four pressure gauges.

A t the m outh  o f  the d istribu to r there is a h igh-pressure cock. I f  
one o f the pressure gauges happened to leak (w hich, in fact, never 
happened) the crew w ould have to close this cock, disconnect the tube 
o f  the defective gauge, screw a stopper in its place, and re-open the 
cock : this w hole operation could be com pleted in less than a m inute. 
I t  was the F iat C om pany w hich installed all the tubing in the cabin, 
em ploying tubes and unions standardized in the autom obile industry , 
w here they are used for the injection o f  fuel in Diesel engines. I t  is 
true that the norm al injection pressure o f  the Diesels is less than that 
w hich is found here. But if  one com pares the operating conditions o f  
lo rry  engines (the variation in pressure runn ing  at each second 
revolution  o f  the engine from  zero to the m axim um  and vice versa, 
whence inevitable vibrations are set up) w ith  those o f  the bathyscaphe 
w here the m axim um  pressure is only  reached gradually  and, in prac­
tice, only  a lim ited num ber o f  times, it is clear that all this tubing 
w ould function w ithou t failure in the bathyscaphe.
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These pressure gauges, graduated to record from  o to 3 J  miles in 
depth , naturally  cannot possess great sensitivity. N ow , in certain 
cases, above all if  the bathyscaphe is near to the surface, a m uch 
greater sensitivity w ould be desirable. T hus for the F N R S  2 I invented 
and had built a pressure gauge in w hich the height o f  a colum n o f 
m ercury varies by  3 ft. for depths changing from  o to 3 J  miles. It * 
was thus delicate enough to render perceptible variations in depth  
o f  3 ft., the displacem ent o f  the m ercury  being proportional to the 
pressure. T h is pressure gauge was given w ith  the F N R S  2 to the 
F rench N avy  by  the Belgian N ational F u n d .1 As the construction o f 
this gauge is very  costly and w ould have dem anded a good deal o f  m y 
tim e, I gave up  the idea o f reproducing  it. Instead I designed a small 
gauge, very  simple and quite sensitive, graduated from  o to 330 ft. 
depth. T h e  description o f  this is given in the A ppendix.

T H E  T A C H O M E T E R

T h e  pressure gauges certainly show ed us the depth  that we had 
reached, bu t that was n o t enough. F o r p ilo ting purposes it is 
im portan t to be able to determ ine at any m om ent w hat is our vertical 
speed. A ccording to the circum stances, this speed determ ines the 
need to drop  ballast or petrol. I t  is true that the slope o f  the line draw n 
by  the recording gauge allowed us to determ ine this speed, bu t only 
after a considerable delay, since the graduated paper m oves only  at 
the rate o f  2V in * a m inute. Several m inutes are then necessary for 
the slope o f  the recorded line to be observed. T h is is too long.

Exactly the same problem  occurs w ith  the free balloon and two 
instrum ents have been constructed to m easure its vertical speed— the 
variom eter and the vane anem om eter or w ind gauge.

T he  variom eter cannot be utilized in a bathyscaphe. But the vane 
anem om eter can be em ployed alm ost as it stands (F ig. 12). I t  consists 
o f  a bladed fan b m ounted w ith  its vertical axis o f  ro tation. T he vertical 
wind produced by  the m otion  o f  the balloon starts it ro tating  and 
this speed o f  rotation  is p roportional to the speed o f  the balloon. In 
the case o f  the bathyscaphe a slight difficulty arises : if  one wishes to 
observe the vanes directly, the anem om eter m ust be placed beneath 
the float, in the neighbourhood o f  the p o rth o le ; bu t in this position

1 I am not sure that it is still used, the principle varying too much from the 
norm.
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the w ater is so agitated by  the wash that w hen we are rising at a speed 
o f  3 ft. per second we see, floating in the w ater, small particles w hich 
m ove up and dow n w ithou t our being able to distinguish w hether 
the bathyscaphe is rising or descending. T o  avoid these eddies, we 
m ounted our anem om eter at the top o f  the tow er and 3 ft. away from

- a

. c

' s

F ig .  12. V ane anem om eter  for m easuring the vertical speed o f  the bathyscaphe

the side. In  these circumstances it was im possible to observe the vane 
anem om eter directly, and so it had to transm it its signal electrically. 
T his was quite sim ple: at the base o f  the anem ofneter shaft (see 
Fig. 12) we fitted a cylinder o f  insulating m aterial upon w hich were 
placed tw o metallic segm ents s s (one short and one long) so that a
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Plate XII The Trieste off Capri

Plate X III Capri. The Trieste at 
the start of its dive to 594 fathoms



Plate XIV Some sediment from 
the sea-bed deposited in a metal 
fairing under the porthole after the 
dive off Capri

Plate XV Sample of the sediment 
shown in Plate XIV, greatly 
magnified. The diameter of the 
particles varies from o-i to 0*2 mm.



brush  c rubb ing  against the cylinder gave in M orse code the signal a
(• — -------  — ) w hen the bathyscaphe was rising and n (-------   )
w hen it was going dow n. These signals were transm itted to the cabin 
and a lum inous sparking indicated to us the direction and speed o f 
our m ovem ent, each revolution o f  the anem om eter corresponding to 
a determ ined height. W e had thus a true tachom eter (a tim e-speed 
indicator). So that it w ould no t be disturbed by  the conductiv ity  o f  
the sea w ater, the base o f  ou r shaft w ith  its segm ent-bearing cylinder 
was placed in a small vessel containing trioline.

T H E  I N T E R I O R  L I G H T I N G  OF  T H E  C A B I N

T he lighting installation is m ore im portan t than w ould be though t 
at first sigh t: at all costs we had to prevent the observer from  being 
dazzled.

I rem em ber an excursion during  w hich, on a day o f brilliant sun­
light— it was in 1916— I penetrated into a g ro tto  o f  the Jura M ountains 
in V aud, Switzerland. I had indeed a compass w ith  a lum inous needle; 
bu t w ithou t shining m y flash lamp on it I could no t observe i t :  m y 
retina retained a ‘m em o ry ’ o f  the daylight. I recalled this episode w hen 
I installed the internal lighting o f  the cabin: the m ajority  o f  phos­
phorescent animals are scarcely b righ ter than a lum inous compass- 
needle.

I distributed in the top o f  the cabin six small incandescent bulbs, 
thus lighting up  only  the w hite-painted ceiling, and achieving a system  
o f  indirect lighting  that looked quite up-to-date . Each bulb had its 
ow n switch. O ne o f  the bulbs was o f  th irty  w atts : the five others o f 
5 watts. In  our little cabin, w here alm ost all the instrum ents were 
painted w hite, a 5-w att bulb w ould be quite enough for the occupants 
to see by  clearly. T o  carry ou t a delicate operation, the six bulbs w ould 
have to be alight at the same time. F o r observation o f  the exterior, 
they w ould generally all have to be out.

W e also had large independent flash lamps w ith  w hich to th row  a 
brigh t light on a small area. T hey  w ould be valuable in case o f a break­
dow n o f  the electric current— w hich, how ever, never took  place.

D uring  the Capri dive, at one m om ent I pu t ou t m y flash lamp, 
and finding m yself in com plete darkness placed it on a little shelf 
w ithin reach. As ill-luck w ould have it, this happened to be the battery  
o f  accum ulators controlling the ballast! Im m ediately a show er o f  little 
sparks appeared, and w e heard the crackling o f  a short-circuit. It is
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easy to  im agine how  quickly I picked m y torch up again! F ortunately  
the metallic case o f  m y pocket to rch  had only  short-circuited one or 
tw o o f  the tw enty-four cells in the battery. But it was an anxious 
m om ent. I f  the battery  had been entirely short-circuited , our ballast 
w ould have been released and we should have risen to  the surface 
w ithou t having reached the desired depth.

E X T E R N A L  L I G H T I N G

W e w anted to observe the subm arine w orld . W e had therefore to 
be able to m ake use o f  an external system  o f  lighting as pow erful as 
possible, particularly so w hen we w anted to take photographs. H ow  
should we arrange the p ro jecto r?

W e m ust no t forget that sea w ater is never perfectly transparent. 
W e speak o f w ater being ‘perfectly transparen t’ w hen visibility extends 
to 60 yards.

L et us leave the sea for a m om ent, and im agine ourselves in a car in 
a thick fog. In  the daytim e we can just distinguish the outline o f  a 
house 60 yards away. T hen  n igh t comes on, and w hen we sw itch on the 
headlam ps, the range o f  visibility is reduced to a few yards. W e 
then com e into a tow n. H ere the street lamps are placed on each side o f 
the street. I f  we pu t ou t our headlam ps our range o f  visibility increases 
at once and we can see the street a good  distance ahead. W e can draw  an 
im portan t conclusion : the floodlights o f  our bathyscaphe m ust no t be 
placed inside the cabin : they  m ust be suspended from  the float in such 
a w ay that the flood o f  light will cross our visual field in a narrow  eone 
m aking an angle w ith  our sight-line that as nearly as possible approaches 
90o. T hus all objects entering the lighted zone will appear to us to be 
shining against a dark  background. W e thus have on a large scale w hat 
in the laboratory  is called ultra-m icroscopic lighting.

O u r arrangem ent presents another advantage w hich is no t negligible : 
if  an object appears in the lighted zone, we know  at once at about w hat 
distance it is and this allows us to estim ate its real dim ensions.

Each projector is equipped w ith  a 1000-w att bulb w hich, very  m uch 
overloaded, can in a short time develop a lighting intensity  o f  nearly 
60,000 lumens.

I shall no t spend m uch time explaining in detail the construction o f 
the projectors. Suffice it to say that they  were furnished w ith  incan­
descent bulbs specially m ade by  Philips and protected from  external 
pressure by  strong  steel cases. In  order no t to reach prohib itive
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dim ensions as well as w eight, we had to use special bulbs m uch smaller 
than those norm ally needed by  a filament o f  iooo w atts. T his obliged 
us to fill the cases w ith w ater to obtain a sufficient cooling o f the bulb. 
T he  case was provided w ith  a little plexiglas w indow  and an ellip­
soidal reflector concentrated the light on this w indow . T hen , a 
second reflector, parabolic, concentrated the light in a small conical 
beam.

Finally, as well as the projectors, we arranged on the outside o f  the 
cabin som e small incandescent lamps o f  35 w atts.

T H E  E L E C T R I C I T Y  S U P P L Y

W e had to have a source o f  electrical energy for operating our 
equipm ent such as the ventilator, the small lamps, the tachom eter, the 
unballasting apparatus and particularly  the d riv ing  gear and flood- 
lamps. In  the beginning we had intended to have a lead-acid battery  o f  
14 cells and 900 am pere-hours, given to us by  H ensem berger. It 
w eighed 2640 lb. and was consequently too cum bersom e to be placed 
in the cabin. T herefore we pu t it on the deck o f  the bathyscaphe, in a 
large vessel filled w ith  petrol.

As we had cause to regret, the sun o f  Ita ly  is no t an unm ixed 
blessing. L ying  in the po rt o f  Castellam m are, the battery  was over­
heated to such a point that its polythene cell jars were affected. As there 
was insufficient time to m ake new  polythene cell jars, we tem porarily  
replaced this large battery  by  a sm aller battery  placed in the cabin. It 
was pow erful enough to operate all ou r ligh ting  apparatus, bu t the 
time during  w hich we could operate the m otors and projectors, w hich 
take a great deal o f current, was reduced.

F o r our next undertaking H ensem berger furnished us w ith  new  cells 
in silver-zinc. P rov id ing  the same energy, they take a quarter o f  the 
space and are only a quarter the w eight. W e could therefore carry in 
the cabin batteries o f  the same capacity as at the beginning had had to 
be placed outside. T his m ade it a lot easier. These cells could be 
charged in the cabin, since they give ou t very  little gas, and are no t 
corrosive, being free from  sulphuric acid. T h ey  are no t affected if they 
are com pletely run dow n and one does no t have to recharge them  as 
soon as they are discharged. T h is was a great asset to us. W e had also 
a small lead-acid battery  placed in the cabin to supply the unballasting 
apparatus : this was necessary to prevent the loss o f  ballast and tubs 
even if  the principal battery  became com pletely discharged, as it m ight
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during  observations if  the floodlights and m otors were operated for 
m any hours.

I N T E R N A L  L A Y - O U T  O F  T H E  C A B I N

T h e  cabin o f the Trieste was laid ou t in m uch the same w ay as that 
o f  the balloon F N R S  and also o f  the F N R S  2.

A t the bo ttom  o f  the cabin an alum inium  ring  o f 47 in. diam eter 
served as a base. O n  this ring  were six alum inium  uprights o f  1 • 18 in. 
square section and 23*6 in. apart: they  supported a second ring  o f  the 
same diam eter as the first, w hich came quite close to the top  o f  the 
cabin. T he  w hole form ed a rigid cage. T o  hold this in place, the top 
part had to be jamm ed against the top o f  the cabin. But an im portan t 
detail o f  construction enters in to  one’s calculations at this point.

I f  the cabin goes dow n to miles, the external pressure causes all 
its dim ensions to decrease. T h e  diam eter decreases by  0*065 in * and the 
tw o rings, w hich are 5 ft. 3 in. apart, w ould be b ro u g h t closer by  
0*0475 m "> if  bo th  w ere touching the cabin. M oreover, at the bo ttom  o f 
the sea, the tem perature o f  the body  o f  the sphere will be low er than 
w hen it was fitted up, w hile the tem perature inside will no t d rop  so 
m uch. If, for example, the difference in tem perature between the cabin 
and the uprights were 45 °F ., the uprigh ts w ould be cram ped to the 
extent o f  0*176 in. In  short, the effect w ould be that the sphere forced 
dow n the uprights 0*065 in * T h e  consequence o f  this w ould no t be that 
they broke, bu t they w ould buckle or bend sideways. I t is quite simple 
to calculate how  m uch they w ould bend ; the lateral deflection, in fact, 
w ould am ount to r i  in. halfw ay up the uprights. T o  avoid this, I pu t 
strong  steel springs in a housing bored in the upper part o f  each 
uprigh t, to force pieces o f  metal against the cabin w ith  a force o f 1 io  lb. 
for each uprigh t. Strips o f  rubber placed betw een these pieces o f  m etal 
and the cabin, as well as a rubber ring  lodged between the low er ring 
and the base o f  the cabin, produced such friction that the w hole centre 
cage, while rem aining free to expand or contract, was nevertheless held 
rigid.

O n  the low er ring  a piece o f  sheet alum inium  form ed the floor. 
T h e  free space betw een this floor and the spherical bo ttom  o f  the cabin 
was 7*87 in. high at the centre : we called it the cellar. A  trapdoor gave 
access to it. T his space was no t w asted, as we used it to store the reserve 
containers o f  alkali and the bottles o f  com pressed air, w hich were 
needed to em pty  the entrance shaft after each dive. T h e  observer
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w atching th rough  the porthole was also glad o f  this space, as it m ade 
his position a little m ore com fortable : it increased the relative height o f  
his seat. A lso, after being shut up in the cabin for m any hours, the 
crew  were glad to be able to straighten up com pletely: the total 
diam eter o f the cabin was just enough to allow m y son to stand u p ­
right.

All the space above the floor was available for the crew. Like the 
supports o f  library shelves, the uprights had holes spaced an inch 
apart : into these were fixed brackets standing out tow ards the walls o f 
the cabin and supporting  alum inium  shelves upon  w hich the different 
instrum ents were fixed. By this means the height o f  the shelves could be 
varied to suit the differing heights o f  the apparatus. T his w hole 
installation was carried ou t by  the V olta Institu te  at Trieste, in alu­
m inium  alloys presented by  the ‘Lavorazione Leghe Leggerre,’ P o rto  
M arghera (Venice).
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4-' O ff to Castellammare di S  tahia

IT is no t enough sim ply to construct a bathyscaphe. T here  m ust still 
be found a base suitable for subm arine expeditions, and one supplied 

w ith  w orkshops, w ith , o f course, their directors and their engineers. 
T h e  N orth  A driatic was ruled o u t: it lacks the necessary depth. T he  
Italian N avy suggested the dockyards o f  the ‘ Navalmeccanica ’ at 
Castellamm are di Stabia— a little po rt situated in the southern  part o f 
the G u lf o f Naples, facing Vesuvius, at the foot o f  the M onte Faito . 
T here  are found together the activity o f N orthern  Ita ly  and the well- 
know n charm  o f  Southern Italy.

I t  was there then that the cabin and float had to be taken. H ow  was 
the latter to be transported from  T rieste  to the G u lf o f  N aples? I f  the 
freight charges, calculated on the 4238 cu. ft. (120 cu. m .) o f  the 
float, had no t been exorbitant, and if  we had found a cargo-boat 
m aking the trip  at the righ t m om ent, we should have chosen the 
m aritim e route. Second possibility : to launch the float and have it 
tow ed by  a small m otor-boat, to double the peninsula by  standing 
offshore from  C orcyrus, then betw een Scylla and Charybdis, to reach 
the G u lf o f  Naples, the native haunt o f  Polyphem us. B ut Ulysses 
had already made the experim ent : the sea can be unfriendly  in these 
latitudes.

W e gave up the idea o f m aritim e transport.
T he  dim ensions o f  the float made the use o f  the railway out o f the 

question. T here  rem ained the road.
W e looked some time for a com pany w hich had the means at its 

disposal and w ould give the desired guarantees. O ne day, driving 
about the streets o f  Milan in our car, m y son and I suddenly saw in 
fron t o f  us a giant transform er on a trailer, being towed by  a pow erful 
lorry . W e passed it, we let it pass us ; we did this several times. Stowage 
and packing o f  the transform er, everyth ing  inspired us w ith  con­
fidence. W e took  note o f the name o f  the firm, ‘Pejrani, T u r in ’. An 
exchange o f letters follow ed, then a trip  to T u rin : how ever expensive 
and difficult the job, Pejrani said they w ould no t treat this as a business 
transaction, since it was a question o f  scientific research. I f  we paid for 
the petrol and the police tax, Pejrani w ould charge it to overhead 
expenses. W e here w ish to thank this firm for their very  valuable 
assistance.
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Between M onfalcone and Castellamm are di Stabia the roads go 
th rough  cuttings w ith  bridges w hich lim it the height o f  a load to 
13 ft. 2 in. O n  the underslung trailer the hull w ith  its diam eter o f  11 ft. 
6 in. w ould just clear. B ut on  the upper part o f  the float there was the 
superstructure to w hich we fixed the electro-m agnets, the conning- 
tow er, as well as the device that the crane grasps each time the bathy ­
scaphe is launched; w hile beneath the float there were the metal sheets 
to w hich the cabin was to  be attached. All this increased the total height. 
I f  the float could be turned th rough  an angle o f  90o to rest on its side, 
there w ould be no difficulties w ith  he igh t: bu t then it w ould be too 
w ide for the roads.

Fig. 7 shows that we lim ited the dim ensions o f  all these parts so that 
if  the float is inclined 450 they  are all contained rough ly  in an i iy - f t .  
square. T hus placed on the trailer, it did no t exceed 13 ft. 2 in. in height, 
no r l í  ft. 6 in. in w idth.

So it was that at the beginning o f  January  1953 the float began its 
long trip. I t  w ent round the A driatic shore and round Venice, 
turned south, crossed the passes o f  the snow y A pennines, came dow n 
the w est coast, and arrived safe and sound at Castellam mare. T he 
entire journey was done at a speed o f  9-3 miles an hour, escorted by  the 
traditional m otor-cycle police w ho w atched over its safety and that 
o f  o ther road users. T h e  w hole trip lasted eleven days. O n  the w ay it 
m et another cum bersom e consignm ent: the fuselage o f  a plane, also 
inclined at 45 °.

In  the alleys o f  Castellam mare the population w atched this 
m ysterious engine go by  w ith  interest. Some guessed at once that it 
was a new  subm arine.

W e then had to transport the cabin. Its dim ensions were such that it 
could be loaded on to a truck. F rom  T ern i on, at a low  speed, also 
preceded and followed by  a m otor-cycle escort, it crossed the R om an 
campagna by  the ancient ways. I t  passed under the shadow  o f  the 
Colosseum . M an’s interests have changed ! Across the ancient Pontine 
M arshes, by  Naples and the outskirts o f  Pom peii, along a road cut out 
o f the lava, it reached the w orkshops o f  the ‘N avalm eccanica’. T h is 
time there was no m ore m ystery and everyone was w aiting im patiently 
for it. By a curious coincidence, the transportation was done by  the 
Danzas firm at Basle, w hich had already carried the cabin o f  the 
balloon F N R S  from  D esenzano in Switzerland. O n this occasion, 
as on that one, we have yet to be charged.

[ 105 ]



I t is thus at Castellammare that we began the assem bly o f  the 
num erous parts w hich together form ed the Trieste.

M y son, w ho from  the beginning had organized all the operations, 
at M onfalcone as well as at T em i, m ore than ever held the reins in his 
hands. T he  study o f  economics had developed his feeling for synthesis. 
In  short, w hether you  convert tons o f  w heat into pounds sterling or 
divide hundredw eights by  square inches, the principle is always the 
same. F irst in the yards and last to leave, always there w hen w anted, 
Jacques knew  how  to m aintain contact w ith  the w orkm an as w ith  the 
engineer. N o t a detail escaped him . N o t an instrum ent bu t had passed 
th rough  his hands; no th ing  that had no t been subject to his personal 
control. H e know s the apparatus better than I  do. I t  was he w ho in­
spired all the enthusiasm  w hich is indispensable in the carrying ou t o f 
such an undertaking. W hat a privilege for me to have this time such an 
assistant and to be able to place m y w hole confidence in his intelli­
gence as well as in his overflow ing energy.
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5: The First Dives o f  the Trieste

On  is t  A ugust 1953— the Swiss national holiday, a coincidence o f  
happy augury— the colours w ere hoisted on the Trieste', the 

tricoloured flag o f the Italian N avy  and the w hite cross on a red back­
ground  o f  Switzerland. T h e  bathyscaphe is still at the dock on her 
cradle. T h e  giant crane o f  the ‘Navalmeccanica.’ yards approaches and 
its pow erful hook  grasps the suspension-ring o f  the bathyscaphe.

I t  is custom ary for a ship to be baptized before it first makes contact 
w ith  its elem ent. In  general, a bottle o f  cham pagne is broken on its 
prow . N ever having understood  the relation existing between bits o f  
b roken glass and a ship to w hich we w ish a happy future, I left ou t this 
p art o f  the cerem ony. O n  the o ther hand the priest was welcome w ho, 
asperging the Trieste w ith  holy  w ater, according to a pious Italian 
custom , pu t it under the divine protection  w ithou t w hich all hum an 
labour is vain.

T h en  the crane lifted the bathyscaphe and, rolling along its railway, 
carried it tow ards a sheltered place in the port. A t this m om ent a 
cloud o f  pigeons flew from  the top  o f  the crane and hovered beneath 
the Trieste. T h is unexpected and charm ing tribute had been prepared 
fo r us b y  the crane driver, w ho had w anted to play his part in the 
solem nity o f  the m om ent. T h e  crane stopped, sw ung round and 
placed the bathyscaphe in the sea. As its hull as yet contained no th ing  
bu t air, it floated h igh  on the water.

T h e  follow ing day the ‘E sso ’ tankers arrived from  Naples. A  
hose was placed between the dock and ou r subm arine and 18,920 
gallons o f  petrol passed into ou r reservoirs. W hy , it will be asked, 
18,920 gallons w hen the float could contain 22,660 gallons? Because 
at the time that we drew  up the plans o f  the Trieste it was necessary to 
leave a m argin  o f  safety, for at that time we w ere quite unaware o f  
w hat w ould be the exact thickness o f  the metal sheets and their 
w eight. T here  can, in fact, be differences between the metal sheeting 
ordered and that w hich is turned ou t by  the rolling mills. M oreover, 
we had to take into account the possibility that we m ight later install 
heavier apparatus. A gain, we had provided for the event w here the 
bathyscaphe m ight m ake dives in tropical w aters: in w arm  seas the 
petrol w ould expand and the possibility o f  the form ation o f  vapour
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was n o t to be overlooked. Finally, w e had to be able, on occasion, to 
em ploy a heavier petrol, w hich for the same lifting force w ould have a 
greater volum e. F o r all these reasons it was better to have a good 
m argin at ou r disposal than to have a float that was too small, even by  
250 gallons.

