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AUTHOR’S PREFACE

To assist in the work of orgamising labour according Lo ratlional
laws; to assign 1o each man his true function in the social
machine ; to enable the hale man and the war-cripple to
collaborate 1n the economic tasks of {o-morrow ; to formulate
concisely the doctrine of the maximum ulilisation of the
physical and psychical energies, wilthout losing sight of the
moral factor: these are the molives which impelled me to
write this book. It is frankly addressed to the general publie,
and it deals, in a pedagogic sense, wilh the ordinary avocations.
Whether in the malter of physical education and hygiene,
or Lhe organisalion ol apprenticeship and labour, or that
technical re-educalion whose programme we have had to
devise, while co-ordinating the efforts made {o realise it,
in these sorrowful limes it is the duly of each one of us aclively
lo participate. I have brielly stated why and how.

Further, I have everywhere laid siress upon the intimate
conneclion between science and cconomic wealth, between
melhod and lechnique and national prosperity.

In the same spirit T have elucidated the problems of pro-
thesis, for France and England might place ihemselves at
the head of the orlhopaedic industry of Lhe whole world, as
of many another induslry. The condition is that they must
eschew routine, a factor which enervates the inventive spirit
of the race.
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My own doctrine has nalurally led me to explain and
discuss the admirable system of Taylor. I have laid stress
upon its essential merits, while correcting it where it appeared
to disregard the fundamental laws of fatigue and the con-
servation of human energy. All our aclivilies, indeed, should
be properly conditioned physiologically, or serious mis-
calculations will result. They are in eflfecl so condilioned by
the very laws of nature. Bul men persisi in denying the fact,
and seek refuge in abstraclions.

In connection with Lhese fundamental problems, Lherefore,
it 'was necessary to enlighten Lhe reader by means of proofs
and data ready to hand. Thanks to a profusion of original
and extremely clear illustralions, the comprehension of Lhe
text is greatly facilitated. I Lake this opporlunily of thanking
my publishers for all the lrouble they have laken in this
respect. For the benelil of ilie reader, Loo, as much as lo
afford me prool of a goodwill already pul fo Lhe fiesl,
M. H. Le Chatelier, whose name is eloquent of a methodical
social activily, has written a Preface for the Fiench edilion
of this volume, while ihe Inlroduction Lo Lhe English edilion
has heen contributed by Proil. A, I?, Stanley Kenl, who has
also acled as editor.

Whether by author or publishers, the data have been inter-
preted accurately and sincerely. A book which prolesses
to teach anything should be, as il were, an acl of conscience.
I trust this may be such a book.



PREFACE TO FRENCH EDITION

I~ his * Principles of the Scientific Organisalion ol Labour ™’
(p. 67) F. Taylor complains Lthal the experiments of physiolo-
gisls and engineers have hitherlo afforded no indicalions as
lo Lhe endurance of Lhe human being. *‘ The results of Lhese
investigations,”” he says, ‘“have been so negligible that il
has been impossible 1o deduce Lherefrom a law of any value.”
The objectl of M. Amar’s present volume is precisely Lo fill this
hiaius, and lo show how the experimenial melhods of the
physiologists will enable us, in future, lo grapple with the
problem of human faligue and human aclivity. This problem
is of Lhe highest imporlance from the slandpoint of Lhe
organisation of labour in faclory and workshop.

Before I [ully express my apprecialion of this volume, I
should like Lo make a few remarks as to the author’s criticisms
of Taylor's work. He insisls, perhaps more than is reasonable,
on the insufficiency of Taylor's methods of estimaling faligue
in manual workers. This reproach ought, in all [airness, Lo be
addressed 1o the physiologisis. Il is nol the business of the
engineer Lo invenl ihese new methods of measuremenl; he
can only employ Llhose which are already exlanl. Thus
Taylor made use of chemical analysis, ithe measurement of
temperatures, and ihe measurement of the efforts exeried
upon lools and implements. He would, similarly, have
employed methods of estimaling human [atigue, if such

vil
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methods had existed. He complains, wilh perfecl justice,
that he found nothing Lo the poinl in Lhe works of his pre-
decessors. Let us hope that this volume of M. Amar’s will
help Lo remove Lhis difficulty.

The reproach that Taylor neglecled the parl played by the
will in the production of labour is, in my opinion, cqually
unfounded. The example of Rachel, which is ciled in 1lhis
conneclion, is complelely typical. The will cannol supply
the place of physical slrenglh ; it merely enables a man 1o
labour in excess of his strength, 1o over-work himself. Tlus
was certainly the case wilh Rachel, who died al lhirly-seven.
This is nol an example Lo be imitaled. The scientific organisa-
tion of labour, as conceived by Taylor, aims al oblaining
from the worker Lhe maximum of work which he can normally
accomplish, bul il dees not urge him 1o exceed Lhis limil by an
effort of Lthe will.

These reservalions apari, T am delighled io call allenlion
to the profit and the inlerest io be derived from Lhe perusal
of M. Amar’s work on the physiological organisation of labour.
This volume is nol intended only for Lhe specialisl, the physi-
cian, 1he physiologist, or the engineer ; any cullivaled reader
will iake pleasure in learning something of the many con-
temporary problems here considered : problems of the measure-
ment and regisiration of muscularyor nervous faligue; of
psycho-physiological relations; of normal alimentation; of
the art ol economical labour, whether physical or intelleclual ;
of handierafts and apprenticeship; of the re-education of
war-cripples ; of orlthopaedy, etc.

M. Amar describes in delail the methods of measuremenl
employed in physiological laboralories for the evaluation
of work done. Tiis to be hoped thal numerous investigations
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will be undertaken by Lhe aid of these methods, which admil
of exlreme precision, and owe nol a liltle to M. Amar. The
problem 1o be solved is in reality exiremely complex. Il is
nol enough to delermine Lhe degree of faligue occasioned by a
given 1ask in order to decide whelher the lask in question does
or does nol exceed the capacilies of the worker who is Lhe sub-
jecl of experimenlt. All serious muscular labour necessarily
involves a cerlain amount of fatigue, bul Lhis will nol be
in any way harmful if Lhe periods of repose inlercalaled during
labour allow Lhe human machine to re-eslablish itsell without
permanenl delerioration. A sleamn-engine cannot work with-
oul consuming coal ; bul ihere is no Lrouble as long as il is fed
sulliciently, so thal il docs nol come to a slandstill. Similarly,
in the case of man, the consumplion of energy produces no
bad resulls provided nourishmenl and slecp suflice Lo make
good all losses. Faligue, far [rom being injurious, is highly
favourable 1o health. A peasanl, who will frequenily work
sixleen hours a day, will often atlain an age of eighly years,
while a small shopkeeper in a big city, who does nol always
do an hour’s work in the day, will hardly reach his sixtieth
year. It is this that makes the study of overwork so difficuil.
The man who never [aligues himself does nol live long. On the
olher hand, the man who experiences fatigue oflen enjoys a
hale old age. The greal manufaclurer Solvay [urnishes a
remarkable example ol Lhis facl. Aboul his sixtielh year he
began Lo indulge in Alpine climbing, regulating the speed al
which he climbed so as to maintain Lhe rale of his pulse at 120
beats a minute. This undoubledly means greal faligue, and
Solvay to-day bears his sixty-seven years lightly, overtaxing
himself yel furlher by intellectual labours which are so severe
thal they often result in loss of sleep. Il is true that nol
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every man could endurc such a regimen; il is no less lLrue
Lhal the quesiion of harmful over-exerlion is an exiremely
complex problem, which will demand much invesligation
before it is complctely solved.

The employment of lhe methods ol mecasuremeni recom-
mended by M. Amar will assuredly produce an immediale
resull in such investigations as relale 1o the re-education of
wounded men and war-cripples. The numerous cxamples
which he gives of such invesligations show us how il is possible,
by methodical experimenl, 1o secure a rapid reduclion of Lhe
efforts which are necessary at the outscl for Lhe accomplish-
ment of a task for which one has had no lraining.

The syslematic evaluation of these eflorls makes il possible
very greally to shorlen lhe period of re-educalion, and will
in a greal measure help to alleviate Lhe hardships caused by
the war.

This pariicular applicalion of the Taylorian syslem will
therefore be productive of another very happy resultl : Lhat is,
it will provide employmenl for war-cripples. One of the most
essential poinls of this syslem is to replace a large number of
manual workers in workshop and faclory by employees whose
office il is lo invesligate the hesl melhods of labour, 1o Leach
these to the workers, and finally to establish {the amount of Lhe
day’s lask. The majorily of these funclions may, for the most
part, very usefully be entrusied 1o wounded soldiers. A
personal experience of manual labour is indispensable Lo the
proper [ulfilmenl of these funclions, but these latter do not
necessitate the personal execution of ihe parlicular work in
hand. Ex-artisans, for inslance, will be able 1o utilise i1he
experience which they acquired when they still enjoyed
the full use of all their limbs. This utilisation of crippled



PREFACE TO TIIE FRENCH LDITION xi

working-men has been Lried, wilh abundanl success, by
M. de Fréminville, in Lhe Penhoele workshops, al Saint-
Nazaire, This is an experiinenl which deserves further
development. IL is {rue thal such advisory work requires,
in addition to a technical knowledge of Lhe craft, an adequate
amounl of intelligence. Bul jusl as blind men find that Lheir
acoustic sensibility is developed by Lhe concenlralion of therr
allenlion upon those senses which remain inlacl, so we may
count upon a developmenl of ithe intelleclual facullies in men
deprived of parl of their physical activity. By Llhe very
force of circumslances they will direcl iheir energies inlo
fresh channels. ALl all events, the more inlelligent will in
this manner he able to find immediate employment for their
[acullies.

M. Amar’s volume touches upon a very large number of
problems which possess a gieal significance in 1especl of Lhe
future of the belligerent nalions. Lel us hope thal he will
have many readers, who will nol [ail to realisc the exireme
imporlance of ihese queslions.

Henny LE CHATELIER.
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INTRODUCTION

THE past few years musl ever prove a period of absorbing
inlerest Lo studenls of induslrial problems. Old forces now
first showed appreciable resulls ; new forces mnade Lthemselves
felt, Fear is [ell by many for Lhe years to come, and indeed
there is sullicienl cause, for dangers lie ahead. Bul Llhere
still exists a means of averling these dangers if we can see
clearly enough 1o recognise it and do not pul off action
unlil it is foo late. For many years knowledge has been
growing, and il is in the applicalion of 1ihis knowledge
to-day thal hope may lie. Engineers have done their best
to improve plant, method, and machinery. Invention has
followed invenlion, and auntomalic machinery has become
well-nigh human. One unuscd to faclories is lempted 1o ask,
* Where is man required ?’ On ihe human side progress has
been slower. Nearly a hundred years ago Lhe principle was
stated that man himsell is 1le mosl important inslrument of
industry, bul hardly ever is he sludied as machinery has
heen studied. Masters of the old school abhorred all lhoughl
of inlerference with their workinen, and workmen did not
welcome interference. Now bolh are wiser,

Abhoul fifly years ago, by an accident forlunate in its resulls,
a young American, aboul to join his college, was prevented
irom conlinuing his studies and wenl Lo work insiead. He
lilked the new condilions, and soon rose 1o a posilion of
aulhority, but to his surprise was quite unable to oblain

XK1
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from 1hose below him a salisfactory lale of work. TUnlike
many in his posilion he was unwilling to accepl shori measure,
even where short measufe was so common, bul spenl much
time, energy, and money in seeking oul the cause. Finally
he found il, and by his methods proved il easy nol only to
obiain an oulpui sufficient to satisfy his former requisition,
but far more than this.

From Taylor’s methods developed later a system which has
been widely used. I{ has been modified and extended, nol
only in Lhe couniry of its birth, and through the work of
Taylor’s greal successor, Gilbrelh, but also in other countries
and in other hands.

It may be asked ‘“ Why, if so uselul, is not Taylor’s system
universal ? ” The answer is, ““ Partly hecause of early pre-
judice, partly because of cerlain inherent dillicullics.”
Prejudice was roused by some of ithose with whom lhe fate
of Taylor’s system rested. They lacked discrelion, and their
methods, introduced unwisely, were suspecled, misunderslood,
and rejecled by the men. Had Llact been used, and Lhe
workmen encouraged to understand the system, all would
have been well. Difficulties arose from the small number of
lhose acquainted with Lhe syslem, and from ilhe time, skill,
and money needed for its inslallalion.

Those times have passed. The men ithemselves, conscious
that high wages and much leisure go with Taylorism, oflen
support it strongly, and, when war broke out, it was advanc-
ing rapidly, not only in the factories of America and of
Europe, but in those of Asia also.

The system introduced by Taylor and since exlended has
done much to help the workman. I1 has given him high wages,
short hours, surrqundings the best that money can secure.
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For capital il has done no less, since by ils means output has
been raised, and working costs decreased. From the scientific
side it may perhaps be criticised beeause, though dealing with
complex problems of physiology, it is founded on Llrial and
error, and concerns itsell wilh resulls of immediate usefulness,
ralher than with experimental invesligation of fundamental
facls. TFor this reason il was nol possible to [ormulale
rules of general application for the conduct of indusirial pro-
cesses. Each occupation needed to be sludied separately and
aparl from others. Thus much time was necessary, and to
this need for time musl be attributled the lardy introduction
of Taylorism and scientific management into industry afier
the firsl prejudice had died.

The matier now enters upon a new phase, and experiments
on slricler lines are in progress. Thanks to the patience and
ingenuily of the Gilbreths in America, measurements of lime
and space of greatest accuracy are constantly employed, and a
knowledge of their value in this connection is exlending lo
other countries. In England inquiries have becn made inlo
the influence of faligue on labour, and into the conditions
upon which fatigue depends, as well as inlo a great variety of
the circumstances of industrial occupations. And funda-
mentlal data are now being sought, applicable 1o all employ-
menis, so that time may be economised. In France the
direction laken was somewhat different, an attempt being made
to scrutinise 1he resnlts of Taylor’s melhods in the light of
accurate measurements of push and pull, pressure and force
required in various occupations, and to iniroduce improve-
ments where need for these was shown. The happy facility
which the French possess of devising inslruments of greatest
delicacy and of employing them to useful ends made this
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easy, and resulls of value were soon obtainecd. Especially
is this lrue of M. Amar, appoinled by Lhe Minisler of
Lahour to investigale the melhods of Scienlific Manage-
ment and {o adapt it 1o new needs and circumstances.
Few physiologists had turned Llheir attention to the organ-
isalion of labour, Lhough the whole malier resis on physiology,
and Lhercfore il was expected Lhal ihe methods of the
physiological laboralory would prove most fruitful. The
way in which those melhods were employed is described
by M. Amar so clearly and with such wealth of illuslralion in
his book that it may be followed wilh easc nol only by the
experl bul also by Lhe ordinary reader. The book indeed is
written 1o he understood by the people, and ils appeal is largely
to those unfamiliar with the difficull ways ol science. Bul
like all else the book is over-shadowed by lhe war, and ils
appeal Lo many will rest upon ihe fact thal ils reference is nol
solely to the normal individual, but also and in large measurc
to the crippled. In this direction M. Amar is a successful
pioneer, and al a time when every endeavour is being made
Lo help those disabled in the war, it is a matler of Lhe highesl
interesl to be assured lhat eighly per ceni. of Lhe victims
of amputation should be found capable of re-education to
such a pitch as lo enable them io re-enler their former
occupalion, or anolher sufficienlly like il Lo make their old
experience useful, whilst even for the remainder there is hope
of honourable independence.

So great indeed will be the interest aroused by this particular
aspect of the work that there is some probability of our for-
getling that industry has her viclims no less than war. Yet
for the former, as for the latler, the methods of M, Amar arc
available, and should lead Lo results noless admirable.
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These aspecls of the subjecl are of greal and compelling
inlerest. Therc is yet another. It is Lhat of reconstruclion
—nol of broken men, bul of broken indusiries. Tha work
carried out in America, in England, and in France musi be
relied upon as our chiel securily againsl indusirial chaos In
il we possess a means of organising indusiry upon new lines so
as to provide an increased oulpul and lowered cosls at ihe
same lime thal shorter hours are worked, and leisure greatler
than even before is secured Lo the working man. Through
lowered cosls and increased oulput high wages may be main-
tained ; more leisure should give rise to higher development
amongsl lhe workers.

The author then appeals to us on three distinct accounts.
He shows us, firsl, how those crippled in the war, and second.
how Lhose crippled in industry, may be restored Lo usefulness,
and, furlher, he coniribules io Lhat knowledge upon which
our hope of fulure prosperity depends.

Brisiol, 1918. A. F. STANLEY KENT.
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CHAPTER 1
HUMAN LABOUR—ITS HISTORY AND ITS DOCTRINES

I. On the 25ih of January, 1829, when opemng his course
of lectures upon Geomelry and Applied Mechanics, of which
subjecls he was the professor, al Lthe Conservatore des Arts
et Métiers, Baron Charles Dupmn delivered the following
remarks :

““Men have concerned themselves very largely with per-
fecting the machinery, the instruments, the material imp]e-
ments, which the worker employs i1n the mechanical arts.
But they have hardly ever concerned themselves with per-
fecling the worker himself, Yet even if he should be regarded
as an inslrumeni, a tool, a source of motive power, he ought
to be placed in ihe [ront rank of all inslrumenls and all
mechamcal agenis, because he possesses the inestimable
advantage of being an mstrument which watches and corrects
itself, a motor which staris or stops itself, at the bidding of
its own intelligence, and which perfects itself by mecans of
thonght no less than by means of labour.” *

1 Charles Dupin (1784-1873), a French geomefrician and economist of great
onginality.

B 1
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Dupin, as a maller of facl, in concerl with Poncelel,* had
lalely cntered upon an admirable campaign in lavour of lhe
diffusion of ideas of method, and of teaching lhe handicrafls
in lahour centres. Ile was also anxious ilhal ihe Lheory of
fatigue should be invesligaled, and that the worker should
be prolected from over-exertion. Bul lhe movemeni came
lo nothing; firstly, on accounl of the chimerical and over-
generous lemper of which Dupin was accused, and secondly,
becausc 1830 was approaching. Charles X. was soliciled
for his palronage, bul he did notl respond; he had something
beller Lo do—namely, {o make his deparlure. Laslly, Lhe
theory of Lhe [ransformalion of energy was yel unborn; Lhe
majorily of scientisls, il nol all, accepted Lhe doclrine of vilal
Jorces, which were supposed 1o be immalerial, and Lherefore
beyond Lhe scope ol our melhods of measurement.

As for lhe workers of IFrance, Lhey were hardly aware
either of their rights or of their dulies ; exlremely uncducaled,
they swepl out ihe faclories in which workers ol a different
nationality —chiefly Englishmen—provided Lhe labour. And
a French Minisler, on visiting one of Lhese eslablishments,
merely wondered al Lhe sight; 1ihe conlrasl was obviously
enough Lo shock his feelings.

Despite Lhis official indifference, Dupin and Poncelel
succeeded in creating teaching cenlres of a modesl kind,
which very quickly became popular, in Paris, Melz, and
Rocheforl. TUnlorlunately, for lack ol resources, and in
the ahsence of experimenlal work, the science of human
labour remained as backward as before; the physiologists
and economisis seemed even 1o despair of such a science.

Only in our own Llimes, and above all since 1890, has it
made its way, by triumphant siages, Lo those heighls from
which il now sheds so brilliant a radiance. Ii owes (his
success to iwo different metlhods : the method of the physicists,
and that of the physiologists,. We will consider these
separately.?

! Jean-Viotor Poncelet, a French mechanician and general, born al Melz in
1788, died 1867.

2 8ee, in La Techmique Moderne, 1 Muy, 1914, an intorcsting historioal sketch
from the pen of Henri Verne.
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[I.—A. Prvsicar ReEsrEArciu.—TFamiliar, [rom all limes,
wilh the arls and cralls, and almosl Lhe sole overseers of labour,
the cngineers were the firsl lo invesligale lhe subjecl of
human labour. But even the ablesl confined 1hemselves
to delermining the maximum of elforl or of pacc; more
rarely Lthey Llurned their attention lo conf/inuons und protracled
aclion. These experimenls, which were very incomplele,
were, however, wilnessed by (he princes of the Courl, especially
during Lhe reign of the Greal Monarch. De La Ilire (1640-
1718) and Amontons (1633-1703) made lenlalive experi-
menls ; Lhe Bernouilli brolhers, and al a laler dale Euler,
endeavoured to delermine lhe mathemalical formula of the
mazimum of work.*

In 1722 the Chevalier De Camus, a nalive of Lorraine,
gave proof ol a genuinely praclical mind by writing his
Trealise on Moving Forces, in plain and simple language,
“for the use of working men.” Ile defined Lhe cenire of
gravily, demonslraling ils imporlance in all our movements
and alliludes, and in conneclion with fatiguc. “ When Lwo
men are carrying a burden,” he explains, * Lthe taller man is
less heavily laden than the shorter, and the higher ihe 1iall
man raises the load, Lhe less heavily is he burdened, and the
more heavily he burdens the short man” (p. 34). And so
forth, in connection wilh various circumsiances of manual
labour.

No hook could have been beller adapled to inculcale Lhe
husbanding of human energies, or to instruct ihe working-
man, Lhan the work of Lhis worthy genllemnan.

Vauban,? in a lillle work enlilled Le Direcleur-general
des fortificalions, which was apparenily published in the year
1680, gave information which had more experience behind it
and was of wider range. Il referred Lo earlhworks, embunk-
menls, cte. (lerrassements). T selecl from il Lhis observation :
“ T am confidenl,” says Vauban, * thal no one 'who has had

t Jules Amny, Le Moteur Humain, p. 235.

1 §ébastien Le Prostre de Vauban (1633-1707), Marshal of France, and an
eminent engineer; disgraced on account of his hook, Ln Dime royale, in which
he put forward a plea for equality of taxation.
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a little experience in the control of labour can fail to agree
that four men who arve well supervised do more work Lhan
gix men who are left lo iheir own discretion.” . .. And in
1729 Bélidor, who was also a muilitary engineer, declared :
*“ Supervision costs less Lhan Lhe diminution of labour Lo which
its ahsence gives rise.” And elsewhere he says: “ 1t is
cerlain Lthal 1ien hours’ work {from a man who has his own
interest for foreman is worth at least fifieen hours from another
whose daily wage is fixed.! To drive men further than this
is to oversirain lhem, lo risk their falling ill, or failing to hold
oul for any lenglh of time.” We hear the first lispings of the
Conlrat social when Bélidor prolesls in favour ol easier con-
ditions of life for the workers, in view of * Lhe dearness of
victuals "—or the generous echoes of {he greal voice which
fell silenl after Lhe Dime royale. This scienlific courage
siruck the hour of awakening conscience.

IT1. Coulomb.—We musl go lo Coulomb ? for a really
inleresting descriplion of faligue, and of the eslimation and
comparison ol the various forms of human labour. This
physicist, ithe grealesl of Lhe eighteenth cenlury, was sent
to Martinique as an officer in the engineers. There he made
the evalualions in question, dealing wilth workers paid by
the piece. Thanks 1o skilful measurements in respecl of the
carrying of burdens, the working of cranks, winches, and
pile-drivers, and the operations of husbhandry, he was able 1o
collect malerial for an admirable sludy of human energies—
his Mémoire sur la force des hommes. Wrillen in 1785, ihis
memoir did not see ihe lighl unlil 1798, when M. de Coulomh
had made way for  Citizen Coulomb, of the Institule.”

Let us select a few vemarks of a gemeral character: “ It
appears,” says Coulomb, *‘that the method of dividing Lhe
labour of men who carry heavy burdens mlo brief intervals
of aclion and repose is that which is best adapted to the
animal economy, and that men prefer to walk quickly for a
few moments, and then {o rest completely for a few moments,

* This proportion of 2 to 3 had. already been given by Vauban.
® Charles-Augnste de Coulomb (1736-1806), born at Angouléme,
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to covering ihe same dislance in a time equal to these Lwo
inlervals, at a slower but more conlinuous pace.” And Lhe
amount of labour thus performed ““ varies according to abiliLy,
the selection of workers, food . . . and climate.”” These iwo
last faclors of the human output, food and climale, are here
slaled for lhe firsl time. They are cssential physiological
faclors, and Coulomb adds a hinl of a psychological order as
to the melhod of investigalion. ‘Il is neccssary,” he says,
‘““to observe a good workman, who is paid by the piece; at
the same lime, he mus! nol be aware thatl he is under observa-
tion, lesl Lhis should allect his work for the time heing.”

Up Lo Lhe close of the nineleenlh century no more important
work Lhan Coulomb’s had appeared. His ideas were expressed
in different forms ; men borrowed {rom his observalions, and,
above all, exaggerated their value, since Lhey were, for Lhe
most part, based upon a single direct determinalion: while
in other instances Coulomb borrowed from his predecessors,
with unforlunate results.

Bul of lale years the method of these old engineers has
been elucidaled by Lhe brilliant resecarch work, both practical
and iheoretical, of an American enginecr, Frederic Taylor.

IV. The Taylor System.—Taylor’s principles of the organ-
isation of labour assuredly constitule the most comprehensive
system known to indusiry. They teach Lhe sovereign power
of mathematical certainties, of method, and of order, of which
they are the pure expression.!

Frederic Winslow Taylor (Fig. 1) was born in 1856, in
Germanlown, Pennsylvania, and died in Philadelphia on {he
215t of March, 1915. Trom 1ihe posilion of a common porler,
he gradually rose lo Lhe dignity of engineer, and then to
thai of faclory manager. His persistenl industry and his
greal technical and praclical intelligence quickly caused
him Lo be appreciated ; while his original work in Lhe econamic
domain made him famous all the world over, and brought

1 8ea Le Moteur Humain, pp. 343, 490, ef seq., and H, Le Chntelier in the
Revue de Métallurgie, p. 185, April, 1915.
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him legilimale wealth. e was the firsl 1o succeed in organ-
ising human labour in a ralional and scienlific manner.

To atlain this objecl, he entered upon Lwo simullancous
underlakings :

1. Organisation of planl.—
Firsl of all, iL was necessary
lo conslitule a highly per-
fecled plant or equipmenl,
which should realisc Lhe
form, ihe dimensions, lhe
weight, and the qualily cal-
culaled Lo resull in speedy
work. Il was necessary
lo underlake ihe scienlific
invesligalion of Lhis par-
licular poinl; bul such
investigations are almosl
always refused by Lhe
manuflaclurer, because Lhey
cosl him monecy, and he
docs nol perceive Lheir
immediale ulilily.

Fra, 1.—F. W. Taylor (1850-1915). Taylor managed Lo

iriumph over this relucl-
ance, and was able lo spend more 1ihan £40,000 in
laboratory research, during a period of nearly iweniy-five
years (1880 Lo 1903); and assuredly time and money could
not have been heller employed.

2. Organisation of labour.—IL was then necessary o form
a stall adapled Lo this {echnique and Lhese conditions of
speed ; a slall, consequently, of which each member was
really in his right place, whelher he gave orders or obeyed
them ; and it was necessary to train this slaff. This was a
most diflicult iask, but Taylor’s lenacily was victorious.

As for instructions relaling to the preparation and execu-
tion of work, these were given in wriling, on instruction cards,
and the workers were taught to inlerprel them wilhout.
hesilation. Above all, they were shown whal movements.
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are required in the use of a given tool o1 a given process, and
whal movements should be dispensed with, as ilhey are
usually made wilhout refleclion, and are consequently wiithout
profil. Those movemenls which are useful should be performed
in a minimum time, and other movements should be avoided.

To salisfy this law of economy Taylor had Lo lime Lhe different
aclions and movemenls of Lhe worker, relaining only Lhose
whose eflicacy was nol doubtful. And as all those cnlisled by
induslry could nol break themselves in Lo this mode of aclivity,

Pr'eparatl'an

Execution

Tia. 2.—Schems of the Taylor System of Organisstion.

he relained only the more capable. So thal fiming and selec-
tion are the fwo characleristics of the Taylor method.

For example, the handling of a casling is in quesiion.
The time required for Lhis operation will be analysed as
follows : removing the casting from ihe ground or stack;
carrying the said burden; placing the burden on the ground
or depositing it upon a stack ; returning empty-handed. The
analysis is made, as Coulomb advised (p. IIL), as a result
of the examination of a capable and heallhy worker, paid by
the piece, who is laken as a model, and, 10 a certain cxtent,
as a slandard.
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The workeis are then Lrained by inslruclors wilh a view to
altamning lhe output of the model worker; boih the move-
ments 1o be made and the safeguards against delay being
recorded on the cards which are given to them. Appientice-
ship becomes rapid and methodical, and therc 1s, 1 every
workshop, an inlense functional hife, 1n which Lime 15 Iiterally
money. The connection of the various funclions 1s pretty
well symbohised by the charl here given (Fig. 2). It leaves
no room for any cause of wasle or delay. Il reflecls order and
measurement.

V. Advantages of the Taylor System.—In [oundries espect-
ally these principles yielded surprising resulls. In a malter
as simple as the removal of pigs of casl iron, Lhe load Lrans-
ported was incieased to 47 tons per man per day, as againsl
the usual 12 or 13 tons. Thal 13, Lhe useful ellori of the
warker was multiphied fourfold.

But Taylorism has a character of universalify; 1l can be
applied to all branches of industry ; to industrial, agriculiural,
and commercial work; a pomnt upon which especial siress
has been laid.

Here is an illustrative anecdote: A disciple of Taylor,
the engineer Frank Gilbreth, having visited Lhe Anglo-Japanese
Exhibition in London, saw there a young girl who was placing
circulars in blacking-boxes with a wonderful and inslinctive
dexterity. He had no sooner considered her task than he
began to note her movements and to time them. Forfy
seconds were needed to prepare twenty-four boxes. Gilbreth
then informed the young woman ihat she was not going the
quickest way fo work. Very sure of her dexterity, she scoffed
at him, but finally consented to omit the movements which
he considered useless, As she was on piecework, she was
tempted by the 1dea of increased wages. In a few days she
succeeded fh handling the twenty-four boxes, not in forty
sesonds, but in fwenfy-siz. She admitted, moreover, that the
onrk seetited less fatjguing. - s

Little thivgs teadh impontant léssons, .

/* The Amertoart mefl}od, then, pdisesses dn eduontive yirlte ;
L. N
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il comprises inconlestable scientific Lruths. It 1s, 1n a word,
method ; 1ihat 1s to say, order and harmony.

The worker who moves to the right and the left 1n search
of his 1ools, who is forever coming and going, repealing lhe
same process day by day, while his work awaits his con-
venience; lhe manufacturer who refuses to introduce those
changes in his slall and ns plant which his works require ;
and the man who, in his office, is conslanlly mislaying Ius
pen, or lus noles, or a leller 1eccived ; aie they not living
cxamples of Lhe 1ule-ol-lthumb and Lhe lack of order which
Taylor condemnecd ?

Hencelorlh Lhe zneconomical 1esulls of Lthe o1dinary clumsi-
necss of human beings are plainly evident. Greal and small
may, 1n the ight of tlus doctiine, follow a scientific discipline
and cnler upon the true appienticeship, the appienhiceship to
order. Begmners will not iatigue themselves in vain; Lhey
will quickly become adroit and skilful in themr crafl. Any
man engaged upon piecework, and anxious to increase his
earnings, is thus won over to the method. To be sure, selec-
tion can only be effected by means of elimmalion ; and many
workers who would like Lo adopt this or thal calling find
themselves ousted by men more capable than themselves.
However, they are not necessarly reduced lo poverty. As
Taylor remarks—and his words are even iruer to-day—
‘“ There is al present such a demand for labour Lhal no work-
ing-man is forced to be 1dle for more than a day or two; so
that the less capable workers are not more unfortunate than
before. Instead of pitying them we ought, on lhe contrary,
to congratulate ourselves, and rejoice thal a gieat number
of valuable workers have at least the chance of earning high
wages, and of progressing lowards prosperily.”

VI. Criticisms of the Taylor System.—Taylor’s system of
organisation, admirable as it is, ies open 1o certain criticisms
which apply not to it alone, but to all the mechanical theories
of human lahour, whose elucidation we have postponed to
the present moment.

1. The Taylor system. lacks elasticity.—An extremely strict
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adaptalion of lhe man lo his lask, and a differenliation of
the various deparlmenls of labour, which is carried Lo greai
lenglhs, and is al Lhe same time exiremely delinile, are juslified
in theory, bul in practice they arve impossible, if we reflecl,
on ihe one hand, that a more urgenl demand is made of
labour, and, on Lhe other hand, thal lhe latler Lends to become
less plentiful. We arc lhercfore obliged, Lo some exienl, lo
exercisc less severily in selecling workers, and to compromise
in the maller of quality-—which we recuire Lo be of a superior
degree—in order lo oblain Lhe desired quanlily. We are nol
only obliged Lo do so; we oughl Lo relax Lhe principles of Lhe
syslem, unless we wish Lo deny Lhe [acl of adaplabilily and
the influence of the will. A given worker, who, during a first
tesl, does nol secin suilable as a Taylorian model or standard,
will become so hy force of applicalion. In Lhe province ol
art we mighl inslance Lhe case ol Lhe greal Rachel, whose
vocation would have been destroyed by Lhe applicalion of
Taylorismi. Vocalion is precisely lhe word: Lhe American
principles discourage Lhe fullilmenl of a wvocalion, [or Lhe
latler comprises a non-mechanical clemenl which escapes
calculation and prevision.

In other words, a civilised man, even lhough imperfeclly
educaled, possesses reserves of moral energy which may
enable him 1o overcome many difficulties, and acceleraile the
process of shaping him as a worker.

We cannol entirely disregard these reserves.

The Taylor sysiem, ihecrefore, is wanling in elasticily ; at
all events, il should nol be Loo rigidly framed,

2, The Taylor system is incomplete.—Even il one were Lo
form model workers in conformity wilh the rules of the Taylor
syslem, a serious problem would slill remain Lo be solved.
The selection of workers and implemenls enables us only 1o
improve icchnique and to increase production. Bul we are
not told how ihe human organism is to be prolected from
oversirain, and whatl are aclually Lhe physiological conditions
under which the besl work is performed. Like La Hire,
Amontons, and Coulomb, Taylor considered only a parl of
the human machine—that which performs work; in other
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words, ihe insirument. e neglecled Lhe other porlion of the
whole, from which Lhe implemenl receives its molive force,
and which, on this accounl, we will call the mofor.

The receiving inslrument and (he motor musi nol be
separaled when Lhe produclive value of Lhe machine is under
consideralion ; and in lhe human worker especially Lhey are
inseparable. In him, ahove all, ihe oulpul of Lhe molor is
considerably modified, il il 1s nourished wilth good [uel and
punclually relieved of ithe wasle producls which clog il ; if it
is worked al a given speed, and under a given load, rather
than al olher speeds and under olher loads ; and if it is placed
in an environmenl which, so [ar from impeding ils [unclioning,
tends, on the conlrary, lo favour il.

The Taylor system is admirably devised [or Llraining the
human implemenl Lo work rapidly, and at its besl; bul it
gives us no information relating to the motior, properly so called.

The American engineer admils, for example, thali he has
observed signs of * very greal faligue,” in the women who
sorl [he balls for bicycle bearings. Forced Lo perform work
very quiclkly, and with very greaf allenlion, these women are
unable Lo adapt Lhemselves Lo lhis kind of labour in a grealer
proporlion Lthan 35 oul of 120. The resl have Lo relinquish
iL, or they are ihreatened with nervous exhauslion.

The increasing part played in modern labour by 1ihis close

"allention, and by skill and dexlerity, increases Lhe exhauslion
of the nervous centres, of cercbral energy, concerning which
—and it is {he same wilh muscular energy—Taylor gives us
no exacl informalion. Bul his greal experience of men
enabled him to avoid many dangers. The resull was cerlainly
admirable, and it would mspire confidence if every engineer
had an instinct equally sure. Observatlions as 1o the degree
of faligue produced, made al a glance, cannotl replace objective
iests and measurenienls, nor supply Lhe place of Lhe physio-
logical conditions which ought 1o govern human activily.
And of whatl value would such observations be Lo-day, in the
case of Lhe work performed by war-cripples ? The physio-
logical limilation of greal numbers of persons of Lhis class,
ihe necessity of utilising them 1m good earnest, and the social
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problem crealed by Lheir employmenl m induslry, demand a
compleler syslem ol scienlific conlrol, a syslem capable of
analysing all the faclors of human cnergy.

For ihese reasons the American doctrme, despile its exact
technique, illuminaled by Lhe radiance of mathematical
research, is nevertheless incomplele, because; like the experi-
menls of Lhe older physicists, il does not take the physiological
dala inlo account, nor does 1t define Lthe normal outpul of ithe
human molor.

VIL—B. PurysioLocicAr ResEarcii.—Wilh betler judgment
than the mechanists, Lhe physiologists turned Lheir allenlion
to the exchanges of cnergy of which the living organism is
ihe (heatre, whether during work or repose. In all forms of
human aclivily there is a conswinplion, an expense of energy,
which draws upon Lhe reserves of our body-cells, al Lhe expense
of alimeniation,

This energy, the * vital forces *’ of Lhe older wrilers, Lhe
physiologists are able lo measurc. A simple comparison
will make Lhis clear.

The sleam-engine, for example, develops power and leat
by burning a combustible, oxydising il by means of (he aclive
gas of lhe almosphere, oxygen. Il is obvious Lhal Lhe
expenditure of energy, instead of being eslimaticd in Lerms of
carbon, mighl just as well be expressed in litres ol oxygen,
the quantity of ihis gas being slriclly proporlional Lo the
quantlity of fuel which it transforms, wilh the evolulion of
heat and work.

Similarly, we observe in Lhe body of the animal a irans-
formation of the food absorbed, by the action of the oxygen
respired, together with the produclion of muscular and
nervous work and heat. Skilful experimenters, such as
Chaveau, in France, educed the posifive proof that the animal
is the thealre of ihe same operations as Lhose which are
effecled in heal engines, although we then knew nothing of
the nature of vital combustion.

Energy, in its manifold aspects, originates in these cxtensive
phenomena of oxidation : the energy of our muscles, visible
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and measurable; the energy of thought, mysiertous in ils
essence, and infinitcly varied in 1ls manifestations.
This was verified in the magnificenl laboralories which
were eslablished in Boston by lhe generosity of Mr. Carnegie.
A calorimelric chamber, aboul 15[t. square, and of about
the same height, is arranged for Lhe reception of the human

subject. The air supply is so devised Lhal 1L can be analysed
as it enlers and as il leaves.

R

-
etugl

Fra. 3.—Calouumetuie Chamber, Baston.

It is even possible to measure, with greal exactitude, the
heat radiated by ihe body of the subject. The whole installa~
tion, which was described in our volume, The ITuman Molor
(Le Moteur humain, p. 199), cosl more than £40,000 (Fig. 3).

Experiments which were ably direcled by Messrs. Alwater
and Bencdict proved (hal the quantity of oxygen consumed
is striclly regulated by the amouni of energy produced, the
latter being mcasured in calories.t

1The lnage calorie is in this case the quantiby of heat required io reise the
temperature of 1 lifre of pure water fiom 0° to 1° Centigrade. To estimate the
kilogram-metres of work in the same unit, divide the former by 426, there being
an equivalence between 426 lalogram-meires of work and 1 calorie.
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One litie of oxygen 1s equivalenl to 4 9 caloiies : Lhal 1s Lo
say, Lhe various foodstuffs butned hy thal amounl of oxygen
m the cells of Lthe body develop as much heat as aboul two-
thirds of a gramme of coal.

Fals, sugars, and albuinins are concenlialed i the micro-
scopic furnaces of Lhe human machine, under Llhe conlinual
insufllalion of oxygen, and libeiale energy. Ilence Lhe
heat which maintains the constant lempeiatme of Lhe body,
a tempeialure of 984° Fahi (almosl exaclly 37° Cenl),
and muscular labour We shall explain furlher on how it
is possible Lo measure al any momenl, every minule il desired,
the consumplion of 1espired onygen, and to follow Lhe varia-
tions of energy wlich Lhe organismn displays under any diffcient
set of circumstances. Nothing conld be more 1eliable or more
practical Lhan Lhe melhod employed

On Lhe other hand, physiology Lurns 1ls allenlion Lo analys-
ing the phenomena of faligue, and Lhe manner in which Lthey
affecl the oulpul of ne1vous and muscular eneigy, Lhe funclions
of circulation and respnalion, and Lhe produclion of organic
poisons, or aulo-inloxication; and 1l ams al delining Lhe
normal limits of this faligue, 1n order Lhal over-cxerlion may
be avoided with certamntly

We have here, therefore, a profounder and more exacl
science ithan the puiely mechameal method. This caplains
why 1t was recommended 1 the dawn ol energefics by Lhe
founders of thal doclrme Hirn, de Colmar, and Helmholiz
(1848, 1854).

VIII Lavoisier.—Bul i1t must be remembered ihat the
most ingenious chemist of modern Limes, Lavoisiel,* mbated
the cra of Lthe measurements and investigations of which we are
speaking (Fig. 4). He cstabhshed the rclalion belwcen the
oxidalion of lhe body and ihe produciion of * energies.”
Wilh his collaborator Seguin as subject, he determined the
quanlities of oxygen iespired, during repose and during
labour. With s face covered by a “respmator mask,”

1 Antowe Lauent Lavowier, bornin Paris i 1743 ; died under the gmliotme
ian 1704,
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Seguin al fiisl remained molionless ; Lhen, for a quarter of
an hour, he rawsed a weighl allachced 1o us feel (Fig. 5).

TR =t s Thel IR 2=

:

Fie 4 —Lavoisier (1743-1704).

From these observations Lavoisier drew the [ollowing
imporlant conclusions, which cannot Loo often be quoted :
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“ Observalions ol this class lead 1o lhe comparison of
the action of forces belween which Lhere would seem Lo bhe
no relation. One can discover, for example, lhe weight in
pounds corresponding Lo ihe efforls of a man delivering a
speech, or a musician playing an inslrumenl.

“One mighl even eslimatc the mechanical componenl
(ce quil y a de mécanique) m Lhe effori ol Lhe philosopher
medilaling, the man of leliers writing, or the musician com-
posing. These efforls, which are regarded as being purely

,!ﬁb fn ; s
“,\‘ ‘ |l I {“\ LNIIH |||||l _|'l_|l |ll, ' \ )
’lnn o o || i ,l ‘|\ i ”) ! ‘Il',H
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il :I' ‘ e 0 ‘“i !
oy h"“ : Fg.e-er‘ 2 )(T) 'n'f:l;‘;[

Fie. 5.—Llavoisier's expermment wpon Seguin,

mental, have in Lhem somelhing physical and malerial, which
enables us, 1m this respecl, to compare ithem with those of
the labourer. So il is with a cerlain justice that the French
language has confused, under the common denomination of
travail (work, labour), ithe cfforls of Lhe mind with those of
the body, the work of the office and the sludy with the work
of the hired labhourer.” 1

These lines, wrilten in 1789, contain Lhe whole physiolog-
jical doctrine, in its remolest applicalions, It will be seen
how fertile it is; it does not exclude mechanical measure-
ment ; on the contrary, it includes it, as an element of a higher
and completer truth : the evaluation of vital energy.

1 Lavoisier, (uvred conmplites, L., p. 688 (authorised edition)



CHAPTER 1II
THE ORGANIC FUNCTIONS OF MAN

IX.—The queslion of money is nol Lhe only malter in
dispule belween capital and labour. Human hfe musi be
saleguarded.

In order to organise movement, bodily and mental, and
to avoid, with cerlainly, irregularity and wasle, il is Lhere-
fore essential to possess a knowledge of the laws of active
life. These laws have acquired an even greater importance
since ihec events of the war have extended ihe domain to
which they are applicable. For humanily has been crushed
and bruised; its wounds are barely cicatrised ; mulilation
has reduced ihe social value of millions of workers; organic
defecls, which we musl learn to detect, have been produced,
and moral sullerings exisl whose profound repercussions we
must learn to understand.

Let us get closer 1o Lhe heart of ihe problem. The coming
generalions must be heallhy and vigorous; the activily of
youth must be organised. The generations about to pass
away must counsel youth, must guide it by the light of their
expericnce and their virlnes. The duly of science is therefore
to investigatle the besl condilions of life and work.

L is unhappily very true ihat the majority of our ills
are caused by ignorance, and often by our weakness of will.
The capilal of our energies oughl nol to hecome exhausled
until the remoiest period of old age, if only we understood
how lo live in a temperate and orderly fashion. 'We shall do
otherwise at our own cost. This is why a knowledge of the
functions of the human organism is the preface to all physical
culture, and to all discipline in labour. It is not a question
of describing in detail the innumerable mechanisms of which

¢ 17
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1he organism is composed. The physician, like Lthe engincer,
has merely to understand the inter-relalion of Lhe physio-
logical funclions, and their co-ordination in Lhal finer harmony
which constilules health. The normal slale and Lhe palho-
logical condilion ; Lhe predispositions which exercise favours
or aggravales; Lhe favourable and unfavourable indica-
{ions, and the condilions, of a ralional activity—ihese
are the elements which I shall endeavour Lo assemble in
this book.

The principal functions include digestion, respiration, and
circulalion, which collaborate iogelher in order Lo form
Teserves of energy; movement, which expends and employs
this energy; and lhought, which is a mode of movement, bul
invisible, and as yei unexplained. The solidarly or syncrgy
of the whole finds its outlet in Lhe produclion ol energy.

X. The Digestive Function.—The digeslive apparalus is
represented by a group of organs (Fig. 6), which are repre-
sented in diagrammalic form in Fig. 7. We see Lhal apart
from the duct known as the oesophagus, by means of which
nulriment passes from the mouth Lo the slomach, Lhrough
an average distance of some eight inches, the whole of the
digestive organs occupy the lower portion of the Lrunk.
They are divided from ihe upper porlion, in which lie Lhe
heart and the lungs, by a thick, wide, muscular membrane,
a sorl of ceiling, called the diaphragm.

The different portions of the digeslive canal, aparl {rom
the oesophagus or gullet, are: the sfomach, whose grealer
curvafure rests upon ihe diaphragm on the left side, almostl
vertically beneath the heart, and which, when greally dilaled,
may incommode the left lung, and react perceplibly on the
cenlral organ of fhe circulation; the long canal of the small
iniesiine, about 25 feet in length and 1:2 inches 1n diameter,
divided into a short, nartow passage, the duodenwmn (about
9 inches in length), the jejunum, and Lhe ileum; which latter
portion opens into the large intestine by the ileocaecal valve.
The large intestine encircles the smaller; it is closed at its
right-hand extremity by a small, slender appendiz (the seat
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of the well-known appendicitis) supposed by Melchnikofl *
to be a useless organ, which will conlinue Lo alrophy until
no trace of 1L remains, Nature suppressing everything that

has nol a deler-

Respiratory Tract mined function, for

she axms al economy

Nose = Uvuls of material. To the

Bolus of Food - é% left Lhe inteslinal
Eplg?a'-;.ttlhs i‘j‘( ,ﬁ‘ -Spinal Column canal becomes al-
Larynx most verlical and

Lungs # 11 Oesophagus reclilinear, whence

Liver the name of rectum
Spieen given lo Lhis des-

Bileduct ~ 'I ﬁé‘ Greater Curvatune cendil’lg pOl‘LiOIl,
Duodsnum A\ o Pancreas which finds ils oul-

lel in ithe anus.
A wide mem-
brane, consisling

Jeunum .

Colon lieum of Lwo leaves or

Caecum NJEZ2. Rectum Io}ds, one of which

LY R slides over Lhe
Appendix

olher, envelopes
Lthe whole digeslive
system; (his is the
periloneum.  The
movemenl of the stomach and the inlestines occurs,
therefore, withoutl friction; it is free, bui, excepl in cases
of serious falls or violenl efforts, il is conirolled, and is
safeguarded againsl shocks. The alimenis absorbed make
their way through a canal with muscular walls, tough
and elaslic, which are animated by progressive con-
tractions which iravel loward the anus. This peristalsis
is very rapid during the act of swallowing; it is slow
in the stomach, where the lood is allowed lo remain for
the necessary length of time; il is more rapid in the small
intestine, but occurs less [requenily and with greater violence

' The great Rusgian sciéntish, assistant-director of the Pasteur Institute, Pars
(1845-1916).

- Anus

TFie. 7—Diagiam of the Digestivo System.
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in the large inlestine. By adding to the food a litile sub-
nifrate of bismuth the digestive canal may be rendeted visible
by means of the X-rays, when its movements may be studied
by means of radio-chrono-photography 1; it is then seen 1hat
the passage of [ood through (he oesophagus alone occupies
six seconds,® but it remains in Lhe gaslro-inleslinal organs for
from one 1o several hours.

During Lhese differenil stages are effected ihe chemical
opelations of digestion, under Lhe action ol the juices secreted
by the internal mucous membrane of Lthe walls of the stomach
and inleslines, aided by Lhe oscillalory movements of ihe
organs themselves, and sull more by ihe fluid secrelions
poured inlo them, in the region of the duodenum, by the
special glands altached to the digestive canal: the liver,
siluated to the righl of Lhe slomach, furmshes Lhe biliary
secrelion, a potent faclor in 1lhe transformalion of fals and
in antitoxic processes ; while into the duodenum also, and at
almost the same point, flows the pancreatic juice, whosc
chemical action upon alimentary subslances is varied and
energelic.

It is enough Lo menlion these products of the abdominal
faclory, together with the secrelion of the sulivary glands, 1o
give an idea of Lhe various slages and the tolal duration of
the phenomenon of digeslion.

Nothing should disturb or impede the digestive process,
either in its internal conditions, which are dependent upon
the choice and the quantily of the foodstufls taken, or in its
exlernal conditions, which are normally realised by protection
against cold and fatigue.

Bul an inleresling discovery, due to Lhe Russian scientisl
Pavloff, throws upon this colleclion of facls (he light of a
doclrine which mighl alinost be called philosophical. Pavloft
stales thal the nature of the gastric juice is always adapled {o
the nalure of the food 1o be digesled. The mere sight of this food,
or lhe imaginary conceplion of it, produces the same resuli, and

1 J. Caxvallo, Archirio du Fisiologin (Qomple rendu du Congrés de Heidelberg
1907, Vol. V., p. 97, 1908),

*Meltzer, Centrald f. Med. Wissensch., pp. 1-4, 1883



22 TIIE PHYSIOLOGY OF INDUSTRIAL ORGANISATION

the psychic secretion is more aclive and abundant lhan (he
secrelion produced by the direct confacl of lhe substance.

The old saying as Lo food “ making one’s mouth waler”
is iherefore nol a nonsensical adage; Lhe enlire culinary
art, of sauces, and seasonings, and the preparalion of food in
general, tends 1o provoke these psychical inlerventions, which
stimulate the appelile and facilitate the work ol digeslion.
To eat one’s food “ too quickly Lo gel Lhe Lasle ol it,” is a
fault which is known as fachyphagia. Our manifold occupa-
tions have created il, to the delrimenl of our health. One
should take one’s lime io maslicate onc’s food and enjoy ils
flavour. It is lime uscfully employed.

When the whole series of phenomena which commence
with the work of Lhe leelth (maslication) and are lerminaled
by the work of the inlestines is compleled, when all the useful
and essenlial porlion of Lhe food Laken has been exlracled and
the residuc evacualed, a complex producl is formed: Lhe
chyle, which has a milky appearance and conlains most of the
falty material derived from the meal. Numbers of liLlle suckers
or filters, the villi and lacleals, pump 1l through Lhe inlestinal
wall. They conduct it, through (Hié ihoracic ducl, tp the
blood, which carries the falty malerial Lo all parls of the
body. The excess is slored up eveniually in Lhe cells of adi-
pose iissue. Meanwhile, the saccharine and albuminous
malerials have been absorbed more direclly inio the blood
in the intestinal wall, by which ihey are carried to the liver,
the sugars being there deposited in the form of glycogen
as a reserve ol carhohydrale material. The albuminous
matierials—now in the form of amino-acids—are 1aken 1o the
various cells of the body, and used in rebuilding their subslance.
The blood will carry off ihe products of combustion : urea,
waler, carbonic acid gas, and wvarious more or less fozic
badies. These are carried in the blood 1o the kidneys, which
separale some of them, and 1o the lungs, which expel the
carbonic acid gas. The urine then fills the bladder, and is
finally eliminated.

‘We must avoid retarding the renal puriﬁcaiion of the
blood, for this cleanses the, orgapism; the use of fresh,
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wholesome waler as a beverage admirably [ulfils this service.
Neither muslL we embarrass ihe slomach by subslances whicl
il could nol easily digest, or which irritate it. Let us beware
of abusing Lhe refined cookery to which our palales are accus-
tomed ; let us prolecl the slomach againsi alcohol and spiril-
uous liquors. Thus the normal cycle of the phenomena of
digeslion will he rendered possible.?

X1, The Respiratory Function.—We musl now consider
anolher cycle; one which is almosi invisible, bul no less
indispensabhle 1o life. This is the cycle of Lhe almospheric
oxygen, a gas whose function il is to burn all combuslible
matlers, and whose consumplion in the hearl of the body-
cells is regulaled by the supply of aliment. Oxygen exisls
in the air which we breathe in the proporlion of 21 parts io
79 of nilrogen; thal is, it forms about one-fifth parf of the
volume of the air inbreathed. Il enlers Lhe lungs by passing
through Lhe nasal cavily, the mouth, the pharynx, lhe larynx,
the windpipe, and the bronchial tubes (Fig. 6); il is dis-
tributed among an enormous number (about two thousand
millions) of pulmonary vesicles, like so many microscopic
pockets; and in these il finds the fine ramificalions of the
blood-vessels. The membrane inlerposed between the blood
and the air is no more than a hundredth part of a millimeire
in thickness (1-2500 inch). The oxygen, by virtue of its proper
tension, passes through ithe membrane and fixes ilsell in the
blood, which thus becomes ils universal wvehicle, or, in lhe
words of Claude Bernard, “ils internal environment.”
Respiralion effects the gaseous exchange by which the blood
salurales itself with oxygen and rejects the carbonic acid
gas derived from cellular combustion. IL comprises the
{wo phases of inspiralion and expiration, which are manifesled
by the dilatalion of the lungs and Lhe whole thorax during a
firsl period of time, and Lhe cessalion of this dilatation during
the second period, which is usually longer ihan the first.

1 J, P. Pavloft, Le T'ravail des glandes digestives, passim ; Paris, 1901 ;—A. I
Hornborg, Skand. Arch. f. physiol., Vol. XV., p. 209, 1004 ; this writer verifies:
Pavloffs lawa relating to the digestive syslem of man.—For details as to earlh-
eating tribes, sea Le Moteur Humain, p. 180,
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In order Lhal the thoracic cavily may ihus increase ils
volume, the diaphragm sinks downward, pressing om Lhe
slomach, and the ribs, rotaling upon Lheir articulalions, are
raised and expanded. The resull is an increase of Lhe verlical,
lateral, and anlero-posterior diameters of ihe Lhorax, due
to lhe combined and regulated action of the respiralory
muscles. The amplificalion due to Lhe movemenls of Lhe
ribs is grealer Lhan thal caused by the diaphragm, the ralio
being aboul Lwo Lo one. This is parlicularly marked in
women, parlly on accounl of the organs of gencralion, and
parlly on account of the whims of fashion—Lhal is, corsels.
In the female savage the movements of the diaphragm are
much more extensive. At each inspiralion (he adull man
draws half a lifre of air (-88 of a pintl) inlo his lungs, and he
rencws it, while at resl, some 15 or 16 limes per minule.
Thus at least /en cubic melres (more than iwo thousand gallons)
of air are daily brought into conlact wilh the blood in circula-
{ion. When conlinuous work is being done, whether in the
performance of manual labour or in playing games, lhe
consumption of oxygen and the aclivily of Lthe enlire respira-
Lory apparatus is increased, and the ventilalion of Lhe lungs
aflains Lhe rate of 30 to 50 respiralions per minule, displacing
a volume of air Lwo or three times as great as before, There
is an excitalion of the nervous cenires of the spinal cord
in Lhe region of the medulla oblongala, due Lo the arrival of
blood rich in carbon dioxide and oxygen intermixed.!

Under these conditions of aclivily the Lhoracic movemenls
and the pulmonary passages must be thoroughly free. Certain
pathological conditions affect the muscles entrusted with
these movements, or limjt the capacily of Lhe lungs (paralysis,
pleurisy, pneumonia); they give rise to early or immediale
fatigne. Tight clothing musl be avoided, as well as faulty
altiludes of the body.

Such condilions as these produce a very irregular ventila-
tion of the lungs during the performance of work; Lhe rhylhm

- of respiralion will be rapid, and the respiration itsclf will be
superficial. In such a case the gaseous exchanges are in-
1 C. Foa, Archirvie di JPisiologia, Vol. V1., p. 536, 1808-0.



THE ORGANIC FUNCTIONS OTF MAN 25

sufficienl : a condilion known as dyspnoea. It occurs during
violenl exercise (bicycling, mounlain-climbing), as Lhe result
of anaemia, or in an atmosphere poor in oxygen or rich in
carbon dioxide. This last factor is one which should par-
ticularly be avoided; ihe dyspnoea due to carbonic acid gas
is cerlain io occur if the proportion of gas rises Lo one-lenih
of the volume ol the air inbreathed. Bul its lozic cifecls are
perceplible Lo the nerve-centres when lhe ralio is much
smaller ; they are atlribuled,? bul. I helieve, wilhout reliable
proof, to the presence of traces of ammonia in Lhe air expired,
or even to cerlain alkaloid products. Biown-Séquard and
d’Arsonval reporied the presence of these products, which
‘Weichardl and Streede describe as kenolorins.®? Despite ihe
investigalions of these authorilies, however, il musi be
admilled thal in a confined environmenl, in which heallhy
persons remain for any length of time, the only factors 1o be
regarded as dangerous are heaf and humidity. This is proved
by the fact that if, in such an environment, one breathes
through a tube communicaling with a dry, cool air-supply,
one is none lhe less incommoded; while, on the olher hand,
if the imprisoned air he breathed through a tube by a person
oulside Lhe chamber, he feels no inconvenience.? Hence it
is an indispensable precaution to ventilate workshops, dwelling-
houses, harracks, ele., and Lo ensure the passage of a current
of fresh air lhrough them. Respiration will then replenish
the supply of oxygen 1o the circulation of the lungs and
diminish the depressing effect of moisl heat.

XII. The Circulation.—The blood is renewed in every
part of ihe body, thanks 1o the movemenl impressed upon
it by Lhe heart, and ils renewal maintains {he vitalily of the
tissues. Every cubic millimetre of blood contains about

i Formanek, Arch. f. Hygiene, Vol. XXXVIIL, p. 1, 1900 ;—GardengLi,
Giornale d. R. Soc. Ilal. &' Igiene, Vol. XXVI., 1004,

* Brown-Séquard and &'Arsonval, Comples rendus Acad. Seiences, Vol. OVI.,
pp- 108, 165; Vol. CVIIL, p. 267, 1888-9 ;—Weichards, Ueber Ermaidungstcffe,
2nd ed., Stutigart, 1912;—Stroele, Zeitach f. Schulges-und-heitapfle;e, Vol,
XXVL., p. 795, 1913.

a T, Hill and Flack, Bull. mens. office intern. Hyg. Publ Vol VIL, p. 776,
1916.
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five millions of red corpuscles, albuminous and ferruginous
elements, of which Lhe base is haemoglobin, and we know that
oxygen readily combines wilh ihis substance, which thus
becomes a reserve of encrgy.

From the lungs, where il is freed from 1ls carbonic acid
gas, and enriched wilth oxygen, Lhe blood flows Loward Lhe
lell-hand side of the hearl through the pulmonaiy veins (Fig. 9),

Lungs

Semilunar
“Valve

Aorta

TFia 9 —Diagiam of the Cinoulatory System

where it fills ihe lefl aquzicle. Bul this conlracis, driving it
into the left wvenfricle, while lhe communicaling valve, the
milial palve, closes. A powerful conlraction of this left
ventricle drives the blood into the greal arlery known as the
aorla, with its numerous bianches: carolids, jugulars, renal
and iliac arleries, elc. (Fig. 8). This is the irrigating system
by which all our organs, whether their outpul be physical
force or thought, are replenished. The blood diffuses its
nulrilive principles through them, and carries off the waste
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products of vital combustion. Being lhen vilialed, wilh its
hacmoglobin partially de-oxidised, the blood rclurns Lo the
heart by Lhe venae cavae. Il is received by Lhe right auricle,
which immedialely urges il inlo the right venlricle, and from
this it proceeds 1o Lhe lungs, for a fresh purificalion. There
is Lherefore a third cycle, Lhal of Lhe blood, Lo add Lo Lhe cycles
ol respiration and digestion. They ensure an incessanl move-
menl of malerial Lthrough the body, and parallel lo this, a
movement of energy. The normal condilion requires that
Lhis slream of malerial shall be as pure and regular as possible ;
thal il shall make up for losses and re-establish the pilch or
level. If ithis be so meither Lhe mass nor ihe power of Lhe
human machine varies ; Lhe man is in a stale of equilibrium.

The funclion of the heart is all-imporianl in Lhis process.
By ils conlraclion o1 sysfole il acls as a force-pump, and,
bhetween its conlractions, it expands its cavilies and sucks
in the blood relurning by way of Lhe lungs or lhe venac cavae ;
and this dilalalion is known as the diaslole. In onc of its
cycles il accomplishes a good portion ol Lhe profound scaveng-
ing which lhe organism undergoes.

The syslole of the {wo auricles lake place simullaneously,
and so with the systole of the lwo ventricles, Lhe laller being
more marked and more protracted Lhan Lhe former. The
phases of the cardiac cycle, as regards their duralion, are
much as follows :

Auricular syslole .. .. 18 per cenl.
Ventricular syslole .. .. 45 per cent.
General diaslole . .. 37 per cent.
Complete cycle ., - .. 100

[The ventricle is the more imporlant partner in this associa-
tion. When bealing at sevenly-two per minule, ils rhythin
may be expressed thus:—

Ventricular systole .. 0-3 second 0-8 d
Ventricular diastole .. 0-5 second | second.

Thus, in twenty-four hours the ventricle works for nine
hours and rests for fifteen. If we remember thal ** work *’
in human occupations is nol confined Lo the hours of labour,
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but Lhal encrgy must necessarily be expended also outside
the faclory gales, we see thal Nalure has arranged matlers
very much upon the principle of an eight hours working day.
Ed)

IL is the contraclion of Lhe venlricles which may be per-
ceived by the ilouch, aboul the fifth intercostal space on ihe
lefl-hand side ; this conlraclion constilutes the heart-impulse; it
may even he seen, in thin subjecls, raising the wall of Lhe chest
in the region indicaled, usually bencath the nipple. The
clinician, who ohserves the subjcel from the oulside, simply
noles Lhat the duration of the heart-beat represents a ithird or
a fourlh of the lotal period ; so that ithe ratio of {he general
chastole to the systole is 1:2 or 1:3. Or we may wrile the
formula
—]SB = 250 approx.

This ratio is modified by faligue ; if fends {0 diminish.

The weighi of an aduli heart is about 250 grammes (-55 Ib.
avoirdupois), and its rale of pulsation, during repose, is 65
to 70 per minute, a rate which increases progressively under
the influence of muscular activily. The figure is 78 to 80
in women, and 80 Lo 90 in children.

The movemenl which the conlraclions of Lthe hearl impart
to the mass of 1he blood is propagated along the arleries, where
it 1s revealed by a pulsation of ithe walls of these vessels. It
thus produces the pulse. If an ariery be slightly compressed
against an adjacenl hone the beals of the pulse become plainly
perceplible. The pulse is parlicularly well defined in the
radial, {emporal, and femoral arieries; it may be felt best of
all in the first of ihese.

The sounds produced by the hearl are londer if the organ
is hypertrophied, and weaker if il is the scai of degeneralion.
Auscultation also enables us, in cases of imperfecl functioning
of the valves, or valvular insufficiency (notably mifral in-
sufficiency) to delect a murmur or souffle.

The function of the blood is essenlially vital. Anylhing
thal arrests or impedes its flow, any compression of the
channels of circulation, diminishes the nervous and muscular
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forces, and may, in a relalively shorl period of time, endanger
life itself.

An old experimenl performed by Bishop Stenon ! demon-
strates Lhis mosl importanl facl. Ile ligalured Lhe great
arlery which supplies the hind legs of the dog. Hardly had
a few minutes elapsed, when all power ol locomotiion dis-
appeared ; Lhelegs wererigid. The ligature was Lhen removed.,
and lhe power of movemenl relurned lo the limbs. The
nervous cenlres arc even more sensilive Lo varialions of Lhe
blood-supply. While compression of the fore-arm will leave
the fingers active even after the lapse of half an hour, it is
enough to press for 15 Lo 20 seconds on Lhe carolid arleries
which lead to the brain, and consciousness disappears.

The state of the circulation should always be made ihe
object of a serious examinalion, parlicularly wilh reference
Lo violent exercise in youlh, or work performed by men who
have been mutilaled, by accidenl, or war-wounds, or operalion.

XIII. Functions of Relation.—Movemen!—Bul Lhe
highest funclion of man is movement. To be sure, the lower
animals are similarly endowed with the power ol movement ;
indeed iheir movements display an 1incomparable agility
and cerlainty. Still, ibeir aclions are purely inslinclive;
I mean thal lhe precision of these actions is complele or
definilive. They are aulomalic, by virtue of heredily ; and
as a rule Lhey are not subject o improvement.

Man, on lhe conlrary, calculaies his resulls; he trains
and disciplines his movements, harmonising them in view
of an end which he understands ; he is conscious of il. In
him consciousness is never completely absent, even in the
case of movements which are apparenlly automalic, such as
walking ; consciousness correcls ithese movemenis as required.

The organs of movement comprise the bones, which make
up lhe skeleton, and the muscles, which are as a whole assembled
in articulated syslems, levers which accomplish all the motor
actions of animal life. ‘

The energy which animates them iy released by excitations

t Niaolas Stenon, Danish anafomist, promoted to a hishopzio (1631-1887).
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of the nervous system, which, assisied hy the senses, above
all by the senses of sigh! and louch, co-ordinate and direct the
muscular contractions.

IL must immediately be noted thal the aclive organs
arc subjecl to a physiological law of Lhe grealesl importance,
which I will call the law of [unctional hegemony. This ensures
thal every organ which is capable of contraclion or of per-
forming work may be Lhe seal of nutnlive and respiratory
cxchanges which are more intense than lhose occurring in
any olber parl of the body. To lhe gland producing its
secretion, lhe muscle conlracling, Lhe nerve-cell vibrating
in response lo sensation, an abundanl (low scts in of the
fluids of the organism, lhe blood and lymph; Lhe irrigalion
of coniracted muscles, for cxample, mereases Lo four or five
tines ils normal volume; through these organs, in Lhe space of
one minute, passes a weighl of blood equal lo aboul 85 per
cent. of their own weighl. The nervous elemenls are stimu-
lated, and produce the condilion of fonicily. A silenl lahour
is accomplished in Lhe living cell or fibre, which makes possible,
and develops, the function ilsell.

This excess of life al one poini leads to an abalement else-
where ; il is, above all, belween Lhe digesiive organs and ihe
organs of movement Lhal the law of functional hegemony
eslablishes thal inequalily so necessary to Lhe performance of
physiological work.

XIV. The Osseous System.—The skelelon constitutes the
solid framework of the body; the resistance of the bones
is at leasl double thal of pine-wood; il increases uniil Lhe
threshold of old age is vcached, bul to a grealer exlenl in
man than in woman, for lhe bony lissue of lhe man is denser
and his skelelon more massive. Howcver, 1his resislance is
nmodified by the mode of life and the kind of nutriment
absorbed. Thus the bones of race-horses are denser Lhan
those of grass-fed horses. On the other hand, we encounter
cases of a wholly peculiar and inheriled I[ragility of the

t Chauvean and Kewvfmann, Compies rendus Acad. Seiehces, Vol, CIV.,, p. 1362,
1887.
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skeleton ; ‘tihisisknown as osfeopsathyrosis ; it is often belrayed
by fractures of the femur and the humerus. .

* Davenport snd Conard, Proceed. Nal. Acad, Soiences, Vol. I, p. 537, 1914 ;

—Washington, Hereditary Pragility of Bone (Bull. No. 14 of the Hugenios Record
Office, 1015).
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Laslly, certain affeclions have their seat in the bony sub-
stance, whose solidity is thereby diminished.

It is from the food, conveyed by the blood, that Lthe skeleton
derives ils formative elemenls, of which by far the most
important are phosphate and carbonate of lime. The absence
of mineral salls from the food, or mincral inanilion, resulls in
the softening and malformation of Lhe bones, modifies their
struclure, and. in early youth, retards the progress of ossifica-
tion.! The proporlion of phosphate is diminished by 25 to
30 per cenl. in infanlile osteomalacia, and even furlher in
rickels.?

Mineral inanition, if prolonged, is followed by serious
nervous symptoms (Forster).

The natural arrangement of the various component portions
of the skelelon is represenied in Fig. 10. The different
porlions of the skeleton are all articulated, or jointed ; the
surfaces which come inlo contact in the articulations are
covered wilh carfilage, a smooth, elastic substance which
reduces friclion; lhe heads of ilhe articulalions are in many
cases enclosed in a capsule which contains synovia, a viscous
and alkaline fluid which lubricates the surfaces of the articula-
tions (example, the knee). The system of articulations is
so devised throughout as 1o lend itself Lo all the requirements
of movement.

