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SOME ASPECTS OF ANIMAL 
MECHANISM1 

IT is sometimes said that sc ien~e  lives too 
much in itself, but once a year i t  tries to re- 
move that reproach. The British Association 
meeting is that annual occasion, with i ts  op- 
portunity of talking i n  wider gatherings about 
scientific questions and findings. Often the 
answers are tentative. Commonly questions 
most difficult are those that can be quite brief- 
ly put. Thus, "Is the living organism a 
machine?" "Is life the running of a mechan- 
ismq" The answer cannot certainly be as short 
as the question. But  let us, in  the h u r  be- 
fore us, examine some of the points it rakes. 

Of couTse for  us the problem is  not the 
"why" of the living organism but the '(hosv" 
of its morliing. I f  we p u t  before ourselves 
some aspects of this working we may judge 
some a t  least of the contents of the question. 
I t  might be thought that the problem is pre-
sented at  its simplest i n  the simplest forms 01 

life. Yet i t  is in  certain aspects more seizable 
in  complex animals than it is  i n  simple^. forms. 

Onr own body is full of exquisite mechanism. 
Many exemplifications could be chosen. There 
is  the mechanism by which the general complex 
internal medium, the blood, is  kept  relatively 
constant in  its chemical reaction, despite the 
variety of the food replenishing it and the 
fluctuating draf t  from and input  into it from 
varions organs and tissues. I n  this mechan- 
ism the kidney cells and the lung cells form 
two of the main sub-mechanisms. One part  
of the latter is the delicate mechanism link-
ing the condition of the air a t  the bottom of 
the lungs with that  particular par t  of the 
nervous system which manages the ventilation 
of the lungs. On that  ventilation depends the 

1 Presidential address delivered at the Hull 
meeting of the British Association on Septem-
ber 6. 



proper respiratory condition of the blood. The 
nervous center which manages the rhythmic 
breathing of the chest is so responsive to the 
respiratory state of the blood supplied t o  it- 
self that, a s  shown by Drs. Haldane and 
Priestley some years ago, the very slightest 
increase in the partial pressure of carbon di- 
oxide a t  the bottom of the lungs at  once suit- 
ably increases the ventilation of the chest. 
Dovetailed in  with this mechanism is yet an-
other working for  adjustment in  the same di- 
rection. As the lung is  stretched by each in- 
breath the respiratory condition of the nel-vous 
center, already attuned to the respiratory 
quality of the air i n  the lungs, sets the degree 
to which inspiration shall fill them ere there 
ensue the opposite movement of outbreath. 
All this regulation, although the nervous sys-
tem takes par t  in it, is a mechanism outside 
our consciousness. P a r t  of i t  is  operated 
chemically; par t  of i t  is reflex reaction to a 
stimulus of mechanical kind, though as such 
unperceived. The example taken has been 
nervous mechanism. If,  in  the short time at 
our disposal, we confine our examples t o  the 
nervous system, we shall have the advantage 
that in  one 'espect that system presents our 
problem possibly a t  i ts  fullest. 

To turn therefore to  another example, main- 
ly nervous. Nuscles execute our movements; 
they also maintain our postures. This postural 
action of muscles is produced by nerve-centers 
vhich form a system more o r  less their own. 
One posture of great importance thus main- 
tained is that of standing, the erect posture. 
This involves due cooperation of many sepa- 
rate  muscles in  many parts. Even i n  the ab- 
sence of those portions of the brain to  which 
consciousness is adjunct, the lower nerve-
centers successfully bring about and maintain 
the cooperation of muscles which results in  the 
erect posture; f o r  example, the animal i n  this 
condition, if set on its feet, stands. It stands 
reflexly; more than that, i t  adjusts its stand- 
i n  posture to required conditions. I f  the pose 
of one of the limbs be shifted a compensatory 
shift  in the other limbs i s  induced, so,  that  
stability is retained. A turn of the creature's 
neck sidewise and the body and limbs, of them- 
selves, take up  a fresh attitude appropriate 

t o  the side-turned head. Each particular pose 
of the neck telegraphs off t o  the limbs and 
body a particular posture required from them, 
and that posture is then maintained 60 long 
as the neck posture is maintained. Stoop the 
creature's neck and the forelimbs bend down as 
if to seek somet,hing on the floor. Tilt the 
muzzle upward and the forelimbs straighten 
and the hind limbs crouch as if to look a t  
3omething on a shelf. Purely reflex mechanism 
provides all kinds of ordinary postures. 