N ow , having all the factors in our calculation well in hand, we saw 
that 18,920 gallons o f  petrol sufficed to carry the bathyscaphe. W e 
began then by  in troducing 3740 gallons o f  w ater into the float : that, 
w ith  the 18,920 gallons o f  petrol, just filled it.

I f  we had filled the tanks entirely  w ith  petrol, it w ould have been 
necessary to take on board, as well as the ballast reckoned on, 4 o r 5 
tons o f  em ergency ballast. I t  is true that thus we could have given m ore 
stability to the bathyscaphe ; bu t, in fact, there was no need for this.

O n  n t h  A ugust 1953 the Trieste could at last be subm erged. I t  was 
no t, properly  speaking, a dive. T h e  bathyscaphe rem ained fast to its 
m oorings and, the depth  o f  the w ater being only  5 fathom s, the tip 
o f  its flagpole rem ained in sight. T h is test enabled us to check certain 
parts and to have exact data on  the loading. O n  the 13 th  A ugust, as a 
new  test, we had ourselves tow ed ou t a little farther tow ards the m iddle 
o f  the harbour w here the depth reaches a little over 9 fathom s. T here , 
too , the experim ent proved satisfactory.

D uring  these tests, including those conducted during  the dive at 
Capri, we had the pleasure o f  seeing w ith  us once m ore Engineer 
Loser, w hom  the m anagem ent o f  the T rieste  dockyards had k indly  
lent, so that he m igh t once m ore give us his valuable assistance.

O n  the 14th the Tenace heavy-du ty  tugboat belonging to the 
Italian N avy  took  the Trieste in tow  and tow ed it ou t to sea to a poin t 
w here the depth  is 22 fathom s. W e had chosen this depth  so that, in 
case o f need, the divers could keep in contact w ith  us. I have such 
pleasant m em ories o f  this first dive that I should like to tell o f  it in 
m ore detail.

T h e  w eather was splendid, the sea calm : a row ing boat took  me to 
the Trieste, w hich m y  son Jacques had n o t left during  the b rie f tow. 
W e opened the upper hatch o f  the entrance shaft, and w ent dow n the 
ladder w hich leads to w hat we call the antecham ber. W e w ere barely 
1 ft. from  the surface: th rough  the big  pane o f  plexiglas the water 
appeared m arvellously clear. T h e  light was quite blue, as in the 
celebrated g ro tto  o f  Capri. W e slid th rough  the m anhole and closed 
the heavy door behind us : Jacques picked up the telephone receiver,
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connected by  a cable 297 ft. long w ith  a rubber boat on the surface, 
and gave the necessary instructions.

In  the cabin reception was so good that I could hear Engineer 
Salvio no t only  speaking into his telephone, bu t also retransm itting the 
orders :

‘T h e  door is closed, begin to fill the shaft.’
T h e  hydran t o f the Tenace w ent in to  action : w ater poured into the 

lock, and soon the w indow  was subm erged. A t the end o f  a few m inutes 
the people on the surface told us :

‘Shaft full.’
O n  deck they closed the upper hatchw ay : ‘ O pen  the valves o f  the 

tw o air tanks.’
T h e  air escaped, replaced by  400 cu. ft. o f  w ater.
‘Y ou are going dow n. T h e  deck is alm ost entirely  subm erged.

* W ait, y o u ’ve stopped going  dow n.’
T h e  bathyscaphe was still too  light. Jacques spoke on the telephone 

again :
‘ P um p air into the tw o tanks. B ring tw enty  bags o f  ballast.’
U p we w ent again.
‘T w en ty  sacks are aboard .’
‘Expel the air again. O pen the sluices a half-turn. A nother quarter- 

tu rn .’
‘Y ou are going dow n. T h e  deck is subm erged. T h e  tow er is half 

under. I t  has disappeared. N ow , the flagpole.’
T h is time the Trieste dived and the light from  outside decreased in a 

very  m arked way. In  a few m inutes we should touch bottom .
W e looked out o f  the porthole, bu t we could see noth ing. A nd 

then we caught sight o f  the bo ttom , very  indistinct, perhaps 8 fathom s 
aw ay ; bu t we had stopped m oving. T h e  explanation was simple : in 
this fine, calm w eather the Italian sun had considerably heated the 
upper layer o f  the w ater, w hich became lighter. N ow  the Trieste was 
floating on a colder, and hence heavier, layer. W e had begun the dive 
w ith  an insufficient overall w eight and the bathyscaphe was no t heavy 
enough to penetrate the layer o f  cold w ater w hich increased the 
buoyancy o f  the petrol. T h ro u g h  the porthole w e saw our friend, 
Engineer de Sanctis, w ho had dived dow n to pay us a visit. W hen 
we came up  he told us that, in fact, at the depth  w here we stopped, he 
had run  into a layer o f  icy w ater ; the cold had forced him to go up 
again.
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T his rem inded me o f  the ascent o f  the stratospheric balloon on 
18th A ugust 1932: m y friend T ilgenkam p had carefully ‘w eighed’ 
us but, after a m agnificent start, we had been held up, at a low altitude, 
b y  an inversion layer. T he  w arm  air had decreased our buoyancy. I t  
was no t till after we had throw n over quite a lot o f ballast that the 
balloon was able to continue its ascent into the stratosphere.

T his time it was the cold w ater that was to blame. T hree courses o f 
action were open to us. W e could w ait for the petrol in the float to be 
sufficiently cooled for the bathyscaphe to start going dow n again, bu t 
that w ould take too long. W e could open the control valve and let out 
the petrol, b u t that w ould be a useless sacrifice o f it. W e chose the 
th ird  solution, nam ely, to go up again, take extra ballast on board, and 
then go dow n once m ore.

By telephone we told the surface :
‘G et ballast ready. W e are com ing up  to get it.’
M y son turned the unballasting switch : the iron  pellets poured out 

in a dark trail from  the orifice o f  the tanks, form ing all around a great 
cloud o f  rust. Soon we were on top and the usual operations took  
place : then the Trieste was suitably laden. W e dived slowly. A round 
us the daylight decreased a little. W e looked dow nw ards— the bo ttom  
became distinct, the w ater was clear. Even w ithou t artificial lighting, w e 
could distinguish all the details. But the sea here was particularly bare ; 
all w e could see was m ud and here and there small m ounds represent­
ing indefinable objects. In  a state o f  equilibrium  w ith  the w ater, the 
bathyscaphe drifted slow ly along near the bo ttom  : from  “time to time 
it struck it gently , each time raising a cloud o f  m ud. T h e  drift con­
tinued.

W h at ideal conditions for observation! But o f  w hat use in such a 
desert! Years ago the w ind had b rough t a large palm tree here : there it 
was, covered b y  m ud, so that one could hardly  guess at its shape.

By telephone we announced :
‘A ll’s well. W e’re at the bo ttom .’
‘ W h at can you see ? ’
‘Some sand— an em pty  shell . . .’
W h a t animal did it belong to ? I was unable to say. I f  we had been in 

fresh w ater I should have guessed at a Limnea ovata o r a young  
Limnea stagnalis (freshw ater gastropods) bu t here I was out o f  m y 
element. A t last w e saw an object w orthy  o f  in terest: we brushed 
against a large sea-anemone. Its tentacles w ere w aving gently  in search
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o f  p rey : I reckoned them  16 in. lo n g ; the creature a lem on-yellow  
colour and standing out against a blue-green background. A t a depth  
o f 22 fathom s, then, the w ater lets in yellow  light, and we adm ired the 
beautiful anem one ; bu t draw n along on our course, w e soon lost sight 
o f  it. F inding  no th ing  m ore that interested us, we told the surface that 
we w ere going up. T h e  electric current w hich held the iron  pellets in 
the tanks was cut, and the pellets escaped and fell on the bo ttom , 
raising a large circular cloud. W e seemed to be in a lift. W e heard a 
curious noise, and asked by  telephone w hat it was.

‘Y ou can hear the screws o f the Tenace : it is com ing near.’
A  few m om ents later the Trieste surfaced and the Tenace pum ped 

ou t the w ater from  the shaft w ith  com pressed air. W e could see the 
level going  dow n in the antecham ber. W hen  it was clear we opened 
the doo r and w ent up  to the deck.

Some people were surprised that a bathyscaphe designed to go dow n 
to 2-j miles should spend its time paddling in the shallows along the 
coast w here any am ateur diver equipped w ith  self-contained diving 
equipm ent could easily dive. N aturally , ironic rem arks were heard. 
People fo rgo t sim ply that as yet there was no handbook  for the use o f 
bathyscaphe pilots, and that, in spite o f our theory, a num ber o f  parts 
had yet to be tested before the subm arine could fulfil the role expected 
o f  it. O n  this occasion we certainly broke no records, bu t we became 
used to steering the Trieste and we learned a good deal. W e could also 
have proceeded to the first trials in the open seas, bu t here w e had 
obtained the same results w ith  less difficulty. T he  dockyards w hich had 
built the bathyscaphe, and we ourselves, know  now  that ou r con­
fidence was justified. T h e  m em bers o f  the crew also had received 
training in the various operations : transport o f  ballast, filling the lock, 
radio, telephone, etc.

As described above, the cabin was provided w ith  tw o portho les: 
one in front, w hich looks obliquely dow n on to the sea, and the o ther 
behind, w hich looks tow ards the antecham ber and its large w indow  ; 
norm ally, we should thus be able to utilize the back portho le to observe 
the sea across the antecham ber. But the w ater w hich filled the ante­
cham ber was so d irty  that day that it was quite im possible to see any­
thing th rough  it. T hereafter, before each dive, we had the lock and the 
antecham ber cleaned out. M oreover we arranged that the pum ps on 
the Tenace should run for a while till it was delivering clear w ater, 
before filling the antecham ber. Finally, a bucket and a brush were
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placed in the tow er and all those going dow n into the lock w ere asked 
to clean their shoes before setting foot on the ladder. It was alm ost like 
entering a H indu  sanctuary. T hus, during  the subsequent dives, we 
w ere always able to observe the sea by  the fron t and back portholes.

T he  m ost valuable lesson learned on this day was that we should 
no t begin a dive w ith  insufficient ballast. O n  the calm sea o f  the Bay o f 
Naples it had been easy to take on the ballast we lacked. But on 30th 
Septem ber, off Ponza w hen the waves sw ept over and subm erged the 
deck o f  the Trieste, we were very  glad no t to have to repeat this 
operation.
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6: Diving to 5$)4 fathoms off Capri

F o l l o w i n g  upon these prelim inary dives, we had no essential 
change to make in the Trieste : all the parts, w hatever they m ight be, 

had functioned perfectly. C ontainers o f  alkali and bottles o f  oxygen 
were changed and then we w ere ready to undertake a real dive.

W e had such confidence in the solidity o f  the cabin, the porthole 
and the passages o f the conductors th rough  the walls that we felt it 
was unnecessary to send the Trieste dow n em pty. Jacques and I dived 
righ t away.

W hat depth  should be chosen ? South o f  Capri there is a subm arine 
hollow  o f 605 fathom s. T o  find greater depths we should have to go 
farther off, tow ards P onza: there the depth  reaches 1980 fathom s. F o r 
the m om ent, 550 fathom s w ould be en o u g h ; even if  a descent to 1650 
did no t offer any serious risk, I preferred to confine m yself to this to 
begin w ith.

T he  w eather had been set fair during  the first fo rtn igh t o f A ugust, 
as is usually the case in Southern Ita ly : how ever, on the 15th it 
changed just w hen we were ready. T here  were storm s and the sea was 
very  rough . A t last, on 25 th  A ugust, the w eather forecasts were m ore 
favourable. W e telephoned to Naples and to the A dm iralty, and the 
same day, in the afternoon, the tugboat Tenace crossed the bay and 
dropped anchor before Castellammare. E very th ing  had been prepared 
in advance, and at 6 p.m . the Trieste left harbour. T h e  speed was low 
because, as had been show n by  tests w ith  m odels, the Trieste had a 
tendency to diverge from  a straight line if  it was tow ed too quickly : 
it advanced in a zigzag, veering 450 now  to port, now  to starboard. 
T o  steady it I provisionally fixed a deep-sea anchor to the stern. T his 
resulted in a noticeable im provem ent, bu t it was only  w hen we added 
a drop-keel to the float that the Trieste had good sea-manners. In  
b righ t m oonlight we m oved onw ards, leaving Capri on our right, and 
at early daw n on the 26th we arrived at the place chosen for the dive 
(Lat. 400 30' 03" N . ; long. 140 12' 30" E .). A  launch belonging to the 
‘N avalm eccanica’, w ith  engineers and sailors o f  the naval dockyard 
aboard, came w ith  us. C om ing from  Naples, the Fenice, a fast corvette 
o f the Italian N avy, joined u s : she was a great help to us in keeping 
w atch over the diving zone. In  fact it was essential that when we rose
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to the surface no boat was m oving about in the neighbourhood. N o one 
knew  the exact spot at w hich the bathyscaphe w ould break surface. 
T h e  Fenice tirelessly quartered the sea and asked ships to keep two 
o r three miles away. W ith  tw o exceptions, all the ships fell in w ith  our 
dem ands. H ow ever, one large steam er insisted on keeping on its 
course. A  threat o f  force was necessary before it w ould give in. 
T h e  o ther spoilsport was a speedboat from  C apri: it carried a cele­
brated film star. W hen  the Trieste rose to the surface, the speedboat 
circled round us. As we had to have a certain freedom  o f  m ovem ent, 
and soft w ords p roving  vain, the Fenice s hoses w ent into action: 
they had the desired effect.

T h e  Fenice also fulfilled another purpose. T he  Italian A dm iralty- 
had invited reporters and journalists to be present for the dive. 
A lthough  the time betw een the announcem ent o f  departure and ou r 
getting  under w ay was short, fifty o r sixty journalists were on board the 
corvette.

In  the grey light o f  early m orning, under the com m and o f  m y son 
and Engineers Salvio and T raetta , we go t ready to set out.

Like her m odel, the free balloon, the bathyscaphe is, as we have seen, 
provided w ith  a trail-rope w hich facilitates navigation at the sea- 
bo ttom . But this cable m ight possibly get caught in som ething. 
So that it can be released, the trail-rope is fastened by a catch w hich is 
held shut by an electro-m agnet. It is necessary only  to cut the current 
w hich feeds it to  release the cable. W e had noticed, in fact, that the 
catch opened a little too  easily: it happened that at the m om ent w hen 
the cable was unrolled a shock released it. W eighing  770 lb. it sank 
straight to the bo ttom . W e had o ther cables in reserve on board the 
Tenace, bu t as it is difficult to repair the catch w hen at sea, we decided 
to dive w ithou t a trail-rope.

T o  econom ize on current before our departure, we closed the o u t­
flow tubes from  the tanks w ith  screw caps and blocked the arm atures 
o f  the electro-m agnets w ith  pins. W e then had to switch the current 
on to the solenoids, w hich stop the iron pellets from  flowing away by 
m agnetic action. T hen  a diver, equipped w ith  a Salvas diving equip­
m ent, w ent under the float, unscrew ed the screw-caps and handed them 
to m y son. All that had to be done now  was to turn  a sw itch in the 
cabin to start the unballasting: we could at the last m om ent take ou t 
the pins blocking the m agnets.

T he  operations were carried our norm ally : m y son and I w ent dow n
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Plate XVI The Trieste off Ponza, 29th September 1953



Plate XVII Before the dive off 
Ponza, Salvio cleans the large 
window of the antechamber. Note 
the door on the left, and (above) 
the magnetic ballast valve

Plate XVIII Checking the unbal­
lasting device



in to  the cabin and closed the door. T h e  orders w ere transm itted by  
telephone: ‘Fill the lock. Close the hatch. T ake ou t the pins.’

‘Pins o u t.’
‘D id  you  yourself see that they  w ere taken o u t? ’ (A n erro r could 

prove fatal.)
‘I saw it w ith  m y ow n eyes.’
‘O pen  the sluices in the air tanks.’
W e heard the boatsw ain retransm itting  the order : the w ater rushed 

in to  the tanks and w eighed dow n the bathyscaphe.
T h en  the message came th rough  from  the surface :
‘Y ou are going dow n . . . the deck is under w ater. T he  tow er is 

half-under . . .  we are disconnecting the telephone cable.’
A  sharp noise told us that from  now  on we were isolated and left 

to ourselves. T he  descent began.
Suddenly we noticed that the iron  pellets w ere runn ing  ou t from  

the fron t tank : we connected the am m eter on the solenoid circuit, o r, 
m ore correctly, the m illivolt-m eter on the shunt o f  the circuit co r­
responding to i t :  the index rem ained at zero, a p ro o f that the circuit 
was cut. A  few m inutes later we w ere on the surface again. Between 
tw o and three tons o f iron  pellets had escaped.

T h e  film w hich was taken underw ater during  the preparation 
show ed me later the probable reason o f  the b reakdow n: the cable 
supplying the solenoid m ust be relatively w eak at a certain poin t so 
that it can break, if  circumstances force us to sacrifice an entire tank o f 
ballast: at the critical m om ent, a diver came near the so lenoid: in ­
adverten tly  he m ust have pulled on the cable w ith  his b reath ing  
apparatus and broken it at its w eak point.

W hat was to be done? T o  repair the cable underw ater was quite 
im possible. W ere we to go back to Castellam m are, em pty the petro l 
tanks, hoist the bathyscaphe on to the dock, and then, after repairs, 
start all over again ? I t w ould have taken a w eek at least, and we could 
no t spare the time, as the season was already well advanced. Leaving 
the Trieste, we w ent aboard the Tenace to study  the situation. I t  was a 
difficult situation. Suddenly m y son had an idea.

‘Supposing we seal the opening o f  the faulty  tank? W e could then 
replace the tons o f  ballast w hich have been lost by  the em ergency 
ballast that we have on the Tenace. So we could go dow n again this 
afternoon .’

A t first sight, to go dow n w ith  a single tank w orking  seemed like
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taking an unjustified risk : bu t the depth  was only 550 fathom s and the 
unballasting o f  a single tank w ould be enough to assure the re tu rn  o f 
the bathyscaphe to the surface. In  case o f necessity we should still 
be able to jettison the entire tank w ith  its contents. Instead o f fourfold 
security— tw o solenoids and tw o electro-m agnets— we should have it 
threefold ; that was enough.

T he  m orning had been lost, b u t in the afternoon we w ere ready 
again. T he usual operations w ere gone th rough  once again ; this time 
everyth ing w ent forw ard w ithou t a hitch. A t last the telephone was 
disconnected from  its socket and the bathyscaphe w ent dow n ; slow ly 
the light grew  less.

I have often been asked w hat were m y thoughts at these m om ents. 
T here was no th ing  to cause us anxiety. N either m y son no r I could 
believe in the possibility o f  any fatal accident. H ow ever, it m ust be 
adm itted, seeing the light decrease w hile the gauge indicated increasing 
pressures has som ething im pressive in it. W e knew, o f  course, that 
in the course o f  nature day m ust always follow  n ig h t; it is a spectacle 
w hich m en have seen hundreds o f  m illions o f  times. But, until now , 
those w ho have come back from  the kingdom  o f  shadows can be 
counted on the fingers o f  one hand. A nd yet we had confidence in the 
laws o f  nature : we had only to tu rn  such and such a switch to cut the 
supply o f  electricity to the solenoids and start the unballasting. Less 
heavy than w ater, we should necessarily rise: Archim edes knew  it 
centuries ago !

M y preoccupations were o f  another order and I feared only  one th ing  : 
to have to go up  again to the surface too soon if  ill-luck had it that 
some circuit was broken. T h is time everyth ing w ent well and the light 
grew  less : in the beginning the light w hich filtered in th rough  the p o rt­
holes was still sufficient for us to distinguish objects in the cabin ; then, 
little by  little, the shadows grew  th icker; the portholes alone were 
still visible: grey-blue discs 4 inches in d iam eter; slow ly the colours 
blurred. All became grey, then dark grey, then black.

D A Y L I G H T  U N D E R  W A T E R

T o  w hat depth  is light visible and w hat is the colour o f the last ray 
one can see ? I t  is hard to say. C om ing ou t o f  the full daylight, the eye is 
considerably less sensitive than after it has been an hour in darkness. 
It follows that, w hen going dow n, the frontier between day and n ight 
seems to be closer to the surface than w hen rising. T he perception o f
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colours disappears m ore quickly than that o f  light. T here  are in the 
retina tw o sorts o f  sensitive cells: the first, the cones, distinguish 
colours, bu t are less sensitive to lig h t; the others, the rods, are m ore 
sensitive to light, bu t do no t perceive colours.

A  very  simple experim ent will dem onstrate this. Let us go into a 
dark  room  lighted only  by  a feeble blue lamp : the bulb appears blue, 
b u t if  we glance aside, the rest o f  the room  does no t have any appearance 
o f  colour. T h e  same phenom enon is observed in pho tog raphy : the 
black and w hite films are m ore sensitive than the colour films. T his 
explains w hy  I cannot say w hat is, in fact, the colour o f  the last lum inous 
ray. T h e  proverb  ‘every cat in the tw iligh t’s g re y ’ applies literally in 
such a case: the last glim m er seems grey. H ow ever, Schiller’s diver 
speaks o f  a purple darkness and Beebe o f  a violet light. O n ly  a ph o to ­
graph o f  the spectrum  w ould perm it an answer to this question. O ne 
th ing  is certain in any case: 18 inches o f w ater already absorbs a great 
part o f  the red light and a few yards intercepts it altogether. T o  prove 
this, just look at the w ater in a white-enam elled bath-tub  : it appears 
bluish because, already, the w ater in it absorbs a part o f  the red light.

Let us no t forget that the perm eability o f  sea w ater to light rays is 
no t constant : it varies according to the place and from  one day to the 
next. O ne cannot be exact; all that can be said is that below  some 
hundreds o f  yards the darkness is com plete.

C O L O U R S  O F  S U B M A R I N E  V E G E T A T I O N  A N D  F A U N A

I hope I m ay be perm itted to digress into the dom ain o f biology.
O n  land we adm ire the colours o f  plants and animals. But w hy  is the 

finery o f  the peacock so beautiful ? Sim ply to arouse the interest o f  the 
pea-hen. Butterflies, too , recognize their kind by  their colours and the 
designs that adorn  their w ings. Lastly, w hat o f  the flowers, w hich 
unfurl chrom atic m arvels to attract the insects w hich fertilize them  ?

W hat is the origin o f  these colours ? D arw in  provided an answer : 
from  generation to generation the handsom est peacock has had the 
greatest success, o r in o ther w ords, has had the m ost descendants. H e 
it is w ho has had the greatest num ber o f  opportunities o f  transm itting 
his colours to posterity. I t  has always been so : from  century  to century 
selection has enriched his characteristics. A m ong the butterflies the 
handsom est, too, are those m ost certain to be reproduced. In  the same 
w ay the m ost beautiful flowers have necessarily produced the greatest 
num ber o f  seeds.
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If, at a few yards below  the surface, one observes the rocky  bo ttom  
o f  the sea, one is seized w ith  adm iration at the richness o f tone. But, 
strangely enough, the anem ones and the o ther stationary animals 
often display m agnificent colours, just as m uch as the fish. Y et, fixed 
to the rock, they do no t set ou t on nuptial journeys. W hat good then 
are the^e colours? Is it to  attract their prey  or, on the contrary , to 
frighten off their enemies ? I f  the diver goes deeper, dow n w here the 
red light does no t reach, and detaches a grey-coloured animal from  the 
rock, very  often this creature will appear b righ t red in the daylight. 
T h e  nets o f the oceanographic vessel Valdivia  b rough t up from  several 
thousand fathom s, depths w here perpetual n igh t reigns, lobsters o f the 
finest red. H ow  can this colouring be explained? W e are far from  
know ing this. D arw in ’s theory  has certainly som ething to do w ith  the 
m atter ; b u t the last w ord  has no t yet been said : let us then continue to 
observe and seek.