XV. The Muscular System.—It is the muscles, however,
which finally determine the positions of the osseous elemenls,
while their fleshy masses give the human body its irue plaslic
form. Before all, the muscles are the agenis of movement,
ihe mofive elements of ihe body.

A muscle is a colleclion of elastic fibres, tightly enclosed
within a thin, transparenl envelope, and capable of pro-
gressive conlraction. To (he two ends of the muscle adhere
two strong, coherent laminae or ithongs: the lendons. A

1Konig. Landw. Jahrh,, p. 421, 1874 ;—H. Woeiske, Zeit. f. Biol., Vol. VIL,
pp- 179 and 333 ; Vol X., p, 410, 1873-4;—J, Forates, sbid., Vol. XIL, p. 464,
1875.

* H. Brubacher, Zeit. . Biol., Vol. XXVIIL, p. 517, 1880 ;—Gallinard and
Kanig, O.R. Acad. Se., Val. OXL., p. 1,332, 1905,

D
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famihar example of Lhese lerminal atlachmenls is the Achilles
tendon ; it lies in the lower poriion of Lhe calf, and is affixed
to Lhe bone of the heel, or calcaneum.

According 1o the porlion of the body lo be moved, and
its organic adaptalion, the muscles and tendons follow (he
same law of developmenl as tihe skelelon,® and the osso-
tendinous inserlions acquire a remarkable strenglh, which
renders possible Lhe exertion of greal muscular force,

The varying forms and arrangemenls displayed by the
muscles in the dilferent parts of Lhe body are shown in Fig. 11.
Their aclion, wlich 1s always conjoined, resulls in the produc-
tion either of suslained efforts, which do not involve movemenlt,
but may be called stalic, or, on the other hand, of more or
less rapid movements, and the speedy performance of work.
This will be more fully explained later on.

The muscular system represenls about 40 per cenl. ol the
mass of the body, and il is in it that nutrition operates actively,
with an inlensity which is increased by work, and by exlernal
cold. One might almosl say thal il absorbs all the energy
of the aliments consumed, and that the quanlily of the lalter
should accordingly be regulated by the imporlance of the
muscular sysiem. Persons whose muscles are small, and
persons suflering from obesily, have less occasion than others
to consume large quantities of nuiriment.

XVI. The Nervous System.—The co-ordination, which
is almast invariably perfect, of the muscular contractions,
is the work of the nervous system, the higher centres of which
are the spinal cord, 1he bulb or medulla oblongata, the cerebellum
and, most imporlant of all, the brain proper. It fulfils its
delicate functions in a wonderful manner, being al the same
time a sensory system and a motor system, receiving sensations
and sending forth orders relating to movement.

The entire surface of the body, the skin, which is the seat
of the sense of fouch, the refina, which receives impressions
of luminosity, the olfactory mucous membrane, which is the

1 See Le Moteur Humain for details of the very interesting inflnence of adaptas
tion upon the organg of force and movement.
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seat of ithe sense of smell, the mucous membrane of the
tongue, in which the sense of fasfe is localised, and finally the
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membrane of the inner ear, ithe cochlea, which vibrates
under the impact of sound-waves, all receive from the nervous
centres a number of sensifive fibres, which collect the multi-
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tudinous impressions io which they arc subjecl. These
sensilive fibres exisl even 1n Llhe deplh of ihe viscera (heart,
siomach) and the muscles, and in the joinls and tendons,
and 1t is by their means Lhat the brain receives uninterrupted
messages as lo lhe condilion of lhe organism. Similarly,
ithere are also motor fibres, which, in Lhe mixed nerves, are
associaled wilh the first kind. These mized nerves are in
a greal majorily.

The nervous clemnenl is known as a neuron: it 1s a cell
wilh numerous prolongations, so consliluled as 1o conduct a
sensory impression or a motor impulse. Hence there are
sensory neurons and motor neurons, consisling, probably,
of fine granules bathed in a viscous matler, and sel in molion
by all manner of influences.! The necurons, whose fermina-
tions are in a relation of conliguily, form a chain known as a
reflex arc, from thal which receives the impression Lo that
which reacls 1o a molor impulse. Lel us consider ithe case
of a person who unexpectedly louches a healed body; the
sensory filaments (Fig. 12), irrilaled by 1ihe scorching of
the skin, transmit a special vibralion io the molor neuron,
which causes the muscle lo contract.

Thus, by an actual rellexion of the sensalion produced in
one nerve-cell, ihis sensalion is followed by movemenit,
the more swillly as the sensalion is keener and ihe reflex
arc shorter. Generally speaking, nervous impulses are con-
veyed at the rate of aboul 120 mefres per second. We know,
morcover, that these impulses display a preference for accus-
tomed paths, as these offer them a minimum of resistance. Letus
follow the progress of Lhe nervous impulse sel up by a burn,
so that we may at the same lime obtain some idea of the
diversily of the mechanisms affecled, and the marvellous
manner in which their aclion is controlled. From the irritated
skin the sensitive neuron conveys a special dolorific disturbance
to the posterior horn of the spinal cord, and there the filaments
of this neuron and those of the motor neuron in the anterior
or ventral horn enter into a relation which results in a release
of energy. In the diagram the spinal cord is supposed to

1 Marinegen, Comples rendus Biologie, 8 January, 1916
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be bisected horizontally, 1n order to show ihe grey cellular
region in which sensation, we know not how, is converted
into an order to this or that muscle Lo contracl. It seems
admissible Lo us that all the neurons may vibrate in the same
manner, having all the same lislological and chemical
character, and Lhat their functions are sensory or motor
according to the
organs in which Lhey
terminate.

Brain

XVIIL.—BulL what _0rte
) . Thalami
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Dbulb and the spinal column.
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cerebral corlex, which is a sensory and mofor zone, the seat
of the general governmenl of all Lhe Lerrilories of the organism,
The length of the reflex arc incrcases Lhe lime occupied by
the reflexion. The wolunlary, conscious action is therefore
necessarily later in time than the involuniary, unconscious
aclion of the wilhdrawal of the hand the moment il is burncd.
This latler movement is made, and the danger is averted:
the acl of will follows il ; bul Lhere is no need {o repeal the
movemenl of Lhe hand; the molor impulse is therefore
checked, or inhibiled, by an inhibilory cerebral neuron which
intercepts it before it has passed the bulb or medulla oblongata
(see dotled lines). The phenomenon of consciousness and
will appears therefore to be a process of sensory synthesis, whicl
rectifies, orders, and adapls. It is bound up with lhe very
life of the nervous tissues, which are fed with a regular supply
of blood, which brings with il the indispensable oxygen.

The manileslations of the inlellect are rudimenlary at
birth, owing to a lack of sensalions. In Lhe child therc is
little skill of movement, because the cerebral corlex has not
as yet assembled and combined, by means of ils associafive
neurons, a sufficiency of the elements of synlhesis by means
of which education progresses. We musil also mention the
cerebellum, which co-ordinales the allitudes of the body and
ensures equilibrium. The corlical cells of the cerebellum
(Purkinje’s cells) are as important as the pyramidal cells of
the brain; they receive the lactile, auditive, and visual
sensations, and react on the muscular sysiem by bulbo-spinal
and even ccrebral messages.

Thus the nervous system unites the surface of the body
with a central axis which terminates in the mass of ihe brain.
The connections of the neurons have ofien been compared to
those of telegraph wires, which, starting from various points,
report events, by successive relays, to a ceniral office. The
comparison is good, if we add that the messages received n
this central office leave almost indelible records, for nervous
tissue, more than any other living subslance, retains a disposi-
tion to reproduce its past life, to react in an identical manner
under the same stimulns, and to prolong its vibratory conditions
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in lime. This organic memory is the condition of the intellec-
tual memory of which Shakespeare said Lhat il was *° ihe
sentinel of ihe brain.”” Does it matter, afler this, whether
we are or are not exactly informed as to the exact manner
in which sensations are iransmilted, or Lhe nalure of nervous
energy, or the parl played by this or Lhat nerve in the sensory-
molor cycle ? It is enough Lo know ihat this inner world of
so-called psychical forces reproduces Lhe ouler world, with
which il communicales by means of Lhe senses, and thal its
manifold echoes resound Lo the appeal of lhis ouler world.
This correspondence will explain some of Lhe [acls of human
psycho-physiology.*

3 Concerning the relations of the Lrain and the psychic self, see B. Becher,
Gelirn und Seele, Herdelherg, 1911.



CHAPTER 1III

HUMAN PSYCHO-PHYSIOLOGY

XVIII. The Development and the Endurance of the
Body.—The whole of the functions which we have been con-
sidering develop fairly rapidly with age, and the endurance of
the human body is at its maximum belwecn 25 and 40 years.

‘We find, in fact, that the skeleton completes the process of
ossification and consolidation about the 20th year; nol before.
Muscular energy increases along the lines of a curve which
rises rapidly from the 16th year, atlaining its highesl point
between the 20th and 21st years. We may then conclude that
the architecture of the body is sufficienily robust to resist the
ordinary efforts of life as it manifests itself in young people
of that age.

The height, together with the weighi, has followed the same
development, and, if the aclivities of the organism do not
exceed the normal, the organs, internal and external, function
without showing signs of overwork, so that a sort of physio-
logical fitness, familiar to all, protects them from accidents
and infectipus germs, Under these conditions the develop-
ment of the organism proceeds with moderate rapidity and
in full security.

From the 50th year the process is reversed; there is a
comparalively slow descent until the 60th year; sometimes
the process is hardly perceptible. Thus from the 20lh to
the 60th year man displays his maximum capacily for work
and exercises all his faculties most fully, provided he is able
to avoid excesses, and does not suffer from any predisposing
laint (tuberculosis, syphilis, hereditary alcoholism). But

40 R
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aboul the fifticth year “something like an ageing of Lhe whole
being occurs. . . . This crisis, which gives (he observer the
impression of a crisis of age, commences, most frequently, by
digeslive disturbances.”” * Il also reveals itsell by a general
lassitude, a weakening of the will, and a relardation of the
processes of nutrilion.

This critical age corresponds to a period of a few months at
mosl, and leaves no lasting disturbance. Cluldhood also
has its crilical period: Lhat of the anaemia of growih, which
occurs between the 5Lh and 7lh years;? the body grows
Llaller and thinner; Lhe blood is less rich; lhe cnergies dim-
inish. The child must be guarded againsl all excessive effort,
in order that the organs may develop in a normal manner.
Adolescence, which commences about the 16th year, and youth,
which continues to the 40th year, form the age of power,
bodily and mental; they create the works which the wirile
age ripens and reinforces. Woman compleles her develop-
ment at an earlier age; according io the climate, she attains
the age of puberty between 13 and 15 years, while her height
and her strength are fully developed by her 19th year.

Her strength is half that of man, and it is not exerted so
rapidly. At 50 years old age sets in with the menopause.
the cessation of the menstrual function. One may therefore
estimate the period of full physical aclivity to be 40 years
in the case of the man, and 30 years in thal of the woman.

XIX. Psychical or Mental Activity.—Psychical activity
follows almost lhe same lines of development, except that
it survives physical activity, and sometimes resisls ithe effects
of a very advanced age. Nervous excitability is greater in
the child than in the adult; childhood is the period of keen
sensalions and excess of movement; the nervous sysiem
belrays its predominance over the olher systems; one sees
its filaments under Lhe skin ; the senses reach out for education ;
experience is in process of formation, and ihe moment is
propitious to impose selection and direction upon it. Intel-

1M, de Fleury, Tribune médicale, p. 683 1910,
2 L. Furst, Das Kind und seine Pflage, Loipzig, 1877 (2nd ed.).



42 TIIC PIIVSIOLOGY OF INDUSTRIAL ONGANISATION

lectual labour is for many years a work of absorplion. At
the age of 25 years in man, and 21 in woman, il is transformed
into a work of restitution, which may reveal 1iself, belween the
ages of 40 and 50, by Lhe loftiest crealions of the mind.

The crealive [aculfy, which combines and co-ordinates
sensalions, is chiefly the appanage ol man; the other sex
is characlerised by the survival and reinforcemenl of those
sensalions which predispose il {o create works of imagination
or senfimeni, rather than works which call for hard thinking and
delermined applicalion. The same remarks apply to affenlion,
which requires that cerlain sensalions among all the sensalions
of our life shall by preference occupy the field of consciousness,
and is therefore, by this facl alone, an attribule of the male
organisalion, which is characlerised by molor impulses and
will-power. The cerebral corlex, on which the entire muscula-
ture is, so to speak, projected, and which, in man, [ulfils ihe
motor functions moie fully, should provide the explanalion
of these sexual diflerences, in which some have wrongly per-
ceived a diffcrence of inlelleclual level.

Mobius * has vigorously mainiammed this theory of feminine
inferiority, which is, in his opinion, caused by the small mass
of the brain, the keen sensibility of woman, and lhe close approxi-
mation of her inslincts lo those of the animal.

It is true Lhat the cerebral mass of the male brain is larger
than that of the female brain. Its weight is eslimated at birth
as 400 grammes, as against 380 grammes.? The schoolboy
has a larger head than the schoolgirl, even at or about the
age of 11, when girls are, generally, speaking, further developed
than boys.* In the adult, the man’s brain attains the average
weight of 1,370 grammes, and the woman’s brain the average
weight of 1,223 grammes, and this difference of 147 grammes
is observed in persons of the same weight bul of opposite
sex.t

1 Mébivs, Uber den physiol. Schuachsinn dea Wesbes; Halle, 1012,

*B. Hondmenn, Arch. f. Anat. w. Phys., Anat. Abt., p. 1, 1906.

* Boyerthal, Jahrb. u. die Schularziliche Tdtigheit an den Hilfsklnssen
Stadt. Volkschule in Worms, Schuljahr, 1904-5. Rose, Arch. f. Rassen w.

Geeel. Biol., Vol. I, p. 680; Vol. IIL, p. 42, 1905.6,
4Félix Marchand, Biol. Qendralblat Vol. XXIL,, p. 13, 1902,
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Bul this is of no sigmficance, for grealer differences often
occur between individuals of the same sex, which bear no rela-
tion to the intelleclual capacilies. Precious ideas may exist
in a small head, and the heaviest brain will not always prevent
imbecility.

Thus, despite the prools which he strives lo furnish of the
inferiority of woman, and the ridicule which he Lhrows upon
* ihe unnatural cfiorl o feminism," Mobius appears to me io
be the victim of a confusion of ideas. There is nol, belween
man and woman, a difference of degree in respecl of cerebral
power, or intellect, or the quantily of psychical energy pro-
duced ; there is only a question of qualily; the modes of
intelleclual labour are not ideniical. In the case of ihe
woman sensibilily holds the first place; it is imposed upon
her by habil and by heredity. In man, on the contrary,
abstract thought and reason come firsl ; and by virtue of this
very quality of abstractness a comparalive independence
of the motor funclions is established in respect of external
actions ; and it is this independence which is expressed by the
word will.

Accordingly, the development of the mind iakes place
upon iwo frequently distinct planes, I readily admit that
the feminisls confuse the two planes, at all events physio-
logically speaking, But * feminism ” finds ils profoundest
justification in ils social applications ; I mean, in life such as
it has been made by the usages of the modern world, and its
economic laws and condilions.

To return to the human brain: it seems difficull to derive
any information from its weight, iis convolntions, and its archi-
tecture, Neither does the examination of this organ enable
us to form any conclusions as to race; its average weight
is the same in the Auslralians, the Hindus, ihe Chinese, the
Japanese, and the Malays as in the European. The brain of
the negro, however, is less massive and less dense.? But there
is no real relation belween quantity and quality, between
mechanical and psychical factors. Races, like individuals,

1 Kohlbrugge, Zest. f. Morphol. u. Anthrop., Vol. XI., p. 506 ;—Verkandl d.
komke Ak v Wetenach te Amaterdam, Vol. XV., p. 1, 1909,
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and like the two sexes, do not reveal any visible cerebral
index of intellectual inequality.

XX. 01d Age.—The development of the funclions modifies
its pace during age, Lhat is, from Lhe fillieth or sixlieth year,
according to sex. All the organs Lend Lo become airophied ;
the sirenglh, weighl, and height diminish ; Lhe body, lilile by
little, becomes einacialed and anxmic (senile anaemia). From
the seventielh year Lhese phenomena undergo acceleration ;
ihe skeleton becomes fragile, and less dense, above all in the
bones of the lower limbs (fragilifas vifrea), which lose a portion
of Lheir calcareous constituents. These gradually calcily
the vascular organs, rendering them lcss elastic; arterio-
sclerosis makes its appearance, with its formidable sequelae ;
the circulation of ithe blood encounters an increased resislance,
which causes a hyperirophy of the eart, and retards the nutritive
exchanges. According Lo the diclum of Cazalis, “‘ a man is as
old as his arteries.”” *

The action of the lungs is impeded, and becomes less elastic,
while emphysema is often observed. Respiration is neither
frequent nor profound; there is a retardation of the wvital
processes, Those porlions of the lung which lie belween the
heart and the wall of the chest lose their elasticity, so that the
heart becomes united to this wall. “ Without the existence
of adhesions,” says Pierre Delbet, “ this cardio-thoracic soli-
darity causes, in a certain sense, a functional symphysis.” 2
Hence the shortness of breath which accompanies physical
effort in the majority of men who have passed their fiftieth
year,

As for the locomotive organs, the muscles become pale and
emaciated ; the contractile tissue is less abundant, and ils
structure is impaired ; it no longer responds to its functlion,
especially as the articulations themselves are stiff and painful.

The entire nervous sysiem, moreover, suffers depreciation ;
the ccll, the centre of energy, and the controller of action,

1 Conault Demange, Blude sur laveillesse ; Aloan, 1886 5—S8. Minot, The Problem
of Age, Growth, and Dealh, London, 1908 ;—H. Ribbert, Der Tod aus aller achivdche,
Bonn, 1808 ;}—¥8. Metachnikeff, Ksaais oplimistes, Paxid, 1907.

3 Pierre Delbet, O.R., Y?l. CLX., p. 402; 20 March, 1015.
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is invaded by wasle lissue which has no energelic properties.
The brain is atrophied, notably in the frontal lobe; this
alrophy was observed by Hansemann * in ihe historian Momm-
sen (86 years), the chemisl Bunsen (88), and the painter
Menzel (89); but il is barely perceplible in the cerebellum.?
From this it results that the equilibrium of Lhe body is main-
tained, although the movements are more deliberale. The
nervous energy is unequal to volunlary slimulation ; hence
a sort of vacillation, the fremulousness of age, and Lhe inability
to suslain a greal and prolonged physical effori.

As for ihe cause, sole or muliiple, natural or accidental, of
age, it has formed the subjecl of a whole series of studies, the
consideration of which would lie outside our programme.®
But in a word we may say ihat old age is a phase—not
the termination—of cellular iransformation; a phase which
conlinues for a longer or shorler period, according io the
quanlily of Loxic producls resulting from organic life. Every-
thing which diminishes this poisoning process, lemperance in
the matter of diet above all, musl be regarded as a factor of
longevity.

XXI1. Human Aptitudes.—1. Physical aptitudes—The
general formn of the body is, geometrically speaking, as litile
cumbersome as possible in the case of so complicated a machine.
The (runk encloses the organs capable of mainlaining move-
menl, and of providing the muscles wilh energy. Ilisinierest-
ing Lo observe, in this conneclion, {hal persons of moderale
stature are Lhe most robusl. If we compare ihe height when
sealed with the tolal stalure, we oblain a thoracic coefficient of
0-54. This ratio is slightly lower—0-53—in lall persons, and
in most women. A lower cocfficient Lhan 0-52 is the mark
of a rather feeble conslilulion. The importance of the seated
height is connecled with the physiological function of ihe
thorax, and the semi-fixity of ils dimensions, It includes the

2 Hansemann, Bibliot. Med., Abhm dl. IL., Anat, part 6.

2 A, Tédri, Le Cetveau sémle, Lille, 1906;—Anglade and Calmettes, Nouv.
Iconogr. de la Salpéirsére, p. 357, 1907.

3 See A. Dastre, La Vie et Ja Mort, p. 314, Paxis, 1007 ;—Muhlmann, Das Al
. d. Physiol. Tod, Jena, 1910 ;—Metchnikoft, log. cit.,
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axis of Lhe body, the verlical column, from which Lhe hearl
and the lungs are 1o a certain exienl suspended. It is more
fully developed in man ithan in woman; for man, by reason
of his grealer muscular power, has nced of an intense respira-
tory activity, a greal absorplion of air; while in woman ihere
is a marked predominance of lhe vegetalive functions. The
average man weighs about 65 kilogrammes (10 slones 3 lbs.)
for a height of 165 cenlimetires (5fL. 5in.). I will give lhe
name of morphological coefficient 1o ihe ralio between ihese
two quanlilies, which is =0-394; il should not [all
below 0-360, or the resislance of the organism may be com-
promised. These iwo coefficients, ihie ihoracic and tihe
morphological, complele one anolher, and their indicalions
are almosl invariably in concordance. The human body
spreads outward as do the columns observed in ancient monu~
ments; il is slrongly reinforced in the region of lhe pelvis.
According Lo the wisdom of the ancienls, ithe sirength of a
man resided in his loins; but an exaggeraled development
of the iliac bones hampers movement, giving rise Lo a rolatory
gait, Thus nomadic, drifting peoples possess a comparalively
narrow pelvis, while in the case of heavy-weight alhleles the
hips are wide and well provided with muscles.

XXIIL—Dynamic activities (manual and olher physical
labour, sports, games, ete.) favour the growth or Lhe refine-
menl of the body ; market porters, waggoners, draymen, dock
labourers, are often massively built; dancers, runners, and
fencers are slender, almost thin. The bearing of burdens,
or, in cripples, the wearing of artificial limbs, in the long run
modifies the form and the strenglh of ihe limbs; walking
eventually causes the foot to become permanentily flatter
and longer, while the hand is equally affecled by the hand-
ling of heavy tools (hammers, pick-axes, spades, etc.); ihe
spinal colurn becomes curved by the bearing of burdens (as
in peasants, porters, and occasionally infanlrymen); under
continuous pressure it undergoes a thickening which slightly
reduces its length-—that is, the slature. .Physical education,
above all in childhood, should aim at a harmonious develap-



IIUMAN PSYCIHO—PIIYSIOLOGY 47

ment of Lhe framework of the hody, and al making it slraight
again should il become al all misshapen. The orthopedic
surgeon will talke care thal artificial appliances are perfectly
adjusted, and Lhal no friction occurs.

Physically speaking, Lhe proporlions of lhe limbs are not
without effect upon professional aptitudes; long limbs are
adapted to ample but deliberale movements, while short
limbs denole rapidity of movement. Thus Lhe woodculler, the
hlacksmilh, and the sawyer develop more power, and produce
a grealer effect, if the implement they wield has a long arm
behind il. The formalion of ihe body is oflen, in this con~
nection, a guide lo the choice of workers [fitled for this or
that form of labour; hul these indications are [ar from
absolute in character, for adaptafion is a factor of the greatest
importance ; ihe Iencer Kirschofler did wonders in spite of
his small stature, which placed him al a disadvantage and
exhausied his slrength.

In general, however, men are organised and adapted to
work in a certain fashion. for in ihis case their labour is more
economical. They might be divided inlo iypes, according
to the physiological funclion which lhey display most prom-
inently, and which appears to control all the resit. One of
Lhese Lypes is lhe digeslive type; men of this type eal very
largely, and work slowly, but ihey can labour for long periods ;
if they have well-proportioned limbs they may become good
runners. The runners of lhe East, the rekkas, cover very
great dislances, with a long, rapid siride. Such men are
capable of a great oulpul when carrying small burdens [o1
long periods (Fig. 13).

A second Llype is the muscular {ype. Men of this category
are capable of cxerling great energy, though never for a very
long time; bul the musculaiure of this Lype may be har-
moniously developed upon a perfectly symmetrical body,
constituting a perfecl morphological cxpression. In such
cases lhe man is powerful and supple, capable of conlinued
activily : he represents the maximum of energy in the mini-
mum of mass. The accomplished alhleie provides an example
of this type (Fig. 14).
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A third Lype, described as respnatory possesses Lhe advan-
tage of being capable of sustaining a comparalively gieat effort

Ti¢ 18 —Digestive Type (Thoous). Tiq 14—Musoular Type.

for a long period; the thoracic cage 1s preponderant, and
be shoulders are largely developed (Fig. 15).

Lastly, we must cerlainly distinguish a nervous iype, which,
owing to the celerity with which its muscles contract, works
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with economy, 15, by 1cason of Lhis very speed, capable of exe1t-
ing great effor{, and, owing to 1ts temperamenl, 1s able 1o resist
the onslaughts of fatigue (Fig. 16).

F16. 16 —Resphatory Type Fig 18 —Coichral o1 nervouy Type.

Sigaud, who has defined varions types of humanity, espe~
aally from the standpoint of morhid development,* has paid

1 C, Sigaud, Thrasté de o chgesiron, Vol IL., Paals, 1008; La Fotme humasme,
Val, 1., p. 32, 1814
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particular attention Lo the development ol Lhe nervous and
cerebral systems, and calls our atlention lo the cerebral Lype
(Fig. 16), which we should rather regard as lhe nervous Llype
with psychical predominance. In Figs. 13 Lo 16 Thooris has
collecled representations of the four Lypes which we have
just described. These photographs are highly expressive;
but it should be added Lhat they are selecled ; thal in realily
Lhe average man approximatles to one of lhese Lypes, withoul
displaying very definile characlerislics ; and, in a word, lhal
we should nol disregard the marvellous resources ol equilibrinm
and [raining, which (he organism is able Lo draw upon.
‘“ Practice can do anylhing,” laughl Lhe Greek philosopher
Periander, iwenty-five cenluries ago. Il is none Lhe less lrue
that the distinctions between the four Lypes are physiologically
of Lhe grealest inlerest, for they indicale the predominant
organic function, and whal ihe lalter demands for ils normal
exercise. For example, lo give a nervous lype Llhe same
regimen as {o labour and alimentalion as lhe digestive {ype
would be absurd ; ihe man would nol pul forlh his maximwm
of useful efforl, and his heallh might suffer from Lhe experi-
ment. The methods to be observed, 1n Lhe matier of physical
culture, will be different and appropriale for each of these
functional and energetic Lypes.

XXII1.—2, Psychical Aplitudes—1ILet us, on the olherhand,
consider the psychological qualities of (he individual. These
are the reflection of his physiological condilion ; the problem
has even been simplified 1o the exlenl of aitributing Lhem
Lo a special struclure of the brain. Bul very little survives
of the speculalions which substituled the cerebral corlex
for the cranial protuberances of the famous phrenologist Gall
(1758-1828). To-day Lhe sensori-motor surface of the brain
has been sufficiently analysed by physiological experiment
to enable us to deduce cerlain doctrines therefrom. To begin
wilh, we may refer to that already formulated (§ XVIL):
namely, lhat the cells of the grey cortical layer belong to
sénsory or motof neurons, or to thesneurons of associalion ;
certain among them are said to fulfil a function of inhibitien,
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and there are some which, being stimulaled from withount and
under special condilions—by a sound, a shock, or a light—
reinforce the motor reaction, and the exercise of musculax
force.r Then it has been noted that the stimulation of the
cortex produces movements exhibiting a characler of order
and co-ordination; while the suppression of a porlion of
this cortex renders ceriain of these movemenls, and certain
sensalions, impossible. For example, a dog upon which this
operation has been performed is able Lo walk and lo leap,
bul he can no longer hold a bone and gnaw il.2

This method of invesligalion has enabled the physiologists
lo distinguish corfical ferrifories, and io determine actunal
* cercbral localisations ” 8: that of the [lacfile sense, the
most extensive, covering the Rolandic convolulions, with lhe
ascending fronlal and parietal convolulions; that of the
acoustic sense, siluated in the temporal region; thal of the
visual sense, situated in Lhe occipital lobe ; and that of arlicu-
late language, known as Broca's cenire (1861), whose existence
was oo positively contested by Marie,* but was accepled by
Marinesco, and which is supposed to occupy the third left-
hand (rontal convolution.

The ablalion of the parietal cortex of the dog deprives it
of the abilily lo ascend or descend a staircase, or lo * give
its paw.” Here we have Lhc localisation of a function of
association and co-ordination of the eclemenlary mental
processes. However, the fronfal lobe, which by itself repre-
sents a third part of the ccrebral surface, and is bounded
by the fissures of Rolando and Sylvius, is of grealer import-
ance. A lesion of Lhis lobe, in the monkey® or in man, renders
the character impulsive and violenf, Ils moderating action

*This is the phenontenon of Baknung, or the nervous acceleralion of the German
writers. (See Le Moteur Humasn, p. 343.)

¢ Feriier, Les Fonctions du cerveau, Parvis, 1878 ;—Rosenfeld, Die Physiologie
des Groashirns, Leipzig, 1013.

3 J. Demaor, Les Cenires sensisvo-moleuss, Brussells, 1899 ;—Von Monakow,
Neue Qesichisp. in d. Frage nach d. Lokal in Grossgehirn, Wiesbaden,
1911.

4 Menxie, Semaine med., May, 1906 ;—Marinesco, Rer. (fen. Sb., p. 828, 1910,
& Bianchi, The Brain, Vol. XVIIL, p. 497, 1805,
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is obvious ; with il disappears the mechanism ol Lhe direclion
and control ol Lhe refllexes; fewer neurons are brought into
play, the conscience becomes enfeebled, and the duralion of
the reflexes is diminished by about one-fourth, owing to ihe
lack of the internal activity which harmonises them.* Brod-
mann, moreover, has noted, in lhe human brain, an exag-
geraled development of the lower portion of Lhe fronlal
lobe. Physiologisis arc therefore slrongly inclined 1o see
in this Lraclt Lhe localisalion of psychical activity.® * Beat,
friend, upon lhy brow; ’lis there thal genius dwells,” says
the pocet. Bul as a matler of fact, we cannot admit that the
neurons of the fronlal region possess more than a superior
function of conirol and moderalion, a funclion which is devel-
oped by habit, which creaies sirength of will, coolness, and
apparent moral insensibilily.

Certain wrilers aitach no less imporlance Lo the parietal
convolutions, because they are highly developed in the case of
men of superior capacities (nolably in Kant and Gauss),®
and because they are greally reduced in Lhe case of uneducaled
and backward persons, and in negroes.

Now this is not very decisive, for whereas Gauss’s brain,
for example, displayed a predominant frontal lobe, it was
also discovered that it conlained a profusion of fine con-
volutions, which some regarded as indicalions of malhematical
gdenius.

So far we must admit that no certain informalion of
the localisation of the psychical [facullies has resulled
from the study of the brain, slill less from that of the
skull.

In Fig. 17 we give a diagram of cerebral localisations, in
accordance with recent ideas. If the reader will remember
that the nervous fibres of 1he spinal cord cross from side to side
in the region ol the bulb, he will understand the reason of the

* Funo and Libertini, Arch. ital. Biok, Vol. XXIV., p, 438 ;—0ddi, ibid., Vol.
XXIV, y. 360, 1885.

* K. Brodmann, Vergl. Lokalizations lehra d. Grossh., Leipzig, 1000 ;—~Ferkandl.
d. Amai. Gesellach., April, 1912. -

* A German philosopher and a German mathémabician,
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correspondence belween Lhe lefi cerebral hemisphere and the
right side of the body, and vice versa.

XX1IV. The Personal Equation.—Afler all, ithe brain
should be studied in connectlion with its physiological properties,
and the nervous processes Lhemsclves. In Lhis connection we
know {hal rellexes do nol occur with uniform rapidily in Lhe
case of every individual. The mosl rapid reflexes occupy four
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Fre. 17.—Diagram ot Corebral Localisationn.

Lo five hundredLlbs of a second ; but Lheir duration is modified
by age; long in Lhe new-born child, it is greally diminished
in the adult and as a resull of practice. On the olher hand,
il is increased by cerlain lesions of the nervous cenlres, princi-
pally those of the corlex. The name of personal equation
has been given to the period of time which divides the moment
at which we perceive a {actile, visual, or audilive sensafion,
and lhe moment when we reacl by a movement, Many
phenomena occur belween these two moments, which cannot
be analysed in this brief survey of Lhe dynamics of the nervous
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system. We will simply remark thalt ihe normal adult
possesses a personal equalion, the values of which are as
follows :

Taclile reaclion .. .. 014 ol a second.
Andilive reaclion .. .. 015 .
Visual reaclion ‘e .. 019 »

To measure 1t, we may conveniently employ the siimulalion
of light. An eleclric cwrent illuminales an incandescenl
lamp, now red, now blue, and at Lhe same lime rcleases a

Electric Bulbs
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DSE';’;:E!Z Bqu@ ‘@-ﬂa; IA
- , 5

" ElectricTumng Fork
S, S. Pneumatic Styles T.7.' Tambours

Recording Cylinder

Fia, 18 ~—Device for Measuring the Peisonal Equstion,

Desprez signal (Fig. 18). The subject perceives the sensation
of colour, and reacls by pressing one finger on the red or 1he
blue key, which acluaies the diaphragm of a simple trans-
mitting device. The time is recorded in hundredths of a
second.

The dislance belween the records iraced by Lhe Desprez
signal and the styles of the {ransmitting Lambours gives the
duration of the reaction, which in this particular instance
comprises an additional clement, that of choice between the
two finger-plates.?

Observalion has definitely demonstrated that ihere are
persons whose equation is long, and others whose equation is.

*For other types of apparatus see Toulouse and Piéion, Zechnique de-
Faychologie expérimeniale, Vol. IT,, 2nd ed. Parig, 1911.
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shorl ; thal is, Lhey may be divided into quick and slow sub-
jecls. We have here an important qualificalive classification,
intrinsic in the individual, hased upon his proper reaclional
condition, into which enter the effccls of heredily and educa-
lion. A man whose reactions are slow and whose sensalions
are nol acute is not fitted Lo perform work demanding dexierily
and altenlion. We shall sce later on that Lhe personal equalion
may be very simply delermined (sce § LXVL.). The volunlary
movements, which are ordained direcfly by Lhe brain, wilhout
exlernal slimulafion, are evidenlly more rapidly produced ;
1he equalion may {all as low as -07 of a second.

As for the purely inlellectual qualilies, they are the resull
of disciplined and methodical cerebral iraining, by instruction,
superimposed upon hereditary influences. They are revealed
more particularly by infegrily of mind, judgement, and atfeniion,
which depend far more upon the will than upon sensitive-
ness. An experience of men enables one to estimate, without
any serious error, lhe degree of intelligence possessed by
a man, or ihe balance of his menial powers. But it is
highly desirable that these should be estimaled on entering
the school or the workshop; thal a sorl of psychomefric
record should be kept, of a faithful and accurale characler.
Later on this would provide useful information, which could be
supplemented by means of discreel and skilful inquiries made
of friends and relatives. For 1o rely, when making a selection
of persons, on the impression received upon seeing them, and
hearing them speak, is to run ihe risk of serious errors. Very
oflen the appearance of a man tells nothing, and ihe subject
of conversation, and lhe circumstances, are unfavourable
to any display of his qualities. In mallers of knowledge and
behaviour, and of physical and inlellectual capacily, long and
methodical experience must be the only guide.?

Neither must il be forgotlen that the psychical qualilies
are for the most part hereditary, and are transmitted, as are
physiological defects and mental weaknesses, ihrough several
generations. IL is the same with the intellectual habits

1Tn thig connection see Mrs, Gilbreth, The Psychology of Management, New
York, 1914 (Sturgis and Walton).
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acquired by cxercise. Humphrey Davy observed that Lhis
was Lhe reason why Moses forbade the Hebrews Lo wed wilh
idolaters. It is a reason which loses none of ils force when
applied lo the condilions of civilisation and cullure.

And all these clements, physiological and psychological,
which we have considered in isolated groups, musl in reality
De grouped in the light ol their mutual relalions, which are nol
merely parallel, but inlimate and profound. These psycho-
physiological rclations are of inlerest to the cmployer, the
faclory manager, Lhe physician, and the legislalor.

XXV. Psycho-physiological Relations.—Pleasure.—We
have stated that every cxlernal impression is Lhe origin of a
sensalion. This sensalion may remain latent, heing nculralised
by olhers, and may later on release a reflex; il is none the
less Lrue Lhat there 15 a diminulion or augmenlation ol nervous
energy al the poinl which has been affecled.

Sensation may, and frequenlly does, give rise to manifest
emotional activities, lo pain or pleasure.? 'We are all familiar
wilh instances of repressed emolion; and men have becn
known to fall dead of a “broken heari,” allhough Lhere
was nothing lo betray Lhewr increasing grief. The neulralisa-
lion of the emotions is a funclion of the cerebral cortex, acting
through the oplic thalami or the bulb (see Fig. 12); but il is
dependent upon the sound condition of the digesiive organs
and the beart, which are innervaled by these centres.? Above
all, we musl nol lose sight of the fact that repressed emolions
may in a grealer or less degree modify the neuro-muscular
energy. In any case they reveal a trained will.

But the absence of visible indicalions of reflexes is sometimes
connecled with a condition of intellectual decay. In such
cases il is necessary to make sure, by means of a caulious
analysis, whether the emotive system is intacl. In (his
connection excess is preferable to deficiency, for il musl be

+ Humphrey Davy, The Last Days of a Philosopher.
* See¢ Beohterev, Paychologie objective, Paxis, Alosn, 1914.

» Brisseud, Legens & l Salpdiritre, Vol. L, Parls, 1805 ;—Bechberoy and
Mislavaky, Sop. newrol, ef Psyeh., Kavan, 1808, |,
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remembered that Lhe intelligence is direclly dependent upon
sensibilily.

The man who is experiencing an emolion behaves differently,
accordingly as it is a cheerlul or a depressing emolion.

The emotions of pleasure and joy increase ihe lonicily of
the volunlary muscles, and incline Lhem (o elforl; Lhey
exerl an inhibilive eflecl upon painful scnsalions, and, o a
cerlain extenl, cause faligue lo be overlooked. These [acts
have been known [rom anliquily :

Molliler austerum sludio fallente laborem (Elorace).

The respiralion becomes acceleraled, and maintains Lhe
energies ; Lhe hearl increases the amplilude of 1ls beats, and
the circulalion of the blood is stimulaled on the surface ; there
is a culaneous vaso-dilatation. Everylhing which may
contribule to these phenomena of nervous and cardiac lonicily
should be regarded as desirable: rewards, prizes, com-
petitions, decorations, and moral advantages; they are not
unwelcome al any age; il is a matier of receiving one’s deserts,
which we are naturally inclined to make manifest. Sports and
amusements act as veritable tonics when they are employed
without excess; Lhey are as necessary to the workshop as Lo
ithe school; a recreation-room or a playground is a factor of
good work, the cosl of which is negligible in view of its utility.

Not only does Lhe degree of pleasure merit altenlion, but
also its selection and its approprialion, having regard to
age, sex, habits, and degrees of intelligence.

Sensations of a joyful nature do more than stimulate aclivity,
they favour Lhe vital processes; they facilitate the digeslion
ol food, and add to the abundance and eflicacy of the cigeslive
secrelions. Moreover, in Lhe cycle of organic repair we find
that cellular renovation is more rapidly ellecled. Soldiers
who have performed some distinguished action recover quickly
from their wounds. ‘‘ Joyous men,” said old Pavé,* * always
recover.”

XXVI. Pain—The phenomena due to grief and pain
are ahsolutely the reverse of those we have been considering.

1 Ambroise Paré, the great French sargeon, born at Laval (1517-1590).
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They are characlerised by a dislurbance of lhe muscular inner-
valion, an inhibition which makes one feel *° as if one’s arms and
legs were broken.” The respiration is embarrassed, dyspnceic ;
the movements of Lhe hearl are of reduced amplilude; the
culaneous circulation is scanty; ihere 1s a peripheral vaso-~
conslriction.

The cardiac manifestalions are strongly marked, and oflen
serious ; nolably in cases ol fear and anger. The surgeon
Desault, during the Revolution, observed Lhai allections of
the heart and aneurisms were (ar more common during {hat
terrible period. The number of aged persons who have died
during the presenl war is very greal. This may in pari be
explained by the narration of the atrocities commilled, and
the unheard-of employment of new weapons of warfare : aero-
planes, dirigibles, incendiary bombs, submarines, asphyxiating
gases, elc.

Violenl emolions cause a powerful excitation of ithe bulb,
and give rise erther 1o palpilalions or lo syncope, wilh all its
consequences. For in the bulb originates one of lhe most
important nerves of the organism : ihe vagus or pneumogastric
nerve, whose branches are distribuled over the head and
neck, and through ihe lhorax and ihe abdomen. It arrests
the heart, which is complelely filled with blood, in the diastolic
phase. By this a blow is immediately siruck al the vitality
of ithe brain; the consciousness disappears; ihe organs
become insensible, and the muscles relax, Cardiac syncope
is thus complicated by cerebral anaemia and physical depres-
sion.

Having regard to Lhe importance of the circulation of blaod
through the tissues it will be underslood that any cause which
impedes il compromises human lifc and energy. The relation
hetween the heart and the brain is clearly established, and it
is Lhe most active and essential relation of the organism. It
plays its part in anger, as in discouragement and fear, engender-
ing disorders of locomotion, lack of co-ordination in the
movements, and, in fome cases, an actual paralysis of the
limbs ; it exerfs an inhibitory effect upon the glandular and
digestive secretions, hut favours the secretion of tears, and
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also increases the peristallic movements of ihe intestines and
the contraclions of the bladder. Experiment has demon-
slraled that such emotions excite lhe Rolandic area of the
cerebral cortex.?

Boredom, ennui, mental disconlent, should also be included
in Lhe category of painful sensalions. IL diminishes the
tonicily of the muscles, which coniracl less swillly and wilh
less amplilude, and develop less power.®2 Il causes a slight
anaecmia of the brain, which renders ihe latler incapable of
good and regular work; finally, 1t dilales the blood-vessels,
producing a condilion of stasis in the latter, which is reveualed
by a tendency to yawn. An agreeable emolion will immedi-
ately abolish these disagreeable phenomena.

As for pain, 1t has no effect upon the brain excepting throungh
the rclation between the brain and the heart, for the organ
of thought is in itself nof subject fo pain; one may touch the
brain or press the heart when these organs are uncovered, bul
there will be no perception of pain. Once again, poetry is in
the wrong.

But the enveloping membranes of the brain, above all the
dura mater, may become painful; it 1s only these lissues
which arc affected by disagreeable sensalions, the result
being hcadache.® Bul pure mental pain 1s the work of the
imagination ; 1t draws its suslenance from the seal of the
memory, and arouses all the echoes of the pasl. One might
almosl say, with Richel, thal it 1s * a function of the intelli-
gence,” * for it is less keen in simple-minded persons, and does
nol persisl, does nol “‘keep vigil ”; il is almost unknown
in idiots, lunatics, and the feehle-minded.

Physical or psychical pain 1s in proportion to our sensibilily,
1o the delicacy of our senses, to the intensity of excilalion ;

1 Bechterev and Mislavsky, 4ich. f. Anat. u. Physwol., Suppl. p. 243, 1880
p- 380, 1891.—Bochefontaine, Arch. de Physiol, pp. 140-172, 1878.—Beohtersv,
Die funcisonen d. Neriencenira, Jena, 1908-11.

tW. C. Lombard, Journ. of Physiol., Vol. XIIL, p. 1, 1802 ;—Jules Amar,
Le Mateur Humain, p. 204

s Lennander, Msttewlungen aus d. Grenzged, & Med. u. Chir., Vol. X., pp. 38-104
and 164-202; Vol. XIIL, pp. 308-372; 10902 and 1904.

4 Ch. Ruchet, artiole on Douleur, in the Diclionn. de Physiol.; Vol. V., p. 173.
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habil lessens 1ls effects. The child who is accuslomed 1o
having blows rained upon him, the pupil or apprentice wlo is
conslanlly subjecled to abuse and insull, no longer feels more
lhan an indifferent amounl of pain. The nervous element
whose energy has been exhausted by pain finds it difficull Lo
recover ils power of reaclion, its irrilabilily, especially if it
has been overcharged by very powerful and painful excilation.

The domain of pain is the mosl exlensive of all because
il embraces Lhe enlire taclile area. And it is no less exlensive
in time, for pain survives in the consciousness by means of a
sorl of vibralion which becomes damped bul slowly, and on
the first opportunily its amplilude is again increased. This
survival makes pain a vigilanl guide, enabling us to avoid evil
in all its aspects ; it makesit a faclor of teaching and discipline.
*“ Painful emotions,”” writes Ch. Richet (loc. cit., p. 191), ““ move
us proloundly, remaining fixed in ithe memory, when ihey direct
our conduct. The whole intellectual, moral, and social dcvelop-
ment of humanily is the resull of painful emolion which has
to be avoided. The knowledge of Lhings inleresls us only
because it consliluiles a means of fighting pain more cffeclually.
Bloodless science does not stir us ; 1lis nol a guide ; it isnol a
molive of action; while pain is the great motive force of lhe
life of sentienl beings.”

It is plain, however, thal in order io be salutary, “in
order to be the mainspring of our actions ”’ (Vollaire), pain
must respect the order and integrily of the economy ; il must
nol give rise Lo any profound disturbance; il must threalen,
without irremediably injuring. Only then does it become a
factor of energy.

XXVII, The Psycho-physical Law.—But thal which in
any sensation dominales our faculty of perception, whelher
the sensatign be tactile, sonorous, or visual, is 1he degree
of that sensaffon; in other words, it is the relation which
our consciousness has to establish belween the sensalion and
Lhe excitalign which has given rise to it.

Everyday experience teaches us that one person will appre-
date a minimum differénce of welght betler than another ; but
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thatl lhe same difference may e unperceived when Lhe weight
itself is increased.

F. Weber noled that in order Lo be definilely perceptible
the difference belween the two weights should represeni a
constant fraclion, equal 1o 1-17th of either of lhem.! But
ihis is not correct ; ihe difference need not be increased as
rapidly as ihe weights ; in olher words, the infensily of sensa-
tion progresses less rapidly than the intensily of stimulalion, Lhe
curve of sensalion lying always beneath ihe curve of stimula-
lion. This mode of progression is known as logarithmic;
it was recognised by Jacques Bernouilli, and more clearly
defined by Laplace,? in conneclion with lhe mental good
experienced when Lhere has been an increase of maferial
good.

Various writers have observed that this is, in general, the
relation which exisls between sensalions and stimulations
For example, according fo Nicati ® sensations of luminosity
are in a logarithmic relalion to the inlensity of the visible
sources of light,

Bul as a matter of lact the psycho-physical law is correct
only within very narrow limits as regards the inlensily of
excitation, and Fechner was wrong—doubly wrong—in calling
it a * formula of psychological measurement,” and in allowing
it to be described as “ Fechner’s Law,” ¢ for it is devoid of
real theoretical or praclical value. ** I{ will remain,” in the
words of James, “ like a [ossil in the history of psychology.” 3

Yet there is, there must be, a law of this kind ; bul it must
be morc complex, and fime should figure in il, for sensalion
depends al once upon Lhe inlensily and ithe duralion of the
excilation. By virlue of ils very nalure il is perfectible, in the
sense that an individual constant must be introduced into the
expression of this psycho-physical law, We shall not atlempt,

1 K. Weher, Wagner's Handwérl., Vol. IIL., 2nd part, p. 481, 1846.

* Jacques Bernouilli, Ars Conjectands, French trans, by Vastel, p. 61; Paris,
1801 ; Laplace, (Auwres (anthorizod ed.), Vol VIL, p. 441, 1828,

® Nioati, La psychologse vaturelle, pp. 165, 225, Paris, 1808,

4 Fechner, Elemente der Psychophysik, Leipzig, 1800,

5 W. James, Principles of Psychology, Vol. 1., p. 549, 1901,
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in a volume dealing with Lhe elements of our subject, Lo go
deeply into a particularly difficult problem of a malhemalical
nature.

XXVIII. Gonclusion.—~We may conclude, in a general
manner, that the body and the mind, in their development,
are obedient, on Lhe one hand, Lo inevitable heredilary influ-
ences; Llhose influences of which we mighl say, in the words
of 1he old French proverb, Chassez le naturel, il revienf au galop.
And again, on the olher hand, lhey are subjecl Lo the environ-
ment, both physical and social. By tihis laller I mean Lhe
complex of ideas, senliments, and aspiralions, of a more or less
confused nature, which shape humanity. Our evolulion may
thus undergo improvements, and may tend Loward perfcction.
This is precisely where education comes in, a methodical educa-
tion which adapts ils effects to the age and ihe constitulion
of the individual; which works wilhoul inlerruplion, but
without forcing the pace; whose principles are those of a
healthy cullure, not those of cramming or over-loading.
‘What could be more criminal than lo make learned men or
scholars of fifteen years | Or to entrusi difficull and prolracted
tasks to children who have not yel compleied their eighieenth
year | Science denies Lhe value of these inlemperate methods,
these abuses, which would pave the way, did not the legislator
take serious precautions, for mis-shapen, sickly races, and a
stunted humanity.

If, on Lhe contrary, the normal development of Lhe human
personalily is realised by eflfeclive means, all the aptitudes dis-
play themselves, and unfold complelely and sanely. Then each
individual reveals his special capacilies, whetlher for specula-
tive science or for arl. Industry, which should assign Lthe man to
the task which suits him, in which he will turn all his talentis
to account, will quickly accomplish its work of selecfion. And
ihe same in all the trades or professions, which are nowadays
S0 numerous; a judicious examination, a fair and unerring
investigation, will make it possible Lo apporlion Lhe work of
society, the task of eternal progress, among those whose
competence is recognised, It is a matler of putting the right
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man in the right place, The classificalion of men is not the same
1hing as Lheir subordination ; every man who knows a trade
and follows it conscientiously ought to be proud of it; the
task of the labourer is one with the work of the engineer. I
will even go to the length ol claiming, with Voltaire, that
“ the man who devised ihe shutlle had the best of it, with a
vengeance, over lthe man who conccived 1lhe doclrine of
innale ideas.”

And laslly, il would he merely justice Lo take moral worth
into account; it is one of the levers of prosperity; it is,
in every way, lhe best safeguard against the lemplations
among which Lhe mind may suffer shipwreck. The idea of
duty and responsibilily is veadily acquired when il is {aught
from early youth, and represented by Lhe examples of home
life. It is thus above all an altribule of the family, and, in
ihe long run, a hereditary virtue.

It appears to me thal morality is more highly developed,
at all events in France, in the lower strata of sociely; it
would attain an even higher development could poverty be
diminished. The man of the people possesses frankness and
sincerity in a grealer degree than the educaled and refined
member of society, for he has not learned Lhe art of disguising
his thoughl ; he speaks and acts nalurally, and nature ncver
deceives.

To the German physician Mgbius, whose theory of Lhe
intellectual superiorily of the male has already been men-
tioned (p. 42), the moral equalily of the two sexes does not
appear to admit of any doubl. I think I have given the
sirongest reasons for disallowing the former claim; bul as
for the latler, I will say, with the ancient philosopher : * Let
us not venture lo discuss this problem, for iL would be an
.offence to the Divinily.”

Lel us only beware lest we stifle, by means of injustice and
abuses, the flower of Lthe moralily of our race. Let us do our
utmost to encourage those who combine unlfailing honesty
-with sound judgemenl, for they are the guardians of the treasura
of civilisation,



CHAPTER IV
WORK AND FATIGUE

XXIX.—IL has already been explained ihal the human
machine is subject, as {ar as ils motive force is concerned, io
the same laws as inanimale motors. In its cells it possesses
innumerable silenl furnaces; it feeds ilself wilh fuel and
oxygen ; il derives, from the chemical energy of the nulriment
absorbed, both heat and work ; it charges the muscles and
makes them ready to conlracl, thereby acluatling the imple-
ments represented by the robusl limbs of the working-man, the
skilful members of the artisl, or the agile digils of ihe Lypist,
the author, the pianist, or lhe seamslress,

So much for Lhe energy available. How doesil acl? And
how measure il, how discipline il, how use it with care and
economy ? This is whal we shall now brielly consider.

A. MuscuLar Acrrvity.—If we had not, in the magnilude
of the respiratory exchanges, Lhe lrue expression of all muscular
activity, we could form only an approximate idea of il, for static
efforts are nol the same 1hing as work performed, and cannot
be measured, yet Lhey affect the resistance of the organism,
and produce faiigue. It fatigues a man merely Lo remain
slanding all day, overseeing a workshop, even Lhough he does
nok move a step.

This form of activily is the least useful. Usually activity
involves mouvemen!, walking, running, or work® done upon
various implements, and ihe expendilure of both physical and
intellectual energy.

1'Work done is of conrse expressed in terms of the effort or foree exerted,
multiplied by the distance over wiuch it is exerted. Thus, when watar is drawn

from. o well, the factors of the vgorlc done are the effort exerted on the rope and.
the depth of the well. "

G4
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Our limbs or our bodies move, actuated by muscular con-
traction. When a limh moves away from the body its move-
menl is a movement of abduclion, and when il draws nearer
to the body its movement is a movement of adduction. Its
ventral position (lhe forc-arm oulstreiched, with the palm
of the hand turned downward) represenis the movement ot
pronation ; lhe contrary or dorsal posilion represenis ihe
movement of supinalion.

Nol only does il assume a vaucLy of posilions, bul lhe
same limb will involve, according lo circumstances, the
contraction of different muscles, which combine and harmonise
their effecls. One supposes, for example, that the muscles
of Lhe upper arm acluate Lhe fore-arm. Bul the muscles of
the shoulder help lo do so more eflcctually, the former acting
upon the elbow when an effort of simple iraction by the hands
is intended. The highly flexible articulation of the wrist is
hardly subjected to any effort; il is very delicale, moreover, and
better adapted to perform quick movemenis than forcible ones.

To the aclion of the muscles which produce the movement
is added that of theiwr anfagonists, as in the case of the flexor
and exfensor muscles ; and it is thanks 1o a combination of
muscular efforls thal we are able Lo move a limb in the direc-
tion and with the degree of celerity desired. IL would not,
therefore, be sufficient, did we wish 1o estimale the muscular
work performed in flexing the fore-arm, to know Lhe force
exerted by Lthe biceps and the magnitude of the movement ;
we should also require to know whal force was cxerted, what
work done, by the triceps, ils anlagonist. The muscular
system, as we know, acls under the control of co-ordinated
nervous excitalions, each group of muscles acling synergeli-
cally. For example, if we wish (o raise our arms, the
abductor, adduetlor, and levator muscles intervene, the
first helping to carry the arm forward or backward. If we
wish Lo lower the same limbs, the depressors will then come
into play, not as antagonists of the levators, bul as moderators
of the falling movement. The brachial biceps, on the other
hand, is not exclusively a flexor muscle ; it is also a supinator ;
we feel its dislension when we turn a stiff key.
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The rectus femoris (see Fig. 11) is nol merely an exlensor of
the lower leg ; il is also a flexor and levalor of Lhe Lhigh, and
serves Lo mainlain the equilibrium of the hips.

The modalities of muscular aclion are numerous, and are
not wilhout influence upon the degree of faligue; we ought
to undersiand how Lo confine muscular aclion o the sirictly
useful effecl, with the smallest expendilure of energy; it is
imporiant Lo avoid superflluous conlractions, and movements
in which parl of the efforl is wasted or annulled. This
economy is of Lhe grealest value in prolhesis afler amputation.

Sports and games, notably boxing and fencing, are in
cerlain senscs comparable Lo industrial labour ; bul in them
the elimination of useless movemeni/s has been broughl 10 a
much higher pilech. Good athletes are careful to avoid such
movements, for iheir repulalions, and somelimes their lives,
are involved. Physical educalion must employ Llhe same
economy, for Lhe sake hath of discipline and of health.

Use educales the aclivity of the muscles, and produces
perfect regularity ; automalism, thanks to the bulbar reflexcs,
takes charge of our movementis, and a kind of dynamic

instinct eventually imposes its sovercign laws upon the human
ruachine.

XXX. The Measurement of Muscular Activity.—The
direct evaluation of all these forces is inleresting work. To
begin with, it gives us information concerning the difficulty of
this or that handicraft, and enables us to determine if it can be
praclised by women, or children, or even by invalided soldiers,
or the cripples of war and industry. Il is equally necessary
if we are to appreciale the progress of physical education and
the restoration of muscular sirength, and to compare the
work accomplished with® the energy expended upon il—a
comparison which tells us if a good or a bad oulput, or ratio
of efficiency, is being obtained.

We obtain thes¢ measurements of forces by means of
‘Byaphic methods, by direct registration, according to the rules
Pormulated fitty years ago by the famous French physiologist,
Marey (1830-1904),
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The muscles are made to act upon springs which, under
the conditions of ihe experiment, undergo compression and a
slight change of form. Each of these springs terminates in a
disc. This compresses a smalt rubber ball. This ball, by
means of a flexible lube, is connected with a small melallic
cup, over which a rubber membrane is streiched. This is
known as a Marey tambour (Fig. 19). Compression of the
ball produces a pressure of air in the tambour, and raises the

F16. 19—Diagiam of Reoording or Graphic Dynamomete:.

recording lever or stylus which is actnaled by the membrane.
If we arrangc the stylus in contacl with a recording cylinder,
such as is fitted to a recording aneroid baromeler, we shall
obtain a writlen record of the muscular efforts cxerted, ampli-
fied to the desired extent (Fig. 20).

I have applied myself Lo devising dynamographic apparatus
which can be adapted 1o all kinds of tools, and which give me,
under any circumstances, clear and faithful graphic records.

If it is desired, Tor example, to analyse the eflorts I* and F%,
exerted by a man using a file in finishing stecl or brass, the
tool is fitled wilh suilable altachments precisely where it is
gripped by the hands, and these altachments are connected
with Marey tambours mounied on a carriage. In this way
we may record all the forces in action, and all the components
af these forces. It will readily be perceived that the vertical
components, V and V*, combine to press down npon the file and
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to make 1t hite, while the honzontal efToils, IT and H, cause
ithe shding motion, and therefore perform the useful work

(Fig. 21).

Tie 20.—Recording Cylmdoer with Marey Recording Drums, ormanged to r1ecord
the Efforts of & Man filmg Metsl

Fig. 22 shows the file with ils dynamographic attachments ;

to these musl be added a special support, which measures
the pressure exerted upon lhe block of metal

vffl .
'H;

Fre 21 —Anelyss of the Efforts exerted m fihng Metal

The file is fitled a¥ its frée extremity, at D, with springs,
each of which compresses a rubber ball, the attachments of
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which 1ecord the pushing
force and the piessure ot
the left hand ; wlale the
handle encloses a spiral
spring, S, and a rubber
ball, B, which acluales
the stylus i1ccording the
pushing efloit of Lhe
right hand. Tor detaled
calculations we must refer
the reader to our volume
on Le moleur humain (pp.
528-552), wluch shows
how a number of Llools
and 1mplements may be
adapted for dynamo-
graphic purposes (spade,
hammer, shears, wheel-
barrow, etc.). However,
we shall once more, m
these pages, describe the
registering joinfing-plane
and the registering spade.
The thrust of the arm,
acting upon the handle
of the plane (Fig. 23), 1s
decomposed intio thehori-
zontal effort which moves
the tool, and the vertical
effort, which presses the
tool upon the plank to
be planed. By means of
rubber attachments suit-
ably disposed this pres-
sure 18 measured, as well
ag the total force exerted
upon the handle; from
these data the horizontal

69

Fic 22 —File with dynamographic Attachmenis



70 TIIE PHYSTOLOGY OF INDUSTRIAL ORGANISATION

componenl is deduced, which in lhis case represenis Lhe
resislance offered by the wood to lhe iron of the planc.
On the olher hand, tihe plank is placed between Lwo
parallel guides, which may al will be adjusled al varying
dislances from each olher. On each guide is [ixed, along ils
cenlire length, a very [lexible rubber iube, which 1s pressed out
of normal shape by the lightesL conlacl of the plane. If we
connecl these lubes wilh Marey lambours, we oblain a written
record of ihe jerks resulling Irom unskilful movements on Lhe
parl of lhe worker.

Vo 23 —Registerng Jomtg-Flane.

Lastly, the attachments which enable us 1o render a spade
dynamographic, whether it be employed in excavation,
embanking, etc., or in agricultural operations, are shown in
Fig. 24 ; they register the Lotal thrust, or resistance of the soil,
and the efforts exerted in removing the spadeful of malerial
excavaled.

XXXI. The Measurement of Speed or Pace.—As for Lhe
rapidity of voluniary movements, it is possible lo measure Lhis
simultaneously with the measurements of the efforls put forth,
by the employment of a rapid chronograph measuring fractions
of a second. Even with the fingers, which are the most agile
members, it is unusual o accomplish more than seven move-
ments per second. Taking the case of the self-registering
plane, we can make sure of regularity of movement at any
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given speed ; while Lhe number of jerks to right or left rogis-
tered upon the recording cylinder will inform us of the faults
1o be corrccled.

One might also make use of the cinematograph, recording

File, Semi-rough Subject, A-C.
(neix)

Horizontal component of right hand

Aespirations
i e bRy

Fio. 25.—Graphic Resord, of %: \ﬂ::k of & good Workman using

on a film run at a known speed the various positions of the
too)

This method also enables us to note all the altitudes assumed
by the body during work, and enables us to 1ecognise any
defects. Lastly, following the example of Dr. Gilbreth, we
may attach a small incandescent, light to the worker’s hand,
and obtain, by means of photography, the cycle of his move-
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mentls. Cyclography, if not an original method, has certain
advanlages which we cannol go inlo here.?

The combined graphic record will enable us Lo nole Lhe order
and the intensity of Lhe muscular cflorts exeried, their rapidity,
and iheir degree of regularily or uniformity, all Lhese details
being recorded with admirable fidelity and clearness. To
these we may add the record of the respiratory cfforts (Fig. 25).
The aclive life of the worker has placed, so to speak, on the
paper ol ithe graph an indelible imprint, ils personal signature.

XXXIL—B. Tue ExreENDITURE OF ENERGY.—To Lhe work
thus performed by ihe man, and graphically measured, corre-
sponds an expenditure of energy levied upon the reserves of
the organism; not upon the nulrimenis which have just been
absorbed, but upon those which the body-cells have had the
time Lo elaborale, to fix, to bring to thal parlicular slate which
cnables them Lo become readily oxidised, and to produce energy.

The expenditure of energy is in proportion to the aclivity of
the muscles, to the synergetic sum of their coniraclions;
intensily, rapidity, and duration all being comprised in this
activity, which exlends to the nervous as well as to the mus-
cular element. And all 1his produces fafigue, and regulates
the consumption of oxygen respired, adding a further quantity
to that which we already absorb during periods of repose.
The total energy of the active man is thus a sum, in which one
of the terms, that corresponding with periods of repose, under-
goes hardly any variation, when the external temperature is
constani, while the other term increases in proportion io the
muscular activity.

Withoul entering inlo lengthy delails concerning Lhe
measurement of the volume of oxygen consumed, we will
explain, as an example, the principle of our method. The
person experimented upon breathes through the mouth,
which is convenient in the event of great faligue—the nostrils
being compressed by a little wooden clip, with padded jaws.
A tube fitted with a two-way valve is held, by means of a
rubber mouthpiece, belween the lips and teeth; the outer

1 See the Revue de Métallurgiz, n, 203, April, 19155~ Revue géndrals des Sciences,
p. 173, 1916.
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atmosphere is brealhed in through one valve; il is expired
through Lhe other valve inlo a rubber tube, passing lhrough
a bell-shaped conlainer C and a gasmeler G (Fig. 26). The
conlainer is connecled, by means of a fine 1ubber lube, wilh

F16. 26.—Respiration Gauge.

a system of reservoirs containing mercury, R and R.* Accord-
ingly as R empties itself into R! or the reverse, some of the

air expired is shunted, or the sample contained in R is passed
into a eudiomeler for analysis.

We thus obtain the total volume of the air respired, or the-
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pulmonary venlilalion effecled during ihe experiment, and also
Lhe composition of the air expired.

Normally Lhe almosphere surrounding us contains 21 per
cent. of oxygen, reckoning by volume. As there is less than
this in the air expired, Lhe difference represenis Lhe quanlily
consumed by ihe organisim.?

Such, briefly described, is the respiralion gauge, which
enables us lo cstimate the expendilure of cnergy. Ii is
mounled on a iable running on rubber-lired wheels, which
rolls 10 and fro wilhoul jarring Lhe instrument, following the
subjecl as he moves 1o and fro, enabling us to invesligate
normal or pathological locomolion, or physical exercises, or
mechanical lahour.

The mouthpiece is easily kepl in the mouth, without any
inconvenience 1o Llhe subjecl, whalever the length of the
cxperiment.

Knowing the lolal volume of oxygen ulilised by lhe organ-
ism, we eslimale il in terms of calories, as has already been
explained, al the rate of 4-9 calories per lilre. 'We Lhus obtain
the expression of ihe energy developed by vilal combustlion.

The distribution of this energy is of a mulliple character.
It maintains the deep-sealed physiological aclivilies: Lhe
movemcnts and the nulrilion of the circulalory, respiratory,
and digestive systems. IL mainlains the temperalure of the,
body at a constant level, making up for the losses which it
suffers by contact with the air and by radialion. Lasily,
it provides fo1 the intense activily of the muscles and the
less onerous task of the nervous tissues. While in Lhe case of
an adult the expenditure of energy during repose amounts
on an average lo 2,100 calories during the Lwenly-four hours,
cold increases il ; in the winler, with the thermometer only
a few degrees above freezing-point, it amounts Lo 3,500 calories,
while in summer, with a temperature of 77° to 86° Fahr., it falls
to about 1,800 calories.

* Thus, we may find, mn the endimometer, 17 per cent. of oxygen instead of
21 per cent,, or & difference of 4 per cent,, when, if the total volume respired 18

150 litres, the product 15(1’0'3‘ 4
litres.

givea the tntal tonsumption of oxygenm, or &
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If we reckon that the heaviesl day’s work consumes from
2,000 to 2,500 calories, and add this Lo Lhe [oregoing values,
we reach a total of 4,000 calories in summer—bul (he heat,
which diminishes the energy of the muscles, often makes it
impossible Lo attain Lhis—and 5,000 to 6,000 calories in winter,
as the daily ration of labour.

This varying expendilure is mainlained by means of alimen-
ialion; but il is a notable facl that whereas any substance
which can be hurned can be employed in a heal molor, this
is not the case wilth the living organism, for the lalier is not
indifferent to the quality of combustible supplied to il. It
can ufilise as alimen! any substance which il can elaborale in
such a way that if may be stored in the body cells. This is 1he
only store which it can exploit immediately and without
loss, and which is able 1o ensure its uninferrupied upkeep.
The expendilure of energy is confinuous, for any interruplion
would be a sign of death. Life, therefore, is energy.

XXXIII—C. Faticue.—The physiological point of view
offers this inestimable advanlage over any olher poinl of
view, that it reveals the effects of excessive faligue,~and
furnishes us with means of ensuring that it shall not exceed
the limits of the normal. But for this physical {raining
would be a fallacy ; it would lead to overwork ; it would not
accomplish its aim. It must be added that organic disorders
and affections of the nervous centres have become more
frequent than humanity has ever known them as a result of
this terrible war. Deficient cardiac activity is particularly to
be looked for in discharged and wounded soldiers and war-
cripples. It is thercfore a most important matter to investi-
gate the indications of fatigue.

Fatigue is the result of muscular and nervous phenomena
which give rise to an increasing malaise or uneasiness, and
above all a feeling of impotence. This feeling progresses
through every stage, from a mere lassitude to the acutest
suffering, and it persists for a varying space of time. It
arises from wvarious sources of excitation; from the nervous
fibres which ferminate, as has already been explained, in the
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muscles and lendons, and on Llhe arlicular surfaces, and
from the coverings of lhe viscera, in which Lennander has
localised the origin of organic pain ; thence il assumes a general
character, and eventually embraces the whole extent of the
body. For faligue is fundamenlally an infoxication; if the
brain and the muscles function in a disorderly fashion, as
a result of excessive efforls, or too greal a rale of exerlionm,
the blood is no longer able Lo cope wilh ils Lask of purificalion.
The wasle producls of this inlense cellular aclivily accumu-
late ; the blood, loaded with Loxic producls, produces [aligue
in any animal inlo whose veins il is irjected. It acls 1o hegin
wilh upon the peiripbery, lhe seat of Lhe sensitive fibres, so
that even though Lhe brain alone has been working, [aligue
affects the muscular organs. Il is a singular paradox 1o pre-
lend, as cerlain pedagogues have done, that ihe mind may be
refreshed by the faligue of Lhe body! It is as good as a con-
fession that they have never faligued either.

On the other hand, it is essential lo distinguish belween
fatigue and pain, for pain may ofien be wholly accidental,
ihe resull of an excessive or clumsy efforl. or a faully atlitude,
or a pathological condition; in these various instances it is,
moreover, confined 1o the limb or ihe organ affected, and does
not invade the whole syslem. Neither in the organisalion of
physical education norin Lhal of mechanical labour should there
be anyroom for this sensation ; for it signifies a vicious method.

A look-out for the signs of faligue should be kepl in respect
of all the functions of life. To-day such investigalions have
hardly commenced.? Let us consider the facts.