Xere reflex action provides these harmonies 
of posture. The nerve-centers evoke for  this 
purpose i n  the required muscles a mild, steady 
contraction, with tension largely independent 
of the muscle length and little susceptible to 
fatigue. Kerve-fibers from muscle to 
neyve-center, and by these each change i n  
tension or length of the muscle is reported to  
the activating nerve-center. They say "ten-
sion rising, yon must slacken," o r  oonvarsely. 
There are  also organs the stimulation of which 
changes with any change of their relation to 
the line of gravity. Thus, a pair  of tiny 
water-filled bags is set one in  each side of the 
skull and in each is a patch of cells endowecl 
with a special nerve. Attached to hairlets of 
thew cells is a tiny crystalline stone the pres- 
sure of which acts as  a stimulus through them 
to the nerve. The nerve of each gravity-bag 
connects, through chains of nerve-centers, with 
the muscles of all the limbs and of one side 
of the neck. I n  the ordinary posture of 
the head, the stimulation by the two bags right 
and left is equal, because the two gravity-
stones then lie symmetrically. The result, then, 
is a symmetrical muscular effect on the two 
sideis of the body, namely, the normal erect 
posture. But the right and left bags are 
mirror pictures of each other. I f  the head in- 
cline to one side, the resnlting slip, micro-
scopic though i t  be, of the t ~ o  stones on their 
nerve-patches makes the stiimulatiion unequal. 
From that slip there results exactly the right 
unsjmmetrical action of the muscles to give 
the unsymmeltrical pose of limbs and neck re-
quired f o r  stability. That is  the mechanism 
dealing with limbs and trunk and neck. A n  
additional one postures the head itself on the 
neck. A second pair of tiny gravity-bags, in  
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n.hich the stones hang rather than press, are 
utilized. These, when any cause inclining the 
head has passed, bring the head back a t  once 
to the normal symmetry of the erect posture. 
These same begs also manage the posturing of 
the eyes. The eye contributes to our orienta- 
tion in space; for example, to perception of 
the vertical. For this the eyeball, that is the 
retina, has to be postured normally, and the 
pair of little gravity-bags in the skull, which 
serve to restore the head posture, act also on 
the eyeball muscles. Whichever way the head 
turns, slopes, or is tilted, they adjust the eye- 
ball's posture compensatingly, so that the 
retina still looks out upon its world from an 
approximately normal posture, retaining its 
old verticals and horizontals, As the head 
twists to the right the eyeball's visml axis 
untwists from the right. These reactions of 
head, eyes and badg unconsciously take place 
when a bird wheels or slants in fight or  a 
pilot stalls or banks his areoplane; and all 
this works itself involuntarily as a pure 
mechanism. 

True, in such a glimpse of mechanism what 
we see mainly is horn the machinery starts and 
what finally comes out of i t ;  of the intermedi- 
ate elements of the process we know less. Each 
insight into mechanism reveals more mechanism 
still to know. Thus, acarcely was the animal's 
energy balance in its bearing upon food in- 
take shown comfortably to conforrq with 
thermodynamics than came evidence of the 

+ 	 so-called "vitamins"-evidence sho~ving an un- 
suspected influence on nutrition by elements 
of diet taken in quantities so small as to make 
their mere calorie value quite negligible; thus, 
for the growing rat, to quote Professor Hard- 
en, a quantity of vitamin A of the order of 
one five-hundredths milligram a day has PO-
tent effect. Again, as regards sex determina- 
tion, the valued discovery of a visible distinc- 
tion between the nuclear threads of male and 
female brings the further complexit!: that, in 
such cases, sex extends Dhroughout the whole 
body to every dividing cell. Again, the assso- 
ciation of hereditary unit-factors, such as body 
color or shape of wing, to visible details 1n 
the segmenting nucleus seemed to simplify by 
epitomizing. But further insight tends to trace 

the inherited unit character not to the chromu- 
some itself, but to balance of action between 
the chromosgme group. As with the atom 1n 
this heroic age of physicists, the elementary 
unit once assumed simple proves, under flu.- 
ther analysis, to be itself complex. Analysis 
opens a of analysis required.vista f u ~ t h e ~  
Knowledge of muscle contraction has, from {,he 
work of Fletcher and Hopkins on to Hitl, Har- 
tree, Neyerhof and others, advanced recently 
more than in many decades heretofore. The 
engineer would find i t  difficult to make a m-
tiva machine out of white of egg, some dis-
solved salts, and thin merhbrane. Yet this is 
practically what natulie has done in muscle, and 
obtained a machine of higll nlechanical eff~ai-
ency. Perhaps human ingenuity can learn 
from it. One feature in the aevice is alternate 
development and removal of acidity. The cycle 
of contraction and relaxation is traced to th0 
production of lactic acid from glycogen and its 
neutralization chiefly by alkaline proteins; and 
physically to an admirably direot transition 
from chemical to mechanical e£€ect. What ney 
steps of mechanism all this now opens! 