T H E  D I V E  G O E S  O N

W e turned on the lights in the cabin, and glanced at the pressure 
gauges: the pressure was 45 atm ospheres, show ing that we were 
alm ost 250 fathom s dow n. W e pu t ou t the light, and were in absolute 
darkness. I looked th rough  the portho le  : like a shooting  star, a lum inous 
d o t crossed m y visual field. A  living th ing! Anim al or vegetable? In 
this darkness true plants cannot live. W e saw several o f these phos­
phorescent animals, sometimes solitary, som etimes in a g roup , then 
once m ore, the opaque shadows round  us. L ow er dow n I noticed a 
creature m ore brilliant than the others, m ore distant, surrounded by  a 
halo o f light : it looked like a planet in m isty weather. I t  was too far off 
for me to be able to m ake ou t the shape. A  single fish show ed itself, 
about 4 -8  in. long, and also slightly  phosphorescent. W hen  we lit 
the 5000-candlepower projector— its beam was directed dow nw ards—  
a quantity  o f small bodies appeared, lum inous dots standing out 
against a dark background. A  m ore perfect dem onstration o f  u ltra- 
m icroscopic lighting could n o t be im agined ! T he  w ater was adm irably 
limpid : w hen no animalcule was w ithin  range the light-beam  was 
practically invisible.

T h e  recording gauges describe their regular curves: 200, 250, 300 
fathom s. As expected, the petrol contracted and the bathyscaphe 
became heavier. Its speed increased progressively : it had now  reached 
3*3 ft. a second and even a little m ore. In  these conditions there was
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nothing surprising in our not seeing any fish. I f  we w anted to proceed 
to zoological observations, it w ould be necessary to brake the descent, 
so as n o t to  frighten them  away, o r better still, to hold the bathyscaphe 
in equilibrium . Perhaps, too, by  hanging a bait in fron t o f  the porthole 
we could attract tow ards us representatives o f  the fauna o f  the abyss.

All life in the sea is dependent upon  the upper layers illum inated by  
the solar rays : by  v irtue o f  chlorophyll organic substances are produced 
here. Small fish and crustaceans feed on living o r dead algae, o r on 
diatom s ; then, in their tu rn , they  becom e the prey  o f  larger creatures. 
A t all levels, animals lie in w ait for dead bodies go ing  dow nw ards. 
T h ey  also eat each other. Each depth  possesses its particular fauna. 
R igh t at the bo ttom  there is a w orld  apart: flat fish, crustaceans, 
spider-crabs, shells, filtering the w ater to get ou t o f  it anything that is 
edible.

W e waived the idea o f  stabilizing the bathyscaphe since this time 
our object was no t to m ake zoological observations, bu t to test the 
Trieste and to dem onstrate that it was able to dive to 550 fathom s. I f  
w e threw  overboard too m uch ballast we should go up to the surface 
again w ithou t having reached the bo ttom . I t is true that, even so, we 
could have opened the valve to let ou t a certain quan tity  o f  petrol. 
H ow ever, if  the ascent took  place at h igh  speed, we should no t have 
been able to let enough  ou t to com pensate for the decrease in w eight 
induced by  the expansion o f the petrol. Before being able to adjust the 
am ount o f ballast and petrol, som ething else was needed : to know  at 
each m om ent the exact speed o f  the bathyscaphe. C ertainly we had 
dep th  gauges, bu t as has been said, they  w ere no t sufficient and we 
had no t yet go t ou r tachom eter.1

T his time we let the Trieste go straight tow ards the bottom . Afraid 
to th row  out too m uch ballast, in the event we did no t th row  out 
enough : 400, 500 fathom s. Soon we ough t to be able to see the 
bottom .

T he  projector was turned on and suddenly a circular surface 
appeared in the eone o f  light. M y son, w ho was at the porthole, called : 
‘Steady o n ! ’ like an aeronaut w ho expects a rough  landing. W e were 
already on the bo ttom  : we touched so gently  that we w ere no t aware 
o f  it. 594 fathom s.

A n oceanographer told me that the sedim entary deposit increased 
no t m ore than in. a year and that, at the end o f  several centuries,

1 W e had it made after our return from Capri.
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the m ud solidifies, and becomes rock in a thousand years. T he soft 
layer should no t be m ore than about a yard thick. O ther scientists 
estimate that the thickness o f  the yearly sedim entary deposit is no t 
even as great. D ow n  w here we were, sou th  o f  Capri, far from  a river 
m outh , I expected only a very  slight deposit. N ow  w hat did we see? 
N oth ing! T he  cabin was stuck in the m ud up to the porthole. (U pon 
our re turn , exam ining it, m y son w orked ou t that it had gone 4 ft. 6 in. 
deep into the m ud.)

D u rin g  the descent we had been rejoiced to th ink  o f the discoveries 
that we should m ake, once on the bo ttom . A nd we saw noth ing. T he 
light from  the projectors did no t reach u s : w hen we turned on the 
in terior lighting we saw that a sandy mass was obstructing  the w indow . 
In  fact the samples o f  soil w hich rem ained stuck to the cabin showed 
that it was no t sand bu t a substance o f  very  fine com position, alm ost 
dusty, w hich to the naked eye appeared hom ogeneous : this explained 
w hy  we entered it so easily. T he  Institu te o f Applied G eology  at 
Milan asked us for a sample, so we sent them  some. T he  m acrophoto­
graph  o f it show ed its com position. I t  is in masses o f this form ation 
that, in the course o f  m illions o f  years, oil is form ed.

T h is time no observations were possible. D uring  the dive on the 
14th A ugust, 22 fathom s dow n, we had seen the bo ttom  perfectly : 
the descent had been slow and the Trieste had not driven into the m ud. 
T he  same thing had to be achieved also at great depths. (A  balloonist 
m ust m ake six ascents before he obtains his p ilo t’s licence and on 
several occasions the instructor goes w ith  h im ; the pupil aeroplane 
pilot m ust fly as an onlooker w ith  his teacher before being allowed to 
fly in dual control, then to be at the controls alone, and lastly to be 
left to himself. I t  was quite otherw ise for the pilot o f the bathyscaphe.)

T he  aim o f  today’s dive was to prove the strength o f  the bathy­
scaphe, and the objective had been attained. But even in these condi­
tions the cabin could already render great services as a laboratory , 
particularly for the m easurem ent o f  gravitation. T he  geophysicists 
have installed a netw ork  o f  stations over the globe. In  these they 
proceed to the m easurem ent o f  g round acceleration : the data gathered 
allows the geological structure o f our planet to be studied. F o r this the 
observatory  has to be safe from  any v ibration o r m ovem ent: ships 
therefore cannot be used. N ow , to know  the gravitation betw een the 
continents w ould be o f  the highest im portance: the inform ation 
gathered w ould perm it us to determ ine the structure o f the part o f the
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earth ’s crust which is covered by the sea. U p till now  the only means at 
our disposal had been those installed on board a D u tch  subm arine by  
P rofessor V ening M einers: for this the subm arine had to remain 
stationary for hours at a constant depth , the m em bers o f  the crew 
being condem ned to absolute im m obility. T h e  data w ould be at once 
m ore exact and easier to obtain if  the gravim etric pendulum  were 
placed in the cabin o f  ou r bathyscaphe, stationary as it is in the m ud. 
O ne w ould still have to study the problem  o f  the transm ission o f  hourly  
signals by  ultrasonic m ethods. But the difficulties are no t so great that a 
solution cannot be found.

U P  TO T H E  S U N L I G H T

A t the end o f  a quarter o f  an hour, th ink ing  it useless to p ro long  our 
sojourn at the bo ttom , we decided to go up. T h e  machine had to  be 
lightened. T h e  opening o f one o f  the ballast tanks was blocked up by  a 
plug : the o ther was free and allowed four tons o f iron  pellets to  be 
th row n overboard, that is to say, m ore than is necessary to com pensate 
the overload that we had on touching bo ttom  and to drag the cabin 
ou t o f  the m ud. Jacques turned the switch, and in theory  the ballast 
should have flowed away, bu t it was im possible in this m ud to make 
sure o f  it. T he  silence was total, a real silence o f  the tom b. H ow ever, 
the situation was in no w ay alarm ing: a single tank was available; 
the iron  pellets thus could no t flow ou t faster than a rate o f n o  lb. a 
m inute. A nd even after this tank was em ptied, we could still th row  the 
o ther overboard, in o ther w ords, 8800 lb. o f  supplem entary iron pellets 
and 4400 lb. m ore, the w eight o f  tw o ballast tanks w hen em pty. Sud­
denly the bathyscaphe leant forw ard and the m ud ran along before the 
porthole. I  rushed to it in the hope o f  perceiving the bottom  at last. 
But, in dragging itself ou t o f  the m ud, the cabin stirred it up ; a cloud 
form ed and, w hen it had cleared away, the bo ttom  was already ou t o f  
sight.

T h e  dive entered upon  its last phase : as we did no t open the contro l 
valve and as, follow ing upon the decrease in pressure, the petrol 
expanded, the bathyscape became m ore buoyan t and the speed o f  its 
ascent increased : it reached about 3-3 ft. a second. In  the glim m er o f  the 
projector innum erable dots o f  light show ed themselves : the particles 
o f  m ud stuck to the cabin were loosened and w ere outlined pale against 
the black background. D uring  the greater part o f  the ascent we turned 
out the pro jectors: the phosphorescent animals interested me m ore
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than the illuminated particles o f m ud. A  glance at the gauge was 
sufficient to assure me that the ascent was continuing : it w ent on w ith­
ou t rolling, w ithou t jarring.

A  child’s balloon goes up in zigzags. I t  is no t the buffetings o f  the 
w ind that induce these changes in direction : if  one repeats the experi­
m ent in a large haii sheltered from  all w ind, the ascent will take place 
in the same m anner. I t is the eddies produced by  the balloon itself 
w hich are the cause o f  its behaviour. O ne has only to give it a light 
load, so as to decrease the speed, to establish that there is a critical 
speed : below  this speed, the trajectory  is strictly  vertical, and above it, 
the eddies make the balloon zigzag. In  the same way, if  a tennis ball is 
released at the bo ttom  o f  a bath ing  pool, it ascends in a zigzag. I f  the 
bathyscaphe rose too fast, it w ould behave in the same m anner. I t  is 
im possible to determ ine in advance by  calculation the critical speed 
beyond which the eddies w ould be form ed: I had therefore made 
provision for coping w ith  too great oscillations by  using a parachute : 
attached beneath the cabin, it w ould open and w ould brake the ascent. 
O nce m ore this is an analogy betw een the aerostat and the bathyscaphe. 
H ow ever, trusting  to rem ain below  the critical speed, I calculated that 
we could do w ithou t it. M y optim ism  was justified : m ore sm oothly  
than in the best o f lifts we rose w ithou t the slightest oscillation.1

W e w ere still in darkness. But for the instrum ents we could still 
have believed ourselves at the bo ttom . I t  is a thrilling m om ent w hen the 
first gleams filter th rough  the portholes ! L ittle by  little the illum ination 
grow s. F rom  then on there w ere no m ore phosphorescent animals. 
Soon it was light enough for us to recognize objects in the cabin, w ith  
all the lights out. T h e  daylight increased and the portholes were 
resplendent w ith  a bluish light. T h e  cabin began to sway, a slight 
rock ing : we had reached the surface. A bove us the rays o f  the sun 
played in the waves : spots o f light danced in the antecham ber. Sud­
denly the ringing o f  the telephone made us jum p. A fter forty-five 
m inutes there we were again in contact w ith  the external w orld  and its 
civilization.

W hen  the Trieste dived, the escort units m oved out to avoid any 
danger o f collision. T h e  pneum atic d inghy m anned by  Mr. Salvio and a 
sailor alone remained in the neighbourhood. W hen  the Trieste sur­
faced, 500 yards separated the d inghy  from  the bathyscaphe: row ing, 
the tw o m en tried to race the Tenace to  the scene and the Tenace, 

1 T his was not always to be the case (see page 134).
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from  2 miles off, came up at full speed. T h e  d inghy  w on. Salvio con­
nected the telephone and established contact :

‘ H allo ! E very th ing  all righ t ? H ow  far dow n ? *
‘M ore than  550 fathom s.’
T he  com pressed-air hose on board the Tenace was connected to the 

tub ing  o f  the tow er and the air entering the shaft drove out the w ater. 
W e could see the level go ing  dow n outside the rear porthole. W hen  
the lock was em pty, they opened the hatches, and we climbed up the 
ladder and go t ou t on to the deck. A  longboat came alongside and 
took  us to the Tenace. In  its tu rn  the Fenice came up, bringing  the 
journalists : in the calm sea it could come alm ost side by  side w ith  the 
Tenace.

O ne sceptical spirit dem anded p ro o f o f  ou r depth , bu t if  our w ord  
was n o t enough, the recording indicators came to our aid as reliable 
w itnesses, as a naval officer had sealed them  w ith  a lead seal w hen we 
set off. T w enty -one years ago, at D ubendorf, the m eteorologist 
Berger, steward for the Swiss A ero-C lub , had sealed the tw o baro ­
graphs in the stratospheric balloon in the same way.

D id  they  w ant us to go and get the recording instrum ents from  the 
Trieste so that the reporters could them selves verify  the depth  
reached? I very  m uch w anted to suggest that they  should go dow n 
themselves to  see the im prin t that ou r cabin had left in the m ud. A t 
that m om ent Bucher, one o f  the divers, hailed us. H e was hold ing  ou t 
a handful o f  grey-blue clay.

‘I picked it off the cab in !’
A t the spot w here we w ere, the m arine chart showed the depth  

to be from  550 to 605 fa thom s: there it was, the p ro o f they 
w anted !

A t the beginning o f  this chapter I told w hy  we had closed the o u t­
flow opening o f the fron t ballast tank : the back tank alone was w ork ­
ing. T h e  bathyscaphe had thus been th row n slightly  ou t o f  equilibrium  
and, now  that it was on the surface, it was lying slightly  low  by  the 
bow . W e did no t th ink  o f  po in ting  it ou t to the journalists. A  few 
days later, opening the newspapers, I learned w ith  some astonishm ent 
that we had been next door to catastrophe ! I t  appears that a com part­
m ent o f  petrol had leaked and that we had just m anaged to come up 
again by  throw ing  overboard all our ballast. I ough t by  rights to be 
trem bling to th ink  o f  the perils w hich, it seems, we had just escaped 
from !
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W ith  its com plem ent o f  journalists, the Fenice w ent back to Naples : 
the launch from  the ‘N avalm eccanica’ yards took  the engineers back 
to Castellammare and the Tenace took  the Trieste once m ore in to w : 
slow ly we passed by  Capri, and reached po rt after nightfall ; w here the 
bathyscaphe was made fast alongside.

W e w ent back to w ork  to make preparations for the big test.
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y: Diving to i y oo fathoms

T w e n t y - f i f t h  Septem ber 1953. O nce m ore the Tenace proceeds 
tow ards Castellammare. W e are abou t to set ou t for the Trieste s 

b ig  test. In  the yards, w orkers and engineers carry ou t the final 
preparations. T he  Trieste, m otionless, is at the dock. Rejuvenated by  a 
coat o f  fresh paint, fitted w ith  several new  pieces o f  apparatus, it seems 
to be w aiting, just as im patient as ourselves, again to take up  its 
service on the h igh  seas.

W hat had we been doing  since the dive off Capri ?
W e m ade m any small im provem ents : each dive is only  a prelude to 

the follow ing dive and serves as a lesson for future experim ents. 
T h e  tow ing  speed was too low. W e added a keel beneath the stern o f 
the float : perhaps it slightly  decreased the rem arkable stability o f  the 
Trieste, b u t n o t enough to be noticeable. W e did this, n o t to prevent 
ro lling, bu t to increase the speed o f  the float on the surface. A ctually 
this keel perm itted the tow ing  speed to be trebled.

A  w ire to  a solenoid had been broken. T h is  was p u t righ t, and a new  
system  was evolved to increase the efficiency o f  this com ponent.

W e had been hindered by  n o t know ing our vertical speed w ith  
precision, so we built the tachom eter w hich was described earlier.

L igh t had been lacking tow ards the rear o f  the bathyscaphe, and to 
rem edy this a th ird  pro jector was constructed identical w ith  the first 
and placed on the stern.

A  num ber o f  busybodies criticized w hat they  though t was calcu­
lated delay, b u t in fact we did no t waste a m om ent, and all the time was 
spent p rovid ing  the Trieste w ith  im provem ents. I t was no t enough for 
us to dive deeper: w hat we w anted was to develop the scientific 
possibilities o f  the Trieste.

W here w ere we to dive this time ?
W e had m arked ou t on the m ap, south  o f  the Island o f  Ponza, 

at some sixty miles to the north -w est o f  Castellamm are, a vast sandy 
subm arine plateau, w hose depth  varied between about 1650 and 1760 
fathom s. I t  was an ideal spot for landing a subm arine balloon. 
H ow ever, it w ould m ean a w hole n ig h t’s to w in g ; b u t the sea was 
calm, and we could set ou t w ithou t anxiety.

A t 4 p.m . w e w eighed anchor. T w o  sailors came aboard the Trieste,
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while I stayed aboard the Tenace. W e ran along the coast o f  the 
Sorrento peninsula; close to Ischia and Capri. T h e  corvette Fenice, 
engaged in manoeuvres, was in the region and we exchanged m ilitary 
salutes. T he  follow ing m orning , at dawn, she was to join us at the 
place selected for the dive. As n igh t fell, the searchlights w ere lit, and 
by  the light o f  their beams we could w atch the Trieste g liding sm oothly  
along in our wake.

A fter a while the w ind began to  rise. By radio we were told that the 
w eather forecast had changed and was less and less favourable. T he  
Tenace was pitching. T h e  Trieste behaved very  well, how ever, in spite 
o f  the waves w hich began to sweep her deck. T he  journey continued, 
b u t all n igh t long w e were w orried that heavy w eather was going  to 
spoil ou r plans. T ow ards m idnight the w ind blew  stronger and 
stronger. T h e  last stars hid behind b ig  low  clouds. By the light o f  the 
floodlam ps, w e could see the waves breaking, sometimes covering the 
Trieste to halfway up the tow er. W e could m ake no decisions at that 
hou r ; w hatever happened we had to w ait for daybreak.

In  the greyness o f  early m orning , gathered on  the quarter-deck o f  
the Tenace, ou r faces roughened by  the w ind and spray, we had to 
m ake a decision.

Jacques had him self taken on board the Trieste by  the little rubber 
d inghy. H e rapidly inspected the bathyscaphe, and found everyth ing in 
order. Tossed by  the waves and p itching in the swell, the Trieste 
behaved rem arkably well. B ut it was clear that the operations w hich 
precede a dive w ould have been alm ost im possible in that weather. 
H ow  w ere w e to pu t into the w ater the trail-rope still rolled up on the 
deck o f  the bathyscaphe ? T h e  m en w ho w ere to pu t it in place at the 
last m om ent w ould have all their time taken in hanging on to the 
‘T ien tibene’ (the hand-rail) let alone fixing it. H ow  w ere we to 
check the air space o f  the electro-m agnets O r make sure that they still 
had the j j j  in. required ? H ow  could one ask the men, after the ‘ Let 
g o ! ’, to  get back to the boats by  sw im m ing, w ith  waves several feet 
h igh  ?

H ow ever, a last endeavour had to be made : the Fenice poured ou t 
oil to calm the waves and the Tenace stood broadside on to protect the 
Trieste. But all these measures proved useless, and we finally had to 
give up for the day.

W e did not, how ever, th ink  o f  going back to Castellammare. W e
1 See Appendix 2.
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had been on our w ay for m ore than fifteen hours, and the little p o rt o f 
Ponza, only  a few hours away, offered us an ample refuge from  the 
w eather. So we set sail for Ponza.

In  the b righ t intervals we could see m ore and m ore clearly the 
contours o f Ponza. Bit by  b it the waves subsided, as we came under the 
lee o f  the island. T h e  cliffs dropped perpendicularly  to the sea. T h e  
‘ Faraglioni ’ rocks stood ou t starkly.

R unning  along the coast, the Tenace rounded  a headland, then 
entered a bay. T he  com m andant o f  the p o rt came ou t in a launch to 
m eet us, and then w ent off w ith  the officers o f  the Tenace and m y son 
to look for a berth  in the p o rt w here the Trieste could be m oored. 
A lthough  its displacem ent was only  3861 cu. ft., its d raugh t was 19 ft. 
io  in., so it had to be m oored away from  the quay.

Ponza is a strange island, full o f  the unexpected: the climate is 
extrem ely d ry  and springs are rare. T h e  w ater has to be b rough t from  
the m ainland in tankers. O ne o f  the ch ief crops is the A gave o r 
sisal-hem p, the dried leaves o f w hich are used for fuel. T h e  houses o f  
the little tow n are grouped  around the p o rt and on the slopes sur­
rounding  it : their neat, clean look makes an agreeable im pression.

W e asked the m ayor w ho welcom ed us w hat the inhabitants lived 
on. Crayfish-fishing— the Ponza crayfish is renow ned th roughou t 
E urope— provides for their needs in great part. Secondly, there is the 
tourist trade. L ittle hospitable restaurants face the quays and visitors 
lodge w ith  the inhabitan ts: you are as well off as in a good hotel. 
A no ther source o f  wealth is em igration. O f  the 15,000 native-born , 
8000 live in N ew  Y ork. V ery m uch attached to their little country , 
hardw orking  and intelligent, they send their savings to their families 
left behind in Ponza. As far as is possible, they  spend their holidays in 
the island: w hen their w ork ing  life is done, they  come back to live 
there.

W e were the guests o f  the m unicipality.
T h e  w eather go t better and we hoped to be able to undertake a 

dive on  the 30th Septem ber. O n  the 29th m y son and Mr. T raetta  
o f  the ‘N avalm eccanica’ yards w ent dow n to a depth  o f  50 ft. in the lee 
o f  the island to inspect the bathyscaphe and m ake sure that the heavy 
w eather had no t caused any dam age. In  the evening the corvette 
Fenice w ent to the place w here we intended to make the dive and told 
us over the radio that there was a m edium  swell.

A t m idnight, once m ore, we w eighed anchor : at first, as long as we
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were near the island, all w ent well. But gradually the waves began to 
make themselves felt. W e w ere all som ew hat anxious. W e kept 
looking tow ards the Trieste, bu t those w ho were m ounting  guard on 
board made signs to us that all was well.

F rom  low clouds a fine rain was falling at six o ’clock in the m orning, 
w hen Captain Zanchi, m ilitary head o f the expedition, came to inform  
us that we were at the spot selected. ‘M edium ’ swell. W e could see 
now  w hat that m eant. Certainly, for a battleship or for an aircraft- 
carrier, the sea was no t really bad : it was better than tw o days earlier. 
But we all had the same though t just the same : should we be able to 
m ake the final checks ? W ou ld  the operation be possible?

I t  was possible, because all the dockyard w orkers w ho were w ith 
us— electricians, mechanics, fitters, engineers— m etam orphosed them ­
selves suddenly into w onderful sailors. All together we w ere a united 
crew ; we had only  one th o u g h t: to succeed.

Jacques gave the signal, and everyth ing w ent forw ard w ith  strict 
precision. T he  boats w ere launched. O n  the order o f  C aptain Zanchi, 
no one was allowed to leave the Tenace w ithou t pu tting  on a life­
jacket. A fter pu tting  on mine, I w ent dow n the little po rt ladder and I 
had to wait until the up -and-dow n m otion o f  the waves was good 
enough to let me get a footing  to get into the launch.

W hen I reached the bathyscaphe there was the further difficulty o f 
getting  up on deck. F ortunately  Jacques was there already : he stretched 
ou t his hand, and m ade it possible for me to get aboard. O n  the 
Trieste, Salvio and T raetta  made sure that all was in order. W e w ent 
dow n into the lock : before entering the cabin there was no time to 
m ake last farewells— they w ould have been pointless anyw ay, as wre 
should see each o ther again soon. T he  w ork  in com m on continued. 
W hile the navy and our friends m ounted guard on the surface we 
could go off in com plete confidence tow ards the abysses. E very th ing  
w ent w ell: the rolling ceased. T h e  bathyscaphe entered its elem ent: 
entering the k ingdom  o f eternal calm, it descended. T he tachom eter’s 
little light w inked : dash, d o t;  dash, d o t: we were go ing  dow n. 
Beyond the portholes the light go t less, the last bluish gleams dis­
appeared. Low er, the first phosphorescent animals appeared. 508 
fathom s, the depth  reached by  Beebe and Barton on the 15 th  A ugust 
1934. 594 fathom s, the depth  we reached five weeks ago off Capri. 
T h e  tachom eter’s red bulb w inks faster and faster: ou r speed was 
increasing; and this was show n also by  the con tour o f  the line traced
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on the barograph. W as this the m om ent to unballast? O nce again, if  
the object o f  ou r dive had been to observe the fauna, we should no t have 
hesitated to do  it :  m otionless in the w ater, the conditions w ould be 
ideal for observation. T h e  fish w ould certainly no t be suspicious o f  an 
inert b o d y : w e should take them  off guard  w ith  the light o f  our p ro ­
jector, and be able to pho tograph  them . But today  we w anted to prove 
above all that our bathyscaphe was a veritable abyssal subm arine. W hat 
was m ore, we hadn’t a m inute to lose: if  the m eteorologist gave us 
a reliable forecast, in a few hours conditions on the surface w ould have 
becom e w orse. In  that absolute calm it was difficult to im agine a wave, 
b u t we did no t forget the violence o f  those w hich had alm ost p re­
vented us, a few m om ents before, from  reaching the deck o f  the 
Trieste.