XXXIV.—(1.) The Circulalion of the Blood.—We cannot
in this place give a detailed accounl of the technical melhods
employed in such observalions. We will only remark Lhat

1 A. Mosgo, La Faotigue (French tirenslation by Langlois), 1894 ;—Jules Amar,
Observations sur lo faligue professionelle ( Journal de Physiologie, pp. 178-202,
1914) ;—Stanley Kent, Jnterim Report on an Investigation of Indusirial Faligue
by physiological methods White Papsr published by H.M. Stationocry Office,
1915. Second Inierim Repart on an Inwesligaiion of Indusirial Fatigus by
physiological methods. Blue Book published by H.M. Statienery Offive, 1916,
Health of Munition Workers® Committes. Inlerim Report. Blup Book
published by H.M. Stationery Office, 1017.
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Lhe person to he experimenled on works an ergomelric cycle,
of which we shall have more Lo say presenlly. He acluales
the pedals by Lhe conlraclions of Lhe leg muscles, or he works
a crank by contracting the muscles of the arms (Fig. 27).
Records are laken of his hear[-beals and of his pulse, and the
arlerial pressure is measured ; Llhe [iist two operalions are
effected by means of Lhe cardiograph and the sphygmograph

Fio 27.—Tahwg & Graphe Record of the Pulse during an experimontal
Investigation of Fatigue.

(Marey), and the second by means ol Pachon’s oscillomefer,
which gives the sysfolic and diaslolic pressures successively—
thatl is, the highest and (he lowest. However, I advise the
experimenter Lo conlenl himself with the record given by the
cardiograph ; this inslrument, applied as in Fig. 28, remains
in place while the subject is exertin% his strength, and ils
indications are sufficienlly reliable.

The results of such experniments gre ihleresting. Gradually,
as the muscles continue Lo work in a normal and regular fashion,
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the frequency of the pulse conlinues lo incicase; bul pro-
vided that a maximum of /o hours of work 1s followed by a
quarter of an hour of 1epose, the average frequency does not
exceed 120 pulse beals per minufe, or aboul 50 beatls per minute
more Lhan during repose; and il lends lo remamn consiant.
On the olher hand, if Lhe pace of the work done exceeds the

—

ey 1

It
i

It

F1g. 28.—Cartiogreph and Pnenmograph in Poyition

usual limits, the pulsalions become more rapid, quickly attain-
ing a rate of 130, 140, and even 160 per minute. Such a rate
as 1he lasl 1s most unpleasant and injurions ; fortunately il is
fairly unusual, excepl in alhlelic sports (running, rowing).
But even when the number of pulsations, as a result of a
moderate effort combined with a rapid pace, rises only to 120,
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to prolong the duralion of ihe eflorl faligues ihe circulatory
syslem. This fatigue reveals ilsell by a reqular decrease of
frequency, the latler finally falling Lo 100, or somelimes 1o 96.
The heart is no longer able 1o respond Lo the pace of the effort,
and lo satisfy Lthe needs of thc organism. The physiological
synergy is deranged, if nol destroyed (Fig. 29). Directly
the observer notes Lhis discordance belween the muscular
and cardiac functions he should bring the experiment to a
close, or at all events greatly moderate ils pace.

Q e

5 ﬁ;\rg“ | gy
84 O
\ " a4+

75

Work discontinued
Work discontmued

F10. 20.—Rhythm of the Heart during Woik (a Case of Fatigue).

The cardiac curves give us quite as much inlormatlion
concerning the cardiac thylhm as do the graphs of the pulse.
We further learn from them that the amplitude, that is,
the farce of the hearl-beats, increnses, and that the heart under-
goes a slight and tempordry increase in volume. This latter
fact has been observed by fatiguing the subject by causing
him to walk upon a rolling track, and subjecting the thoracic
cage to radioscopi¢ examination.*

* Zuntz and. Nicolai, Berd. Khin. Woeliensch., No. 18, 1914,
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The ralio dlabwle:about 2, or even 1-50; the contraction
systole

of the auricles 1s acceniualed, and the right-hand undulation
of the systolic plateau descends toward the lower third of the
curve, ils normal position being in the upper portion. The
aspect of lhe tracing laken during faligue is characleristic
(Fig. 30). It denotes a sudden expansion of the ventricles,
and an absence of sustained cardiac effort. Careful scrutiny

Cardiograms of Fatigue.

" Resting

m

Medium Fatigue 240 Lateral Flexrans and

- ) S/.ans OF ba]iii’znif‘—\,—//\

80 Movements per minute
(/Vormal subject, A.6)

Great fatigue 360 movements in 4 minutes 30 sec.

Time in Fifths of 3 second.
P N ) W )

F16.80.—Graphie Rocord of the Hearf of a young Gymnest (at Rest and during Fatigua),

of the curve enables us Lo delecl a kind of periodicify in the
systoles, producing a striking {ype of record (Fig. 31). We
need not, therefore, linger over its description, still less over
its interpretation.

As for arferial pressure, this amounis to 15 fo 16 centi-
metres (about 60 to 65 inches) during repose, but ofien
attains as much as 33 centimetres (about 12-5 inches) during
exertion ; this too diminishes during extreme [atigue. Under
conditions of medium acfivity, when the heart is still per-
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forming ils functions in a regular manner, Lhe systolic pressure
varies but slightly, oscillaling aboul a value of 25 cenli-
metres (10 inches).

We now perceive the nature of lhe indicalions of normal
labour, which does not expose the subject fo the danger of over-
exerlion; the frequency of lhe heart-beals should be from 115 to 120,
and the cardiograms should show signs of a syslolic plaleau, the
undulation forming it being rather lower than during repose ; the

Cardiograms.

e

M ] ﬂJUUUWhMM I M

/?ﬁstmq

Frq. 31.—Cardiograms during Repose and extreme Fatigue
(normal Subject).

maximum arferial pressure should be 25 centimeires (10 inches).
Athletic exercises, which often overwork the cardiac muscle,
render its previous examination absolutely necessary. The
high pressure and abundant flow of the blood-stream, no less
than its adequate renewal, are indispensable in the intense
physical life of the athlete, as in all heavy mechanical labour.

XXXV,—(2.) Respiration—Fatigue affects the respiratory
function perhaps even more rapidly than the cardiac function.
Not only does respiration become exiremely frequent: it also
ceases to be regular; it is dyspnceic, and of a jerky character.
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The respirations may be regislered by means of the double
pneumograph, applied o the chesi by means of a {ape surround-
ing the thorax, or, betler still, {o the back, where it is less
likely to inconvenience the worker (sce Fig. 28).

The tracings of Lhe pneumograph express Lhe varialions of
amplitude and rhylhm occurring in the thorax, as its muscles
are more or less contracted (Fig. 32). Bul we may connecl a
special allachmenl wilh the mouthpiecce of Lhe respiralion

Prneumograms of Fatigue

ontinued

Dr,r-/um‘ Fif
ari f‘ur]»" K

0a sf \n/j‘*f//

.

Fie, 32 —Resphiatory Tiacings taken by Means of the Poeumogiaph
(normal Subject, working a Cyucle).

gauge (as shown in Fig. 33), and record (he movements of the
breath in the lungs, thus oblaining whal are known as fone-
grams (Fig. 34) ; rccords, thal is, of the variations of pressure
(from the Greek dvag, pressure). For this purpose the
valve is fitted with a stopper which is traversed by a small
tube, which receives a rubber tube connected with a Marey
tambour and recording cylinder. Pneumograms and fond-
grams combine to provide us with a complete analysis of the
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respiralory function; Lhe Lonograms being more accurate and
more significant of the actual condilion of Lhe pulmonary
cavities. Both [orms of Lracing veveal the derangements
which may occur in the lungs themselves, o1 1n the muscular

¥, 83 —~Bhowiag the Yalve of the respiration gauge fitted with & “ Shunt ” for
making ton hio traowsps, aleo the employmont of the h
{young A:Ih):g,l riB yonrs of sge, A.G.). prox ? prevmograp

system which causes the lungs to perform their function (Figs. 35
and 38),

We know thal during repose the duration of the expiration,
¢ 18 &t "east double thet of the inspiration, £, The ratio-; is
*The differense is generally takion b b lok than {his.— (%4}
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progressively diminished during fatigue, while the respirations

become deeper and deeper. AL a certain point this ratio—f
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becomes greatly diminished, the ventilalion of the lungs is
no longer emple, and Lhe flow or delivery of air is less con-
siderable, The volume of air expired per minute, which
previously underwent a progressive increase—it nsnally attains



86 THE PHYSIOLO(:Y O INDUSTRI\L ORGANISATION

a figure of 20 litres during labour—lends lo diminish. Thus,
during a case of normal faligue the following readings were
obtained on the respiration gwge :

Duwting ropose, average delivery por minute, 7 hives,

Fatigue and Respiration - Pneumograms and Tonagrams.

~eation I Pneumogram
\\‘w/'\\\ / \\ //\ \/f \_\ / \/\M —_\\ /\\

I Tonogram Resting

il
Wy,

~ Tire in SvCaongs .
i :

Tide in Secdnd

‘/"\ \/’\‘-\/‘//‘-\\ // N \/“,\//"\ /‘\/‘\ —

FPrneum oqram After exuvt 23

U U U |

R RIS

fogard
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Pro. 35.—Traciogy of deep Reupiration during rapid Work (Posumograms and
Fonograms).

Working the oyele, 192 revolutions per minute, Josd on brake 2 kilogrammes s
13-20, 19-80, 2078, 21-34, 2070, 19-70, 22-50, 20-85, 22 5, 20-0, 220, 2040,
20-80, 1980, 20-00 Hiyes. Or an average of 20-25 litvon.

The curve shown in Fig. 37 shows a plateau signifying
a phase of constant ventilation, which disappears only on the
threshold of the dangerous phase, that is, the phase of over-
exertion.

We may therefore assert that while normal exertion increases
the ventilation of the lyngs, and even slightly increases the
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diameter of Lhe bronchial Lubes,® great faligue diminishes the
regularity of the gaseous exchanges; il is then that carbonic
acid gas, a toxic product of Lhe vital combustion, accumulates

Fextreme fatigue

} cF normal fatigue

} Resting

w
3
o
2
©
W
o
©
©
[y
o

-

Tespiral
nEm

Tonogram
Prnevmogram
Tonagrsm
FPreumogram
(=4
Timea in Fifths of a second

Preumogram

ies Further

F16. 36.—Tracing taken during quick and heavy Labour; the Worker is threatened with *“Loss of wind.’

in the blood and causes breathlessness, while the resistance
ol the nervous centres, and consequentily the muscular energy,
rapidly diminishes.

1 Haldane and Donglss, Journal of Physiology, Vol, XLV,, p. 285, 1912-1013;

~Krogh and Lindhard, fhid., Vol. XLVIL., p. 30, 194 ;—Krogh, The Respiraiory
Exchanges of Awimals and Man, London, 1916,
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The most clementary observalion shows also ihat the
tespiralory troubles of fatigue are due far less Lo exaggerated
muscular effort than to the excessive rapidify of the muscular
contractions, which produces a lack of harmony between the
synergetic rthythms of the vital funclions.

It is to be noted, on Lhe other hand, thal Lhe respiration
becomes prolonged whenever a greal effort of some duration
is exerled (Fig. 37); a necrvous ramus, emanaling [rom lhe
bulb, gives rise, in parlicular, to a prolonged expiralion.
But a sustained effort tends to become impossible in the
fatigued stale of the organism, hecause the bulbar intoxica-
lion precipitates the aclivily of the nerves and throws it out

Normal Curve of Pulmanary Ventilation

2075235 Average, 20 25 héres (35-6 pints)

&3 . o
u E H i ] I 1
E, 4.1 4 SUTCITE VT I NS S-S S S I
S & Cysrgedignd (i gih, gebizth gth |gth pbhiyth LpthyathlygthlysthiMinyte
v { R A MO SN S SO B S D N
Resting™

Working
Fig. 37.~Curve of Pulmonary Ventilation.

of gear; the expirations become short and jerky, a sign of
breathlessness. It is possible, however, to store up oxygen
by means of a very deep inspiration, and io prolong the
duration of the expiration; but this cannot be done oflen,
nor for longer than two minutes. The Arab divers of Ceylon,
whose trade is sponge-fishing, remain under water for 90
seconds.® Despite this effort, which appears to immobilise
the thoracic cage, the breath oscillates in the lungs, as is shown
by o tonogram. The lungs retain their rhythm and their
amplitude (Fig. 39),

Let us now measure the consumption of oxygen : we shall
find that it increages, nnder the same conditions of lahour,
with the advance of fgtigue. The muscular engine yields a
poorer and paorer outpul; it becomes less efficient ; it begins

‘Vm.: AM- J’m Ef ‘PW’ VOL mi’ Pl 126‘
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to waste energy. On the other hand, I have observed a grealer
efficiency, an economy, when ihe effort and the pace were
moderated so lhat Lhe work was accomplished wilthoul great
fatigue.t

Al what inferior ralio of efficicney are we io regard the
continuation of work as dangerous ? This is a very complex
problem, for the yield depends upon the worker himself ; it
is a personal coeflicienl ; il has reference to a plainly specified
sphere of activily, and cannot he applied generally Lo all. We

Static EFfFort

Time /in Second

Normal Subject

(G. Mahey. 22yrs)

F1a. 38.—Pneumograms showing the expiratory Arrest of the thoracioc Rhythm
during a Static Effort.

should have io make some sort of experimenls in order to
estimate the depreciation suffered by [faligued muscles.
Moreover, such a thing may occur as stalic fatigue, produced
not by movements, whether uselul or useless, but by ihe mere
fact of exerting force; Lhis exhausts the peripheral nerve-
terminals 3, and complicales the interpretation of the re-
spiratory phenomena, which are consequently no longer
exclusive of all other physiological data.

v Le Moteur Hwmoin, p. 2656-266,
' K. Frumerie, Skand, Arch. . Physiol, Vol XXX, p. 409, 1913,



90 THE PIIYSIOLOGY OF INDUSTRIAL ORGANISATION

XXXV1.—(3.) Neuro-muscular Energy.—It will be under-
stood that the feeling of impotence which is the sign of fatigue
is localised in Lhe neuro-muscular system. A man who sets off
running at a rapid pace is inevilably, sooner or later, forced
by this sensation to relax his effort and to slacken speed.

Static EFFort

Respirations
QU202

Time jn Seconds
SR

. S W .

Static £ffore

Fio. 38.~Tonogeams talen during Btatlo Effort.

There are varicas means of verifying this fact. To begin
with, we may employ the ergometric cycle, actuated by the
pedals or by a crank. We may employ 4 braked wheel, the
brake being loaded with & weight of & kilogrammes, turned
at a rate of 200 revolotions per minute. 'The wheel inscribes.
a record of its own revelutions, Iry means of an electrie contact,
and we presently note that the:fracing exhibits langer and
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less regular inlervals. With the cheirograph,® which we shall
describe later, the decrease of muscular aclivity may be fol-
lowed, either in the fingers separately, or in the whole hand,
or in the wrist (Fig. 40). The rhythm is measured by a
melronome, and Lhe weighl Lo be moved by Lthe muscular con-
tractions does not vary (Ffig. 41).

The dala relating lo the form and frequency of the mus-
cular conlractions heing thus determined, il is obviously
only the amplitude of the contraclions, the height through

w Cheirograms of Fatique.

Fu. ¢l

which the weight is lifted, which is diminished by fatigue.
The work performed, then, is less and less. The appearance
of a cheirogram is characteristic ; the crests of the tracing are
lower and lower as fatigne advances, or as it is increasingly
affected by circumstances : by bad food, lack of sleep, moral
depression, high temperature, alcoholism, or some unapparent
condition of ingpotence.

To & proctiséd cye, I might remark, (he comparison of the
cheirograms laken befors and after an experiment should

d. Awar, Le Motewr Eumain, p. 3915 Jowrn, de Physiok, p. S40, 1015.
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permit of an estimation of the degree of [atigue. If we display
such a tracing by rapidly rolating the recording cylinder,
we shall note the flagging of the muscular effort in all the
phases of the curve. The will does not acl upon the muscles
by a single impulse ; the nervous centres have to multiply
their impulses, and then ihe weakness of the contraction belrays
Lhe simullancous [aligue of 1he nervous syslem ; simullaneous
because the muscular fibre iiself, above all, becomes {aligued,
becomes less irritable and less elaslic; ils very elemenlary
siruclure becomes impaired. After very violent move-
menls, after very great eflorts, Lhe musecles suffer from con-
traclure ; ihey become rigid, only slowly and with difficully
recovering all their original fleximlily. We have inslances
of such contracture in the rheumalic stiff neck, which aflects
the sternocleidomastoideus; or in the spasm known as
writer’'s cramp, to which {ypisls and seamstresses are
subject as well as authors.

The fatigue of the nervous syslem is in proportion to the
number of motor impulses which it is obliged 1o furnish to the
muscular sysiem in order to cause the latler to function ; this
expenditure is heavy in work which demands movements
repeated with great frequency. Shorl steps, very often
repeated, are more tiring Lhan good long strides; and here
we see why in certain kinds of work which do not require
strength there is considerable nervous exhaustion, while fatigue
soon makes ifs appearance.

A further consequence of this phenomenon is thatl disorders
of the general sensibilily are produced; the nerves react less
swillly ; the personal equalion increases; the sight becomes
less acute; this is the ocular asthenapia of composilors, shoe-
makers, elc,, in which one can no longer distinguish colours
without increasing the intensily of {he light; al the same
time the cerebral activity is diminished, ideas or images being
less quickly distinguished by the mind.

The faclile sensibilily, the source of our most frequent sensa-
tions, and our principal means of education, is also in turn
diminished. It may be measured by touching the surface of
the skin with two ivory points; the normal separation of the
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points of this special compasses or aesthesiomeler has to be
increased, so as to include a larger sensitive area. These variods
manifestalions of nervous faligue oflen result from a defi¢it
of oxygen in the blood, or an excess of carbonic acid gas due
to working Lloo rapidly. Under Llhese circumslances the
excitabilily of the nervous centres diminishes, at all events for a
certain time,! involving a diminution of the peripheral sensi-
bility. Voluntary aclions and reflex aclions also are per-
formed in a hesitating manner; sometimes they hécome
disordered. Ifor example, a young girl who uses a skipping-
rope too long at o stretch eventually makes mistakes, and her
movenents become confused.

All these Factors, at which I can give only a rapid glance,
are measurable values ; and we may draw up tables of figures
representing the extent of these reactions before and after
fatigue, which will furnish us with useful information.

In many cases I have been able to replace the tracings of
the cheiragraph by a more expeditious method of determining
the greater or less resistance of the nervous cenfres ; ihe subject
at a given moment seizes two weights of 5 kilogrammes (about
11 1bs,) ‘which are placed within his reach, one on either hand,
his arms heing outstretched laterally and in a horizontal line.
He must not. allow his arms 1o fall, save as a resnll of fatigue ;
when this oecurs the arms begin to droop and to tremble.
We note the duration of this static effort, and it is repeated at
intervals of a minute, as long as it is judged necessary to con-
tinue the experiment.

"The product of the weight and the time, p x {,in kilogramme-
seconds or pound-seconds, varies in different individuals ; at
the beginning of the experiment the time value may vary from
18 to 20 seconds, Bud it is to be noted Lhat in an hour’s tests
the endurance, expressed by the total of the products p X ¥,
is found to be characteristic of & man, and often of a group of
men addicted t6 the same form of muscular exertion. In
twenty instances, for example, it had an almost constant

t Altabelli, Areh. slal. Biok, Vol. XL, p. 04, 1903; Piotroveky, Du Bois-

Rgm AM- f- PM; P- mﬁ, lm;""mgw; Afﬂbc W Bl‘d. valv m;
P 89, 1004,
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value, The endurance limil reveals iiself thus: to begin
wilh there is a determined eflort, then a sudden [all, and an
absolute refusal of the muscles 1o bear the weight any longer.
After an hour’s resl, the curve again declines very rapidly, and
one is justified in saying that nervous motor excilation tends
1o become exhausted, jusl as does the muscular energy. The
shape of the curves of endurance is that of a hyperbola (Fig. 42).
I'or example, we may oblain such resulls as these : 44, 307
297, 197, 167, 157, 117, 137, 137, 117, 107, 117, 107, 117, 117, 11%,
87, 10", 117, 11", = 308", or a total of 308 x 10kg., or, 3,080 kilo-

General Form of Curves of Endurance

Preduct mn kifogramme seconds

Tima

Fia. 42.

gramme-seconds. On an average a healthy adult, not suffering
from faligue, attains a total of 3,000 kilogramme-seconds.
All striking irregularities, and all wvalues lower than 2,000
kilogramme-seconds, betray great fatigue of the nerve-centres.

XXXVII.—(4.) Biochemical Indications of Fatigue—The
nature of fatigue, as we have already seen, is an intoxicaiion,
which, occurring at the points where activity is al its maxi-
mum intensity, gradually extends to the entire organism.

The poisons of fatigue resull from the transformation of the
cellular albuminoids, which is always extremely bhad for the
health, for not only is it extravagant, necessitating far more
oxygen than if fats or sugars were concerned, but it liberates
toxic bodies or ponogenes. These are formed more particularly
when the muscles are putting forth excessive efforts. These
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products are based upon nuclein, whose origin is the nucleus
of the cell ; they arc acid, and phosphorised or nilrogenous.
These puclein bases are also found in the urine, together
with phosphates and uric acid. This last, eliminated by ihe
orgamsm al the rale of 8 milligrammes per kilogramme during
the 24 hours, this rale being consianl,® is more abundant
after faligue.? And all lhese producls, conveyed by Lhe
blood, poison Lhe organism. We have seen ihal Lheir injection
into the veins of an animal causes a depression of the vilal
forces, andl the disorders peculiar lo fatigue; they diminish the
muscular excilability, involving an increasing expenditure of
nervous energy, and an aclual wasting of the vital resources ;
they impair even the living lissues, those of the muscles and
the nerves ; Lhey impede the regularity of Lhe phenomena of
respiralion and circulation.

While normal activity reduces the proportion of the urinary
toxins,? intense labour and extreme fatigue visibly increase
it; and Bouchard has noted that they produce a cerlain
narcolic effect, which may vary from mere somnolence to death.

Unfortunately the measures taken, when examining urine,
to detect the extreme limit of physiological fatigue, are still
deficient. Neither from the analysis of the blood nor from the
toxicity of the perspiration can we oblain more reliable infor-
mation, Ws must combine a large number of data—bhriefly
indicated here—in order to appreciate the intensity of faligue.

The truly physiological characteristic of the latter is proved
by the disappearance of all its effects after rest and sleep, both
necessary things, and hoth demanded by Lhe auto-inloxication
itself. ‘The Loxin which causes sleep, the hypnoloxin, is formed
during the waking state ; it is found in the blood, and more
particularly in the cerebro-spinal fluid ; it is said to produce
temporary degemerativa changes in the frontal lobe of the
brain' Taligue and lack of sleep give risc to a lprpid con-

 Faustkn, Pfl. Arek, Vol CLYV., p. 523, 1804

¥ Herther and Smithk, Maly's Juhrh., Vol XX1L, p, 200, 1892 ;~—Dunlop, eta,,
Journ. of Physiol, Vol. XXIL, p. 68, 1508,

*Ch. Bouehard, L gons aur los owio-fulox. dana las maladies, Paris, 1887;—
Colasanti, Ricerche Fatit. Farmueol Sper., Vol, TL-IV., 1803.1800,

sH. Piron, La Problime phyeloligions du sommagl, Masson, 1013,
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dition of ithe organs of movemenl, and relax the lonicily of
the muscular syslem, exerting a depressing effect on the
innervation; they render rest and sleep inevilable, for at a
certain moment they become inhibilory, conslituting a
mechanism of delence againsl exaggeraled aclivity. The
oxygen of the blood will resiore the vilalily of the organism.

If, through a falsc conceplion of the laws of work, one
disregards these warmngs of faligue, the normal himils aie
quickly passed; the intoxication becomes aggravaied, giving
nise to a [ebiile stiffness, headache, and other panful symp-
toms. The resistance of Lhe nerve-cenlres becomes greatly
dimmished, and, in shorl, lhe resistance of Lhe organism
collapses ; and 1t is this lessening of resistance which awakens
latent mmpeifeclions and maladies, which have veiy oflen
heen unsuspected ; it is lthis which breaks down the reaction
that infectious germs find 1l so difficull to contend against.
Typhoid fever or tuberculosis declares itself. We know what
is the dismal fate of armies exhausled by warfare.

The object of the physiological organisation of human
aclivily 1s to render impossible the circumstances which give
rise to overwork, and end by ruining the heallth. Its aim is the
conservation of lthe human race by means of social hygiene.



CHAPTER V

THE FACTORS OF LABOUR

XXXVIIL.—In order to organise human labour, we must
understand the laws of museular and nervous activity, and
the numerous factors on which they are dependent.

Even among the ancients precepts were current to ihe
effect that one should exercise the body before and not afier
meals, and that such exercise should be continued * until a
slight Iassitude is felt, until a little perspiralion appears, or
at least until a warm vapour is exhaled by the exertions of the
body.” ! These rudimentary ideas of physiology and hygiene
were, however, entirely disregarded whea the army was in
question. The military ideal, especially among the Romans,
was one of the most rigorous training, until the soldier was
able to cover distances of twenty-five miles a day with a
load averaging about 77 lbs. It must be admitted that such
a life as this gave the soldier a tough constitulion, and that
the organism became accustomed o extreme fatigue.

The principles of physical training were in the course of
time forgotten, and under Louis XIV. victories were dearly
bought. In 1734 Montesquicu remarked with justice: ““ We
note to-day that our armies are largely perishing owing to the
immoderate exertions of the soldiers; yet it was by means
of immense exertions that the Romans saved ihemselves.
The reason of this is, I believe, that their hardships were
continuons, wharess our soldiers, on the other hand, pass
incessantly from extreme exertion to extreme idleness, which

v Galen, Me Sanitate luemda, Vol 1L
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of all things in the world is most likely (o kill them. We no
longer have a just idea of bodily exercises.””

This just idea could have been obtained only by consuliing
Nature, and Nalure, according to Newlon, creates nothing but
geomelry, and derives her inspiration from the principles
of this geometry.

Galileo 2 demonstrated the fact Lhat of all our muscles that
which works withoul resting, wilhout irregularity, and
which veveals ilself as lruly indefaligable, is assuredly the
heart. Il possesses a given mass, and il contracls al Lhe
rale of aboul sevenly-lwo times per minule; and as it
moves only ils own mass,”” this may be the explanation of its
indefatigability.? The other muscles, on the other hand,
have Lo move the skeleton, and somelimes the entire weight
of Lhe body, as in the case of the leg muscles.

These speculative views of the great Italian scientist are
in agreemeni with our modern ideas as to muscular effort.
There is, in truth, for every locomotive apparatus, a rhythm
of coniraction and a resistance fo be overcome which is per-
fectly adapted io its normal aclion, although this has the
appearance of being undefined. Further, there are cerlain
values which correspond to the mosf economical riythm and
effort,* those which enlail the least expenditure of energy.

In this connection we can do no more than briefly formulate
the laws determined by the physiologists, and in particular by
Chaveau.

XXXIX. The Laws of Chaveau.—1. The expenditure of
energy is in proportion lo the muscular effort of conlraction,
lo ifs duration, and fo the degree of confraction.—The meaning
of this first law is obvious: thc energy expended, or the

! Montesquieu, Considérations sur les causez de la grandeur des Romaing el
de leur déoadence, p. 10 (ed. Barckhausen, Paris, 1000),

* Galileo (15G4-1642), Opere, Vol. XL, p. 558 (Milan ed., 1811).

® But seenoteonp. 28, Tho absence of rest in the case of the heart is apparent
only, gince & part of every second is devoted to repose, Moreover, besides
* itz own mnes >’ the heart moves the maes of the blood.—En.

41¥ all our muscles gould operate under the same conditions as the heart they
would produey in 24 hours nearly 3 million kilogram-metres of work, or
enangh t9 énable one to make the ascent of Mont Blano four times over.
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fatigue produced, increases if the efforts are more miense and
more prolracted ; but it musl be added that Lhis fatigue, all
other conditions being equal, is doubled il Lhe shorlening of
the muscles is lwice as greal. The observation of a good
workman will confirm this portion of the law; in pushing a
wheelbarrow he will allow his arms to hang straight in place of

g, d3.~~Pasition of Arms on Lfting Wheslbarvaw.

flexing them, thereby excrting the same sustaining effort
with the minimum of fatigue (Fig, 43).

II it is on occasion necessary to exert greal muscular force,
it must be remembered that the laller increases less and less
rapidly as the muscle approaches the Hmiis of its contraction.
The eoffort of coniraction should not be carried to its limit,
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or there will be wasle of encrgy. Violenl exertions constitule
abnormal conditions of muscular aclivily, whose consequences
are irreparable.

2. The expenditure of enerqy required o perform a given
amount of work diminishes in proportion as the rapidity of [he
musecular coniraclions increases, —Bul ihis is true only within
cerlain limits of speed, beyond which nervous exhaustion will
ensuc, Llogether wilh prolound physiological dislurbances.
As T have already remarked, a rapid gail, or a rapid rale of
work, is permissible only when it does nol overload Lhe
organs of circulation and respiration. Under such conditions
speed is really economical. Modern induslry, which demands
the qualities of skill and speed far more than strenglh, should
confine itsclf to these economicul speeds, of which the Taylor
syslem suspected the existence, althongh il could not stale
what they were.

3. There is a mos! [avourable effort and a most favourable
speed for the performance of the maximum of work with the mini-
mum of fatigue. This is a consequence of the preceding law,
and tihe delermination of this effort and this speed constitutes
the real object of the scientific organisalion of human energy.
‘Whether Lhe most delicale kind of work or the heaviest labour
is in question, the force exerted, and the pace of the work,
should always be duly proportlioned, Lhe sole guide being the
dala ohtained by experiment.

4. Law of Rest (Jules Amar)—A muscle refurns more
speedily to ils conditiort of repose in proportion as ils work has
Jbeen mare rapidly performed.—This law, formulated in 1910,
is enlirely comparable to the law of the cooling of heated
bodies. The temperature of a hody which has been heated
falls at a rale proportional lo the {emperature to which il has
been raised (Newton). Similarly, the consumplion of oxygen,
which cxpresses Lhe expenditure of energy, decreases pro-
gressively from the terminalion of work until the condilion
of repose is regained, and this decrease proceeds rapidly, the
Teturn to the initial condition oceurring guickly when the work
hasbeenstrenuous—of course within certain limits. The law of
this decrease enables us to delermine Lhe inferval of rest which
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is necessary on cach occasion to restore the physiological
conditions which oblained at lhe outset, and Lo divide the
work inlo reasonable shifls. In this way a large daily output
will be oblained withoul impairing the resislance of the
organism. In the same way the degree of venlilation pro-
gressively decreases ; il should resume the value normal to
periods of repose four minufes after the work, whalever il
may be, is ended.  The tonographic curves also relurn Lo Lheir
initial amplitude (Fig. 44).

Fonograms of Fatigue.

Fro. 44,

The whole science of human labour is condensed in these
four larws, and the whole art of working, together with the whale
ol physical education, resides in their application, Duly to
preportion effort and pace, to enforce inlervals of repose—
this is the secret of a mormal setivity, exempt Irom overwork,
and, what is even betier, Iavourable Lo the complete develop-
ment of Lhe functions of life. Whether in physical or inlel-
lectual exertion, everything 8 a question of measure, of
discipline ; that is to say, of ortler and harmong,
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Bul Lhis order and this harmony musl yield both an outward
and an inward irradiation, musl control ihe living machine
internally as well as in ils relations with ihe outer world, for
Ife is subject to the incessant influence of numerous physio-
logical and cosmical agencies. Human aclivily is Lherefore
dependenl upon these, and we shall see by, what powerful bonds
they hold il and conlrol iL.

KXL.—A. INTERNAL Facrors or Work: Our Foop.—No
motor can fulfil its unclion and perform work unless it is suitably
fed. In the living molor the fuel is known as food or aliment,
and the phenomenon of combuslion bears the name of nufri-
tion ; it is, as we have seen, an oxidalion affecting the reserves
of the body-cells. ** It is not the food eaten at the lime that
furnishes the energy employed in the physiological tasks of the
organism,” says Chaveau, ““ but the polential created with
the food which one has eaten previously.” *

These physiological processes require the presence of ozygen
and water and certain saline substances—salls of lime (carbon-
ates and phosphates) and of soda (chloride of sodium), which
consolidate the bones and parlicipate in the processes of
digestion or humoral equilibrium. Our alimentary rations
almost always contain the necessary salts, and the 2 to 3 lilres
of walcr which an adult requires. And all our foodstuffs
contain, in varying proportions, three kinds of alimentary
malerial : fais (bacon, butter, etc.), albuminoids (white of egg,
lean meat), and carbohydrales (sugars and starches). Expe-
rience has shown that alimentation should furnish our bodies
with one gramme of albuminoids per kilogramme of body weight
in order to make up for organic wear and tear, Above all,
it has tanght us—and the theory of energetics confirms
this—that the work of the muscles, and probably ihat of the
nervous syslem, consumes carbohydrales almost exclusively.
The true source of available energy resides in these saccharine
aliments, which are derived from the glycogen accumulated
in the liver. Proceeding from the liver to the muscles, they

1Tt is imposeible to enter into the problem of alimentation here: I must
rofer the reader to Le Molewr Humain, pp. 176-217.
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are there iransformed into useful or mechanical energy, almost
without waste ; 100 calories of the said aliments really yielding
100 calories of available work, either in the muscle-cells or the
nerve~cells. The fats and albuminoids, on the other hand,
are a wasteful fuel, less digesiible lhan the carbohydrales
and not so pure; this is especially irue of the albuminoids,
for they give rise to ihe toxic products which haslen the
advent of fatigue. In the process of Lransformalion they
lose, respectively, 15 per cent. and 45 per cenl. of their avail-
able energy, a loss which Lakes the form of a mere production
of heal, which is a degraded form of energy.

Thus, the more active the life we lead, the greater use
we shall make of the foods which conlain carbohydrates ; and
there is, in principle, a minimum of albuminoids—a compara-
tively small minimum~—which should be absorbed by the
bady, and a larger minimum of carbohydrates. With the lalter
excess is an advantage ; with the former, an inconvenience,
and often a danger.

Let us add that food best stimulates the digestive secretions
when it is sfightly seasoned ; that it is more digestible in some
states than in others; concerning which we shall give a few
hints later on. The manmer in which a dish is prepared,
according to Pavloff, acts in a psychical or mental fashion on
the powers of digestion (see § 10); so that the traditions of
the culinary art are deserving of respect. It is enough to

improve the qualily of the food provided and Lo provide it
in sufficient quantities.

XL1. Hunger, Inanition.—~Bad or insufficient alimentation
depressex the vital forces and gives rise to anaemia. In
Inanition nervous disorders may make their appearance,
although the brain is of all the organs thal which offers the
greatest resiatance to materis]l exhaustion. But the muscles
sufler great losses; hence it is the labourer who suffers most
from hunger, It is the same with the child, by veason of the
necessitics of growfh ) the child who has been ill-nourished
suffers damage which the best of djets will never make up for.
I have found that it is of advantage, when endeavouring to
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repair such damage, nol Lo exceed a proportion of 2 grammes
of albuminoids 1o ihe kilogramme, and Lo depend upon carbo-
hydrales ; in other words, the process of repair must be pro-
gressive and gradual. I would say as much Lo those young
men who arc ardently devoled lo athletic sporls, and who
undergo exertions whose effects can be repaired, and which
can be rendered useful, only by a correct alimenialion,

Hunger is a defensive sensalion, which begins by a dragging
pamn in lhe stomach, accompanied by powerful contractions.
By means of thin bladders of rubber introduced into this
organ it is possible to regisler these conlractions, and to
measure their intensity, their rhylhm, and their synchronism
with those of ihe lower oesophagus.! The pangs of hunger
are next reflected by the pharynx and the temples, producing
headaches. They are keener during fatiguing exerlion, espe-
cially in winter.

Lastly, we know that some persons suffer from bulimiq,
or a morbidly large appetite, and are obliged to eat incessantly
in order to satisfy their devouring hunger. Bul, apart from
this abnormal condition, one should avoid excessive ealing,
and beware of the refinemenls of cookery. Unfortunately we
eat too much, and we vary our faod too greally. The result
is an excess of digestive labour, which involves a supple-~
mentary expenditure of cnergy;? the slomach becomes
dilated, the respiration is embarrassed, while vertigo, insomnia,
and cardiac acceleralion often make their appearance ; one
becomes unfit for hard physical work, and cven the mind is
obscured. The tloxic effect of these copious repasts is abso-
lutely incontestable.

And, on the olher hand, an excess of alimentary excilation
fatigues the nerves of the digestive system. * The majority
of choice dishes . . . irritate the organs of digeslion and
secretion in an injurious manner.” 8 The ease is complicated
by the appearance of more serious disorders, such as rheu-
matism, gout, albuminutia, or obesity, according as the diet

1 Carlson and Lukhardt, Amer. Journ. of Physiol., Vol. XXXTIL, p, 126, 1914.
* ianlanis, Compfes .Rem!u.a Biologie, p. 548, 1004,
1 §. Metsohnikoff, Btudes sur la nature Fumaine, p. 379, Paris, 1908,



106 THE PHYSIOLOGY OF INDUSTHIAL ORGANISATION

is chiefly fatty or albuminous. An abundant diet is the glaring
defecl of middle-class socieLy.

« XLII, Alimentary Rations.—I( must always be remem-
bered that the alimenfary ration which will suffice to make up
for our material expenditure, whether resting or working,
and to caver Lhe expenses of bodily mainfenance, must he
regulated by the mass of the body and ihe amounl of mus-
cular work performed. In order thal il may be a (rue ralion
of mainlenance it mus! suflice to make up for the wear and tear
of the organism, and lo mainfain the weight of the subject. A
constant weight is, in the adult, evidence of the inlegrily of
the functions and the suilable nature of the ration. Abstin-
ence from albuminoid foodstufls results in organic wasting ;
the weight decreases by about 1 per cent. daily.r The diet,
therefore, must supply, in addition 1o the necessary calories
of heat, an alimentation perfectly adapted to the most definite
physiological needs. It should contain the minimum of albu-
minoids or proteids, which, as we have already seen, is 1 gramme
per kilogramme of body-weight, and a minimum of carbo-
hydrates, the proportion of which will increase wilh the severity
of the work performed. Fats, which will not be largely
represented in these rations, will, however, be present in larger
proportions when the weather is cold.

And these foodstuffs should always be prepared in such a
way as to stimulate the appelile, that complicated reflex
by which the body and the mind interpret their inner life, a
reflex which it is profitable to consult. IFood should always
be ‘well maslicated and slowly ingested into the alimentary
canal, It would seem that there were formerly, in Rome,
persons whose duty it was to lgach the art of mastication.
And more recenlly the Fleicheriles have made an important
hygienic duty of the act of mastication. Fletcherism deserves
more than a mere mention. In 1890 a wealthy American,
Horace Fleicher, hardly Forly yeard of age, resolved Lo cure
himsell of an evil from which he suflered greatly : obesily.

S, Hatal, Amer. Joars. of Physivl, Vol. XIL, p 116, 1004



THE FACTORS OF LABOUR 107

*“ He had become incapable of conducling his business, of
frequenting ihe clubs, of fighting the batlle of social life
. . . he found himself so physically disordered Lhat the
insurance companies refused to accept him. ... Then he
bethought himself that the derangement of his mechanism
was due especially to over-eafing, and he himsell sought ihe
method of (realment : ihis was an economical alimeniation.”
He decided upon a diet conlaining a large proportion of carbo-
hydrates and a quanlity of proteids corresponding 1o 0-60
grammes per kilogramme of body-weight. This diel consisted
only of vegetables, cereals, sugar, and milk, and represcnied
1,600 to 1,610 calories for a man of 72 kilogrammes (about
11 slone 5 1bs.); an insufficient figure, but the diel was a
suilable one for a person who had to consume the falty surplus
of his own obesily. We may remark ihat a fasting man,
during complele repose, expends a minimum of 1 calorie per
kilogramme-hour, according to a mass of concordant observa-
tions.* In Fletcher's case this would give a value of

le X 72 x 24 = 1,734 calories.

By this means Flelcher restored himself to a remarkable
slate of physical and moral health. During the whole of the
year 1903 he consented even to become ithe subject of experi-
ments conducted by the physiologisl Chittenden, which were
the basis of a very valuable survey of the question of hygienic
and economical alimentation, and the origin of Flelcherism,
for this singular person found many zealous followers. These
latter discipline their sense of tasle, gradually triumphing
over the tyranny of the palate, by accustoming themselves
1o relish patienlly masticated foodstufls, which, lurned over
and over upon the longue, stimulate the secretion of the
digeslive juices, and eventually become agreeable. Elaborale
cookery is, juslifiably, rigorously opposed. Fletcherism
is merely a matter of iraining. Some will regard a rhyth-
mical, calculated, regulated gymnastic of this kind as excessive
in eonnection with the elementary acl of mastication. There
is a certain amount of tiuth in this, but I would gladly see’it

1R, Tiegerstedt, Arch. di. fisicl, Vol. VIL., p. 426, 1809,
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cure us of the opposile excess, of the lachyphagia, of which
we are, al table, the ofien unconscious viclims.

We will conclude by indicaling Lhe method of evalualing
and apportioning our aliments, thal is, of delermining the
ralions proper to each according to his age and Lhe nature of
his work. In this volume, which is al once clementary and
praclical, I shall always be careful to refrain from giving advice
impossible to follow. The best advice is that which respecls
Lhe scientific truth and wins men to follow it. The chains of
Lhe laboralory must not too closely shackle Lthe limbs of educa-
tion, for cducalion is a thing which lives and moves.

TABLE OF ALIMENTARY RATIONS,
{Numher of calorics per kilogramme of body weight per 24 hours.?)

1. Lisat OcorpaTIoNs AND INTELLECTUAL WoORK (authors, scientists, business
men, offivisls, schoolmasters, clergymen, jewellers, tailois, dressmakers, otc.):

30 ealories (macaroni, spaghetti, vermicelli, ete., fresh vegetables, milk, the

moce delicate kinds of fish, pastry, ste., to be given preference), of which proteid
should form one-tenth.

2. Wogr or Map1onm Hesavress (skilled oraftsmon, shopkeepers, hairdressers,
dyers, chimney-sweeps, ehop-assistanis, domestic servants, ete.);

38 caloriez (eame rexparks as above; a moderate consumption of bread, and

a very molderste consumption of meat—76 gramies (2-6 oz }—daily; dried
vegetables),

3. Fatravine Wnnk (soldiers, eaflors, navvies, dock lahourers, artisas,
meohanics, labourers, agricultural and other, ete.) :

BO o 70 ralories, according to the amount of work performed (the above
vemacka spply; while broad, potatoss, and fruits, such as prunes, chestmuts,

fign, graped, raising, ste., should be given, and not raore than 200 gims, [7 oz.]
of meat)

*la winter increave all thess rations by one-fourth. Rations should he
avlecteil and, apportioned according to the fable which fullows.



Table of Foods in Ordinary Use.?

Prr 100 Grammesa ohydrates. Fats. Proteids.  Calolles.
Almonds, dued ... e . 18-00 54-20 18-10 641-23
Apples . wn e e 14-41 0-08 1-44 05-53
Apricots, fresh ... . e 8-10 0-12 048 36-06
Artichokes, Jerusalem ... 13-07 021 3-68 70-00
Asparagus ... 4.72 0-41 3-38 38-94
Bananas ... 21-90 0:09 144 96-61
Beans, dried 54-41 1:32 27-32 347-38
Beef, sirloin v ¥V 2-54 1-82 16-30 93-81
»» heart ... . ... ves 2-20 4-84 1526 155-59
» Buet ... 0-00 00-04 0-76 830-67
TBrains, calvey cee . ves 0-12 16-33 1326 203-46
Bread, home-made? H8-04 040 T25 271-33
5 Jrenchol! Gl-59 0-24 580 270-26

s»» Viennesa ... 57-29 011 703 264-71

» Army? 53-8 0-10 805 264-14
Brussels sprouts ... .- 0-62 0-68 3-80 60-30
Butter e . . . 0-00 83-58 2-52 71091
Carp 052 3:56 15-34 097-42
Cariots 0-50 0-19 1-19 45-56
Cauliflower, heart ... 4-89 0-38 3-51 3790
Cheese, Brie 4-85 22-45 10 94 305-93
” Camembert .- eee B5-95 2185 1872 208-16

» Gruyere .. e . 179 26956 36-00 40043

» Roquefort ... 3-00 38:30 2516 464-00
Cherries, sweet ... 14-12 0-00 1-02 682-89
» tart 11-87 0-40 1-26 57-88
Chestnuls, Limousin ¢ .- s 33-16 0-89 247 154°18
s largs (marrons 32-17 1-08 31k 154 64
Chocolate, ordinary 62-65 25-50 8:356 523-10
s Meniers 68-00 21-00 875 514 83
Cocoa (Congo) . - v 3025 4240 11-36 560-40
»  (New York)e... .. .. 3770 28.90 21.60  506-12
Couscous? ... 8540 207 9-80 40916
Dates .. 87-10 0-06 1-p6 283-09
Dourn e 65250 0-44 833 253-40

3 Unless otherwisa statod these values are for fresh foodstuffie bought in Taris.

t Five days old.

3 A. Balland, Revue de Pintendance, p. 361, 1907,

% These are Limousin chestnuts, the most abundant species; chestnute form an
important arbicle of diet in many departments of France. 'The country produces
ahout four million quintale (hundiedweight approx.).

¢ Chocolate, made from the oocoa-besn, confains an alkaloid principle, cafeine,
which is a neuro-muscular stimulant. According to onr own investigations covon
containg 0-16 per ocent. of ceffaine, while 100 grathmes of Chocolai Mender contain
1 gr. 40 per 100 grammes. American chacolate 18 very rioh in fats, containing 26-80
per cent. of carbohydrates, 47-10 of fats, and 12-50 of proteids, Tia calorifio poweris
BR974 (Atwater and Woods, #id.). But the calorifis power i no oviterion of the
quelity of a foodsiudt,

% Aooording to Atwater and Woods, Washington Bullelin, no. 28, p. 41; 1896,

7 Jules Amnx, Ls -Rendement de la maokine humain, pp. 60, 51, Paris, 1000. This
value refers to the dried material ; but the average smount of water contained in the
freshly made dish is 68 per cent. It contains (i the dry gtate) +736 pervend, of normal
sulphuric acid, (See p. 321.) 109



Per 100 Gromy Carhnhvdreatea, Fata. TR LMLt
Eggs, hens’ ... 143 1104 1169 15385
Endive . 402 010 1:04 21-66
Tiga, dried ... 53-87 2:10 226 24842
Fowl, leg 1-18 10-96 17-19 174-58
Goose ves e - 0-58 18-85 14-24 232-30
Grapes 1789 0-38 040 78 00
Gurnard, red 229 0-98 22-85 112-00
Ham (Potted) - 0-73 33-83 18-60 387 10
Hare .- e e e 2-65 3-34, 20-88 163-36
Haricot beans, ftesh o 417 0-28 199 2786
s dried “" 53-68 1-44 20:18 31603
Herings, fresh ... ... . 0-46 4-80 17-23 116-21
»  kipperel 071 1497 5162 350-74
Hazelnuts ... ... 13-22 01-16 1568 674-04
Horaeflesh (ateak) ... o . 144 2:95 2195 122-74
Lentils, dried . 5607 145 2304 337-55
Lottuce (Coa) o . 174 0-15 0-02 12-27
Liver (calves’) o 1-83 7-13 1912 150-78
Maceroni® ... . 7570 0-85 10-89 861-02
Mackorel . 0-28 1504 1567 202-26
Melon (Cnntelr.!upe) . 372 011 0-60 1871
Milk (cow's)... v . . 483 4-12 3.28 70-54
Mushrooms . 368 U-32 450 36-45
Mautton (leg) . 2:36 653 1786 142.32
Oysters .. . . 733 1-43 870 78-84
Peaches ... 10-36 048 0-86 50-37
Pears . 9-03 004 0-24. 42.06
Peas, green ... . 14:02 0:24 4-47 78-00
» dried ... 57476 1-40 20-56 335.85
Pork (feg} ... 1-58 3-10 20-30 117-02
Potatoes ... 17-68 0-04 1971 79-45
Prunes {pulp} v e en 44 0-40 2-37 306-26
Rabbits (lag) . 077 314 23-49 126-81
»  {loin) 190 1.87 18-66 102-22
Raising . . 7670 0-56 045 31341
Rice, whitr . 1522 0-30 8-89 347458
Salmron: 008 20-00 17-65 25469
Bardines, fresh (pﬂehardn) e 0-67 233 22:12 114.23
SBeole . v . 1111 0-81 17-26 $2-89
Bpinneb .. - 558 0-33 408 42-53
Blkats ser eae 017 048 2208 95-92
Strawborrion, wild . e 886 0-99 1-38 50.87
Tomatass ... ... 292 0-10 0-89 16-53
Turailp vere  ave sen e 587 0-08 0-47 25:81
. e A 478 1679 19-06 250-33

Veal (round) . e “e 092 2.28 20-40 108-18
n (Bllet)... . ... v 192 408 2227 138-43
YVermicalli {ribbon} . 7521 0-60 11-58 J61-30
Welnuts .., . . 1767 4198 1105 490.36
‘Whiting ... e een wes 138 046 16-18 1568

* The varions farinadeons pasios—maoncond, -
kava nyuch the ssme somuoutiion. spaghabid, vexmicelll, semolins, ebo.

110
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XLIII Observations, and Particular CGases —As a general
rule, it is a good Lhing lo ensure that vegetable foods shall pre-
dominate in our diel, without employing them exclusively ;
for inslance, we should not exclude eggs, milk, and the lighter
fish (sole, whiling, gurnard, and fresh-water fish).

Great care will be Laken thal the aliments are of good
quality.

Restaurants and eating-houses should be subjected lo a
very sirict inspection, for the working-classes are particularly
exposedl Lo Lhe frequenl consumplion of stale or spoiled food-
stuffs, to the detriment of their heallh. Cheapness should
ncver be made an excuse for fraud, and here least of all.

The child, afler the period of suckling, must eat freely, on
account of his growth. He will always thrive best on mother’s
milk ; otherwise he should be given cow’s milk, boiled, and
slightly diluted with a 10 per cent. solution of lactose. Then pap
and bread and milk will be given, and at the age of 18 months
meat broths, finely minced chicken, mashed potaioes, and
sweets. At this age, as later in 1he case of the adult, the bodily
weight should be kept under inspection ; in the adult it should
be constant, while in the child it should steadily increase. But
the treatment of the nursling requires competent supervision ;
in cases of anaemia, dyspepsia, or inteslinal catarrh a specialist
should be consulted without delay.

Belween the ages of two and nine {o ten the child absorbs
90 to 70 calories per kilogramme, or two to three times as
much. as the adull. One cannot withoul danger reduce the
child’s consumption of food, nor his activity, for his organs
are undergoing formalion, and are learning to perform their
functions. Limilation is not education.

On the further slope of life, in the aged, the digeslive function
becomes enfeebled, and ihe expenditure of energy gradually
diminishes., Care must be taken to avoid fatiguing Llhe
gastro-iniestinal organs, and to provide them with easily
digested foods; farinaceous foods, such as macaroni and
vermicelli; very tender white meats, fresh vegetables, and
stewed fruits. Sobriety is a necessity in old age; a sobriety
which should extend to all causes of excitation, in order
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ihal the cercbral syslem shall not be unduly tried. The
economical use of food and stimulanis prolongs Lhe life. We
may cile the well-known example of the Venetian gentleman
Luigi Cornaro (1461-1566), who carried alimeniary economy
Lo the verge of parsimony, and at the age of 94 preached his
doctrine in a volume “full of wilt and common-sense”:?*
Melodo di vivere a lungo, with the sub-ttle Discorsi della vila
sobria (Padua, 1558). An invalid unlil his lorlieth year,
having abused his constilution, he suceceded in complelely re-
eslablishing his heallh, and in dispensing wilh medicine of
any kind, thanks to Lhe regunen which he imposed upon
himself. When almost a cenlenarian he even look part in a
lawsuit, which caused him great annoyance, withoul affecting
his health ; more, he fell oul of a carriage, but the fall left
no traces. * Which plainly shows,” he writes, “ that neither
melancholy, nor the passions of the mind, are able to produce
unpleasan! resulls in these who hive according to rule—and
that Lhe majority of accidents should not be very dangerous *’
(Lac. cit., pp. 49, 53).

It does not enter into our scheme to deal, even in passing,
with the question of ditt, or the science which adapts the
diet lo the state of health, The science of dietetics stands,
as it were, at the cross-roads of physiology, pathology, and
Lherapentics ; it must not be degraded to form one of Lhe
departments of the culinary art. The moment a sick man has
received competent advice to carry out a given regimen, he
should do his utmost to submit {o the latter. Order and
proportion govern the whole universe. If would be 2 singular

prelention to seek to liberate our vegelative life from iheir
empire |

XLIV. What to Drink.—~—Alimentation, in the true sense
of the ward, comprises the lignid part of our dist, a very large

portion of which is represented by the fluids which enter into
our foodstufls.

' Front sn appreciation by Joseph Addison in Che Specialar for 13 Qotabior,
1711 (sea the Introduction to the English translation of Corparo’s book, The
Art of Living Loxg, p. 81, 1908).
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Water is incontestably and par excellence ihe natural hy-
gienic beverage, for il is one of the conslituent elements of
all living creatures. We ioo oflen forget that the end of
drinking is a physiological end, which no liquid olher Llhan
water can accomplish; Llhe organism sirives to maintain
an invariable degree of hydralion.* Furlher, the waler drunk
must be wholesonie, neither conlaining salls nor infecicd
with microhes. It is alivays best fo boil il and fo let if stand
for lwenty-four hours in the cellar. Il is then free [rom all
contamination, and one may be cerlain of having a water
agrecable o the taste. On the olher hand, waler [avours the
digestion, and in parlicular Lhe digeslion of fats and carbo-
hydrates.2 Ilinfallibly quenches ihe thirst, for thirstis sensation
resulting from a deficiency of water, jusl as the appetite is
a sensalion announcing hunger, or the need of food. Bolh
sensalions orginale in a derangement of the dynamic condition
of the cells, which results in a disturbance of the nervous system.

The cuslom has unforlunately prevailed of regarding
alcoholic liguors as the equivalents of water; and almost
everybody malkes use of them. This is an absolutely mistaken
attitude. Alcohol is above all a fuel; it yields more than
7 calories per gramme ; if taken in doses of 50 to 60 grammes
per diem it will supply the organism with heat, and will in part
do the work of the ordinary foodstuffs in this conneclion. But
it should never be regarded as an immediate source of increased
energy, whether mechanical or intellectual,

Above all we must not lose sight of the foxic effects of alcohol.
The nerve-cell is particularly sensitive to these effecls. Wines,
beer, and cider produce such effecls by reason of the alcohol
which. they contain; but spirituous liquids add to these
toxic effecls the terrible effects of the stupefying ethers and
essences which enter into their composition ; and their sale—
like thal of absinthe, now absolutely forbidden in France,
thanks to the enlighlened zeal of M. Ribot—should be pro-
hibited, or at least resiricted. The other alcoholic drinks

* Terroine, Comples rendus Biologie, 28 Maroh, 1914,

* Mattill and Hawk, The Journ. of the Amer. Chem, Soo., Yol, XX XII1.,
. 1,978, 1912,

1
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may be permilied without serious danger, provided their daily
consumplion does nol exceed, say, half a litre of wine (88 of
a pinl, or about 17} oz.) or a lilre of beer or cider (176 pints, or
about 35 0z). .\ hygienic doclrine which should recommend
such principles would be understood by all, and would in the
long run triumph over Lhe hideous evil known as alcoholism.!

XLV, The Effects of Alcoholism.—IL may be as well Lo
describe Lhe ravages of this disecase, “ The besl means of
insuring oneself against drunkenness,” said Anacharsis the
Seylhian, a Greek philosopher of lhe sixlh cenlury =.c.,
*is to represent Lo onesell Lhe degradalion of drunken persons.”

I will say nothing as to this moral delerioration; but
what of the physical | The entire digestive system is irrilaied ;
its secretions accumulate; gradually irritation gives way to
an ulcer which perforates the stomach. The *morning
phlegm ” is the firsl symplom of Lhis degeneralive process.
Kyrie and Schopper? have staled that the alcohol of wine,
employed in doses of 100 fo 110 grammes daily, causes gastric
ulcerations, with congestion and degeneration of the liver,
finally leading to hepafic cirrhosis. The liver, thal slorehouse
of glycogen, from which the muscles are revictualled by means
of the blood, and which assists in the production of the heat
of the organism, is profoundly impaired ; it becomes hard and
fibrous, and ceases to fulfil its manifold functions.

And the circulatory system? Alcohol has a depressing
action on the heart; the contractile power of ihis organ
rapidly diminishes; it can no longer exert its normal effort,
nor its ordinary capacity for work ; the nervous mechanism
regulating its action is paralysed as soon as the dosc reaches
2 grammes per kilogramme of body-weight 3; the frequency
of the heart-bemts diministes, and the depressing effect is
revealed by a prolenged disstolic pauses

1 have given all the nrgurments, whether of fact or of doofrine, on which
my coptlusions are bused, in Lr Motowr Humain, pp. 199, 283 and 506,

* Pontimalll and Di Christing, dtehiv. di Fisioh, Vol. VIIY,, p. 131, 1010,

* Kyris and Sehopper, Arch. f. Palh. Anad . Phys, Vol. GOXV,, p. 800, 1914,

+Chistoni, 4reh. int. de Phyaiol., Vol. XIV., p. 201, 1914 i—Galleotdt and Di
Joria, drch. di. Fisiok, Vol XII., p. 401, 1914,
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Degeneralion of the heart may result in dealh; Lhe blood-
vessels, moreover, become less elastie, and Lheir rupture is of
frequent occurrence : hence disastrous haemorrhages. In
this connection we obhserve, as on (he conlines of old age, a
degeneralion of Lhe tissues—a sclerification, giving rise to
arterio-sclerosis, The observations of Lian? have eslab-
lished thal all heavy drinkers sufler [rom arferial hyperfension.

Lastly, the nevous disorders. lussana, who experimenled
with doses averaging 2 gramimnes per kilogramme ol hody
weight, {ound thal the tonreily of the muscles and Lhe reflexes
was enfeebled, a resull due lo nervous depression.? And if
the prescnce of alcohol in the organisim is sought for, il will
be found Lhal il localises ilself, by preference, in Lhe brain
and the medulla oblongata, {inally arresting lhe respiration
and producing asphyxia.® The alcoholic subjecl frequently
dies suddenly, and from asphyxia.

Olher manifestalions of alcoholism are observed, the
most familiar of which are: the characteristic Irembling of
the hands, headaches, vertigo, cramps, hallucinations of the
senses, nightmares, and above all, delirium tremens, a violent
crisis in which ihe conscience disappears, rendering ithe man
capable of any crime. Even when he is still far removed from
this acute stage, the control of his sensalions and lhe associa-
tion of his ideas are far less assured (han usual; the mind
wavers; there is moral and physical deterioration.

The alcoholic offers little resisiance to infeclious maladies ;
it is on him that fuberculosis Lakes its firmest hold ; and in him
accumulate all the morbid taints and germs which, by an
inevitable physiologieal law, he will transmit to his descend-
ants*; his children, weakly, atrophied, or insane, die at an
early age. Had not the first legislalors lhis law of heredity
in mind when they announced that God would punish the
. transgressor even to the third and [ourth generalion ?

1@, Lian, Bull. Acad. de Médecine, 9 November, 1915.
* Lussana, Aroh, di Fisiol., Vol. X,, p. 2080, 1013.
® Sabbaiini, did., Vol. VIL, pp. 49-80, 1000,

48taoksrd and Papatisolacy, The Amerjcan Neakuwrglist, Vol. T., February
and March, 1916,
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The alcoholic is incapable of work which demands atten-
tion, delicacy of touch, and precision of movement. If he is
wounded, if he breaks a bone, his recovery is slow and difficult.
He becomes a charge upon society much more readily than ihe
sober man. How should sociely not treal him with disdain ?

Concerning the organisation of the struggle against alcohol-
ism and tuberculosis, see a capilal article by Albert Robin,?
and a very interesling discussion between Chauveau and
Landouzy.?

XLVI. Physiological Conditions.—The organisalion of
labour is founded on individual aptitudes and the general
condition of the organism (sec Chapter II), An attentive
medical examination will enable one to discover whether
the vocation which the subject intends to follow is in accord-
ance with his physiological resources. Inlellectual labours
and those demanding rapidily of movement exhaust the
cerebral energy, especially when protracted. Thinkers whose
health is poor, whose nervous potential is low, are obliged to
interrupt their work by frequent intervals of repose, and to
avoid lengthy tasks; the connection to be established between
their ideas, and the proportions lo be mainlained between the
parts of an immense and complex whole, would compel them
to exert an effort of attention of which thoy are not capable,
If they persist in such an effort, disorders of ihe sight or
hearing, or the jmpatience of the neurasthenic, warn them
of the danger, neurasthenia being merely a form of nervous
exhaustion. In manual occupations these disorders affect
the co-ordination of the movements : the sportsman and the
athlete are no longer sure in their movements; typists,
shorlhand-writers, and compasitors “ drop their words” ;
dressmakers miss their stitches. Their sensitiveness, generally
exquisite, cannol be replaced by determination; there must
be organic fitness. Alcoholics, accordingly, should be abso-
lutely excluded from such pursuits. I might say almost as

+ A, Robin, Bull, Acad. Med., 16 July, 1913.

'A. Chavesn, €, R. ded. Seiences, Vol. CLXIT, pp. 855 and 938; Juge,
19183 Ln Landonay, fbid., pp. 003 and 967,
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much of anacmic subjects. In branches of labour which
eniail the exerlion of greal sirength sprains, dislocations,
cramps, and lacerations of the muscles are of [airly frequent
occurrence ; so lthat a robusl constilulion is requisite, exempt
from any defects which predispose one to accidents. Alco-
holics are not fitled for such work ; in Lhem the muscles of the
heart are debililaled, and liable lo failure, which leads to
syncope ; nor are diabelic subjects, [or Lheir muscular force
is diminished by al least fifly per cent. ; ? nor Lhose suffering
from declared fuberculosis, nor rupiured persons, ete. It is
obvious that those who have been wounded in the war, or have
suffered injury in industrial accidenls, bul parlicularly the
former, should be subjected lo an examination which will
compule the degree of Lheir physiological resistance (o faligue.

Neither women nor minors who have nol atlained their
eighteenth year should be allowed Lo undertake heavy work,
for they have not the necessary strength, their musculature
being insufficient. 'Women are weakened by menstruation and
by pregnancy ; the pains and the lassilude in the loins and
legs persist for four or five days after each menstruation ;
while as a resull of pregnancy the womb invades the space
beneath the diaphragm, compresses the heart, and diminishes
the volume of the respirations.

The thoracic muscles are in a stale of unnatural contrac-
tion, which results in an actual condition of permanent fatigue,
and there is also a slowing-down of the processes of nutrilion.
During this period an industrial environment is highly per-
nicious, for pregnant women are highly sensitive to toxic
snbslances and infectipus germs,® which, passing from the
body of the mother to that of the child, result in Lthe deteriora-~
tion or death of the latter. Ifere, if ever, social hygiene may
profitably display ils foresight, by organising prophylaxis
and preparing the race lo resist disease.

Finelly, attention should be given to the condition of ihe
senses, which are rarely perfect, The sight of the myopic
should ba corrected, so that they need not stoop over their

* Duecesohi and Albarengue, Archiv. di Fisiol., Vol. VIIL, pp. 589-600, 1910,
*Lewin, Berl. Klin. Waekenach., p. 701, 1006,
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work ; olherwise Lhe body will hecome misshapen, acquiring
the “ scholar's sioop,” and will be more subject to fatigue.
The horizon of Lhe myapic subjecl is limiled ; the concave
lenses scem Lo enlarge and illumine il ; Lthe worker modifies
his altitudes, corrects his movements, and shows a beller
apprecialion of the relafive proporfions of objects, This correc-
lion is indispensable in lhe case of jewellers, engravers, com~
posilors, authors, scholars, ele.

Colour vision must he investigated in the case of painters,
decoralors, dyers, railwaymen, ele. Those who mneglecl
this precaulion may encounter many causes of mortificalion.

The sense of Jiearing gives lhe worker his normal demeanour,
as it gives Lhe singer his note and the orator his tone. It marks
the rhythm of speech. It also regulates thc movement of
tools whose action is periodical—planes, saws, [iles, eic.
Blacksmiths and navvies, for example, strike with their
hammers in such a way that the latter do nol clash wilth one
another. Bi-auricular hearing helps us fo locate the origin
of sounds with accuracy ; il is, moreover, far more sensitive
than the hearing of one ear only.—Finally, in some pro-
fessions it is important that those who follow them shall
possess an acute sense of smell. Such are pharmacisls, vint-~
ners, oil merchants, cooks. The sense of smell may be refined
by practice, just as it becomes fatigued by the continmal
influence of odours (as in the case of leather-dressers, sewer~
nien, ete.).

We might refer further to the sense of fouch, bul ol this
we have alrcady spoken, and we shall return to il when dealing
with the problem of the blind ; so that we may now conclnde
this briel survey of lhe internal factors of human activity.

XLVIL—B. ExrernaL Facross or Work : Tue Armos-
PHERIC ENVIRONMENT.~—For the same reason I shall he sparing
of detnils of the external factors, the chiel of which is the fem-
perature of the air. 'When this temperature falls the respira-
lary exchanges are stimulated, ayd the production of heal
increases, enabling our hodies to remain at their normal thermal
level. It ig by the intervention of those contractions of the
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cutanecous muscles which we know as a shiver (Ch. Richet)
thal this phenomenon of extira stimulation is produced. It
originales in a peripheral reflex.* As the external lemperature
rises we have less need of Lhis thermogenesis. At 20° Cent.
(68° Fahr.) the organism enlers the zone of indifferenl tem-
peratures, and the minimmn of respiratory exchanges corre-
sponds wilh a lemperature of 27° Lo 28° Cenl. (80-6° to
82-4° TFahr.).? But having regard lo {he contraclive effort
of the muscles, one cannol, wilhoul greally diminishing Lhis
effort, labour in an environmenl healed above 18° Cent.
(6 t4° TFahr)). In summer, or in hol climates, the muscles
contracl swifily, bul are incapable of sustained action; il is
the muscular fibre ilsell which is debilitated, for the nerve-
centres are little affected by temperatures belween 95° and
104° Fahr.3

The toxic wasle products become abundanl; they exist
in the blood, the perspiration, and the urine. It then becomes
necessary 1o cleanse the interior of the organs by a moderate
vegetarian diel and by the use of beverages in which water
predominales, and at the same time to cleanse the exterior
of the body by washing the surface of the skin thoroughly and
frequently.

In winler, or in cold climafes, the movements are languid,
slow, bul capable of sustained action ; Lhe nervous-reactions
lack vivacily, and eventually the worker does not properly
co-ordinate his movements, and modifies or conirols them
withoul delicacy. I have noted in many workshops Lhat the
best wark is obtained in a lemperalure of 13° ta 14° Cenl.
(55-4° to §7-2° Fahr.), when (he buildings are spacious and
well ventilated. Oflices and living-rooms should be heated 1o
179 1o 18° Cenl. (62:6° to 64-4° Fahr.)). For persons whose
work keeps them motionless, the temperature of the air should
not fall below 62-4° Fahr,

The atinosphere subjecls us also to various olher influences :
barometrical pressure, hygromelrical conditions (humidily or

1 8jietrdm, Skand. Areh. f. Physiok, Vol. XXX, p. 1., 1913,

* Ignetius, Lund, snd Wirtd, iid., Vol. XX., p. 226, 1908.

* Broos end Richet, Arch..d¢ Physiol., p. 871, 1887,
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dryness), eerial currents, dusi, efc. The inconveniences resulting
therefrom are manifold. In weaving-sheds and spinning-
mills it is imporlant to alleviale the heat and humidity by
the use of proper venlilating apparatus; otherwise serious
symploms will make thecir appearance; the perspiralion
being diminished in the warm, salurated almosphere, there
resulls a relention of loxic substances in the blood, a process
of slow poisoning, which is betrayed by the anaemic aspect of
texlile operalives, and their diminished resislance lo infection.

The influence of baromelrical pressure and of allilude is also
interesting ; but il is a complex cuestion, for which we must
refer the reader to our volume on Le Molewr ITumain, pp. 322~
332, The cold adds its effect to that of ihe altilude; the
organism is weakened thereby ; and while the heart remains
normal, with a constanl arterial pressure,® we find that the
muscular force is diminished, while the nerve-cenlres function
irregularly.? An engineer has even stated thal * at an altitude
of 5,000 metres (16,250 ft.) a mine of golden savereigns all ready
minted would hardly be exploitable.”