But knowledge, while makiag for complexity, 
makes also for simpliscation. There seems 
promise of simplification of the mechanism d 
reflex action. Reflex action, with,, surprising 
nicety calls into play just the appropriate 
muscles, and adjusts them in time and in the 
suitable grading of their strength of pull. The 
moderating as well as the driving of muscles 
is involved. Also the muscles have to pass 
from the behest of one stimulus to that of ap- 
other, even though the former stimulus still 
persist. For these gradings, coadjustments, 
nestmints, and shifks, various separate kinds 
of mechanism were assumed to- exist ip the 
nerve-centers, although of the nature of such 
me@hanisms little could be said. Their pro- 
cesses were regarded as peculiar to the nerve- 
centers and different from anything that the 
simple fibers of nerve-trunks outside the centers 
can produce. We orre to Lucas and Adrian 
the demonstration that, without any nerve-
center whatever, an excised nerve-trunk with 
its muscle attached can be brought to yield, 
besides conduction of nerve impulses, the grad- 
ing of them. That is remarkable, because the 



impulse is not gradable by grading the strength 
of the stimulus. The energy of the impulse 
comes not from the stimulus, but from the 
fiber itself. But Lmas and Adrian have shown, 
however, that it  is gradable in another wag. 
Though the nerve impulse is a very brief af-
fair-it lasts about one thousandths second a t  
any one point of the nerve-it leaves behind 
it in the nerve-fiber a short phase during which 
the fiber cannot develop a second impulse. 
Then follows rapid but gradual recovery of the 
strength of impulse obtainable from the fiber. 
That recovery may swing past normal to  super- 
normal before returning finally to the old rest- 
ing state. Ilence, by appropriately timing the 
arrival of a second impulse after a first, that 
second impulse may be extinguished, reduced, 
increased o r  transmitted without alteratiou. 
This property of grading impulses promises a 
complete key to reflex action if taken along 
with one other. The nervous system, inoluding 
it3 centers, consists of nothing but chains of 
cells and fibers. I n  these chains the junctions 
of the links appear to be points across whieh 
a large inlpulss can pass, though a weak one 
will fail. At these points the grading of im-
pulses by the interfe~encc process just outlined 
can lead, therefore, to narrowing or widening 
their further distribution, much as in a rail-
way system the traffic can be blocked o r  for- 
warded, condensed or scattered. Thus the dis- 
tribution and quantity of the muscular efCect 
can be regulated and shifted not only from one 
muscle to another, but in one and the same 
muscle it can be graded by adding to or sub- 
tracting from the number of fibers activated 
within that muscle. As pointed out by Pro- 
fessor Alexander Forbes, it  may be, therefore, 
that the nerve impulse is the one and only re- 
action throughout the whole nervous system, 
central and peripheral,-trains of impulses 
colliding and over-running as they travel along 
the conductive network. I n  this may lie the 
secret of the coordination of reflexes. The 
nerve-center seems nothing more than a meet-
ing-place of nerve-fibers, its properties but 
those of impulses in combination. Fuller 
knowledge of the mechanism of the nervous 
impulse, many of the physical properties of 
which are now known, a reaction which can 
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be studied in the simplest units of the nervous 
system, thus leads to a view of nervous func- 
tion throughout the system much simpler than 
forme~ly obtained. 

Yet for some aspects of nervous mechanism 
the nerve impulse offers little or no clue. The 
fibers of nerve-trunks are, perhaps, of all 
nerve-structures those that are best known. 
They constitute, for example, the motor nerves 
of muscle and the sensory nerves of the skin. 
They establish their ties with muscle and skin 
during embryonic life and maintain them prac- 
tically unaltered throughout the individual's 
existence, growing no further. If  severed, say, 
by a wound, they die for their whole length be- 
tween the point of severance and the muscle or 
skin they go to. Then a t  once the cut ends of 
the nerve-fibers start regrox~ing from the point 
of severance, although for years they have 
given no sign of growth. The fiber, so to say, 
tries to grow out to reach to its old far-distant 
muscle. There are difficulties in its way. A 
multitude of non-nervous repair cells growing 
in the wound spin scar tissue across the new 
fiber's path. Between these alien cells the new 
nerve-fiber threads a tortuous way, avoiding 
and never joining any of them. This obstruc- 
tion i t  may take many days to traverse. Then 
it 'eaches a region where the shealh-cells of the 
old dead nerve-fibers lie altered beyond ordi- 
nary recognition. But the growing fiber recog- 
nizes them. I t  joints them and, tunneling 
through endless chains of them, arrives finally, 
after weeks or months, at the wasted muscle- 
fibers which seem to have been its goal, for i t  
connects with them at  once. I t  pierces their 
covering membranes and reforms ivith their 
substance junctions of characteristic pattern re- 
sembling the original that had died I\-eelrs o r  
mont,hs before. Then its growth ceases, 
abruptly, as it began, and the masted muscle 
recovers and. the lost function is restored. 