T h e  red bulb  blinked o n ; the barograph  continued to trace its 
curved line. 748 fathom s, the depth  reached by  B arton in 1948 in his 
bathysphere. 759 fathom s, the depth  reached by  the F N R S  3  in the 
same year during  its dive w ithou t crew  off the Cape V erde Islands.

W hen Sven H edin, exploring T ibet, w anted to continue his journey  
to Lhasa the natives tried to forbid him  the road : the p rohib ition  was 
stric t: no foreigner was adm itted to the ho ly  city. Sven H edin was no t 
im pressed by  this and replied : ‘ O u r law at hom e forbids us to retrace 
our steps before we have reached our end, therefore w e m ust carry 
on .’ A nd the T ibetans, overcom e w ith  w onder, gave way.

W e too w ent on our w ay : time passed rapidly. Sometim es I w atched 
at the portho le while m y son w atched the instrum ents, som etimes 
w e changed places. T h e  containers o f  soda-lim e belonging to the 
apparatus renew ing the air, by  means o f  w hich we could breathe, 
becom e w arm er in the natural course as they  absorb the carbon dioxide. 
T h e  heat reaches the opening first, then the centre, then the end o f  the 
container, while the o ther end has already becom e cold again, saturated 
w ith  carbonic gas. Soon we should have to change them . W e had an 
ample reserve at our disposal in ou r ‘cellar’, in the bunker fitted out 
under the flooring.

1150 fathom s! I t  was from  this depth  that, on the 14th A ugust 
1953, the F N R S  j ,  m anned by  C aptain H o u o t and Engineer W illm , 
came back w ithou t having seen the bottom .

A t this m om ent we still had m ore than 550 fathom s o f  w ater 
beneath us. I suddenly rem em bered the device o f  Santos-D um ont :
‘ T h ro u g h  seas never yet furrow ed ’ (Por mares nunca cTantes navegados).
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W e too w ere entering a v irg in  sea. M y feelings were like those that I 
felt on the 27th May 1931 w hen, w ith  Kipfer, I entered the stratosphere. 
But the analogy stops there : here there was neither sun nor m oon nor 
stars, no th ing  bu t opaque shades.

T h e  descent continued. W e slowed it dow n som ew hat by  throw ing  
ou t a little ballast. 1375. fathom s. W e were diving at a rate o f  over a 
yard  a second. A  glance at the gauges: m ore than 1680 fathom s. N ow  
it was time to th row  ou t the ballast: opening both  tanks, we let it 
flow ou t at a rate o f  over 4 lb. a second.

A  slight rock ing : that was the bottom , and the gauges, in perfect 
accord, indicated a pressure o f  325 atm ospheres, corresponding to a 
depth  o f  some 1732 fathom s. Just as off C apri, we were on m ud, b u t the 
big w indow  was no t obstructed this time. T h ro u g h  the porthole set 
in the door we could see the outflow  m outh  o f  the rear ballast tank : 
nevertheless, we had still waited a b it too late to unballast. B ut how  
could we have know n exactly at w hat distance we w ere from  the 
g round?  W e should have had to have an echo sounder, w hich our 
financial means did n o t at that time let us have.

I have been asked w hy  we lim ited ourselves to a depth  o f  1732 
fathom s. In  reply, let me recall the phrase u ttered  by  A kleh-ben-N afy, 
successor o f  M ahom et. A fter having b rough t his horsem en all along 
the coast o f  N o rth  Africa, and passed the Pillars o f  Hercules, perceiving 
the ocean, w hich stretched forever in the direction o f the setting sun, 
A kleh-ben-N afy  drove his horse in to  the w ater, brandished his scim itar 
and cried : ‘ A llah is m y witness that the sea alone prevents me from  
continuing on m y road and converting  yet o ther peoples by  fire and 
the sw ord to the faith o f  the p rophe t.’

I could, in m y turn , have pulled ou t m y slide rule and cried:
‘ N eptune is m y witness that the g round  alone stops me from  opening 
up the deepest oceans to scientific exploration.’1

O nce m ore we threw  ou t ballast. F o r a few m inutes the bathyscaphe 
did no t react: th rough  the portho le we w atched the iron  pellets flow 
from  the rear tank. W ere we too  heavy, o r was the m ud really as 
sticky as it seem ed? I t  was, really, quite natural that a certain time 
should be required to discharge the ballast that we had to get rid of, 
bu t this im m obility in the subm arine desert was a little unnerving.

All at once, w ater swirled before the p o rtho le : this time we w ere
1 The' Trieste could w ithout danger reach the greatest depths: the whole point 

is to have a base o f  operations close enough to the d iving site.
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Plate X IX  Professor Piccard at 
the top of the lock

Plate X X  Inside the cabin. 
Jacques Piccard checks the Draeger 
apparatus for purifying the air



Plate X X I T he Trieste breaks surface after diving to 1732 fathom s

Plate X X II Returning to Castellammare after the last dive



rising, and very  quickly. T h e  ascent took  place norm ally : phos­
phorescent animals appeared and the speed increased progressively as 
we approached the surface. T he  first rays o f  light pierced the liquid 
layer : daylight became apparent, clearer and clearer. Suddenly we were 
being tossed on the waves, for we had reached the surface. T h e  sea, 
just as the m eteorologist had predicted, had becom e worse.

U ntil then we had no t yet used the device w hich allowed us to em pty 
our entrance shaft ourselves: in order to econom ize our compressed 
air, we had w aited each time for the Tenace to connect its com pressed- 
air hose to the coupling on  the tow er. T his time we w anted to  test our 
facilities for em ptying the bathyscaphe’s lock. As soon as we were 
on the surface, we opened the com pressed-air cock. T he  w ater rose 
th rough  the discharge pipe and flowed out in a great jet. I f  the rubber 
d inghy  belonging to the Tenace was around it w ould see us blow  like a 
whale. H ard ly  was the lock em ptied w hen we heard three knocks on 
the deck. T he  d inghy had reached us, bu t w hy  was the telephone no t 
ring ing? W e w ent up th rough  the shaft and opened the hatch ; and 
were surprised to find a show er o f  shot lying abou t practically every­
w here on deck. Salvio was just in the act o f cleaning ou t the telephone 
plug. W hat had happened ? E vidently  before reaching bottom , at the 
m om ent w hen the bathyscaphe was still going dow n rapidly, we threw  
ou t ballast, and saw it escaping from  the ballast tank. Issuing in a com ­
pact stream, it w ent dow n faster than we did : bu t once spread about in 
a wide cloud, the isolated grains, slowed dow n by  the w ater, fell m ore 
slowly. W e overtook  them . I t  was only w hen the bathyscaphe reached 
bo ttom  that the ballast caught up w ith  us. A  show er o f iron-shot then 
fell on  the deck and some o f it rolled from  there to the ground. But the 
uneven surfaces rem ained covered w ith  it. T he  electro-m agnets had 
draw n a good part to them  : and the telephone socket was full o f  them.

T h a t is exactly w hat happens in a balloon. If, while the balloon is 
descending, a sack o f  ballast is em ptied all at once, the sand at first 
remains massed, then spreads out and form s a cloud : due to its 
m om entum , the balloon continues its descent and goes th rough  the 
cloud, bu t as soon as the unballasting has produced its effect, the 
balloon stops, or goes up again ; at that m om ent a rain o f  sand falls 
upon  its envelope. O n  account o f  the eddies produced by  the dis­
placement o f  the balloon, the car usually receives a goodly  part 
o f  it.

Standing uprigh t in the tow er o f  the Trieste, w ith  its deck sw ept
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by  the waves, m y son and I waited for a longboat to come and fetch 
us. T here was a heavy swell and it was difficult to get aboard the boat. 
But at last we m anaged it and approached the Fenice. T he  question was 
now  how  to grasp the ship’s ladder and to jum p on it w ithou t getting  
our feet caught betw een it and the edge o f the longboat. I t  was no t
easy : the boat rolled in the waves, going up and dow n and in and out,

striking the ship and then 
sw inging away. F o r m y part 
I found this crossing from  
vessel to vessel m uch m ore 
difficult and dangerous than a 
dive dow n to 1732 fathom s in 
the Trieste.

Adm iral G irosi and the 
journalists greeted us enthusi­
astically and at once asked how  
far dow n we had been. W e 
told them  we had reached 1732 
fathoms.

F rom  the entire w orld  we 
received congratulations upon 
our record. H ow ever, that was 
no t w hat I was after: the fact 
that the bathyscaphe had at 
last show n w hat it could do 
was enough for me.

W hile we are speaking o f 
depth, m ay I be allowed to 
m ention certain details. T he 
precision recording gauge, in 
agreem ent w ith  the tw o index 
gauges, indicated a maxim um  

pressure o f 4620 lb. per sq. in. (see Figs. 13 and 14). In  fresh w ater 
at 39*2° F. this pressure corresponds to a depth  o f 1787 fathom s. H o w ­
ever, sea w ater is denser. T he  small gauge indicated 4590 lb. per sq. in. 
T o  determ ine the depth  precisely, we m ust know , as well as the pressure, 
the tem perature o f  the w ater and its salinity at different depths and 
be able to calculate its m ean density : expressed in atm ospheres, the 
pressure m ultiplied by  5-66 and divided by  the relative density w ould
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give the exact depth  in fathom s. W ith o u t these data, we had to be 
satisfied w ith  an approxim ation w hich gave 1732 fathom s.

T H E  R E T U R N

W e could have gone back directly to Castellam m are di Stabia, b u t 
m y son planned to m ake a dive at a lesser depth  w ith  Engineer de 
Sanctis: he w anted to see if 
the light from  the projectors 
was sufficient to make films.
W e therefore asked C aptain 
Zanchi to take us to  Ponza and 
to have the Trieste tow ed there 
by  the Tenace. T he  m ayor o f 
the island was aboard the 
Fenice. H e inform ed the citizens 
o f  his island by radio o f  the 
success o f  the dive, and invited 
them  to come to the po rt to 
welcome us. T h e  farewells that 
the frigate gave us were a w it­
ness to the interest that Italy  
has in scientific research. As is 
well know n, the salutes given 
by  ships o f  a navy correspond 
w ith  the rank o f the persons 
leaving the ship. A t the m om ent 
w hen m y son and I approached 
the gangw ay, the crew was 
draw n up on deck: A dm iral 
G irosi said som ething to an 
officer on board. T h e  latter was surprised :

‘ T hose are the honours given to an adm iral ! ’
A nd I heard the answer :
‘Adm irals o f the abyss, they deserve i t ! ’
T hus then, saluted by  six sharp whistles, it was that tw o Swiss land­

lubbers left the Fenice. T h e  authorities o f  the island and the inhabitants 
w ere celebrating: we reached our lodgings under a rain o f flowers 
th row n from  the w indow s. T h e  same evening we were invited to a 
dinner by  the m unicipality : crayfish occupied an honoured position on
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the table. A t the end o f  the meal, the notables left : they said they had to 
attend a m eeting to m ake im portan t decisions. R esu lt: tw o new  
honorary  freemen o f Ponza that evening take a well-earned rest.

T h e  follow ing day, on board the Tenace, we left the island. T he  
m unicipality presented us w ith  the sw ord o f  a swordfish as a souvenir : 
this trophy  w orthy  o f a m useum  o f  natural h istory  had been b rough t 
back from  the Red Sea by  a Ponza fisherman.

T he  Tenace was now  running  along the Island o f Ischia : there it 
was that m y son, w ith  de Sanctis, carried ou t the intended dive to 
357 fathom s. ‘So as n o t to lose the h a b it!’ he said. T his trial m ade a 
m uch greater im pression upon  me than the descents in w hich I m yself 
took  part. F o r this once I had to give up m y place in the bathyscaphe, 
as the cabin w ould be very  small for three people plus a 3 5-m m . 
cine-camera. I was present at the series o f p reparatory  operations : 
up till then I had know n them  only  by  having heard the orders given 
th rough  the telephone.

W hen  everything was ready, the sluices o f the air tanks w ere opened, 
and the bathyscaphe sank. T h e  tow er was halfw ay in w hen the tw o 
last sailors w ho had been handling her plunged into the w ater and 
swam back to the tug. T he  aerial, then the tw o flags w hich float at the 
m asthead, sank in their turn . T h e  Tenace and the Fenice m oved away.

T he  place chosen, situated to the south  o f  Ischia, is off the sea 
rou tes: bu t the w ind and the currents carried us away tow ards the 
island. Scarcely had the Trieste disappeared, w hen vessels appeared on 
bo th  sides. A t full speed, the Fenice w ent to m eet them  to ask them  to 
w ithdraw .

A t last, in the distance, the Trieste em erged. But w hy  was the 
flagstaff bent ? W h y  did the deck rise h igher than usual ? W hen  they 
em erged, m y son and de Sanctis told us w hat had happened. D uring  
the descent all had gone forw ard according to  program m e and the 
bathyscaphe landed gently  on the bo ttom  at 357 fathom s. But during  
the ascent, a suffocating gas had invaded the cabin.

Jacques knew  w hat had to be done. I f  sea w ater enters one o f  the 
cases containing the accum ulators, chlorine is released. Several 
subm arine crews have been victim s o f  this toxic gas. A lthough  he 
could no t detect any leak o f  w ater, he decided to ascend as quickly as 
possible. H e grasped the handle o f  the sw itch: all the ballast fell ou t 
and the Trieste rose at full speed: her rate o f  ascent exceeded the 
critical speed o f  w hich we have spoken (page 122). W ithou t a
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parachute, the bathyscaphe was vio lently  shaken: the am plitude o f  
the oscillations reached 450.

In  1948, near the Cape V erde Islands, w hen the autom atic pilot 
started off the general unballasting at 789 fathom s, the same thing 
happened to the F N R S  2 , and the radar aerial was broken. T o d ay  
the Trieste s flagstaff was bent, a p ro o f o f  the violence o f the oscilla­
tions. F ortunately , being m ade o f  soft alum inium , it did n o t break, 
otherw ise we should have lost the tw o flags. U p to now  they  had 
accom panied us in all our dives, folded and p u t aw ay in the cabin. But 
today, for the last descent o f the year, we had hoisted them  to the 
m asthead.

A  m inute inspection o f  the cabin did n o t explain the release o f  the 
gas. W e supposed that the camera was responsible for it. Its electric 
m o to r functioned badly. I t  is probable that, follow ing upon  a short- 
circuit, one o f  its insulating m aterials was overheated and the decom ­
position o f  the synthetic resin gave off the suffocating gas. In  the 
restricted space o f  the cabin, a very  little th ing  is enough to poison the 
air. A t the m om ent o f  the accident, a tape recorder was functioning. 
W e could hear on it, distinctly, the panting  breaths o f  m y son and de 
Sanctis.

A ll’s well that ends well!
T aken  in tow  by  the Tenace, the Trieste came back to Castellam­

m are : the sea was calm, and as it was the last tow , we pu t on speed. 
A t 6 knots the Trieste behaved m agnificently, thanks to the new  keel. 
N ig h t had already fallen w hen w e arrived at C astellam m are: illum i­
nated boats came to m eet us and firew orks lit up  the sky. A  great 
part o f  the personnel o f  the ‘ Navalmeccanica ’ was there to welcome 
us. T h e  little tow n was en fê te  : the bathyscaphe, in w hose construc­
tion the population took  so large a part, had come back to its hom e 
port.

D u rin g  the follow ing days the m unicipality organized a reception, 
presented us w ith  a diplom a as honorary  freem en, and then gave a 
procession in the streets o f  the tow n.

Soon we returned to Switzerland and our village o f  Chexbres, above 
the Lake o f  Geneva, on the verge o f  the V audois vineyards. T here  too 
a w arm  welcome awaited us, and we were surprised to see ou r syndic, 
our pastor and the w hole council o f  the com m une, w ith  a gendarm e and 
a horticu lturist in their com pany, assemble before our villa and present 
me w ith  a beautiful blue cedar. W e planted the tree. I t  bears a plaque
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in m em ory o f the 30th Septem ber 1953, a touching m ark o f esteem 
from  our friends o f  Chexbres.

H ere we are now  in the spring o f  1954. T he Trieste slept all the 
w inter in the yards o f  Castellam mare di Stabia. I t  is no t that she lacked 
the will to travel. But to take in hand the im provem ents w hich alone 
w ould justify new  dives, the m oney contributed  was still insufficient. 
O u r w ish, that o f  m y son as well as m y ow n, was to go back to our 
w ork  again as soon as possible and to pu t our bathyscaphe at the 
disposal o f oceanographers and all scientists w ho were interested in it.*

* In Autumn 1954 my son made some dives with various scientists.
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P A R T  T H R E E

I N  T H E  F U T U R E

i : What the dolphin taught us

A l l  those w ho sail the A tlantic have seen schools o f dolphins 
frolicking near their ship. T h ey  dive and em erge : you w ould th ink  

they  w ere at play. T hen , disappearing, they swim tow ards the ship. 
F rom  high on the bow , one can see them  shooting  along just under the 
surface. Before the stem post, leading the ship by  only  a few yards, 
they  glide along, side by  side, far enough away for the w ater no t to be 
churned by  the ship. O ne th ing  struck us im m ediately : to swim at the 
speed o f  the Scaldis they did n o t seem to make, the slightest effort. 
N ow  we w ere m oving at io  knots. Even if  the speed were double or 
treble that, the sailors told me, the dolphins w ould still escort us w ith ­
out difficulty. T heir m ovem ents were barely perceptible : although they 
w ere sw im m ing near the surface, they  did no t produce any waves. 
T h is proves that the energy developed by  them  is very  sligh t: they 
therefore m ust have a very  efficient hydrodynam ic shape.

W e know  that every body  w hich m oves in w ater m ust overcom e a 
certain resistance. T h e  energy necessary, in general, increases w ith  the 
square o f  the speed. M ost o f the energy expended is lost in the waves 
produced.

A n experim ent is called fo r: if  one makes a m odel, in paraffin wax 
for example, having exactly the shape o f the dolphin, and it is tow ed 
th rough  w ater by means o f  a thread, one m ight expect that this m odel 
too w ould m ove w ithou t resistance and w ithou t causing waves. But 
this is n o t the case. T h e  resistance m et is considerable, and waves are 
produced. T h e  waves and the eddies show  us w here the energy 
transm itted by  our thread goes and is lost. H ave we no t copied our 
living m odel w ith  enough care, the slim body  ending in a fish-tail? 
T h a t is no t the trouble. A ll attem pts m ade to copy the best swim mers, 
as for example the trou t, have given the same result : bu t the tro u t has 
the same skill and can m ove near the surface w ithou t producing a 
furrow . But the phenom enon is easier to observe in the dolphin, w hich 
has the curious habit o f go ing  ahead o f a ship. W hat then is the secret 
and the exact mechanism o f  the displacem ent o f  these sw im m ers?

[ J37 ]



Let us observe a little m ore closely w hat happens w hen any body  is 
m oved th rough  the water. I t  is no t certain that eddies should form  at 
any given instant o r specified place. But the smallest o f  them , still in 
an em bryonic state, has the ability to develop and to grow . T he  w ater 
alongside the ship is thus in an unstable condition. In  order to under­
stand w hat we m ean by  that, let us study  a little m ore closely an experi­
m ent that everyone is familiar w ith.

Let us place a long cane vertically on its point. W e know  that 
necessarily it will no t be long before it falls: and it will fall in that 
direction in w hich it was originally leaning. I f  we had been able to 
place its centre o f  gravity  exactly above the poin t o f  rest it w ould re­
main uprigh t indefinitely. W e know  that it is im possible to reach this 
perfect position o f  equilibrium . T h e  slightest initial eccentricity in ­
creases rapidly, like an avalanche rushing dow n a m ountain.

Nevertheless, we can see in any circus a juggler m aintaining in 
perfect im m obility a long cane at the end o f  his finger. Perfect im m obi­
lity? I f  we look closely we shall observe that his hand is continually 
m aking little m ovem ents. I t is evident that these m otions com pensate 
all the while the slightest defects o f  equilibrium . Each o f  us could, 
with some training, repeat the experim ent w ith  m ore or less success.

W hat the juggler does w ith  his cane the dolphin does w ith  the w ater. 
A n  eddy is form ing and tends to develop and grow , bu t the dolphin 
intervenes. A  very  slight m ovem ent on his part is sufficient to arrange 
things. A  fraction o f  a second later this w ould be impossible : the eddy 
w ould have g row n and w ould have becom e unm anageable. T he 
analogy is perfect : if  the juggler had waited till the rod leaned too far 
in  one direction, he could no t have b rough t it back to equilibrium .

W e begin to see the do lphin’s secret. H e m ust have under the skin 
nerves o f  an extreme sensitivity, w hich act like pressure gauges, and 
by means o f w hich he perceives the slightest sign o f a developing eddy. 
T hen , w ith  a well-tim ed m ovem ent o f his skin, he neutralizes the 
scarcely-form ed eddy. T h in  currents o f  w ater glide along his body  and 
collect again behind him. T he  pressure w hich, necessarily, is exerted 
upon  his head is com pensated by  that produced by  the thin currents o f  
w ater produced at his tail. Porpoises, dolphins and trou t do no t know  
the theory  that we have just explained. Reflexes and instinct w ith  
them  take the place o f  h igher m athem atics.

Can the naval designer draw  any practical conclusions from  the 
teachings o f  the dolphin ? I am tem pted to reply in the affirmative.
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A  transatlantic steam er w hen m oving expends a force o f  som e tens 
o f  thousands o f horse-pow er w hich is pure waste : we can easily see 
w here this energy is going. Indeed, if at the bow  the currents o f  w ater 
separate in reasonably good order to allow  the hull to pass, they  are 
joined together again behind in great disorder and the course o f  the 
ship is m arked across miles o f  ocean by  the sw irling o f  waters it has 
produced.

A re these eddies inevitable? T h e  w ater currents could, how ever, 
if  they  really w anted to, join up again behind the ship according to the 
same laws that they observed w hen separating. H ere is a magnificent 
field for research for the naval engineer. T o  copy the dolphin, there is a 
problem  w hich is simple to propound . T he  solution is perhaps 
difficult to  find, bu t it is p robab ly  n o t im possible.

I could imagine, for example, a ship, the hull o f  w hich w ould be 
covered w ith  a rubber m em brane, under w hich a great num ber o f  
pressure gauges w ould be disposed. T h e  slightest eddy at its orig in  
w ould affect these instrum ents. T h is perception is transform ed into 
electric curren t and transm itted to a central station, the electronic 
brain o f  the ship w hich analyses all these im pulses and determ ines the 
m ovem ent w hich the ‘sk in ’ o f  the ship m ust be m ade to execute in 
order to cancel the slightest eddy at its origin. T o  determ ine w hat is to 
be done is the m ost delicate part o f  the problem . F o r, once this is 
solved, the electronic brain will be able, w ithou t difficulty, to send ou t 
electric currents o f suitable force to little electro-m agnets disposed in 
great num bers betw een the pressure gauges, in such a w ay as to p ro ­
duce w ell-organized reactions in the ‘ skin * o f the ship.