‘We must also mention the case in which work is done in
compressed air, as in diving-bells, caissons, diving-dress, boring-
shields, ete. Working under such conditions often gives rise
to * caisson disease.” The respiration slows down; the
compressed air is dissolved in the blood in grealer volume
than usnal, and when decompression oceurs it leaves the blood,
being liberated into the cellular tissme. The results are
itching, pricking pains, and sometimes tumefaclions. The
most dangerous moment is that of emerging from the caisson.
*One pays only on leaving,” as the French proverb has il.
Gaseous embolisms are more frequent and more dangerous
in fat subjects ; they may be fatal,

On diving there it a ringing in the ears, somelimes accom-
panied by pain, which disappears upon the act of swallowing.
During work & certain difficulty of movemeat is experienced,
with a feeling of rigidity in the joints.

' Guillemaed and Begnior, ("5, Acad S¢., 8 Novembar, 1913.
* A, Mowso, Fiaiok. del vomo sulle Alpi, pp. 7, 11, Milar, 1897 (3nd, ed,, 1910).
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Laslly, the arterial pressure increases by 1 to 3 cenlimelres,
denoling an cxcessive cardiac effort; and there is a marked
tendency to faligue. The blood presenis the characlerisiics
of anaemia ; therc is a diminution of the number of red blood
corpuscles, and of lhe amount of haemoglobin, which persisls
after work has ceased; tihese arc indications of a certain
derangement of the haematopoiesis, or the process of blood-
making.?

XLVIII, Clothing.—We protect ourselves from the eflects
of temperature by covering our bodies more or less thoroughly ;
bul we are ill protecled againsi the varialions of almospheric
pressure and humidity.

The choice of clothing should satisfy a threefold condition :
it should protect the body from the cold, or the heal of the sun,
should permit of a ready cutaneous transpiration, and should
leave the limbs their full liberty.

Woolis by far the mosl hygienic material for clothing ; still,
in summer one may have recourse to white flanneletfe, which
absorbs the solar rays with difficulty, and prevents a oo
rapid evaporation of the perspiration. Workers who are
employed on the heavier kinds of physical work would do well
always to wear woollen clothing, more or less light in quality,
The bell should be replaced by clastic braces, and no light
garments should be worn to impede the circulation and
respiration ; a tightly buckled belt makes sustained effort
difficult, and diminishes the thoracic expansion. Wo need
hardly add that cleanliness of clothing is conducive o the
health of the wearer, while it shows that he is careful, heedful,
and orderly.

XLIX. Entertainments —Amusements— Rest.—Many
are the factors which cannot be mentioned in this survey, but
which favour or impede human. activily. Bul I should like to
say a few words as Lo amusements, They are useful ; they are
even necessary; in the uniformly hard life of the worker they
are actual nervous restoratives; the stimulations which they

1 Bolovizov, Rousski Vralch, Val, X1, pps 511, 616, 1914.
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aflord the senses cause a reinforcement of the molor reactions.
If, as has been proved by experiment, these stimulations are
sometimes disagreeable and inhibitory, the worker avoids
them. Consequently any good performance or eniertainment
which is of good uality, and wholesome, constilules a factor
of work. A recrealion-room, close Lo the workshop or lactory,
is soon paid for by Lhe increased production which resulls from
the conlented spiril of the workers,

ITere the daily hours of rest will find excellent employment.
And I imagine thal the working-man will lorm a habit of
devoling a portion of his weekly resl to instruclive and
recrealive walks, or merely to amuscments; Llhe rest being
devoled to the affairs of domeslic life ; to his family, to his
home, If he regulales his life, if he has a litlle method,
these last occupalions will not occupy him long, nor weigh
heavily upon him ; so that the weekly holiday will be what it
ought to be, humanly and physiologically; a resf, which
repairs the organism, a veritable truce with fatigue. How

many so understand it ? It would not be difficult to count
them.

L. Eqoipment and Labour.—I will remark, in conclusion,
that the very conditions of musecular work, regulated as to
effort, pace, and hours of labour, are also properly exiernal
Inctors-—and the most important of external factors. How-
ever, we have considered them at the beginning of this chapter.
There remains the question of equipment. It is very obvious
that every worker should get together a stock of tools adapted
to the nature of his work, selecting the Dest, and that he should
adopt the altitude which involves the least fatigue. It is the
same whether he rends and writes, sews and embroiders, or
observes and experiments. It is particularly important in the
cnse of the ‘working-man, and most important in that of the
wounded man, the eripple, who is to be re-educated or re-
adapled. Thete ara thres conditions which should be realised :

To arrange the workshop or factory in guch a way that there
is no loss of time or emergy.

To determine the shape, the quality, snd the pace which



TIIE FACTORS OF LABOUR 123

will ensure lhe maximum oulpul from the plant, and Lo
favour Lhe introduction of machinery.

To [ulfil, in the workshap, the conditions of lighting and
venlilation which make for normal activily.

I will illustrate Lhesc principles by an example drawn from
the Arf of the Mason, specially worked oul by Gilbreth : 2

1. Is lhe bricklayer lefl-handed? The posilion of Lhe
bricks and morlar will be changed, in order lo [acililale his
movements.

2. The hods of bricks will weigh [rom 27 10 40 kilogrammes
(about 60 Ibs. Lo 90 1hs.) according Lo the strenglh of {he hod-
man ; the hammer for breaking malerial will be 4 lbs. in
weight, and the hammer for shaping 4-3 lbs.; the spade for
shifting materials will be 21} lbs. in weight, and two different
trowels will be provided for ordinary bricks and agglomerate
bricks.

3. Bricks and mortar will be arranged by an assistanl within
reach of the bricklayer, so that he is able to seize the brick by
a natural movemenl, which makes use of gravity, and nol by
a constrained movement; above all, so thal he does not
necd to sloop or move from his place or sway his body in one
direclion or another.

4. The mortar which is dropped during work will not be
picked up ; a bag of cement will nol be opened by tearing the
paper and separating the various thicknesses; the paper
will be cul open by a blow of the spade, at the base of the
bag, and the laiter will be.emplied by jerking the olher end
of it. Lastly, it costs less Lo nse good cement to fill a gap less
than half a brick in width than to break a brick or Lo lock out a
piece 1o fill the gap.®

To these measures, which simplify and accelerate the
worker’s task, we must add such as economise his efforts,
whether Lhis involves a new implement, enabling him lo do
the work withoutl fatigue, or the use of perfecled machinery,
whose control is mere play Lo lhe worker. When we think
of the great number of weak and mutilated workers who would

LB, Gilbreth, Motion Siudy, 1011.
* For details see Le Motour Humain, pp. §79-583.
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find, in such a transformalion of the technical insiruments of
work, 1lie means to make themselves useful, and lo carn a
secure living, one can bul hope that such innovalions will be
made in our industries, which are, unfortunately, slow to shake
off the yoke of routine.

These few hints will enable the reader to appreciaie the
importance of a rational organisation of the Lechnical inslru-
ments of work, and of the workers, and of the economy thereby
effecled, and Lhe lessons which il so abundanlly Lleaches.
Without such organisalion the arf of labour would not exist,
and this art is the source of all prosperily.



CHAPTER VI
THE ART OF LABOUR
PrrysicaL AcTiviTY

LI.—The modes of hhuman activity are infinite. They must
be analysed inlo their constiluent clemenis—mechanical,
physiological, and psychological—in order that we may effecl
all the improvemenls desirable in each of these spheres.

The mosl urgenl task of social reform is precisely 1o
investigale llie means ol developing, and devoling to useful
ends, our human resources of energy. This task is onc which
concerns the economist, the engineer, ihe legislator, the
physician, the pareni, and ihe ieacher, for ils aspects are
social energetics, manual crafismanship, and physical educalion.

The aclivily of man is one as regards its essenlial laws, bul
its forms and aspecls are varied, as are its applications. We
shall consider these only so far as will enable us Lo take a rapid
survey of them.

LII.—A. The Handicrafts. Examples—the use of the
file and the plane.*

A fair idea may be oblained of the method underlying our
efforts by Lhe following example, relating 1o ihe use of the file.
As we have already explained, Lhe tool is equipped and con-
necled with appliances which make a direcl rccord of all the
efforts exeried by the worker. These give, in a graphic form,
ithe path and the speed of his movements, a precise idea of
their regularity or Ltheir defecls, and the amount of muscular
force expentled.

Jules Amarx, Journal de Physiologie, p. 62, 1913,
125
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On the olher hand, the energy which Lhe organism devoles
Lo the work performed 1s eslimaled in calories, very cxactly.
by measuring and analysing lhe respiralory exchanges. The
apparatus employed 1s shown in Fig. 45, where we see a young
apprentice using Lhe file. Il will be noted thal the mouth-

Fre. 45 —~An Appentice wsing the File. Method of estimaing Fatgue,

piece of the respiration gauge 18 supported by a melallic band
which fits over the crown of the head. Pure air is supplied
from wilhout by means of a [lexible tube, and the gascs
expired are collected in a gange, from which a sample 1s Laken
later on for analysis. Tried firsl, and many {imes, upon
myself, this method has for ten years given proof of its sim~
plicity and reliability, During thal time it has been applied
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1o aboul a thousand persons—Parisian working-men, soldiers,
and nalives of North Africa. It 1s (herelore of universal
applicability, and, for thal reason, eminently scientific.

The use of large metal-workers’ files, when investigated on
the lines already explamed, has proved 1o be one of Lhe most
interesting subjects for consideralion. If the man who
handles Lhe ool is a good workman, skilful and well trained,
we {ind that graphic analysis furnishes us wilh regular curves,
which are oblained withoul an cxcessive expenditure of force ;
the muscular aclion 1s umform and disciplined, while the
respiration is 1egular, as we may sce by the lracings in Fig. 25
{p. 72).

=
= Vice

780

s

F1a, 46.—Eeonomia Attituds of Man filmg Metal.

By correcting the trifling defects of atiilude displayed by
Lhe worker, as well as his convenlional or rule-of-thumb habits,
in the light of the resulls of our dynamic and energelic measure-
ments, we have been able 1o delermine the normal position
of the feel, the proper distance of the body [rom 1ihe vice,
vertically and horizontally, and the positions of the hands
with regard to the 1ool (Fig. 46). When these conditions are
fulfilled the worker’s faligue is diminished without injury to his
daily output.

We may note, in Fig. 25, Lhe great regularity of the work,
the truly horizomtal action of the file heing represented by
uniform curves, while the return strokes are, as they should
be, effortless ; the subject, moreover, is working at a nortnal
pace, ihe stroke of the file utilising the whole working length of
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the Lool. Aftcr eight months of experiment and investigalion
we succceded in working oul the laws ol lhe maximum of
production with the minimum of faligue, ihe metal being
brass, and ihe file a “ half-rough ” tool 35cm. (about 13% in.)
in length,

* The body of ihe worker should be vertical, bul wilhout
rigidily, al a distance of 20 cm. (aboutl 8 ins.) from ihe vice,
the latler being ai the level of the navel ; the position of the
feet should be as follows: the angle of divergence, 68°; the
dislance belween the heels, 25 cm. (10ins.) ; theleft arm should
be complelely exlended, and should press upon the lool
rather more heavily than the right arm, their respeclive
elforts being 85 and 7-5 kilogrammes (18} and 17§ 1bs.). The
relurn siroke of the file should consisl of a simple sliding
movement, without pressure. Finally, the rhylhm of the
movements is 70 per minute.

““ All these conditions being fulfilled, 5 minufes’ work will
be followed by 1 minufe’s complete repose, the arms falling to
the sides.

“ The respirations and Lhe heari-beats Lhen undergo an
average increase of nol more than 25 and 20 per cenl. respec-~
tively, in comparison with the figures oblained during repose.
The local fatigue of the right forearm is endurable, while
general faligue is hardly perceptible. The maximum outlput
is at least double the ordinary oulput of ihe greal majorily
of workers.” ’

In this particular case 600 grammes (1+32 1bs.) of filings were

removed per diem, the day consisting of 7 hours’ effective
work. '

LIII—AvpprENTICES—In addilion to this ideal output, we
should determine an average output, that accomplished by the
majority of workers who know their trade, and are normally
constituted. This varies httle. Ii is found to correspond
with the graphic records of similar regular efforis. We find,
in fact, that muscular action is exercised in Lhe same fashion,
and yields the same analysis, or almost the same, in all these
men, when they are employing the gsame tool, It varies only
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in its absolute value, principally because the worker is lacking
in skill ; or above all, because he is a beginner.

But in the case of afrophy of the muscles, or functional weak-
ness, which diminishes the sirenglh and the play of the limbs,

File — HalF-Rough,
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Fie. 47.—CG1aphic Records of the Work of an Apprentice filling Metal.

the tracings became irregular, the action of fhe muscles
being unequal and obviously abnormal.

In the case of a beginner who is handling a large file, the
muscular efforts are considerable, unequal, ill-directed, and too

X
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sudden. At the end of two minules Lhe young man is out of
breath ; his respiralions are irregular, proceeding by fils and
starts (Fig. 47); it 13 exlremely inleresting to compare lhem
with those of a good workman. An enforced halt becomes
necessary, which 1s not the inlentional and restorative period of
repose ; the wastage of energy amountis lo 66 per cent. of Lhe
best oulput.

The apprentice seems o hurl himself upon the vice; he
leans his body forward, and erects it again on the return stroke
of the file ; these osallations of the hody exhausl him, Lhe more
so because, in order (o pul a swing inlo Lhe torward stroke of
the tool, he places lus feet incorreetly, lacks equilibrium, and,
in a word, annuls a porlion of lus efforts. 'When one comes to
take a cinemafographic phofogiaph of ihe beginner at the
work-bench, his oscillations and 1ll-conirolled movements are
strikingly revealed. As a rule ithe so-called inslruclor, when
correcting a beginner, advises Inm to hold himself erect and
rigid. Now ihis absence of elaslicily resulls in fatiguing con-
tractions of the muscles of Lhe trunk ; moreover, il produces an
awkwardness, a gaucherie, which 1s a common faull of beginners.
The dlassic apprenticeship is not withoul a certain amounti of
blockish stupidity.

‘We have, for purposes of demonstration, trained an appren-
fice, 2 boy of 15, with the help of the graphic method. He
himself was able to read, in the irregularity of the tracings
obtained, the effects of his inexperience, and to correct him-
self accordingly ; he assured himself, by the weight of filings
removed hour by hour, of the truth of the scienlific principles
of craftsmanship; and, apart from personal inslruction,
he received a veritable object-lesson 1o the effect that the
intelligently trained workman performs more useful work
and squanders less of his strength This was proved by the
dynamographic curves and the fignres relaling to the consump-
tion of oxygen.

Having illustrated the ideas already expounded by ilus
example of work with the file, we need not analyse in detail
the elements of the work performed by the joiner using the
jointing-plane (Fig. 48). Here again we have a periodical
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action, a lo-and-fro movement involving a delermned
effort and rhylhm. As has already been explained, the

F1g. 48.—A Martimique Soldier working with the self-registering Jomnting-plane.

apparatus employed makes it possible to discipline {the move-
ments and lo direct them properly, The efforts excried are
Likewise disaiplined, by the employment of a simple device;
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an electrical circuil, containing an electrie bell, 1s closed by ihe
inscribing stylus and a contact-piece, lhus enabling us lo limit
the pressurc of Lthe hand to 5, 10, or 15 kilogrammes (11, 163, or
22 Ibs.), as Lhe bell 1s heard the moment the selecled limit is
exceeded. In this manner the apprenlice can check himself,

> Working with the Jointing~ planec.

Total eFFort on the hand/

Vertical pressure of Lhe toal

\ N\ NN S Lol

Lo the left

Jorks

Jerks to Ehc right.

Time in scconds.

F16. 40,—Records made by a Jolner’s Apprentice.

and can even acquire, in a very shorl lime, a sense of effort,
and a notion of uniform work, If the plank which he is planing
is changed for one of a different kind of woad, he perceives that
his effort encounters a different resistance, and he quickly
gains experience of the value of his tools. The total pressure
on the handle, in the case of a jointing-plane in good order,
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amounts, on an average, 1o 25 kilogrammes (55 1bs.) and the
pressure on the wood to 12 kilogrammes (26-4 1bs.). From this
it follows ithat the resisiance encountered by the iron of the
plane is equivalent 1o 22 kilogrammes (484 1bs.). The muscles
of an apprentice or a wounded man may be overlaxed by
prolracled exerlion of this kind. Bul il is evideni thal a
number of [actors go to modily the degree of slrength required
for such work (lhe nalure of Lhe wood, the thickness of the
shavings, etc.), the most imporiant of these heing Lechnical
instruction (Fig. 49).

LIV.—TuE CASE OF TIIOSE WHO ARE INCAPACITATED FROM
LaBoun.—Very dilferent are the condilions of aclivity in the
case of persons who suffer, in any degree whatsoever, from a
functional incapacity, or from mutlilation. We are speaking ot
the victims of Indusirial accidents, and the numerous workers
who have been crippled as a resull of wounds received in baitle.
This queslion we shall consider later on. Bul we would lay
slress upon the pedagogic function of the foregoing method,
m re-educaling and re-adapting all these wounded soldiers,
in determining the degree of physical diminution which they
have suffered, and in guiding them lo the choice of a trade.

Apprenticeship, in any case, demands a re-educalion in the
light of the dala obtained by experiment,

LV.—Tue CARRYING OF BURDENS.—In 1907 we had occasion
to sludy the carrying of burdens on the lines of the method
which we have just explained.! Hundreds of workmen and
soldiers were placed at our disposal during a period of several
months, We will indicale only the results oblained :

1.—Walking on the Level—On a truly horizonial surface, the
most economical rate of progress is 45 kilomefres (2-8 miles)
an hour. This enables an unburdened man to cover 45 to 50
kilometlres (28 to 31 miles) in the day, with 2 minutes’ rest at
every kilometre,

When the man is carrying a burden lhe economical pace,
that which costs the organism least, is 4-2 kilometres (2:6

1 Jules Amar, Le rendement de la machine huma.iﬂ’b. Paris, 1900. (Doctor’s
Thesis ; out of print).
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miles) an hour, lhe burden weighing from 20 Lo 22 kilogrammes
(44 10 48-4 1bs.). Bul lo realise the marimum daily per-
formance, the weight of ihe load should be 45 kilogrammes
(99 Ibs.) and the rate of progress 4-8 kilomelres (3 miles) an
hour, while the day’s work should consist of 74 hours, with
2 minules’ resl every 600 melres (650 yards). An adull of
25 1o 40 years of age can carry ilhis load of 99 lbs. for an
average distance of 26 kilometres (16 miles) a day. But if the
pace is increased lo 55 kilometres (3-4 miles) an hour, the
distance will be reduced by almost one half, no matter how
the intervals of rest may be arranged. Mulliplying ihe
distance in melres by lhe weight in kilogrammes of the
man and his load, and we shall oblain a figure of nol more
than three million metre-kilogrammes as the daily outpuf,
the average being 1wo and a half million metre-kilogrammes.
Experiment gives } calorie as the equivaleni of 1,000
melre-kilogrammes.

It should be noled that in Lhe carrying of pigs ol casl irom,
each weighing 42 kilogrammes (92-4 lbs.), Taylor, in 1912,
obtained similar results, his figure being i{wo and a half million
melre-kilogrammes. The rate of progress and inlervals of
rest, however, do not altogether agree with our results, and his.
methods are different. But this only makes the result more
interesting. As for the foot-soldier, it is Jbesl 1o give
him a total burden of 30 kilogrammes (66 lbs.), while his
normal pace should nol exceed 5 kilometres (3-1 miles) an hour.

In conpection with the subject of troops on the march, this
is a fitting moment to speak of a praclice of which somewhat
erroneous views are held : I mean lhe praclice of resting the
men by making them mark time for a few minutes. Now
marking time expends energy; it costs a third as much,
somelimes half as much, as marching. We have measured
this expenditure of energy, and find that it increases in pro-
portion to the rhythm of the sleps and the height 1o which the
feet are raised. Marking time should therefore be moderated
in respect of the two constituent factors, in order that il may
be reduced to a mere spécies of massage, which takes the stiff-
ness out of one’s legs.
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LVI1.—2. Carrying Burdens Upstairs.—In carrying burdens
upstairs Lhe conditions of the maximum outpul are: The
weight of Llhe burden should be 40 kilogrammes (88 lbs.).
The pace should be 430 metres (1,370 {t.) per hour. The
day’s work should be limited to 7 hours, 2 minutes’ rest
being laken on each journey of 8 melres (26 fl.) measured
verlically.

The cxpendilure of energy is then represented by 8 calories
per 1,000 kilogramme-melres (1 calorie per 893 [ool-pounds),
the unil here called a kilogramme-melre * being equivalent,
in the energelical meaning of the word, 1o 16 times the con-
ventional unil described as lhe mefre-kilogramme. In other
words, we expend the same effort in covering 16 metres on the
level as in lifting ourselves through a height of 1 metre in the
same time.

‘When we descend a slaircase the contraclion of the muscles
is less than on ascending; it is employed principally in
resiraining our tendency 1o fall, and the more rapid the
descent the less energy is expended. We may eslimate the
saving of encrgy effected by the muscles as 50 per cent., so
that we expend barely 4 calories per 1,000 kilogramme-metres
of descent.

LVII.—3. Walking on an Inclined Plane.—The problem of
walking on sloping ground requires special investigation,
which demands a costly experimental equipment. I will
confine myself here to giving a few results which I was able to
obtain by chance means (Fig. 50), and to which the recent
contributions of the Carnegie laboratories have added scarcely
anything.?

The slope of my inclined plane varied from 8 to 13 centi-
metres in the metre ; that is, the gradient was from 8 to 13
in the 100. Let us call this inclination i (in centimetres).

t The kilogramme-metre ig, of course, the metrical unit of work; it is the
work performed in lifting 1 kilogramme to & height of 1 metie, or in exerting
an effort of 1 kilogramme along a path 1 metre in length.

2 Bepedict and Murschhauser, PBnergy wansformations durmg Hoerizonial
Walking, publ. No. 231, Washington, 1815.
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The dislance covered on ihe slope, L, is deduced [rom the
distance covered on Lhe level by the following ratios :

., L
Ascending: L' = T 16

L
On descending : L=T—+—1_0i

I \These ralios are approximale, but are quile sufliciently
exact in praclice.

LVIIL.—4. Cycling (Professional).—From a very large
number of experimenls carried oul by means of our ergomeiric

Fia. 60.—S8tudy of Welking upon an Inclined Plane.

cycle, we delermined the fact thatl the normal rate of pedalling
is 45 to 46 revolutions per minute. ‘This corresponds with an
economical pace of 16 kilometres (9:94 mules) an hour, which
does not overlax the rider. According {o Leo Zunlz, the
equivalent of 1,000 metre-kilogrammes is 0-27 calaries, which
is half the equivalent of the work done in walking the same
distance,

The bicycle should*always be adapted to the stature of
the cyclist, as regards the height of the saddle and the length
of the crank. Attention must he paid to the attitude of the
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body, in order to reduce its oscillations, and to diminish the
stooping of the bust.

The distance {o be covered daily will be determined after
examining the physiological condition of the rider, who in
any case, but above all if he is addicted lo racing, musl abstain
from the employment of alcoholic drinks.

‘When the bicycle is loaded, or when a cycle pushes a vehicle
in front of il, as in the case of tradesmen’s delivery cycles,
the speed will be diminished in proportion to Lhe load. Sup-
posing thal the driving wheel and the wheels which carry the
load are of the same diameter, then if the load io be carried
is represented by P, the speed will be :

» = 35
~NP
v being expressed 1n kilometres per hour and P in kilogrammes.
This formula is deduced from a consideration of the moving
forces of the motor and the thing moved. In any case the
load should not be so great that » is lower than 5 kilometres
(3-1 miles) per hour.

LIX.—b. Agricultural Labour~—The agriculturist will
henceforth be obliged, to a very great exienl, to practise the
mechanical culiivation of the soil, making use of small motors.
We shall see that these will be of considerable ulility to
discharged and wounded soldiers. But we will briefly give
a few figures relating to the best outpuf of agricultural workers.

Digging or shovelling requires the employment of a spade
or shovel weighing 1-7 kgs. (3§ Ibs.). Loaded, it should not
weigh more than 10-25 kgs. (20-55 1bs.) at mosi. The effort
of thrusting the shovel into the earth should average 15 lkgs.
(33 1bs.).

The wheelbarrow should bear a load of 100 kgs. (220 1bs.),
exerting a pressure of 20 kgs. (44 lbs.) on the handles, while
the resistance offered to propulsion will be only 4 kgs. (8:8 1bs.).
The employment of a two-wheeled barrow is advantageous.

From the agricullural point of view properly so-called,
every crop and every field constitutes a problem of varying
factors; the nature of the soil ; the nature and quantities
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of manure ; the amount of water used for walering purposes ;
its head or pressure; the lilling of the soil ; lhe germinalion
of the seeds; the number of planls per unil of surlace;
mowing and reaping; fighting againsl parasites and stormy
weather ; ihe propilious seasons for each of these operations ;
and the perfecting of Lhe implemenls employed ; all questions
which we could nol louch upon here withoul diverging from
our programine.

For the resl, we musl refer the reader to Book VI. of Le
Moleur Humain.

LX.—B. Physical Training and Functional Re-Education.
—To our thinking, the aim of the physiological organisalion
of labour is essentially utililarian. Sports, alhletic perform-~
ances, etc., do not greatly interest us; a robust, well-trained
workman is of infinifely greater value than the mosi famous
athlete; while horseracing, that sport so beloved by the
people, will never make for the progress of the equine race.
The war, I imagine, has opened the eyes of all in this respect.

However, as an efficacious hygiene, and a bodily discipline,
physical fraining possesses one very potent virtue, from which
we must not fail {o profit. It teaches us lo control our
attlitudes, and adjust our movements, and il trains our muscles ;
that is, it gives human energy full play and develops it to
the uimost.

IL is applicable (but not exclusively) to normal subjects,
improving them physically and raising their physical standard ;
and it may also be cxtended to persons of weakly constitu-
tion, and to those who are physically backward, or are suffering
from physiological want ; above all, il. may be applied Lo the
funclional re-education of the infirm, who are to-day so
numerous, I shall not deal separately with education and
re-education ; their object is the same; their methods are
the same, and their province is the same. Both are guided
by the same scientific principles.

LXI.—I. The Principles of  Physical Training.—The
principles of physical training ave (hose of a muscular aefivify
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varying iis efforl and its pace by insensible degrees, fo be defer-
mined by the general conditfion of the organism.

This effort will be constant, for we find a conslancy of effort
under the ordinary circumstances of life, and physical train-
ing should never call upon the fofal efforls of ihe individual,
subsequently {0 diminish them. Numerous appliances for
the adminisiralions of mechanotherapy wrongly apply tihis
law of decreasing efforl, which 1s known as Schwann’s law.
This law, formulated by Schwann in 1837, states thal ** the
absolute effort of coniraclion which remains available in a
shortened muscle diminishes in proportion as the contraction
increases.” Lel us note that Chauveau's law expresses ihe
same fact in an inverse, bul completer formula : * The force
developed by a muscle increases with its degree of contraclion,
or shorlening, and with the resislance which has Lo be over-
come.” IL follows Lhat muscular force regulates ilself in
accordance with the resistance encountered; it does not
waste itself in vain; it may increase 1o large proportions
without involving a shortening of the muscles, just as it may
do so by means of this shortening alone. Thus it makes use
of isomefric and isolonic contractions? only lo exerl very great
force. This is not the case in normal aclivity, and such are
nol by any means the circumstances adapted to ithe physio-
logieal training of the muscles. Whatever the nature of the
movement, the object of the effort made will be 1o overcome
a constant resislance, which it will be useful to increase day
by day if it is desired 1o carry out a process of Lraining ; but
to vary it in the course of a single exercise, and to subject
the tension of Lhe muscles to sudden varialions and absolute
shocks, which wrench the fibres and lacerate the nervous
filaments, is the very negation of any scieniific method of
funclional education,

If we abandon ihe idea of demanding their maximum of
effort from the muscles, a course which would risk overlaxing
them and cause them to atrophy, there is nothing lo justify
the principle of variable resistance, or even of decreasing

* Tsometric, without shortening, but with increased tension; isolonic, with
shortenng bub with constant tension of the muscles.
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resistance. Exercises are of physiological value, and are
useful, only if the forces called into play are sub-marimal
and continuous. In this case they produce their full effect
upon the locomotive system, giving suppleness to the joints
and developing the power of the muscles. Just as they cause,
when pushed to excess, confracture and an elastic fatigue of
the tendons, so their harmonious employment provokes
irritability of the nervous, muscular, and tendinous fibres,
stimulating their elaslicity and increasing their strength,
and induces an increased respiratory and circulatory activity,
which profoundly influences the phenomena of nulrition.
From this resulls what is known as funcfional hyperirophy.
‘We see the mass of the muscles increase, not by the addition
of new fibres, but by the increasing diameter of the old ones,
which become thickened, storing up reserves of nilrogenous
materials.?

Physical training and functional re-educalion, therefore,
produce a total effect, a massive action, on definite groups of
muscles. They perform a worle of synthesis, of synergeiic
training.

The analysis of the movements is necessary in quite special
and temporary instances; but eventually we {ind ourselves
thrown back upon synergy, as it is demanded by nature, in
conformity with the most reliable teaching of theory and prac-
tice.?

LXIL Factors of Physical Training.—The State of the
Organism—Alimentation—The Seasons.—However, physi-
cal training does not consist merely of the regulation of muscular
action. The spirit of the geometrician is not sufficient.
Attention must be paid to the condifion of the organs, to the
power of the hearl and the muscular system, to the elasticily
of the respiratory cycle, and to the age of lhe subject. The
child is naturally impelled to squander his energies ; education,
while allowing this aclivity to develope, will impose upon it
1he necessary discipline, which will preserve him from over-

1 Morpurgo, Arch, ilad. Biol., Vol. XXTX., p. 85, 1898.
* Concerning functional and mantsl re-education, see the present writer's
article in the Journal de Physiologie, pp. 821-871, 1915,
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exerlion and hodily malformalion; so thal it is imporiant
thal we should possess clear and sufficieni ideas of human
physiology. The youth is exposed rather to the risk of over-
taxing his brain, in Lhe slrenuous endeavour lo pass examina-
tions, 1o obtain degrees or other qualifications, which will fit
him for his chosen career and reward him with the joys of
success. He should be induced to rest from activilies of
this nalure by devoting himself to moderate physical exercise,
in games or gymnaslics, which, provided all excess be avoided,
will restore the balance of his energics.

Up to aboul the forly-fifth year games or sporls, pro-
vided they are nol of a violenl nature, conslitule a poilent
factor of neuro-muscular {raining, and increase the resistance
of the organism. As one advances in years the funciion of
the muscles surrenders ils pre-eminence to Lhe function of ihe
brain ; the man increases, so io speak, in dignity ; he is more
occupied with the ithings of the mind ; he is more of a man.
“All our dignity resides in thought,” said Pascal with
justice.

Physical education would miss ils aim if il disregarded the
human understanding. Whenever it prescribes exercises
calculated to refresh the brain-worker, il will select them from
among lhe simplest and the most automatlic. Olherwise the
man would be burning Lhe candle al bolh ends. Te the old
man, whose movements have lost iheir vigour and celerity,
whose cardio-vascular organs are less resistant and less elastic,
moderate efforis and a deliberate pace are snited ; for example,
those of walking. Enterlainments and amusements, provided
they do not evoke violent emolions, are for him reconstituents
of the nerve-centres. We must get this idea well fixed in our
minds, that life rapidly increases in intensity; then its intensity
remains constant; and then, during a long [inal period, it
diminishes little by liltle. The curve of energy terminates
in a gentle slope (Fig. 51). And as this period corresponds
with a moderale and fastidious function of nutrition, so must
the expenditure of active energy be limited to the strictly
necessary ; otherwise the organism will be in no condition
to make up for any extravagant expenditure.
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We see how far physical iraining is governed by the
principles of physiology, and why without lhese it would go
astray. They are its raison d’étre; wilhout Lhem it could not
have been devised. From all anliquity indeed, il has been
known that the activily of the muscles mainiained the
body in health, and games were born of this utilitarian
wdea. Cyrus, king of the Persians, forbade the eating of a
meal before the body was faligued by some kind of exercise.
Lycurgus founded baths and gymnasiums, and, effecting a
cruel elimination of weakly subjects, hecame, afler his fashion,

: i {
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e, 61.—Energy produced during the Day of 24 Hours at various Periods of Lafe.

the ancestor of the Eugenists. The Greeks and Romans were
wonderful organisers of athletic sports. Hippocraies and
Galen expatiated on the subject of sports and games, often
exhibiting a sound judgement. Even in the depths of Asia
they were the preoccupation of the ruling classes. In the year
23 B.c. wrestling was regarded as a most noble sport in the
empire of the Mikados. From gymnastics the nexl step was
to * medicinal gymnaslics ” or hygiene.

Hygiene, therefore, is the basis of physical training.
Hygiene should render sports and games wholesome and
enjoyable, should regnlate them, and determine their intensity
and their duralion, and should adapt them to the age and
constitulion of the player.
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It should also lake inlo account the law of funcfional hege-
mony, by virlue of which the maximum of life repairs Lo the
active organs, to the delriment of Lthe resl. It follows that the
good hygienist will forbid the performance of heavy work
immediately afier a meal, that is to say, in Lhe midsl ol the
digestive process ; nor will he approve of ithe performance of
inlense inlelleclual labour following upon a condilion of
muscular faligue,

The characler of Lhe alimenialion absorbed, as we have
already slaled, isinitself a factor of iraining (see §XL). Between
the commencement of any sort of work, and the end of a meal,
an interval of half an hour?! should be observed when the diet
is rich in carbohydrates.

LXIII. Functional Re-education. General Laws.—As for
the infirmilies, differing in aspect and in gravily, which usually
aflecl the locomotlive organs, they are the province of functional
re-education properly so called.

The persons whom we subject to Lhe process of functional
ve-education are passing ithrough that rather ill-defined phase
which precedes compleie recovery: the so-called period of
consolidation. During 1his phase the cellular vitality is in
fnll swing; the ilissues are undergoing regeneration, and
increasing their powers of resistance, while the functions
are becoming re-established. However, this anatomical and
physiological restoration is subjecl io the effects, from tihe
dynamical point of view, of malformations, adhesions, displace-
ments, ankylosed joinfs, and afrophy of the organs. Vicious
consolidations are nol rare, often originating in faulty methods
of immobilising fractured limbs, and sometimes Lo lhe exercises
prescribed by an irrational mechanotherapy. The real object
of funclional re-educalion consists in re-cslablishing, or at
leasl in improving, the molor condilion of ithe man, the exercises

1 A mixed or albuminous diet necessitates an interval of twioce or three times
this length. Thus starchy foods and sacchaiine foods favom protracted exertion ;
they agsure the energy of the system of an economy of about & per cent., and
constitnte b eaféguaird against organmic disturbences. The valuos of exercwe

and of rations depend very considerably on theseason. Thereader will remember
that we have alieady dealt with this point (Climate, § XLVII).
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being regulated by Lhe form of his movements, and Lhe average
power of the muscles which produce them ; lasily, in stimulat-
ing the tissue-repairing processes.

Natural movements may be referred to three types :

Movements of translation, in which the member is displaced
without rotalion, remaining parallel to ilself. Such move-
ments are produced when the member is acluating a jointing-
or smoolhing-plane, a saw, or a file, and in various gymnastic
exercises :

Movements of rolation, in which certain poinls remain fixed,
constituling the horizontal or verlical axis upon which the
rotation is effecled. This rotation is generally parlial, limiled
by the play of a hinge, like the movement of a gate swinging
on its pivots ; il may also be a simple oscillation :

Helicoidal or screwing movemenis combine the twaodpregoing
movements; they combine translation with rotation. Such
are produced when the hand is working a screw-driver, or
when the whole upper limb is turning a large key. It is worthy
of remark that the screwing movements developing from left
Yo right are more frequent than the reverse movements.
Hence the origin of right-handed screws, corkserews, ete.
This must be connected with the fact that right-handed
persons are in the majority, and that the right-handed
screwing movement is an economical movement for the
right arm, as is the lefi-handed screwing movement for
the left arm.

All forms of movement are referable to the three preceding
types; it is enough to reproduce these latter in the planes in
which they normally occur, with the force and amplitude which
characterise them in the healthy subject, in order to be sure
lhat we are giving the muscular system thal real physiolegical
training outside which there would be nothing but danger and
empiricism. Whether in the case of wholly normal persons,
or in that of the jnfirm, this training will always be graduated
as regards effort, speed, and total duration. It will not be
forgotten that the comtraction of the muscles produces a
movement which is necessarily alternating and oscillatery,
in place of a continuous rotation, and which allows time for
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the accomplishmenl of the process of intra-cellular repair.
The life of movement ikerefore assumes the aspect of a periodi-
cal series of actions and intetvals of repose.

LXIV. Force and Amplitude.—The force and amplilude of
lhe movements of the limbs musl iherefore be delermincd
in the case of the person lo be re-educated, and compared with
those of the normal subjecl. In practice we compare the
wounded limb with the whole limb. I may add that the same
remarks apply Lo the various segmentis of the limbs, and lo the
stumps of ampuiated limbs.

But it may happen thal a joinl has grown sfiff. Then the
nearest joint—in the case of the knee-joint, for example, the
hip-joint—takes its place. The conditions of movement, of
walkingare changed, and favour a fresh mode of muscular
synergy. Il is neccssary, tiherefore, 1o seek mechanical
appliances which may prevent the atrophy of the quadriceps,
and impose small movements on the ankylosed bones, so long
as their fibrous and tlendinous covering relains a certain
amount of elasticity, or provided Lhat radiography has mot
revealed an irremediable osseous adhesion.

All the movements of locomotion will be treated in ihis way,
wilh the alternative objects of re-establishing the normal
function in Lthe alrophied limb, or of conlending, by means of
re-education, againsit a more or less complicated infirmity, in
order Lhat mere stiffness may nol develop into ankylosis,
while atrophy is at least kepl in check. Only definile cases of
ankylosis or atrophy will obtain compensation from the
articular or muscular substifution of the adjacent segment of the
limb, stimulaled by actual training exercises. Itisonly during
this process of reinforcement that a ralional and economical
substitution may be established, guided by the instinct of
1he leasi eflort or the minimum of constraint. The adhesions
to which the wound has given rise gradually relax, allowing
ihe movements of the articular surfaces a greater amplitude ;
the elasticity of the ligaments increases, and the hones become
polished by renewed friction, destroying the asperities which
remain after the consolidation of the fractures.
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It will nol be forgolten thal the contraction of a muscle
may modify the conlraclion of muscles al some dislance;
for example, the strenglh of the flexor muscles of Lhe
fingers is diminished if the articulation of the wrist is Lhe seat
of a rigidity which keeps il flexed, or of a nervous degeneration
which relaxes the exlensors.

No allempl must ever he made lo re-educale an arliculation
still capable of suppuraling, or a limb painful lo the 1ouch or
imperfeclly consolidaled, and the process of physical {raining
mus! neper be carried out haslily.

There is no method of classifying ithose cases which can
profit by functional re-educalion; there can be none, for the
diversily of the wounds received—in respect of their gravity,
Lheir localisalion, and the age of the wounded man—is incal-
culable. Whal we can classify are the movements which have
heen compromised by ihe wound, and their importance in the
locomotive cycle, in the aclive life of the persons ircaled. A
special class will be thatl of Lhose who have suffered amputation,
in whom we shall develop the slrength of the muscles of ihe
stump and the mobility of the principal articulation. This
preoccupation is justified by the necessities arising from the
wearing of a prothelic appliance, on lhe arm or leg, which is
often 1oo heavy for the stump. We shall lake the oppor-
tunity of returning to this subject when dealing with the
work of war-cripples and prothesis.

LXV.—I1I, The Technique of Physical Training and
Re-education—Physical training, and re-education of a
functional character, in order to succeed in the directions which
we have just defined, will have little need to borrow {rom the
often disastrous technical methods of mechanotherapy and
physical cullure. It must subslitule a rational method for the
empiricism of the old methods.

As we explained, it is necessary to train the activities of the
upper and lower limbs in a gradual manner, avoiding any
overtaxing of the nerves or muscles, Ghe organism will
reveal the effects of this gradual training by a synergy of
effort. This resylt will be obtained by means of the ergo-
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metric cycle and the cheirograph, of which we have already made
mention, and the dynamographic bulb. It will be verified by
means of the arthrodynamomeler. We will describe the deiails
and the use of these instruments.

(). The Ergomelric Cycle. —The ergomelric cycle consists of
a (lywheel W, weighing aboul 36 kilogrammes, which forms the
hind wheel of a bicycle, of which only the Irame and Lhe pedals
have been relained ; the whole is adaplced for men of medium
stalure, bul the height of the saddle may be adjusled if need
be. The rim of Lhe wheel is grooved, and in the groove lies a

F1¢. 52, —Diagram of exgometric Cycle,

ribbon of steel, R, which forms the brake ; one end of it supports
a plate P, on which weights may be placed, while the other end
is attached to a traclion dynamomeler, D, provided with a
dial, which may be made self-regisiering (Fig. 52).

‘When the rider works the pedals the ribbon causes an amount
of friction, F, which corresponds wilh ihe pull marked on Lhe
dial. The virtual distance covered by the flywheel is multi-
plied by the force required io overcome Lhis friction, ¥, which
gives the amount of work performed by the legs. Each
revolution of the pedals corresponds to a peripheral distance
of 6 metres, or Lo three turns of the flywheel, the latter having a
circumference of about 2 metres. Under lhese conditions the



148 THE PHYSIOLOGY OF INDUSTRIAL ORGANISATION

bust is completely at rest, so that the legs alone are working
against a resistance which can be adjusted at will by altering
the load on the brake, and at a pace which the subject will
choose to please himself ; the mass of the flywheel will prevent
sudden variations of speed.

On the otherhand, the crank-wheel C transmits its movement.
to a similar wheel which is fitted with a crank-handle, H, so-
that by actuating this latter the arms will perform work,
which may be measured as before. The highest position of
this handle extends the arm in a horizontal plane in the case of
a subject of average stature. The subject may seat himself
before the crank, on an adjustable stool, at 'a convenient
height ; if he stands the movement of the arm will bring into
play the articulations of the wrist, the elbow, and the shoulder,
just as the movements of the rider utilised the articulation
of the hip, the knee, and the ankle. '

Moreover, by moving sufficiently out of the vertical plane
of the crank, he will make a greater demand upon the muscles
of the shoulder and a portion of the trunk, while the effort
of the elbow will be .reduced, and vice versa. .

- In this cpmparatwely brief explanation I cannot discuss
~the conditions of the gradual advance of the process of physio-
logical training, as effectéd by means of the ergometric cycle.
1 will content myself with remarkmg that for adults the follow-
ing brake loads will be employed, in incredsing order: 300,
500,. 700, 1,000, 1,200, 1,500, 2,000, 2,500 and 3,000 grammes,

.Having noted by means of -the chronometer the: pace

voluntarily. adopted by ‘the patient, this will be increased at
_the‘rate 'of 10 revolutions of the flywheel per minute every

second -dayy the exercise lasting from 10-to 15 minutes.. The
“pace ‘will be, set by a metlonome, marklng from. ;30" to 300
' osclﬂatlons '

L We may regard as sahsfactory an actmty w]uch Works
agamst 4 brake: loadiof 3- kﬂogrammes at 4 pace.of 200 reVQlu- :

- tmns per mmute, for a. quarter of an hdur mthout a halt o
s:well fol e tl‘m

;the indications alreédy_:'yglv )
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LXVI.—The experimental equipment is completed, in
the case of patients who have suffered amputation, by a metallic
splint which is screwed into the place of ihe crank-handle,
and which fulfils the same office, wilh the advantage ihat the

n:mdlcatmngneédlé,‘ Wh,lclg sh th amphtude of the ar ulér.‘"
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movements, in adduction and abduclion. In order thal the
cenlre of the arliculation of the shoulder shall lie preeisely
on the axis of the brachial splint, the palienl is sealed on Lhe
adjuslable slool, whosc heighl is regulated according Lo his
stalure (Fig. 53). The muscles of Lhe slump maintain ils
oscillation, and one mighl assisi it, al Lhe outsel, by genlly
working the fly-wheel. A palienl whose arm has been ampu-
Lated, for cxample, will guide the movements of the slump by
working the pedals. The rhythm of ihe oscillations and the
resistance of {he brake will be moderale; they will depend
upon Lhe useful length and the actual strength of the stump,
which will obviously be greater when the fore-arm only has
been amputated.

In patients who have suffered amputation of parl of the
lower leg, the knee-joint being preserved, an experimental
prothetic appliance enables them to exercise the stump;
the sound leg will sustain the effort strictly necessary to
re-educate it and call forth its activity in the mosl uniform
manner. Bul as a maller of facl the lower limb is bhest
re-educaled by the use of a simple wooden leg, or by the
employment of a splint.

In these various cases we roust supervise not only the
gradation of the exercises performed, but also their continuity,
advancing to the limils of physiological training.

Finally, on the rim of the fly-wheel is affixed an elaslic
strip of metal, m, which, as it passes the fork, comes into.
contact with a similar sirip. The resull is a ticking sound,
and the patient is required to make this coincide with the
ticking of the metronome. The time required to obtain this
coincidence will be measured by the chronometer; this will
form a practical means of measuring the personal equaltion,
When this period does not exceed 15 seconds the subject is
quick ; his personal equation is small, and he is adapted to call-
ings demanding rapid movements. Ifitislongerthan 25seconds
heisaslowsubject, A classificationofsubjectsmadein this man-~
nerwill constitute a guide to the manual re-education of wounded
men, and their re-establishment in the industrial system.

The fork of the cycle is fitted with iwo terminsals, T, con—
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necled with a batlery, in whose circuit is a self-regisiering
Desprez signal. At cach revolution of the wheel the circuit
is closed, and a notch is marked on ihe record-paper; and
if the palienl’s progress is normal all these notches will be
made al equal intervals. Otherwise we must suspect eilher
a lack of co-ordination in his movements, or a slight lendinous
rigidily, or muscular relraction, with secondary lesions. The
cycle, with its accessories, conslitules ihe principal appliance
employed for ihe purposes of physical education.

LXVIL.—(2). The Cheirograph.—1I give this name to a type
of ergograph designed for the hand, with its whole gamut of
movements, including those of the wrist as well as lhose of ihe
fingers. Mosso’s digilal ergograph, of which this is a transforma-
tion and animprovement, serves merely to register the flexions
of the right middle finger. Its usefulnessistherefore exiremely
limiled; moreover, il possesses several disadvantages, which we
have already described (in Le Mofeur Humain, p. 391), The
cheirograph, on the contrary, possesses an excellent means of
attachment to the fore-arm, which leaves the entire hand free,
including the wrist, permitting of flexor, extensor, and abductor
movements, and also of latera] inclinations. The registering
apparatus consists of the ordinary form of Mosso’s carriage,
consiructed to work with the minimum of friction (see
Fig. 40).

Thanks to this apparatus, the hand, that delicate segment
of the upper limb, so well adapted to movements involving
skill and celerity, may be subjected 1o a funclional education,
for whose results, as we have assured ourselves, we have not
very long to wait.

The appliance by means of which the cheirograph is affixed
to the fore-arm is mounled on a heavy frame. It may be
inclined to Lhe right or the lefi, in order to support the right
or the left fore-arm. To this end it is provided with a pivot
and a clamping nut at one side (Cl, Fig. 54). The fore-arm
is firmly held and supported by the semi-bracelets, b, ¥,
which are suitably adjusted. The hand Lhen rests upon a
fixed slab S, on which the fingers are fully extended.
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Above Lhis is a semi-circular bar carrying [our rods, ter-
minaling in the small metal thimbles, £, {; their posilion can
be adjusted by means of clamping-screws with milled heads.
BroughlL down upon the slab S ihese thimbles cover the
phalanges and hold the fingers immovable. I{ is then possible
to liberate this or thal finger at will, and lo perform work
wilh il, the rest remaining motionless.

Moreover, the hand is presscd againsi the slab S by means
ol a clamp C, which presses upon the middle of the melacarpus.
Laslly, al one side is a pulley device P, which transmils to
the registering apparatus the movemenis of the lhumb.
The transmission is effected by means of a cord attached to
a small leather ring clasping the sccond phalange, the other
end of which is connecled with the registering apparaius.

The slab and the set of Lhimbles, and also the pulley, can
be swung aside, leaving an empty space in which the hand and
the wrist can perform their movemenis of flexion, exicnsion,
and lateral deviation. In this case Lhe cord is attached to a
clamp similar to C, in which the hand is placed and then closed,
the wrist of course remaining perfectly free.

All the movements possible are eventually converted into
traction on a thread, which, al one end of the Mosso carriage,
supporls a weight which can be varied at the will of the opera-
tor. Registration is therefore always in the same direclion,
but the amplilude of the tracings varies. Care must be taken
that the initial position is adjusted by means of ihe screw, as
if the cord were allowed any play the different tracings could
not usefully be compared.

If these precautions are taken, and if the weights Lo be lifted
are suitable—from 200 to 1,500 grammes for the fingers, lhe
voluntary rhythm observed by the palient being noled,
and then increased to 60 coniractions per minute—it will
quickly be realised how salutary these exercises are. They
should be continued from 3 to 10 minutes.

On t{he tracings thus obtained we can follow ihe increasing
amplitude of the curves, which will record the degree of {lexion
and the mobility of the articulations. Records obtained
with the same weight at regular intervals will give a faithful
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account of the functional condition of the hand, and will
permit of later comparison. Those forms of exertion which
involve celerity of movement ‘(as typewriting, stenography,
fencing) are those which are particularly benefited by this
method of training, which is also of great value in cases
of articular rigidity.

]i‘m 5. --Bulb Dyna.mometer -

LXVIII —-(3) The Dynamagraphw Bulb -—Wlﬂl a view to'
'cqntmmng the. trammg of the hand in respect of its total
effort of compression or. squeezing, we have employed g very-
simple ‘piect: of specml apparatus- the d Jnamographw bulb .
ar bulh. dynamamelen R ‘
.- 'This congists'of a stmngly—mside pear~shaped lmlb of mdla-
mbber having. a capacity. ot % ,Gub;m centxmetles.. This. is
filled with .air at “afiydesi - eans.,of a x;‘ycle:.
pump It is colmee, :
'whose, arms 18 ca;xamnus en
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centimetres of mercury, while the other branch, which is
longer, contains about 30 cubic centimetres. This latler

Muscular Fatigue —Bulb Dynamomcicr
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ing cylinder (Fig. 55). The oscillations of Lhe mercury are
damped by a conslriction in the lube connecling Llhe iwo
arms.

The difference of level in the Lwo arms measures Lhe {otal
pressurc. We have marked, on a gradualed vertical stem,
the values in gramines per millimelre of displacemenl (differ-
ence of level).

The compression of ihe fingers causes a variation of ihe
inilial pressure, and Lhe variations [urnish a lracing which is
graduated once for all. The muscles may be lrained unlil
from cxerting a pressure of 100 grammes thcy exerl one of
5 kilogrammes, which is a very high figure. A hundred con-
tractions cause the hand lo perspirc, while massaging the
entire fibro-muscular system. It is possible to follow the
advance of functional fatigue as the hand continues its exerlions
and also the rhythm of ihe movements (Fig. 56).

LXIX.—(4). The Arthrodynamometer.—As Llhe process of
iraining advances, the strength of Lthe muscles and the ampli-
tude of their movement increases. These twa faclors, which
yield an exact measure of the results, are determined by means
of the arthrodynamometer.

This instrument measures the angular displacemenis of 1he
limbs or segmenis of limbs, and the absolule forces exerled by
ihe groups of muscles which conirol them, whatever degree of
flexion may be in question.

It consists (Fig. 57) of Lwo parallel strips ot steel jointed
like a pair of compasses, and turning easily upon this jointi.
It measures all praciically useful degrees of flexion, that is,
from 30° 10 180°. The method of using the insirument will,
as we shall see, explain its instruction and adjustment.

Measnurement of the Angular Movements of the Limbs.—The
arthrodynamometer is applied io iwo segments of ihe limb,
on either side of the articulation, and in a delermined plane,
It is provided with semi-bracelets and armlets of thin sieel.
to which very strong straps are affixed. These are lighlly
fastened, in order that the legs of the insirument may be

*Sea C.R. Acad. Sc., 1 Juns, 1015, Vol. CLX., p, 780,
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firmly allached to the scgments of ithe limb, and incapable of

slipping (Fig. 58).

I'ta. 57.—Iilevation of Arthrodynamometer.

In order Lo make an angular measurement, the central

nut N of the pivolal
joint is unscrewed,
and Llhe pawl P, of
which the tip engages
in the toothed wheel
T, is raised. Then the
adjusling screw A,
which is seen above
theleaves of the spring
SP, is Lurned until it
is brought into conlact
with the swivel 8.
If the wearer now
flexes one segmenl of
a limb upon the ad-
jacenl segment (Lhe
fool upon the lower
leg, lhe hand upon
the fore-arm), the leg
L of the compasses
actuales a pullcy ly-
ing benealh Llhe dial
D, thereby -causing

Fia. B8,
Maaner of adjusting the Arthrodynamometer.

the small pointer 1o rotale, when the angle of flexion may be
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read on one of Lhe circumlerenlial scales of Lhe dial. In the
same way Lhe laleral movementls of lhe hand and fool may be
measured.

For Movements of the Enlire Limb, wheiher in a fronlal or
sagittal plane, the instrumenl is adjusted by clamping ithe nut
N and immobilising the joint. The angle of displacement is
then given by Lhe posilion assumed by Lhe swinging pointer
or plumb ncedle PL, a poinler wilh a counlerweight which
plays Lhe parl of a plumb-line. It indicaies Lhe deviation of
the limbh from lhe verlical in eilher direclion.

The amplitude ol Lhe movemenls in any given plane is thus
correctly delermined. Il is compared wilh thal required in
alhlelic exercises or games, or in Lhe management of machinery
or the handling of lools.

Measuring the absolule strenglh of ihe muscles,—As for ihe
force exerled by Lhe muscles, we may determine its absolute
or maximum value al any degree of flexion. In ihis case the
nut N is loosenad, and the pawl P lowered upon Lhe toolhed
wheel, while lhe adjusting screw A is turned until it
touches the leaves of the spring. This firmly engages the pawl
in the inlerval between lwo leeth, and suppresses all play
when the muscular effort is made.

The efforl exerled upon the leg of the compasses is there-
fore transmitled to {he 1dolhed wheel, and thence Lo the
leaves of the spring, against which 1he adjusting screw A
is pressed. The deformatlion of this spring, though barely
pereeptible, is amplified by the bent lever or crank C, which
lerminales in a segmental rack, which actuates a pinion whose
axle carries lhe dynamomelrical pointer moving upon the
dial, D’, on which the values are read.

Graduation of the Dials—On the dial showing ihe angles of
flexion the degrees are marked from 180° to 30°; on that
showing the displacements of the entire limb ihey run from
0° to 360°; but it is as well to define the direction of the
angular devialion by the words laferal (Lo right or left) or
sagittal (Lo fronl or back) in order to avoid misunderstanding.
More detailed explanalions are necessary in respect of the
measurement of absclute force. The muscles, acting upon
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ihe mobile segment of the limb, while the spring opposes its
flexion, actuale one arm of a lever with a variable moment.!
The force exerled by them, even if it were conslanl, would
produce an effecl upon the dynamomeler which would increase
in proporlion as the movement itsell increased wilh reference
Lo the axis, as il does, in proportion to lhe flexion, and up
Lo a cerlain limil. Now the absolute effort of the muscles is
nol constanl ; il tends 1o exhaust itsell during the shorlening
of the muscle (Schwann’s law). Il is Lherelore difficult to
delermine il exaclly, in the living subject, al cvery slage of
ihis coniraction.

For this reason we have adopted a conventional graduation ;
the force is supposed Lo act normally at the exlrcmity of the
leg of the compasses, in the cenire of the atlachment, at a
distance of 8 cenlimetres (3-2 inches) from the centire of ithe
hinge. The lenglh of ihis arm of the lever being known
once for all, we have contenled ourselves wilh reading the
efforls in kilogrammes on the small dial, in place of the kilo-
gramme-centimetres which express the movements. If Lhe
exact position of lhe muscular insertion on lhe movable
bone be known, il will he possible to deduce the effective
component of the efforl, and to calculate ihe actual power of
the muscles concerned.

This method of measuremenl enables us Lo follow the
variation of the forces exerted during the movement, and 1o
appreciate the resulls of ithe training process. It is essential
whenever it is desired to undertake ihe scienlific organisation
of the work of re-education, whether functional or professional.

(8). Lastly, in order lo reslore lhe movements of rotation
in the arm, I make use of an apparatus based on Lhe prineiple
of the cam, called a gyrograph, which applies both force and
movement, and measures Lhem.

LXX,—III. Applications.—Ailifudes of the Body.—Physical
education, conducled according Lo the technical principles
explained above, will produce rapid and lasting results; it

* The moment is the produet of a force and the arm of the lever to which it iy
applisd.
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will easily lead Lhe subjecl 1o Lhe verge of Lhe mosl active
alhlelic exercises, lor once ihe organic [unclions have been
subjecled 1o supervision and lraining there will no longer be
any possibilily of exhauslion or [ailure (see Lhe whole of ihe
chapter on Fatigue).

Bul funclional re-educaiion, which is applied more particu-
larly 1o wounded soldiers, musi be kepl wilhin moderate
limils, progressing al a very gradual rale, under penalty of
accidents.

Both physical education and funclional re-educalion,
in shori, are based upon the fact thal human activity should
be physiologically regulaled, and thal il becomes, by that very
facl, economical and hygienic.

Attifudes—We may remark thal even when lying down,
or sitting, or slanding, we do not all go aboul Lhe business in
the same fashion, as we are ignoranl of the ecomomical and
hygienic atlitudes. Measurements of the energy expended
have plainly proved as much.

Complete repose of the body is obtained in Lhe recumbent
position, bui by lying on the belly, not on the back,® prefer-
ably inclining to the righi side; the saving is 7 to 8 per cent.
over the seated position. In the latier the body should be
upright and symmetrical, the feet touching the ground with-
out efforl ; above all they should not hang clear of Lhe ground.

In silting down to read or wrile care should be laken that
the fore-arms resl on the lable, and thal the shoulders are
drawn back ; if the desk is too high it will involve an awkward
and very fatiguing attitude, which will impede lhe movements
of the hand in writing, while too low a desk necessitales stoop-
ing.

The erect position is still more interesting ; it concerns the
working-man and the engineer alike ; it is of parlicular import-
ance to the overseer ; it is Lthe attitude of the soldier, the watch-
man, the policeman, the omnibus conductor, the railway-
guard. It comprises two symmetrical atliludes and one
asymmetrical pose, which are plainly shown in Fig. 59 (left
to right).

* Liljstrand and Wolliey, Skand. Arch. f. Phys., Vol. XXX, p. 189, 1913.
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The normal atfilude (the Normal-Stellung of the Germans)
is regular ; it places all the arliculations in a single vertical
plane ; but it is a source of [atigue. The convenient atfitude
(Bequeme-Hultung) is more stable, and coniracts the muscles
less, However, it does nat reduce the expenditure of bodily
energy to lhe minimum, as does the easy attilude, of which

Tig. 50.—ILreot Positions of the Body,

we all have an instinctive experience. Deportment calls for
a convenienl, symmetrical allitude, which eases the vertebral
column, slightly hollows the loins, and expands the chest,
relracting the abdomen and the shoulders. This undeniable
condition of muscular iension causes some fatigue, but it has
a very favourable influence over the whole economy ; it con~
serves the energies and maintains the stature.
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Let us compare Lhe cost of these various atliludes, counling
the energy-expenditure of the recumbent man as 100. We
shall obtain the {ollowing figures :?*

Recumbent position (in pronalion) . .. 100
Seated position .. . .. . .o 107
Easy pose .. .. . .. 110
Standing {Convenient pose .. . .. 113
Normal pose . . .o 132

LXXI. Locomotion.—Gymnastics —Locomotion, 1loo, is
capable of improvement. We have already indicaled Lhe
economical faclors of a walking gail. It musl be added
thal above 170 steps lo the minule il is more profilable Lo run;
which, for thai matter, all those do whose lower limbs are short.
Very frequeni short steps cause the prompt appearance of
fatigue; I will venture, in Lhis conneclion, Lo utler alegilimale
crilicism of narrow skirls [or women. The subjecl is a less
serious one than (hal of corsels, but none the less hygiene
deserves a certain consideration; and il is by no means lhe
enemy of fashion.

Certain populations, such as the Arabs, effect a saving of
20 to 25 per cenl. in their locomolion, and in the use of their
legs in general. Their output is thus greatly superior to the
average. Now these folk practise the so-called flexed walk
(of which I have said what is necessary elsewhere), which aids
progress and reduces ihe efforls of muscular contraclion.
This is, for that matter, the gait of the weary labourer, the
navvy relurning from his work, or Lthe human beasl of burden
harnessed to a heavy hand-cart (Fig. 60); il diminishes
the oscillations of the bodily cenire of gravily, and increases
a man’s steadiness on his legs. Under ordinary circum-
stances‘the trainer will combine wallking and running exercise
in order to increase the rhylhm of the heart and lungs to a
fitting extent; he will nole these al ihe close of 20 or 30
minutes' {raining exercise. Once again, a progressive advance
will be observed, which will exclude any danger of sirain or
over-exerlion.

* 18ee Le Moteur Humain, 1. 444,
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The principles of ecconomy, finally, may bhe applied to
many atlitudes; from Lhal of the man who wriles or draws
or plays a musical instrumenl Lo Lhose of Lhe athlele, the
sporisman, and the solder.

Walking, running, jumping, climbing, crawling, and such
modes of activily as boxring and fencing, are subjecl Lo Lhe same
laws of rhylhm, measure, and physiological regulalion. I

F1a. 60.—The Flexed Walk.

have said all Lhat is needful on Lhis subject in Book VI, of Le
Moleur ITumain, to which the reader may refer (p. 469),

Gymnastics, al a cerlain period of re-education, when Lhe
arliculalions have resumed Lheir normal play, becomes a
training melhod of greal value. I am speaking above all of
movemenls of the arms and legs. To these I add exercises
with dumb-bells of 1 Lo 3 kilogrammes (2-2 to 6-6 1bs.) weight,
lerminating, under the most favourable condilions, with
a weight of 5 kilogrammes (11 1bs.). The movemenls will be
made in pronalion, Lhen in supination, al the rale of 80 to 100
per minute (Figs. 61 and 62), always vigorously, wilth Lhe
body in ihe normat atlilnde.



Fie. 61.—Gymnastio Exercises with Dumb-bells (Aftitade of Body rmpreoving).
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Other gymnastic and acrobatlic exercises merely bring
inlo harmony the movements of Lthe centre of gravity and the
force of the muscular conlraciions.

D1. Lachaud, of the Chamber of Deputies, insisls upon

- 1?'16., 62.—--Gymnn§l:iq Exaiiises—fﬁr iﬁpmasing étrengthl.‘ '

Nt
i

mmple: gymnastm exermses, w1th Welghts, cords, and pulleys H
he recommends what has 1mpr0perly been called: maiiotherapy.
1 cannot: unreservedly support the views of this dlstmgu],shed,
‘paliti it 'an, for'the . movements practised. should, in-‘the; first
. plack’bg guided; lest they. should. be'performed incorrectly; and.
produce. malformatmns, at.an age whem the, sqldlgnss skelgtal
“often not- cumpl:ately osstﬁed,. ‘the museles fully: deve,-opad
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Gymnaslic exercises are suilable for normal subjecls, and
these they develop harmoniously ; applied lo wounded
soldiers and the infirm they are merely an auxiliary melhod ;
they cannol conslilule a complele means of functional
re-educalion. By combining the education of ihe move-
menls with observations of fatigue we have compleled the
training of a few young men and of many hundreds of infirm
subjects. To Lhe numerous allestalions which would scem
oul of place in a work of Lhis nature I should prefer personal
verifications. Any one may lesi for himself these simple,
quick, and economical methods. Experience, aided by an en-
lightened judgemenl, will never cmploy Lhem wilhoul success.

LXXII. Summary—Physical Activity.——The idenlity of
the methods which should guide both physical education and
the aclivity of the craftsman is obvious. It results from the
geometrical and harmonious forms of the contractlions oi the
muscles ; it reveals itself indeed in the very eflects of ihis
contraclion, since fatigue, in the last analysis, is always an
intoxication. '

Of tihe principles of ithe arl of labour, I would lay especial
siress upon order and the selection of movements. If, in order
to execute any physical aclion whatlever, we make the sirictly
necessary movements, which alone are useful in execuling it ; if
we eliminale the useless movements, and regulate Lthe succession
of the useful, we shall eflect a greatl saving both of iime and
fatigne, Our educalion too will profit greally; a moral
treasure ‘will be added to the betlerment of our well-being.
The organisation which I am speaking of involves Lhe arl of
meking movemenls appropriale lo an end, and of making a
rigorous selection of the same, lending Lo an economy of effort ;
in other words, of ordering them and ulilising them in the
best possible manner.

Selection and order are, in truth, the characlerisiics of the new
melhod, which will presenily work an economic revolulion Lo
which no olher can be compared. 1Itis not purely mechanical ;
il does not turn a man into a soulless body, a blind and tire-
less force; it embraces all the data of physiology and
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psychology, of which il alone is able to display Lhe parallelism
and the unfailing harmony. It would seem to have taken for
its gnide this saying of Montaigne’s: “Ii is nol a body, it
is not a soul Lhat we are forming ; itis a man; we must not
make two of him.”



CHAPTER VII
THE ART OF LABOUR (continued)

INTELLECTUAL AcCTIVITY 3

LXXIIL.—In the intelleclual domain, which on every hand
swrrounds the domam of pliysical forces, and overflows il, we
have altempted to introduce the discipline of the art of labour,
that is, Lhe same laws of seleclion and co-ordinalion, of Lthe
organisalion of movement. The applicatlion 10 the lhings of
the mind of the laws of general mechanics seems in itsell Lo be
a somewhat hazardous proceeding ; in any case il is anything
but finally worked out. But being based upon [acls which are
perfectly established, although nol large in number, and being
moreover carefully verified and conlrolled, il iy lacking neither
in inlerest nor in social and, above all, pedagogical value.
For these Lwo reasons il is worlhy of ithe reader’s atlentlion

LXXIV. Complexity of Intellectual Work.—The problem
to be solved does not necessarily presupposc the knowledge
of that something which has in turn constiiuled the object of
meditation of lhe philosophers, Lhe Lheologians, and Lhe
physiologists—namely, the mind or soul; or, in a nairower
acceplation, the intelligence or undersianding. The classic
methodology indeed dislinguishes between Lhe intelligence of
the will and lhat of i{he perceplions; it places them in a
hierarchy of the faculties, which are more and more highly
spiritualised as they are further in ihe scale Irom perception,

1 This chapler was published as an article in La Revue, for 1 June, 1914, under
the titte L'Art de penser, I should, mention that eince ihat date (in 19186) a

volume has appesred under the same tille, whose anthor, one Clément Goh,
has plagiarised mry article, and has most unhappily spun it out over 200 pages,

las
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Bul from the experimental and physiological poinl of view
the maller wears another aspect. Will and perceplion are,
in unequal degrees, bolh functions of nervous aclivify, strictly
adhering to ils modalities; lhey are its qualilalive expres-
sion. The good or the evil we do, said Diderol, depends
on the condilion of our diaphragm. This dclermination, or
considered as a doctrine, this deferminism, does notl influence
ihe [unclion of thought; il perceives, with a kind of inlernal
vision, thal which is good and thal which is bad, appreciating,
compuring, and judging, apparently quile freely.

The inlelligence is Lherefore the series of operalions which
effect the represenlation and the classificalion of our ideas.
Because il resuscilales images and translers Lhem Lo ils plane
of vision, it [ulfils a funclion of the affective order ; Lhal is to
say, subordinaled {o the condilion of ihe nervous system ;
il arouses greal numbers of neurones, re-awakens the cellular
vibralions, and harmonises them with the vibralions of oiher
cells; a circuil of vital cnergy uniles the elements of the
cerchral subslance. This is a purely physiological process,
due to several causes. Sometimes it is provoked by the
peripheral sensilive neurones, Lhose of the sight, ithe touch,
the hearing; somelimes by humoral pvariafions; a fit of in-
digeslion, like an emolion, stirs up the whole swarm of dreams,
and disperses them upon all the winds of fiction. To these
solicilations the nerve-cell responds by a greater activily, and
the reflexes draw upon ihe muscles ol the face, wilh sirokes of
varying emphasis, the ripples of the tide of emolions which
has swepl through them (Fig. 63). These muscular contrac-
tions have all the diversily of the emolions ithemselves, and,
by their force and duration, lhey reveal lhe gravity of the
sensitive phenomenon ; sometimes there is a confracture, a
painful spasm. This muscular effort canses the blood to
surge into lhe organ of ilhoughi. Also, during prolonged
or intense intellectual exertion, or during slumber agitated
by dreams, the lemperalure of the brain undergoes a slight
increase ; the pulse is very marked in the temples; there is a
{eeling of heat and a smarting sensation in the face, but the
peripheral organs are sacrificed; the feet and legs are cold.
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‘When such phenomena are frequently rvepeaied, when the
periods of menlal aclivily are combined wilh loo few periods
of repose, there arc manifeslalions of cerebral fatigue; the
head grows heavy, the eyes become bloodshol ; the sight is
troubled by a diminished convergence of ihe pupils, and by a
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F1g. 83.—Diagiammalic Expression of the Emotions,

convexity of the lens; the respiralion is superficial and ir-
regular, and the heart slows down.