Can we trace the causes of this beneficent 
get so unacconntable reaction? How is it that 
severance can start the nerve re-growing. How 
does the nerve-fiber find its lost muscle micro- 
scopicallg miles away? What is that mechan- 
ism that drives and guides i t?  I s  i? a chemo-
taxis like that of the antherozooid in the botan- 
ical experiment drawn towards the focus of the 



dissolved malic acid? I f  so, there must be a 
marv?lonzly arranged play of intricate se-
quences of chemically attractive and repellent 
snbstances dissolved suitabl? point to point 
along the tissue. I t  has recently been stated 
that the nerve-fiber groming from a nerve-cell 
in  a nutrient field of graded electrical potential 
grows strictly by the axis of the gradient. Soine 
argue for  the existence of such potential gra-
dients in  the growing organism. Certainly 
nerve regeneration seems a return to the orig- 
inal phase of growth, and pieces of adult tissue 
removed from the body to artificial nutrient 
media in  .the laboratory take on vigorous 
growth. Professor Champy describes how epi- 
thelium that i n  the body is  not growing, when 
thus removed starts growing. If freed from 
all fibrous tissue, its cells not only germi-
nate, but, as  they d o  so, lose their adult 
specialization. I n  nerve regeneration the 
nerve-sheath cells, and to some extent the 
muscle-cells which have lost their nerve-fiber, 
lose likewise their specialized form, and regain 
it  only after touch v i t h  the nerve-cell has been 
re-estabIished. So similarly epithelium ancl its 
connective tissue cultivated outside bhe body to- 
gelher both grow and both retain their spe-
cialization. The evidence seems to show that 
the mutual touch between the several cells of 
the body is decisive of much i n  their individual 
shaping and destiny. The severance of a 
nerve-fiber is a n  instance of the dislocation of 
such a touch. I t  recalls well-known experi-
ments on the segmenting egg. Destruction of 
one of the two halves produced by the first 
segmentation of the egg rcsults i n  a whole em- 
bryo from the remaining half-egg; but if $the 
two blastomeres, though ligated, be left side by 
side, eacl. then produces a half-embryo. Each 
half-egg en97 yield a whole embryo, but is re- 
strlir,ed by the presence of the t ~ r i l j  eel! tc/ 
yielding but a half embryo. The nerve seyer-
ance seems to break a mutual connection which 
restrained cell growth and maintained cell dif- 
ferentiation. 

I t  may be said that the nerve-sheath cells 
degrade because the absence of transmission of 
ncrve impulses leaves their fiber functionless. 
But  they do not degrade i n  the central nerve- 
piece, although impulses no longer pass along 

the afferent fibers. This mechanism of recon-
struction seems strangely detached from any 
direct performance of functioh. The sprout- 
ing nerve-fibers of a motor nerve with impulses 
for muscular contraction can by misadventure 
take their way to denervated skin instead of 
muscle. They find the skin-cells the nerve-
fibers of which have been lost, and on these 
they bud out twigs, as true sensory fibers would 
do. Then, seemingly satisfied by so doing, 
they desist from further growth. The sense-
cells, too, after this misunion, regain their nor- 
mal features. But  this joining of motor nerve- 
fiber wit11 sense-cell is functionless, and must 
be so because the directions of functio?al con-
duction of the two are incompatible. Similarly 
a regenerating sliin-nerve led down to muscle 
makes its union with muscle instead of skin, 
t h x ~ g l i  the union is a functional misfit and 
can not subserve function. Marvelous though 
nerve regeneration be its mechanism seems 
blind. I t s  rehemence is just as  great after 
amputation, when the parts lost can of cou:*se 
never be re-reached. I t s  blindness is sadly 
evident i n  the suffering caused by the useless 
nerve-sprouts entangled in the scar of a heal-
ing or  healed limb-stump. 