In  practice should we begin our trials w ith  a surface ship or a sub­
m arine ? I should choose the subm arine w ithou t hesitation. In  fact the 
surface-frontier betw een air and w ater presents great difficulties, 
difficulties that even the dolphin  has no t been able to surm ount. W e 
see the dolphin  m oving  m ajestically along in fron t o f  our ship just 
below  the surface. W e observe the slow m ovem ents o f  his flippers and 
the delicate w rinklings, apparently  unsystem atic, o f  his skin : we know  
that it is these last w hich prevent the eddies. But the dolphin is a m am ­
mal : from  tim e to time he m ust pu t his nostrils ou t o f the w ater to 
breathe. Im m ediately som ething goes w rong  : the system  is disordered ; 
there are showers o f  sp ray ; the w ater swirls round  the animal. W hat 
energy is dissipated ! But an instant later the dolphin  masters the situa­
tion, and once m ore we see him  glide th rough  the w ater in perfect
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calm. I t  is therefore the subm arine that we should choose for our first 
attem pts.

F o r the m om ent, let us give our im agination free rein. T his is w hat 
C aptain N em o will invent tom orrow .

W e are at Le H avre. T h e  Dolphin , the first subm ersible passenger- 
ship, is at the w harf, ready to get under w ay for her inaugural voyage. 
She is going to cross the Atlantic. T he  passengers are m oving about in 
the saloons and cabins. W e cast off : a slight rolling is felt. T h e  w eather 
forecast is no t very  reassuring. A  tim id passenger is w ondering  how  he 
is going to stand the pitching and swell on the high seas. T h e  steward 
guesses how  he is feeling.

‘D o n ’t w orry , y o u ’ll feei absolutely noth ing . A t the m om ent we are 
being tow ed ou t o f  po rt . . .  we are diving now . L ook  at this pressure 
gauge: we are already 27 fathom s dow n. D o  you  feei the slightest 
m ovem ent ? ’

‘N o, indeed, it’s absolutely calm .’
‘T h is calm will last until we reach the roads outside N ew  Y ork. Here 

is the tachom eter. Y ou can see that w e are going along at 60 kno ts.’ 
‘H ow  is it possible? T o  get up such a speed you w ould need an 

engine o f  enorm ous pow er. Y our rates are low er than those o f ord inary  
steam ers.’

‘ I t ’s natural that we can give you rates low er than those o f our com ­
petitors. T he  Dolphin  has a low -pow ered engine and besides it can 
m ake tw o crossings while the others are m aking only one. A nd finally, 
since our trip does no t even last tw o days, our passengers do no t 
require so m uch com fort as on a de luxe steamer. W e have neither a 
solarium  no r a bath ing  pool.’

‘But this crossing m ust be very  dangerous. W e m ight run  into a 
naval subm arine w hose tim e-table is unknow n to y ou .’

‘D o  you see this lum inous screen?’
‘ Is it a television screen ? ’
‘N o, it is an echo sounder. Y ou know  that radar cannot be used 

under water. But because o f  the ultrasonic waves w hich we emit, 
each ship— by reflecting them — here shows itself by  a w hite spot, and 
that happens as soon as it is less than 3 miles from  us. W e can deter­
m ine its exact situation by  the position o f  the w hite spot on the screen. 
A nd here, you  see, the distance that separates us from  the bo ttom  o f  the 
sea is continuously indicated. T hus you need have no fear o f  any 
unpleasant encounters.’
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‘I t ’s really marvellous. But one w ord  m ore about the engine. You 
told me that it was quite small, and yet you  m entioned a speed o f  60 
kno ts.’

T h e  tw o m ove to the o ther side o f  the control-room .
‘H ere it is.’
‘But i t’s a toy! A nd w hat is in this lo ck er? ’
‘I t  is our electronic brain. I t  neutralizes, at the very  m om ent o f  their 

origin, all the eddies w hich m ay arise all along the hull, so that the 
resistance we produce is alm ost nil. A nd so this little engine is m ore 
than able to m aintain our 60 kno ts .’

‘All that is im pressive, really superhum an. W ho  invented this 
miracle ? ’

‘In  the grand saloon you have no doub t noticed a marine painting 
show ing a dolphin cutting th rough  the waves. I t was under his 
direction that our engineers designed this new  subm arine w hich 
bears his nam e.’
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2: The Mesoscaphe the Submarine Helicopter

It  is very  natural that oceanographers should w ant to extend their 
investigations to yet greater m arine depths. T here is no question here 

o f  a ‘ records psychosis ’ : they  sim ply w ant to know  all about the sea. 
T h e  bathyscaphes F N R S  3  and Trieste, w hen they  gave access to 
depths o f  tw o o r three miles, gave the oceanographers means o f 
exploration unknow n up  to this day. W ith  relatively simple changes, 
it w ould be possible even to build bathyscaphes w hich w ould  be able 
to go dow n to six miles o r m ore, thus to reach the bo ttom  o f  the 
deepest trenches know n.

But as an old proverb  says, w hy  shoot sparrow s w ith  cannon? 
T here is still m uch to be discovered in the first tw o miles o f  the ocean 
depths. I f  we do no t w ant to go any deeper, is it really necessary to 
build a bathyscaphe endow ed w ith  a heavy cabin and w ith  a float 
w hich m ust be filled w ith  petrol, o r even a bathysphere sustained by  a 
cable ?

W e are obliged to have the cabin if  we w ish to go dow n deeper than 
the several tens o f  yards accessible to the free diver : that’s clear. B ut if  
the object o f our researches is lim ited to the first 1000 fathom s o f  sea 
depth , the pressures ruling  in this zone can be borne by  a less strong, 
and therefore a lighter, cabin than those o f the F N R S  2, the F N R S  3  o r 
the Trieste. A nd if  the cabin w ith  all its contents is made lighter than 
w ater, our apparatus can sustain itself w ithou t using the float o f  the 
bathyscaphe or the cable o f  the bathysphere : it will even be necessary 
to provide it w ith  an arrangem ent so that it can sink in the water.

T o  a machine o f  this sort, suitable for m edium  depths, I should like 
to give the nam e o f m esoscaphe.1

In  its ow n k ingdom  the m esoscaphe should be as m obile as possible. 
I t  m ust above all be capable o f  go ing  up and dow n a great num ber o f 
times under its ow n pow er. O ne could, obviously, give it a small 
tank o f  petrol and o f releasable ballast, in this im itating the old 
free balloon and the bathyscaphe. B ut we can do better : let us give up 
the petrol entirely. Let us poise or equilibrate the mesoscaphe in such 
a w ay as to m ake it a little lighter than the w ater displaced and provide 
it w ith  a large propeller w ith  a vertical axis o f  ro tation  corresponding

1 F ro m  the G reek  mesos : m id d le  ; scaphos : sh ip .
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to the m ain ro to r o f  a helicopter, w hich will com m unicate to it a 
vertical force directed dow nw ards. T hus our m esoscaphe will be a 
true helicopter in reverse. I t  will go dow n under the pow er o f  its p ro ­
peller. I t  will reach equilibrium  som ew here near the bo ttom  by  decreas­
ing the speed o f ro tation  o f  its propeller and, so as to rise slowly, it will 
be enough for it to stop its m otor.

T o  avoid the situation w here the reaction o f  the propeller w ould 
make the m esoscaphe tu rn  round  on  its ow n axis, we could provide it 
w ith  tw o helicopter propellers tu rn ing  in opposite directions in the 
style o f  the large aerial helicopters. I th ink , how ever, that it w ould be 
better to give it, like the bathyscaphes, tw o small lateral propellers w ith  
horizontal axes, tu rn ing  norm ally  in opposite directions and balancing 
the torque o f  the large propeller. By regulating the speed o f  ro tation  
o f  the tw o small screws, the pilo t will be able to steer his ship and m ove 
it in all horizontal directions.

Since the large propeller does no t support the apparatus bu t gives it 
the pow er o f sinking, a breakdow n o f the m o to r w ould  be w ithou t 
serious consequences: it w ould  autom atically bring  the m esoscaphe 
back to the surface.

H ow ever, if  the particular aim is to explore the sea-bottom , there is 
no th ing  to prevent us econom izing our electrical energy during  the 
descent and even going  dow n m uch faster than the propeller is capable 
of. F o r this purpose w e shall pu t aboard our little subm arine some 
releasable ballast, just as is done for its b ig  bro thers the bathyscaphes.

As the cabin by  itself shows m uch less resistance to the w ater than 
the float o f the bathyscaphe, it will be enough to have at our disposal a 
relatively small quantity  o f  ballast. As it approaches the bo ttom , the 
pilo t will th row  overboard only  a portion  o f  the ballast, so as to stabilize 
his m achine as exactly as possible. T h e  vertical manoeuvres during  
observations could then be conducted w ith  a very  small consum ption o f 
electrical pow er by  the large propeller. F o r the re tu rn  journey  it will 
be possible to th row  all the ballast overboard, in order to go up very  
quickly.

T he  entire mesoscaphe, fully equipped, w ould w eigh about 5 tons. 
A ny  little cargo-steam er w ould then be able to transport it easily, to 
launch it and take it back on board, w hich w ould very  m uch reduce 
the cost o f  operation in com parison w ith  the expenses o f  an expedition 
w ith  the bathyscaphe.

As for the cabin, it could be made o f  steel like that o f the bathyscaphes,
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perhaps also in a light alloy o f  alum inium  magnesium. T his w ould be 
easy to calculate. But it w ould be very  m uch better to build it entirely in 
transparent plexiglas. T his material is less strong  than steel, and we 
should thus have to give a greater thickness to the walls. But plexiglas 
is lighter than steel: its specific g rav ity  is only 1*19. 100 cu. in. o f  
plexiglas in sea w ater weighs only *607 lb., while that am ount o f steel 
weighs 24*59 lb.

Such a cabin, built to go dow n to 1100 fathom s, w ould have greater 
static lift than a steel cabin o f  the same strength  and the same internal 
diameter. It w ould be able to carry a m ore pow erful engine and battery  
o f  accum ulators than the metallic cabin.

But— and this is the m ost im portan t th ing— being as transparent as 
the best glass, it w ould present a w onderful panoram ic view  to the 
observers. T he  observer w ould no longer be obliged to fix his eye to a 
little porthole from  w hich he can see only a small part o f his environ­
m ent. H e w ould live in the m iddle o f  the sea, and be able to let his 
glance rove in all directions like the free diver, the frogm an. T h e  mere 
though t o f  such a dive stimulates the im agination. W hat will the realiz­
ation be like ?

H ere a few technical questions arise. W ould  no t our vision be dis­
torted by  the refraction o f the w ater and the plexiglas ? T he answer is 
simple : the w ater w ould becom e like a concave lens, and the eye applied 
to the wall o f the cabin w ould becom e slightly  long-sighted. A n eye­
glass o f a dioptric th ird  w ould be enough to m ake the necessary correc­
tion. I f  one m oved away from  the wall, certain distortions» o f vision 
w ould be produced. But these w ould no t be disagreeable. In  the ante­
cham ber o f the Trieste we looked out (at shallow depths) th rough  the 
large round w indow  in plexiglas, the curvature o f this w indow  
being double that o f the cabin. O bjects naturally appeared shrunken 
in the horizontal direction, bu t this deform ation was practically 
unnoticeable.

T o  calculate the strength  o f  a plexiglas cabin is no t easy, as this 
m aterial safely sustains slight deform ations beyond its elastic limit 
(which is, m oreover, a great advantage in our case). It w ould be 
necessary, before having the real cabin built, to proceed to num erous 
tests w ith  m odels subjected to high pressures. It is only after these 
laboratory  researches that we should be able definitely to settle the 
depth  possible to be reached and the thickness required for the walls 
o f the cabin.
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Finally, the question o f the possibility o f  its construction w ould have 
to be examined closely. I t  w ould probab ly  be im possible to run  it off 
in tw o large hem ispheres, as I had done for the cabin w hich is in use 
at the m om ent in the F N R S  3. In  this case the cabin w ould be sub­
divided into a larger num ber o f  pieces. I t  w ould be possible, for 
example, to replace the tw o hem ispheres by  tw elve-tw elfths o f  a 
sphere, all exactly equal and glued or welded together. T heir contours 
w ould be the central projection on the sphere o f  the twelve pentagons 
o f  a regular dodecahedron. T he  th irty  joints w ould be flat surfaces.

In  these conditions the joints betw een the twelve spherical pentagons 
w ould in no w ay decrease the strength  o f the cabin. T he  m anhole 
w ould be conical, cut in one o f  these twelve pieces. I t  w ould be closed 
by  a door likewise in the form  o f a truncated eone : this door, being in 
plexiglas, w ould in no w ay decrease the strength  o f  the cabin.

A nother solution should also be considered : to construct the sphere 
o f  a great num ber o f rings stuck together. T his construction w ould 
naturally  be simpler. H ow ever, the joints betw een the rings, this time 
subjected to shearing, w ould have to be perfect in quality.

All things considered, the m esoscaphe, like the bathyscaphe, w ould 
be entirely  safe. Its scientific operation w ould be less expensive than 
that o f  the bathyscaphes, and w ould give better results dow n to those 
depths to w hich the strength  o f  the plexiglas w ould allow  it to descend.

I f  circumstances, financial and otherw ise, do no t perm it me to con­
struct this new  apparatus myself, I hope that some day som eone will 
be found to take m y project in hand and bring  it to a happy conclusion.
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j :  The Oceanography o f  Tomorrow

It was the stratospheric balloon w hich first o f  all m ade possible the 
study o f  cosmic rays at a great altitude. T h e  progress o f autom atic 

apparatus, how ever, in particular those in the electronic sphere, is 
such today that sounding-balloons replace direct observations in the 
high atm osphere.

Some realms o f  observation o f  w hich we have spoken are, how ever, 
reserved to the m anned balloon, especially w hen it is a question o f 
astronom ical observations w here an instrum ent m ust be pointed 
tow ards a heavenly body.

W e note the same evolution in connection w ith  the observation o f 
great depths. Cameras, autom atically operated, are sent dow n w hich 
take, at random , thousands o f photographs in the course o f a single 
dive. T he  waste o f film is enorm ous, bu t if, all things considered, one 
photograph  in a thousand is usable, it costs less than if one had taken 
it in a bathyscaphe.

T here is also subm arine television : the observer, installed in a boat, 
then follows upon  an electronic screen the scenes w hich the apparatus, 
suspended to a cable, transm its from  the bo ttom  : w hen an interesting 
scene appears, the simple release o f  a catch, w orked on the boat, is 
enough to set the cine-camera going.

T h e  realm to be studied is so vast and so thrilling that these instru ­
m ents prom ise us a fascinating harvest. But no autom aton will replace 
the bathyscaphe w hen it is im portan t to study carefully a particular 
object. I t  alone can m ove about in such a w ay as to pho tograph  w hat­
ever the navigator m ay have discovered from  the best angle and in the 
m ost favourable conditions.

T here is also a g roup  o f  observations w hich com pletely escapes the 
photographic eye : that is the study o f  the faint lights produced by  the 
phosphorescent animals and vegetation. A stronom ers well know  that 
the heavenly bodies producing the least light are visible only to the 
camera and then only  during  very  long exposures o f the film. V ery 
often the photographic telescope m ust follow  a region o f  the sky for 
hours, and even for nights, for the feeble light rays from  a distant star 
to  be added together upon  the photographic plate. O u r retina, on the 
contrary , has a short m em ory : if  it adds up lum inous im pressions, it is
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only  during  fractions o f  a second. I f  a phenom enon lasts only  a short 
time, the eye is thus m uch m ore sensitive than the film. Let us give as 
an example the shooting  stars, w hich m ust be studied entirely by  the 
eye. O n ly  the brightest can be photographed.

T h e  same thing is true o f the phosphorescent subm arine animals. 
W e have to see them  ourselves : to take instantaneous exposures they 
are no t lum inous enough, and for time exposures they are too mobile.

W h y  are these animals phosphorescent? W h y  have some o f  them  
veritable headlights? Is it to see their p rey? Is it to frighten off their 
enemies? T o  blind them ? Is it to recognize each other, as our g low ­
w orm s do ? It is possible, too, that a part o f  these phosphorescences are 
o f  no use at all, that they are simple consequences o f  chemical reactions 
w hich accom pany certain vital processes. I f  we take a w alk, after rain on 
a w arm  sum m er night, in our forests we som etimes find pieces o f  ro tten  
w ood w hich em it a faint light, engendered by  the mycelium  o f  certain 
fungi : no one w ould th ink  that these bits o f w ood or their guests have 
any purpose in this.

So m any questions, so m any m ysteries. I t is only  by  .going dow n 
ourselves to  the depths o f  the sea that we can hope to clear them  up.

Let no one say that these observations are purposeless. N o one can 
foresee the resources that future generations will find in the ocean. Let 
us rem em ber, for example, that nature took  m illions o f  years to decom ­
pose the organic m atter o f  the m arine sedim ents and make petrol o f  it : 
did high pressures play a part in these reactions ? W ill industry  ever 
come to speed them  up to such a point that, instead o f  looking for 
petrol, we shall be able to m ake it ?

T h e  organic m atter form ed annually in the seas is doubtless a 
m ultiple o f  w hat agriculture produces over the entire earth. I t  is no t 
im possible that one day we shall find in the sea the food that the fields 
can no longer furnish us w ith. A lready today entire populations live 
from  fishing. But perhaps by  using the p lankton m ore directly— algae, 
diatom s and m inute crustaceans— hum anity  will find enorm ous re ­
sources in the seas, w hich cover three-quarters o f  the globe.

T h ro u g h o u t this field o f exploration it is oceanography w hich will 
guide hum anity. H ow  is that to be ? I cannot say. But the fact has been 
proved m any times already : all scientific research sooner or later bears 
fruit.
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P A R T  F O U R

T E C H N I C A L  A P P E N D I C E S

Appendix i

Strength Tests made on M odel Portholes

O u r  portholes are m ade o f  pieces o f  plexiglas in the form  o f  tru n ­
cated cones, o f  w hich the apex angle is 900, as is show n in the 

section represented in  Fig. 15. T h e  conic surface rests in a socket o f 
the same form , m achined for one o f the portholes in the wall o f  the 
cabin and for the o ther in the circular hatch o f the m anhole (see sketch 
o f  the cabin, page 43). T h e  pressure o f  the sea acts upon  the large end 
o f  the piece form ed as a truncated eone and pushes it tow ards its seating. 
T he  w atertightness thus produced is perfect, as has been dem onstrated 
in all ou r tests w ith  the m odel. As a m easure o f precaution, we have 
also added to the portholes o f  the bathyscaphes rubber rings, placed 
on the outside upon  the joint, according to the principle o f  the au to ­
clave.

T h e  mathem atical analysis o f  the d istribution  o f stresses o f  such a 
com ponent w ould perhaps be possible, if  its m aterial were perfectly 
elastic, bu t I th ink it w ould still be very  difficult. But it is probable that 
the plexiglas will be loaded in places beyond its limit o f elasticity: 
a deform ation no t p roportional to the stress, that is, the plastic 
deform ation o f the material, will then play an im portant part in its 
behaviour under stress. T his is, in m y opinion, the reason the portholes 
in plexiglas have given m uch better results than glass portholes. In  
these conditions we cannot th ink  o f  approaching the problem  by 
theory. H ere we are in the presence o f one o f  those instances where 
only laboratory  experim ent will be able to inform  us.

Let d  be the diam eter o f  the in terior face o f  the porthole (therefore 
the small face) and h the thickness o f  the porthole. W e know  that the 
resistance o f such a piece to the pressure o f a liquid depends solely

upon the p roportion  j ,  and that it is independent o f the absolute size o f

the piece. W e can therefore proceed to strength  tests on small m odels,
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w hich is im portant in view  o f  the considerable expense w hich w ould be 
involved in tests m ade on full-size pieces.

T he  graph in Fig. 15 gives a general idea o f  ou r tests. F rom  left to

righ t there is recorded the relation ^ o f  different models. T he  bigger it

is, the greater the stress it will experience for a given pressure. F rom  
bo ttom  to top are recorded the pressures applied during each o f the 
tests. Each o f  these tests is show n by  a cross. U nderneath  the low er 
curve is to be found the zone w ith in  w hich all the models resisted the 
pressures applied w ithou t sustaining perm anent deform ation. Cross 
N o. 2 represents a test lasting eight hours, cross N o. 3 one lasting

1500

N®3

1000 -

500

0 201.0 ISd/h

F ig . 15. D iagram  o f  stren gth  tests m ade o n  m o d el p orth o les

eighteen hours. T h e  o ther tests m ade w ere o f shorter duration. 
Between the tw o curves is to be found the zone w here the plexiglas 
sustained perm anent deform ations m ore or less considerable, bu t w ith ­
ou t ever having been broken, thus w ithou t ever having let a drop o f  
liquid pass th rough . Experim ent N o. 4 alone, recorded above the 
second curve, resulted in the destruction o f  the m odel. T here is no 
question in this case o f the plexiglas having been defective. It was the 
conical hole in the steel plate w hich splayed on the side w here there was 
low  pressure and in these conditions it is clear that the plexiglas could 
no longer resist. T h e  conical socket had been m achined in a plate o f 
mild steel m uch softer than the special steel o f  ou r cabins. As this 
breakage took  place under a load o f 1270  atm ospheres (corresponding 
to a depth  in the sea o f m ore than 7 -4  miles), this test was very reassur­
ing. T he  interior diam eter o f  this m odel was twice as great as its thick-
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ness. F o r the portholes o f  the bathyscaphe F N R S  2 I chose an in terior 
diam eter w hich was only  tw o-th irds o f  the thickness. Cross N o. 1 
is the record o f one o f  these portholes under a load o f  2-5 miles o f  
w ater. It m ay be concluded from  these tests, and from  a glance at our 
diagram , that the portholes o f  the Trieste and o f  the F N R S  3  offer 
com plete safety at the depths for w hich our bathyscaphes have been 
designed. I t  w ould be interesting to know  the pressure at w hich our 
portholes w ould be driven in. As long as tests have no t been m ade for 
pressures m uch greater than 1600 atm ospheres, an exact answer cannot 
be given to this question. By rough ly  extrapolating the results show n 
by  our diagram  I th ink  that it w ould be only  at depths exceeding 12 
miles that ou r plexiglas w ould show  a perm anent deform ation. 
Breakage w ould only  occur at m uch greater depths, and there is no 
part o f  the ocean depths know n to exceed abou t 7 miles.

I t  goes w ithou t saying that our tests w ith  m odels are only conclusive 
upon condition that the m aterial o f  the real portholes has the same 
mechanical properties as that o f  the models. N ow  the models w ere cast 
in one piece. F o r the fabrication o f  the portholes it was necessary, in 
o rder to avoid excessive heating at the m om ent o f  the polym erization 
o f  the m ethacrylate, successively to cast several layers o f  the raw  
material one upon  the other. W e m ade sure that this procedure was 
equivalent to that o f  casting a single piece by  cu tting  small test pieces 
ou t o f  the material rem oved during  the m achining o f  the large p o rt­
holes by  the V etrocoke C om pany. T h e  tensile tests effected, for 
example, w ith  test pieces w hose direction o f  loading was at an angle o f 
450 w ith  the layers, have show n that the bonding  betw een these layers 
was perfect.

T o  conclude this survey, let us m ention one m ore interesting fact : 
if  a piece o f  plexiglas is overloaded, its w hole mass becomes c loudy ; 
if  the overload has no t been too great, this cloudiness will disappear 
w ith  the load. If, on the contrary , the piece has been greatly over­
loaded, the cloudiness will persist, even after the load has been released. 
I t  is unnecessary to say that in our real portholes we have never 
observed the form ation o f  the faintest cloudiness. T h is is one m ore 
reason for our confidence.
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Appendix 2

M agnetic Naives and Electro-magnets

T h e  ballast o f the Trieste is com posed o f  cast-iron pellets. It has the 
appearance o f small, rather regular balls o f a diam eter o f tq in., and is 
obtained, in the same w ay as b ird-shot, by  the cooling o f  a show er o f 
m olten metal (see Plate X ). I t  is contained in tw o sheet-m etal tubs w ith  
funnel-shaped bases. T h e  piping o f  this funnel is narrow er at one place 
and the low er tube is surrounded by  a coil. Fig. 16 gives a diagram ­
m atic view  o f the valve, w here the coil is represented sim ply by  three 
turns o f  a cable. F ig. 17 gives a cross-section o f the valve in m ore

F ig . 16. D iagram  o f  the m agn etic  va lve

detail. As long as an electric current runs th rough  the coil the iron- 
shot is m agnetized just w here the tube narrow s. In  this w ay it is trans­
form ed into a m ore or less rigid mass w hich acts as a plug. T hus the 
pellets cannot flow away. As soon as the current is cut, the pellets are 
dem agnetized and flow like sand in an egg-tim er. I t  is enough to switch 
on  the current to stop the flow at once. It is clear that the principle is 
very  simple.
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T here  is always the danger o f  the current being cut off, by  either a 
short-circuit o r a poo r contact, bu t in our case this w ould no t have 
catastrophic consequences. T h e  ballast w ould fall ou t and the bathy­
scaphe w ould reach the surface sooner and m ore rapidly  than its 
occupants w ould like, b u t that is all.