Tozic waste producls accumulare in the organism. They
are eliminated in lhe urine, but their eflcet upon the power of
the muscles is already revealed by a rapid diminulion of the
tracings obtained by means of the cheirograph, while their
effecl upon the sensibilily is betrayed by high readings on the
aesthesiomeler. The respiraiory exclunges increase in inlensily,



THE ART OF LABOUR 171

by aboul 7 lo 11 per cent., and the consumplion of oxygen
measures Lhe exlent of this complex activity, which is increased
by attenlion, bul diminished by {raining and habit.! The
digestive secrelions, on lhe other hand, are modified, and
parlially inhibited.? The vegelative life diminishes ils aclivi-
lies, in order Lo give full scope lo Lhe life of the higher nerve-
centres. Then, as we have said, Lhe menlal images are revived,
and the intelligence has performed a lask of a physiological
nature. Only lhe seleclion and the ordering of ideas appear
in Lhe inlelligence as sonielling of a differenl essence, a really
Lranscendent power.

This is precisely what we wished lo establish: namely,
that Lhe exercise of the mind mingles operalions which are
true nervous reaclions, reflexes, affeclive conditions, wilh olher
important operalions which dominale the sphere of perception.
But we of course intend it to be undersiood thal both cate-
gories of phenomena resull from the physiological activity of
the organism, and arc subjecl lo all lhe disturbances and
cddies of life ; Lhey levy iribute on the resources of the organ-
ism; they represcnt organic effort; they involve a cerlain
expendilure of energy which produces fafigue, for nothing in
naiure is gratuilous.

And herc we are at the very heart of the problem slated in
the beginning : whelher, in Lhe living world as in the inani-
mate world, energies are nol merely iransformed; if, for
example, muscular energy has its source in the chemical
energy of the alimenls absorbed, 10 what origin are we to refer
intelleclual energy ? Whence docs it spring? And how
can it be utilised withoutl loss ?

LXXYV. The Origin of Intellectual Energy. — Two
American scientists, Benediet and Carpenter, after laborious
experiment, succeeded in »demonstrating that the evercise
of thought by ilsel/ occasions very liflle expendilure; il figures
as a very small jtem in the alimenlary budgel. A man who

1 Johanssohn, Skand. Areh., Vol. XVIIL, p. 85, 1808;—Becker and. Olsen,
wid., Vol, XXXXI., p. 81, 1914 ;—Dfe Umschau, No. 19, 1912,
2 Brunaedi and De Sanctis, Archivie di Fisiol., Vol,, XIL, p, 441, 1914,
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expends 2,400 calories in the iwenty-four hours [or his
cnergelical mainlenance cxpends barcly 9 or 10 calories
more when he devoles himscll Lo long medilalions, resolves
difficult equations, makes learncd calculalions, and in short
thinks, for 8 hours a day.

The subject was enclosed in the calomelric chamber already
described (Fig. 3), where he was presenled wilh a heavy German
lreatise on mathemalical physics. The energy radialed in
the form of heat was measured outside, unknown Lo him.

On the other hand, I have verified Lhe [act thal Lthe consump-
lion of oxygen is only very slightly modified when students, in a
condilion of perfecl repose, devole Lthemselves Lo complicaled
menlal operations.r Il is obvious thal in these differenl cases
we are eslimating the increased expendilure of intelleciual
energy, seeing that the mind is never absolulely aliest. Bulio
represent me as saying ihal the expendilure of energy rises,
at Lhe moment when the mind begins Lo work, irom zero Lo a
posilive value, and Lo find in my argument a posilive conlradic-
tion in lerms, as did a writer in a Dutch review, is, as anyonc
will perceive, completely unjust.?

* The great difficully,” we repeal, with Vollaire, “is Lhere-
fore 1o understand how any creature comes Lo have Lhoughts.”

And indeed Lhe whole difficulty is Lhere, For him who
considers ihe nervous operalions which record images, pre-
serve them, and repeat them, it is easy Lo conceive thal Lhey
never cease ; Lhat they are an allribute of life, and ils accom-
paniment. No state of rest absolulely inlerrupls Lhem,
serving as a slarting-poinl from which we can mecasure lhe
expenditure of energy which their prolound and invisible
exercise involves. In Lhis respect the principle of the con-
servalion of energy which governs the universe rcmains
unshaken. Bul the mind retains its mysterious secret; il
remains withdrawn, beyond the cycle of the vilal energies;
a fact which is wholly disconcerting, unless indeed we have
reccourse to 4 recent explanation, inspired by the phe-
nomena described as radioaclive. Certain substances undergo

! I have desoribed these experimenis in Le Moteur Humain, p. 278.
* Wettenschappelijhe Bladen, Vol. TV,, p. 1, 1912,
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disinlegralion, sponlancously dissocialing Lhemselves, wilh
a sccular deliberalion, producing light, heal, and cleclricily.
The example of radium poinls Lo Lhis (ransformalion of
maller, which exhausls ilsell and disappcars when once it
has liberaled all its reserves of energy.

Can il be thal thought also conslilutes a radioactive pheno-
menon ? Is il evolved from Lhe disappearing cercbral sub-
stance by a process as yel inexplicable ?

If this were so Lhe differences belween Lhe radioactive or
dissocialive powers of Lhe cerebral subsiance would explain
the differences of inielleclual vigour and vivacily 1o be
observed in different persons, just as the characleristic qualilics
ol the sources of light affecl ils inlensily or illuminaling power.
However, ihe radioaclive origin ol Lhought is not proven.
Although il has been noled lhal lhe nervous Llissues, and
especially Lhe brain, are highly radioaclive,® il has also been
recognised thal this property resulls from Lhe absorplion of
the Llraces of radioaclive subslances conlained in our solid
and liquid aliments, and in all mineral walers.

All thal we can venlure Lo suggesl is Lhal Lhe disaggregation
of the cells of Lhe brain liberales inlelleclual energy directly
and cxclugively, wilhoul Llhe usual inlermediarics : wilhout
heal or Lhe emission of cleclricily. Tor our cells arve assurcdly
the Lhealre of a malerial evolulion which affecls even Lhe
molecule, breaks il up inlo infinilesimal fragmenls, and in
parlicular deslroys its phosphated elemenls and nuclei. These
are the compounds rich in phosphorus, the colourable porlion
of the nerve-cell—that is, the chromatin—which, being by
reason of Lheir organic bases in an unstable molecular condilion,
seem doomed Lo this slow deslruction, and exhaust lhem-
selves in Lhe operalions of the cerebral corlex, the very body
of Lhe cell becoming reduced.? And as in lhe activily of Lhe
muscles, the organic developmenl Laking place in Lhese nuclear
subslances piloduces foxins, and renders acid the chemical
environmenl which, normally, and in a slale of repose, is

3 A, Caan, Siizungsb, d. Heid. 4. Akad. d. Wissensch., V., 1011,

® Lugaro, Arok. ital. Biol.,, Vol. XXIV., p. 268, 1806 ;—Guerrini, th¢d., Vol.
XXXIIL, p. 62, 1899 ;—Marinesoco, Bngelm. Arch. f, Physiologie, p. 89, 1809.
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alkaline. If is an actual disaggregation, which is aggravaled
by external stimulations, such as luminous impressions,*
but above all by fatigue. Then the nervous reactions grow
weaker and thought is arrested, inhibited, poisoned; il has
even been noted that the filaments of the neurones shrink and
retract themselves, so Lhat the mulliple connections thereby
effecied within the brain are less to be relied upon.?

Resl, sleep, food, Llhal is to say, above all, Lhe blood, will
repair this temporary derangement.

We must wail for more precise delails as lo the dclicate
and wonderful process which gradually exhausls the nervous
substance, giving rise lo un energy of the lnghesi order; in Lhe
meanlime let us consider the work peculiar fo the mind. And
let us proclaim thal 1t is possible to organise this work, lo
employ il more elfectually, il we resorl lo ralional methods,
and to effecL considerable savings. For under Lhe infinite
variety of ils forms il necessitates operalions of the same
nature as those of physical activity, and as far as Lhe economy
of effort is concerned there 1s nothing to dislinguish belween

the exercise of lhie mental funclions and the exercise of the
muscles,

LXXVI. The Organisation of Infellectual Work ,—But
the work of the intellect is fwofold. On the one hand it consists
of finding, within itself, or seeking for, ideas. On the other
hand, it sets itself Lo organise these ideas; and by this we
mean o ulilise these ideas in an order and according 1o a plan
which increases their value.

It seems thal the firsl underlaking, being comparatively
easy, has less need than the second of being improved and
reinforced. The reserves of ideas which a ran possesses in
his own brain are enriched by reading, conversalion, and daily
experivnce, Now this, loo, demands a certain discipline.
To read, or to be read to, would serve no cssentially useful end
did not the atlention apply itself Lo the task of extracting new

t Mullor and Ott, Pfiflg Areh., Vol. OLIL, p. 403, 1904 ;-~Lodato and Mioeli,
Arch. 4. oftalm., Vol. X., pp. 204 snd 827, 1903,

* Trana. Lab, Insh Solvay, Brossels, Vols. L and 11, 1897.1808.
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ideas and furmshing the mind with them ; if il did nol defend
the mind, by a process of ralional eliminaiion, againsl all the
incidenlal reflections and literary stop-gaps which in gencral
inflale speech wilhoul enriching it.

It behoves the mind, which is endowed wilh the power of

selection, Lo exercise it rigorously, while expending upon it as
little energy as possible.
" The child should be educaled according Lo these principles ;
he should be laught to take hold only of Lhose ideas which
pre-eminentlly concern a subjecl, insicad of running afler all
ihose thal gltler, and whose brilliance oflen masks their
fragility. The schoolmasler or leclurer should show him how
the art of speaking, of speaking well, serves lo give a striking
prominence 1o lhose mental conceplions which are worthy of
it, and lo keep them forcibly in view. I should never place
my academic trust in a professor who was a bad speaker, and
who, far from exhibiling, as in a show-case, Lhe pearls of
knowledge, buried them in Lhe lrash of his obscure verbiage.
Moreover, eloquence is genuine only when il is ordered. The
best orators possess perfeclly organised brains, which they have
not nccessarily overloaded. Erudilion, of a widely miscellan-
eous characler, would be almost a hindrance Lo them, while
by moving along the same grooves of thought 1l enables them
to discuss Lheir subjecls readily, and as though without
eflorl, training and adapting Lhem to a specialised mode of
intellectual activily.

We would not have this specialisation exclude a solid
general cullure; on the contrary, it should find, in such a
cullure, its natural seiting, the setling which will best harmon-
ise with il. But lhe division of labour, which limils the
mental field, is far less 1o be feared than ihe lack of mental
order caused by excessive work undertaken in many directions.
One cannot lose one’s way in an alley, but the foresl is
reacherous.

Writing, like speech, demands order and method, so thal the
reader may easily assimilate the dominant ideas, the only
ideas which count, and so that his atienlion may not be
divided. The art of writing consists, therefore, in being
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simple, direct, and accurate, that is Lo say, clear, and in con-
ceiving ideas clearly in order that they may be clearly expressed.
After all, the writer is always understood il his knowledge is
profound and methodical. He can, in the words of Monlaigne,
teach Greek and Latin * wilhout lears,” and more parlicularly
can he teach the sciences, whose essenlial objecl is the economy
of thoughl by means of demonsirations and general laws.
How much time and effort could sludenls of all ages be saved
i{ they were not only too ollen compelled to re-read an author
several times before underslanding him! Bul how many
wrilers could he dispensed with il ihe reign of darkness in our
teaching cenlres were to lerminate | In our days people would
not lolerate a paolice force which should forbid Lhe circulalion
of confused wrilings, which should forbid ithe vagabondage
of ideas along the paths of literature. Nevertheless, il is a
question which deserves consideralion. A man does not wrile
for himself ; he addresses himsell to readers young and old,
and professes lo insfruct them. The problem is to make sure
that this instruction is elaborated in such a way as 1o cost
the recipient the minimum of effort, and to afford him ihe
pleasure and advantage of shaping his consciousness.

The facts which teach are the important facts, because
they hold the attenlion and are represeniative ; they are true
symbols. Science employs such symbols in order to spare us
detail ; il seeks oul numerical relalions, and then, retaining
only Lhe general character of these relations, il ignores the
figures. Algebra, in Lhis respect, effecls an intellectual
economy by means of its notalions; the same is irue of
physics, and every science which has a mathematical
character.

The logical characfer of the relation belween facls should
be established with equal care, For example, comsider the
tie of causality. IL is good thal ome thing should involve
another as its consequence. What a wonderful discovery
is this of the universal and logical connecuon of the conquests
of knowladge |

The most beautiful laws cover Lhe widest domam Such
are Newton’s law of universal gravitation, and Descartes’ law of
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refraction. And lhey are Lhe most admirable because Lhey
lessen ihe [atigue of Lhe intellect.

Lastly, olher ideas take shape [rom tihe experience ol
life, lived in all its fulness, life as it is, wilh all its vicissiludes,
like a sea that abounds with reefs. Never drag the growing
youlh wholly out of reach of these difficulties of life; from
Lhose which are ithe work of men even less Lthan [rom those
which originate in things. The egoism and lhe moral defects
which are Lo be encountered in our fellow men will teach him
unforgeltable lessons. Bul one musl lake care Lthat he exlri-
cates himself from his mistakes, and fights his social batlles,
by uprighl and honesl conducl. Virlue and iruilh are
terrible weapons which lriumph over all things. One must
learn Lo handle these weapans, and lo do so one must serve
an apprenliceship of aclion.

This is how the lask of the mind should be maintained
and regulated, considering il Irom Lhe point of view of its
regular alimentation and repair. No useless aliments; none
of bad quality ; no waste of cerebral energy.

LXXVII—The sccond poinl of view, we noled, embraces
the work of the mind which utilises accumulated materials. It
proceeds as follows : Do we wish Lo reflecl on a given subject,
or lo solve a scienlific or philosophical problem ? Gradually
our ideas awaken, bestir themselves, and haslen forward.
Generally they make their appearance in ihe naiural order :
that is to say, singly, wilhout connecting links, each deter-
mined by a sort ol reaclion or reflex.

The nalural order may be compared Lo thal of a battalion
on lhe march when the slep is broken. The men march *“all
anyhow,” diversely impelled, given over Lo hazard. To one
who sees lhem from a distance the ballalion is marching as a
whole, despite the confusion of ranks. Bul il travels less
quickly ; il presenls less cohesion and solidity, and a less
smarl appearancce than a batlalion which is keeping step,
closing its ranks behind its leaders, and obeying their orders.

The same discipline ought 1o be applied to the ideas which
fravel in & host through the whole region of the mind. At
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firsi, when we are slill apprenlices, we allow Lhem Lo follow
one another sponfaneously at the point of Lhe pen, and when
not one is left worlh the irouble of recording il in wriling, we
subject them 1o a scvere examinaiion. That idea will come
first which in the nalural order was Lhird or fourth, and so
with the rest  All will be classified, sel in a hierarchy, so thal
1he accessory shall nol gel the beller of Lhe principal idea ;
so that an internally controlled order of succession shall
preserve bolh their intrinsic value, and thal secondary value,
which resulls from Lhe logical relation eslablished belween
them.

Such a concatenalion excludes prolixily and digressions and
useless references. The economy of words is the saving of
time by means which signally increase ihe force of the argu-
ment, and unfold il in a concentrated light.

It is the function of practice, steadily maintained, Lo impose
upon the mind this manner of working, whalever ithe basis
of ideas upon which it is building. Habit finally renders
easy, almost antomatic, the classification of ideas, provided
that the affention corrects at every momenl the deviations
from this discipline. One can understand that this wvery
discipline finds il difficult 10 accommodate itself to the many
keen excilations which, from without, shake its ranks, and
why refleclion and meditation are more efficacious when one
is able to abstract oneself from one's swrroundings. A richly
furnished brain will elaborate coherent and ordered ideas in
this *“ ivory Lower.” A scientific man, a direclor or manager
of factories, or an engineer, will be able more usefully and
with greater certainly lo collate the ilems of his acquired
experience. We should never follow the *first impulse ” ;
it is the most heedless impulse ; it is a reflex delermined by
an external action; in spite of the popular saying, ‘ first
thoughts * are not * best thoughts,” Lel us examine our-
selves; let us take time to hold debate with ourselves. Let
us accustom owr cerebral channels of inhibition and our
neurones of conlfrol to the necessary task of elimination. The
man who, to some extent by heredity, and largely by educa-

, tion, possesses this type of nervous organisation, should under
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any circumsiances hold an advantage over other men ; for he
will display firmness, judgement, and method. He will be under-
stood, and obeyed, withoutl effort.

We may be equally cerlain that one of ihe most important
preoccupations of the orafor is 1o cause the various elements
of his speech to be grasped withoul faligue, and in perfect
order. If his memory is nol very reliable he has recourse to a
plan drafled in advance. The ornaments of speech which he
employs are inlended {o caplure the aitention, 1o prepare it
Lo follow his argumenti, and lo suslain it to the end. They
encourage his auditors to accepl the inlelleclual labour de-
manded of them, and lhey break ils conlinuity. For the
aclivity of Lhe mind is rhythmical and intermitfent, like the
activily of the muscles. The psychical ego withdraws itself
at inlervals from the strain of thought, taking refuge, by prefer-
ence, on some flower-strewn bank.

It would seem thatl rheforic is born of this #wofold need of
order and method. Rheloric, then, we must have ; but not
too much of it. It would be conirary Lo the scientific principles
expounded in these pages to reduce the domain of ideas in
favour of the domain of words, even were these the most
gorgeous, the most happily chosen. The adornment of speech
is a means, not an end. When I run ihrough several pages
of a book which is stuffed with finc phrases, and am
unable to discover in them even a few fine ideas, I quickly
put it aside.

Happy is the writer who can make his reader think! He
will never have a foolish reader.

LXXVIII. Applications.—In nature movement is squan-
dered, because 1those conditions do nol exist which favour its
perfect utilisalion, either in the physical order or the intel-
leclual. Mechanical science endeavours to achieve this per-
fection in inanimate motors and living molors alike; but it
will be a long lime before it succeeds, despite the great progress
effecled in the last few years.

As far as thought is concerned, mechanical science can do
little more than furnish indications and simple practical rules,
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which enable us to reduce faligue, and 1o give a Lrue direction
to the activity of lhe mind. This aclivily, as we have
remarked, *is susceplible of disciphne and melhod. Greal
intellectual power may manifesl ilself in disorder and uncon-
trolled overflow. Such waste is the result of an unscientific
educalion and unruly habits of thought. The delicale mechan-
isms of the brain must neither be exhausted nor forced io go
awry.” ?

We should therefore reason oul our actions, and we should
sort out our ideas, arranging them clearly, while clothing them,
if we will, in the fashions of ihe day. Olherwise werun Lhe risk
of refulalion, or incomprehension. In rehearsing them we
must give all our attention o the matter, weighing every
word, considering each purpose. If the work is of secondary
importance, and if, as a matter of professional necessity, it
must be rapidly executed, it is expedient to sacrifice lo haste a
litlle of the intellectual labour which we should otherwise
put into the work, unless indeed it is possible to reconcile
haste and intellectual effort. The mental efforf is measurced
by the attention, and rapidify of thought by ithe number of
different facts embraced in a given time. Cerebral fatigue
is the result of ithese {wo factors.

To diminish this fatligue, intellectnal labour will be divided
into periods of one or {wo hours, according to its nature, and
these will alternate with periods of comparalive repose ; Lhat
is to say, these intervals of time will be devoted to moderate
physical excrcise : to walking, games, or conversation.

A mental effort of several hours’ duration enfeebles the
cellular reactions, intoxicales the neurones, and thereby
impairs the qualily as well as the order of the ideas; the
writer hesitates; the workman miscalculates; both have
suffered a temporary depreciation ; care must be taken that
it does not become aggravated.

To devote iwo hours’ atiendance in class or lecture-room 1o
the exact sciences, without a few minutes’ interruption, is to
commit an error in pedagogics; for affer the first hour the
capacity to atfend and the ability to understand are already

1 Le Moleur Humain, p. 590.
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duninished ; * more so in the allernoon than in Lhe morning.
But Lhe fund of nervous cnergy may be reconsliluled by a
suilable diet and a little open-air erercise, by cheerful and
amusing enlertainments, by Lhe distraclion of (he senses of
sight and hearing. The monolony of work, whatlever its
nature, must be broken, in conformily wilh the law of rhythm
which governs the organism, and which is inscribed in parti-
cular upon Lhe nerve-centres of the brain. Obedience Lo this
law alone will enable human aclivily 1o remain inlact, regular,
and eflicacious.

This is why we should profil by these wholesome doctrines ;
why we should endeavour to adapl the clforts of the mind to
the resull to be oblained; lo co-ordinale lhem; Llo allow
nolhing to be dissipaled in sheer wastefulness. As this discip-
line is more closely followed, a gradual diminution of faligue
is observed, lhough the nature of the mental effort and its
duration remain the same.

LXXIX.—Such are the novel principles which I wished to
expound ; it 1s nol difficull Lo perceive their manifold applica-
tions, whether social or industrial. There is one application,
however, which bears upon Lhe intellectual developmenl of
the child ; it is Lhe arf of feaching, a subjecl which M, Marcel
Prevosl has vigorously treated in a few maslerly pages.?
This eminenl writer reveals lhe full educalive value of the
scientific organisation of tieaching, and the profound truths
which underlie llus organisalion. Neither Taylor nor myself,
who had considered Lhe problem in all its general bearings, and
had formulated laws which are in a sense universal, could so
usefully have grappled with a special subject such as the art
of teaching. And while we find a pupil of Taylor’s condemning,
even lo excess, lhe use of caligraphic ornaments;?® while
business men and administralive officials are, seemingly at
least, expressing a certain desire for progress in the direction
of a reduced production of superflluous documenls, I like to
recall Lhis very curious passage of Montaigne’s. “‘The letlers

! Bellei, Rw. sp. freniat, ¢ med. leg., Vol. XXX, p. 17, 1004

* See Annales politiques et littdraires, 21 December, 1813, to 29 March, 1914,
3 Gilbreth, Motion Study, p. 100.
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of this age consist more of margins and prefaces than of matter
How much rather would I compose two letters than close and
fold one, who always resign this duty to some other, just as
when the matler is finished I would gladly leave to another
the duly of adding 1o it those long harangues, tenders, and
requests, for which we find room at the close, and wish Lhat some
new custom should discharge us from it,”



CHAPTER VIII

APPRENTICESHIP

LXXX. Appreniiceship and Re-apprenticeship.—Ap-
prenticeship is the decisive faclor of national wealth. It
consistsin the technical and psycho-physiological shaping of the
man. Every profession necessilales an apprenticeship through
which it becomes a habitude of the mind and lhe body, a
habitude which to a varying exlenl leaves its traces on the
organism and creales inclinations or aptitudes.

Without resulting in a kind of instinel, like the instinct of
the bees to construct a comb, such hereditary iendencies make
for perfection, for professional skill. The repelition of the same
actions, or the same frains of though!, endows the nervous system
with a peculiar sensibilily, which facilitales the performance of
these actions, directing and guiding the thoughts in a given
path. We are familiar wilb many examples of ihis pro-
fessional wvocalion, whether of musicians, or men of letlers,
or physicians, or soldiers; and in the bygone centuries the
professional vocalion was a very great power in the heart of
the guilds or corporations, and cxerted sovereign rule over the
family. During the lasl forly or fifty years all this has been
completely changed, to the delriment of our prosperity.
‘We have ceased Lo love the calling for its own sake ; our young
men are proud and ambitious, *‘ Ouvrier ne suis, apprenti ne
daigne, fonciionnaire suis.”” (Workman I am not; I do not
deign to be an apprentice; I am an official.) Men seek for
situations which demand the least effort, yet reward them
with wealth and honour. When we perceive how ignorance
and incompetence rule throughout society we feel discouraged,
and we understand why so many far-seeing persons blame

183
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the apprenticeship crisis. For all, whalever ihe social plane
on which they live, have need of appreniiceship; that is,
of the lessons taught by things; of the lessons of life, so
fertile in wvirlues, in ideas, and in lhe principles of discipline
and educalion.

The age at which these lessons yield the best fruil is, as
we have seen (§ 19), between 13 and 20 years for boys, and
for girls between 11 and 18 years. From the purely indusirial
point of view lhe army of labour, in countries which have
adopted conscriplion, should have completed ils apprenlice-
ship at the moment when it is called to Lhe colours. In this
way il is educated and instructed during lhe period of ils
physiological and moral growth. Bul to-day the wounded
soldiers who are forced by 1he war to change Lheir calling,
the soldiers who are suffering from serious infirmilies, and
those who have suffered amputation, are entering upon a fresh
apprenticeship, at the age of 25 and often of 30 years. This
re-apprenticeship is obviously facilitated by the general experi-
ence and mental maturity of these men; it is none lhe less
a very licklish system of education, in which we musl beware
of committing blunders as to the vocational direction to be
followed, and the physical capacities available. We .ghall
return to this point later on.

The organisalion of apprenticeship, therefore, confronts
us with a twofold problem : a problem at once fechnical and
physiological; a problem of industrial practice and social
hygiene.

LXXXI, The Present Condition of Apprenticeship.—But
what, to begin with, is the crisis of which we hear people speak ?
‘What was its origin, and what remedies have been found for
it? People complain that the environment in which the
apprentice was formed no longer exists, precisely because the
professional gnilds arid ¢orporations no longer have any legal
existence (in France owing to the Chapelier Act, 17 June, 1791),
so that the atmosphere of industry, the service as journey-
man, and the permanent guidance and advice necessary to
the pupil, are things of the past. The Constituent Assembly
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is said to have destroyed for ever ihe genuine school of
technical education.

Again, the inevitable increase of the use of machinery and
mechanical methods is blamed, for in the factory or workshop
which works al high pressure lhe artisans, labourers, and
apprenlices are employed each upon an elemeniary Lask which
forms parl of a general task; they are lhe wheels of a
niechanical syslem in which Lhe funclions are nol lo any
exlent inlerchangeable. In this way the worker is familiar
with only a fragment of a irade, a single element ol labour.
Il is impossible for him to grasp his calling as a whole; lefl
to himself, aparl from Lhe faclory, he soon realises his pro-
found ignorance; a worker in a watch-making faclory, he
docs not know how to make a watch; a shoemaker, he is
incapable of making a slipper. This defect is real; il is
inherent in any organisalion founded upon the division of
labour ; it is therefore unavoidable.

Finally, it is said that the relations between apprenlices
and employers, and their rights and dulies, are ill defined, in
the absence of well devised laws and adequate means of arbitra-
tion. “ Properly understood,” writes Beignet, * the interest
of both resides in the rapprochement of the iwo social entities,
the working classes and the employing classes, by means of
professional organisations.” * But Lhis solves nothing, and
arbitration or agreemenl, which are always uselul, do not
modify the conditions of apprenticeship.

In France, the law passed on the 22 February, 1851, relating
to the contracl of apprenliceship, or indenture, has certainly
accomplished a good deal in Lhis conneclion ; il compels the
master to teach the apprentice the whole of his trade, and not to
employ him upon lasks which do not profil him in the matier
of instruction, nor upon those which are beyond his physical
strength, or injurious to health (Article 8). * A decision of
the tribunal of Limoges, datled the 30 January, 1906, basing
itself upon the Act of 1851 and Articles 1134 and 1137 of the
Civil Code, ratifies the righl of ithe parents Lo break a con-
tract and obtain damages for the time lost if an employer

* A, Beinet, La Décadence de U'appreniissage en France, p. 18; Angers, 1011.
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employs an apprentice only upon a portion oi the work of his
profession, which in no way adds lo his personal education.
* Here,” declares Dubiel, ¢is a serious guarantee, a really
efficacious protection.’” ?

The law of 1851 is nevertheless insufficient ; although it
aitacks possible abuses, il does not build up a sysiem of con-
trolled educalion; il does nol aim at the improved education
of the apprentice, and it docs not adduce any elemenl of
decision as lo the revival of {rade organisalions, and the
defence of Lthe complefe craft against ils subdivision by machin-
cry. To legislate is not lo organise.

LXXXII. Technical Schools.—A. masterpiece of organisa-
tion and a means of serious conirol was the creation of trade
schools, whose essential objecl is Lo educate and instruct, to
form the mind and train ihe hand, 1o teach all the elements,
theoretical and practical, of the trade or erafl. * While it is
true,” said Millerand, ** that in a few weeks a labourer can learn
to operate a machine, it is no less irue, and profoundly true,
thal the interest of national produclion, as of Lhe producer
himself, and the interest of Lhe country, which has necd of
an educaled and intelligent race, imperiously demands workers
who are familiar with the whole of their calling ; who possess
sufficient scientific knowledge to understand the working of a
machine, Lo repair it, and at need lo invenl improvements.”
(Quoted by Dubief : loc. cif.,, p. 41.)

There were already schools of apprenticeship in France,
even before the Revolution ; ¢ven in the sixleenth century ;
there was the Maison de 'abbé Etienne de Barberé, founded
in 1640, in the Faubourg Saint-Antoine; and the Maison de
Trinité, still older, in the district of Saint-Denis, in whose
favour a royal edict of 1531 authorised employers 1o lake two
apprentices in place of one, as was the rule.

These establishments recruited orphans more particularly ;
they were workshops in which labour, charity, and religion
were mingled in curious proportions. Ecclesiastics managed
them ; employers or master craftsmen, who had withdrawn

LF. Dubief, I’ Apprentissags ef I'enssignement technigue, p. 18, Paris, 1910,
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themselves Lo this pious environmeni, provided the instruc-
tion, They competed, wilh the free employers and in the

Fia. 04.—The Stocking Trade (18th century).
To the left, o Stocking Maker. To the right, & Woman working the
Lyons Spinning-Jenuy.

shops, for the favours of the king and the protection of the
police.

F1e. 66.—Workshop of a Norman Pin.maker (18th century).

The Workers are seated before glass Bereens, whirh sefegnard the Eyes from
Dust and Filings.

And in spite of this precarious situation apprentices were
trained in these workshops who made ‘‘ shirts of mail and



188 THE PHYSIOLOGY OF INDUSTRIAL ORG ANISATION

briganiines, which are conveyed to forcign countries ; weavers
who make Lhe old style of gold and silk laces, and olhers
who make cloiths of gold and silk (Fig. 64) ; makers of pins
and needles (Fig. 65); pursc-makers, makers of cards or
combs for carding ; and olher Lrades praclised in France.” *

But they did little work in these cstablishments, in order
thal they might the oflencr sing psalms.

The inlention was none Lhe less laudable ; and I recall this
attempl in order to show that the training of Lthe apprenlice
should be purely professional. I these charilable eslablish-
menis had some excuse for giving precedence lo religious
exercises, the corporations of Lhose days, and the employers,
committed an abuse in making the pupil a domestic servant.
““The apprenlice was in fact the chatlel of the employer,”
says Dubiel.

The schools, on the other hand, give ihe apprentice liberty,
but a methodical liberty. The Ministry of Commerce has
inbreathed into them the spirit of the University ; noi, as
Bourrey justly feared,? in order to confound the melhods of
one governmenial department with those of another, nor to
allow one public office to encroach upon anolher, but, beyond
all doubt, the better 1o fosler technical education ; Lo rekindle
it and light its path with all the fires of human knowledge.
The choice of teachers is a guarantee against abuses; it
is for them to apportion the general imstruction, without
which all special instruction remains obscure and limiled ;
it is for them to proportion and harmonise, to select and
adapt. Such should be the spirit of the curricula of these
schools.

At the present time there are in France 80 primary pro-
Tessional schools,? of which fifleen are in the city of Paris.
Private schools and State schools together, they undertake
the instruction of 25,000 pupils; they are assisted by the

3 M. Foesayeux, Les Matsons & apprentissage saus {'anoien régime, Paris, 1913.
* &. Baureey, Le Probldme deVapprentiseage ef T enseignement technique, Paxis,
1913.

oI take theme figares fromt M. Barke, Lo gusetion de Papprentissnge (Ligue
frangaiss de Fenseignement), Patis, 1013,
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Société philotechnique de Paris (7,568 pupils), the Société d’ En-
seignement professionel du Rhine, at Lyons (5,632 pupils), and
the Cows indusiriels et commercicux du Nord, the oflspring of
the admirable efforts of M. Labbé (4,730 pupils), so thal
125,000 young people are receiving the sorl of education which
is of use to them, costing the budget (in 1907) 7 million francs
(£280,000), or 56 francs (£2 5s.) per pupil. However, there
remain more Lhan 800,000 possible pupils, nol yet 18 years of
age, who can find no place in these cenires of thought and
action. The parlisans of Llrade schools accordingly declare
that one musi perseverc in Lhe efforl and consent to an increased
budgetlary expenditure. Bul whal is the character of Lhe
melhod for which so greal an expansion is desired ? We have,
according Lo M. Barbe, ** the inlroduclion of the workshop inlo
Lhe school, the inlimate union of theory and practice, and their
collaboration by means of the workshop and the business office,
with the object of rendering our pupils immediately serviceable,
on leaving, in the factory or lhe warehouse ** (Loc. cil., p. 16).
This collaboralion is not effected in (he same fashion in all
counfries. In Germany, where there are mare than 700,000
pupils, each of whom cosls 50 francs, the apprentlice schools,
the Fortbildungs-Schulen (for inslance, Lhe School of Mechanical
Construction al Ilagen, in Prussia, wilh 240 pupils), are
organised in such a way as to complete the work of the factory ;
but ithe latler must come first, and, so Lo speak, must form the
young worker. The Lrade guilds have a real exislence, and
the wholly practical apprenticeship whicl Lhey give is necessary
in order thal Lhc worker may obtain ihe authorisation 1o
practise his crall ; and, belore this, in order thal he may
atlend the classes at the school. The lraining of the hody
lakes precedence of ithe training of the mind; and economic
needs lake precedence of inlellectual needs. The German
brain is a wheel in the German industrial system, driven by
that system in the direction and at Lhe speed which il finds
convenienl. The schools are crcated for the faclories, and
they increase their numbers and their specialities according
to the local needs.! The classes are graduated and selected
1 Curt Kohhnan, Falrikschulen, p. 65-72, Berlin, 1911.
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with a view Lo producing inlelligences of a cerlain given orienla-
lion, but praclical insiruction always comes before any olher,
and takes up more of Lhe apprenlices’ Lime. The love of the
useful is officially slimulated ihroughoul Germany.

The two contrary examples of France and Germany are
characleristic of Lhe complex of ideas which in olher
countries have been applied with numerous vaiiations; ihe
French methods have been applied most [requently, and the
irade school of lhe French Ltype assures the pupil in the first
place of a general technical education, without losing louch
with practice, or even wilh exlernal factories and workshops.

To sum up, 1he presenl condilion of apprenliceship is this :
on the one hand lhe Government is endeavouring lo creale
an organisation, if one may call il such, of which il has hardly
determined the plan; the industrial world, on the olher hand,
is animated by the desire for agreement and aclion, now
following the light of economic science, now halling on the
threshold of social reform. Iesires and inlentions are here,
generous or exacerbaied, but they are dreams which vanish

" in the daylight of reality. Apprenticeship requires a scientific
method : principles, Lhal is, which leave nothing to hazard,
and which are sufficient in themselves. This we shall endeavour
briefly to explain in detail.

LXXXIII. The Organisation of the Apprentice System.
—The organisation of apprenticeship is a lask which must
be undertaken by and in the irade school. A natural pro-
Iongalion of Lhe primary school, it receives Lhe child under the
condilions mast favourable for leaching him a trade. By the
age of 13 there will have heen Lime to leach him Lhe elements
of his own language, mathematics, and Lhe physieal and
natural sciences. This indispensable knowledge cannot have
created in him a vocation of any kind. He is therefore fully
prepared to receive a special cowrse of instruclion, a theoretical
and practical training, devised with a view to his chosen trade.

I would say that a theoretical fraining is necessary; it
facilitates apprenticeship, by explaining it ; it sheds its light
aver all the details of work, revealing its defecls and qualities,
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withoutl which progress would be slow, and the finishing touches
difficull or impossible ; above all, il develops Llhe spirit of
invention, a love of fine workmanship, and a deep-seated
love ol ihe crafl or profession. Ils imprini upon ithe mind
of the worker is indelible ; and the worker, no less than lhe
scientisi, rejoices Lo perceive thal experience responds exactly
to the prediclions of theory, and Lhal genuine arl is governed
by geomelry.

In modern sociely lhe future is Lo Lhe best educated ; no
one, I trusl, would now repeal ihe heresy of Vollaire, ** thal
only one pen is needed for itwo or Lhrec hundred hands.” Pens
such as Vollaire’s, assuredly; bul the pens of Lhe workers
must be innumerable. And when Lhe lessons of science are
conceived in such a fashion that ihey give Lhe apprentice
a reasoned knowledge of his calling, cxiend his horizon, and
refine his intelligence, il would. be folly Lo dispute their prime
ulility. There is no example of a workman having regretied
these lessons, and there are many examples lo the contrary.
Taylor, from being a mere porter, became an engineer by dint
ol educating himself, by paying excellenl leachers. I would
wager that he would rather have lost his immense fortune than
his theorelical knowledge.

The lessons which the child has conned on his bench at
school arc engraved in his memory, and guide him all his life;
he will return to them, will consult his notes or texi-books, to
correcl his judgement and guide his actions, for he has tested
this teaching, has practised it, and has confidence in it. How
many of us return, at times, Lo ihe reading of old lessous,
piously preserved, and rejoice thal Lhe yellow paper still speaks
the incomparable language of our masters |

From the primary school to the trade school there must be
continuity along the paths of specialisalion and gradation.
The nalure of the trade delermines the choice of subjecls to be
taught, and Lhe proportions to be observed among these sub-
jects ; the apprentice who is to become a watchmaker or an
instrument-maker requires a better knowledge of drawing, more
exact science, more mensuration ; the French Ecole de Cluses
provides an admirable example of this mode of instruction.
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But it will be Tealised thal more nalural science, more agri-
cultural science, and more chemisiry—and all adapted to Lhe
local needs—will be required in the schools which prepare the
future tillers of the soil—thal soil which, owing to mislaken
ideas, is only too often deserted by our workers. Ii is not
my objecl Lo say more of this here ; Ileave it io the qualified
teachers 1o tackle the prejudiced, and Lo inculcale another love
of the ficlds and harvesls than thal expressed in the Georgics.

It has been said Lthal the lechnical school produces Lheorists 3
that it arrests the impulse of the individual mind. Thisisa
ridiculous claim. Those who slander il would [ain be theorists
themselves ; knowledge did nol come to them so young, and
in a spiril of jealousy and vexation they protesi against ** royal
roads.” * Toil as we did : you must look lor everylhing to Lhe
long and painful experience of life,” they seem Lo say to these
apprentices of fourteen years. These reproaches usually
proceed from Lhe working-classes. Bul I know workers who
think differently. And how many seek, during the evening,
to acquire a few rudiments of theory, despite the fatigue of the
day! These afford a suflicient reply to the others, and there
is no appeal against their verdict. ‘

As for the individual consciousness and initialive, they are
imperfectly developed at the age of which we are speaking;
but afiter the age of leaving school they will develop normally,
in a Iucid and uniform menner; life will very soon complete
their development. I have already explained that we are
brought up against a physiological and psychological impos-
sibility if we seek to transform the period during which the
buman mind absords into a period of restifulion and creation ;
it is even imprudent to seek to hasten the lalter Loo far, as
Ostwald has many times warned us. For nature evolves by
slow transilions ; if her movemenis are hurried a loss of vilal
force results, which is a more serious affair in the living
organism than in a machine.

T claim, moreover, that the trade school has a twofold
superiority over the workshop, whose defenders are still
pumerons; I mean, of course, over the workshop alonme.
Hs scientific superiority is obvious.” The workman, while
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he believes thal he is leaching the apprenlice the whole of
his crafi, is himsell making no progress. From worker Lo
worker Lhe chain is prolonged and closed, and not the smallest
link of science is added lo it. Il is a vicious circle. The
horizon is confined to eslablished facts, while withoul the
skies are flooded wilh light. The teachers, on the contrary,
grow more learned [rom generalion 1o generation; they
play their parl conlinually in Lhe progress of the world, and
their pupils profiL Lhereby. Modern induslry demands this
conslant developmenl of the educalion given 1o lhe workers.

And there is, moreover, a moral superiorily 1o be obtained
by training the apprenlice in the schools, which is all the
more appreciable in that we are dealing with children, on
whom bad examples, and unconsidered words and aclions,
exer{ a more pernicious influence. In ihis respect I cannot do
better than quole Lhe remarks made by Liébaul, more than
thirty years ago, in a repori read before the Chambre syndicale
des mécaniciens : * Everyone is [amiliar,” he said, ‘‘ with the
dismal fruils of apprenticeship in Lhe workshop; from the
educational point of view il too ofien produces idleness, and
an unreflecling and almost always unjust hatred of ihe
employer, the [oreman, and everyonc who gives orders and
has the right io cxpect obedience, together with disastrous
habits of drunkenness and debauchery ; {rom the professional
and educalional poinl of view the apprenliceship is entirely
lacking in melhod, and is accomplished only in a spirit of
servile imitation and routine.”

LXXXIV. The Technique of Apprenticeship.—In order
that the school may give this professional instruclion as a
whole, Lhe advantages of theoretical educalion and the environ-
ment which il affords ihe appteniice are nol sulficient; it
must assure him of the praclical training and instruction
which is offered by the workshop iiself,

The practice of a trade or craft is incontestably an art, but
art is always the expression of a methodical, disciplined effort ;
that is, of a science which has its own laws. The arts and
crafts are applied sciences, whose eternal beautles, in bygone
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ages, enchanted the imagination to such a poiunt Lhat il erecled
them mto Olympian divinilies, The worker who possesses
an absolute grasp of his craft is the equal of the scholar.

The principles which should guide the praclical apprenlice-
ship are of a physiological and mechanical order. In Lhe firsl
place, lhe teacher will carefully examine the aptiludes of his
pupil ; he will not leave lum to mope al the lathe if he will
only be happy when handling the plough; he will see thal
weakly subjects do nol adopl callings requiring wiolent
exertion ; all Lhe factors, in a word, which we have already
defined will be considered, in order (hal the future workers
shall be well equipped when they begin io practise Lheir
callings. Here the intervention of the teacher will be of the
grealest use; he will advise the pupil’s parents, and place
his information before Lhe director of the lechnical school.
This mmformation should be entered in the pupil’s school
report-book ; it will help to illuminate the perceptions of
parents and teachers. But I have already explained how far
these indications should receive attenlion, and whal reslric-
tions should always be applied to them. Nevertheless, they
are of very great importance.

The apprentices will be taught what hygienic precautions
ihey should take 1o safeguard their health, according to the
nature of their work, and what accidents are to be guarded
against. They will therefore be on their guard.

They will be provided with elementary manuals of a nature
to stimulate their love of Lheir craft, to make lhem tlake a
Ppride in it, to realise its nobility. The Lradilions of the guilds
and unions must be replaced by the fruiiful ambition to become
model workers, learned in their crafi, following and even
hastening the march of progress. In creating ihis state of
mind we shall have solved the whole psychological problem
of appreniiceship, which so happily completes the physiologi-
¢al problem.

LXXXV. The Education of the Movements.—But we
mugt resort to the graphic method, in its innumerable applica-
fions, as I have explained it by the example of the apprentice
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Apprentice (Frtter) fling Metal. To the left, the Jonect Attitude; to the
night, the Incarrect. (The Sequence of the Pictures 1s fram Top to Bottom.)
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using the file (LIII), for the experimental lessons which will
instruct and discipline the young worker, and will fulfil, beller
than speech or wriling, the office of correcting the beginner’s
faults, correcting his mislakes, and securing his atlention.
Dynamographic tracings, which can easily be obtained wilh a
litlle ingenuity, should constanily be exhibited io the pupils,
so thal Lhey may judge for themselves of their irregularily, in
the case of a beginner, or their regularily and uniformity in
ihe case of a skilful worker. A few cxperiments will interesl
the pupils inlensely, arousing Lheir always lively cunosily,
and teaching Lthem the [ull value of ihe [acls. As Lhey progress
in the technique of their crafl they will discover lhal their
movements are more educated in quality, and betler adapted
to their work.

The education of the movemenis is nccessary in order lo
render them effective, to increase Lheir oufpul, and to diminish
fatigue. The number and rapidily of these movements, and even
the effort which Lhey develop, vary according 1o the individual,
and the nature of his work. It will be expedient 1o delermine
these movements in the case of model workers, highly skilled
in their craft, and Lo explain to the pupils lhe graphic records
of normal work. Disorderly and useless movemenls, which
inevitably give rise 1o premature fatigue, will be reproduced
by means of the cinemalograph, exaggerating them if need be.
Films which in this manner display lhe awkwardness of
beginners, of ihe infirm, and especially of Lhose who have
suffered ampulfalion, and are provided with ariificial arms,
will be of considerable value for purposes of apprenliceship
and re-educalion. In view of this teaching by example a
few characterislic films, relaling Lo the practice of ihe principal
hendicrafis (Fig. 86), will be preserved in Lhe schools.

The conditions of apprenticeship must then be adjusted
in such a way as gradually Lo increase the output lo ils maxi-
oyumn limit, while the workshop must be so organised as to
reduce loss of time and the causes of fatigue 10 the minimum.
But do not mistake me. The object of economy of fime is not.
merely an increased production. Before all, it is intended to
give the worker habils of order, and to confirm the idea that we
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should be more useful, lo others as Lo ourselves, if we avoided
all aimless muscular efforts, if we kept a watch upon the profit-
able expenditure of our physical energies.

From these methodical condilions of work a greater efficiency
and a more intensive produclion are obviously Lo be obtained.

Under such conditions the rules relaling to rest and fatigue,
periods of distraction and inslrueiion, and the continuned
duration of praclical lessons, will serve Lo prolect the health.

Whatcver the trade, it is Lhe duly of modern apprentice-
ship Lo give it a scientific organisation, Lo selecl and form the
apprenlices according to tiheir aptiludes, and to ensure Lhe
normal exercise of human aclivily.

LXXXVI. Mechanical Considerations.—IFrom ihe me-
chanical poini of view, Ucre is, as we have observed, a certain
effort and a certain pace, which are conducive lo the largest
output. Once more il is the graphic method which reveals
these, Lhereby informing us what tasks musi be forhidden ta the
apprentice if his age or sirength make them inadvisable. The
skill of a worker’s movemenls certainly diminishes fatigue ;
but this is nol enough, and there is in Lhe elementary opera-
{ions of labour, the wherewithal o occupy every worker
usefully, without exceeding the sum of his capacities.

There is another thing Lo be considered : the choice of tools
should be adapled not only 1o Lhe nature of the work, but also
to the age of the worker, so thal eventually an optfimum
equipment may be put together, with which the workshop
will provide the finished worker. Al the close of his apprentice-
ship the young man ought Lo be prackised in the handling of
this equipment, in respect of which his mind has been
disciplined as well as his body ; every detail of the practice ol
his crafl, every form of mechanical agency, and every elemen-
tary operation, will be deeply engraven in his memory. He
will not be made to study one portion of his crali until the
preceding porlion has been learned, and until he can practise
it, 1o perfechon To exhibit undue haste in the matter of
instruction is to waste lime. The training of a good workman
requires several years ; he follows many masters, endeavours
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to profil by circumslances, and sticks Lo his lask wilh per-
severance. The parl ol science is lo diminish ihe period
required by exclusive praclice in lhe workshop.

It is not possible for the apprentice to become familiar with
all the operations and processes of the workshop or faclory.
Modern industry does nol demand such a mental effort;
which would, for thal matier, be all but impossible.

The law of Lhe division of labour, which rules the living
organism, is no less compulsive in Lhe industrial organism,
s0 that every worker, according to the measure of his capacilies,
[ulfils a given function, and has no need to understand another.
I should, however, like Lo see a general education giving the
worker a general conceplion of his profession ; of the working
of the successive argans of transmission, {rom the manager’s
office 10 ihe work-bench ; so thal he would not be launched
inlo the life of aclion which lies before him wilthoul rudder
or compass. It is evident that an employer who applies him-~
self 1o one single speciality will be incapable of giving this
complete training. The indusirial college is therefore ihe
great organiser of economic prosperity, provided that il
proceeds by ihe inculcation of theory and practice both, Lhe
latter coming after theory.

It is perhaps as well to remember that mathemalics and
geomelry, indispensable to the mechanie, present gaps which
only experiment is able 1o fill. For example, the theory of
friction, of moving bodies, is still far from squaring with the
practical data, owing to the complexily of ithe factors which
have to be embraced by an exiremely exact science, and the
physical properties of bodies. In very simple terms the
teacher will explain to his pupils the influence of physical
factors, such as the femper of metals, their chemical composition,
resistance, form, etc., finding inspiration in the expeiimental
work performed in our higher schools and induslrial instilutes..
Facts are needed, plenty of facls, illumined by a minimum of
science.

The suitghle arrangement of workshops and factories and
the division of labour will enable the apprentice to apply him-
self to repeating the same detail of wark with increasing skill,,
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wilh a greater economy of time and efforl ; he will seek, if he is
intelligent, to adapt himself more perfectly to the condilions of
labour whose greal imporlance has been proved to him. I
will even go so far as to say thal his work will cosl him less
and less as regards lhe effort of atlenlion, and will become
almost aufomalic. The worker for whom Llhe execution of
a task is Lhus facililated, by habil, will be able to husband
his inlelleclual efforls for fine work, for Lhe delicale manipula-
lions Lhat unqueslionably make the repulalion of a factory.

Qualily and quanlily : we need Lhem both, despile ihe
scarcily of skilled labour and the incolhercnece of technical
melhods. The organisalion of ihe apprentice syslem, and
of workshops, on a scienlific basis, is imposed upon us by our
regard for our fulure and our reputalion.

LXXXVII. The Duration of Apprenticeship. The
Workshop.—The duralion of the period of apprenticeship is
obviously a difficulty and a source of misunderstanding.
Formerly people were lacking in the sense of well-being ;
permaneni poverty, ignorance, and the lack of liberly had
alrophied il. Work, moreover, was ill-paid. Further, the
majority of the merchanl class look as apprenlices Lheir
own children, who succeeded them in the business. A regula-
tion introduced in 1673 provided that on the completion of
the 17th year the period of apprenticeship should under
ihese conditions be regarded as compleied. The father was
thus assisled in his iask by Ins children

But when it was necessary io indenlure ihe apprentice
with a master the family no longer received any assislance ;
they could expect nothing from their children, bul must
endwe their penury until the end of the term of apprentice-
ship, which lasted from three to eighl years.

According to the statutes in force in France, the period of
apprenticeship was as follows:

Three years for drapers and hose-makers, grocers, druggists,
confectioners, haberdashers, and jewellers.

Four years for apothcearies, furriers, ropemakers, leather-
dressers.
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Five years for hosiers, cloak-makers, glovemakers.

Eight years for goldsmilhs and silversmilhs

Modern methods have reduced the term of apprenticeship
to three or four years. With scienlific organisation Lhis
period suffices 1o form very good workmen.

Now lhe apprenlice ilo-day is haunled by the idea of
earning money, as much for himself as for his parents. He
no longer understands Lhe necessity of the sacrifice which Lhe
learning of a irade requires ; he is loo young lo understand it,
and his family 1oo poor to supporl il.. So we find him leaving
his employer at a day’s nolice because the latter does not pay
him enough, or does mot regard him as a qualified wage-
earner. This desultory apprenticeship makes the worker an
outcast and degrades his profession.

Unlil our industrial colleges are able to open their doors
to all our young workers, the employers might turn out good
apprentices provided the work of the small workshops were
more under conirol, the reciprocal dulies of masiers and
apprentices being precisely defined; while if necessary the
apprentice might be encouraged by rewards of a material or
honorific character. But whether the school or the workshop
is in question, the State should endeavour to assist the parents,
by agreement with the local authorities, and should influence
them morally through the medium of the Leachers, IL should
make a wide appeal to ihe experience and the zeal of the
manufacturers, wham I should like to see upon the councils
of all the industrial colleges. And when the apprentice has
completed his studies, and is judged worthy of being a workman,
he might conveniently be subjecled to a year's probation in
a workshop. In this direction the collaboration of our
manufecturers would be of greal assistance. The proba-
tioners would make excellent workers; in the factory, above
all, they would learn the unavoidable need of production of
the economic world, and the demands of society ; they would
learn, in Taylor's words, * that one cannot sell fine specches.”

LXXXVIIL. Social Science and Industry.—This lesson
of the econqutijs Hfe of 4 country ; social science ; the psycho-
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physiological knowledge of man: of Lhese Lhe pupils of our great
colleges are ignoranl, as are the workers Lrained 1n our industrial
colleges. Both, therelore, should be re-broken 1o ihe realilies
of life by a Llerm of probation mn Lhe faclory. * Working
elbow 1o elbow wilh a greasy mechanic, with a workman
ignorant of the rules of grammar and a siranger to all the forms
of politeness, lhey will soon be compelled o recognise ihe
inlellectual aculeness of these men. . . In our schools Lhe
greater parl of the lime is devoted Lo the properties of inani-
mate malerials. . . . Living maller, on the other hand . . .
is enlirely disregarded; nol so much as an hour's sludy is
devoled Lo il. The managers, dircctors, and presidents of our
greal companies have only one mailerial to workin : the workers.
The pupils of our colleges will find Lthat the whole of (heir
lives will be devoled Lo the working of (his precious raw
material, and Lhey complele Lheir studies al the age of 22,
withoul having heard il mentioned.” *

In France, afler hall a cenlury’s slumber, we are returning
to the science of man, and thanks Lo Lhe impulse given by the
Ministry of Labour, and above all by M. Léon Bourgeois,
nothing that concerns the worker is any longer indifferent to
us. Bul while Lhe analylical consideralion of the workers
is proceeding, in respecl of their hygienic and professional
requirements, and while their well-being is progressing, it
has become a matler of Lhe grealest urgency that the Mimisiry
of Commerce should assist in the work by organising apprentice-
ship on a scientific basis, and organising it in the schools.
The task of the workshop will be complementary. Every-
thing poinls 1o Lhe Conservatoire des Arls et Métiers as the
centre which should co-ordinale and direcl the indispensable
undertaking which is imposing ilself upon the nation, It
combines the scientific authorily and the induslrial power
whose isolaled aclion would be a nalional disaster.

And around it, receiving light from it, numbers of schools
must be added lo Lhose that already cxist. In Germany,
in the city of Munich alone (iL contains 520,000 inhabitants),
there are sixty schools, of which forly-eight teach commerce,

1. 'W. Taylor, Revue de la mélallurgie, Vol. IL., p. 648, 1910.
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and (welve Lhe indusiral arls. This lacl alone tells Lhe Slate
what its duly is.

There is lruly very much to be done, of which these modest
pages can give no idea. If I were not afraid of discouraging
good inlentions, I should subscribe Lo the verdicl of the Ameri-
can scienlisi, Gilbrelh :

“The presenl system of apprenliceship is piliable and
criminal, considered {rom the apprentice’s point of view; itis
ridiculous from the modern poinl of view; and Lhere are no
words lo describe 1its fulilily from the economic poinl of
view.”

1 I, Gillaeth, Motron Study, p. 41, 1911,



CHAPTER IX

LABOUR

LXXXIX.—Labour means Lhe work of the workers ; but
it is also used Lo signify Lhe class ol workers as a whole, or the
body of workers cngaged upon Lhe same lask. There is a
confusion of persons wilh ihe Lhing, so obvious is il to the
mind Lhal there can be no useful work, nor weallh, nor well-
being wilhoul the worker.

Labour, lhen, is the inslrument of economic prosperily,
and for Lhis reason it should be plenliful, well-trained, educated,
and directed ably and with arti.

In France labour has always been scarce ; lo-day il has paid
the country a very heavy conlribution ; its ranks are emptier
than ever. Already 1l has been necessary Lo employ Iialian
workers, and more recenlly Kabyles and Annamiles. In
England Lhe gaps in ithe workers’ ranks may be filled suffi-
ciently by women, but in France Lhese levies of workers {rom
overseas will necessarily be more frequenl henceforth, and I
imagine that French induslry would ulilise the entire French
and colonial contingent ralher than apply to our neighbours,
The fact is that this problem of recruiling labour involves
anolher problem of very great importance, that of the
aptitudes and the physiological working conditions of men
belonging 1o many races and hailing from other climates
than ours. Acclimalisation, however, has mnot hitherlo
formed the subject of any exact investigalions; one may
describe it as abandoned to empiricism all the world
OVer. ,

203



204 TUE PII'YSIOLOGY OF INDUSTRIAL ORGANISATION

XC. Ttalian Labour.—I shall make only a few briel remarks
wilh regard {o Ilalian labour. As workers Lhe Ilalians are
inconlestably very similar to the French, in respecl of their
menlal characteristics and iheir lendency io acquire similar
habils. Their life has evolved in the same world of ideas and
feelings. By race, and Lhe heredilary influence of a similar
culture, Lhey possess elements of aflinily which cement Lhem,
more closely Lhan any other people, Lo our social edifice, Lhe
joints being imperceptible.

Beller slill, the French and the Ilalian have waged wars in
common, and lhe memories of common glories have, s0 lo
speak, set a seal upon an unwritlen pact of human cordiality.
There have never been, and between these Lwo peoples Lhere
will never he, any of those ‘‘ vigorous hatreds ”* which we [cel
for races whose evolution has been abnormal.

Still, the Ttalian, even in Italy and the southern climates lo
which he willingly emigrates, lacks encrgy; he works inlelli-
genlly, but with a cerlain heedlessness ; he does nol display
the conlinuity of effort which our modern induslries require ;
he proceeds by fils and starts, husbanding his resources of
energy far more than does the French worker.

Usually, when he emigrales, he lives in a modest fashion ;
he is never a feverish worker, but he begins early in the morning
and ceases late in the afterncon, The modern system of the
organisation of labour, which requires a minimum of altendance
in the workshop and a« maximum of production, would Lherefore
be difficull 1o apply Lo the Italian worker. This is an imporl-
ant poini, which requires examination. My attenlion was
drawn to it in the course of a secientific mission, with which I
was entrusted when in Ilaly, in 1907,

And for ihis reason, I do not absolutely accept the doclrine
of the eminent Italian sociologist Cabrini, who wrole in
1918 12

* Italy is proud to collaborate in ihe development of French
industry, by providing it with the complementary labour
which it lacks, and which we possess to excess. Assuredly
the vietary of the Entente will aronse in Ilaly a wonderful
‘ tfew Le Jourdal, 1 June, 1916, .
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induslrial developmenl. Bui for a long time yet a large
number of workers will conlinue 1o emigraie,

“We shall gladly see our compatriois turning loward a
nalion speaking the Lalin tongue, whose temperament is
fraternal ; 1o France, our ally in mind, hearl, and polilical
thoughl. Emigralion in Europe is a far more lemporary
business Lhan emigralion to America; for these emigranis
Lheir nalive country is close at hand.

*“ However, France and Ilaly, nations which arc essentially
democralic, musl discipline the movement. IL is in your
interest not to receive workers who might lower the raie of
wages. We do nol wish 1o send you countrymen of ours
who might play the part of blacklegs.

“The French Stale has dulies to fulfil in respect of its
proletarial, which, having suffered unheard-of sacrifices,
remains lhe admiralion of ihe world. The road must
nol be barred against (hose who relurn from the trenches.
France could never permil of Lhe importiation of mendicant
labour,

* The old Ltheory, which declared Lhat ihe money sent home
by lhe emigranis is always welcome, whalever humiliation
it may conccal, is exploded, Even the Government is dis-
carding il.

“ I is imporlanl, therefore, to lay down clearly defined
conditions on eilher side. In so doing, we shall confirm
the alliance sealed by our arms, bolh in duralion and in
sirength, Thus the neccssity of a labour coniract, such as
Luzzati proposed, becomes apparent. The emigration treaty,
understood as a labour contract, may be summarised as
follows :

“ 1. The Italian worker in France must enjoy the same
liberlies as the French worker.

“2. In any trade union dispule, he must not be expelled
until the recognised authorities have delivered judgement.

“ 8. Any engagement enlered inlo by French manufacturers
must take the form of a common agreement between the
Government and the trade organisalions of capital and
Jabour.”
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XCI. Wages.—Whalever the characler of this foreign
parlicipalion in the economic work of France, it is none the
less true that the supply of workers has seriously diminished,
and that there will be an ever-increasing demand for machinery,
in industry, commerce, and agriculture. The inanimale
motor will conlinually encroach upon Lhe domain of the
living motor; mechanical cultivaiion will impose ils laws
upon the peasantry; in faclory and workshop Lhe machine-~
tool will reign as a sovereign. And in order lo direct and
control all these blind and indefatigable forces the worker
will be compelled to specialise, 1o add io his educalion, Lo
sharpen his inielligence. If apprentliceship does nol come
to his aid, by adapting him to this delicate lask, he will require
a long lime to get used to it; his output will be indifierent,
and his wages low. For as the employment of machmery
and mechanical procedures progresses, grealer capacities will be
required of our workers, and selection will eluninate a consid-
erable mass of wasle labour. An example of the improvement
which will be required of labour is afforded by the professiong
themselves : machinists, watchmakers, electlricians, and crafts-
men are intelligent, adroit, and expert. They would he still
further raised in the social scale if their apprenticeship were
organised in the manner already explained.

Thisis far from being Lhe condition of the bulk of the workers.
There are those who labour strenuously and earn little. This
is inevitable ; one cannot prevent ignorance from causing
poverty. Now more than ever men grasp the fact that they
have a right io live, and to live a life that is not a series of
hardships and privaiions. The problem of wages, which
comprises many very complex factors, must not disregard
this claim, must not confine itself to questions of output.
‘Wages do not requite an organism whose needs are regulated
solely by the amount of work done, as is the c4se with a sleam~
engine, for example, The livelihood of the worker must be
guaranteed on a liberal scale; and by his livelihood we mean
the cost of his food, even when heis not at work, during periods
of rest, and holidays, and involuntary unemployment; the
maintenance of his health, by means of hygienic home condi-
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tions, lodgings, clothing, elc., and the maintenance of the
race by means of social hygicne. 1 say that wages, in the
case ol every worker worlhy of the name, must nol be allowed
Lo fall below a certain limil, or the worker becomes the vielim
of inhumanily. And I declare that whenever a man cannot
find a means of livelihood il 15 socicly alone Lhat is Lo blame.

There is in the division of labour a scientific solution of the
problem ol occupying every one on lhe work Lhal besl suits
him. And Llhere are so many developmenls possible Lo
human activily that every worker oughl Lo find his niche
wilhoul declay. By what aberralion do we come Lo have
strikes, when Lhere are rational means of solving Lhe conflicts
beiween capital and labour ? Strikes injure productlion, and
inconvenience employers and workers alike. They will
disappear belore an organisalion which neglects none of the
material and moral needs of the workers, and when the laws
have ceased Lo be weapons thal have no edge.

XCII. French Labour.—Everything Lhal can be said con-
cerning French labour, or almosl everything, has been said,
and admirably said, by lhe French economisls. Il possesses
in its own righl the spiril of enlerprise which cnables it to
invent, to perfect, and to love progress; its predominani
quality, as is universally recognised, is ils love of good work-
manship, of accuracy; routine is repugnant to il, as soon
as its defects are understood. This intelligence 1s less deve-
loped among the lillers of ihe soil, who are more addicted to
routine. The French worker readily assimilates new ideas,
all the more rapidly as they appeal Lo his curiosity or appear
acceplable. But his temperament is impulsive. Not having
enjoyed a prolracted educalion, and being ignorant of method,
he likes to dabble in everything, without going deeply into
anything. This defect is balanced by the qualities we have
mentioned, but it is none the less a real defect. For all
these reasons the French schools, whether in lown or country,
should undertake 1o direcl and favour the exercise of the
pational virtues in the worker from childhood, instruct-
ing the young in all {he elements of their craft, plainly
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demonstrating Lhe advanlages of the modern melhods of labour
over lhe ancient, and ol science over empiricism. Like the
artisan, the peasant also needs the collaboration of an improved
technique with his customary methods of procedure. ,This
might uscfully associate the aclivilies of his wife and children
with his own. This would result in the somelhing resembling
the old life of Lhe counlryside; bul the old life modernised,
made fruilful and productive (Fig. 67).

Fra, 67.~—Tuling the Soil m the 18th Century.

The proiection of the race nccessitates further measures ;
workshops, factories, foundries will be so conditioned that
none of the rights of hygiene are disregarded therein. Notices
will be posted up which will teach the workers the precautions
to be taken agdinst possible canses of contagion or poisoning,
and the immense advantages of a rational diet, in conformity
with the principles which we have already expounded,

1t is obvious that this is rather the mission of the labour
inspectars, or faetary inepactors; a mission which requires
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tact and compelence, and winch might be simplified by the
organisalion of evening leclures on the hygicne of labour, at
which only experimenial instruction would be given. Learned
verbiage 15 the worst of all verbiage; il drives men away
from the truth.

Laslly, the French worker is lacking in the spiril of
colonisation. This is probably a resull of nalional prosperity
and the Gallic “sociabilily.” Social customs, Lhe spirit of
comradeship, and menlal inerlia keep the Frenchman at
home ; bul Lhe man who is always self-contained escapes this
atlractive force ; al home or elsewhere, he remains the same.
It would be as well that the true French crafisman should
1o some exlenl migrate to Lhe colonies, 1o assislL in iheir
economic conquesi, in the first place directly, and by setling
a living example ; bul also by training the native craflsman,
for Lhe colonial workers are numerous and of indifferent
quality.

The worker who repairs to the colonies requires experience
of Lhe nalive world and a knowledge of the native environment.
Further on we shall consider the subjccl of the native workman
and his physiological endurance. Bul all thal concerns the
environmenl, thal is, the femperature, Lhe effects of ihe sun,
and the evireme humidily of Lhe African reglons over which
float the French colours, togelher with all Lhatl relales to the
diet suiled Lo lhe colonies, and ihe nalure of colonial life,
deserves tlhe fullesl consideralion. I can only refer the
reader Lo my volume on Le Mofeur Humain (Book IV.),
and to the few following pages. From a practical poini of
view it is necessary to insisl on ihe necessity of moderating
the worker’s activity, and Lhe expendiiure of emergy corre-
sponding therelo ; of working at a slower pace than in Euro-
pean counlries; of beginning work early, and ceasing work
late, in order io profit by the hours during which the heat
is not at 1ts maximum intensity; in short, of making up in
duration what one is obliged to lose in the matter ol effort.
The meals must include a smaller quantity of meat, and alcoholic
drinks must be forbidden, under penalty of falling a victim
to all sorts of possible infections, and of permanenily impairing
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the resistance of the organism. 1 allribule Lo excessive
labour and the reckless consumplion of brandy lhe heavy
death-rale of the workers who were employed in Madagascar
to build the Majunga railway.

Moreover, it is the duly of the Europcan worker to direct
native lahour, which is naturally adapted to faliguing kinds
of work, which will nol tax the native’s endurance as greally
as it would ours; and alsa to learn to drive and control ithe
industrial machinery enlrusted Lo him by the colonist. Very
soon lhere will no longer be a single faclory or agricultural
exploilation without a thorough mechanical equipment.
We should lherefore train the minds of our workers; they
themselves will look after their muscles.

The Frenchman who repairs to the colonies must abandon
some of his. European customs, and replace them to some
extent by nalive customs, parlicularly in respecl of food,
clothing, and housing, of which we shall say more direclly.
Otherwise the sudden variations of lemperature will soon
impair his health, having first diminished his capacity for
work. The period required for acclimalisation is from three
to four years, il one leads a regular life, avoiding overwork
and intemperance. In the case of Europeans resideni in
Sumatra, where the mean temperature averages 80-6° all the
year round, Glogner gives 4 years as the period of acclimatisa-
iion. But it must be added thal the previous condition of
the subjecl, his age, and his position, moadify this figure.
Above all it is important fo respect the cellular habit in respect
of the work of producing energy. Physiological phenomena
do not lend themselves to sudden changes; they demand a
slow transilion, a gradual training., I will remind the reader,
in this connsction, that the principal factor of the physical
depreciation of the French iroops seni out to the colonies is
the defective training of the cellular vitality. Even Coulomb
had observed the low ontput of European troops in the colonies,
“1 have caused,” he says, " extensiva works to be carried
out by French froops in Martinique, where $he thermometer
is seldom below 68° (to be preciss, 77°), 1 have caused the
same work to be performed by soldiers in France, and I can
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asserl Lhal here, under the 14ih degree of laiilude, where the
men are almost always inundaled with perspiration, they are
not capable of half Lhe amount of daily work which Lhey can
perform in our climate.” I therefore persist in upholding
the idea thal European workers should conlent themselves
with supervising and organising nalive labour. This latier
1s adapled to the environment, and Europeans can never
replace it wilhout danger al a moment when all European
countiries are demanding the full activily of Lheir citizens in
order lo effect Lheir economic recovery [rom ihe war.