There is a great difference, however, between 
the growth of such regeneration and the 
growth impulse in  pieces of tissue isolated from 
tht: body and grown i n  media ontside. V i t h  
pure cultures, in  the latter cxsc, Professor 
Champy raps the growth recalls in sei-ern1 
features that  of malignant tumors, fo r  exam-
ple, multiplication of cells unaccompanied by 
formation of a spccialized aduIt tissue. A piece 
of kidney cultivated outside the body de-
differentiates, lo use his term, into a growing 
mass unorganized for  renal function. But  
with connective-tissue cells added even bre:ist-
cancer epithelium will in  cultivation grow in 
glandular* form. New ground is being broken 
in the experimental control of tissue gro~vth. 
The report of the Imperial Cancer Research 
Fund mentions that in  cultivation outside the 
body malignant cells present a diffcnlty that 
normal cells do not. To the malignant cells the 
nutrient soil has to be renewed more frequently, 
because they seem rapidly to make the soil i n  
which they grow poisonous to tliemselves, 



though not t,o normal cells. The following of 
all clues of difference between the nlechanism 
of malignant growth and of normal is fraught 
ivltli importance which may be practical as 
well as theoretical. 

The regenerating nerve rebuilds to a plan 
that spells for  future function, ,but throughout 
all its steps prior to the time when i t  actually 
reaches the muscle or skin, no actual perform. 
ance of nerve-fui~ction can take place. nThat 
is constructed is functionally usele.;s until the 
i ~ h o l eis complete. So similarly with much of 
the construction of the embryo i a  the womb for  
purposes of a d s e r e n t  life after emergence 
from the womb; of the lung for  air-breathing 
after birth; of the reflex oont~aciion i n  the 
f a t a l  child of the eyelirls to protect the eye 
long before the two eyelids have been sep-
arated, let alone ere hurt  o r  even light can 
reach i t ;  of the butterfly's wing within the 
chrysalis for future flight. The nervous system 
i n  its repair, as i n  its original growth, shows 
us a mechanism working through phases of 
non-functioning preparation in order to fore- 
stall and meet a future function. I t  is a mech- 
anism against the seeming prescience of which 
is to be set its fallibility and its limitations. 
The lLhonr" of its working is a t  present chiefly 
traceable to us i n  the steps of its results rather 
than in comprehension of its intimate reac-
tions; as to i's mechanism, perhaps the point 
of chief import fo r  us here is that ,those who 
are closest stv.dents of i t  still regard i t  a,s a 
mechanism. I f  "to know1' be "to know the 
causes" v e  must c o ~ f e s s  to want of lcnolvledge 
of how its mechanism is contrived. 

I f  we knew the whole '<how" of the produc- 
tion of the body from egg to adult, and if we 
admit that every item of its ollganic machinery 
runs on physical and chemical rules as com-
pletely a s  do inorgmie systems, will the living 
animsl present no othei. problematical aspect? 
The dog, our household friend-do Fe  exhaust 
its aspects if in  assessing its sum-total ive omit 
its mind? 4 ~nerely reflex pet ~.i~onlc! give little 
pleasure even to the fonciest of us. True, our 
acquaintance ~ ; t h  other mind than our owl1 
can only be by inference. We may even hold 
that mind as an object of study does not come 
undar the rubric of natural science a t  all. But  
this association has its section of psychology. 
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and my theme of to-night was chosen partly 
a t  the suggestion of n late member of it, Dr. 
Rivers, the loss of vhom we all deplore. As a 
biologist he viewed mind as a biological factor. 
Iceeping mind and body apar t  fo r  certain 
analytic pnrposes must not allow us to forget 
their heing set together when me assess as  a 
whole even a single animal life. 

Taking as manifestations of mind those ordi- 
narily received as  s~xch, mind does not seem t 
attach to life, however complex, where there is 
1-10 nervous system, nor even where that system, 
though present, is !ittle developed. Mind be- 
comes more recognizable the more the nerve-
system is developed; hence the diEcultg cf the 
twilit emergence of mind from no minid, which 
is repeated even in the individual life history. 
I n  the nervous system there is what i? termed 
localizntion of fnnctlon-rdegation of different 
worlls to tlie system's different parts. This 
locsli7xtion shows mentality, in the U S U L ~  ac-
ception of that term, not distributed broad-
cast throughout the nervous system, but re-
stricted to certain portions of i t ;  fo r  example, 
among vertebrates to what is called the fore- 
brain, and i n  higher vertebrates to the rela-
tively newer parts of that forebrain. I t s  chief, 
perhaps its sole, seat is a comparatively mod- 
ern nervous structure superposed on  the non-
mental ancl more ancient other nervous parts. 
The so-to-say mental portion of the system is 
placed so lhat its commerce with the body and 
the external world occurs only through the 
archaic non-men~al remainder of the systent. 
Simple nerve impulses, their summations and 
interferences, seen1 the one uniform ofice of 
the nerve-system i n  its non-mental aspect. To 
pass from a nerve impulse to a psychical event, 
a sense-impression, pwcept, o r  emotion is, as  
i t  were, to step from one world to another and 
incommensurable one. W e  might expect, then, 
that a t  the places of transition from its non- 
mental to its mental regions the brain would 
exhibit some striking change of structure. But  
it is not so; in  the mental parts of the brain 
there is noihing but the same old structural 
elemcnts, set end to end, suggesting the one 
funztion of the transmission and collision of 
nerve impulses. The structural inter-connec- 
Eons are richer, but that is  merely a, quantita-
tive change. 
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I do not want, and do not need, to stress our 
inability a t  present to deal with mental actions 
i n  terms of nervous actions, o r  *ice Gersa. 
Facing the relation borne i n  upon us a s  ex-
istent between them, however, may we not gain 
some further appreciation of it  by reminding 
ourselves even briefly of certain points of con-
tact between the two? Fanliliar as such points 
are, 1 will mention rather than dwell upon 
them. 