T o  econom ize the am pere-turns necessary to  produce the m agnetiza­
tion, thus to econom ize the energy in our accum ulators, we arranged 
along the lines o f m agnetic force o f  the mild steel c z , c z , c z , in the form  o f  
a central tube, tw o annular plates and an external cylinder. A t the poin t 
w here the central tube narrow s, the iron  is replaced by  a non-m agnetic 
substance c, plexiglas o r stainless steel. T h u s the lines o f force, no t 
finding any m ore solid iron  on their rou te, are obliged to go th rough  
the iron  pellets, this having a m uch greater m agnetic perm eability 
than the non-m agnetic substance, even though  less than that o f  solid 
iron.

T h e  construction o f  the coils d  sets a delicate problem , by  the fact 
that they  will be in sea w ater at h igh  pressure and that all danger o f  a 
short-circuit m ust be avoided. W e gave up  the idea o f  pro tecting  the 
coils by  strong  steel containers, thus preserving them  from  external 
pressure. T o  give an adequate pro tection , this construction w ould have 
been too expensive, too  heavy and too com plicated. T h e  w hole coil 
could be placed in an insulating liquid (as we did for the electric m otors 
and for the tachom eter, pages 37 and 99). H ow ever, we preferred a 
still sim pler construction. T h e  w inding  is com posed o f  copper w ire 
insulated in polythene. I t was naturally  necessary that this insulation 
should no t present the slightest defect th rough  the w hole extent o f  the 
wire. T hanks to the assistance o f  the Marelli C om pany o f Milan, this 
condition was com pletely fulfilled. T hus the sea w ater could penetrate 
betw een the wires o f  the coil w ithou t damage. It is even necessary 
that it should be able to enter everyw here, because if  air remained 
caught betw een the turns w ithou t the w ater being able to get to it, the 
pressure o f  the w ater w ould produce deform ations in the w inding 
w hich, in their turn , w ould jeopardize the continu ity  o f  the insulat­
ion. T o  avoid all danger, w hile the w ire was being w ound, we in ter­
posed little sheets o f  celluloid betw een the layers and upon the side 
o f  the coil. A long these pieces o f  celluloid there remains a little free 
space th rough  w hich the w ater has access to the w hole coil.

T h e  w hole assem bly at no time gave us trouble. It is true that the 
insulation, to be perfectly safe, m ust be rather thick, which decreases
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the area that the copper m ay occupy. I t  results in a greater consum p­
tion o f electrical energy than w ould have been needed w ith  simple 
co tton  insulation.

T h is valve requires, it is easy to see, a greater num ber o f am pere- 
turns to stop the flowing out o f  the ballast once it has started than 
to hold it in position. In  order to econom ize the energy o f  our 
accum ulators, we can carry on w ith  a retaining current w hich is only 
half the current em ployed to stop the outflow. W ith  this in view, the

— ab -

— a

F ig . 17. Magnetic valve controlling the release o f the iron pellets

a. Tub c. Non-m agnetic substance
b. Electro-magnet d. Coils

coils o f the tw o valves are norm ally connected in series and only  in 
parallel during  a few seconds at the m om ent w hen the pilo t wants to 
stop the outflow  o f  ballast.

W e give here some num erical data concerning the unballasting o f the 
Trieste. T w o  ballast tubs, each o f  w hich weighs a ton w hen em pty. 
C ontents o f each tu b : 4-5 tons o f  iron  pellets. D iam eter o f the outlet
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pipe below  the narrow ing : 1-57 in. Rate o f outflow : alm ost n o  lb. 
per m inute for each valve (in Plate X V III the outflow ing can be seen). 
Pow er consum ed by  the coil : 3-6 w atts w hen idle and 14*4 w atts at the 
m om ent w hen the outflow  is stopped. In  the cabin a ro tary  switch is 
arranged in such a w ay that one can, at will, cause one or o ther o f the 
tw o valves to open.

W hile the bathyscaphe is on the surface we do no t w ant to use up 
the electrical energy unnecessarily. A  diver therefore goes dow n to 
close the m ouths o f  the valve mechanically, by  means o f a plug. 
Rem oval o f  this p lug, how ever, is achieved from  the deck before 
each dive, by  releasing the retaining cable. L ater an arrangem ent was 
w orked out w hich perm itted the closing and opening o f the tubing 
with m ore ease and w ithou t the services o f  a diver.

T hese valves function very  well. E lem entary  prudence, how ever, 
dem ands that we should envisage the possibility o f  an obstruction. 
T here  are indeed different possible causes o f  a stoppage. I f  the pellets 
rust, they can be transform ed into a com pact mass, w hich will prevent 
all outflow. V ery fortunately  iron  pellets practically do no t rust under 
w ater. Even after having rem ained for m onths in sea w ater, they  are 
perfectly fluid. I f  a little oxide is form ed, it does no t induce caking. 
B ut it is quite otherw ise if  w et iron  pellets are exposed to the air, be­
cause then they  are capable o f  solidifying w ithin  a few hours.

T h e  danger o f rust does n o t appear very  serious, bu t as the 
phenom ena we observe are, in spite o f everyth ing, a little m ysterious, 
this danger m ust n o t be considered as non-existent. A nother sort o f 
stoppage could occur, naturally , if  by  accident a foreign body, a bit o f  
sacking, for example, were in troduced into the ballast tub. Finally, if  
the bathyscaphe drove very  deeply into the m ud, the outlet m outh  
could be obstructed.

A lthough  all these causes o f  stoppage m ay be rather unlikely, we 
m ust find a w ay to save the bathyscaphe, even if  the two valves should 
become blocked. T h a t is w hy  we installed a device w hich allows us to 
th row  overboard bo th  tubs together w ith  their contents. H ere is how  
this operation could be done reliably.

Each tub is suspended by  a chain under the float in a seating o f  the 
latter (see Plate V I). T h is chain passes up th rough  a tube w hich 
traverses the entire float and reaches the deck o f the bathyscaphe, 
w here it is attached to a hook  and lever system. T he  lever is held by  an 
electro-m agnet, in such a w ay that the hook  releases the chain as soon
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as the current to the electro-m agnet is cut. H ere, once m ore, a failure 
o f  electric current w ould no t be catastrophic, although it w ould lead to 
the loss o f the tubs and the m agnetic valves. T h e  bathyscaphe w ould 
go up again at full speed, b u t w ithou t the occupants being exposed 
to the slightest risk.

F ig. 18 explains the apparatus w hich, on deck, holds the chain: 
its last link, o f  a special form , is hooked to the extrem ity E o f  the small 
arm  o f  the lever E A C D . It cannot slide tow ards the left and release 
itself because the fixed hook  J stops it from  escaping. T he  lever is held

F ig . 18. Diagram o f  lever supporting the ballast tub

by  the electro-m agnet M. As soon as this m agnet lets go, the lever 
pivots around its axis A  and the chain is released.

U pon  the surface we can, in order to econom ize the electric current, 
lock the lever either by  means o f  a pin B or by  means o f  the tu rn- 
buckle H . T he  reason for this double locking is that if it is the pin  w hich 
retains the lever and if  the electro-m agnet does no t w ork , the w hole 
righ t arm o f  the lever is entirely unloaded.

O n  the o ther hand, if  the turnbuckle is b rough t into action and the 
pin is rem oved, then the lever is subjected to the effect o f  the load and 
deflects slightly. T h e  left extrem ity o f  the arm  F G  then m oves away 
slightly from  the lever. T h is m ovem ent can be easily m easured by 
means o f  a little graduated wedge. Since the elastic deform ation o f  the 
lever is proportionate to its load, ou r lever plays the part o f  a dynam o­
meter. I t  thus perm its us to m easure the quantity  o f ballast w hich is
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w ithin  the tub. T he  precision o f this m easurem ent is no t great, a ton 
inducing a variation o f only  -2- 5- in. B ut that is sufficient, because if, 
after a dive, an error o f ¡ffiioo lb- w ere made in our estimate o f  the 
ballast, it w ould be un im portan t. T h e  essential th ing  is to know , m ore 
or less, w hether the tubs are full o f  pellets or not. Let us suppose, 
indeed, that th rough  a small leak we have lost little by  little a large 
quantity  o f  petrol and that the loss o f  static lift so produced has been 
com pensated, w ithou t our observing it, by  our losing bit by b it all the 
ballast. A fter a deep dive in these conditions we should not be able to 
surface again, because we should no t have at our disposal sufficient 
ballast. I t  is true that the loss o f  petrol ough t to have been perceptible 
by  verifying the level o f  w ater in the float, by means o f  the electric 
sounder, b u t a double control is valuable just the same.

May I be perm itted here to say a few w ords on the subject o f  a 
system  o f  ballast control by  a m agnetic sounder such as I had p ro ­
posed for the F N R S  j .  A  small electro-m agnet w ith  a laminated iron 
case and w ith  an open m agnetic circuit shows a certain self-induction. 
I f  this m agnet were to be plunged into the iron  pellets, the m agnetic 
circuit w ould be closed and its self-induction w ould considerably 
increase. I f  several m agnets were disposed th rough  the ballast tank 
we could easily, by  means o f  a suitable electric instrum ent m ounted 
in the cabin, determ ine in the course o f  a dive the level o f the ballast 
and thus calculate the reserve still at ou r disposal. T h is could be very  
useful.

A t the time the Trieste was building, I had to do w ithou t this 
m easure for the follow ing reason : I w anted it to be possible, in case o f 
the outlet being blocked, for the ballast tubs to be th row n overboard 
altogether. I f  we had kept these tubs the shape o f  a high narrow  tank, 
lodged in the float, the risk w ould have been, in the case o f  the bathy­
scaphe listing heavily, that the tub w ould have becom e blocked in its 
housing as it em erged, due to the leverage exerted by  its length. As the 
necessity for th row ing  overboard the w hole tub occurs above all in 
case o f accident, we had to reckon w ith  the possibility o f the bathy­
scaphe listing heavily. T o  prevent all possibility o f  the tubs being stuck 
in their housings, we had to construct large shallow  tubs, having such 
clearance that, even if  inclined at 450 in relation to the float, they could 
no t be jam m ed. But w ith  this shape the height o f the level at any single 
point w ould no t give the necessary inform ation. W e should have had 
to have a great num ber o f m agnetic sounders.
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T he ideal apparatus for determ ining the ballast reserve w ould be a 
m odern electric strain-gauge. T h e  principle o f  this apparatus is 
em bodied in a constantan wire fixed along a piece o f steel. I f  the 
steel, w hen under load, lengthens, the constantan wire is stretched and 
becomes th inner and its electrical resistance increases. C onstantan 
wires w ould be affixed along a part o f  the tub supports. T h e  effect o f 
the therm al expansion o f  the steel could even be eliminated by  using 
tw o wires, one placed on the upper part o f  the lever and the o ther on the 
low er part. It w ould then be necessary to measure the difference 
between the tw o resistances. T h e  occupants o f  the cabin could thus 
always, by means o f  a W heatstone’s bridge, determ ine the w eight o f  
the tubs, and therefore the ballast reserve.

A lthough there are certain difficulties to be overcom e, I hope to 
have the opportun ity  o f  w ork ing  ou t this apparatus.

T he  electro-m agnet w hich retains the lever is o f conventional form  : 
it is a bell-shaped m agnet w ith  its axis vertical. F ig. 19 gives a cross- 
section o f it. O ne o f  the tw o poles is constituted by  the central core, the 
o ther by  a cylinder w hich surrounds it. H ere are the principal dim en­
sions o f  one o f  these m agnets: diam eter o f core, 5-25 in .; internal 
diam eter o f cylinder, 7*98 in .; external diam eter, 9-6 in .; height o f 
core, 5 *44 in. T h e  coil d  is placed betw een these tw o pieces. O n  the 
low er side, the m agnetic circuit is closed by  the base plate /  to w hich 
are attached core and cylinder. T h e  disc-shaped arm ature is placed 
upon  the m agnet. I t  is upon  the ring  o f  this arm ature that the tractive 
force operates. W e know  that if  the arm ature touched the poles o f the 
m agnet directly, a great part o f  the m agnetic pull w ould persist after 
the current was cut off. T he  m agnet w ould ‘s tick ’ as they say. T here 
m ust then be m aintained betw een the m agnet and the arm ature a gap 
called the air-space or air-gap. T h is air-space yields a ‘ dem agnetizing 
field’ which dem agnetizes the iron  as soon as the current is cut off 
from  the coil. T he  w eaker the coercive field o f  the iron, that is 
to say, the m ilder it is m agnetically, the m ore the air-space can be 
decreased w ithou t the risk o f  the m agnet sticking.

Also the num ber o f am pere-turns necessary to m aintain a certain 
m agnetization in the iron  is the greater the larger the air-space, since 
it is this air-space w hich produces a field o f  dem agnetization w hich 
m ust be com pensated by  the field o f  the coil. I t  results from  w hat we 
have just said, that to econom ize electrical energy the iron o f  the 
m agnet m ust be as soft as possible. W e were fortunate in that the Falck
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C om pany o f Milan furnished us w ith  a rem arkably soft iron, the 
‘A rm co 5 iron  o f the A rm co C om pany (G enoa). T he  perm anent field o f 
this iron is so weak that an air-space o f y in - w ould have sufficed for 
the perm anent m agnetism  o f our m agnet to be dim inished to an in­
significant value, after the current was in terrupted . H ow ever, as m inor 
deform ations are always to be feared, we chose a distance betw een 
arm ature and m agnet o f  y y y  in., w hich makes a total air-space o f y y  in.

- - a

—c

F ig . 19. Electro-magnet holding a ballast tub

T o  obtain this air-space we placed in sockets made in the upper part 
o f  the cylinder six steel balls b o f  y  in. diam eter, w hich stand out 
exactly y y y  in. W hen the m agnet is energized w ith the lever discon­
nected from  the tubs each o f  these balls has a load o f  726 lb. So that 
they will no t penetrate the mild steel, small washers o f  hardened steel 
are placed above and below  the balls. T hus the contact between the 
arm ature and the m agnet only occurs on six areas o f  very reduced 
dim ensions. T his was necessary to avoid all danger from  suction. 
Before each dive, one checks, by  means o f  a feeler gauge, w hether the 
air-space is still large enough.

Each m agnet consumes 36 w atts. T he  attractive force w hich it 
exercises upon  the arm ature is 4400 lb. As the mechanical advantage o f
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the lever is in the relation o f i to 7, it produces a force o f  30,800 lb. at 
the hook. As the tubs full o f  ballast w eigh only  12,100 lb., this force is 
sufficient to retain them  even if the swell produces a certain am ount o f 
jarring. Let us here recall that during  the tow ing, w hen som ew hat 
violent shocks could occur, the position o f the levers is assured by  the 
pins (B in the preceding diagram ).

T he  w indings o f  these m agnets are insulated according to  the same 
principle as that o f the m agnetic valves.

Appendix 3

Form o f  the Float

T he naval engineer will be surprised perhaps at the cylindrical form  
o f  our float. H e w ould have selected a shape approaching that o f  the 
hull o f  a real ship. Let us observe, how ever, that the centre o f  gravity  
o f a ship is generally above the centre o f g rav ity  o f  the w ater displaced. 
T he  stability o f the vessel m ust be obtained by  the shape o f the hull. 
T his is w hat is called stability o f form , such as w e find, for example, 
if  a sheet o f cork  floats on the w ater : although the centre o f  gravity  
o f  this sheet o f  cork is above the level o f  the w ater, its stability is 
perfect. A  cylinder, on the o ther hand, com pletely subm erged, does no t 
possess any stability o f form . But if  its centre o f g ravity  is considerably 
below  its axis, therefore below  the centre o f  gravity  o f  the displaced 
w ater, it is perfectly stable. T his is the type o f  stability w hich our 
bathyscaphe makes use of. T he  heavy cabin will place the centre o f 
g rav ity  o f the w hole below  the axis o f the float. In  order that the vessel 
should behave properly  w hen it is on the surface and at sea, the 
stability thus acquired m ust naturally no t be sacrificed pointlessly by 
placing too m any heavy objects on the deck. A long w ith  o ther reasons, 
this is w hy the ballast receptacles were housed at the bo ttom  o f  the 
float.

T he  cylindrical form  has considerable advantages over all others. 
F o r a given volum e, w eight and length, the resistance o f a cylinder 
to buckling is greater than that o f a ship’s hull. T he  smaller the 
radius o f curvature o f a metal sheet, the m ore resistant this sheet is to 
external pressure, and if at any point the radius is large, the rig id ity  o f 
the w hole will be affected : now  the cross-section o f a cylinder has a 
smaller radius than the largest radius o f  the cross-section o f any o ther
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form  o f  the same capacity. T herefore the cylindrical form  is the 
strongest.

A gain, the construction o f a hydrodynam ic sh ip’s hull costs m ore 
than that o f  a simple cylinder. T h e  plates w hich are to form  the bo ttom  
o f  a ship m ust be designed individually, and each o f  them  has a different 
curvature. In  our cylindrical hull the sheets, w ith  the exception o f  the 
forem ost and afterm ost, are all o f  the same form  and same curvature.

Appendix 4
Transverse Partitions o f  the Float

These m ust m eet several requirem ents :
1. T h ey  contribute to the solidity  o f  the hull. W ith o u t them , the 

hull, lifted up  at bo th  ends by  tw o waves, could fold like a rubber 
tube, by  flattening in the centre.

2. T h ey  m ust be strong  enough to resist variations in pressure if, 
accidentally, during  the decanting o f  the petrol into the float, one o f 
the com partm ents were com pletely filled while its neighbour still held 
only  air.

3. T o  perm it changes o f  volum e o f  the petrol due to variations o f 
tem perature and pressure, w ithou t any loss o f  the precious liquid, the 
float m ust contain in its low er part a certain quantity  o f  water. T h e  
stability o f  the bathyscaphe w ould be poor if  this w ater, heavier than 
the petrol, could m ove abou t freely in the float and accum ulate at one 
o f  its extremities, thus accentuating any initial disturbance o f  equili­
brium  in the m achine, how ever slight.

4. I t  m ust be arranged so that if  one o f  the com partm ents is flooded 
by  w ater, follow ing a leak, the change o f  trim  w hich results m ust no t 
be too great. T h a t is w hy  we have progressively decreased the volum e 
o f  the com partm ents situated closer to the extremities.

5. I f  by  ill-luck a leak occurs and one o f  the com partm ents is 
entirely flooded, the loss o f  the sustaining liquid m ust be able to be 
com pensated by  the unballasting o f  em ergency ballast. A lso the 
m inim um  quantity  o f this em ergency ballast can be determ ined if we 
require that, during  an em pty test, the bathyscaphe is able to rise even 
if  the cabin has been flooded. I f  we do no t w ant to exceed this m ini­
m um  ballast, the m axim um  volum e o f  a com partm ent is limited by 
the condition that this same ballast m ust be sufficient to save the
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bathyscaphe if  one o f the com partm ents is entirely flooded by water. 
These considerations lim it the maximum volum e o f  the big com part­
m ent to about 460-486 cu. ft.

6. In the tropics the sea can have a surface tem perature o f 86° F. : 
at the bo ttom  it m ay have cooled dow n to the vicinity o f 320 F., on 
account o f currents com ing from  the arctic regions. I f  the bathyscaphe 
descends rapidly to miles, the petrol, w hich at the beginning had a 
tem perature o f  86° F ., will be heated by  adiabatic com pression by  
another 180 F. : its tem perature will then be in the neighbourhood o f 
1040 F. T he hull, on the contrary , will take on, approxim ately, the 
tem perature o f  the w ater outside, because the heat-transfer coefficient 
between m oving w ater and iron is m uch greater than the heat-transfer 
coefficient betw een m otionless hydrocarbon and iron. T he  partitions, 
on the contrary , surrounded in all parts by  petrol, will take on its 
tem perature. W e m ust then envisage the possibility o f  a difference in 
tem perature betw een hull and partitions o f  720. I f  hull and partitions 
are rigid, because o f this considerable stress w ould result.

I f  the hull itself cannot be deform ed, the specific pressure in the 
partitions m ay be calculated by  the form ula:

GYRATE

where K  equals f i x  io -5 /C .°, A T  equals 4o°C. and E  equals 31-3 x 
io 6lb. per sq. in. w hich gives

(7=13,800 lb. per sq. in.

A lthough decreased by  the elasticity o f its hull, this stress w ould 
no t be negligible, because it is added to o ther stresses w hose absolute 
value we do no t know , particularly  constructional stresses.

I f  the metal sheets were flat, buckling could occur accom panied by 
a sound very  m uch resem bling a breakage. W e can imagine the effect 
that sound w ould have on an observer. H e is bending dow n to his 
porthole and is adm iring the subm arine fauna. Suddenly he hears a 
crack. He jum ps. T he  pilo t only  half reassures him  w hen he says that 
that sound is heard every time a rapid descent is made. (A ccording to 
newspaper accounts and rem arks o f  one o f  the passengers o f the 
F N R S  3, this cracking really occurs during  the dives o f  this sub­
m arine. I attribute it to the fact that, contrary  to m y recom m endations, 
flat partitions were used in it.)

I f  the partitions were rendered com pletely rigid by  means o f
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stiffeners the cracking w ould no t occur: b u t the therm al stresses 
w ould no t be done away w ith.

A fter having studied a w hole series o f  constructions we adopted the 
follow ing solution, suggested by  Mr. Loser : it satisfies all the require­
m ents set ou t here.

T h e  partitions are m ade o f  m etal having sem icircular corrugations 
w ith  a radius o f  curvature o f 3*84 in. and w ith  their axes vertical. 
T hus they  provide sufficient resistance to variations in pressure (o f 
w hich we have spoken). Calculations and tests w ith  m odels com ­
pletely reassured us on this point. I f  we consider a hull w ith  a given 
circum ference bu t w hich w ithou t too great an effort can becom e 
slightly  oval, and if  we allow the partitions to be rigid in the vertical 
direction and extensible or contractile in the horizontal direction, it 
can be seen that we satisfy all requirem ents. I f  the tem perature o f the 
partitions rises, the vertical diam eter o f the float will increase, w hile the 
horizontal diam eter will decrease slightly in such a w ay as to allow  the 
hull freely to assume a form  w hich suits its circum ference and w hich is 
determ ined by  its ow n tem perature.

T h e  engineer will understand that ou r construction is in its main 
lines isostatic, while w ith  flat partitions it w ould be very  heterostatic.

A t first sight it m ight be feared that ou r float m ight no t be able to 
resist bending m om ents w hich w ould act on the horizontal plane. T h a t 
is no t the case, how ever. T h e  circumference o f  the hull being given 
and its vertical diam eter being fixed by  the corrugated partitions, the 
horizontal diam eter is determ ined by  these tw o dim ensions. O u r 
partitions, although corrugated, prevent all deform ation o f  the hull, 
as m uch in the lateral direction as in the vertical direction.

I t can thus be seen that ou r partitions in corrugated sheeting do no t 
offer any disadvantage, and perfectly answer all that we dem and.

Appendix 5

Thickness o f  M eta l Sheets o f  the Float

I fixed the thickness o f the upper plates o f  the hull at j  in. T he  
thicknesses suggested by  the m ajority  o f specialists varied from  - f f  in. 
to ^ 5- in., bu t some go as far as f  in. I th ink  that -f-f in. w ould have been 
enough : bu t it m ust no t be forgo tten  that if  the tensile strength  o f tw o 
metal plates o f  j  in. and o f  -=r5- in. are in the relation o f 5 to 4, o r 1 -25,
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the deflective strengths are in the relation o f  52 to 42, that is, 1-56, and 
those o f  buckling o f  53 to 43, that is, 1-95 ; now  the buckling o f a part 
o f  the metal plate is one o f  the principal dangers for the float. T he  fact 
that resistance to buckling is practically doubled w hen we pass from  
2-5- in. to j  in. appears to justify the increase in w eight o f the hull 
(nearly a ton).