XCIII. Native Labour.—In view of this recovery, il has
been suggesied that Lhe army of French workers should
be reinforced by levies of the nalives of Africa, and more
particularly of the Kabyles. These lailer are French subjects.
For Lhis reason Lo begin wilh, and also because of the services
they mighl render, Lhey meril especial atteniion. They have
100 ollen been observed from fhe ouiside, through the wveil of
literature,! in the wondering recilals of lovers of the picluresque,
and of late in the splendour of heroism. We must also
conlrive 1o see Lhem [rom the inside, under all the aspects
of their moral and malerial life, and by ihe lighl of their
traditions. To become acquainted wilh them thus is, to
my mind, to confer a henefit upon them, [or lhey gain upon
acquaintance.

The scientific study of the Arabs occupied me from 1907 to
1909, when I underiock an official mission in the norlh of
Africa. I inquired inlo the condilions of their work, their
strength, and their productive capacily. My numerous experi-
menis iended to emphasise the influence of alimentation,
temperature, and solar radiation. 1 endeavoured to throw
some light upon the social and military problem, no less
ithan upon the physiological problem, for there was then
much diseussion of M. Messimy's interesting proposal for
native conscription. I will here summarise my observa-

i An excellent example will be found in the artile by Charles Génianx, Scines
de la vie kabyle ( Revue des Deuz Mondes, 15 April, 1916, p. 820).
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tions, which arc scattered through minisierial reporls, which
the dust of the archives has nol defiled, or in {echnical
publicalions.?

XCIV.—Technical and Social Considerations.—The
Kabyles.—The Arab populalions owe to lheir common Musul-
man religion Lhe power of Lhe lraditions which govern them ; it
constilules a powerful bond helween very diflerent races, at all
events between lhose which inhabil the Medilerranean sea-
board. The Arab mind is wholly enveloped and penetiraled
by the religious atmosphere. Ii lakes refuge in a past, which
is in truth full of glory and splendour.

I shall speak in these pages of Lhe Kabyle population
exclusively. It is of the greatest importance Lo the world of
labour. One encounters the Kabyles in the eastern portion
of the depariment of Algiers, in the departmenl of Conslan-
tine, and in various parts of western Africa, above all in
Morocco.

From the ethnical point of view we find that there is mention
in the Egyptian annals of a Lybian people, living to the west
of Egypt; an autocthonous people, of a fair-haired type.
A papyrus dating from 3,000 years before Christ calls 1ihis
people Tamahou. I do not know what this evidence is worlh ;
but in the time of the rivairy belween Rome and Carlhage,
there was certainly a kingdom of Numidia, inhabited by
Berbers, where the Kabyles are found to-day. Were these
Berbers the descendants of a few Phoenician emigrants, con-
temporaries of the founders of Carthage? Would Lhey
thus be of Semitic stock ? Their type distinguishes them
from Llhe Arabs, who were late-comers in the north of Alfrica,
And they have at presenl no recognisable kinsmen. They
are the images of an original which has disappeared.

When Rome had defeated Carthage she appointed her own
ally, Massinisse, king of all Numidia, with Cirta or Constantine
for ils capital. However, the instinct of liberty won the upper
hand, and the Romean yoke seemed too heavy 1o the son of

* Jules Amar, Le Moteur Humpin, Book VI, Parig, 1914 ; LeRendement de la
maoling humaine, Paris, 1010 {oub of print).
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Massinissa, Prince Jugurtha. The fiery Numidian horsemen—
Numidae infraeni cinguni—revolled, and Marius had 1o fight
the army of Jugurtha, which he crushed, In Lhe year 106 B.c.
he challenged him, and cast him into prison. The soul of the
Berbers was unconquered; the purily of the race was not
impaired ; for no one can claim to rediscover in the Kabyles
of Djudjura the well-known featlures of lhe Romans, whether
physical or moral.

There were renewed assaulls and revolis in Numidia, when
the lorrent of Arab invasion went by, about the year 646 a.n.
A Berber Joan of Arc opposed herself to the invader; tihe
Kahina organised the defensive, and won, if not the indepen-
dence of her nalive country, at least the admiration of history
and the laurels of legend.

Then, in the sixleenth century, came the Turks, whose
dominalion ended wilh the advent of the French. We will
nol insisl upon events which would nol in any case elucidate
the mysterious pasl of lhe Kabyles, and, more generally, of
the Berbers. Whal survives from this past is the human
{ype with its individual characlerislics—lhe Kabyle, with
his intrinsic qualilies, which are those we wish to consider.
And as Lhe Kabyle is found in Tunis, Tripoli, and Morocco,
it is as well 10 become thoroughly acquainted with him, and to
lay bare his thoughts and feelings. Ethnography, in this
conneclion, becomes a valuable means of civilisalion.

It is therefore not surprising 1o learn that the Italian Govern-
ment has appoinled, in order to facilitate the colonisation of
Lybia, a commission of specialists whose office it is to analyse
all the psychological, physiological, and ethnographical ele-
ments, which will assist the work of penetration.! I do not
know what organisation guarantees the success of the French
in Moroceo; but we should have everything in our favour
thal makes for success. By collaboration and agreement
with our Italian neighbours we should bring {0 bear upon Africa
a progressive influence without example in the history of 1he
-world.

18, Ottolenghi, Nuovg Aniologsa, 1 May, 1914,
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XCV. The Life of the Kabyles.—Lel us relurn to Lhe
Kabyles. They are almost all industrious folk; they are
always busy, either in trade or agriculture. They work wilh
zeal and intelligence, and the other races of Alrica find them
formidable competitors. I should be inclined to compare
them wilh the Mozabites, a Saharan population, equally wide-
awake menlally, and undeniably a mercantile people, whose
elhnical origin is no less of a riddle. These Mozabiles are
disseminaled through Algeria and Tunis; cverywhere lhey
assimilatle themselves to the inhabitants, and by their unusunal
diligence make a living out of the latter.

The Kabyles generally live in groups; they have retained
their ancient manners, which might be called Biblical, in
the sense that their constituiion recalls the period when Moses
divided an unformed people into tribes, and gave these iribes
a patriarchal constitution. The old organisation has not
been forgotten : the groups of len, a hundred, and a thousand
inhabitants having councils and judges, so thal ithe higher
authorities synthetised the lower, and the least hamlet was
refleeted in 1he commune, and this in the town. I found
these federafions, these super-impased assemblies, these
Councils of Ancients, and this family influence, the survivals
of remote antiquily, in the organisation of the Berbers. And
this again confirmed me in the hypothesis—I do not say the
certainty—that the Kabyles are of Phoenician origin.

Down to the tenth levied on the grain, and the hundredth
on Lhe flocks and herds; the assertion of the relalions of
master and slave as between man and wife—but of a gentle
and courteous slavery; the hospilality shown to the poor
man and the stranger; ihe respect for the oath, and the
keen sense of honour—all the features of life reproduce
the existence of which the Scriptures give us a detailed
narralive.

Here we have even the explanation of the sedentary life
of the Kabyles, and their love of their nalive country and their
homes—as long as they ¢an find the means of livelihood close.
at hand, If they cannot, they leave their thatched houses,
and descend from their hilltops, abandoning an ungrateful



LABOUR 215

soil and ils wasted fields. They repair to ithe cities, where
their labour jis well paid and highly valued; they work by
lhe piece or by the day; lhey are economical, honest, and
induslrious.

Spending little, they quickly allain a comparatively inde-
pendent posilion, becoming small Lraders or shopkeepers,
and succeeding in the majorily of Lrades.

They are nol mere lillers of Lhe soil who are lost when
they quit the furrow. On ihe conlrary, they love ithe handi-
crafls and arls, and display a cerlain skill in them. These
induslrious [olk are no less at home before the loom or the
embroidering machine than belween the handles of the plough.
Indusirial iraining would make {hem mode} artisans, such as
will nol be found among Lheir Arab co-religionisls. For they
are dislinguished from the latter by Lheir horror of idleness,
and Lhe poverly which it engenders, and ihey are not super-
stilious, nor absolule fatalisls; above all, they possess a
prouder scnse of their own dignily and liberty.

One feels that they arc the lrue natives, the autochthonous
inhabilanls, lost in the midst of the human forest which has
grown up around them. Their patriolism must not be con-
founded with religious fanaticism. I have ofien been assured,
and I have been enabled to convince myself, that failth does
not remove mounlains in the Kabyle country.

To sum up, the Berbers in general are, in my opinion, an
industrious people, united and actuated by interest and honour
—which is not really a contradictory statemeni. They are
dominated by a fervent sense of the family. They are ready
to make sacrifices, and to undertake any profitable venture
far or near ; in short, they possess the qualities of good work-
men. And when they have saved some money they return
to their own country, resume the interrupted life of tradi-
tion, and beside the rekindled hearth, under their own
friendly skies, pursue their diligent labeurs as shopkeepers or
agricul turists.

Kabylia, then, has preserved the manners of its ancestors,
who, in the famous days of the Roman Republic, created the
economic prosperily of the Numidian and Carthaginian
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territories. This is one reason why the Itahans hope for
thewr own part 1o profit by lheir selllement of ihe Lybian
region. In matlers of colonisation Lhe past is Lhe teacher and
ruler of the future.

XCVI. I. Anthropological Data.—Theslalure of the Kabyle
is slighlly above the average. Taking 800 Berbers, my measure-
menis gave me an average of 5 fl. 6 in., the average height of
the Frenchman being barely 5 {L. 5 in. ; ihe busl is particularly
well developed, and ihe thoracic coellicient, of which we have
elsewhere explained the importance, is as high as 0-54, as in all
robust and well-proportioned subjects.

The build of the body is rather clumsy, large muscles being
attached by very strong insertions to a massive skelefon.
The chest is capacious, the limbs large and powerful ; the head
is irregular, ihe hair being blond or chestnut, or somectimes of
an unbecoming maize-yellow. The Kabyle displays none
of the refinement of feature observed in the Arabs; but the
countenance is expressive and energetic ; the eyes are bright,
and the glance penetrating.

The general aspect is a trifle severe, and inspires interest
rather than sympathy; it expresses determination and
decision. Anoiher physical feature of the Kabyle is the
colour of his skin, which is always lighter than that of the
other Berbers. The hereditary influence, which augments the
immediate action of the solar radiation, and reinforces the
pigmentation of the skin, is here very slight ; we are obviously
dealing with a Meditérranean people, implanted in Africa at a
fairly recent period. In this respect Kabyles and Arabs are
closely related, forming a group quite distinet from that of the
negroid races.

In the negroes the influence of heredity is powerful, and has
sel its seal upon the anthropological type of the black race;
there is a profound transformation, in the direclion of a
diminution of nervous energy and of the intellectual capacities,
while a kind of photo-chemical induction is revealed by all
the glements of the epidermis : the skin, hair, and beard.

But among the Arabs the pigmentation is slight. I have
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elsewhere ciled the inslance of Lhe cap-makers, who, irom
father to son, work in the covered quarteis of the Lowns known
as souks; Lhey hardly ever see Lhe sun, and never hecome

sunburned. Theiwr complexion is if anylhing white, and Lhey
are oflen rather sickly-looking.?

4315‘!!19&‘1 - . "VW'J‘ L L] -‘7'[

Arahs fiom the South, Negro. Kabyle,
Tra, 68,—Typos of North African Natives.

I might mention many other characterislics which differ-
enliale the races which I have observed; their appearance
in iiself is sufficiently insiructive (Fig. 68). 1 should add
that the Kabyles speak French and Arabic, although they
express themselves by preference in Berber. It is not for me
to hint what this language reveals concerning their history at a

1 Jules Awmar, Jaurnal de Physwlogie, p. 235, 1808,
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period when il was not as yet confounded wilh that of any
other people. The accenl, which is harsh, has by no means
the harmony ol the Arab longue. Of what long silent voices
is it the vemote echo? It is for the epigraphusts Lo inform us.

XCVII. Physiological Data.—The Energy of the Arab.—
The physiological prohlem relating lo the enerqy of the Arab
necessitaled o scries of careful experimentls, which I was
cnabled to apply Lo nearly 250 persons recruiled all over
ihe north of Africa, in order lo compare dilferent races and
terrilories.

The strength of the native varics {rom one Lown to anolher,
according 1o the economic conditions. In certain Algerian
villages the native 1s physically depressed, and emaciatled hy
lack of nourishment.

Bul even when his diel is regular the urban worker is nearly
always stronger than ihe rural worker, the arlisan than the
peasant, Employing the dynamomeler, 1 have found {hat
lightermen, dock-labourers, etc., have given proof of the great-
est strength ; next in order come the tiller and ihe cullivator
of the soil; lastly the shopkeeper or shop-assisltant, who
lives a sedentary life. The first are capable of an eflort almost
twice as great as the last, and are able to sustain it longer,
This advantage still continues if we compare them with our
French peasanis, but it disappears when they are compared
with the Parisian artisan, who has long been the subject of
my invesligations.

The consideration of work is more interesting than that of
strength., I therefore caused my subjects to carry burdens,
varying from 66 to 132 lbs,, at fixed paces, walking on the
flat or climbing a staircase, I also made a methodical use of
my braked cycle, in order to measure the work done by the
legs, and to analyse the twofold effects of effort and pace.

It must at once be admitted that the Moors and the Kabyles
are superior to all the Arabs in respect of the amount of daily
labour of which they are capable, and the rapidity of their
movements, More nervously constituted, they instinctively
{end to workerapidly, and it is difficult to moderate 1he swiftness
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of their movements. The natives of Tunis, on the other
hand, adopt a leisurely pace, working with nonchalance, and

v . ” - n n

Lo FIG, 69.—-A Kabyle, a8 the Subject of an” E:penment with the .
S Ergomebno Gyula (Blalua., B.\—
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muscular syslem which reacts withoul delay. The Berbers
appeared to display the vivacious reaction of the IFrench
workman, while the olher Arabs displayed the slowness of
our peasanls, withoul possessing their tenacity.

By measuring, on the conclusion of several hours of work,
the degree of faligue experienced, and the expendilure of
encrgy, by means of the apparatus already described, I was
able lo delermine the faclors of the best daily oulput (Fig. 69).

In the carrying of burdens with the subjecl walking on Lhe
fiat, Lhe resulis were Lthe same as lhose obtained in ithe case
of French-born subjccts. These results have already been
dealt with (Chapler VI.). When it comes to climbing the
Arab is less powerful than the European or the Berber. He
should Lherefore be employed on continuous work, necessilaling
a moderate effort, equal to 44 to 66 lbs.,, or on agricultural
work. The Kabyle alone is adapted {o indusirial work, and
to swift exertion interrupted by short and frequent periods
of repose. Considering the amount of work performed in
the day, under ifs various aspects, one may reckon that 5
Kabyles are equivalent to 6 good Arab workers. The Moors
and negroes are in the same calegory. ‘ Their endurance
appeared to be very great, and their oulput is, as a matier of
fact, the highest. This endurance was more parlicularly
displayed by the way in which they resumed the same labour
several days in succession without appearing to suffer thereby.
Our colonists in Oran are well aware of this; all or nearly all
the lahour they employ is Moorish.” * But if we take into
account the intelligence and dexterily of the Kabyle workers,
it is to these last that our industries should apply in order
to constitute their staffs of operatives. The Moor, and still
more the negro, should be employed only as a labourer.

XCGVIII. The Diet of the Arab.-—Native labaur is tractable
and of excellent quality just so long as its tradilions are
respected. It goes without saying that its religious praclices
and its community life must be guaranteed, for nolhing can

* Jules Amnr, Le Reddement deo lz mushine humaine, p, 88,
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replace them ; moreover, it would be a bad and mistaken
action to seek to replace them. The Arab has everylhing
to losc by contact with the European worker and the political
discussions of the tavern. We so little understand the noble
usage of liberly thal we find il expedient o forbid its
teaching. But I am more particularly discussing physiological
condilions; and in Lhe firsl place the alimenlation of Arab
workers.

There is nol in the whole of Northern Africa a Lthalched hut
or cotlage in which thc national dish of couscous does not
form an indispensable element of the diel. It is a coarse
semolina, rolled into small lumps by Lhe combined aclion of
a little water and slightly rancid bulter. It is placed in a pot
with a perforaled bottom which covers the pol or saucepan
containing the day’s broth or soup ; even the line of junclion
of the vessels is plasiered in order 1o ensure a hermetically
sealed joinl. The steam [rom the broth ihus passes through
the upper vessel, causing the contents to swell. In this way
they are cooked, absorbing the full savour of the broth. The
couscous is served in a great wooden dish, Lhe soup or broth
being poured over it, while the meat and vegeiables which
the latter contains in abundance are used 1o garnish it.

The natives of North Africa are extremely partial Lo couscous,
and the French colonisls themselves have acquired a laste for
il. Ilis, in facl, nourishing, light, and stimulales the appelite
(for its composition, see the Lable on p. 109), and the presence
of butyric acid, due to its rancidity, increases ils nuiritive
value. This observation, already made by Young and
Boussingaull, is verified by my own experiments, for couscous
has yielded me an energetical outpul more than 15 per cent.
grealer than that of bread ; it is therefore more [ully ultilised
by the organism, probably because il favours the digestive
secretions both psychologically (Paviofl) and directly. By
reason of this appreciable advantage, thc elemenlary habits
of the Arab worker should not be modified, except to improve
the quality of his meals. Whether employed as industrial or
agricultural workers, natives should be treated as they were
formerly treated at my instance when campaigning, when
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they endured ihe cold and supporled the grealest fatigue.t
The problem of whal they should drink is more important.
They ought not to drink anything but water, purified chemie-
ally or by boiling, for water is their customary drink ; more-
over, their religion forbids 1he use of fermented liquors. But
in spite of this prohibilion drunkards are plentiful among
them ; even drunkards of dislinction, if I may use the lerm.

Now il is also an Arab tradition to drink tea and coffee,
which acl as nervines, owing Lo the caffeine conlained in each.
Coffce the Arabs drink as a decoclion ; the grounds settle at
the boltom of Lhe cup, benealh a turbid, frothy liquid of an
agreeable savour.

Tea is a favourile drink with the Moors ; ihey drink many
cups a day, well sugared, and flavoured with fresh mint.
The native displays his hospitalily by an invilalion to take
coffee or tea. So long as the Arab does not consume more
than 30 grammes of roasied coffee, or 5 grammes of dry tea
in the twenty-four hours, his labours will merely be more
active for it, and his efforts more continuous, while all his food
will be more {ully utilised, the saving being on an average 5
per cent.

There are iherefore economical feods and beverages, which
men seek after instinctively, and by which one must learn to
profit by avoiding toxic doses.

As regards thirst, which is particularly tyrannical in hot
climales, and is increased in summer, or by the fatigues of
manual labour, or of warlare, I have succeeded in concocting
a refreshing drink which my subjects accepted wilh pleasure.
1t is a kind of lemonade, whose hygieni¢, nutritive, and tonic
properties are easily explained. Here is the recipe :

Sugar .. . .. .. 20 grammes.
Water .. “ e 1 litre.
Lemon Juice .. . .+ 025 litre,
Wine (10 per cent. alcohol) .. 070 litre.

This vinous lemonade will repldace alcoholic drinks, and its
abuse results in no inconveniences,

* Jules Amer, (LR, Aead, Se., 14 Dovember, 1914
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X(CIX. Climate and Acclimatisation.—The cffects of the
climate of North Africa have resulted in a mode of life and
a physiological resislance peculiar to the nalives, which serve
to explain the nature of their diet. The Arab populations
are accuslomed 1o live in a iemperate region which, in several
places is torrid. In summer the heat considerably diminishes
their capacily [or work, for heal and humidily are unfavourable
to Lhe coniraction of Lhe muscles and Lhe proper funclioning
of the nerve-cenires. IIowever, they stand Lhese unlavourable
factors better than we do; Lhey prolecl themselves by a
raining of the organic funclions, and by the proteclion afforded
by houses and quarters completely sheliered from the sun.
To avoid the symploms due {o excessive perspiralion and
excessive absorplion of the solar radialion Lhe Arabs clothe
themsclves in wool, summer and winler, and in while wool
because il is bul very slightly absorbent, and is permeable
1o the air, which slowly evaporales the secrelions of the sweat-
glands. Their pigmented epidermis does not become inflamed,
radialing the heal in grealer quaniilies Lhan that of the while
man. All Lhese defensive factors are annulled when the
Arab is transporled to a cold climaie, such as that of the
north of France. Inevitably the resistance of the organism
is lessened. Time is required to restore it 1o its former level,
for acclimalisalion is always a very gradual phenomenon ;
it progresses slowly, as we have already seen. It resulls from
a serics of elementary transformations, in which the living
cell plays the essenlial parl ; and it depends on a large number
of circumsiances. The health is protected against low Lem-
peratures by Lthe nervous mechanisms which adapt ihe intensily
of the vital combustion 1o our needs, and, by means of the vaso-
motor nerves, make the circulation of the blood increasingly
active. These mechanisms act regularly when one is acclima-
tised, or accustomed {o the cold, and iheir aulomatism is
not in any way subjcel to failure. But when ihe external
heat has for a long time condemned them to inaction and
rendered them almost useless, they acquire a cousiderable
inertia, and they then require an actual functional re-education.
In subjects who are changing from a hot climate to a cold one
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the regulaling nervous mechanisms have sudden demands
made upon them, and are unable to react Lo Lhe necessary
extenl, all the more so in that the chemical reactions of the
body have become lethargic. Consequenily a vicious circle
is established in the operalions of physical life. The cells are
no longer capable. of increasing their calorific production, and
of prolectling the heallh against the rigours of the cold.

The cruel experimenl will be remembered of which the
Creole conlingenls from Marlinique and Guadeloupe were
the viclims. DBroughl to IFrance by a hasly decision, many
of these conscripts quickly perished. The sudden varialions
of temperalure alone were to be blamed. Belween the climale
of the Antilles and thal of France ihere is a difference of
temperature of 22° to 29°, and ihe hygrometric condilions are
very different. The conditions were violently antagonistic
to the physiological evolution of these nalives.

However, I had advised that in the case of the GCreoles,
as in thal of the Arabs, the classes should be called to the
colours in the month of April, and that the men should be
sent inlo barracks in Provence ; or ithat they should be sent
to various portions of Tumnis, where they would be ready for
employmenl on our eastern froniier in the September man-
oeuvres. .

It was this last course which was adopted, unhappily too
late, in spite of Lhe opposilion of a greal newspaper, which
was in favour of repatrialing the Creoles without more ado.
Abstention is a virtue of ignorance.

The same precautions should be taken with regard to the
Arab labourers, of whom nearly 20,000 were occupied in our
industries before the war; they should be firsL employed in
the south of France, and should not he sent into the nprthern
provinces until two or three months have elapsed, However,
the Kabyles and the mountain folk from the Atlas range
resist the cold better, and become aceustomed to it more rapidly.
They are familiar with the severest winters ; their nerves and
muscles have been braced by the cold of the snows. Well
fed, and surrounded by hygienic precautions of whieh they

% Bee, for axample, Ea Peiita République, 12 July, 1913,



LABOUR 225

have not the remotesl idea, but which lhe manufacturer will
be able Lo ensure, they will endure the greatest fatigue and
the severest winler without any impairment of their strength.

All Lhatl applies 1o induslrial organisation applies with equal
force to military organisalion. But all would be impossible,
acclimatisalion and lraining would alike he useless, were not
energelic measures taken against aleoholism.

C. The Cost of Arab Labour.—Such is the duly incumbent
upon Governmentis and manufacturers al lhe momeni when
ihe economic life of the counlry is about Lo overflow ils bed,
1o sweep away lhe ruin and abomination wiought by man.
The reserves ol the army of labour musi be prepared. Now
in Algeria 250,000 natives, or g of ihe population, are in
the service ol the colonislts, They work nearly 12 hours
daily, Lheir meals are irregular, and Lhey are exploited by those
of Lheir co-religionisls who recruil them, and indemnify them-
selves corruplly and fraudulently for their good offices.

Wages are very low, but the quality of the labour is indiffer-
ent. To tell Lhe truth, these men are not acquainiled with any
crafl which reveals a method, or any art requiring study.

The faull of our colonisalion was precisely that it dis-
regarded Lhe virtue of apprenticeship and iechnical instruction,
to the point of offering, as a substitule, I know not whal emptly
lilerature, in which the Arabs indulge themselves while they go
short of bread. They love glitter and tinsel, and they have
been allowed to believe thal degrees and diplomas and the
liberal professions lead without efforl io officialism. Hence
their ardent ambition for civic rights. The Government should
have pursued quite a conlrary course ; should have multiplied
industrial schools, and should have taught in ihem, logether
with the indispensable elements of our language, all the useful
crafts, indusirial and agricultural : not only in order o render
our colonies prosperous, to stimulate the activity of those who
inhabil them, and oflen to save them from starvation, the
mother of crime; but also in order to form workmen who
might one day usefully be sent to France.

1 Jules Amar, Report to M. Réné Viviani, Minister of Labour, 3 April, 1009.
+*
Q
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The love of work has no other source than the well-being
which il procures, The Arabh makes an ardeni and even a
devoled worker or soldier, on the sole condition that his daily
bread is guaranteed Lo him.* Our politicians appear to under-
stand this now, thanks to their own observalions and Lhe
impartial experience of some of our colonisis. For nations
and races, since the dawn of humanity, have fell their solidarity
only by reason of the infrangible chain of interest.

CI.—During the course of the present war a cerlain amount
of Annamite labour has been employed. The Annamites have
certain affinities with the Malays and (he Japanese; they are
intelligent and hard-working, and they make good induslirial
workers, but in Lheir manners and customs they are far more
alien to us than are the Arabs.

To conclude : it is hardly conceivahle that I should have
written so much of labour without declaring that the right to
work is indefeasible. It is obviously the right of all, for ihe
right of each depends upon it ; the converse is not true. As I
remarked when speaking of sirikes, the true solution of the
social problem is to be found in ihe better organisation of the
conditions of life, and in well-drafted laws. To be perfect, the
work of the legislator should be based upon experimenial
science, and the highly exact teachings of the physiology of
work ; but, above all, it should be applied liberally to all
workers, men, women, and children; to the grouped
workers of the city as lo the peasanls lost in ihe recesses of
their hills or valleys. It is by integrity and impartiality that
the politician impresses himself upon human socielies ; some-
times even upan, cultivated societies.

* Jules Awar, Epistolary Report addressed on 4 June, 1909, to M. G. Clémen-
cean, President of the Council of Ministers.



CHAPTER X

THE RE-EDUCATION OF WAR-CRIPPLES:

I.—FuncTioNAL RE-EDUCATION

CII.—Science and the human conscience were confronted
by a serious problem when it became necessary for them to
turn their atiention to the labour of wounded soldiers, the
glorious victims of this mosl horrible of wars.?

This problem has naturally stirred the noblest minds, and
has canvassed all deparlmenls of lknowledge. I shall not
attempt to recall all the efforts which have been made, both in
France and elsewhere, 1o perform useful work in this direction.
As a rule inspiration was derived from ihe rather oui-of-date
example of the Scandinavian countries. There are, in facl,

1T have expended, in this chapter and those following, my article in the
Journal du Physiologie, p. 821, 1915, and my lecture on the subject of assisting
war-cripples, at which M. Painlevé, Minister of Publio Ingtruction, was in the
chair. (This lecture was published as a booklet by MM. Dunot et Pinat, Paris.)

2 The French language is richer than the English in terms denoting persons
who have suffered amputation, who are orippled by wounds or accidental injuries,
or whose health has been, temporarily or permanentiy impaired. As some of
these terms have no equivalents in English, the ironslator is obliged to com-
promise. The adjective impotent or invalid will be used Lo denote any person
in whom the impaived fonetions, for anatomical reagons, cannot he restored.
The infirm subject, on the other hand, may recover the impaired funotions,
"The war-tripple may be invelid or infirm; he has lost & limb, or & segment of &
limb, or some other bodily organ, Thia term will include those who have miffered
the muiilation or empuiation of an organ of locomotion. In general, it signifiea
-one who is infirnt, or hag suffered mutilation, through the ageney of external
conuses; it i used to signify any badly wounded soldier who has suffered func-
tionalloss or damage. 'These terms are negessarily smployed to replace a variety
of French terms, but, the translator helieves, with no real distortion of meaning.
~—(Translatar.)
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organisations for the assislance of persons who have losl one
or more limbs in Denmark, Sweden, and Norway. The Copen~
hagen organisation, due to the initiative of Pastor Hans
Knudsen, is the oldest (1872). Those of Stockholm and
Christiania were created 20 years later. And to whatever
couniry we lurn our eyes, we see thal those who emulatled
Knudsen were inspired always by the conceplion of assisling
the lame and crippled, of really helping them, and affording
them benepolent relief. We have here a religious, or if you
prefer a moral conception, lraces of which are found in the
most ancientl civilisations. Bul owing io lhe lack of a scientific
hasis, and an ignorance of social problems, no allempl was
ever made to provide the wounded soldier wilh a lechnical
re-education, even after the wars which from 1854 to 1871
drenched Europe and America with blood.

The time has come, I believe, to organise the work of the
wounded, in such a manner thal each shall fill his true place
in the social machine, contribute as best he can to its operation,
and thereby advance toward prosperily.

The object of this organisation is therefore fo utilise human
capacities rafionally, even when they are diminished, and
within the limits of a normal life. “The problem,” as M.
Viviani remarked, ““is Lo rise from the somewhat inferior
water-mark of assistance to thal of forethought by means of
lahour.” *

CIII. The Necessity of employing Wounded Soldiers.
~—This, no doubt, is in its_essence a lechnical and scientific
problem, which has been reserved for our own times ; bul il also
belongs to thal order of social questions inlo which enter, in
proportions which I cannot well define, legislative action, and
political action, in Lhe higher sense of the term.

We must not indeed forget that on its solulion depend both
the moral and material future of many thousands of French
and English families, and the economic range, as yet so limited,
of France. If we wish to stimulate industrial, commercial, and
agricultural labour, no effort must anywhere be losi or squan-~

3 From & epeech by M, René Viviani, Eeeper of the Seals, befors the Senate,
on 10 March, 1916 .
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dered. This is the condition of national wealth. We have
already remarked that for some years the supply of labour
has been growing more and more scanty. Workers and
employees have been lacking not only in respect of qualty,
bul also of numbers. What will il be to-morrow ?

Such are the speculations aroused by the problem of
our wounded soldiers, and those injured in industmal
accidenls, in respect of the rescrves of energy wilh which
they would endow the nation, were their industrial and
commercial aptitudes exploiled, so to speak, and reinforced
by a methodical re-education, with a view 1o immediate
employment.

To confine our attention to the war-cripples only, 80 per
«cent. of these are capable of re-education, and could resume
their position in lhe social ranks, secure of earning suflicient
salaries and wages. They may be divided into those who can
be re-educated unconditionally, who constitute about 65 per
cent., and Lhose who can be re-educated conditionally : in the
sense, Lhat is, thal they require specially equipped workshops,
while the former do not; a difference which involves, in the
case of Lhe laller, a cerlain difficulty in obfaining employment,
in overcoming the reluctance of employers, who are in general
but little inclined to go to the expense of this special equip-
ment for war-cripples. But we rightly desire the employment
of these wounded soldiers to be surrounded by all those guaran-
tees which will make il a durable arrangement, to the salis-
faction of the interested parties.

However, do not lel us be the dupes of appearances. The
wounded soldier, or Lhe victim of amputation, possesses a
capacity for work which is perfectly capable of complete
utilisation ; he represents a value which is sometimes infegral.
He may even make up for his physical deficiency by an efficaci-
ous good-will, which increases his ontput, This is a psycholo-
gical fact, by which teachers and employers should profil,
for it is undeniable. The French soldier, with whom I have
Deen associating for the last eighte¢n months, has invariably
displayed an admirable spirit of courage, coolness, and resolu-
tion. Sometimes a few words of consolation, or better still,
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of good advice, were necessary. Never did he refuse lo listen
to qualified advice.

The numerous wounded soldiers who have not suffered
ampulation, but display an incapacity {or work, which of course
differs in degree, are more or less rapidly re-adapled, and
are able lo dispense with lechnical re-education; ihough
they sometimes need to complete lheir general educalion, in
order thal they may turn their attention 1o office work of
some kind ; and such education will in all respects be of value.
‘We may therefore say Lhat barely 20 per cenl. of those who
have sulfered ampulation, a very small proportion ol wounded
soldiers who are completely invalided, and ihe majority of
the blind, will be subjects for relief or assistance only, which
in France falls within the province of the Ministry of the
Interior.

But the great majority, fortunalely, that is, all who are
capable of re-education, are waiting for a scientific organisation
which shall restore them, by trustworthy paths, to the profes-
sions in which each will give his full measure. They under-
stand that to fall back upon public assistance or private charity
is a degradation for the man who is still capable of working
with hands or brain. And I am in a position to declare that
the heroic soldiers of 1914 were always far {from entcrtaining
depressing ideas, or of giving way to ihe instlinct of the least
effort, although it would have been quile excusable if they
had listened to its promptings.

Such are the reasons which have led me to define an eflicacious.
method of re-educatlion, and to expound a programme of
action velaling to the organisation of the work of wounded
soldiers. The many applications of this method and this
programme which have heen effected in various counliries
afford proof of their reliability.

CIV. The General Principles of Re-Education.—To my
mind, re-education should comprise three periods. During
the first period, that of funcfional re-educalion, il is necessary
to analyse the movements of the subject, in order to determine
his functional condition, torestore, as far as possible, his former
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motor capacily, and finally, 1o make sure Lthat prolonged exer-
tion does not threalen to impair the resistance of the organism.

During a second period, we endeavour to make up for the
deficit caused by the infirmity, by a system of orthopaedics ;
subjecls who have suffered mutilalion or ampulation will be
fitted wilth suilable prothelic appliances; and lhen com-
mences the professional re-educafion properly so-called, which
is Lhe third and lasl period. As soon as this is compleied
we find employment for our wounded soldicrs. Il is obvious
that Lhose in whom some slight infirmity has made its appear-
ance, or lhose who are capable of immediate orthopaedic
treatment, will wilhout delay resume their former vocations.
At all events, they could do so.

Bui if the infirmity is more serious or more exlensive, and
if it is refraclory to all funciional re-educalion, or to any
simple mechanical substitution, we must consider the advis-
ability of a change of vocation.

The queslion of a change of profession, which may result
in the loss of experience laboriously acquired, of a valuable
and often a lucralive nalure, is one which must be approached
with caution. Nevertheless, re-apprenticeship is occasionally
a necessity. Il is so in the case of many war-cripples, especi-
ally those who have suffered amputation of the arm.

CV. The Functional Re-Education of the Wounded.—1.
THe INnFirm.—Let us consider the firsi of these three periods,
known as the period of functional re-education. In this we
deal with the motor capacity of the subject and his physiological
value. 'We shall employ, in this connection, the technical
melhods mentioned above (p. 125), while endeavouring to
re-establish the normal mobility of the arliculations and the
synergy of the muscles. 'We musl not lose sight of the fact
that the movemenl of a limb is accomplished, practically, in
a determined plane, and that if we can get it to accomplish its
maximum amplitude of movement in this plane any olher
movement is by this very fact made feasible; the more so as
the exercises on the cycle, the cheirograph, or the bulb
dynamograph involve the exertion of sirength.
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In any case, we musl aim at praclical resulls. Experience
shows that the mobilitly which is gradually restored Lo ihe
articulations, up to the limits imposed by the necessities of
industrial or profession life, Lhe increased slrength which is
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the correlative of this mobility, and the reparative humoral
activity 'which ensues, form a united and self-sufficing whole.
Work is then possible, and will favour the motive power of
the organs.

With the ergometric cycle the great arliculations are quickly
re-educated, within the Umits of their normal and habitual scope,
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whelher for walking or lhe handling of tools. The cheiro-
graph ensures, more sliriclly and effeclively, the mobilisation
of Lhe rigidities localised in the fingers or the wrist. The trac-
ings made by the patieni, during the progress of the treatment,
are compared wilth a normal iracing (Fig. 70),
represenling the efforts of the sound hand. The -
muscles of 1he hand are finally sirengthened and
made supple by means of lhe bulb dynamo-
graph, a simple and rational means of exercise.
Cases of weakness or lack of power rapidly
improve under such treatment, and in a greal
number of cases no trace of constiainl remains. b
Aller exercise massage should be applied, as Lhis
assists the process of improvement, ¥

In other cases ihe infirmily requires long and
laborious treatmenl; but one should ncver
despair of Lhe resources of lraining, or, at least,
should not despair of obtaining an improvement
which will make it possible to re-adapt ihe
wounded soldier to a calling suited to his
infirmity.

A large number of men wounded in the
lower limbs are obliged to employ crutches,
either permanently or for some considerable
time, It is important that these should not
cause a diminution of mobility ; re-education,
on the contrary, should profiL by their use,
gradually training the legs and accustoming
them to resume their normal activity.

Hitherto the types of crutches in use have . .
not prevented the occurrence of 19 cases of Adjustable
paresis among every 100 users of crutches.r The EFigticlogeel
majorily of those who ecscape Lhis infirmity
owe their escape to the fact that they bear upon the cross-bar
in the middle of the crutch rather than on the shoulder-piece,
But this pressure of the hands is fatiguing ; moreover, there
is less stability of gait. And the employment of crufch-
) Toffier and Amer, C.R. Acad. Sc., Vol. CLXT, p. 302, 13 September, 1615.
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sticks, with a spiing Lo suppoit the foie-aim, was only an
expedient (Tuffier and Amar) !

Later on I devised the adjustable crulch (Fig 71) which gives
me complele satisfaction. The shouldei-piece 15 supported
laterally on spings, of sutlable slienglh, which act as shock-
absothers, and bear the weightl of Lthe hody, imparting to it

¥ 72 —Investigation of Fatigne m & Subject using Crutches

a sort of oscillation, which accelerates the movement of propul-
sion and lessens the axillary pressure. Moreover, the apphance
isfitted with a cross-bar‘which can be adjusted at will, the extent
of the said adjustment being 3-8 inches; while the lower portion
consists of two tubes, one of which slides into the other, so
that the crutch may be adjusted to the height of the user.?

Y Jules Amar, La Naturs, 20 Apnl, 1918, pp 287 8

*'The average height of & orutoh is 5 inches for & man between & feet § inches
aud 5 fest: 8 mohes m, height. 'The cross-bas 15 38 5 wches fiom the ground.
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Simple, praclical, and very duiable, this adjustable ciutch
fulfils the physiological condilions lo be i1equued of any
ciutch, the mechanical condilions being fulfilled by all models,

Pressure of both hands

JLJM/L/L/ AL

Thrust of right hand

}/L

Pressure of left hand

— e N e — A -
Thrust of left hand

T/ime n seconds
P, Y SN NS NS W Y U .

Fracture of left wrist )
Lo Allain. 38 years
(packer)
4% June 1915

Fia 73 —Tracings made by an mfirm Subject undergoing Ra educstion
The Work repiesented 18 filmg Metal (A6 the end of a fortmight )

but never by a slick, whatever its foom. The wounded soldier
must be led, by successive slages, Lo rely less and less on the
double support of the armpils, and to employ the muscles of
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the limbs, without fatiguing them. Thal he does nol do this

Tota! Pressure on vice

N AL

Thrust of r/Jht hand

\/LJ/L_/’LJLf’J |r.f TP N W o R NP on WS

Fressure of left hand

B e A A A A N

Thrust of left hand
MWMM/L’““

Respirationsa

VUL _JUL AN

During work

Fra, 76.—The same at the ond of & Month.

I am able to assure mysalf by measuring the respiratory
energy~ :
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CVI. Results.—I shall not speak of the results oblained
already in the numerous cases in which Lhese principles of
functional re-educalion have been applied. The majority of
palients who owe to these principles Lhe restoralion of their

Pressure gf both hands oo vice

o

Thrust of right hand

_ ansfnafnnasnin Y

Fressure of 'eft hand

VP My

Thrust oF 12Ft hano

AN A NASANASNNA R,

Time /n seconds.

S VR S G G VN S W SN S W S I -
Lowrs Allain
Fraction of lower extremily

of /"d(f/d?
“(’ July 1915

6. 75.—The saymo at the end of Five Weeks,

dynamical capacity have also been re-educated professionally or
technically, and in the professional movemenls performed by
them oné ohserves the certainty and the efficacy of ihe physio~
logical methods which we have jusl expounded. I will mention,
for example, the case of a fracture of the wrist, accompanied by
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the almost complele rigidily of lhe arliculations. Figs. 73
1o 75 show how rapidly power and movement were re-estab-
lished, enabling the subjecl to resume his work, The cheiro-

—

YV

Pressure of both hands

of rigkt b ’IIU

e

TUy VUV

Pressure gf left hand

.
Tirme in seconds
. VS S

L’nm;ahuﬂ of the
i brachial plexus

Fra, 76~Wak with the File done by o wounded Soldier at the outset of his
Re-sducation.

graph exerciges are in lhis connection of remarkable value.
An elongation of the right brachial plexus, whose effects, at
the outset, are seen in Fig. 78, left no visible consequences.
A complete anchylosis of two fingers (the first and third);
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a hand wilh the fingers [lexed like the pelals of a bell-flower ;
the almosl complete anchylosis of the righl shoulder, 1esulling
from a bullet-wound, which yielded, giving a degree of mobility
which cnabled the patient Lo resume his work as lickel inspector

F1a, 77.- ~Result of tho Re-education of & case of complete Anchyloss of
the Shoulder.

on the Paris Melropolitan Railway (Fig. 77); a similar case
affecting the left shoulder and elbow of a young soldier who
was already suflering from scoliosis, but was able to rejoin
the army after a few weeks of energelic treatment; rigid
fingers ; paralysis of the hand, of varying severity; and
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osseous ablalions of the fore-arm (Fig. 78) : in all these cases
nothing was left of Lhe initial infirmity but traces which were
practically negligible.

If T were to give a labulation of the daily increase of ampli-
tude revealed hy the movements of the articulations, and of
the muscular strenglh, scrupulously observed by means of

Work ofF wounded Soldier

ML

Tatal effFort on vice

Thrusé of right hapd

Y S N S e N N~
Pressure of left hand

~ A La/\\_/\._/,\_—j_ M N N -

belsfosse, Alberé, Thrust of left hand

lower

Ppneumagram

Fra, 78.—Early stagosof the Re-aduoation of & wounded Soldicr (Ablation of the
lower third of the right Uloa),

the arthrodynamometer, I should nierely be giving a mass of
personal observations, whereas I infinitely prefer the testi-
mony of those who malke a study of these important questions,
and who write to me in a most gratifying spirit of scientific
unanimity.

The only point on which I musi insist is that the re~ed.ucauon
of the movements must serve as a preparation for the re-educa~
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iion of lhe palient in respect of useful or professional lubour,
and thal this must be regulated according to the physical
and moral condition of ithe palient.

‘While Lhe number of those who sufler from some infirmity
due to wounds received in war or to the accidents of the work-
shop is very considerable, the number of those who have
suflercd amputation is no less considerable. The consideration
of such cases forms quile a special study, owing to the necessily
of a precise evaluation of the funclional loss involved by
lhis or Lhal mutilation, and to Lhe means, which are fairly
complex, of remedying Lhis loss by prothesis.

CVII,—2. War-CripprEs.—THE FuNcTiONAL VALUE OF
THE STUuMPS.'—The re-education and the functional value of a
stump must be considered from two poinls of view—that
of physiology, and that of prothesis.

Usually nothing is attempted beyond the eslimafion of
the loss of sirength resulting from the amputation. There is
no further analysis of the consequences involved by the
ampulation, or of the means by which they might be avoided.
Now it must be remembered that amputation does not merely
diminish ihe muscular aclivity, considered in its mechanical
factors : the force exerted by Lhe muscles, and the bony lever
upon which they act. It profoundly affects the histo-physio-
logical development of ihe enlire member, even under the most
normal circumstances, and in the absence of any complication.
Particularly does it affect the sensory system, which, as we
have seen, exhibits a strict solidarity with the motor system.
The result is a diminution of funclional capacity, which no
one has as yecl attempled to eslimale. Yet this eslimation
is of considerable importance, as a guide Lo the prothesis
and Lhe industrial re-adaptation of the victims of mutilation ;
above all when it is admitted that the sensibilily of the stumps
is susceptible of educalion to a degree of which absolutely no
conception had been formed, as we shall presently see is the
case. To accomplish this sensory education of the stumps,

* Jules Amsr, C.R, dcad. Sc., 29 May and. 5 June, 1918, Vol OLXIL., pp. 843
and 887.
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and lo develop their funclional utilisation to the maximum ;
such for two years was the obhject of my investigations.

CVIII. The Power of the Stumps.—In the first place, as
I have observed, amputalion diminishes the motive power.

The lenglh of the bony lever from the centre of Lhe adjoining
articulation is diminished ; Lhe muscular strength is impaired,
owing Lo atrophy and Lhe immobilily to which the palient 1s
condemned, oflen lo a grealer extent Lhan he should be.

But in what proportions does the power of the slump vary
in respect of its length? The more closely it approaches ihe
normal length of the segment, the better Lthe grip of Lthe pro-
thetic appliance, and the more effectual the intervention of
the muscular synergy of the member. It is none the less a
fact that these iwo advantages are not uniformly augmented
in proportion to the dimensions of the stump. This is demon~
strated by the following example :

Let us consider the muscles which flex Lhe fore-arm upon
the humerus. The action of these muscles is applied al a
distance of about 14 inches from the articulalion of the elbow,
overcoming the total resislance of the fore-arm and the hand,
whose effective action is at the centre of gravity, about 63
inches from the same articulation. I{ is obvious that if
amputalion respecls the insertion of the muscles which
accomplish the useful movemenis—if, in our example, it
leaves a stump of not less than 1-6 inches in lenglh—this
latter will possess its total physiological value, which it is the
part of scientific prothesis to uiilise in a skilful and satisfactory
manner. Now this analomical measuremen! js insufficient ;
for, on the one hand, there is no movement in which an
entire muscular group does not collaborate with its apparently
antagonistic elements; and in short stumps this synergy,
whieh is physiological, not anatomical, is impaired or restricted.
On the other hand, we must take into conmsideration the
solidify and slability of the adjustment of the prothetic
appliance, and this depends on the length of the stump.
These two factors are of equal importance in the case of
amputations of the lower limbs, owing fo the weight and
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momenlum of the body when walking. In Lhe case of the
upper limbs the principal factor is stabilily ; ils purpose being
to make swift and cerlain movements possible.

Il would seem, however, that in the case of stumps which
are Jusl sufliciently long to perform their function protlhesis
offers one advanlage over nalure; it replaces the ampulated
segment by a stronger and lighter segment. Bul this is not
an advaniage, for if ampulation is effecied Loo Jugh it results
in the disappearance of the muscular elemenls whose sirength
would have made up for the inerlia of the organ ; il enfeebles
the phenomena of cellular nutrition and vilalily, and, on
the other hand, favours alrophy and degeneration. We shall
return to th's point later on.

The surgecon, however, will rely upon methods of operation
which sacrifice lhe length of Lhe stump in order to ensure
ihat it is more comfortably covered at its termination, and
to remove all causes of pain and ulceralion.

From these brief considerations il obviously follows that
surgery, prolhesis, and industrial re-education should be
guided by 1he exacl measurement of the power of Llhe
stamp. Here I will confine my explanations to a descrip-
tion of the experimental methods adapted to this work of
measurement.

CIX. Technical Method of Measuring the Power of
Stumps.—The method employed is very simple. The angular
movemenls of Lhe stump upon its articulalion are measured, in
degrees, and also the absolute power of ihe muscles which
determine Lhis movement of flexion. By comparing these
wilth the power and Lhe mobility of the sound limb we oblain
the ratio of loss resulting from amputalion.

For such measurements we may employ the arthrodyna-
mometer. But in order to approximate to lhe conditions
under which the activily of the stump will be exercised, we have
adopted Lhe employment of the dynamomeirical splini, with
which, in conneciion with the ergometrical cycle, we have
for the last eighteen months been re-educating amputated
limbs. '
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Fre, 79.—Measwtmg the power of a Stump (Aim) by means
of the Dynamometricel splnt.

Fio, 80.—Meseuring the power of a Stump (Leg) b
of thgﬁ Dynll:uomehrioul aplilﬁ. 8 by musace .
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The stump 1s adjusied in the splint, whether brachial or
femoral (Figs. 79 and 80), the articulation being exacily in
a line wilh Lhe axde. Its maximum movemenl of oscillation
is imposed upon il from the position of exireme adduction
lo thal of exireme abduction, during which movemenl the
axle moves the poinler over the gradualed dial.

On the other hand, as we have scen, a ribbon ol sleel passes
over Lhe flywheel ; its Lension is adjusled by means of weights,
which regulale the [riction produced ; in ithis way a resislance
is produced which can be varied al will, and which, morcover,
is marked upon a dynaimometer. The procduct of Lhe friction
and Lhe dislance travelled by Lhe penphery of the flywheel
gives the work performed. The duration of Lhe oscillation
being known (it should be the mosi rapid and the most
ample oblainable) we can reckon the power developed per
minule.

This functional power of the stumps differs in different
subjects. Therefore, in comparing the sound limb with the
amputated limb, we should make the same measurements in
the case of a number of subjects, and from these dednce ihe
average values. From observations conducted in the case of
200 persons who had suflfered amputalion of Lhe upper arm,
fore-arm, thigh, or lower leg, we have calculated the functional
power of a slump of a given length, the lenglth of ithe normal
segment being assumed Lo be 100.

CX. Data Resulting from Measurements of the Power
of Stumps.?
AMPLITUDE IN DEGREES.
A.—UpprEr L1Ma.

(@) Upper Arm.r
Anterior. Posterior, Total. Tot. Power.

32 to 13 centimetres ., 140° oo° 230° 100
12407 » 100° 52° 152° 84
6tob ” 85° 45° 13a° d4
4 " e 56° 25° 80° ]

1 Tt is nesdless to remark that the work performed and the length of the stump
enable us to caleulate the force exerted by the latter.

* Length from the srmpit.
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(b) Fore- Arm.t
24 to 12 centimetres .. Tlexion of 140° 100
11 i07 » " » 125° 68
6tod " . » 05° 40
Less than 4 centimeties » 90°  negligible,

B,~Lower Liug,

(@) Thigh.®
Apterior. Posteiior. Tot I. Tot. Power.

40 to 18 centimeties ., 110° 40° 160° 100
17 to 10 »» » 7Q° 32° 102¢ a2
9tod . ; 55° 30° 85° 38
6 ” . 40° 28° 68° 24
4 . . incapal le of utilisation.
() Lower Leg.®
88 to 17 centimetres . . Flexion of 125° 100
186to 7 1 . . ,»  110° 73
6 " . . » G0°  negligible.

The values given in this Lable present a certain analogy
and convey a good deal of information.

In particular we note 1hat no siump less than 4 centimelres
(16 inches) in length can usefully be filled with a prothetic
appliance. If the length of the slump is from 4 to 6 centi-
metres (1-6 inches to 2-4 inches) in the case of ihe fore-arm,
and not less than 9 centimetres (3-6 inches) in the case of the
thigh, the prolhelic appliance should be so devised that
neither the amplitude nor the sirength available is diminished
thereby. We shall consider this point laier on.

CXI. Histo-Physiological Modifications of the Stumps.
—~But the power of a stump does nol express the whole of
its functional capacily. The solidarily of the nerve-elements,
sensory and motor, reveals itself in such wise Lhal Lhe leasl
hypo-aesthesia diminishes the dexterity of ihe movements
and the output of proihetic appliances. Accordingly, it
is important that we should know what changes are produced
by amputation in the hislo-physiological condilions of a stump.
These are {rophic disorders and sensitive disorders,

5 Length from the oresge produced on the inner face of the arm by the flexion
of the elbow-joint.

“Lengih from the inguinal arease.

 Length from the srticulation of the knee.
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A. Trophic Disorders due lo Amputation.—Of lhe trophic
modificalions the most rapid is that of the muscular fibres;
their diameler is reduced ; and Lhose which have been bisected
form new lendinous inserlions al the expense of iheir con-
tractile substance. The resull is that Lheir power of contraction
is more restricled ; thalis, Lhere is a loss of absolute strength ;
while as the inserlion is nearcr the arliculalion a greater
efforl is necessary for Lhe execution of a given movement.

Normally the shorlening of the bony lever aclualed by ihe
muscles should have led Lo an increase of Lheir diameter.
That this is not the case in Lhe slumps of ampulated limbs is
due to the fact thal the nervous clemenls, without which
the vilalily of the muscular fibres disappears, are the seat of
a degeneration which is favoured by the absence of movement.
This degeneralion is accompanied by fatty infiltrations, in
the nerves as well as in all the cells. The Lransverse section
of the slump reveals, al its edges, in the region of the flaps,
where these exist, very strongly marked signs of these histo-
logical transformations. They are extremely inconvenient
when il comes to providing the palient wilh prothetic appli-
ances, since the latter obtain a hold withoul provoking lhe
sensibility, which for the performance of the ordinary aclions
of everyday life one would wish to preserve unimpaired.

More slowly than the other tissues, lhose of Lhe skelelon
evolve in their lurn. Qur observalions of experiments made
upon frogs during the lasl six months or so have enabled us
to verify the produclion of a certain osseous rarefaction in the
stumps of ampulated limbs, the densify of the divided femur
being less Lhan thatl of the intacl femur. Moreover, investiga-
tions of longer coniinuance, in Lhe case of animal species
capable of great muscular efforls, proved thal ihe layers of
spongy lissuc change their characler, and adopt a new mode
of resislance. We must therefore always remember that
the power of the slump is diminished and its vilalily decreased.

CXIL—B. Sensory Disorders due fv Amputation—Sensory
Education.—From the slandpoinl of nervous development,
every victim of amputation possesses a diminished field of



218 TIE PIIYSIOLOGY OF INDUSTRIAL ORGANISATION

sensibility. The sum of these sensalions originaling in the
cutaneous surface of the mutilated member is not sufficient
to mainlain the normal rate of cellular reaclion; hence the
trophic disorders observed; for the phenomena of nutrition
are indirecily slimulated by the exlernal impressions which
evoke the molor nerve-impulse.

Morcover, Lhe sensibility of the stumps upon coniacl or under
pressure is diminished, and lhe nerve-centres, disconnecled
from {heir normal anatomical conneclions, interpret the
sensalions wrongly.

Sensibility of the Sfumps.—As a matier ol fact, ithe lrans-
versal surface of the stump is by no means very sensitive to
touch. An exploration of this surface by means of the
aesthesiomeler (Weber's type) wilh two ivory points, shows
that the peints must be scparated by about 20 millimetres
{four-fifths of an inch) before they become perceplible, whereas
1n the fingers a separation of 2 millimetres (about one-Lwelith
of an inch) is sufficient. Despite this hypo-aesthesia, the
section is more sensitive in the neighbourhood of the cicatrix
than on the lateral surface of the slump. Thus, a subject
whose arm had been amputated aboul the middle of the
humerus yielded the following data: Near the cicatrix,
17 mm.; at the edges of the extremity, 22 mm.; on the
lateral surface, 30 mm.

When a terminal flap exists, its sensibility is uncertain ;
sometimes it is negligible, in which case fatty degeneration
maygbe ohserved.

A ‘second importanl feature is that of the laferal fransfer, or
referred perceplion. A poinl on the transverse surface is
touched ; the tactile sensation is perceived at a point of the
lateral surface, sitnated on the generalor adjacent Lo Lhe spot
which is touched. In proportion as the ampulation is more
recent and the stump more atrophied it 15 perceived further
from the plane of section.

The phenomenon of the transfer is constantly observed in
subjects who have suffered amputalion of the arms and legs,
but it is by no means definitive,

The education and fhe sensory re-adaplation of the stump
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correcl Llhese errors ol localisalion. They are cfiecied by
means of suilably regulaled exercises. The palient acluales
with his stump the splint of the ergomeliic cycle, overcoming
resistances which are gradually varted. Intelligence and
allention will help lum to appreciale Lhese variations.

- 3

] g" g
:‘fﬁ’i},s 4

Fia, 81,—Sensory Education of a Subjeot who 18 Blind and has suffered
double Amputsion, by means of the weighted Bracelet.

Bul we must continue with an exacler method, employing
the bracelet with adjuslable weights, This 18 placed at ihe
extremity of the stump, and weights are placed upon the sus-
pended disc, and are diminished daily. The subject, whose
eyes are blindfolded, has to say whelher weight has heen
added or removed, whether it is still the same, whether it
has been diminished, and by how much—all information
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which has to be eliciled from the patienl. Then Lhe bracelel
is moved along the stump, in order Lo explore ils sensibility.?
By means of a small pressure dynamometer il is discovered
that ihe stump reacts in varying degrees according to the
point stimulaled. In the neighbourhood of the cicatrix
the perceplible pressure is, on an average, 20 grammes less
than Lhal which is required on the edges of the stump, and
75 grammes less ihan Lhal required on lhe laleral surface.
And the phenomenon of referred perceplion is observed as
long as ihe ahsolule value of Lhe pressure does nol exceed 300
grammes. Sensory educalion overcomes this hypo-aesthesis,
nolably to the advantage of the blind, for whom a spccial
method must be employed (as will be seen further on).

CXIII, Weir-Mitchell’s Phenomenon.2—There is anotlher
peculiarity to be observed in those who have suffered amputa-
tion, which Weir-Mitchell was ihe first to insist upon (1867).
I am referring to the illusion suffered by all such persons, 1o
the effect that they can still feel, and still possess, the portion
of the limb which has been amputated, which they [eel to
be nearer the stump than it was in reality. This illusion is
preceded by a sensation of tingling or formication, ihe seat
of which is close to the cicatrix.

Accepling the lifelong persisfence of this hallucination, the
American scientist concluded that the origin of all our actions
is ceniral, cerebral, and nol in any wise peripheral. We
conceive and defermine our movements in the brain, nothing
external to us provoking them ; the sensibility has no part
in them.

My experiments are far from confirming the views of
Weir-Milchell, The phenomenon described by him is not
permanent ; re-education causes its disappearance in a few
months, and the resumption of daily work destroys the last
traces of it.

It is during inaction, in hours of idleness made gloomy hy
anxiety, and in wet weather, that the painful sensation of

OB, Acad. So., 2 and 18 Ooclober, 1816, Vol, CLXIIL, pp. 335 and 401
* Weic-Mitohell's Lestons of the Netves,
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the *‘phanlom” limb occurs. Whal is more, the patient
feels only Lhe lerminal segment, ihe hand or fool, bul never the
inlermediale segment; and he is conscious of il such as
il habilually was, in the dynamic condition, the hand
gripping Lhe lool, ithe foot sel in the posilion which ithe patient’s
calling requires. He is notl conscious of formicalion during
the nighl, bul the latier feeling awakens with the memory
of industrial or professional life, so Lhat il resulls from a mental
and a physiological cause.

Weir-Miichell’s phenomenon admils only Lhe firsi of Lthese
causes. Bul the second is [he more essenlial, and is related
to the sensori-molor cycle. By Lhe very {acl ihat the sensory
education of the stump resulls in the cessalion of referred
perception and Lhe illusion of the abseni member, completely
correcling the refercnce of sensalion io its exlernal causes,
there is no possibilily ol doubt Lhal sensibilily governs all our
actions ; the periphery of ihe organism is physiologically
connected with lhe nerve-centres. Thus il is that the child
forms an accurale conception of aclual space and iis relative
disLances.

The theory of formication is supposed to be as follows :

Impressions may travel along any sensilive palh. For
cxample, if lhe hand is amputated impressions from the
fore-arm and upper arm reach ihe nerve-cenires. The molor
reaclion emanaling {rom the latier is checked at the termina-
tion of the molor nerves, which are here interrupted by the
amputation. Now Lhe section eslablished by this ampulation is
a surface all of whose nervous elements are deadened, and more
often than nol affecled by degeneralion; such a surface
conslitutes a screen, and Lhe motor reaclion communicates
its impulse Lo the recurrent fibres, and Lhis gives rise Lo a special
formication.

CXIV.—Experience shows, then, that the re-education
of stumps improves their plysiological condition, rc-adapts
them, and lessens the danger of nervous degeneration. It
enables Lhe slumps to act upon ihe prolhelic appliances
fitled to them with a perfectly gradualed force, and an im-~
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proved ulilisalion of Lhe taclile sense and the muscular sense.
This 1s highly important, parlicularly in ihe viclims of a double
amputalion, or those who have losl Lheir sight as well as one
or more limbs.

To these advantages, which arc of greal value in ortho-

Fia. 82,—Exammation of the organic condition of a Wai-Cripple.

paedic surgery, we may add the moral advantage of beslowing
upon the ‘war-ceripple a cerlain sensc of energy, and a feeling
of hope as regards ile future,

CXV, The Re-Education and the Organic Condition of
War-Cripples.—Re-education is nol confined to the motor
organs ; it is héing exlended increasingly to all the agents of
human activity ; 1o those which dispense energy (the heart and
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lungs) and those which maintain our relations wilh ihe ouler
world (ihe senses). It s indeed possible, as we have seen, Lo re~

i
|

\

adapt the sense of fouch, a sense very highly developed in ihe
blind, and a sense upon which the prothesis of the upper limbs
is very largely dependentl. The sense of hearing, diminished as
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the resull of accidents Lo the ouler ear, appears also to he
capable ol subslantial improvement ; hut ol Lhis I have no
personal experience. And everybody knows that Lhe sense
ol sighl is susceplible, afler appropriate Lrealment, of remark-
able ameliorations.

Patho/og/ca/ Tonograms.

Eprr. . A

nsp. Resting.

After 3 minutes work on the Lycle at /68 revs.
Brake joad 22 1bs.

The subject (Kerforn) /s emphysematous [oyed 3/ years,
Hiness of 1/ monthsslanding).

AfFter 4 minutes work, 0o . do.

Fro. 84.—Reapirations while Resting, while Working, and aftor Working, in an
Emphysematic Subject,

What I can assert in this connection is, Lhat mostl of the
senses are blunted as a result of nervous disorders or shoek,
and also as a result of Lranmatisms of iHe skull. 'When the
patient has recovered we find the senscs recovering their
acuteness, under the influence of constant and intelligently
supervised exercise.

«
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Bul we musl understand how to delecl not only the defi-
ciencies of Lhe sensorial organs, bul also ihe affections of the
heart, the vascular system, and the lungs, in order that
we may with cerlainly delermine the physical aplitude of the
war-cripple, and his degree of endurance. In the firsl place
Lhere should be a preliminary examination wilh refercnce to
the thoracic and morphological characlerislics. Then comes
lhe clinical examination. We Lhen consider, as objective
documents, the pneumographic and cardiographic Iracings
obtained afler fatiguing exercise on ihe ergographic cycle.
This exercise usually lakes the [orm of a ten minutes’ *“ ride ”
at a pace of 200 revolulions per minute, the resistance of the
brake being 66 1bs. (Fig. 82).

The tracings reproduced in Fig. 83, for example, which
were obtained before, during, and after such exercise, show
that the cardiograms of patienls who have suffered a recent
amputation are ol fceble amplilude ; the sysioles are lacking
in vigour, and as a result the arferial pressure is diminished.
But this phenomenon is ephemeral ; re-education reslores the
heart 1o ils normal mode of action.

In the lungs we observe dyspnoea, with frequent and pro-
found respirations, whenever Lhe venlilation is insufficient,
or is obsirucled by a physiological cause (Fig. 84). In this
connection the subject may even practise respiralory ggmnastics,
combined with medical treatment. I consider thai the organic
condilion of our war-cripples, if we do not wish it presently
to deteriorate, should he kept under observation by physicians
who would acl both as re-educators and clinicians ; perhaps
more parlicularly as Lhe former.

IL still remains to accomplish the diagnosis of the menial
condition. The present war has drawn Lhe attention of all to
this subject. Terrible in ils eflects, it has shaken the higher
nerve-centres, and has often disordered the proper functioning
of the brain. It has predisposed thousands of wounded soldiers
to intellectual disorders, phobias, hallucinations, and various
psychoses (disorders of the will) which are as yet obscure.

If we devote ourselves to the task of re-educating infirm
and crippled soldiers, our principal pre-occupation must
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consist in guarding them against their own moral dejeclion,
and in restoring lheir self-confidence. To learn how lo speak
to them, lo sound their preferences, to divine their tasles,
and to enable them 1o realise ihe progress of their re-education,
its progress, and ihe meril of work ; herein lics the whole of
the wveritable arl of re-educalion, in which human science
and our duty to the nation are combined.

Accordingly, before enirusting one of our wounded soldicrs
Lo Lhe workshop or the office, before filling him wilth a pro-
thelic appliance, il is indispensable 1hat we shall have obtained
the maximum improvemenl in his funclional condition and
his resistance lo faligue ; we must have analysed {he move-
ments which he is slill capable of making, in respect of
precision, amplitude, and force. These data furnish informa-
iion uscful Lo employer and employed alike ; lhey will inspire
them wilh all the confidence in science which the latler
deserves, and which make it the highest form of social economy.



CHAPTER XI

THE RE-EDUCATION OF WAR-CRIPPLES

I1I.—SciEnTIFIC PROTIIESIS

CXVI1—1. PrincrrLES.—Let us now consider the problem
of prothetic appliances ; one of the most important of all
the problems which are included in the subject of professional
re-education. Our makers of prothetic appliances will
have to make greater eflorts to adapt their appliances to the
work of the war-cripple. The essential object of prothesis,
indeed, is not to replace a lost limb or segment of a limb,
but to supplement or replace a lost or badly impaired function.
Although by definition prothesis is anatomieal, it is, in fact,
physiological and utilitarian. While copying nalure, it is
not the slave of nature, because it is obliged fo proportion the
weight and the dimensions of the artificial organs to the muscular
power still available.

As the etymology of the word informs us, prothesis (from
the Greek wpbabesic = addition) consists in the addition of
mechanisms or appliances which restore or facilitate the
exercise of the original function.

It must therefore consider the funclional condition; it
musl even favour its improvement ; and it must protecl the
stump from all causes of pain and faligue. The last point
lies, of course, within the competence of the surgeon; he
alone can judge of the possibility of saving a maximum
useful length of Lhe member, and of saving it in such a condition
as will allow the prothetic appliance to be firmly aflached
to it; he, too, is in a position to make sure that nothing
remains in the stump, npeither bony splinters, nor traces of

s 287
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irritalion or suppuralion, nor any cause of pain, which might
delay the inlervention of prothesis. Five or six weeks must
be allowed to elapse after complele cicairisalion helore an
appliance is fitted Lo the stump ; as a rule the latter retracts
and diminishes in wvolume, becoming [irmer. Exercises,
suitably regulaled, set il developing in ihe righl direclion;
they revive Lhe humoral aclivity and maintain lhe cellular
vilality by which the foci of osleilis and the menace of degenera-
tion arc destroyed. The limb is Lhen ready. Prolhesis will
now sel lo work, and all the ingenuily of mechanical science
will be required for the lask of devising the arlificial organ
and adapting il (o ils funclion. [ngenuify is the righl word ;
for, while he may utilise lhe principles of cinematography
in Lhe ordering of component parls, the maker of prothetic
appliances musl have that love of experimenlal research
which surprises and imitates natural actions.

Fontenclle relates that a priest, Father Sébastien, used in
his time to excel in this art of delicate and ingenious invention.
So great was his repulation that a Swedish genileman even
repaired to Paris to ask him, so to speak, to restore his Lwo
hands, which a cannon-ball had carried away, nothing being
left but the stumps of the fore-arms, It was therelore necessary
to make two arlificial hands, conlrolled by the said stumps,
whose movement would be transferred, by suitable wires,
to flexible fingers. Father Sébastien was not dismayed by the
task, and, it is said, submitled some interesling specimens 1o
the Academy of Sciences.

Profiting by all the progress accomplished in Lhe mechanical
aris, it is possible, in this connection, to carry virtuosity to
a very great lenglh. But Lhere are principles from which
prothesis must be careful not to deparl. We may formulate
them as follows :—

(@) To devise prothetic appliances which can be firmly
and strongly attached, without impeding the movements
involved, or those of other articulations ;

(by To adapt these appliances, in respect of weight and
dimensions, to the strength of the stumps;

(&) To fit appliances for the upper limbs with an organ of
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prehension which will permil of protracted and varied employ-
ment.

These threcfold condilions guarantee sirength, simplicity,
and a good oulpul in prothetic appliances; resulting in Lhe
always desirable employmenl of human cnergy in professions
1o which il might have seemed thal the war-cripple could never
gain access.

CXVIIL The Utilisation of the Stumps.—Lecl us analyse
Lhe problem more closely. Whether a leg or an ¢rmisin question
—for the moment I am neglecting ihc lesser mulilations—
Lhe aim is to {it upon the slump an appliance which replaces
the amputated segment, and which is mechanically controlled
by the muscular force still available. Now anatomy and
physiclogy (each us what movements have been suppressed,
and must be re-established, and in what measure the stump
will be able Lo produce them, as regards their force and
amplitude. These details are familiar; we will only remark
thal the arliculalion of the shoulder and that of the hip are
the fundamental articulalions ; each controls the whole member
ol which it forms a part, and cnsures ils elfectual action;
the muscles actuating these joints possess a development
which enables them to assisl in distributing the motlive force
Lo the lesser segments.

There is always a limif Lo the rational utilisation of the stump.

For the upper limbs this limit is reached in the case of
ampulations which leave a stump of not more (han two inches
in length, measured from the line of the armpit. At this
level lthe muscles of Lha shoulder, especially the delloid and
ihe infra-spinatus, are incapable of cffecling, by (heir con-
iraction, all the requisile displacements of the bony lever
into which they are inserted.