One is the so-called expression of the emo-
tions. The mental reaction of a n  emotion is 
accompanied by a nervous discharge which is 
more o r  less characteristic for  each several type 
of emotion, so that Ihe emotion can ]be read 
from its bodily expression. This nervous dis-
charge i a  involuntary, and can affect organ$, 
such as the heart, which the will can not reach. 
Then there is the circumstance that the peculiar 
ways and tricks of the nervous machinery as 
revealed to us i n  the stndy of mere reflex reac- 
tions repeat themselves obviously i n  the work- 
ing of the machinery to whicli menial actions 
are adjunct. The phenomenon of fatigue is 
common to both, and imposses similar disa-
bilities on  both. Nervous exhaustion ant1 
mental exhaustion mingle. Then, as oflset 
aga in4  this disability, there exists in both the 
amenability to habit formation, mere repetition 
within limits rendeying a reaction easier and 
readier. Then, and akin to this, is the oft-
remarked trend in both for  a reacfion to leave 
bethind itself trace, a n  engram, a memory, the 
reflex engram, and the mental memory. 

IIom should inertia and momentum affect 
non-material reactions? Quick though nervous 
reactiolls are, there is almays easily observed 
delay between delivery of stimulus and appear- 
ance of the nervous end effect; and there is 
always the character that a reaction once set i n  
niotion does not cease very promptly. Jus t  
the same order of lag and overrun, of want of 
dead-beat character, is met i n  sense-reactions. 
The sensation outlives the light whicl~ evoked 
it, and the stronger the reaction the longer the 
sensation persists. Similarly the reflex after- 
discharge persists af ter  the stimulus i j  mith-
drawn ancl subsides more slowly the stronger 
the reaction. The times in  both are of the 
same order. Again, a reflex act which con-
tracts one muscle cpmmonly relaxes another 

Even so, with rise of sensation i n  one par t  of 
the visnal fie!d commonly occurs lapse of sensa- 
ticn i n  another. The stoppage is in  both by 
inhibi:ion, that is to say, active. Then again, 
two lights of opposite color falling simultane- 
ously and correspondingly on the two ret ina 
will, 8ccording to their balance, fuse to a n  in- 
termediate tint o r  see-saw back and forth be- 
tween the one tint and the other. Similarly a 
muscle impelled by t r o  reflexes, one tending to 
contract it, the other to relax it, will, accord- 
ing to the balance of the reflexes, respond 
steadily u,ith a n  intensity vhich ic;  a com-
promise between the t ~ o ,  or see-saw rhyth-
mically from extreme to extreme of the two 
opposite influences. 

Reflex acts commonly predispose to their op- 
posites; thus the visual impression of one color 
predisposes to that of its opposite. Again, 
the position of the stimulated sensual point acts 
on the mincl-hence the light seen or the pain 
felt is referred to some locus in  the mindls 
space-system. Similarly the reflex machinery 
directs, for  examp!e, the limb it  moves tonrards 
the particular spot stimulated. Such spots in 
the two processes, mental and non-mental, cor-
respond. 