Appendix 6

The Keels

B I L G E - K E E L S

A conventional ship is provided on its underw ater hull w ith  a keel 
w hich makes it easier to m aintain its direction and w hich, in particular 
in a sailing vessel, resists drifting, and w hich also dam ps rolling m otions, « 
that is to say, the oscillation o f  a boat about its longitudinal axis. 
In  order no t to increase its d raught unduly , keels are also placed under 
the hull, laterally away from  the centre. All these arrangem ents have a 
disadvantage: if  a w ave strikes the lateral keel, the resulting force 
applies a m ovem ent to the ship and thus a certain rolling is produced ; 
if  the swell displaces the ship laterally, the keel placed under the ship 
and supported by  the m otionless w ater also produces rocking. I f  these 
disadvantages could be avoided while keeping the favourable action 
o f  the keel, w hich in any case dam ps ou t the rocking after it is p roduced, 
it w ould be ideal. T h e  cylindrical float o f  the bathyscaphe presents this 
possibility. In  fact the petrol w hich is contained in it does no t partici­
pate, so to speak, in the ro lling : the hull turns round the petrol. I f  
therefore we fix blades w ithin  the hull, these, to begin w ith , will 
necessarily dam p ou t the rolling by  their friction w ith  the petrol and 
also, being rem oved from  the action o f  the waves, will no t be able to 
cause rolling.

Fig. 20 shows the arrangem ent o f  these in terior anti-rolling keels, 
w hich, rem oved from  the attack o f  the waves, can be m ade in relatively 
thin m etal-sheeting and thus have the advantage over external keels o f 
an appreciable econom y in weight.

D uring  our operations off Capri, the beneficial action o f  these keels 
was rem arkable, the Trieste p roving  m uch m ore stable than another 
vessel o f superior tonnage.
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T H E  D R I F T  KE E L

As our tests w ith  m odels allowed us to anticipate, the Trieste during  
its trip  to  Capri exhibited poor course-holding qualities: instead o f  
follow ing its tug  in a straight line, it zigzagged from  left to  right, 
m aking angles exceeding 450 w ith  the tugboat’s course. These varia­
tions produced altogether useless strains, w hich could even be harm ­
ful : it was necessary to avoid them . W e m anaged this in a perfect w ay

F ig . 20. C ro ss-sec tio n  o f  the float, sh o w in g  the an ti-ro llin g  keels im m ersed  in
petrol

by  attaching a keel to the back o f  the bathyscaphe : that is to say, we 
attached a small vertical keel (see Plate X I). F rom  this m om ent on , the 
Trieste yawed no m ore. H ow ever, I had the im pression that this new  
keel tended to increase the rolling once m ore. I f  this observation is 
correct, this proves that the choice o f  position for the anti-rolling keels 
inside the hull was justified.
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Appendix y

Different M ethods o f  Checking the Homogeneity 
o f  the M e ta l in the Cabin

M odern industry  em ploys tw o m ethods o f  checking the internal 
structure o f  a casting: X -rays and gamm a rays on the one hand and 
ultrasonic techniques on the other.

T he  first m ethod produces an image o f  the object on the fluorescent 
screen or on the photographic film. Small airholes o f f s  in - dia- 
m eter or m ore, by  the fact that they are m ore permeable than the metal, 
appear as light m arks on the screen and as dark  spots on the p h o to ­
graphic plate. T his m ethod particularly lends itself to the study o f 
castings. But the cabin o f the Trieste was forged. A  possible gas bubble 
or speck o f  slag by  this operation w ould have been flattened into a 
flake o r fault parallel to the surface o f the sphere. T he thickness o f this 
w ould have been very  slight. T h e  difference o f  absorption o f  rays be­
tween the sound parts o f  the hull and the defective part w ould n o t have 
been perceptible. N evertheless the m anagem ent at T ern i particularly 
wanted to m ake a com plete radiograph o f  the cabin. A  foreign body  
w hich had no t been flattened by  the forge w ould have show n up on it. 
T he  photographic films obtained were uniform ly grey, w ithou t the 
slightest clouding. F rom  this po in t o f view , we w ere com pletely 
reassured.

T he  second m ethod, that o f the ultrasonic technique, gave p ro o f 
that there were no faults parallel to the surface.

T h is m ethod has been in use in industry  only  for a few years. T he  
principle is very  simple. Let me explain it in a little digression. W e are 
in a free balloon, the n ight is very  dark, visibility nil. T he  pilot w ould 
like to know  at w hat distance he is above the ground. Is he in danger 
o f  crashing into a m ountain? N o th ing  is sim pler than to m ake an 
approxim ate sounding o f the distance from  the ground. A  strident 
cry or a trum pet b last: after a few seconds, the terrestrial echo will 
send him back the sound. Each second roughly  is equal to 500 ft. 
(since the speed o f  sound in the air is o f  the order o f  1100 ft. per second). 
I f  there is a discontinuity  o f  tem perature in the air, an interm ediate 
echo is very  distinctly perceived. T h is same m ethod, it is true w ith 
certain modifications, is used to check materials. T here is then 
em ployed a source o f  sound o f  very  high frequency (a piezo-electric
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quartz, usually). These waves are sent th rough  the cabin from  outside : 
they traverse it, are reflected on the in terior face and come back again. 
T h e  tim e that this double journey lasts is checked. I f  it is yöioiTö 
second (sound goes th rough  metals faster than th rough  air), every­
th ing  is in order. T h e  transm itter and receiver are m oved and in this 
w ay the w hole cabin is probed. I f  there were a fault parallel to the sur­
face, it w ould reflect the sound. Even if its thickness were only a very  
tiny  fraction o f  a m illim etre, one w ould see m ove on the screen o f the 
cathode tube the lum inous po in t w hich indicates the re tu rn  o f the rays : 
if  the fault were only o f  small extent, there w ould be a double image. 
O n the o ther hand, a small spherical air-hole, though  very  easily 
revealed by  the gam m a rays, could pass unobserved by  the ultrasonic 
m ethod.

I t is clear that these tw o m ethods com plem ent each o ther adm irably.
I t was by  reason o f this careful study  o f  the cabin o f  the Trieste 

that I could w ithou t the slightest fear go dow n to 1700 fathom s w ith  
m y son, and if  I had had greater deeps w ithin  reach, I should have 
even gone dow n to miles w ithou t having the bathyscaphe first o f  all 
m ake a descent w ith  the autom atic pilot and 50%  overload as I had 
suggested for the cabin o f  the F N R S  j .

Appendix 8

Graph o f  H inge M om ents on the Door

T he hinge o f the door is inclined 180 from  the vertical. In  a closed 
position the door will lean w ith  abou t a th ird  o f its w eight upon its seat­
ing since sine 180 equals 0*30902. T h e  m ore open the door is, the less 
its w eight tends to close the door. O pen  at 90o, it is in equilibrium  
(unstable). In  Fig. 21 the curve represents the couple produced by  the 
w eight o f  the door as affected by  the angle o f  opening. It is sinusoidal. 
T o  balance this vary ing  couple, we placed a helical spring on the axis 
o f  the hinge. Its couple varies o f  course linearly w ith  the angle o f 
opening, so that it appears on the graph as a straight line. T he  com ­
pensation for the w eight o f  the door cannot be perfect therefore 
th roughou t the w hole o f  its m ovem ent. But that is no t necessary, 
no r is it even desirable. O ne could select the characteristics o f the spring 
as indicated by  the dotted line. In  this case the difference between the 
tw o couples w ould have a maximum  value o f 10%  o f  the doo r’s couple.
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H ow ever, we preferred a characteristic corresponding to the solid 
line draw n on the graph. T h is latter offers the real advantage that the 
door w hen in a closed position has a tendency to remain closed and 
w hen in an open position to rem ain open. T h is advantage is offset 
by  the fact that the m axim um  couple is now  17% , or \  o f  the couple 
o f  the door alone. But as the operating handle o f  the door is placed on 
the side opposite to the hinge, and the w eight o f the door has already

1 0 0 %

0 %
3 0° 90

F ig . 21. G raph o f  variations o f  h in g e  m o m en t w ith  an gle  o f  o p en in g  o f  d o o r

been reduced to y  by  the inclination o f  the axis, one can easily operate 
the door w ith  one hand.

T h e  position o f  the door, open or closed, m ust be m ade secure, so 
that the oscillations o f  the bathyscaphe will n o t m ake it m ove. W hen  
the door is closed it m ust be held firm ly in its seating for the first 
fathom s o f the dive. A fterw ards the pressure o f  the w ater will keep it in 
its conical seating. W e have, in the Trieste, one single small screw that 
can be operated w ithou t difficulty w ith  one hand, w hich serves to keep 
the door closed.
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Appendix g

Passage o f  the Electric Cables and Tubes through the Cabin W all

T h e  passages o f  a great num ber o f  electric cables, h igh-pressure 
tubes and tw o ventilation conduits (schnorkel) presented an interesting 
series o f design problem s. A ll these passages had to m eet tw o con­
ditions : to be w atertigh t and strong.

A round  the porthole, in the place w here the thickness o f the cabin 
wall is 5*9 in., we bored twelve holes o f  identical dim ensions. O n  the 
external side each hole, for a length  o f  i *97 in., had a diam eter o f 1 *97 
in. T hen  came a eone o f  an angle o f  450 for a length o f  *55 in., w hich 
b rough t the diam eter dow n to *79 in. F rom  a depth  o f 2*52 in. 
onw ards the hole continued tow ards the in terior o f  the cabin w ith  a 
diam eter o f  *79 in.

W atertightness is achieved in all the holes in the conical part by  
m eans o f  a conical ferrule o f  plexiglas, forced in to  its seating by  a steel 
plug. T his construction is analogous to that o f the portholes.

THE P A S S A G E  OF THE S C H N O R K E L

T o  have effective ventilation, it is necessary to conserve as m uch as 
possible the free section that is offered in the hole o f *79 in - diam eter. 
F rom  the in terior o f  the cabin one m ust be able easily and rapidly  to 
open o r close the passage.

Fig. 22 illustrates the design chosen by  us. A t the outside o f  the 
hole a thin metal box (visible at the top  o f  Plate X IV ), w hich will 
never have to resist high pressures, is screwed dow n on the orifice. 
T h e  reliability o f the jo int betw een this box and the cabin ¿/is ensured 
by  means o f  a rubber washer. T o  this box is connected a long tube 
w hich traverses the float and ends on the deck. T h e  tops o f  these 
tubes (folded back tow ards the base) are quite visible in Plates X I and 
X X I. A  thin iron rod  j  passes th rough  the entire length o f  the tube e. 
F rom  the outside, it is fixed to an iron  plug g. If, by  means o f  screws 
placed inside the cabin, one pulls upon  the rod , the plug forces the 
plexiglas ferrule in to  its seating. T he  w atertightness thus effected is 
sufficient for low w ater pressures. As soon as the bathyscaphe dives, 
the external pressure o f the w ater is added to the pull o f  the rod. T he  
plexiglas is then com pressed m ore and m ore betw een its seating and the
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plug and the w atertightness is perfect for all pressures; it is an au to ­
clave closing. T h e  rubber ring w hich surrounds the upper rim  o f the

I

—h

F ig . 22. Passage o f  the sch norkel tube th rou gh  the cabin w all

plug (draw n in solid black) w ould, by  itself, effect an autoclave closing. 
I t  is there to m ake the safety doubly  sure.

After the bathyscaphe has risen again to die surface, the crew
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norm ally can reach the deck very  quickly. But if, as a result o f  some 
m ishap in the antecham ber, the crew w ere obliged to remain shut up 
for m any hours in the cabin and their supplies o f  oxygen and soda o f  
lime were exhausted, it w ould be necessary to open the schnorkel to 
replace the vitiated air by  fresh air, either by  means o f  a ventilator 
placed in the cabin, o r by  means o f  com pressed air furnished by  a ship 
on  the surface. In this case the pilo t w ould have only  to push the rod. 
T hen  the plug w ould go ou t w ith  the plexiglas in to  the outside box, 
w here it is held in a central position by  means o f a centring screw b. 
All the w ater contained in the external tubes will then enter the cabin 
w here a tube ƒ  (on the righ t in the diagram ) will lead it away to a su it­
able receptacle. T hen , by  means o f  the same tube, one could establish 
the required circulation o f  air.

T h e  part played by  the different pieces show n at the base o f  the 
design (stuffing-box, m aintenance o f  the plug in open and closed 
positions) will be readily understood.

THE ‘ P Y R O T E N A X ’ C A B L E S

F o r all external electric cables o f the bathyscaphe and for the passages 
in tow ards the cabin, we m ade a very  large use o f ‘P y ro ten ax ’ cables. 
These cables, made by  Pirelli o f  Milan, are com posed o f  a copper tube 
th rough  w hich pass one o r several copper wires insulated by  dehydrated 
and com pressed asbestos. T hese cables are extraordinarily  robust. T hey  
can be folded, even at a righ t angle, and, w hich is im portan t for us, they 
can be heated red -ho t and have rings brazed on to them  w ith silver 
solder w ithou t im perilling the insulation.

A R A L D I T E  D

T h e  Ciba C om pany o f  Basle makes a synthetic resin, Araldite D , 
w hich rendered us great service. U nlike m ost synthetic resins, this can 
be polym erized w ithou t any need to heat it. By sim ply mixing two 
liquids there is obtained a fluid substance w hich, at the end o f an hour, 
solidifies and w hich, after one or tw o days, becomes as hard and 
insulating as am ber, and all this w ithou t show ing any dim inution of 
volum e, w hich is no t the case w ith  m any other synthetic resins.

THE P A S S A G E  OF THE T H I C K  ‘ P Y R O T E N A X ’ CABLES

In  order to connect the large battery , originally placed on deck 
to the inside o f  the cabin, and to w ork  the propellers and the floodlamps,

[ 171 ]



it was necessary to utilize ‘P y ro ten ax ’ cables o f  an external diam eter o f  
•59 to *63 in. and containing one to three copper cores. Fig. 23 shows 
the construction o f  these passages. As it w ould have been difficult to

F ig . 23. P assage o f  a large electric cable th ro u g h  the cabin w all

seal them  directly  into the cabin, we sealed them  in tubular plugs 
placed in the holes in the cabin ƒ  Between the plugs and the cabin the 
w atertightness was achieved by  means o f  a plexiglas ferrule e against
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w hich the plug is forced by  a nu t m  and, on the outside, by six screws. 
T h e  rubber ring k  doubles the security. T h e  essential th ing is that the 
cable should no t be driven into the cabin by  outside pressure. W ith  
this in view, it is brazed to the conical ring  c w hich rests on the inside 
o f  the plug d. A t a depth  o f 3 J  miles the longitudinal force that the 
w ater exerts upon the cable is 2640 lb. I f  the eone c has a height o f  
•4 in. the brazing is extended over a surface o f 0*77 sq. in., and 
it is then subject to a shearing stress o f  3410 lb. per sq. in. I f  the 
brazing is well done there is no danger w hatever there. M y son h im ­
self superintended the carrying ou t o f  the brazing. H e ascertained that 
in every case the silver ran well into the joint. F o r additional security, 
another ring h was brazed to the cable: furtherm ore, the cable was held 
tigh t on the outside by  a steel clamp. T h e  jaws o f  this clamp had had 
small grooves machined in their faces to prevent the cable from  sliding 
betw een them . In the laboratory  we attem pted to force a ‘P y ro ten ax ’ 
cable th rough  a clamp o f  the same construction. A  force o f 13,200 lb. 
was n o t enough to displace it. A fter this test we observed that the 
m achined jaws o f  the clamp had become em bedded in the copper o f  the 
cable. N o sliding was therefore possible. I th ink  that in this construc­
tion we carried security farther than was necessary. B ut the practical 
result is that during  the dives, seated before the porthole, the idea 
d idn’t even occur to us that the cables could be transform ed into a 
deadly projectile.

I t  was n o t only  necessary to see that the entire cable was n o t dis­
lodged. W e also had to be sure that the core o f  the cable w ould no t 
slide in its sheath. T h is danger is avoided by  the friction that the com ­
pressed insulating asbestos produced all along the cable. Besides, a 
certain num ber o f bends in the cable w ould alone have prevented any 
displacem ent o f  the core and finally the extrem ity o f  the core was 
m ade safe.

W e are therefore certain that the passage o f  our cable offers all the 
necessary strength . But we m ust also prevent all infiltration o f  w ater. 
I t is here that we made use o f  A raldite D , poured into the plug g. 
As this resin is very  hard, it is necessary to anticipate the possibility o f  
its cracking as a result o f  a deform ation o f  the metal. T h a t is w hy we 
poured in upon  the A raldite a soft wax h that the engineers o f  the 
Pirelli C om pany m ade specially for us and w hich has been given the 
name o f ‘bathycire’. T h is wax, liquid at high tem peratures, is soft at an 
ordinary  tem perature. I t  offers an extraordinary  adhesiveness to solid
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bodies. I f  one places a small piece o f this wax in a glass filled w ith  w ater 
at ordinary tem perature, at the end o f  a few hours it sticks by  itself to 
the bo ttom  o f  the glass. In  fact we never observed any cracks in the 
A raldite. But if  any had occurred, the wax w ould have com pletely 
blocked them.

T his sort o f  passage for conduits has a great advantage: we were 
able to pu t th rough  the wall conductors w ith  a core having a diameter 
o f  3 9 4  in. T he  current o f the large battery  could therefore be b rough t 
directly to the cabin: and the current operating engines and flood- 
lamps could also, by  means o f  cables containing three large cores, 
pass th rough  the wall. T hus we could com pletely give up all the 
relays, used in the F N R S  2 and also the F N R S  j .  T he elim ination o f 
these relays, w hich m ust be protected by  oil against the sea w ater, 
constitutes an enorm ous simplification.

THE P A S S A G E  OF H I G H - P R E S S U R E  T U B E S  A N D  OF THE R A D I O  
A E R I A L

W e have already m entioned the tw o steel tubes, by  means o f  one o f 
w hich the pressure gauges are connected to the external pressure, 
while the o ther serves to conduct com pressed air into the antecham ber 
to expel the w ater. These tubes have an external diam eter o f -25 in. 
T he  aerial o f  our radio is connected w ith  our radio by  a ‘P y ro tenax ’ 
cable o f  *197 in. external diam eter. These three cables pass th rough  
the same hole in the cabin. T h e  construction is analogous to the 
preceding one, except in tw o points : we have been able to do w ithou t 
the plate h ; and the eone c is pierced w ith  three holes.

THE P A S S A G E  OF 36 T H I N  E L E C T R I C  CABLES

A  large num ber o f  cables o f  small section m ust be provided for to 
be connected w ith  various instrum ents placed outside the cabin. F rom  
the beginning we had to have six wires for the three electro-m agnets 
(tw o to carry the ballast tubs and one to hold the trail-rope), four for 
the tw o m agnetic ballast valves, three for the telephone (only  used on 
the surface), tw o for the small lights and one for the tachometer- 
T h a t is sixteen wires. But we also w anted to reserve for ourselves the 
possibility o f  connecting up o ther instrum ents later on. In  the end, no t 
to be caught napping, we had thirty-six  copper wires o f y j  in. diam eter 
passed th rough  a single hole in the cabin. Fig. 24 shows the con­
struction adopted. W e see again the same steel plug c w ith  its screws d,
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its rubber g  and its nu t e and the small round  piece o f  plexiglas k, bu t 
it forms outside the wall o f  the cabin ƒ  a rather bulky head. In  this head 
are the ends o f  th irty-six  ‘P y ro ten ax ’ cables o f j  in. external diam eter. 
T heir cores k  are soldered to th irty-six  copper wires w hich, together

- c

X \ S  /

C

F ig . 24. P assage o f  th irty-six  th in  electric  cables th rou gh  the cabin w all

form ing the cable /, pass th rough  the plug to enter the cabin. T he 
th irty-six  wires o f  this cable are insulated one from  the o ther by 
co tton  and the w hole cable is carefully coated w ith paraffin. T he  
plug is prolonged by  a tube h closed by  a plate a pierced w ith th irty- 
seven holes. T he  base o f the head is filled w ith  A raldite D  : above this
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is once m ore the ‘ ba thycire5 wax. Below k  the copper wires are bent in 
a zigzag to prevent them  from  being pulled th rough  the A raldite.

Appendix io

The Reciprocating Valves

T he hull m ust be able to ‘b rea th e’ if  the volum e o f  the petrol 
changes as a result o f  variations o f pressure and tem perature. W e 
have seen (page 77) w hy  we only  allow w ater (which ough t to be in 
the low er part o f  the float) to enter and leave the central com partm ent, 
com partm ent N o. 7 (F ig. 8, page 76).

T h is being so, we could have been satisfied w ith  a simple opening L 
placed at the bottom  o f  this com partm ent. I added above this opening

F ig . 25. R ecip roca tin g  va lve

the piping and the double valve F  (represented diagram m atically in 
Fig. 8) to  avoid, if  possible, and anyw ay to lessen the consequences of, 
a leak in the upper part o f  any o f  our com partm ents. Let us imagine 
a small accidental opening in the top o f  the float in com partm ent N o. 
9, for example. I f  the float w ere sim ply open at the bottom  tow ards L, 
the petrol pushed by  the pressure o f  the w ater w ould gush ou t in 
floods and, w hat is w orse, the petrol in the central com partm ent, N o. 
7, m ight follow  it as a result o f  siphoning action. A glance at our 
sketch will m ake the role o f  the double valve clear. N orm ally, if  
there is no leak anyw here, the hull will breathe by  this valve. W hen (at 
the m om ent o f  a dive or at the m om ent o f a low ering o f  tem perature) 
the w ater m ust enter the float, it will enter by  L, will raise the lower 
flap-valve and will reach the base o f  the float. T his flap-valve, how ever, 
is loaded in such a m anner that it will only  open if the pressure exceeds
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o-11 atm ospheres. T his pressure is insignificant from  the view point 
o f  the strength  o f  the hull, bu t it exceeds the hydrostatic pressure 
w hich m ay be induced by  the difference betw een the density o f  w ater 
and o f petrol over a height o f  11*55 feet (the height o f  the com part­
m ents). I t  is therefore im possible that as a result o f  a hole being made 
in the upper part o f  a com partm ent the petrol escaping will suck 
up the w ater th rough  L. T h e  petrol will no t be able to leave the 
float unless the w ater comes in by  the same opening. T h is is o f  first 
im portance, for tw o reasons. F irst o f  all, there is no difference o f 
pressure w hich will induce the petrol to gush ou t by  a large vent. 
T he  outflow  will then take place m ore slow ly (the w ater and the petrol 
having to pass each o ther in the same opening) than if the w ater, 
entering at the bo ttom  o f  the float, produced a hydrostatic pressure in 
the upper level o f  the float. I f  the dam age to the upper part is produced 
at the surface— for example by  collision (always to be feared)— the 
time thus gained could be very  valuable. I t  could even, in certain 
circumstances, avoid catastrophe. O n  the o ther hand, if  it is only  a 
question o f  a slight leak, a local fissure in the w elding for example, 
the petrol, pushed by  the w ater entering directly at the base o f  the float, 
at the expiry o f a certain time, w ould escape in considerable quantities. 
But if  the w ater can only  enter by  the same fissure, it m ust m eet and 
pass the petrol. In  a fissure o f small dim ensions, this passing w ould 
no t take place and the loss o f  petro l w ould be avoided.

Let us now  see the role o f the upper flap-valve in our double valve. 
I f  the petrol expands, it acts upon  the w ater w hich is in the bo ttom  o f 
com partm ent N o. 7. T h is w ater then rises into the annular space 
between the tw o tubes (see Fig. 8), lifts the upper flap-valve, then 
th rough  the central tube escapes to the sea. T h e  object o f the flap-valve 
is solely to prevent the w ater com ing in by  this same route due to 
suction caused by  a leak.

T h e  double valve is placed on deck so that it will be easy at any 
time to check or repair it. I t  is covered by  a large dom e herm etically 
closed w hich protects it mechanically and rem oves all possibility o f  air 
entering in case o f  loss from  the upper valve.