In those whose fore-arm is amputated the strenglh of the
upper arm is cvidently complete, unless there is some accident
of a pathological order, such as anchylosis or atrophy. The
strength of the fore-arm may be regarded as sufficient when the
stump measures two inches from the internal crease of lhe
elbow; it is complete when the stump is four inches and
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more in length, the flexion, supination, and pronation being
complete. If the stump is less than four inches in length
the loss suffered by lhe humero-radial articulation is
difficult to make up for. However, il will hardly be [elt in
the ordinary actions of everyday life, as long as ihe shoulder
retains its complete liberty of circumduction.

Anchylosis of the elbow, on lhe other hand, creales a fune-
tional impediment of a somewhat serious nalure, as il deprives
this articulation—which is mobile rather than powerful—of
the possibilily of guiding the movements of ihe fore-arm,
by automatically modifying ils inclination toward the upper
arm. This defect is revealed by a painful oscillation of the
trunk and shoulder.

CXVIIL.—In the lower limbs, the mobility of the slump of
the thigh is not of ahsolute importance : it is enough that it
should guaraniee the possibilily of walking by allowing an
angular movement of 30°. Physiologically, any stump which
measures more than two inches from the inguinal crease will
fulfil this condition. But its lengfh is not a matter of indiffer-
ence in connection with the wearing of a prothetic appliance.
If the lever is too short it will diminish the adhesion of the
thigh-piece, and may compromise the solidily of its attach-
ment. This will compel us to resort to more and more powerful
means of attachment, which we shall seek, if passible, in the
pelvic girdle. If the poinis of attachment are too remoie
they are defective, becaunse in the long run lhey create an
asymmetry of the body and excessive faligue, and because
they interpose, between the appliance and its attachment,
a mobile system, subject to detormation, in which there will
inevitably be a certain amount of play. Therefore the factors
of a correct prothesis are short paths of transmission and a
symumelrical disiribulion of the surface of insertion.

The same remarks apply to the lower leg. However, if
the knee-joint controls only a small stump (as in Lhe case of
amputation at 1he so-called ** point of election ' ) the appliance
will none the less allow of normal locomotion. Any segment
less than 2-8 inches in length will be unsuitable for walking
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with a free knee-joint; it will be necessary to flex it
and to walk on the knee, as in the case of intra-condylar
amputation.

CXIX.—The stumps resulting from minor mulilalions are
those of the fingers, the metlacarpus, ctc. Here the funclional
value demands the closest attention and careful experiment.
Let us suppose ihat the phalanges are lost. In Lhe four fingers
of the hand—not counling ithe thumb—the two tlerminal
phalanges are replaceable ; bui the sensibility is not replaced,
or rather il is only parlially replaced, by ihe contacl of the
prothetic appliance with the slump. Or if Lhe four fingers
are completely losi it will siill be possible to replace them by
artificial segments affixed Lo the melacarpus. Any muiilation
nearer the wrist complicates the prothetic apparalus, but
should never make it impossible to devise a block of artificial
fingers which can be opposed to the thumb. The patient will
therefore retain the means of employing his hands with a
sufficient degree of dexterity.

It must always be remembered ihat the office of the hand
is, in the great majority of cases, that of a »ice or pair of
pincers; the thumb is opposed lo the joint action of the
fingers ; hence its Greek name of anti-hand (dvriyelp), which
is more expressive than the Latin root pollere, which means
lo be powerful. In tihe function of the thumb there is a geo-
metrical element, that of opposition, and a dynamic element,
that of the strength which the hand would cease to exert
without it.

* A reduclion of the number of the fingers affects both ihe
foregoing factors; it impairs the solidarily necessary for
precision of movement, and the distribution of the efforts
applied to a given tool or instrument.

If we reckon the crushing effort belween thumb and index
finger to be 15-4 lbs,, it will be 22 lbs. with the added efiort
of the middle finger, and 26+4 1bs. if the third finger is added
to the first and second. The fourth finger adds practically
nothing to the crushing effort. Its function is ome of
guidance.
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As for the thumb ilself, il can be replaced by an arlificial
thumb, withoul a joint to the firsl phalange. Bul in
the ahsence of (he melacarpal bone ils funclion is greatly
diminished.

CXX. Mechanical Factors.—From another point of view
the [unctional value of the slumps is connected wilth the
mass and Lhe dimensions of the prothelic organs, the mechan-
isms ‘which they have not merely o control, bul, in the first
place, Lo carry. On principle we shall disiribule the heavy
paris of the appliance around lhe stump, either supporting
them directly by means of the latter, or assembling them
around it. The less weighly portions, on the other hand,
will be al Lhe periphery.

It is obvious that hollow organs and parabolic forms present
great advantages in this respect. Nalure creates such in
the branches of trees and the pinions of birds.

The maximum of resistance with the minimum of mass is a
fundamental law of the construclion of the artificial limb, whose
meaning is explained by the absence of multiple molor forces.
In the lower limbs, for example, the muscles repeat and
co-ordinate their efforts, from the coxo-femoral articulations
Lo the articulations of the foot, so ihat it is not merely ihe
pelvic musculature which acluales the various segments of
the limb. Now in the artificial limb a single control, a single
motive force, is often required to acluate several artificial
segmenis. 'We shall therefore seek as far as possible to reduce
the mass, that is, the inertia, of these segmenis, and also the
radius of the round moving parts, the length remaining
what il should be anatomically. Under Llhese conditions
we diminish what the mathemalician calls the moment
of inerfia of the limb, Finally, mechanical considerations,
which I cannot enter into here, show that the cenire of
gravify of the apparatus should always be close to its axis of
oscillation,

In the case of a well-proportioned man of average build,

the segments of the body give the followmg numerical
values :
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O R, mn Y ool Gy Nemnt s
Head ... 4:690 706 0-16

Upper mum 2-180} 3 36 +035 0-165 } ogg 000244
Foieaxm 1480 -x2 2-28% x2 0-24 0-100 00247
Hand ... 0850 0-84 } 019 } 0-00350

Thigh ... 7:530 11 58 0-45 0200 0 01500
Loweileg 3425 % x2 6527% x2 0-44° 0-185 $0-38 0-00800}0-1003
Foot ... 1-105} 1-79} 0-26 0-112} 0-00070

Trunk ... 27760 4270 0-72

Totals... 65-000 kgs.  100-00

These data indicate the exireme limits of weight; but we
must be guided absolutely by Llhe funclional power of the
stump, delermined as we have already explained.

For the choice and the properfies of the malerials employed
in the construclion of proilhelic appliances, I musl refer the
reader lo Le Moteur Humain (Book 1.). Itis enough lo remark
that the resislance of these materials (wood, leather, metal)
is especially important in Lhe case of lhe lower limb, which
has 1o support the entire weighl of the body in walking,
and which, at rapid gaits, has 1o stand a stress 25 per cent. lo
30 per cent. greater than the weight of the body. The nccessity
of reducing the inerlia of the thigh-pieces makes us advise
the employmentl of materials which are specially tough and
light, such as three or four-ply wood, consisting of very thin
layers, firmly glued, or papier-maché, or duralumin, which
has the following characteristics :

Density .. . o 28
Limit of elasticity .« 27 kgs. per sq. mm.
Tensile strength .. ' .. 36 kgs. per sq. mm.

Elongation on rupture .. 17 per cenl.

Sheet Steel, 1 mm. 10 15 mm. in thickness (g to vy in.) will
answer Lhe same purpose. Bul the metallic sonaority of steel

* Mensured from the supevior or nearest artioulation.

¥ This is the produet of the mass and the square of tho radius of rofation, a
product which enters info the oaloulation of tha energy of rolation of & hody.
(See Lz Moteur Humain, p. 54, ef seq.)

3 Including the height of the foot (6 centimetres).
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should be avoided by means of a strongly adhesive covering
of parchment.

Steel will always be employed in the construction of working
parts. Prothesis demands steels whose composilion should
be more or less as follows :

Carbon . .. ‘e .. 0:35 to 045
Manganese .. .. . .. under 0-70
Silicon ‘e . .. . » 020
Sulphur o . .. . »» 0:05
Phosphorus .. . o . 005

The metal will be heated to 850° ; il will be allowed 1o cool
in Lhe open air and hardened at 750°; it is then brought back
to 500° for a space of 30 minutes.

Its tensile strength is 100 kgs. per square millimeire, the
clongatlion being 10 per cent.

In my opinion, the use of pure aluminium should be aband-
oned ; it tears easily, is difficull to work and to weld, and is
lacking in toughness.

This survey, which is necessarily extremely brief, of the
objects and principles of scientific prothesis, will enable
us now lo glance at its applications.

CXXI—2. ArpricaTions.—The capital point in prothesis
is the anatomo-plastic application of the appliances. This
demands a sound knowledge and a long expericnce of the
subject.

Prothesis of the Lower Limb,—This is particularly a prothesis
of sirenglth, simple or graduaied, according to the type of
appliance which it is intended to apply. Simple if it is
desired to equip persons who perform exhausling work, and
who are much more anxious 1o possess a solid support than
an actual arlificial limb. As a rule in this case we do not
seek lo obtain regularify of gaif. The cripple adopts the
““wooden-legged ' style of locomotion, the “ wooden leg ™
being either rigid or jointed, and the mode of locomotion not
unlike that of a stilt-walker,

The more complicated models are the so-called artificial
legs, whose design imitates that of the actual limb, in order
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to ensure the developmenl of the siep, in all the phases which
compose il. This harmony is inevitably achieved al the cost
of solidity, on account of the number of arliculations which
il necessilates, all along Lhe axis of support.

I shall limil the scries of models considered Lo Lhose which
scem to me Lhe hesl, and which al lhe presenl time con-
stitule a portion of the specifications recognised by the military
orthopaedists of France.l

CXXIIL—A. AmprutaTION OF THE THIGIL.~—(0) The *“ Pestle ™
Type with Locking-Joinl.—In the case of patients who have
suffered ampulation of Lhe thigh, we musl first of all cousider
1he old-lashioned ' wooden leg,” of the **peslle” tiype,
jointed al the knee, bul with a locking-joint. This is suited
to persons of rural pursuits, and also (o all those whose work
necessilates much moving about, and causes a cerlain amounl
of fatigue. The rigid or non-arliculated wooden leg, which
was known even in the days of Pericles, is a makeshif(, or,
in the words of Paré, ‘‘ the poor man’s leg.”

To-day bolh indusirial and social progress condemn the
employment of such a wretched and primitive prothesis.

The * pesile ” type of leg wilh the lock, on the olher hand,
if it is made as il should be, offers notable advantages over its
predecessor. It comprises the organ of altachment, the thigh-
piece, the knee, and 1ihe leg-piece.

The organ of atlachment consists of an abdominal girdle
G, a hrace, B, and a sling (Fig. 85). The girdle is ol flexible
leather, 1:6 inches wide, or il may be of strong ticking, 3-2
inches wide. It buckles in fronl. It is joined to the thigh-
piece by means of a hip-piece H, having almosl Lhe shape of
a letter T, which is made of slecl. The horizontal portion of
the hip-piece, riveled and brazed io the verlical porlion, is
attached by means of lwo rivets to the bell, which is divided
for the purpose. The verlical portion contains two articula-
{ions; firslly a socket-joint j, situated aboul one-sixth of

1 Sinca 13 June, 1016, 'The results of the labours of the Specifioations Com-

misgion (Commission du Cahier des charges) are assembled in the Prothetic
Laboratory of the Conservatoire National des Arts et Métiers,
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an inch behind the analomical coxo-femoral articulation,
working in Lhe antero-posterior plane, which reaches ithe edge
of the great lrochanter; secondly, a hinge h, with a check
which limits Lhe flexion cxiernal lo the pelvis Lo 30°; il is
placed immedialcly benealh Lhe horizontal branch. The
verlex is '4 of an inch hehind and on a level wilh Lhe 1liac
crest.

The hip-picce 15 lined with lealher or ticking, and is padded.
IL prolongs the exlernal standard, S, of Lhe Lhigh-piece.
Care musL be taken that it fils very accuraiely Lo the body,
whose shape it assumes.

For short stumps the hinge i must be suppressed.

The brace is made of strong elaslic webbing, one and a half
inches wide. Its exiremilies arc riveled, one to the outer
surface of the thigh-piece, toward Lhe middle of the body
in tront, and the other {o the side al ihe back ; it buckles in
front, after passing over the opposite shoulder; it is kept
in place by a second brace which passes over the other shoulder.

Finally, the sling consists of a piece of calgul, which passes
under a litUle pulley, P, which is fixed to the inner standard
of the thigh-piece; it is altached to ihe girdle front and back
by means of straps and buckles.

CXXIII.—The thigh-piece, T.P., is a conical sheath, of
moulded leather, as rigid as possible (density = 1), lined with
very tough chamois leather. It presents a comparatively
flat surface corresponding lo Lhe external and lateral portion
of the stump, which ensures a firm attachmeni (see section).

The whole of the supporting surface is as rigid as possible,
and of reduced thickness.

The sheatlh is armed with Lwo stecl standards, S and §’,
about nine-lenths of an inch in width and one-sixth of an
inch in thickness. About the region of Lhe knce this thickness
is increased to one-fifth of an inch. Thesc standards are
parallel with the axis of the femur, outside and inside, and
are riveted firmly to the thigh-piece wilh copper rivels. A
circular hoop of mild stcel, C, also riveled (an inch and a
quarter in width and a twelfth of an inch in thickness), unites
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the lower exiremities of the standards. The ounler slandard
is pivoled lo the hip-piece, as we have seen.

A second loop, or rather half-hoop, of nickel-plated steel
unites the Lwo standards inlernally toward their upper
exlremilies. One end of il overlaps the internal standard
by lwo inches or so, and then {urns downwards. The hoop
is therefore complete al the back and open in fronl. The
posiero-internal portion is widely splayed, the upper edge
being (urned oulward from the axis of {the limb.

The thigh-piece is split in fronl as far as an opening V which
serves as a venlilator, and here the two halves of the sheath
are uniled. There 1s a sufficient interval lefl between two
rows of eyelel-holes to permit of the progressive lightening
of the lace as the slump diminishes in size. The closing of
the thigh-piece is completed by means of three straps, sewn
and riveted, which buckle toward the side of the outer
standard.

The rim of the thigh-piece is scalloped on the postero-
internal edge, corresponding to a concave line of ischial support.
This portion is slightly padded, in order that it may not rub
nor inconvenience the opposite thigh. The remainder of the
tin is convex in form, bending inwards, and higher al the
level of the hip-piece. The thigh, supporling the ischium,
is thus gripped on every side, and cannot turn in the thigh-
piece.

This latler, finally, terminates in a separate leather cap,
stamped or hammered, and seamless, which is riveted to and
strengthened by the lower steel hoop, which, like the upper
hoop, is nickel-plated.

CXXIV.—The knee comprises a stirrup of forged steel,
fixed by two screws fo the standards, which are curved in
such a way as to keep the axis of the arliculation two-fifths
of an inch lo the rear of a vertical line dropped from the
coxo-femoral articulalion. The articulation of the knee
consists of two bult-hinges, giving a flexion of 90°. They
are contrived in two flatlened shoulder-pieces which form the
lower extramities of the standards. The form of the slirrup
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is that of a deep curve (parabolic); its thickness is one-fifth
of an inch, and its grealest width one and a half inches.

The pivot of each arliculation is riveled on ihe inner face
of the stirrup; the shoulder-pieces are bored, and free at the
extremities ; the faces of the shoulders meet in a plane which
passes through the axis of the bearings, making an angle of
60° with the horizonlal.

The stirrup clears the cap of the thigh-piece by three-fifths of
an inch at the centre. At its base is affixed perpendicularly, on
a verlical axis, by means of two tenons diameirically opposed,
a hollow steel iube in which Lhe shank is fixed. The tenons
are riveted inlo mortices cut in the thickness of the stirrup,
and the joint is then brazed. A [lat Iorged in the stirrup
facilitates the adjustment of Lhe two portions without reducing
the thickness of the metal.

The knee also comprises a bilateral locking-bolt, an arc of
steel whose extremities are fixed by screws to ithe outer sides
of the two standards of the thigh-piece. It may lie in front
or behind the latter indifferenily. It bears a spur at either
exiremity, lying in the plane of each articulation of the stirrup.
It lies as close to the thigh-piece as possible.

‘The spur must be so contrived as 1o engage accurately in
the angle formed by the shoulder-piece of the standard. The
bolt is alike at both ends; ils section is oval, excepl at the
extremities, which are flai, and one-fiflth of an inch in thickness.
A powerful elastic tractor is attached to the bilateral bolt at
the summit of the arc, and also to the steel tube of the shank.
It serves to send the bolt home when it is intended to lock
Lhe articulalion of the knee. But Lo allow of flexion the bolt
is raised by means of a string ol catgul, onc end of which is
fixed to the centre of the arc, while the other runs through
an eyelet riveted to the upper portion of the thigh-piece.
It is attached Lo a small knob or handle, which is pulled to
disengage the bolt.

CXXV.—The shank is made of ash, in preference to any
other wood, and is cylindro-conical ; its diameter varies {from
1-3 inches to 17 inches. The tip is enlarged to 2:8 inches,
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and a sole of leather is alfixed Lo it with nails. The lower
surlace of the *“ shoe " is convex, with a raghus of 3-6 inches.
Between lhe lealher and the wood is a circular piece of sheet
rubber, one-tenth of an inch in thickness.

The shank 1s fixed to lhe thigh-piece by mecans of a hollow
tube brazed to Lhe stirrup. The upper end of {he shank 1s
shod wilh a tube of sleel fixed by means of sciews; a gentle
pressure should suffice lo make it enier Lhe sleeve of ihe
sirrup. A small hole 1s drilled through the shank, and a
boss 1s brazed to Lhe exteinal sleeve, boss and shank being
dulled and tapped. The shank 1s fixed by means of a thumb-
screw. For counlry work the shank should have a shoe
4-8 mches 1 diametler, fashioned piecisely like Lhe smaller
shoe I the wealher 1s damp or the soil moisl the sole
should be gieased, 1 order lo avoid such a phenomenon of
suclion as 1s produced, Io1 1nstance, by a school-boy’s wash-
leather * sucker.” The objection 1o wooden shanks 1s Lher
fragihly ; they expose ithe wearer to accidents; a hollow
tube of duralumin might be substituted, the wooden shoe being
screwed 1nlo the lower end of 1t ; or shanks of hollow wood
may be employed, of a langer diameler.

This type ol ““ wooden leg ** should never exceed a lolal

weight of 5-4 1bs.
" Returnmng lo the principles of scienlific prothesis, we find
that Lhe appliances of the *‘ pestle ” lype possess a small
inertia, allord greal securily of supporl, and cause a minimum
of fatigue while walking. From 1lus latter point of view it is
more painful o throw the leg out sideways 1n wallung, as is
necessary if the shank is (oo long, than to limp slhighlly with
a shank of insufficieni length.

Let us add ihat certain orthopaedisls occasionally replace
the round *‘ shoe ”” by an actual “ wooden [oot,” arliculated
in the fore-part. Ths is physiologically incorrect.

Fig. 86 shows a bad paltern of " parade  leg, with a lealher
legging. I is fixed by means of an interior shank fo ihe
stirrup, the cylindrical shank having first been removed. The
correct form of " parade ™ or *“ show ” leg (Fig. 85) is articu~
Iated al the ankle,
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The “ wooden leg” of lhe Lype desctbed can casily be
affixed to any lhigh stump in which Llhe bony lever piojects

Tr¢ 86,—Legs of the * Pestle” Type.—Na 1 Model with Laekmng-jomt, and defectave
“ Pauado” Leg On the nght a jesl ** Wooden Leg?

more than two inches beyond ihe inguinal crease mn the case
of very high amputations. Where the lever projects less than
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iwa inches beyond the inguinal crease, or in cases of disarticula~
tion, the atrangemenl shown in Fig. 87 will be adopled.

Fra, 87.~~Woodan Leg with I.oeldng-ioint
No. 8, for cases of Disarticulation of the
Hip-joint

There are three itypes
of the “wooden lcg”
with the boll or knee-
lock; Nos. 1, 2 and 3,
ilie iwo lalter characler-
ised by a wide moulded
girdle, while No. 3 pos-
sesses a double-aclion
boll B and a guide-rail
R, wilh a thigh-piece the
back of which consists of
flexible leather.

CXXVI—(b). The“Ar-
tificial Leg.”—Bul it is
the *“ artificial leg*’ which
is principally used by the
majority of artisans,
clerks, members of the
liberal professions, ete.;
in a word, by all those
who have to consider
appearances and ihe
fashion. The artificial
leg, furnished with an
articulated fool, resores
locomolion (as far as
walking goes) Lo a degree
which is almost normal,
and entirely normal if
the leg has been ampu-
tated some distance below

the knee, and if there is no anchylosis of Lhis important

articulation.

We must briefly recell the experimental data of walkingt
* For furthey details sea Le Moteur Humain, pp. 440-468,
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12

"

10

Fre. 88,—Cliona-photogtaphie TPhases of Wallmg

in order to throw alight on the entire problem of the prothesis
of the legs.
The phases of lhe step are explained by Fig 88; ihe
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supporling leg [orms with the foot an angle of 90° which may
be increased by 20° or 25° but rarely diminishes. The
libio-larsal arliculalion of an arlilicial leg should Lherefore
allow of an average excursion of 20° beyond the righti angle,
but nol more Lhan Lhis. It is, on Lhe olher hand, if we are
facing lhe subjecl, behind the arliculalion of Lhe knee, and
this latler is Lwo-fifths of an inch behind the coxo-femoral
arliculation ; Lhe thigh, therefore, has an oblique anlero-
posterior inclination, and the line of gravity of the body passes
through a poinl in advance of the Llibio-larsal arliculation,
preventing lhe bending of the knees. The conlraclion of lhe
quadriceps produces the same cflecl. Wec musl (hereflore
give the hinge of the knee-joini sufficient play to allow of
walking on the level, ascending a staircase, or sitling down,
but must endeavour Lo avoid the lendency Lo suclden {lexions,
which would resull in falls. The walk musl nol be a series
of oscillations of ihe artificial limb caused by the periodic
impulsions of the stump. We know also that Lhe Lhigh and
the lower leg form a less angle than 180° and that during
the phase of impulsion ihe rear lower leg leaves Lhe ground
flexed at an angle of about 160°

Finally, I will add this imporianl detail, that the fool should
be turned 15° owlwards, and ihat its inner edge shauld be
slightly raised. In lhis way a defective gail will be avoided,
as also lateral oscillalions of Lhe body.

Many types of arlificial leg, construcled of wood and
leather, have sought to reproduce Lhis or Lhat physiological
element of Lhe gait. None of Lhese are perfeclly rational.

The American models, perfected during the years which
followed the War of Secession (1860-1865), have often appeared
" to possess greal advantages. In realily these appliances
are copies of one another, and remain faithfal 1o uniform rules
of construclion which are far from satisfactory. The foof is
too heawy, and its excursion badly calculated; Lhe knee, too
loose, betrays the considerable inertia of the lower leg by
means of jerks; the lower leg itsell, accordingly, is subject
to sudden osciltations, which have Lo be corrected by the
impulses of the other leg; otherwise the necessary eafension
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of Lhe limb in ils phase of verlical support will not be obtained.
Ahove all, the arliculalions are nol in their right places; so
thal Lhe wearer runs the risk of an occasional accidental
Nexion of the knee ; lhal is, of a [all.

These faults are i Lhemselves suflicienlly serious : I need
not thercfore insist on the insufficient allachment of the organs
by means of siinple braces; the incorrect formation of the
thigh-pieces, which do nol closely embrace Lhe supporling
surfaces of Lhe slump ; the resonance ol wood, which makes
a sounding-hox ol lhe appliance, and its Iragilily.

In the viclims of ampulation who have worn arlificial limbs
of the American Lype, and have covercd a mile or more at
their own pace, I have noled a deflcclive, oflen dangerous,
and always faliguing gait. Neverlheless, there are some
American models which appear to me Lo bhe highly satisfaclory.

CXXVII. Expert Examination of an Artificial or
*« Wooden ** Leg.—The method of observalion Lo be applied to
prothetic appliances of Lhe lower limb is lLwo-fold. On the one
hand I regisler, on my dynamogiuphic gangway,* all the phases
of supporl and propulsion, the locomotive efforts, and the
duralion of the elemenls of aclivily of the two legs, the normal
and the arlificial (Fig. 89). On Lhe olher hand, I measure, by
means of the respiration gauge (p. 74), lhe expenditure of
energy involved by walking 1 kilomelre with the model under
examination.

We may state simply that the gangway records, for cach
of the Lwo lower limbs, four kinds of forces: ihe supporling
pressure, the backward impulse, and the lateral Llhrusls,
outward and inward, as shown in Fig. 90. The apparatus
consisls of levers resling on springs of calculaled strenglh,
which are in conlact with small rubber bulbs, The graphs
obtained (Fig. 91) show that peasants naturally walk with a
gait rather similar to that of the arfificial limb; ihey throw
the feet outwards a little, and the backward impulsion is
negligent. Every defect in locomolion which can be imputed
to the model under examinalion is clearly revealed in Lhe trac-

L ¢\R. Acqd. 8., 31 July, 19186, Val. CLXIIL, p. 130.
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b bn the Dynamographic Gangway.

-Teating an Artificial

Fia, 89,
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‘We may thus pronounce, withoul fear of error, on 1he compara-
tive value of the different models, 8nd on ilie progress accom-
plished 1n their manufacture.

A failhful, precise, and impartial gnalysis i5oh Lained, which
will prove a rehiable guide Lo the technique of or Lhopaédlcs,
and will ferlilise (he mind of the mventm

The gangway is also employed in order Lo watch Lhe ellects
of the funclional re-educalion of the limbs; 1l correcls ithe
process, and accelerales it.

CXXVIIL. A Model Appliance for a Case of Femoral
Amputation.—) will here describe Lhe Lype of arlificial
leg (Fig. 92, Lo the left) which is at presenl Lhe best. Lel us
begmn wilh the thigh-piece. This is precisely like Lhe Lhigh-
piece of Lhe type alrcady deseribed, wilh 1ts organs of atlach-
meni, girdle and hip-picce, and brace with double buckles ;
its organs of consolidation are Lwo laleral slandards and {wo
metallic hoops. The knee conlamns iwo hinged articulations
contrived, in a line with Lhe transverse axis, i the standards
of Lhe Lhigh-piece and the lower leg, They are countersunk,
with a check which limits Lheir play 1o an angle of 85° of
fexion. The external cheek forms a porlion of Lhe melallic
standard of the lower leg; it is fixed upon Lhe other by means
of a pivot and lock-nut.

When the appliance is in use ihe articular cenire of the
knee should be 2 of an inch behind the line of the coxo-femoral
articulalion. The standards are elbowed 1o give 1his resnll.
The Lhigh-piece is modified in Lhe Iower portion; the leather
cap is pierced by a slil running in an antero-posterior direction,
in order to allow an elaslic Lractor, T, Lo pass through it.
The objeat of the latter is Lo oppese a grealer or less resistance
1o the flexion of the knee. [t i5 therefore made adjusiable
at will, For purposes of adjustment a calgul slring is altached
to the inlerior, in front, at Lhe base of the slandards ol the
thigh-piece ; it extends at leasi 13 inchgs beyond the tolal
height o} the cap, and is attached to a spiral spring of
steel, of appropniale strength. A strap of tough, flexible
leather, pierced wilh eyeletied holes, completes Lhe attach~
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menls of Lhe Lraclor. Il passes Lhrough a litlle window
conlrived at ihe base of the call, in a prolongalion of the

To1 Cases of Amputation of Thigh. For a Caseof Amputation of the
lower Leg (short stump),

Fia. 02.~-Artificial Legs in Leathel,

malleolar circle, and makes it possible Lo regulale the lension
by hooking this or thal eyelet on the stud on Lhe foreparl of
the limb.
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The elaslic equilibrium of Lhe knee is completed by 'a
tractor T, which acls upon the posterior [ace, being firmly
Tiveled Lo Lwo allachments, on the lower porlion of the thigh
and the upper portion of Lhe call.

Finally, Lo prevenl ihe leather from * giving,” lhe shi in
the cap, and lhe upper edge of ihe calf, are bound wilh a slrip
of steel which keeps Lhe material slrclly in shape. Il 1s
riveted wilh small copper rivels.

The lower leg or * gailer ” 1s a sheath of moulded lealher,
approaching as closely as possible lo the shape and size of
the sound lower leg. Two lateral slandards, about }} of
an inch in widlh, riveled to ihe leather, cnsurc 1gidily.
They lerminale al the upper extremilies in lhe arliculations
of the knee, while al thewr lower exlremities Lhey are drilled
lo receive the axis of the malleolar arliculation. A semi-
circle of sieel, placed behind and a little below the knce,
strengthens the standards and the lealher sheath., The foot
is wholly of wood, or the [ore part F may he of fell, glued upon
the malleolar porlion. In either case Lhere will be a * wooden
ankle,” wilh socket articulation; Lhe shank-piece I[urmishes
the socket or mortise, and ihe [oot Lhe lenon.

A steel axis, covered wilh leather, traverses ilhe whole
joint and the lower extremities of the slandards ; it is inclined
from front to back and from inside lo outside, in order to
ihrow the foot outwards, so that il makes an angle of 15°
with the antero-posterior line.

The angle which the lower leg makes with Lhe fool is one of
90°, which may be increased to 110° only. These limiis are
assigned by the uniform and elastic aclion of a ** double-aclion
spring, made of steel wire one-sixth of an inch in diameter.
The felt toe-piece gives lighlness, and also a flexibilily which
may dispense with an anterior articulation.

Fig. 93 shows, beside the type which has been described,
the average weight of which is 7§ 1bs., models constructed of
wogod, either of French or American make. The fool possesses
two articulations ; the cheeks or abutments are padded with
rubber, The appliance worn by the cripple is lhe most
interesting, This French model is characterised by the
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ingenious arliculation of Llhe knee. Ilcre we see a check-
‘piece, C, with lwo clhows, Tormed of a piece ol sleel which
is pivoled on an inlernal axis siluated al the base of ihe

Fig. 03,—Models of artibomrl Legs 1n Wood (the two cential Modlels)
and Leather (left and 1ight).

thigh-piece, the free end of which abuls upon the poslerior
surface, of the lower leg (Fig. 94). Il resls in contacl \
with this surface owing to the action of the tractor T. This
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mechanism fulfils a double {unclion ; il limils the forward
play of the thigh upon the lower leg Lo an angle of 180°; and
it aufomatically righls the lower leg in case of a flexion greater
Lhan 90°; which prevenls all possibility of a Iall.

When the flexion exceeds 90° as
when Lhe wearer sils down, for
example, the traclor ceascs Lo act.
This resull, 1L is plain, depends on
the position of the pivot of Lhe check-
piece, and may he calculaled exactly.

The whole appliance, for an ampu-
tation of the thigh, wecighs 6% Ibs.,
and allows of a very comforlable
gait.

Neverlheless, in the case of ampu-
ialions of Lhe Lhigh the orlhopaedisls
should aim al the conslruclion of
arlificial legs weighing nol muore
than 2 kilogrammes (4 lb. 7 oz.).
The uses of multiple-ply wood, or
duralumin should make such a result
possible without impairing the strengih of the appliance.

Back

CXXIX.—B. AMPUTATIONS OF THE LOWER LEG.—Any
stump exceeding 2-8 inches in lenglh is filted with an appliance
of the fibial leg pattern; Lhe parlicular model being No. 1
(Fig. 95), No. 2, or No. 3, according to thelength of Lhe stump,
the last being intended for cases of the so-called {(ibio-tarsal
amputation, in which only Lhe fool is removed (Fig. 96).
In all lhese cases a sufficient * scallop ”’ or ““ window ” musl
be contrived at the back of the knee. The * gailer ™ or leg-
piece is of moulded leather, which must be extremely rigid ;
it is lined wilh tough chamois-leather. The upper edge is
padded in froni; this serves to support the weight of the
body : it is the principal supporl. To lls support we musi
add (he pressure uniformly distributed all over Lhe stump ;
it moulds ilsell, accordingly, on the sub-condylar iables of
the tibia.
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Frg. 85 —Tinal Model No

Timal M el No. 3, for 11hio-tasud
Amputation.

16.

Fia,

No,

Tihal Mo
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It is here that a correct moulding should be the aim of the
maker. The analomical application of Lhe appliance demands
very carcful attenlion. The support will he chieflly laleral,
the weight hearing on Lhe ouler surface of Lhe lower leg;
if 1L weie on Lhe inner face 1t would he produclive of pam.

The same applies to Chopart’s amputation,® which enables
the subjecl to sland upon the slump; bul Lhe Lwo bearing
surfaces are so adapled as lo intervene sximulianeously.

If the stump of the lower leg 15 less than 2-8 inches m length
it will he flexed, so that the cripple will * walk on lus knee ™
(sec Ig. 92).

CXXX.—C. DousrLc AMprT vrions.— Incasesol amputalion
of both the Iower limbs the appliances will be designed accord-
ing to the foregoing indicalions. Ilowever, subjecls who
have sullered amputalion of beth thighs will he provided
exclusively with legs ol the * peslle ”” Lype, wilh locking jomls,
well and strongly constructed, the normal lenglh of Lhe shank
being reduced by 2 to 4 inches, according to the case. Theie
must be no sacrifices for the sake of appearances ; such would
be criminal. Thigh-stumps which can be filted with artificial
legs wilh free joints are exiremely rare.

CXXXI. Prothesis of the Upper Limb.—This prothesis
is more dafficult than thati of the lowerlimh. For along time 1t
was neglected ; notlong agoil seemed to be given up in despaur,
and Lhe experts in parlicular laughed al the idea of making
a one-armed man work. The early allempls, by Laurenl (in
the fifteenth century), whose name is recorded by Paré, by
Father Sebastién in (he cighiecenth cenlury, and by the
Comle de Beauforl in Lhe nineteenith century, were by no
means encouraging. Hugedé, in 1873, had no beller success
with his model arm.

‘We therelore applied ourselves lo Lhe subject, and after a
ihorough study of il we discovered Lhat 1l presented no insur-
mountable difficully from Lhe technical and mechanical poini
of view.

1 An smputation which leaves only the hesl and Lhe astragalus or ankle-bone.
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By means of an erperimental aim (Frg. 97), with a spherical
joinl, which could be locked al will, to 1eplace the wrist,
wilh a steel rod for Lhe fore-arm, and a means ol atlachment to
Lhe thorax, all the poitions hemng capable of modificalion and
adjustable at will, we were able lo devise and construcl a frue
arlificial arm, capable of performing hard manual labom ; simple,
shrong, and praclical ® I

I'e, 97.—Wathing Aim bemng tested, with vanous mehensile Attachments
tor holdmng Tools.

On the other hand, a skilful orlhopaedist, M. Cauel, under-
took, under our direction, investigalions which enabled us
to conslrucl a mechanical arm, enlirely aulomatic in ils control,
wlnch 15 suilable for Lhose following the * liberal prolessions.”

These 1wo models, Lhe worker’s arm and the mechanical
arm, may be adapled lo all amputations of the upper limb.
They offer the advanlage that they are quickly construcled,

t Journal de Physologi~, p. 880, 1915,
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according to a Lype which is, 80 Lo speak, slandardised, so
that these models can be repeated with slight variations.?

CXXXIIL.—A. Awmruration oF Tiue UrecR ARM.—(q)
Worker's Arm (Amur).—The model known as Amar’s worker's
arm (bras de travail Amar) is adaplable lo all ampulations
leaving a slump more lhan Lwo inches m lenglh, measuring
from Lhe line of Lthe armpil. Il comprises : lhe allachmenl ;
the brachial shealh; lhe melallic [ore-arm; universal holder ;
universal ring ; hook ; and parade or *“ show ” hand.

The altaclunent consisls ol a scapular portion and a lhoracic
portion (Fig. 98).

The scapular poilion consists of a plaque of lealher, moulded
to shape, and lined with fine Lough lambskin or chaimois leather.
It should descend as [ar as the horizontal line drawn Lhrough
the armpil, and should cover ihe shoulder for a widlh of
36 to 4 inches, coming inlo conlacl with Lhe acromial arch
withoul overlapping il. The thoracic portion is inlended 1o
hold the former firmly in position. It is a girdle of leather,
of flexible calf-skin, or of inelaslic fabric, 1-6 inches in widlh ;
it is fixed at ils two exiremities, by means of Luhular rivets,
to the shaulder-piece. IL encircles the lhorax, passing
under the opposite armpil, where it is covered with a moveable
sleeve of lambskin or chamois, padded, and eighl inches in
length. In its dorsal parlion the girdle conlains a segment of
strong clastic webbing, 24 inches in lenglh. In fromnl il is
Iaslened by means of a nickel-plated buckle (preferably without
a tongue).

The braclial sheatl is of moulded leather, as rigid as possible,
and lined with sofl leather; it is split down the froni, the
edges revealing a wide slrip or Longue of Lhin flexible callskin.
The closing is assured by sewn and riveted straps and small
buckles. It possesses a melallic reinforcemenl consisling of a
dome of steel |, inches in thickness, which is prolonged by
{wo standards, situated on the outer and the inner side
respeciively, the whole being forged in one piece. The
standards are rivefed ﬁ:r.::ley lo the leather (with copper rivets).

t Jules Amar, C\R. dewds S, 18 Maroh, 1916, Vol. OLXIL¢ p. 401
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The dome possesses a ceniral core of sleel, which is brazed

on; il is bored for a tap of infernafional pifch (10 mm. and 1+5
mm.).

Shou/o’er-plece

Parade hand

Fro, ¥8.—Amar's Worker's Aim with Parade Hand and univeisal Guip or Pliers,

The outer rim of the sheath is convex (the radius of the
curve being of some length) and projects upwards; the inner
rim is slightly hollowed at ihe armpil.
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The articulation of Lhe sheath al the shoulder consisls of
three siraps or lugs, faslened by Llubular rivels ; an acromial
strap of flexible leather, which supports the whole apparatus ;
a dorsal slrap, longer, and of slrong claslic wehbing, giving
an elongalion of 1-6 1nches; and an anlerior sirap ol llexible
leather, or even of elaslic webbing.

The tolal lenglh of the brachial appliance will be less than
that of Lhe sound arm, Lo permil of Lhe allachmenl of a picce
ol steel jomnled Lo the forc-arm ; unless a disarficulalion of the
elbow is in question.

CXXXIIL—The melallic fore-arm consisls of a rod of sleel
weighing ahoul 64 ounces; 1ls form guar anLu.s greal slrengih
wilh a small mass.

IL is provided wilh a sockel jomnt cul in a cylindrical piece
of steel which screws into the tapped hole in the dome. This
joinl is controlled by a small lever on Lthe ouler side of the arm.
A lock-nut makes il possible 1o place the slem in any plane,
while the joini of the elbow allows ol angles ol {lexion varying
from 180° to 45° The free extremity of the fore-arm is hored
and tapped wilth a thread of the pitch already menlioned, in
order that il may receive the following appliances; the universal
holder, 1he universal ring, the hook, and the parade hand.

The holder 1s of bronze or forged steel ; 1l is shaped like a
lobster’s claw. Ils characleristics are: a ball-and-socket
joint, enabling it to be turned in all direclions, and fixed in
any given posilion by means of a small locking-screw and lever ;
and an eccentric, to ensure the firm closing of the jaws, which
open by means of an aulomalic conlrol, actuated by a small lever
which is afterwards pressed downwards (sec Fig. 98). The
tips of 1the jaws make it possible o seize a tool or any olher
object ; lools fitled wilth a handle are Lhrus! into a special
funnel-shaped holder, where they remain firmly [fixed.

The universal holder suffices the worker for the greal majority
of purposes ; but the universal ring may also be used (see A,
Fig. 99). This comprises a steel head, part of which forms a
serew (international pitch); it is drilled in two directions, ibe
axis of the holes heing ai right angles, so ihal one hole apens
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inio Lhe oiher. In one of these holes is placed the shank of the
ring, which 1s fixed by means of a locking-serew with lever
handle working in the other hole. This shank is shaped ‘with
a grooved neck, so that it may be turned freely without falling
out. The hook, B, is sufficienily explained by the figure ;
it is fitled inlo the same head as the ring. Grip, ring, and
hook are nickel-plated.

Finally, the “ parade hand ** is made of wood (lime); it is
well shaped, resembling Lhe sound hand as closely as possible ;
the fingers are half-flexed and
rigid ; they are splil along their
length from froni to back, and
a thmm shp of wood with the
fibres runmmng longiludinally is
inserled, m order 1o increase
their strength. The lhumb is L ockin
jointed, and opposed to the Serew
index and middle fingers. The
tips of the thumb and the

first iwo fingers are counler- A
sunk and provided with rubber
Washer
pads. In the centre of the
wrist is fixed a threaded shank, Universal Ring.
ihe pitch of the thread being Fre. 00,

as before mentioned, so that it
may be affixed Lo the fore-arm. By means of a nickel-plated
band, which is serewed on, the lower portion of a rigid leather
sheath is allached to the wrist. This envelopes the fore-arm as
far as the clbow, where the edge is hollowed out to permit of
access lo the locking-nut. A small opening at the base of
the sheath gives access lo the locking-screw at the exiremity
of the fore-arm.

All the threaded portions should be made with an easy
eniry, corresponding to three threads, in order to obviate
fumbhling and economise the wearer’s time.

CXXXIV.—(b) Amputations very near the Shoulder, and
Disarticulation of the Shoulder.—If the stump 1o be fitted is
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less Lhan iwo inches in lenglh, mcasuring [rom Lhe line ol the
armpit, or if the npper arm has been disarliculated, the proce-
dure will be as follows :

In the first case, Lhe model should be the parade arm, No. 1.
With this il is still possible to ulilise, though only to a very
slight exlent, the small moveable slump of lhe arm, and the
muscular power of Lhe shoulder.

o

A A AR

/ Mollded
;ggﬁe:_

Tickin,
or drill

a8 0 A

Fie. 100.—Waistcoata for Amputations, leaving a short Stump o1 none.

This type of arm is characterised by its organ of allachment,
which consists of a waistcoat of sirong perforated fabric, with
celluloid eyelet-hales, perfectly fitting the thoracic cage. Itis
laced bdck and front, On ane side is a shoulder-piece of flexible
leather, to support the appliance; a counter-support of padded
leather passes under the opposite armpit, The waistooat will not
be qut too low, or it will allow too much play (Fig. 100, A).
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The waislcoal may, according lo circumstances, assume
different forms. Half may bhe made of lealher moulded to
the Lhorax and the shoulder involved ; it should be Lined with
lambskin or chamois. Numerous ventilation holes are pierced
through Lhe leather; and a metallic remforcement, formed of
a sirip of steel Lwo-Lhirds of an inch in widih, should be affixed
Lo Lhe edge, on the oulside. The other half of Lhe waislcoal
may be of very strong ficking, with padding under the armpit
(B)-

A last type of arrangement may be left to the choice of the
patient. It consists 1n joining the semi-corset of perfurated
leather to a wide counter-support of padded leather placed
under the opposile armpit. The Lwo portions are connected
by straps arranged as in G, riveted al their extremilies, and
containing an elastic inserlion (¢, €). This arrangement is, in
my opinion, the best.

The brachial sheath is enlirely closed ; it reaches ihe crest
of the acromion on Lhe one side, and the armpit on ithe other,
and is held in this position by the three links already described
as supporling the worker’s arm. But these will be short,
in order that they may not allow ithe appliance foo much play.
Lastly, the shank of the fore-arm will be of reduced dimensions,
except as regards its length. The altachment will be modified
if the shoulder is anchylosed ; il will form part of the brachial
sheath, but will be perfeclly moulded, covering the middle
part of the clavicle and the spine of the scapula, and will be
cut away at Lhe armpit.

In the second case, when the shoulder is disarliculated, the
type of arm fitled will be parade arm No. 2, whose character-
istic feature is that the waislcoat is replaced by a semi-corselet
of moulded leather, reinforced by strips of sleel, as in B (Fig.
100). The remainder of the corselel is made according to
the patlern of the semi-corselet of ticking or Lhe sirapped
waistcoat. The leather is moulded into 2 cap simulating the
shoulder ; and this cap must be very strong, being reinforced
with sieel bands if need be, in order to protecl ihe slump.
The arm is attached by means of a detachable hinge, which, is
closed by a reversible cluich, or by a key. A large indentation,
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edged with a ribbon of sleel riveled to the leather, enables
the arm Lo be affixed to the shoulder-cap. The external
standard of lhe brachial sheath is therefore prolonged
{0 join the acromial band of steel, being articulaled in a

Jornted
Thumb

Worker's type
of Farearm

For disarticulation

of the Wrist. X4 .. =

l:'rj versal Pliers.

F16, 101,—~Waorker's Type of Fore-arm (Amar).

line with the transverse axis of the shoulder-cap. A scrcw
and nut limit the oscillations of the arm to 45° in front
of the body and 20° to the rear; which is sufficient for
appearances.

As for the hinge, it is situated at the peak of the acromion,
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and its full cxcursion raises lhe arm to an angle of 90°; il
should be given a width of -8 inches to 1 inch. The wearer
can then withdraw the arm at will, while his shoulder is pro-
tecled against Lhe possibilily of shock.

CXXXV.—B. AmpuTaTION OF THE FORE-aRM.—There are
lwo cases to be considered, according lo Lhe length of the
stump.

(a) Cases where the Slump measures more than 2.6 inches
from the inlernal Crease of the Elbow,—The model will include
the worker’s type of forearm, in which the brachial sheath is
largely cut away in Lhe neighbourhood of the elbow (Fig. 101) ;
its slandards will accurately follow the slight bi-concavily of
Lhe upper arm. At ihe extremities of these standards, and
those of the shealh of the [ore-arm, lwo thongs of flexible
leather, T, shaped like a figure 8, are fixed by means of steel
screw-bolts and nuts. These thongs are made long and narrow,
so as to permit of Lhe full degree of pronation and supination
of which the stump is capable. An elbow-guard of dogskin
or other tough material covers the elbow, and is sewn lo the
posterior and opposing edges of ihe two sheaths, leaving
play for a flexion of 50°. The shealh of the fore-arm is made
a tight fit, and is closed for shorl stumps; for longer
stumps it is laced or buckled on the anierior face.

Cul away at the elbow, it should allow of the [ull degree of
flexion possible Lo Lhe stump,

IL terminates in a dome and a shank of steel, provided the
length of the latter is not less Lhan 3-2 inches, in which case
the shealth will be continued to the wrist. In a case of dis-
articulation of the wrist lhe ceniral core G of the dome will
be brazed Lo the oulside instead of to the inside of the latter.
This must be {aken into account in making the parade hand H,
which musti be hollowed at the wrist in order to receive ihe
screw attached to the dome.

The principle of all these arrangements is to keep the dome
in contact wilth the stump, in order that the sensibility of the
latter may be wutilised to obtain an increased dexterily of
movement.
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CXXXVI.—(b) Cases where lhe Slump of the Fore-um is
from 1-6 lo 2-4 inches in length.—Shorl stumps of the fore-arm
are usually a gieal obslacle to prolhesis. The [following
arrangement, known as the lever fore-arm, solves the difficulty.
The standards of the brachial shealh are sirengihened at the

Fi6, 10%.~YLeter Fore-arm (Amar).

lower ends, and form a hinge with the two arms of the stirrup
(Fig. 102, S). The axis of the double hinge is stricily in line
with the transverse axis of the elbow-jaint, which is inclined
from without inwards, and from above downwards, at an angle
of ahout 10° It is essentidl ta allow for this inclinalion. An
iron ring R (made of  inch rod iron) surrounds the stump at.
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a distance ol 1-2 inches from the crease of the elbow, Il is
made to rotale upon one of its diameters. The posterior arc
of the ring is covered wilh dogskin, which is sewn to the ring
on Lhe one hand and the brachial sheath on the olher. This
must be of such dimensions as lo allow the slump Lo deseribe
1ts greatest degree of flexion. A sirong elastic traclor atlached
Lo the anterior porlion of the ring 15 affixed Lo the brachial
sheath by means of a forked strap. ‘This brings the ring
back to its first posilion, and prevenlts the slump from escaping.

On the axis of Lhe elbow-joinl is mounted lhe slirrup, the
arc of which affords a maximum of slrength; the slump
controls il by means of the ring, communicaling Lo it all the
flexion and extension possible. It is [orged in one piece, of
wrough!l sleel, being at least half an inch wide and one-
tenth of an inch thick. The articulations permit of a {lexion
of 75°, being counlersunk hinges mounted with bolts and nuis.

In the centre of the arc of the stirrup is a brazed attachment,
bored and lapped with a thread of internalional pitch, lo
receive 1he shank of the [ore-arm S, which is only 4 inches in
length, and 1n thickness is equal to thal of the parade arm.

All the models which have been described are perfecily
practical and of proved strength. They are so well adapted
Lo professional needs that during 1wo years’ experience of their
use no modification has appeared desirable.

CXXXVII. Various Appliances.—Before examining the
Cauel fype of mechanical arm, which is intended morc parli-
cularly for the “liberal *’ professions, we musl meniion certain
appliances which scem Lo offer cerlain advantages Lo the work-
ing-man.

In France inventars have been inspired by Lhe type fitted
with the universal holder or pliers. A model has been recom-
mended which is equipped with a universal joini, which is
certainly extremely mobile, but is unsuitable for the exertion
of any great efforl. It cloes not presenl any real improvement
over the simple universal ring, the grooved ihroat of which
gives just the mobilily desired in appliances required for
purpeses of manual labour, and also for the exerlion of force.
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The pliers with universal joint is a specialiscd organ ; now it is
by no means Lhe object of prothesis Lo produce such, but, on
the contrary, to reduce the number of special working appliances
to a minimum,

Many other invenlors have fallen into Lhis error, who,
after considering this or that professional operation, have set
themselves to devise—and not without success—a series of
adequale insfruments. The same cripple would be obliged,
under Lhese condilions, Lo mount upon his artificial limb now
a file-holder, now a chisel-holder, elc.; involving a waste of
lime, and implying a [aully adaptation of the slump ; incon-
veniences which it is imporiant Lo avoid in the case of wounded
men seeking employment.

IL is moreover recognised thal allhough Lhe execulion of
certain movemenls is correct when one of lhe specialised
attachmenls is employed, olhers are dislorled, owing to a
lack of synergy arising from this very specialisation.

Nor must we seek to transform the arlificial arm into an
agent of support, thereby complicating its function. The
example of the magnetic hand is, in this connection, one of the
most enlightening. The magnetic hand* consisls of an actual
electro-magnet, the form of which varies according Lo the 1ool
to be held (pincers, pliers, chisel, file). In the case of the file
the electro-magnet assumes the aspect of a pot, attached by
a sleeve to the fore-arm, a ball-and-socket joinl being inter-
posed (Fig. 103). The coils receive the current from a portable
electric battery, or the factory circuit; contact is made or
broken by the other hand or the foot.

It may readily be imagined thal such an arrangement is
cumnbersome, despite ils appearance of flexibilily ; we must
also lake into account the magnelic inerlia of ithe appliance,
the fumbling to get the magnet in the right position, the neces-
sity of providing every tool with an iron armature, and the
difficulty experienced by the wearer in co-ordinating his
movements with the making and breaking of the current.
‘We may also mention that the cost of the current consumed
must be a considerable expense to the manufactorer.

' The Kleotrical Review, 14 Janusery, 1916,



TIIE RE-EDUCATION OF WAR-CRIPPLES 297

In Germany, il would seem, Lhe lendency is Loward a simple
and unjversal prothesis, similar Lo thai whose principles I have
been defending. The objecls pursued have been convenience

of work and ils low cost. Such, in my opinion, is the true
doclrine.

CXXXVIII. Mechanical Arms,—DMechanical arms are in-
lended Lo realise anlomalic movement; and in particular to

Ball-and-socket
Joint. .

Fra. 103,—Magnetic Hand.

allord mobility of the fingers. These are iherefore articulated.
‘We have an example of such arliculation in the jointed thumb
of the parade hand, which is sometimes controlled by a cord
actuated by the shoulder of the opposile side. The best
models of mechanical arms are those of the Cauet type. 1
have for a long {ime been seeking to improve this Lype of arm.
To-day il is certainly the best,

The essenlial organ of these appliances is the hand, which
is articulated, and is made of mefal, with the exception of the
tips of the fingers, which are covered with cork, rubber, or
felt, in order to lessen shocks and improve their holding power.
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The play of the articulalions is assured by lhe movement
of a breasl-band which encircles the Lhorax, or of braces applied
to lhe shoulders; ihese movemenls are iransmilled Lo lhe
hand or fore-arin by sleel cables (Bowden wires).

Articulated Hand
Steel shell, Fingers
Faced with cornk

Ry SN W

N

ire ceble
Tendons

S (Shell
CJ Gam-plate

;f ’.';‘Iprings
T

Fm. 104, —Articulated Hand (Cauct Type, Amar's Madel).

Let us now consider a few details of these arms :

() The Articulaled Hand.—It consisis of two shells of metal
enclosing a cavity having the shape of the hand; in th
interior is a plate on which the fingers are mounted by means
of hinges working ¢n a ¢common pivot. They are kept in‘a
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closed position by springs altached Lo their bases. The fingers
arc conlrolled by levers or tendons of sicel, T, which pass
through a cam-plale C. To this cam-plale the sleel cable is

Steel/ Cable

Leather Sheath

Articulated hand
(steet Faced cork)

I'G. 105.—~MNeahpaical Arm for en Amputation ot tho Fore-arm.

altached ; il works in a sheath, and is altached to the breast-
band (Fig. 105).

(6) This latter is of leather, lightly made, and containing
an clastic porlion, cansisting of springs which keep it lying
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snugly on the chest. To Lhe lwo ends of ihe breasl-band are
fixed the cable and the shealh respectively. Whenever Lhe

Metaliic Braces (covered leather)

Shoulder piece
(ll:ather')P

cElastic supports

Spring pullin
braces together

,,,,,

Steel cables .

Metallic carcase
» (@avered Jegther)

Articulated hand
(steel faced cork)

Fia, 106,—Mechanical Atwm for Amputations ot the upper Arm,

chest increases its girth by an effort of inspiralion, or by the
action of the muscles expanding the ribs, the cable acluates
the cam-plate, and the fingers graduaily open, There are no
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sudden movemenis Or lhe fingers may in the first place be
in exlension, so thal the cam-plate acts with contrary effect.
(¢) Various modificalions of Lhe greatest simplicity make 1t

Metallic carcase
{cavered with Flexible leathar)

Stee! Cablea

Apticulated hand
{tnner face cork)

Fie, 107.—~Meohanical Arm for Casea of Disaticulation of the Shoulder,

possible to adapt the articulated hand not only to subjects
who have suffered amputation of the fore-arm, but also 1o
those whose upper arm has been ampulaled, or even dis-
articulated. In these two latter cases a control for the elbow
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is added : Lhis conlrol is aclualed by the shoulders (by means
of sleel braces) and (ransmilied Lo the forc-arm by a second
sleel cable. The organs whichreplace a porlion ol Lhe fore-arm,
or Lhe upper arm, or Lhe whole limb, are made of sheel sleel,
covered wilh leather, or of lealher only; they correspond Lo
Lhe indications of analomy and physiology withoul prejudice

Fro. 108.—Crippled Typist using meehanical Arm,

to their mechanical qualities, which remain the mosi important.
For the resl, the machanical arm may be combined wilh the
worker’s arm, in the sense thal the articulated hand may be
mounted on the latter arm ; we shall then obtain automatism
of movement, and also Lhe great strength of the worker’s arm
(see Figs, 105 to 107 and further on).

CXXXIX. Employment and Qualities.—These mechani-
cal arms may he employed by all persons who follow g business
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or sedenlary profession, withoul laligue and wilhoul eflort
on their part. They fulfil one most imporlanl recuirement ;
Lhey make il possible [or those who have suffered disarticula-
lion of the arm, or Lhe ampulation of bolh arms, lo lake hold
ol objects, and to perform Lhe litlle aclions of evervday life.
For the artificial hand, wilh ils shell, ils cam-plale, its lendons,
and its arliculaled lingers, capable of Lhe mosl gradual move-
ment, weighs in all only some eleven ounces ; connected,
by sleel atlachments, Lo a fore-arm, it weighs in all about one

-h‘\ PR ]

Fig. 100.—Ciipplod Violipist furnished with a mechanical Am.

and a half pounds; while the whole arm never exceeds Lwo
pounds seven ounces, Yet it enables the wearer io lift a
weight of fifleen (o eighteen pounds between lis flexed [ingers
and the opposing thumb ; Lo pick up with the finger-lips a
pen, a pin, or a match; to bullon his clothes; lo lake out
his handkerchief; 1o write; to lurn over Lho leaves of a
book. The hand opens by ahout 3% inches when the fingers
are completely exlended, by the eflort of an inspiralion or an
expansion of the ribs which is not in any way painful or
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laborious. Ihave even found thal the exeicise of this move-
ment develops ihe chest. However, in Lhe case of Lhose
whose upper arm has been ampulaled the hand musi be
controlled by Lhe opposile shoulder.

The Lramng required by the user of the mechanieal arm 1s
very hriel ; n forty-eighl hours the wearer 1s able to employ
1L Lo perfeclion. And he may, by following ihe rules already

Fiu. 110 —Ofhcen provided with & mechanical Aum (Amputation of the
upper Aim),

given in respecl of the sensory educalion of the stumps, train
himself 10 graduale the efforts excrled by the melallic fingers,
to acquire an indirect sense of touch. In this way we have
known the wearers of such arms Lo operate, with sufficient
dexterity, the keys of a typewriter or calculating machine
(Fig. 108) or the keys of a piano, and even the bow of a violin
(Fig. 109).

Many officers who have suffered amputiation of the upper
arm very near the shoulder have been fitted with mechanical
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arms which have enabled them (o mount a horse, Lo hold the
reins firmly, Lo hold the scabbard of the sword, and, more
often than not, lo relurn Lo the army at the front (Figs. 110
and 111).

IT 1l somelimes happens Lthat a delail of construchion seems
of a nalure {o [avour the movemenls or the exerlions of Lhe

Fio. 111.—The same Ofhocer on Horseback,

cripple, it is in no case difficult to work it out and apply it.
The mechanical arm, like the worker’s arm, is adapted strictly
and wholly to the professions for the exercise of which it has
been designed. Theory and practice agree on this poini:
it is impossible that it should not be recognised.

CXL. Other Models of Articulated Arms.—The prothetic
laboratory has nevertheless lesled and investigated other
types of the artificial arm. In the short space which I have
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reserved [or prolhesis in lhis popular work on Lhe subjcct
I should find il difficull 10 describe them all ; for which reason
I have called the reader’s ailention to those whosc meril
has to me appeared inconicstable; whether from Llhe iesls
made in the laboratory or from practical demonslrations
before competentl observers.

ITowever, I will mention an American model, the carcase
of which is of wood, and in which Lhe mechanism 18 inlended
more parlicularly lo exerl efforls of lraclion. The appliance
is heavy ; it is possible to lifl objecils only when the hand is in
a horizontal plane ; it does not grip wilh sufficienl force, and
its price is high.

Other models are of use only to those who have suffered
amputalion of the fore-arm, as they are conlrolled by the
flexion of the elbow. With these il is impossible Lo lake hold
of anything if the arm is extended ; or il the lever placed in the
elbow acls upon extending the arm ihe contrary case oblains.

IL must also be said that the majorily of ihese iypes are
made of wood, and are lherefore fragile. To oblain the
aulomatic action of Lhe fingers is not everything if the force
necessary for the performance of the actions in which the
interveniion of ithe fingers is indispensable is not available.

I have purposely refrained from discussing appliances in
which this essential point has been overlooked; as tihose,
for example, in which the hand is opened by Lhe rotation of a
wooden disc which forms a second palm, a rolalion eflected
by the pneumalic distension of a small rubber bulb. Here
we have a total absence of nalural appearance, of gradualed
control, of strength, and, I should be inclined to say, of any
possibility of utilisation.

CXLI. Functional Prothesis.—The name of funclional
prothesis has been applied to the lechnical method which
assists or replaces the performances of a muscular function
in any case of infirmity. The term physiological orthopaedy
would be more correct.

In this speci¢s of prothesis two different purposes are
possible : either we have fo profect the seat of the wound, and
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support a limb which is definilely powerless, or Lhe newo-
muscular condition is capable of improvemeni by lhe resloration
of Lhe funclion, [avoured by a mechanical appliance, which
has Lo he dewvised for Lhis purpose.

A slalic operation m he fusl case s a dgnamic operation
in Lhe second case; such are lhe modalilies of funclional

Ife. 112—Sphmt for radial Paralysia,

prothesis. It is, Lherefore, diverse in its methods ; its appli-
calions are numerous, because the wounds in guestion are not
all alike ; differenl lesions produce very different effecls ; and,
in short, every problem in this province of science is always
a question ol a parficular case. Mechanics and physiology are
here absolutely sovereign. They complele one another; and
we may add that one would be of little use without (he other.
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In principle the slalic appliances resemble Lhe ordinary
types of prolhelic appliances, made of leather, and arlicu-
laled ; they are proteclive; they are adapled lo fraclures of
the limbs, Lo cascs ol psendarthrosis, lo arlicular disorders,
to cases of anchylosis. The dynamic appliances ulilise ihe
traction of springs or elastic bands Lo correcl, and, al need, Lo

Fig. 118,—The same domg Office Work.

improve the molor condition of Lhe hand, the fore-arm, the
lower leg, the feot. They are employed in cases of paralylic
lesions, reseclions of the elbow, elc.

The choice of the appliance and ils mode of application
should be inspired by simplicily, convenience, and adapiation
fo the work fo be performed. el us, for instance, consider the
case of the alyminium splint fer radial paralysis. A small
plate of metal supports the hand, while the splint envelops



1IIE RE-EDUCATION OF W \R-CRIPPLES 309

the wrist and keeps Lhe supporling plate 1n place (Fig. 112).
This arrangemenl 1s enough Lo reslore sirenglh and movement
to the member involved: Lhe subjecl giadually recovers
almosl Lhe whole ol his professional value (Fig. 113). Duch-
enne, of Boulogne,* gave parlicular allenlion lo Lhs problem

Fio. 114.~Improved Apphanoe for the Cmo of radial Paralyss,

©of the muscular paralysis of Lhe hand and fingers, His models
of appliances for elastic traction have been lhe subject of
endless imitalion Invenljon, in devices of lhis Jind, has
become all but impossible. For Lhese old techmcal methods I
will refer the reader Lo the Arsenal de Chirwigie contemporaine? ;
mentioning the very simple and economical models of Privat
and Belot only as matlers of hislorical inlerest.

1 De Vélectrisation localisée, Pars, 1861, 2nd eds
* Gaujot and Spillmann, Vol. 1., p. 602, et seq., Pars, 1867,
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Ingenuity of applicalion, however, is ol Lhe greatest imporl-
ance ; above all when based upon physiological facts. Fig.
114, in this conneclion, represents an improved model which
makes use of the principle of the mechanical arm. The wearing
of this appliance reslored the normal movements of Lhe hand
and the wrisl in Lhe space of len wecks. Which means that
by intervening in good lime one often succeeds in arresting
nervous degeneralion and atrophy.

Very rare are Lhe circumstances in which functional prothesis
cannol assist the wounded man to readapt himself (o his work ;
a facl which the physician and Lhe orlhopaedisi musi nol
forgel. Il should be a guide to Lheir experiments.

France has done much, in the person of her surgeons, her
physiologists, and her mechanicians, to diminish the misfor~
tunes of lhosc who have been grievously injured by wounds
received in baltle or by lhe accidents of indusirial life. It
would have been strange if in this countiry, in which prothesis
had ils birth, where in all ages ihe knights who have had a
hand blown off by a bombard have applied, so {o speak, for
new members Lo our specialisls—humble locksmilhs or melal~
workers ; it would have been very surprising, I say, had Lhe
ingenuity of our scientisis and our artisans failed to manifesl
itself with brilliance and distinction in a domain in which arl,
science, and humanity meet together.



CHAPTER XII

THE RE-EDUCATION OF WAR-CRIPPLES (continued)

111.—ProrEss10NAL RE-EDUCATION

CXLII. General Remarks.—Funclionally re-cducated, and
equipped with the prothetic appliance which remedies his
infirmily, his mutilations of ihe fingers, or his loss of a limb,
the war-cripple may profilably be subjecled 1o a professional
re-education properly so-called. I have already staled (§ 102)
that for lhe last forly years the methods employed in such
re-educalion have had a character of charifable relief in-
compalible with ihe spirit of industrial enterprise which is
making ils influence fell. The Scandinavian institntions,
in which crippled children of bolh sexes receive a summary
apprenticeship, and work in private workshops, which ignore
all the laws of economics and the condilions of production,
constilute models which should nof be capied where soldiers
are concerned. Ifor these latler are adulls; they usually
know a irade; they are far from being abnormal or outcasis.
It would bhe absolutely unpardonable did such a confasion
of ideas persisL in 1the minds of our organisers. And it would
be absolutely contrary to the reality to suppose that these
wounded soldiers are incapable of being ulilised, in a methodical
manner, in industrial pursuits. Finally, in almost all cases
they must be {ree Lo manage their own affairs, to work in work-
shop or factory, in town or couniry, unsubjected to the
slightest constramt.

For these reasons any work of true re-education should have
recourse to a slrict technique which gives the wounded soldier

a1l
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a professional orienfalion, which measures and disciplines his
strength, and analyses and adapts his movements Lo the
prothelic appliances and Lhe iools which he employs; and,
in a word, oblains the maximum outpul {rom the latent
reserves of individual energy.

In Germany ihe Munich Inslitule, aliended by three or
four hundred young men, has eflected a cerlain improvement
upon Lhe institulions already mentioned ; and Lhis because
it aims al a regular apprenticeship. However, the general
spirit of lhe movemenl is not very different. IL is still a
charilable inslitulion for lhe assistance of children. Since
the beginning of this war the Germans and the Auslrians
have endeavoured to cstablish a form of organisalion beiter
adapted to the nceds of the wounded soldier, which in many
respects reproduces 1the form which I have been recommending
for the lasl {wo years.! Let us therefore sum up the elements
of this scientific re-educalion.

CXLIII.—1, The Education and Evaluation of Efforts.—
In this connection particularly the analysis of all the physio-
logical and mechanical faclors of lahour becomes of decisive
importance.

From the physiological point of view we determine the condi-
tions of pace, force, and the daily working hours which will
obtain the greatlest output from the wounded soldier. The
efforts of the muscles are graphically registered, so that we
can appreciale iheir intensity and regularily, and their suc-
cession in space and time,

This analysis allows no anomaly Lo escape it, such as might
be caused by some infirmity which is hardly apparent; or
by an incorrect prothesis, or by the incapacily of ihe subject.
From this circumslantial examination we oblain information
of great practical valuze.

To begin with, we learn that if the stump of the upper arm
is less than 5 inches in lenglh it will not permit of continuous
and regular work of any duration unless it has been function-
ally re-educated to the desired degree. Otherwise the fatigue

* Joleg Amay, O.R. Agad. Se., Vol. CLX,, 1 560, April, 1016,
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would be so great thal ihe worker could not long hold oul.
A thigh-stump less than six inches in lenglh renders locomotion
difficull for lhose who have Lo walk frequenlly on account of
their work. The factor of faligueis of the greatesl imporlance,
as il enables us with cerlainly to appreciate the professional
capacities of wounded and mutilated soldiers, whalever lhe
orthopacdic appliances with which they are equipped.
Becausc they have not laken this faclor inlo account ihe
amateur re-educalors have seen Lheir schools, if 1T may call
them so, deserled by those who confidingly repaired Lo them for
lessons which should profit them in the future.

Lel us lake lhe case of an arm, one of whose segments is
powerless, or even of a prothetic arm. The tracing made by
ihe Lool—file, plane, or hammer—will show that the iniensily
of the efforls is diminished, revealing a certain incapacily lo
press, or Lhrusl, or conirol the lool (Fig. 115). In the irregu-
larity of lhe curves we pereeive a hesitaling muscular aclivity as
yel imperfectly re-eslablished, especially if the process of func-
tional lraining is only commencing. I this aclivily, even
though enfeebled, is nol restrained by an artificial limb, the
dynamographic curves are all similar, and the LIracings
assume, if we may say so, an individual, personal characler,
by which we may recognise Lhe degree of incapacify for work.

By making an average or mean iracing, which is a summary
of the curves produced by normal workers, skilfully exercising
the same craft; and by remembering the fact ithal unequal
and dissimilar curves belray simulalion, we shall obtain a
scienlific basis for estimaling ihe incapacify to perform work,
and for unmasking the malingerer. Any other method appears
to me fallacious.

I have always recommended the inlroduclion of a technical
method possessing this undeniably objective character in ihe
expert investigation of industrial accidents, and the determina-
tion of military pensions. Il is inevitable that sach a methad
should be adopted.