Characteristic of the nervous machinery is its 
arrangement in  what Hughlings Jackson called 
"levels," the higher levels standing to the lower 
not only as drivers but also a s  restrainers. 
Hence in d i sea~e  underzction of one sort is ac- 
compnni~dby overact;on of another. Thus in  
the arm affected by  a cerebral stroke, besides 
loss of willed-that is higher level-pourer in  
the finger muscles, there is in  other muscles 
involuntary ove~action owing to escape of 
lower centers from control ,by the higher which 
have been destroyed. Similarly mith the sen-
sory effects; of skin sensations some are pain- 
fu l  and some not, fo r  example, touch. The seat 
of the latter is of higher leyel, cortical; of the 
former lower, sub-cortical. T h e n  cerebral 
disease breaks the path betveen the higher and 
the unde~lyjng level s. result is impairhwnt of 
touch sensation but heightening of pain sensa-
tion in  the affected part. The sensation of 
ouch, as Dr. Head says, restrain; that of pain. 

Thus features of nervous working resemble 
over ancl over again mental activities. I s  i t  
mere nlckaphor, then, rvhen we speak of mental 
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attitudes as well as boclily? I s  i t  mere analogy 
to liken the rvarped attitude of the mind i n  a 
psyehonearotic sufferer to the ~ r a r p e d  attitude 
of the body constrained by  a n  internal poten- 
tial pain4 Again, some mental events seem 
spontaneous; in  the nervous system some im-
pulses jeem generated automatically* from 
within. 

It niay be sctid of all these simila~ities of 
time-relarion and the rest between the ways of 
the nervow system end such simpler ways of 
mind as I here venture on, that they exist be- 
cauqe thc operatinnb of the mental p a l t  of the 
nervous system communicate with the exterior 
only through the non-mental par t  as gatex7ay, 
ancl that tlhere the features of the nerve-
machinery are  impressed on the mind'.; worlr-
iny. But  that s~~gges t iondoes not take illto 
aceonnt the fact that the higher and more com- 
plex the mental process, the longer the time- 
lag, the more incident the fatigue, the more 
striking :he memory character, and so on. 

All this similarity does but render more sue,- 
cinct the old enigma as  to Ihe nexus between 
nerve impulse and mental event. I n  the proof 
that the worlcing of the animal meehanisin con- 

.	forms with the first lam of tllermoclynamics is 
i t  po3sil:le to qny thdt pjy1:hi~31 event3 are 
evalnateil i r i  the balance sheet drawn up?  On 
the other !:ancl, Vr. Rarcroft and his fe!low- 
observers i n  their recent physiological expiorn- 
tion of life on the Andes a t  14,200 feet noted 
that their arithmetic a s  well as  their muscles 
were a t  a disadvantage; the low oxygen pres- 
sure militated against both. Indeed, we all 
I\-now that  a few minutes without oxygen, or 
few more with chloroform, and the psychical 
and the nervous events will lapse together. The 
nevns between the two sets of events is strict, 
but fo r  comprehension of its natuse v e  slill 
recluil*e, i t  seems, comprehension of the an-
solved mystery of the "horn" of life itself. il 
shadowy bridge between them may lie perhaps 
i n  the reflection that fo r  the observer himself 
the physical phenomena he observes are i n  the 
last resort psychical. 

The practical man has to accept nervous 
function as  a cond:tion for  mental funclion 
witho:,t concerning himself abont ignorance of 
their connecticn. T;l'e know that x7ith struc- 

tam1 derangeaent or destruction of certain 
parts of the brain goes mental derangenlent or 
defect, while derangement o r  destruction of 
other parts of the nervous system is not so ac- 
companied. Decade by decade the connection 
bernecn certain mental performances and cer-
tain cerebral r e ~ i o n s  becomes nlore clefinite. 
Ce!-tajn impaivinents of ideation as shown by 
forms of incomprehension of langnago or  of 
f a n l i l i ~ r  objects can hell3 to diagnose for  the 
surgeon that par t  of the brain which is being 
compressed by a tumor, and the tumor gone the 
mental disabilities pass. Similarly those who, 
like Professor Elliot Smith and Sir  Arthur 
Keith, reca,st the shape of the cerebrum from 
the c:*anial remains of prehistoric man, can out- 
line for  us something of his mentality from 
examination of the relative development of the 
scversl brain regions, using a true and scien- 
tific phrenology. 

Could we look quite naively a t  the question 
of a seat fo r  the mincl within the body we might 
perhaps suppose it didused there, not localized 
in any one particular par t  a t  all. That i t  is 
localized arid that its localization is i n  the ner- 
~ o u s  spei-em-can rve attach meaning to that 
fact?  The nervous system is that 'bodily sys-
tem the special office of which, from its earliest 
appearance onwarcl throughout evolntionary 
history, has been more and more to weld to-
gether the boc?v7s ~ o n i p o n e ~ t  parts into onp con- 
solidated mechanism reacting as  a unity to the 
cl?.an,rrofi~l world a l~ont  it. More tliar kny 
other system i t  has constructed out of a collec- 
tion of organs a n  individual of unified act ancl 
experience. I t  represents the acme of accom-
plishment of tile integration of the animal or-
ganism. That it is in  this system that mind, 
as me lmow it, has had its beginning, and with 
the progressive development of the system has 
developed step for  step, is srrely significant. 
So i t  is that the portion in  t'nis system to which 
mind transcendently attaches is exactly that 
where are carried to their highest pitch the 
nerve-actions which manage the individual as  
a whola, especially in  his reactions to the ex-
ternal world. There, in the brain, the inte-
grating nervous centers are themselves fnrther 
compounded, inter-connected, and re-combined 
for  unitary functions. The cortex of the fore- 