Let us now  look at a few constructional details o f our valve.
T o  begin w ith, the flap-valves m ust be m ade to m ove vertically so 

as to avoid all danger o f  seizing. I f  any rod slides in a bearing it is 
always to be feared that it m ay be blocked by  a foreign body— a little 
grain o f sand for example. T o  avoid an accident o f this sort, I deviated
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from  conventional construction. I suspended the valve between four 
spiral springs (see Fig. 25). T hus it can m ove vertically w ithou t any 
friction. T he rubber ring itself is large enough for the small lateral 
displacements w hich these springs allow to take place w ithou t incon­
venience.

T he  w eight o f the flap is such that it will lift itself as soon as the 
difference o f  pressure provided for is reached.

W e could have contem plated the construction o f metallic flaps. 
A t first sight, such a valve appeared to be perfect. But just then there 
came into our m em ory the phantom  o f the very  learned M ayor O tto  
von Guericke o f M agdeburg, w ith  his hem ispheres, or, an example less 
distant in time, the terrible suckers o f the giant squid w hich dragged 
to his death one o f  the brave sailors o f the Nautilus.

I f  tw o metallic surfaces w hich are very flat, touch, and if  one tries 
to separate them , it m ay occur that a vacuum  is form ed between them 
and opposes their separation. In  the circumstances called ‘o rd in a ry ’ 
this adhesive force can naturally  no t exceed the pressure o f the atm os­
phere, that is, 14-2 lb. per square inch. (T h is force m ust no t be confused 
w ith the adhesion w hich occurs betw een tw o pieces m achined w ith  an 
extreme precision.) But, once again, a bathyscaphe is no t always in 
‘o rd in a ry ’ circumstances. A t a great depth  the ‘sucking effect’ can 
assume trem endous p roportions— at 3 J  miles, for example, 600 
atm ospheres. T h is is no t pure theory. T h e  poor sperm -whales could 
say som ething about the w ounds they receive at great depths from  the 
suckers o f  the squids and w hich w ould be im possible if the effect o f 
suction were limited to one atm osphere, w hich O tto  von Guericke 
noted.

It m ay be im agined w hat w ould be the consequences if suction 
effect occurred betw een our flaps and their seatings, even if it w ere over 
a small area of. their surface o f contact. I t  m ust be rendered com pletely 
impossible. Fig. 25 shows the construction chosen. I t  is a supple 
rubber m em brane w hich rests on the seating. I f  the flap tends to rise, 
the m em brane is lifted first from  its periphery. I t  can be seen at once 
that in these conditions no suction effect is to be feared.

I t  is true that in the beginning I was told that a valve w ith  a flexible 
m em brane was far too unorthodox  and that it was dangerous thus to 
plunge into a new  type o f  construction. I replied that I had inherited 
from  m y parents a pum p o f  w hich the flaps were com posed o f supple 
m em branes, that this pum p had been w ork ing  for nearly seventy
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years and that its valves had functioned at least 2500 m illion times 
w ithou t ever breaking dow n. Indeed, the hum an heart has no metal in 
any part o f  its construction ; it is entirely  m ade o f  flexible m em branes : 
w hy no t take them  for a m odel ?

T he  m em branes are in synthetic rubber im pervious to  the action o f  
petrol, and the seatings are o f  stainless steel. T hus there is no fear o f 
the m em branes and seatings adhering.

T o  m ake it even safer, I placed on the upper part o f the tow er a 
U -shaped iron  tube containing m ercury, connected w ith the central 
com partm ent o f  the float (see page 77 and Fig. 8). T h e  fact that it lost 
no m ercury proves that our valve has never been blocked.

Appendix 11

The Control Valve

In  the top o f  the vessel containing the stabilizing petrol is an 
opening o f 3*1 sq. in. section, closed by  the valve flap, in the centre 
o f  w hich is fixed a vertical iron rod ; this latter penetrates in to  a coil : 
if  an electric current is passed th rough  the coil the rod is attracted and 
the valve opens. W hen the current is cut off, it falls back and closes 
the opening. T o  decrease the num ber o f  am pere-turns necessary for 
the operation o f this valve the m agnetic circuit is closed by soft iron, 
except in the part w hich is situated betw een the rod  described, and an 
iron core placed in the upper part o f the coil. T o  lift the valve a rather 
strong  current is necessary, bu t w hen the rod has reached the im m e­
diate neighbourhood o f  the core, the m agnetic flux circulating alm ost 
entirely in iron requires for its m aintenance only  a small current. O ne 
takes advantage o f  this by  arranging the sw itch so that a heavy current 
is m aintained for only tw o seconds. T h is detail has its im portance 
because the reserve o f  energy that our battery  can furnish is limited and, 
above all, because a heavy current w ould at length  generate too m uch 
heat in the coil and in the plugs o f  the passages th rough  the cabin wall.

T h e  pressure that the petrol exercises upon  the base o f  the valve 
flap is variable. W hen  the vessel containing the petrol is still full, it 
produces upon the 3-1 sq. in. o f  the section a force o f  4-4 lb., bu t this 
force m oves tow ards zero progressively as the petrol in the reservoir is 
replaced by water. T o  com pensate this variation in force, the valve is 
loaded by  a rod w hose cross-sectional area is equal to that o f  the valve
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and w hose density is equal to that o f  water. T h is rod consists o f  an 
alum inium  tube filled w ith  petrol. Its length  is equal to the height o f  
the vessel containing stabilizing petrol, i.e. 11*55 feet. T hus its 
apparent w eight will always exactly com pensate the variable th rust o f  
the petrol upon  the valve. T h is design, at first sight, seems perfect. 
I t  has, how ever, a defect : w hen the valve opens, the petrol flows out 
and necessarily the pressure o f  the liquid decreases at this m om ent. 
(T h e  kinetic energy is acquired at the expense o f  the potential energy,

w hich is represented by  the 
pressure, according to a funda­
m ental law o f  hydrodynam ics.) 
I t  follows that the force that 
m ust be exerted to  lift the 
valve m ust be increased p ro ­
gressively as this rises. T he  
com pensation is thus no longer 
perfect.

Technical problem s often 
appear thus: you search up 
to the m om ent w hen you  find 
one solution, then you  go on 
to o ther p roblem s; and it is 
only  later that you see you 
have indeed foui^d a solution, 
b u t no t the solution, the only 

one, generally, w hich was perfect. T h a t is w hat happened w ith  m y 
valve. I was satisfied to see it functioning, although the valve flap could 
no t be raised as m uch as we should have liked.

It was only a little while before our leaving for Ponza that I found 
the solution : its sim plicity is such that I should have found it at the 
first attem pt. I t is derived directly from  -the com pensated valve o f  a 
steam engine that P rofessor Stodola explained to us w hen I was a 
student at Zurich. I am sure that I should have though t o f  it earlier, 
if  I had no t been fascinated by  the invention o f  m y com pensating rod. 
T h e  principle o f  this com pensated control valve will be understood  at 
once by  a glance at Figs. 26 and 27. T h e  first is diagram m atic. C om ing 
from  the reservoir <z, the petrol enters the d istribu ting  chamber. T his 
has tw o openings, one at the top, the o ther at the bottom . Each o f  these 
openings is closed on  the upper side by  a flap : the tw o flaps h and c
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F ig . 26. D iagram  o f  the e lec tr ica lly -co m ­
pensated  con tro l v a lve



are fixed to a com m on rod  d. T h u s the pressures o f  the liquid, acting 
upon one o f  the flaps from  the bo ttom  upw ards and upon  the o ther 
from  the top dow nw ards, always com pensate each o ther exactly. 
A t the top  o f  the rod  is fixed the soft iron  core e w hich will be attracted 
by  the m agnetic field at the m om ent w hen the coil ƒ  is energized.

: -~-f

F ig . 27. C om p en sated  con tro l v a lv e

Fig. 27 shows better than Fig. 26 some constructional details, 
especially the soft iron  arm ature, A, i, A, w hich will conduct the 
m agnetic flux.

Before our departure for Ponza, we lacked time to w ork  ou t this 
valve. But I have now  constructed it and it w orks perfectly.
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Appendix 12

Low-pressure Gauge

W e have seen that the Trieste is provided w ith  four Haenni pressure 
gauges w hich measure pressures up to 600 atm ospheres, corresponding 
approxim ately to depths o f 3 J  miles. As these pressure gauges cannot

have a h igh  sensitivity, it 
w ould have been interesting to 
have at one’s disposal a pres­
sure gauge w ith range, for 
example, corresponding to o to 
5 5 fathom s o f  depth  only.

N oth ing  is sim pler than to 
utilize a norm al pressure gauge 
constructed for these pres­
sures. But such an instrum ent 
naturally w ould no t bear high 
pressures. I t  w ould be neces­
sary therefore to provide it 
w ith  a cock that the pilot 
w ould have to close as soon 
as the pressure approached the 
m axim um  for w hich the in­
strum ent was designed. T his 
solution, how ever, is no t suit­
able in practice, for if  the pilot, 
w ho has m any things to think 
about, forgets this detail, the 
gauge explodes. N aturally  the 

use o f an autom atic cock could have been envisaged, bu t it w ould 
be better to find a pressure gauge w hich, while still being fairly 
sensitive to low  pressures, could w ithou t danger bear the highest 
also. A lthough it has no t yet been designed in detail, I should 
here like to describe an idea for an instrum ent w hich seems to 
me rather interesting. Fig. 28 gives the principle o f it. I t is a com ­
pressed-air gauge intended to be placed in the antecham ber, therefore 
subjected to sea pressure. I t  is form ed by  a U -shaped tube in thin glass, 
o f  w hich the base contains m ercury (H g). O ne arm is open. T he  other
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is closed. I t  contains a resistance form ed by  a regular helical coil o f 
thin constantan wire, one end o f  w hich is short-circuited by dipping in 
the m ercury. T his coil does no t extend up to the top o f  the tube, bu t it 
is prolonged by  a straight wire, o f  w hich the resistance m ust be 
insignificant. Let R  be the additional resistance that the spiral w ould 
have if  it were prolonged up to the top o f  the tube. L et us now  close 
our electric circuit by  a resistance Y , a m illiam m eter A  w ith  shunt Z 
and a small d ry  battery  E , so that all the external resistance is precisely 
equal to R. T hen , as long as the m ercury does no t go beyond the top 
o f  the coil, the total resistance o f  the circuit will be proportional to  the 
volum e o f  air enclosed above the m ercury. B ut this volum e o f  air is 
(if  we ignore the effects o f  tem perature) inversely p roportional to 
the pressure: and since the curren t is inversely proportional to the 
resistance, it follows that the current is p roportional to the pressure. 
T h e  adjustable resistances Y  and Z allow  us to adjust the external 
resistances to the desired value and to regulate the sensitivity o f  the 
m illiam m eter in such a w ay that its scale gives the depths directly  in 
m etres, for example, b u t always increased by  the constant o f  33 ft. 
representing the pressure prevailing at the surface o f  the w ater. As 
soon as the resistance in the spiral is entirely short-circuited by  the 
m ercury, the current no longer increases and the am m eter does no t 
risk being overloaded.

O ne could naturally  leave ou t all the electric parts and place the 
pressure gauge near the portho le  in such a w ay as to perm it direct 
observation o f the position o f  the m ercury. B ut reading it w ould no t 
be easy and I th ink  it w ould be preferable to read the depths on  the 
instrum ent panel inside the cabin.

A N  A T T E M P T  AT A R E S T A T E M E N T

When the French edition o f  this work was already in the printer s hands, 
I  became acquainted with the book which Commander Georges Houot and  
N a v a l Engineer Pierre W illm  have ju s t  published under the title: Le 
Bathyscaphe à 4,050 m ètres au fond de l’océan1 and in which the authors 
give a fine description o f  the bathyscaphe and its performances and a great 
deal o f  most interesting information.

However, certain o f  their statements call fo r  comment. I  venture to 
analyse some o f  these statements.

1 Published in England as ‘T w o  Thousand Fathoms D o w n ’ (Hamish Hamil­
ton and Rupert H art-Davis, 1955).

[ 183 ]



T H E  FNRS  2

T his first bathyscaphe did no t realize all the hopes that had been 
founded on it. T h a t is agreed upon. But, just the same, it proved that 
the fundam ental principle o f  the bathyscaphe was good. I t  w ent dow n 
deeper than a habitable cabin had ever gone before.

T here was damage. T h ro u g h  a poorly-tigh tened  jo in t a little w ater 
penetrated the insulators (oil-filled) o f  the electric circuits, w hich 
gradually pu t some o f  the electro-m agnets ou t o f  service. H ow ever, 
during  the last dive, the autom atic pilot functioned so well that the 
bathyscaphe rose again perfectly after having reached alm ost exactly 
the depth  prescribed. Y et Engineer W illm  declares (page 36, English 
ed ition ): ‘Experience had show n that all its gear was unserviceable.’ 
I find it difficult to im agine that a bathyscaphe o f  w hich ‘all the gear 
was unserviceable’ could have carried ou t this trip  w ithou t a crew.

But there is a m uch m ore curious rem ark still (H ouo t, page 21): 
‘W hen she reached p o rt there was no th ing  left o f  the float.’ Really, 
there was no th ing  left o f  the float? T hen  how  did we recover the 
io -to n  cabin? I t ough t to have gone straigh t to the bo ttom . W hat 
really happened ? A fter the ascent, the swell had prevented the attach­
m ent o f the lifting tackle o f  the derrick to the rings on the bathyscaphe ; 
and instead of, as anticipated, taking the F N R S  2 on board the 
Scaldis, after having em ptied ou t the petrol, we were obliged to tow  it 
for a w hole n igh t in bad conditions. T h e  principal part o f  the float, 
that is to say, the seven alum inium  drum s constitu ting the petrol 
tanks braced to the steel frame, did no t suffer at all. But these drum s 
were surrounded by  an envelope o f  th in  iron sheeting o f  only  in. 
thickness w hich form ed the fairing. T his metal was very  m uch dam aged 
in places. As it had no vital function w hatever (it served above all to 
dim inish resistance to the progress o f  the float), this accident alone 
w ould no t have hindered the carrying ou t o f  experim ents. Im provised 
repairs w ould even have been possible w ith  m aterials at hand on board. 
But o ther reasons obliged us to hold up  the experim ents, for instance, 
the fact that the time during  w hich the Scaldis was at our disposal had 
expired.

Later, the bathyscaphe was dism antled in the po rt o f D akar and the 
cabin, separately, was transported by  cargo-ship from  D akar to T oulon . 
Is it possible that, seeing a pho tograph  o f  the cabin taken after the 
dism antling, C om m ander H ouo t though t that the F N R S  2 had arrived 
at D akar in such a state ?
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O n page 34 Engineer W illm  declares: ‘T he  principle o f  the float 
and o f  using steel-shot as ballast w ere the only  survivals from  Piccard’s 
F N R S  2 .’ T h is is sim ply untrue. E ngineer W illm  m om entarily  forgets 
that the cabin o f the F N R S  2 , in short the m ain part o f  the bathyscaphe, 
was used, w ithou t any change, for the F N R S  3. M oreover, a w hole 
series o f  features in the first bathyscaphe w hich were new for sub­
m arines w ere taken over at T o u lo n : the trail-rope, w hich can be 
jettisoned by  electro-magnet,* unballasting by  breaking the cu rren t; 
tw o propellers steering the bathyscaphe w ithou t a rudder ; the control 
valve ; the lateral lighting  w ith  bulbs im m ersed in distilled w ater ; the 
em pty  dive w ith  autom atic pilo t (controlled by  pressure gauge, clock­
w ork , bo ttom  detector and detector for leaks in the cabin) and m any 
o ther details; finally, the plexiglas portholes. D o  all the theoretical 
and experim ental researches that I had devoted to these w indow s since 
before the w ar count for no th ing?  (See page 150.) Nevertheless it is 
to these same portholes, able to resist pressures o f  tens o f  miles, and 
no t only  o f  9000 m etres (5*6 miles), as C om m ander H o u o t says 
(page 212), that the F rench naval officers and P rofessor M onod, w ith ­
ou t hesitation, trusted their lives. W ere these a m ere detail?1 I invite 
Engineer W illm  to refer to Beebe’s book, w here the difficulties en­
countered by  engineers before the use o f  m y plexiglas portholes are 
described.

N ext, to belittle even m ore the im portance o f  w hat had been taken 
over from  the F N R S  2, Engineer W illm  continues (page 34): ‘But 
on the p ro to type m ost o f  the ballast had consisted o f  cast-iron blocks 
that w ere cum bersom e and unw ieldy. B ird-shot played only a secon­
dary part . . . G em pp2 had been led to abandon mixed ballast. . . .’ 
H ere confusion is so great that I w onder if  it was really Engineer 
W illm  w ho w rote this passage. In  fact the principle o f  releasable

1 I suppose that this depth o f  5*6 miles was reached as a result o f  a faulty 
calculation. W e obtain, in fact, this order o f  magnitude by neglecting the 
radial components o f  forces operating at the conical surface. H owever, these 
components are in no way negligible for they combine in the plexiglas with the 
axial forces in such a way as to produce quasi-hydrostatic pressures in three 
dimensions. But the elementary theory o f  the strength o f  materials teaches us that 
such a uniform pressure is not prejudicial to the solidity o f  the piece. For the 
rest, a glance at our diagram on page 150 shows that the pressure at breaking 
point must be several times 5*6 miles o f  water.

2 Gempp is the engineer w ho preceded Engineer W illm  at the time o f  the 
construction o f  the F N R S  3. (Ed.)
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batteries o f the F N R S  2 was taken over for the construction o f  the 
F N R S  3. (T h is is proved by  the fact that the F N R S  3  lost its batteries 
several times!) T h e  tanks o f the F N R S  2 , filled as an econom y measure 
w ith gravel and scrap iron, w ere provided, at their base, w ith  a hatch 
which could be opened in the m iddle o f  a dive, bu t since they could 
only be closed on the surface, they were sim ply replaced by  a large 
vessel filled w ith  lead pellets, the bo ttom  o f the vessel operating 
exactly as w ith m y reservoir tanks. In  spite o f its inconveniences, the 
principle o f m y mixed system  w ithou t the ‘ blocks o f  cast-iron ’ (w hich, 
for that m atter, w ere boxes filled w ith  scrap iron) was thus retained for 
the F N R S  3. I t was for the Trieste and n o t for the F N R S  3  that m y 
son Jacques suggested giving up the mixed system  and em ploying 
only  m agnetic pellets. I t  is a great simplification. T h e  iron pellets can 
thus be allowed to flow ou t in small doses, while, in case o f  em ergency, 
the tw o tubs containing this ballast can be released.

E MP T Y  T E S T S  W I T H  O V E R L O A D

I m ust first o f  all explain to the uninitiated the reason for the em pty 
tests.

Each piece in a construction m ust be calculated w ith  a certain m argin 
o f safety to resist the stress that it should norm ally bear. I f  there is no 
erro r in the calculations and if the material itself is in exact con­
form ity  w ith  the premises o f the calculations, the piece will certainly 
resist. Experience proves, how ever, that there can be defects in the 
materials. T his is particularly true o f  a piece o f metal w hich is no t 
forged bu t cast (such as the cabin o f  the F N R S  2 -3 ). T o  m ake sure o f 
the strength  o f the piece one makes an ‘em pty  tria l’.

H ow ever, we know  that if  a part is loaded several times alm ost up 
to its initial breaking lim it it will becom e ‘fa tigued ’ and will end by  
giving w ay even w ith  loads som ew hat inferior to the first. T h a t is 
w hy one m ust make an em pty trial w ith  a certain overload. In  the 
greater num ber o f  cases, an overload o f  the order o f 50%  is chosen, 
this being often even im posed by  legal regulations. I t  is fo r this reason 
that, from  the beginning o f the building o f the F N R S  2 , 1 had declared 
that it should never be used by  m en at depths exceeding tw o-th irds o f 
the trial pressure o f  the cabin, and I had provided for first sending it 
dow n em pty  to 3^ miles, if  we ourselves had to go dow n to 2^ miles. 
T h is cabin is made o f cast-steel. I t  contains, like m any castings, small 
air-holes, w ith  diam eters reaching j  in. visible upon the radiographs,

[ 186 ]



w hich probably  are no t prejudicial to its s treng th  to any serious extent. 
(T h is  depends upon the disposition o f  these air-holes in the wall o f 
the hull.) W e know  that a small part o f  these defects w ere rem oved by 
boring  and replacem ent by  a plug o f  sound m aterial. T h e  cabin w ould 
perhaps resist pressures o f  9 miles. B ut a possibility is no t a certainty. 
T h a t is w hy I gave the alarm  w hen I learned th rough  the newspapers 
that the observers w ere going to go dow n to miles w ithou t a 
previous em pty test dow n to 3 J  m iles.1 W e know  that the F N R S  3, 
before go ing  dow n w ith  H o u o t and W illm  to 2 miles 2790 ft., m ade an 
em pty  dive to a depth  o f  2 miles 2880 ft., that is, w ith  an insignificant 
overload o f only 1*25%. F ortunate ly  no accident occurred. But if the 
cabin had given w ay, is it no t I w ho w ould have been blam ed, being 
the designer responsible for the cabin? T h is does no t prevent 
E ngineer W illm  from  criticizing m y attitude and saying (page 164): 
‘ . . . it was hardly  necessary for him  to conclude his statem ent to the 
Press by  advising the authorities responsible for the F N R S  3  to carry 
ou t an unm anned dive to 6000 m etres before sending tw o men dow n to 
4000. T hus to sow doub t as to the qualities o f  a sphere that he had h im ­
self designed to w ithstand the pressure at this dep th  m ight have had 
the gravest consequences for us. I t  was, in fact, casting doub t on the 
professional capacity o f  the engineers o f the F rench N avy. Pessimism 
was in the air, bu t fortunately  neither the responsible officers nor the 
M inistry w ere deflected from  their decision: the bathyscaphe’s trials 
w ould take place as scheduled.’ T h is statem ent astonished me. A ny 
civil engineer w ho pu t into operation a railway bridge designed by  
him self w ithou t m aking the prescribed overload trials w ould be at 
fault from  the point o f  view  o f  the law and, if he made the trial pre­
scribed by  the regulations, w ould he be calling into question the 
professional capacity o f  civil engineers ?

T his m ust be set beside C om m ander H o u o t’s question (page 116): 
‘I f  this precaution is always to be taken, how  w ould the passengers o f 
the future bathyscaphe ever visit the deepest trough  on the g lo b e ? ’ 
T herefore, because in ten years, perhaps, a brave explorer, yet u n ­
know n, will desire, on the o ther side o f  the globe, to make a dangerous 
experim ent, m ust we today neglect the rules o f  safety w hich are per­
fectly applicable and w ere laid dow n from  the beginning by  the 
builders o f  the cabin o f  the F N R S  j ?  I cannot understand their argu­
m ent. F o r the rest, before going dow n to 6 miles, because it w ould be

1 I sent a registered letter on this subject to the authorities in Paris.
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im possible to m ake an em pty test to 9 miles, one could take a num ber 
o f o ther precautionary measures. F o r example, one could m ake a 
cabin in forged steel designed w ith  very  high  safety factors, well 
checked by  ultrasonic m ethods, and several em pty  trials o f  long dura­
tion dow n to 6 miles, since it is im portant to make sure o f  the strength 
o f the plexiglas. I t  seems to me that we could reply w ith  an analogous 
logic : in  w artim e it is im possible to avoid com pletely the dangers o f 
enem y fire;-is it therefore useless to take precautions in peacetime on a 
rifle range?

W ould  it n o t have been m ore graceful and fairer to say sim ply th a t: 
four countries, Belgium, France, Italy  and Switzerland, participated in 
a com m on effort to m ake headw ay in the sciences o f  peace and to open 
up to oceanography a new  w orld , thanks to the subm arine free balloon, 
the bathyscaphe.

W ithout labouring the point, I  am happy to note that m y  work was 
viewed in another light at the M in is try , at Paris, the H ead  o f  the Tech­
nical Service o f  N a v a l Construction and Arm am ent ( Service Technique 
des Constructions et Arm es N avales) having again written to me on the 
26th A ugust 1954 in connection with the defects in the casting o f  the 
cabin: ‘. . . You have m y  very warm thanks fo r  the assistance that you  
have given the N a v y  in this new project.’

Brussels, 25 th September 1954.
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