Any attempt on the part of an infirm subject to increase
his effort involves difficulties of respiration, as is scen in
Fig. 115.
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If the curves are flallened ouf, by 1otaling Lhe recording
cylinder at a quicker rale, we shall be able Lo perceive Lhe
details more plainly. The eflorl of Lhe lefl arm commences
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before that of the right arm, even in case¥of infirmuty, and the
latter fulfils a funclion of suppord, particularly if 1t is an arti-
ficial arm (Fig, 116). ' The conceplion of tha grientafiofs of the
arms when working results from this investigatiom; and 1t is
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preciscly of Lhis investigation Lhal the adaplation of prothests
Lo professional cducabion consists  ‘The healthy himb should

Y

<<<<<<

T 117 —Analyss of Woik and Fatigue in the Case of an Aimless Wor ke

as a rule guide and conirol lhe tool, the artificial or infirm
member serving only as §upporl (Fig. 116a).

In cases i wiuch the upper arm is amputaled (Fig. 117),
we, may deduce from the pecords the advantages of this or
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that posilion as regards lhe devclopmenl of the maximum
eflcclive power. In such cases Lhere is nol and cannol be a

culation of the prot
s Work of a Subject wh suffered Amputation of the
\g to the Angle of the metall Elbow and the Length e Shank of the Foie.aim,

owing the Improvement in

g B
symmelrical aclion of Lhe arms; and lhe inequality which
necessarily resulls diminishes the output of work.

In reducing this deprecialion to a minimum, it is by no
means a matter of indiffercnce whether ihe prothelic member
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acts upon the handle o1 lhe eslienuty of Lhe tool, whether
1L exet s the molive loice, o1 15 Lhe duecling v1gan, whelher
the aiticulabion of the elbow is no longer fiee, o1, if the atbicu-
lalion 15 anchylosed, whelher 1L 15 [ined al this angle 1alher
than thal, o1, lastly, whelher the stump bansmils 1ls elloat
to along o1 ashoillever (Fig 118)  Prothesis must theiefore
collaborale 1 Lhe process of 1e-educalion, and must be mi-
malely connecled wilh professional technique  No cdnaidera-

Fie 119 —TCoaminga Lett handed Worker with therelt 1cgictering Toinling plane

tions of cost musl be allowed lo prevent the employment of

the appliances best adapled Lo utihse tha entue social ontput
of ihe wounded soldicr.

CXLIV.—2. Education of the Movements,—The Forma-
tion of Left-handed Workers.—I have slated thal the at tificial
arm fulfils, as a general Ulung, a funclion of suppoif, the sound
arm dong the effeclive woik. This facl is self-evident m
cases of ampulalion of the lefl arm, when the 1:ghl aim 1elains
its normal actrvity; al leasl, 1t 1s £o 1 righl-handed subjects.
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Frg 120,—Education of the Movements by means of
the dynamoghapho Hammer
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But in the conlrary case il is absolulely necessary io re-
cducale the leflt arm, so that it may acquire the slrenglh
and dexterity of the ampulated member. This is easily
cfiected : in the first place, by means of lhe self-registering
jointing-plane (Fig. 119), ihe patienl follows the adaplation
of his appliance and the quality of his movements, which
he trains in slrenglh and accuracy, increasing his pace and his

Hammer (.3 2 lbs

Sterike

Time /in Y% second

Fre. 121,

warking eflorl day by day. Then he assures himself that
his left arm is beginning to strike a very quick blow with the
hammer, and that he can just crush a morsel of chalk placed
upon an anvil, despite the amplitude of the movement.

The dynamographic hammer (Fig. 120) gives a graphic record
of the elements which form this example of physiological
pedagagics (Fig. 121): the amplitude of the hammer-stroke
is measuved by that of Lhe curve; the duration, 7, is regorded
on the cylinder; the force exerted is expressed by the pro-
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duct, m v, m being the mass of the hammer and v ils velacity.

The trajeclory of the hammer is measured by the length of
cord { unwound from a large aluminium pulley ; this acluates
a small pulley mounied on the same
axle, and conirolled by a spring
which re-winds il (Fig. 122). The
cord which runs from the spring lo
the small pulley moves the inscribing
needle upon the recording cylinder.
Lastly, we must accustom the left
hand 1o trace an oval of .8 inches by
1 inch, and a square whose side is 1
inch, which are cul out of a sheet
of copper. This stencil is placed on
the paper, and thec edges of
the aperlures thus formed are
followed by means of a pointed
peneil or stylus. The repetition
of these different exer-
cises, at an always
increasing pace, guaran-
lees the formation, in b
or 6 weeks, of skilled left-
handed men, able to
work, write, play, and
draw with accuracy.
Educaled or intelligent
subjects acquire this
capacity in a very short
Tee. 192.—Self-registoring Hammer, time. Agricultural
labourers lake longer Lo
train, and one is obliged lo acl upon their minds by

1 The ratio of the pulleysis 1 : 15, so that the araplitude of the curves, mulli-
plied by 15, gives the trajectory of the hammer. From this and the registered
duration of the stroke we dednoe ihe velooity per second, », of the hammenr.
And as we know the weight, w, of this tool, we can euloulate tha mass, m. Hence

the produe’ ﬁ: or ;—l-, X ; (g being the value of gravity).
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frequenlly repcated examples, and by the frequent handling
of agriculiural implements.

All things being considered, a ceriain clumsmess will be
displayed by these newly-made lelt-handed workers, which
will take some time lo disappear; but it will be much less
perceplible in callings requiring Lhe exertion of sirenglh than
in Lhose which demand skill and dexlerily, and in the per-
formance of clerical work. Neverlheless, the facully of adapla-
tion is of superlalive importance, and some cripples will be
able Lo use Lheir stumps as well as Lheir sound limbs, We are
acquainted wilh exlraordinary examples, lo which we shall
not furlher refer, since such phenomena are not in accordance
with nalural laws, and we are concerned exclusively with
these.

GXLV.—3. Physiological Education.—Parallel Lo Lhis
series of observations we must pursue another whose aim is the
investigalion of 1espirafory exchanges, in order Lo deduce Irom
these the degree of faligue induced. In one position or anolher
of the body, or the tool, or the arlificial arm, eilher a wasle of
energy or an economy will be revealed by such measurements.

Hence we shall obtain information of very great importance
in the formalion of Lhe apprenlice and the worker: a true
object-lesson for ithe worker who takes pleasure in observation
and seeks enlightenment, and, above all, a guarantee
against overwork, and an indicalion of the danger of breath-
lessness, or dyspnoea.

I do not insist upon the olher physiological faclors, such
as lhe size, weighl, or sirengih of the subjecl, or the condilion
of his refleves, and lhe swillness of his reactions, which it
is possible to improve. These individual conslanis also are
a guide to the choice of a calling. They will be determined
when the functional re-education is sompleted. If ihis latter
were not judged to be necessary we should simply determine
the subject’s personal equation, his vocafion, his fastes and his
previous calling. A worker who has served the same employer
for a number of years is taken Lo be a well-behaved and respect-
ahle workman.
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The individual character must not be neglected, for it
affects the finding of employment. T also reveals another
aspect of working-class life—the cares of a family. When
his environmenti, his wile and children, do noi leave the man
the peace of mind necessary to good work, when illness or
grie[ has descended upon the home, the deepest wells of
human activity are poisoned, and there is a cerlain disorder in
his aclions and his ideas. Thus character is visibly affected,
and for the worse, despite the exercise of the sirongest deler-
minalion.

The wounded soldier, Lhen, reccives an education which
regulates his efforls and lus speed, diseiplining his movements
and adapling them 1o exact operalions, every detail of which
has been sludied. He is spared all superfluous faligue, all
waste of lime and energy.

This economy, and the skill and abhilily of Lthe worker, are
always increased by his inlelligence ; which, if it was nol
previously awakened, will be aroused by Lhe [heoretical instruc-
tion given during his re-educalion; a course of inslruction
which will be in harmony with his chosen professional orienia-
tion, and which will give him a certain knowledge of mechanics,
design, his own language, and accounlancy; or again of
agricultural chemistry, mechanical cullivation, rural economy,
elc. And [rom the sum of qualifications and ineclinalions,
recognised, encouraged, and evalualed, we deduce the direclion
to be followed by his apprenticeship or re-adaplation, and the
social value of the worker, the human factor only being con-
sidered.

CXLVI.—4. The Adaptation of the Tools Employed.—
Now in addition to these moral and physical aplitudes, which
are appealed to and encouraged, and which, in a sense, are
given first place, we must consider the mechanical faclors of
labour. To begin with, these faclors are determined by the
investigation of the principal movements necessitated by the
exercise of a craft. For, as a rule, the worker merely repeats,
withoul important variations, a cerlain numbeyr of gestures,
in which the different segments of the various limbs occupy
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well-defined posilions. From Lhis invesligation, which may be
simplified and rendercd as exacl as possible by cinematography,
we deduce the professional hierarchy of Lhe two members,
upper or lower, the preponderance of one over the other,
their separaie or combined aciion, the order of their succession
in time, and their trajectory in space.

No basis on which we could undertake the re-adaptation of
the wounded soldier and his orienifalion ioward this or that
calling could be nearcr the {ruth than this.

In the second place, the mechanical factor involves the
choice of fools, and the employmeni of machinery, motors,
and special devices, which, in workshop or factory, will sur-.
round lhe war-cripple with professional conditions favourable
to his useful employment. It may well be imagined thal a
mechanical improvement may modify ihe conirol of a machine,
facilitate Lhe execulion of a process, or simplify the movemenls
of the war-cripple, and thcreby be of considerable service
to him.

This or that operation which demanded the use of bolh hands
might be effected by one only, and wonld occupy a great number
of * armless” workers. Another, in which a small motor
might supplement the strength of ihe worker, would serve
the same purpose. If, for example, the accelerator or change-
speed gear of a motor-car or lorry were controlled by hand,
by means of a convenient lever, the one-legged chauffeur would
be able to remain at his old trade; and he would be given an
artificial leg instead of a “ pestle.”

The tools and implements are numerous in which mechanical
substitution is possible at a very slight expense. Controls
may be gronped so thal the worker need not move from place
to place; the weight of the work in hand may be counter-
poised ; and the means of adjustment of machine-tools (lathes,
drilling-machines, efc.) may be improved.

Thus it ocemrred to me to adapt for the use of one-armed
men the punch which is emplayed for perforating railway
tickets. Instead of holding the ticket in one hand and the
punch in the other the one-armed man hangs the implement
on his waistcoat, by meang of two patent fasteners, or a hook ;
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a small spring holds the ticket in place, and it suffices 1o press
the lever in order 1o work the punch and the dale-stamp (Fig.
123). This modificalion cosls a lew pence, and Llhere are
several thousands of posis on Lhe French raillways which might

Tie. 123.—One-armed Man uemg Punch perforating
Railway-lickets,

be filled by one-armed soldiers, Lhe normal workers heing
employed in olher branches of the services.

The Paris-Liyons and Medilerranean Railway Company,
which gave ear to my proposals on this subject, has adopted
the course indicaled, anxious to promote the welfare of those
splendid fellows, the French railway workers.

Such innovations should receive conlinual encouragement,
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and should be stimulaled, if need be, by prizes, and Lhis
particularly in the agriculiural world. One resull will be a
machinery of 1e-adaplation in the inleresls ol war-cripples, for
which they themsclves will provide the physiological data,
and which 1l will be necessary Lo introduce in praclice. But
care should always be laken nol to complicale Lhis maclinery.
When the war-cripple has been equipped with his worker's
arm, wilh the universal holder and universal ring, there are few
circumslances under which special tools or implements are
necessary Lo him ; he does nol experience the hesilalions and
the delays in ** gelling starled ” of which an employer, justly
concerned as 1o the time-sheet, might be lempled to suspect
him.

In prothess, the mulliplication of organs of prehension is,
both industiially and physiologically speaking, fallacious.

In Lhe Danish nslitulions, or 1n that of Mumch, the cripples
make use of 1ools and implements adapled io itheir infirmities.
But in ihese institutions neither time nor money matliers, a
point of view easily understood, but one which we are far from.
shanng. .

If I had proposed to discuss ithe problem of the work of the
blind, or of men who have losi both arms, I should have described
the special equipmenl which is adapled thereto, and which,
for these unforlunates, 1s absolulely indispensable. Bul this
would have led me away from my present programme.

I shall therefore reserve for the end of this volume a brief
survey of Lhe subject of relief by means of employment.

CXLVI]. The Advantages of Scientific Organisation.—
1. Tue PuvsioLoaIicAL VALUr or THE War-CrirrLr.—Tlns
melhod of organisation, whose exactness is beyond all douht,
has often seemed Loo rigorous and Loo scientific, and has aroused
the fear thal it would be difficult of application. This fear
is not only regrettable ; it is iolally unfounded. The scientific
method 1s as simple as il is reliable. Afler a prebminary
stage of falling into slep, which requires a certain amount of
attention, it can be applied with great rapidity. I have
observed some three thousand persoms, of all ages and all
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slalions, and I have never required ithem 1o subjecl themselves
to any experunenlation wluch was in the slightesl degree

. “%’;’ sird s

L

o

Fa. 124 —Cnse of Ablstion of the fowr Fingeis (Caapenter).

disagreeable. The majarity of the dala respecting the wounded
soldier, concerning the origin and results of his wound, his
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mental and physical aptitudes, his profession hefore the war,
the new inclinations which he may reveal, and his lamily
responsibilities, are collected in less than an hour. '

Tie. 195.—Tho ssme ab Work, thanks to speciel artifiolsl Fingets.

‘These various elements, carelully verified, with all possibility
of dispute eliminated, are tabulated on a form which consti~
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tutes the subject’s cerfificafe of indusitial qualifications (see
above). This certificate is personal. Nothing is wanling
but an indication of ithe professional capacities resulling from
re-apprenticeship or re-adaptalion. This will be added later.

Information of this nalurve, ohtained hy the melhods
described, inspires confidence ; it enables the interested party
‘to fecl his way, to choose his palh ; a more and more curious
observer of an inquiry which he understands, he emerges from
it consoled and encouraged ; he feels as though he had been
freed from that obsessive burden, anxiefy as regards the future.
Science has worked within him a moral transformation of the
happiest nature, which he does not seek to dissimulate,.

And nol only does the future workman or employé derive
from this examinalion a real moral advantage : he also becomes.
aware of his precise social value. The employer, too, is intro-
duced to this unsuspected sphere, in which he sees forces
recuperated which he helieved to be destroyed ; he feels, above
all, that they are trained to serve with a maximum of output.
For the rest, the certificate of qualifications mentions the loss
of dally output resulting from the wound, estimated by experi-
ment in conne,chon with a measured and recorded task.

GXLVIII -2 THE OUTPUT aF Pno:mnsrs ~-In the case of
those who have suffered the.loss of a limib by amputation the :
evaluatlon must be based upon the grav11.y of the mutilation
and the 1esoulces of prothes1s . Are some of the: phalanges
lacking, or ‘even. all the fingers, the thimd e:rceptetl‘7 The loss
of industrial capacity will be from 5 per cent. to 15 per- cent.,
.according, 1o the trade of craft, on' the condition that: the’
~missing " phalanges are skllfully 1ep1acec1 by prothetm seg—
ments.! . : :

“"The. cal-penter or. small maclumst is. then able to resume lus,‘
accustomed trade’ WLﬂlOlﬂ. apprecmble. inconvenience (Figs..
124 and 125) He hlmsell' succeeds in 1e-educa1.mg ms senm—'

P It I8 drﬂ‘ioult to ma.ke up fqr tha loss of & ﬂmmb, The Romu.ns exemptad

vitilated fr6m, mﬂlta.ry sarvme. Huwever, in’ the oae. of, callings -
Wh X ddimd | greaf. éﬁqrts’—_ :dlgxtal preaaure or nomptesslon prothesm'
“hias. .-sugaee ediin supplying-tairky:. useiul attificial bhumbs.‘ ' . .
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Liveness to pressure, and in correcting Lhe liLtle awkwardnesses
which at the oulsel characlerise most of his movemenls. The

Fic 126 —Mable Cutter and Sculpbor practisimg then CGralts at Home

amputation of one hand rarely forces a man to change his
profession ; and this also apphes to the loss of one fore-arm,
‘when the stump meaguyes mare than 1-6 inches from the internal
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crease of the clbow. The loss may he 1emedied by Lhe worker’s
iype of fore-aim, or by the leve: lype. The wealer’s vocalion
will decide the choice, and 1l 15 the pait of 1e-adaptation to
exploit the war-cripple’s 1esources of funclional power. He

Ifg 127 —Tniter worlang m his Employer’s Workshop,

may hesitate, may become discouraged, may disirusi himself.
The facts, clearly and adroitly displayed before his eyes, pro-
duce in him the determination to ##y. And this 1s everything.
The war-cripple who wanls to try is already near success.
In this connection I will mention vaiious trades and crafts in
which wounded soldiers—sculptors, maible-cutlers (Fig. 126),
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fitters (Fig. 127), hookbinders, tailors, printers—have been
able to resume work after a hriel training ; butl it was previ-
ously ascertained ihat their strength remained in a degree

g, 128.—Faulty Prothess (Aling Metal).

necessary Lo Lhe exerclse of Lheir callings, The ampulation
of the upper arm demands a more laharious re-education, which
only the scientific method can guarantee. In the case of
these major operalions the loss of ouiput is always from 15
per cent. to 30 pex cent., despite a superior prothesis.
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When this is defeclive, misconceived, or of an empirical
nature the outputl is considerably reduced. I find, for example,
that in one * School of Re-Education ” men are taught to
file by squeezing the handle of the file into a ring (Fig. 128).
Here, in the first place, is a mechanical fault, for the ring
has no articulation which iakes it possible, as with the
universal holder, io point the tool in any given direction ;
secondly, only a fraction of the power of the stump is utilised.
Similar details, all of which have their importance, show that
re-education must not be a matter of groping for results, or
of chance. '

For the resl, what conceptions can Lhe instructors obtain
to help them in the task of professional orientation, save those
which the observalion of prothesis in action, and an efficacious
-prothesis, enables them to form concerning the present vaiue
of the war-cripple, and ihe difficulty of his craft? I will
mention a sufficiently striking case. A. benevolent society
sent me a patient whose lefl upper arm had heen amputated,
leaving a stump 39 incbes in length. He was a maifre d'hatel,
and he was sent to me to learn whether he could. not learn
Russian with a view to becoming a hotel interpreter. . I need
not” describe -the amazement of the wounded man wlen I
advised him {0 resume his old calling." Yel he did so, and with
" success, Provided with a good worker’s arm, he was easily
"able to Thold Bis kuife, and display his skill in the art of Vatel.
The same thing happéned in the case of a foreman Dbutcher.
. Agricultural workers or farmers, provided one stump is of .
" greater length than' 4-8 mches, should be-ahle ‘to endureall
- the fatigues -of their calhng The yiniversal'ring and the hook
. are’ of mestlmable value to them.. -And-always, or “almgst
- always, the ar t1ﬁc1a1 orgar will serve to, sup poxt the 1mp1ement
" or'to bear upon it. Experiencé leaves me in no doubt what--
. €ver. upon this pomt Jbut our. peasants -must be mtenested
and 1nst1 ucted On the other hand ift a man is Iorced to desert
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CXLIX.—3. SimpriciTY AND Rapriprry.—To all these proved
advantages of the new method of re-education, let me add the
testimony of engineers and physicians who have been applying
the method for the last eighteen months. A period of 4 {0 5
weeks in my laboralory enables them 1o familiarise themselves
with the technical details of the appliances provided, and
the melhods of investigalion and professional orientation
employed.

Of the many institutions of which they are the directors,
in France, Italy, England, Canada, and Russia, I will make
particular mention of the Xcole Supérieure of Bordeaux, the
Roman school, and the Milan Institute. These eslablishments
are attended by an average of 75, 80, and 130 war-cripples ;
but they provide a real re-educalion, whose resulls are
reliable. The number of the pupils is tending io increase,
and it is found that the certainiy of the method employed
exerts a decisive influence upon the enthusiasm of the
candidates.

The benevolenl institutions which have been scaltered
here and therc at the inspiration of empiricism, and which
are slriving 1o atiain the same objecl, are wasling time and
money ; they are condemned to disappear, unless they strike
tardy roots into a better-prepared soil.

However, I will mention the workshops for the re-apprentice-
ship of subjects with mutilated fingers (Fig. 129); they are
economical, and facilitate the work of orientation.

In the meantime the scientific sysiem has proved ils qualities,
which we may characterise as follows :

It quickly and efficaciously re-educates the infirm or muti-
lated soldier; it guaraniees the endurance of the workers
it has trained, and also their rational utilisalion, and their
moral; the information which it gives the emplayee is sincere,
and it establishes a feeling of confidence; it disciplines the
professional activities, and inculcates habits of method and
order,

To fail to realise all the practical and effective truth con-
tained in these principles is to be gravely misled, and to incur
the heaviest responsibilities,
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CL. The Methods of Scientific Organisation musl now bhe
considered. Asrve-cducalion cannol he obligatory for all, nor con-
fined Lo a single region,! an aclive propaganda should he carried
out everywhere; in the family, in schools, and in public meelings;
in order lo induce Lhe hesilaling war-cripple Lo enler his name
without delay for admiltance to the cstablishmenls organised
for his benefit, in which are accumulaied such treasures of
experience, science, and huinan solidarity as no olher nalion
could offer him. I‘rom the day of his enlry unlil lhe day
when cmployment is found for him in commerce, indusiry,
or agriculture, Lhere will be nothing lacking in Lhe consideratlion
and fhe sacrifice Lo which he has an absolule righl.

I have said, and I repeat>—until, I hope, I have made
myself understood—Llhat pralessional re-education continues
and completes the functional educalion. The lwo logelher
conslitule an undeniable physiological unily.* Bul it is also
necessary thal Lhey should form a psychological unily, in the
sense that Lhe wounded soldier should bhe prepared for his
future calling from the fime he enlers the hospital. To this end
he will be given to read a sorl of guide and prospecfus, in which
will be described the kind of infirmity [rom which he is suffering,
lhe professional deslination to which il poinls, and the positive
results of re-education and re-adaptalion. Professors of
manual craftsmanship will visil Lhe hospital to give lessons
with cinemalographic demonsiralions. Above all the instruc-
tion given should be concrele and realistic, consisting of facts
ralther than of words. Let no promise be made il there is
risk of diSappointmeni on ihe morrow. Let Lhe wounded
soldier feel himself sustained by knowledge and experience

* The law of France to-day admits, as the result of the fortunate intervention
of M. Pierre Remeil and the repoct of M. Brunet, both deputlies, that professional
re-education is obligatory in the oase of any viclim of amputation who has the
right to o military pension. YLet us note with Monsieur Rameil that this re-
eduoatipn is the right of the wounded soldier, & right whioh places the obligation
rather to the charge of the State. (Conocerning this interesting dwoussion see
I Officiel, session of 14 April, 1818.)

* O, B. dcad. 8¢., 26 April, 1918, Vol, CLX., p. 550.

2 The phyeiological effects of professional exercises are now benefielally utiliged
in the Austro-German hospitals unde¥ {he name of Arbeits.therapie.
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uniled lo probily, and by Lhe malerial help of a generous
counlry. Il is imporlant Lo banish from his heart the bilter-
ness which is always left Lhere by charitable assistance.

To sum up: lo commence Lhe process of professional
re-educalion as early as possible; 1o sel Lhe bail, as it
were, in Lhe hospilals, by Lhe visils of compelent and highly
tactful teachers, by leclures and ocular demonslralions
whose leaching cannotl be resisted : such is Lhe indispensable
programme.

In praclice professional re-cducalion will nol reach all
our wounded soldiers. Sonte, who possess a cerlain compet-
ence, will relurn Lo Lheir homes, and will find some means of
occupying Lhemselves; well equipped, they can re-adapt
themselves to their work in their own way. Being educaled,
they will altach Lhemselves, by the Llies of intelligence
and delerminalion, lo Lhe general professional life of the
counlry.

Others—a very small minorily, I hope—will hide themselves
away, in indifference and idleness, which will inevitably drag
them down inlo poverly. These disastrous habils have had
lime, alas | lo assume a dislressing developmentl during the
years in which nothing has been done [or Lhe organisation of
the work of wounded soldiers ; while private inslilutions for
re-education have exhausied (hemselves in fulile groping.
Monetary assistance has been abused, since it has been given
without Lhe definite condition of being the reward of work,
and Lhereby a spirit of idleness and mendicity has been created
of which il will be difficult Lo cure the always interesiing
victims of the war,

This evil has been enabled to increase to such a point (and I
have invesligaled it very thoroughly in the wounded soldiers
whom I am studying, in Lhis conneclion among others) that it
has seemed 1o me irreparable ; and I recently complained of it!
in the hope of opening the eyes of those who, I can readily
believe, have closed them to the things of this world.

But we musl behave as if they would one day open them,
and describe the realities.

3 Revue Scientifique, p. 367, 1916.
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CLI.—Schools of Professional Re-education.—The great
majority of wounded soldiers, instrucled and slimulaled by
example, will resort lo the higher schools of 1e-educalion, lhus
denominaled in order Lo indicale thal a pedagogic and Lechnical
method will be employed in Lhem, wilh superior guaranlees
as Lo their organisalion. One will be crealed for each economic
region, the nature and imporlance ol lhe regional products,
and the resources of the producers—in ihe shape of plant
and equipmenl—scrving as guide. For France I propose
eleven regions, lhal is Lo say, eleven schools, dislributed
among Lhe cities of Paris, Rennes, Lille, Nancy, Lyons, Limoges,
Bordeanx, Toulouse, Marseilles, Algiers, and Tums. The
original grouping here indicated is by no means absolule,
allhough il seems Lo me ralional. One mighl replace lhe
cities mentioned by olhers, combining economic elements
such as our departmenls in [resh units.

Now the regional organisalion appears in lhis conneclion
to be opposed to the deparimental organisalion ; or, al least,
so some have supposed. The trulh is quile olherwise. Iiis
because ihere are so [ew cenfres that numbers of small schools
and workshops of re-apprenticeship, scatlered all over ihe
counlry, have been born of privale initiative. They have
followed the movemenl of the wounded inen emerging from
the military depéls; for all these men, once discharged and
restored to civil life, have {ried, more or less, to work and to
find situations. Generous people—whom we musi nol Lire
of praising in proportion to the indiflerence displayed by official
figureheads—have encouraged them by pecuniary relief, by
recommendations to employers, and by the improvised insti-
tution of special workshops. The Conservaloire des Arts
et Méliers has several such workshops, aflilialed 10 the labora~-
tory of which I am the director, if only for the sake of pro-
fessional orientation and the assistance of my prothetic
depariment. Can these small deparlmental organisalions
be made o harmonise with ihe existence of large regional
cenires ? Cerlainly, provided these latter undertake the work
of functional re-education, examine and provide appropriate
prothelic appliances, and draw up certificafes of qualifications ;
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afler which they will send lhe wounded and mulilaled soldiers
to their respeclive departments, where they will be near iheir
families ; that is lo say, to the local workshops, whose function
is then complemenlary and decisive.

CLIL—(a) THE ORGANISATION OF A CENTRE OF RE-EDUCA-
TioN.—The Higher School of Re-education should exisl side
by side wilh Lhese elemeniary workshops. Here follows an
account of its organisalion in France, as il should have been
from tihe beginning, and as Lhe regions and cilies of which I
have alrcady spoken—Bordeaux, for example—have made it
as a resull of my indicalions.

Each school possesses a fechnical department which preparcs
the cerlificales of qualifications, allends to all medical and
orihopaedic requirements, and underlakes the general physio-
logical examinalion which the cerlificale ilsell requires. In
Lhe same bwlding are inslalled workshops, adapted Lo the prac-
lice of the ordinary lrades and crafis of Lhe region. These
will necessarily be of many kinds, in order Lo atiract as many
pupils lo the school as possible. The iollowing trades in
particular will be Laught :

Orthopaedy ; mechanical cngineering (fitting, tool-cuiling) ;
industrial design; pholography (relouching, enlarging, and
prinling) ; shoe-making ; harness-making; saddlery; elec-
trical flting; Unsmiths’ work and the lesser mechanical
crafts ; lypewriling; the management of agricultural
machinery and small motors; Lloy-making in wood; the
making of hands and feet for artificial limbs; carpentry.

In some centres (Jura, Vienne, and Haut-Vienne) the prac-
tice of the lapidary art and ceramics will be developed, which
might yield France a considerable advaniage over other
couniries. If the numbers of those who have losi a lower
limb is large, and a change of trade becomes necessary, tailors
and weavers will be trained. Bul in general we must avoid
Xkeeping at the school those war-cripples who are able o resume
their old trades.

The direction of the school is entrusted to a competent
physician, assisted by an experienced engineer. Both must
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be taclful, and capable of judgemeni and rellection. Their
physiological knowledge will be in request every moment.

The physician is responsible for functional re-education,
prothesis, and orthopaedy, and observalions relaling Lo ihe
psycho-physiological qualifications of the wounded soldiers.
It is impossible {o divide these different services, to which the
assistants and instruclors are appointed. The viclims of
ampulation work at repairing or transforming protihetic
appliances, and installing workshops. Bul work of this sorl
should nol be specialised, o1 serious disappoiniments may
oceur.

The engineer, for his part, assisled by a few good professors
of 1he manual crafis, or by foremen, has to supervise Lhe general
and technical instruction of ihe men, and divide them into
professional categories. He keeps a walch upon the move-
ments of his patients and ithe good condition of Lheir arlificial
limbs, and he explains the best mode of employing them. I
have always remarked that the victim of ampuialion very
quickly completes his sensilive cducation, and shows, in Lhe
handling of his {ools, a dexlerily which amazes his instructors.
He is for them the occasion of many living object-lessons, for
expericnce, in this conneclion, is the only guide.

The teaching is not confined to workshop practice ; theoret-
ical courses arc provided; complementary insliuction in
science and literalure increases lhe average level of inlelligence,
and enables the brain to co-operate with the arms, when Lhe
latter are uncertain.

CLIIL.—(b) ProrEssioNaL ORIENTATION.—In our days, when
man has ceased io be an active parl of lhe mechanism of
the wonderful machine-tools of industry, to become a mere
agent of starting and slopping, in whom automatism has.
reduced to a minimum the gradualed and voluniary aclivity
of the muscles, we must lrain the grealer number of our war-
cripples for economical trades, which are nol faliguing, and
are often remunerative. I imagine that if small molors of’
2 to 5 h.p. were placed in i1he hands of our farmers they would
live more prosperous lives, and would render more fertile:
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and produclive (he soil which has been so unhappily
neglecled.

An examinalion of agricullural implemenls, wilth a view 1o
Lheir adaplalion Lo the use of war-cripples, has become a
necessary underlaking, bul has not sufficiently aiiracted the
allenlion of the Stale. When he first cnlers Lhe school lhe
farmer invariably informs me, if he has losl an arm, thal he
can no longer perform any agricultural operalion, unless io
give food Lo thelive-slock. Bul when he has been re-educated,
when he is equipped wilh the worker’s arm, with the universal
holder and ring, he accustoms himsell, firsl of all, Lo 1he use of
the dynamographic shovel : Lhen he employs, lurn by turn, the
ordinary spade and shovel, leaning on them and pressing them
into Lhe soil as ithey should be pressed; Lhen he strikes and
pulls with the mallock, or presses and pulls Lhe hoe or rake.
In a lew days after his 1elurn Lo Lhe countiry the farmer writes
to lell me that he is performing all his agricultural iasks
without assislance from any one.

In cerlain parls of Central France—in Lozére, Corréze,
Canlal, or again in Llhc Vosges—Lhe peasant mighi devole the
slack season—I{he winler—Llo making wooden ioys: a craft
in which his ingenuity, his habil of making something of
everything, and of doing everylhing wilh his own hands, would
find useful scope. This loy-making indusiry used io be
localised in Germany, in Niiremberg and Fiirlth. Already the
Italians of the Norlh and Lhe Swiss have reacted against this
monopoly. We, too, who possess Lthe wood—usually beech—
and the most skilful labour, ought Lo follow this cxample,
which costs so lillle in Lhe malter of initial oullay : a knife,
2 saw, sometimes a small lalhe, and a hammer.

Even in navvy’s work, road-making, etc., there is room for
one-armed men. I had several yards of a path paved by such
a worker, who employed a pneumalic paving-heelle, known as
a demoiselle. Il appears that ihis sort of work suils the one-
armed man Iar betller than it does the one-legged man, although
the reverse is true of the removal of soil. Two-wheeled barrows,
which are easy to guide, are obviously indicated for work of
this kind.
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In all Lhe Lrades or crafls hilherlo menlioned Lhe knowledge
of the movemenls and Lhe efforts required of the worker pre-
supposes a knowledge of Lhe use of tools. This 1s a very im-
portant poinl. Ol course, lhe director of the workshops

Fra. 130.—0ne-srmad Mechame making e Forging,

cannot contrive to be omniscient, but his gencral ecucation
and his experience should prevent him from making mistakes,
or leaving to his assistants Lhe lask of selecting the trade or
craft, to be followed by Lhe war-cripple. Otherwise it would be
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beller Lo induce him Lo relinguish his position. He must
1ealise Lhal Lhe onc-armed man is in a position Lo adopt Lhe
calling of a mechanician ; he can file, use and sel a saw, handle
Lhe shears and the chisel, grind and sel 1ools, drill holes wilh
the cenlre-bil and brace, and employ the tap and serew-plale
or dies. The sound arm will wield Lhe hammer (Fig. 130).

yhe P
X .
ik vt
‘'

Fra. 1831.—Wounded Soldien working the Jointing-plane,

Only Lhe lathe will present any real difficully. But this depends
on the kind of lathe; some can be conlrolled withoul much
difficully (Lhe capslan lathe, for example).

The war-cripple can also become a wood-worker ; he can
saw, plane, assemble and glue parts, drill, morlice, etc.
(Figs. 131, 132).

To-day the intelligence of the worker is an important factor,
which is seconded by the full force of technical experience.
This enables us Lo destine a fairly large number of war-cripples
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10 work wilh machine-lools, wluch will in fulure be employed
by the industnal world even more widely than al presenl.
The menlal vivacily which 1s one of the charactenslics of Lhe
French people will greatly conlrihule Lo this prolessional
adaplalion.

Fru, 132,—0One-armed YWorker culting Woed by means of
& Rip-saw.

If, on the other hand, we bring to these questions thal deter~
minaiion to realise the facts which is incumbent upon us, we
perceive that only an exasperating prejudice has prevented
the majority of crippled workers from obtaining employment,
and thal it has altected soldiers more than civilians, It is
fruly to offer gn insult to glory lo exclnde it from our work-~
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shops, humming with indusiry, or from the plains springing
into hfe behind the ploughshare.

The object of professional orientation 1s 1o reacl againsl
social prejudices by placing Lhe wounded soldier in the position
for wluch he 1s filled, in order Lo 1ealise his full economic
outpul

CLIV.—(c) Tuc Tive REQuIRED For RE-mpucaTioN.—IIoME
or CorTicE INnnusTrIES.—Bul Lhe technical departmenl of Lthe
school will be consulted by the pupils for all sorls of reasons :
some wishing to undergo a course of physiological Lraining,
which seems full of promise ; others secking some improvement
of Lhewr prolhelic appliances, or lo Lheir more careful adjust-~
menl, or simply—and I have had lhousands of such before
me--a circumslanlial exammalion of their capacilies, in order
thal Lhey may oblain lheir cerlificale of quahficalion ; this
they will send (o manufaclurers inclined Lo employ them, or
they will profit by il direclly by selling up on iheir own account.
For my pari, I hope Lo see lhis effort Lo revive the lile of lhe
complete workman, the home-worker, cncouraged. In tilus
Lhere would be nothing inconsislent with 1he lendency Loward
industrial cenlralisalion, as Lhe large workshops would, wilh-
oul loss to themselves, become accustomed Lo leave Lhe smaller
crafls and pelly commissions lo this class of worker, a class
capable of greal ingenuily and inventive power. The Stlale
also would benefit by lhis condition of aflairs, provided the
home-workers did nol fail to turn oul good apprentices.

As for the workshops which are established [or purposcs.
of re-education, lheir object is perfectly well defined: Lo
perfect the lechnique of Lhe handicrafls, and to adapl the
wounded soldier Lo selecled professional exercises, accordingly
as he 1s obliged o change his calling or to specialise in that
one of lhe deparlmenls of his crafl which is besl calculaied
10 husband his energies withoul diminishing their oulpul.

The fime requred for this re-education varies. Alihough
as far as manual labour 1s concerned a year conslilutes a
sufficient average, it must be temembered thal Lhe theoretical
educalion will requirée a longer lime; and il will be of a
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complete nalure, so thal it may form a working class élife
which will ilsell be ¢ualified to ieach.

The principle of the school will be Lhat of the boarding-
school, the men receiving board and lodging, while Lheir wages
will be reckoned according 1o a scale which may vary according
to locality, remembering that the loss of oulput in the majorily
of cases of ampulalion of the lower leg or thigh is praclically
nil.

Under cxceplional circumslances il may be useful Lo adapl
the syslem of Lhe day school in Lhe case of married cripples,
so thal Lhey may velurn to iheir own homes every evening,
Thus ihe schools eslablished Ior the purposc of re-educalion
distribute the benefils of instruction in pursuance of a definite
aim ; they develop the minds of lhe workers, and complete
their technical lraining, They delermine, being familiar
wilh the facts of the case, the industrial or commercial
destination of the wounded soldier, preparing him securely
to find employment and to iake his place in Lhe ranks of
sociely.

CL.V. Finding Employment.—For cverylhing must con-
verge upon lhe real object, which is o find employment for
the wounded soldier, The mutilatcd workmen who are helped
to set up for themselves, ithe young men who oughl Lo enler
the liberal professions, and whaose eflorts should be encouraged
by subventions or by gratuitous training—_ihese are examples
of the men for whom we are finding employment. One may
also count upon individual initiative. This or that employer
or faclory-manager will apply to you for one or several wounded
soldiers. I, personally, have received many applicalions of
this kind, 1o which I have responded by sending to the applicant
the required number of war-cripples, who have undergone
their course of re-education and received their certificales.
‘Thege certificates constitute an element of great value, because
the employer finds in them information which is intelligible,
exacl, and honest. Between him and his employee a solid
confidence is established, the foundalion of which is the
truth.
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A number of charilable societies have undertaken, during
the war, Lo collecl and centralise offers Lo employ war-cripples,
and lo elicil olhers by advertisementis mn Lhe Press, or Lhrough
the personal influence and conneclions of their direclors.
Beyond a doubl some of these socielies have 1n this direclion
furnished a generous contribution of palriolic zeal. Bul to
all attempts of this kind the more substantial influence of the
syndical chambers is Lo he preferred (Tradc Union Councils).
I am strongly of opimon Lhai Lhe Trade Unions should bhe
inviled to collaborate in the work of placing our wounded
and mulilaied soldiers. The greal faclories are in a position
to employ many lhousands of them, provided ithcy praclise
the division of labour, and lay down machinery which is
easily conlrolled. The Minisirics of Munilions in France
and England, some of whose works employ [rom 5,000 to 10,000
hands, ought to have adopled Lhis course long ago, and
might have done so withoutl diminishing the level of production.

They possess mcans of aclion superior Lo lhosc of other
Ministries.!

Certain great industries, especially ihe melallurgical, have
begun Lo make such ailempls, of Lheir own proper motion,
yiclding 1o Lhe spirit of solidarity which Lhe intelligenl em-
ployer feels in respecl of his wounded workers. I {rusi that
this example will rapidly become coniagious.

Commcrce also olfers oullels : the wounded soldier may
find employmeni as house-surveyor, newspaper canvasser,
newsagent, or newsvendor. Young men who, for lack of
apprenliceship lo a lrade, would adopl ihe calling of news-
vendor, should be laughl other trades, in which their arms or
legs would be necessary. Book-keeping will absorb a certain

1 After twenty-one months of war I read in the newspaper that the Under-
Secretary of Stale for Munitions had “ invited the heads of industiies to ariange
for the employment of war-cripples in all cases where it is possible 1o uiilse
them; as watchmen, inspectors, olerks, ele.” (Le Journal, 27 April, 1916.)
A more recent “invilation” *to ascertain the kinds of work on which the
interested party (wounded or orippled soldier) can be employed without incon-
venience  (ébed.,, 22 June, 1916), obviously constituted a perceptible step
forward. Sinoe then the Ministry has brought about the extensive employment
of such workers.
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number of wounded soldiers, above all those who are suffering
from radial paralysis, and those who have losl a leg. Banks,
business houses, etc., will employ them as typisls, copying
clerks, acconnlants, ele.

The essenlial thing is to prepare the wounded soldier for
his calling, so Lhal he may praclise il effectively ; then his
position will be secure, and he will escape the hazards of
charilable employment.

At the present moment the French Minislry of Labour is
making an effort, thanks to a Cenlral Office (decrees of March,
1916), Lo co-ordinate the scatlered (raining eslablishmenls and
employment agencies, and lo repair, if possible, the mislakes
which have been commitied.

CLVI. An Institute for the Organisation of Labour.—It
will be seen Lhat a complete preliminary study of the problem
was necessary before it was possible to obtain a ilhorough
grasp of the methods of re-educatlion. Il was also necessary
10 examine all the modes of its application, and 1o aclt with
decision and promptilude, in collaboralion wilh qualified
persons, grouped under a vigilant director. Lasily, il was
indispensable to possess a ceniral organism, comprising all the
mechanism of control and co-ordinalion. The school lo be
installed in Paris might, under the name of ihe * Instiluie
for the Organisalion of Labour,” become the organisalion in
quesiion : it might serve as a cenlre of advanced instruction
in the disregarded science of labour and apprentliceship,
and as a connecting link between ihe competenl depariments
of the several Ministries, and migh( introduce a little order
into a condition of affairs which is of necessity confused.

Let us, in fact, consider Lhe diversity of the departments
which occupy lhemselves with ihe loi of the wounded soldier.
In France the Service de Santé (Army Medical Service) is
responsible for matters of prothesis and psycholherapy, for
the discharge of soldiers from the army, and for the award of
pensions. General and technical instruction, apprenticeship,
and all the legislation which surrounds them, together with
the award of pensions other than military, unemployment,
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and industrial accidenls are Lhe province of Lhe Minislries of
Labour, Commerce, Public Inslruction, and Agriculture. The
whole Government is therefore engaged in this social iask, but
il is advisable thal a single mechanism should underiake it.

Such seems Lo be the malure decision of Parliamenl, since
it has entrusted Lhe Ministry of Labour with the duly of organ-
ising professional re-cducalion in France, Thus a [ormidable
wasle of lime and money will be avoided ; and unemployment
will be prevenled. Ilshould indeed be inexcusable in countries
in which Lhe enlire energy of Lhe nalion is required. I believe
the scientific method of re-cducation will produce, in both
employers and workers, an improved induslrial discipline,
and a higher moral and inlellectual standard. As soon as the
schools are in full working order, and employment secure,
two years will nol elapse hefore all our re-cducaled wounded
soldicrs will be in a posilion 1o gain Lheir livelihood, wilhout
owing anything to any one. Qur workers, arlisans and
peasanls alike, are counling on this; they are awailing the
aclion of the State with an impatience whose rapid conlagion
I have often regretied. No one must belray the hopes which
have shone inlo Llheir hearls. Il is the lime for decisive
action, for a greal obligation of solidarily is al issue, of which
the likeness is not Lo be found in human hislory.

CLVII. Relief Work.—The Seriously Wounded.—The
physiological organisalion of labour has an immensely wide
bearing, since it emhraces physical education and apprentice-
ship, social hygiene, and professional re-education.

In ihe special class of wounded soldiers we have seen Lhat it
enables the very greal majorily of infirm, weakly, and invalid
subjecls to return to normal life, and aboul 80 per cent.
of the mulilaled soldiers, of whom there are in Europe more
than 2,500,000.1

Bui the others, lhe seriously wounded; those who have
had {o suffer a double amputalion, and those who are tolally

1 There are nearly 80,000 in France, as against 2,781 after the war ?I 1870-1.
The belligerent countries number, on an sverage, one wounded soldier per 30
snhabitants,
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invalid, and, laslly, the blind? Whal can the scientifie
method of re-education do for these unlorlunales? Some
possess a degree of functional capacity so small thal it cannot
be used; some are only in slightly beller case. Otlhers
—even when their limbs are inlact—have losl Llhe most
importanl of the funclions of relalion : their sighl. Tor them
the ouler world has become a place tull of ambushes; a
heavy darkness has descended upon Lthe horizon which met
their eyes of old, and which, lo Lthem, was familiar.

Al these facts I reserved for the present chapler, since
they did not immedialely enler inlo my programme, and
because the normal social oulpul alone preoccupied me. I
should like, Liowever, Lo venture on a hrief survey of Llhe
problem of charitable employment or relief work upon which
the seriously wounded and the blind are dependenl. I do
not intend Lo attempl more Lhan a mere contribulion io'the
subject.

The equipment wilh prothetic appliances of those who have
losl Llwo or more limbs is a delicale malier, which demands
the fullest atlention. The remedy is a perfeclted prolhesis,
adapled as carefully as possible; a prothesis utililarian
rather than aesthelic. The lower limbs require less care.
The patient, with iwo good * pestles,” can enler some seden-
tary occupation; walking is comparalively easy, but the
man must be his own master; he musl be masier, too, of
his time, and able to study his own convenience.

The lilerally legless man, when he is poor, can only have
recoursc io bemevolenl assistance; it is his righl. Special
workshops would permit of the ulilisation of 1his calegory of
worker, whose oulput is oflen fairly high. The calegory of
those who have losl bolh arms or hands is more interesling,
if we may say so; for scientific re-educatlion benefits il very
greatly, both by exercising and training the sensitiveness of
the stumps, and by adapling them to the execulion of dexterous
movemecnts. Never has this physiological training appeared
more fruitfully beneficial than in the case of the blind.

The appliances of ithe Cauet Lype are those which best
satisfy the needs of those who have suffered amputation of
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bolh the upper lunbs, who, if Lhey are inleligent, can resume

Fig. 133 —Accountant, seated at a é Ta.ble. th h.lsFore-aLms
have bven emputated.
therr old occupations with appieciable results (Fig 133).
Bul more 1s needed for the blind.
AA
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CLVIII, The Physiological Education of the Blind.—The
better Lo define the principles here involved, I will take the
example of a blind soldier who had suffered ampulation of the
lelt upper arm and Lhe right fore-arm.

G. S., aged 41 years, married, and the father of two children,
was a dealer in forced fruits and vegetables. In his calling the
senses play an essential part. The man was ullerly dejected
as a resull of his mutilations. I took him, barely cicalrised,
from {he hospilal in which he was stilling his menlal anguish,
and I busied myself at first with Lhe sensibilily of lhe slumps.

THere is the method cmployed :

For a week the sensibilily is trained by means of the weighled
bracelet (§ 112).

This training is completed by exercises with the brachial
splint, and contirolled by Llhe spike aesthesiometer and ihe
pressure dynamomeler. TFinally Lhe aesthesiographic iable is
employed (Fig. 134). This consisls of a reclangular plale of
brass, P, with a (lue, F, which is placed over a small lamp,
bringing the whole up Lo a lemperature of aboul 86° Fahr.
In the cenlre of the plane surface appears a blunl point of
ivory, I, which by means of a micrometer screw, M, can be
gradually made to proirude. The extenl of this proilrusion
is, of course, known. At its base il presses on a Marey drum,
with an internal spring, and tle pressure can be registered as
usual. Under these conditions the palient is allowed 1o cxplore
the surface of the plate or lable, ihe point being at zero.
He moves kis stump over it in all directions; and lillle by
little the micrometer screw is turned. When Lhe patient
manages to deiect the ivory point, Lhe height of ihe projec-
tion of the poinl is read, and the pressure which the stump
has exerled in order to feel it is 1egistered.

From day io day Lhe results improve. The palient is now
provided with mechanical arms of Cauel’s type, and ihe sensory
re-education is recommenced, but is now combined with the
adaptation ol the movements, G. 8. has succeeded in making
himself useful in his old occupation; he no longer feels iso-
lated ; he is re-entering into possession of the aclive life which
at one time he thought he had left for ever. We live by gur
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senses, a lillle of necessily and a greal deal by habit. The

blind man has 1o lose the habil, and conlent himself with
the necessily.

CLIX. The Work of the Blind.—The loss of sight is more
grievous Lo some than to others. The man congenilally
blind has no conceplion of his loss; Lhe man blinded by
accident, on the other hand, allaches lo it an importance

134.—Employment of the Aesthesiopraphie Tauble in the Cose of &
bhind Cripple,

which depends on the sum of Lhe delights of which it deprives
him. The simple-minded man suffers, in lhis respect, less
than the cullivaled man. But one musl continually appeal
{o Lhe moral of Lhe blind, and employ Lhe finest lacl in dealing
with them.

The best means of forlifying their moral is to find work for
them, and preferably to re-adapt them {o Lheir old trades.
" Work manifesls the aclion of man upon the exlernal world,
and draws him away from the anxieties, the griefs, and the
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discouragement which have {rom all ime been ihe lol of Lhe
blind :

0 Smanthée Apollon, je péruasr sans doule
8 bt ne serg de quade & cet uveugle errant /

* O Sminthous Apollo, I shall suzely die 1f thou dost not serve as guide to this
wanderng bhnd man!”

Rut the god of shepherds is assuredly less usclul than a poodle
10 guide the blind farmer across the ficlds. For it seems 1o
me necessary to adapl the latler Lo the work of the soil and ihe
tasks of the [armyard. He has, in shorl, the necessary
experience ; he is familiar with aspecl and the use of agricul-
{ural implements. Well-{rained as regards his laclile sensi-
bility, and, al need, assisted by a boy, he can resume the
Jaborious life of ithe peasant. For the peasant farmers form
the majorily of those-engaged in agricullure.

Such is the case of L——, among others; a small [armer
smitten with blindness in the war, who, [urther, lost the four
fingers of his right hand, lhe thumb having relained a cerlain
though insufficient mobility. The arlificial hand with which
I equipped him enables him 1o make use of the universal ring
or pliers, or even of ithe parade hand. Iis movemenls are
being conlrolled and corrected, thanks to Lhe dynamographic
shovel, and his efforts evaluated, wilh a view Lo the possibility
of the necessary exertions. There are in general no praclical
difficulties in enabling the blind farmer to resume his old
occupations, cxcept, indeed, that it is important to malke it
easier for him to do so. If he has no kinsfolk who can employ
him, some benevolent society must place him in surroundings
which are familiar to him.

In general the process of re-adaplalion to work should be
the object of benevolent assistance, for it economises the whole
business of getting 1o work again, and of apprenticeship.
I have always, for example, recommended that blind men
who helong 1o the category of mechanicians, tinsmiths, lock-
smiths, etc., should he re-educated as (itters, and in the per-
formance of heavy mechanical work., The Reuilly establish-
ment has completely realised the force of my contention.
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These men work by Lhe fask and are paid by Lhe piece,
nejther more nor less than Lhe normal workers in the faclory.
Here is a profession in which our greal manufacturers can
encourage lhe pious work of assisting the blind.

The trades in which re-adaptalion and even re-apprentice-
ship are easy may be classificd as follows, in lhe order of
useful oulput: agriculiurc; coarse mechanical work; book-
binding; brush-making; mending and re-sealing chairs;
baskel-making ; packing (closing boxes of fruils and vege-
tables); cooperage; making wooden shoes; making small
baskets of raphia; massage; piano-luning; lelephoning
(for cuslomers).

It is in all cases advantageous lo train and exercise the
sensibilily by contact with ithe surfaces and the contours of
tools and shaped arlicles; for example, by ulilising a cube
of brass with rounded corners, Lhe radius of the various rounded
surfaces being unequal, and getling ihe blind man to recognise
and cstimale the differences. The chair-mender will pass
his fingers over Lhe straw, rushes, or cane of the chair-botiom,
counling the rows and inequalities of the prepared surface ;
and so with other kinds of work.

I have caused liLlle Lablecloths Lo be made of silk or cotlon
twisl, [or lea-lables. Swealers, mulfflers, ele., can be made
in the same sort of work. Ii is very easy to learn and very
remuneraiive.

These briel explanations will enable the reader to realise
how much thoughl might be given to ihe subject of relief by
means of work, a species of relief which affects so many
unfortunates, and which snalches them from a cruel fate,
while il extends the scientific work of organising human
activity to ground which we shall never tread withoul a
profound emotion and a pious respect.

CLX. General Conclusion.—Through the innumerable
forms of our activity, in the exertions of ithe body as well
as in those of the mind, a single principle appears: the
principle of order and harmony. All Nature obeys it: the
ray of light, as it is refracted or reflected, follows the shorlest
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path; Lhe slone which falls or is thrown from the hand
describes a minimum 1irajectory; the inslinclive movement
is also the most rapid. And man has never reflected that
his voluntary aclions squander lime and energy and riches
which would benefit sociely! TFor he needed self-control
and a rigorous science Lo avoid useless waste, and io keep
himself on lhe sloping path of routine. A demonsirative
experience was necessary lo make him understand that
economy, while husbanding Lhe expenditure of our energies,
mereases Lheir utilisalion, and Lhal this expendiiure should be
rational and methodical in every sphere which is open {o our
aclivities.

For it is a mistake to suppose Lhal the capilal of our physical
and psychical energies is inexhaustible. It represents a
sum, a lotal, of which we do not know ihe exacl figure, but
it cannol be far irom the equivalent of 150,000 horse-power
hours for the normal duration of life, with a useful effect of
about 10 per cent.

This would be a very small mechanical outpul in comparison
wilh that of inanimate motors, if we had not to consider Lhe
intelligence of labour and ils infinite variety, if 11 were not [or
the existence of fhoughf, which nothing hitherlo has becn
able io parallel.

The athlete is mistaken when he crazily dissipates his
strength. The working-man is making a miscalculation when
he refuses to improve the condition of his work by a more
skilful iechnique, an improved equipment, and a judicious
employment of his working day. The employer is mislaken
when he rejects the employment of wounded or mutilated
soldiers, a considerable reinforcemenl ol ihe normal workers,
and an imporlant source of profit ; and in general we miscon-
ceive the profound and veritable laws of social organisation
if we fail to put each man in the place which should properly
be his if he is to yield his full output. The day has come for
a conception of this organisalion which is at once scientific
and humane, and a source of concord and well-being.

TILE END
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vision of, 4; on piecework, 4, 7; resl during, 4, 101, 121, 128 :
Taylor's organisation of, 5, ef seq. ; muscular exertion, in, 64;
laws of, 99, et seq.; faclors of human, 98, 103, et seq.; profes-
sional, 125, ef seq.; agricullural, 137, 192 ; intelleclual, 168,
et seq. ; mental, 177 ; law of the division of, 185, 198, 207 ; the
righl Lo, 226 ; incapacity to perform, 313 ; of war-cripples, 311,
el seq.

Law, of lunclional hegemony, 31, 143 ; Fechner’s, 61; Chauveau,
103, 189 ; Amar's, 101 ; of repose, 101 ; Schwann’s, 139, 159 ;
of rhythm, 181 ; Chapelier’s, 181 ; of 1851, 186.

Labbé, 189,

Lachaud, 165.

Landouzy, 116.

Laplace, 61,

Laurent, 284.

Lavoisier, 14-16.

La Hire, 3, 10.

Le Chatelier, H., 5.

Leg, wooden, rigid, 264-5 ; wilhlocking-joint, 265 ; arlificial legs, 272 ;
et seq.

Lemonade, vinous, 222.

Lennander, 59, 77.

Lian, C., 115,

Liébaut, 193.

Limbs, orienlalion of the, 65 ; strength and compass of the, 147;
education of the, 146 ; phanlom limb, illusion of the, 250 ; utilisa-
tion of slumps, 259.

Localisations, cerebral, 51.

Locomotion, 162.

Lombard, 59.

Longevity, 44, 111-12.

Lussana, 115

Luzzali, 205.
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M

Machine, the human, 1, 342 ; machine Lools, 123, 326, 342.

Marey, 66 his drum or Lambour 67.

Marie, 51.

Marinesco, 51.

Marking lime, 134.

Malerial, employed in orthopaedics, 263.

Meals, hours of, 142-3.

Mechanisalion of indusiry, 185, 206, 342.

Mechanolherapy, 139, 143, 146.

Memory, 38, 179 ; organic, 39.

Menopause, lhe, 41.

Messimy, M. h1s scheme of nalive conscriplion, 211.

Meothod, 2, 5 9 ; physical, 2, 9; physiological, 12, ef seq.; in Lhe
observalion of labourers, 4, 6 ; graphie, lhe, 66, 194; see Order.

Melronome, the, 92, 150.

Meischnikov, 20, 105.

Millerand, 186.

Mbbius, 42, 63.

Momendl of a force, the, 159 ; of inertia, 263.

Montaigne, 167, 176, 181.

Montesquieu, 99.

Moral characler, 63 ; moral equality of the sexes, 63 ; morsl dejection,
256, 323 ; moral condition of the blind, 355.

Mosso, A., 77, 120, 151,

Molor, lhe molive portion of a machine, 11 ; the muscles as molors,
gz; the ulility of small motors, 137, 324, 342 ; in agriculture,

2,

Movement, human, 30 ; automatic, 30 ; wuseful, 7, 166 ; useless, 7,
66, 166 ; voluntary, 55, 70 ; in Lhe child, 53 ; lhe educalion of,
66, 194 ; the forms of, 143 ; force and amplitude of, 145 ; of Lhe
stumps, 259, ef seq.

Mozabiles, the, 214.

Mutilations (of the fingers), 261, 331.

Mutilated workers, 46, 66, 122, 123, 241 ; movements of, 146 ; sus-
ceptible of {raining, 230, 351 ; lhe total number of, 351.

N

Navvy’s work, 4, 348.

Nogroes, the brain of, 43, 52 ; the pigmentation of, 216.

Neuraslhenia, 116.

Neurones, sensory, 36 ; motor 36 ; nature of the, 36 ; inhibitory, 38,
50 ; ‘of assomauon 38; function of the, in thought 169, 178.

Narve-centres, resistance of the fatigue, 93,

Newlon, 99, 101 ; his Law, 176.

Nieati, 61.

(0]
Obesity, 34, 108, 107.
QOesophagus, 18,4105,
‘Office, technical, in industrial schoals, 341, 347,
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Order, 5, 9, 102, 166 ; ol ideas, 17, 175, 177 ; habiis of, 196.

Organlsgl.mn, scienlific, 6, 124, 326, 336, 338; methods of, 338 ;
regional, 340 : Inslitule of the Scienlific Organisation of Labour,

. 350 ; of sociely, 358,

Orienlalion : industrial and professional, 184, 312, 323, 324, 317, 348 ;
of the arms, 314, 336.

Orthopaedics, 47, 231 ; Lhe principles of, 237, ef seq. ; malerials em-
ployed in, 263 ; Commission ot Orthopaedic Specifications, 265 ;
physjological applicalion of, 306.

Oscillometer, Pachon’s, 78.

Osleomalacia, intatile, 33.

Osleopsathyrosis, 32.

Ostwald, 192.

Ottolenghi, 213,

Output, development ot the, 66 ; during faligue, 87 ; 1he ecconomic, 127 ;
the maximum, 128 ; Llhe agricultural, 137 ; the induslrial, 197 ;
of prolhelic appliances, 259, 331; diminulion of, 331; Llhe
normal social, 352.

Oxygen, 12, 23, 24, 27, 75, 95.

Pace, see Speed.

Pancreas, 20, 21.

Paralysis : due to crutches, 233 ; radial, 307, ef seq.

Paré, Ambroise, 57, 265, 284.

Pavloff, 23, 104,

Pensions, mililary, 313.

Peristalsis, 20.

Periloneum, the, 20.

Personal equalion, the, 53, 93, 150, 219, 322.

Phenomenon : of referred sensatlion, 248 ; Weir-Mitchell's, 250.

Placing, induslrial, of war-cripples, 228, 231, 348, ef seg. ; in charitable
employment, 351.

Plane, see Joinling-plane.

Plane, Lhe aesthesiographic, 354.

Plant, of workshaps, equipment, etc.; organisation of, 6, 122, 197 ;
gggp 565% to war-cripples, 122, 324, 326 ; in charitable employment,

Pneumograph, the, 83.

Poncelel, 2,

Power : calorific, 109-110 ; of amputation slumps, 242,

Pressure ; arterial, 78, 81, 115, 121 ; atmeospheric, 120 ; of the hand,
154.

Privat, Dr., 309.

Professional malformations, 46, 47 ; fatigue, 116 ; intoxications, 117,

Prothesis ; lor viclims of amputation, 66, 146, 241, ef seq. ; scientific
(principles of), 257, ef seq. ; mcchanical, 262 ; of ihe lower limb,
264 3 of the upper limh, 284 ; tesling of prolhelic appliances, 275 ;
functional, 306 ; percentage oulput of prothelic appliances, 331 ;
defective, 335 ; in cases of double amputations, 352 ; of the blind,
854 ; Commission of Prolhelic Specifications, 265.

Pscudarthrosis, 308,
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Psychical aplitude, 50 ; aclivily, 169 ; condilion of war-cripples, 256

Psycho-physiology, 39, 40, 56 ; law of, 60 ; of lhe worker, 194, 200 ;
of Lhe war-cripple, 229.

Pulse, 29 ; tracings of Lhe, 78 ; in dreams, 169.

Punch, perforaling, for lickets, 324.

Radio-activity, 172.

Radiochronopholography, 21.

Radloscopy of Lhe heart, 80.

Rameil, Pierre, 338.

Ralions, alimenlary, 76, 106 ; iable of, 109.

Re-adaptalion, industrial, 230, 240, 310, 324, 331, 336 ; sensilive, of
the stumps, 247, 354 ; of blind war-cripples, 354, ef seg.

Re-apprenticeship of the wounded, 184, 196, 230, 331.

Re-educalion, funclional, 129, 138 ; general laws of, 143, ef seq. ; lech-
nique and results of, 231, ef seq.; cellular, 224 ; organic, 252 ;
professional, 146, 228, 311, ef seq ; of the stumps, 149, 241, ef
seq. ; centres of the organisalion, of, 311 ; duration of profes-
sional, 347,

Reflexes, nervous ; the reflex arc, 36, 37 ; control of, 52 ; duration
of, 54 ; eflects of alcohol on 1he, 115; of expression, 169.

Regimen, alimentary, 111 ; of schools of re-educalion, 347.

Rekkas (Arab runners), 47.

Resistance of the human body, 40 ; organic, 40, 94, 141.

Rest: frequency of intervals of, {, 102 ; physiological, 96 ; Lhe law
of, 101 ; of workers, 122 ; daily hours of, 122 ; in the case ol a
metal-worker (flling), 128 ; physical, 160.

Respiration, 23 ; in old people, 44 ; during fatigue, 82 ; palhologieal,
255 ; mask for measuremenl of, 14, analysis of, 75,

Respiration gauge, 74,

Rhetoric, the object of, 179.

Richel, Ch., 59, 119,

Rickets, 33.

Right-handed persons, frequency of, 144, 318,

Robin, A., 1186,

Schopper, 114.

Sehwann, 139, 159,

Science, the function of, 193, 198, 326 ; social, 200.

Scoliosis, 230 ; seholar's sloop, 118.

Secretions, psychical control of the, 21, 104 ; their inhibition, 171,

Seguin, 14-16.

Selection : as taught by Taylor, 7 ; social, 62 ; of movemenls, 166 3
of workers, 208.

Senflity, 41, 44, ef saq. ; causes of, 44 ; measures preventive of, 112 &
diminisied energy of, 142,
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Sensations : organic, 34,759, 77 ; taclile, 34, 248 ; visual, 34 ; gusia-
lory, 35; ollaclory, 34 ; audilory, 35; law of, 60; of laligue,
76 ; of thirst, 113.

Senses, lhe, 34, 37; of the child, 41; educalion of, 41, 61, 253 ;
condition of, 107, 122, 253 ; funclion of, in dreams, 169.

Scnsibility, of women, 42 ; of the child, 41 ; relalions hetween—and
intelligence, 55 ; disorders of, 93, 248, 250 ; lactile, 93 ; definition
of, 169 ; of amputalion stumps, 248, 250.

Shakespeare, 39.

Shovel, see Spade.

Signal, Déprez, 54, 151.

Sigoud, 49,

Sight, the sense of, 31, 118, 254 ; faligue of lhe, 92, 170,

Simulation, in war-cripples, 313.

Skelelon, the, 32 ; morbid tragilily of, 32, 44 ; modifled by ampuia-
tion, 247.

Skin, pigmenlation of the, 216.

Sleep, the Loxins of, 97.

Sobriety: in matters of diel, 107, 112; of old pecople, 111.

Sorting balls for bearings, 11.

Spade, dynamographie, 71, 343, 356 ; normal weighl ol a, 137.

Specificalions, Orthopaedic, Commission of, 265.

Speclacular enieriainments, 122, 181.

Speed, and faligue, 88 ; the economic, 101, ¢t seq. ; work demanding,
116, 154 ; of 1hought, 180 ; of labour, 219.

Sphygmograph, Marey’s, 78.

Spillmann, Gaujot and, 309.

Splint, for ampulalion stumps, 149, 150,243,245, 249; for paralysis, 308.

Sponge-divers, Arab, 88.

Sporls, 66, 163 ; dleland, 105 ; cycling, 136 ; aluxury, 138 ; hygienic
value of, 141 ; movemenls, made in various, 160.

Stairs, carrying weights up, 135.

Steel, quality of employed in orthopaedics, 264.

Siarvation, mineral, 33 ; alimentary, 105.

Stenon, Bishop, experiments on dog, 30.

Step, disadxéanl.ages ol a short, 93, 162; phases of the, in walking,
265, 273.

Stiff neck, rheumalic, 93.

Stomach, 18.

Sirenglh, exerlion, of, 30; of the limbs, 147 ; muscular, 156 ; of
Arabs, 218-220 ; of the slumps, 245.

Strikes, 207, 226.

. Suckling of children, 111.
Swoal, toxins in, 96.

T

Tachyphagia, 22, 108, o .

Taylor, F, W., 5; his system, 6, ef seq.; 181; his insistence upon
speed, 101 ; results obtained by, 134; his education, 191; on
life in the workshop, 201.

Tea, 222.

Teaching, see Education.

Technical education, 186 ; gencral or special, 1B6, et seg. ; 199.
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Technique ol apprenticeship, 194 ; of physical training, 146.

Temperature of the body, 14 ; of the almosphere (climalic), 120 ; of
workshops, elc., 119,

Tendon, 34 ; of Achilles, 34.

Thirst, 113 ; how to quench, 113, 222.

Thooris, 48, 50.

Thumb, the, mutilalions of, 262, 331 ; [unctions of, 262 ; artificial,
262,

Tiegersiedi, R., 107. .

Time, registration of, 70, 72 ; of nervous reaction, 53, 150.

Tonicily of the organs, 31, 57 ; of the muscles, 57, 58, 97; 115.

Tonograms of respiralion, 83, 102

Tool or instrument, as parl of a machine, 11 ; good oulpul of a, 123 ;
choice oi, 122, 197, 326.

Touch, the sense of, 31; and paiu, 59; and faligue, 93; i the
blind, 118, 248, 354,

Toys, wooden, 343.

Training of the child, 175.

Transportation of burdens, 8, 133-4, ef seq. ; 218.

Trade, see Handicrall.

Tuberculosis, predisposilion to, 40, 115.

Tuffier, Th., 233, 234.

Types, of humanily, 47-50 ; of movemenli, 144 ; ol grips or holders for
artificial arms, in place of hands, 288-9, 295-6.

Urine, 96 ; loxicily of Lhe, 06.
Use ot artificial arms, 302, ef seg.

v

Valve, two-way, for measuring respiration, 73, 83, 126.
Yauban, 3.

Ventilation, pulmonary, 24, 75; curve of, 88.
Verne, H.,

Viviani, R., 225, 228.
Vocation, importance of, 10, 184, 322.
Vollaire, 172, 191.

* w &
War-tripples, the work of, 30, 129; endurance of, 117, 241; re-~
* education of, 166, 23Q, el seg. ; definition of the lerm, 227 ; em-
ployment of, 228, 350; certificate of qualifications of, 328;
geriously disabled, 351.

‘Wageas, the law of, 208 ; depreciation of, 207; of the Arabs, 235.
W:gsftnoats, prothétlc, 280,
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Walking, 30, 135, et seq ; wilh flexed knees, 162; theory of, 273 ;
ol atheletes, 46 ; of one-legged men, 260, 275-8,

Water, 23, 113, 119, 222.

Weber, Ed., his Law, 61; his aesthesiomeler, 248.

Weichardt, 25.

Weir-Muichell, 230-1,

‘Wheelbarrow, how to hold a, 100, 137 ; with lwo wheels, 137.

Wo1r§%1;3, physical qualities of, 41 ; inlelligence of, 42, labour of, 117,

‘Workmen, qualilies of, 1, 7, 127, 150, 196 ; the educated, 193, 194,
206 , the methods of good, 199, 200, probalioners, 200; con-
sideralion of, 201 ; Ilalian, 204, French, 207; Arab, 211;
rarily of good, 204 ; the home worker, 317.

‘Workshops, for apprenticeship, 193, 199, 338, 341, 347, or induslrial
school, 186 ; lhe organisation of, 193 ; the [unclion of small, 200 ;
Jgggeéita of a return to lhe, 200, hours of work m, 204 ; specal,

‘Wounded soldiers, see War-cripples.

‘Wood, in orthopaedics, 263, 275 ; multiple-ply, 263.

X
X-Rays, 21

The apphances illustrated in this volume are all made by MM.
Pirard et Ceeurdevache, 7 tne Blainville, Paris.