brain is the main seat of mind. That cortex 
with its twin halves corresponding to the two 
side-halves of the body is really a single organ 
kniiting those ha1~-es together by a skill further 
knitting together of the nervous system itself. 
The animal's great integrating system is there 
still furlhe:. integrated and this supreme inte- 
grator is the sent of all that is most clearly 
inferable as the animal's mind. As such it has 
spelt biological success to its oossessors. From 
small beginnings it has become steadily a larger 
and larger feature of the nervous system, until 
in adult man the whole remaining porti-.n of 
the system is relative!y dwarfed by it. I t  is not 
mithont significance, perhaps, that in man this 
organ, the brain cortex, bifld a s  it is, shows 
unmistakable asymmetry.' &Ian is a tool-using 
animal, and tools demand asymmetrical, though 
attentive. arid therefore unified, acts. -4 ner-
vous focus unifying s~lch niotor function will, 
in regam1 to a laterally bipartite organ, tend 
more to one half or  the other and in man's 
cerebrum the preponderance of one half, 
namely, the left, over the other may be a sign 
of ~ ~ n i f  ying function. 

I t  is to the psychologist that we must turn 
t o  leal% in full the contribution made to the 
integration of the animal individual by mind. 
But each of us can recognize, without being a 
professed psychologisl, one achievement in 
that direction which mental endowment has 
produced. Made up of myriads of microscopic 
cell-lives, individually born, feeding and breath- 
ing individually within the body, each one of 
us nevertheless appears to himself a single 
entity, a unity experiencing and acting as one 
individual. I n  a way the more far-reaching 
and many-sided the reactions of which a mind 
i s  capable the more need, as well as the more 
scope, for fneir consolidation to one. True, 
each one of us is in some sense not one self, 
but a multiple system of selves. Yet how 
closely those selves are united and integrated 
to one personality. Even in those extremes of 
so-called double personality one of their mysti- 
fying features is that the individual seems to 
hifmself a t  any one time wholly either this 
personality or that, never the two commingled. 
The .view that regards hysteria as a mental 
dissociation illustrates the integrative trend of 

the total healthy mind. Circumstances can 
stress in the individual scme, perhaps lower, 
instinctive tendency that conflicts with what 
may be termed his normal personality. This 
latter, to master the conflicting trend, can judge 
it in relation to his main self's general ethical 
ideals and duties to self and the communily. 
Thus intellectualizing it, he can destroy it or 
consciously subordinate it to some aim in hnr- 
mony with the rest of his personality. By so 
doing there is gain in power of will and in 
personal coherence of the individual. But if 
t,he morbid situation be too strong- or the 
mental self too weak, instead of thus assimilot- 
ing the contentious element the mind may 
shun and, so to say, endeavor to ignore rt. 
That way lies danger. The discordant factor 
escaped from the sway of the oonscious minu 
produces stress and strain of the consciow. 
self; hence, to use customary terminology, dis- 
sociation of the self sets in, bringing in its 
brain those disabilities, mental or nervous or 
both, which characterize the sufferer from 
hystaria. The normal action of the mind IS 

to make up from its components one unified 
personality. \Then we remember the manifold 
complexity of composition of the human in-
dividual, can we observe a greater example of 
solidarity of \i?orking of an organism than that 
presented by the human individual, intent and 
concentrated, as the phrase goes, upon some 
higher act of strenuous will? Physiologically 
th,e supreme development of the brain, psycho- 
logically the mental powers a'?taching bl~ereto, 
seem to represent from the ibiologica$ stand- 
point the very culmination of the integration 
of the animal organism. 

The mental attributes of the nervous system 
would be, then, the coping-stone of tbe con-
struction of the individual. Surveyed in then 
broad biological aspect, we see them carryiug 
integration even further still. They do not 
stop at the individual; they proceed beyond the 
individual; they integrate, from individuals, 
communities. When me review, so far  as we 
can judge it, .the distribution of mind wit.hin 
the range of animal forms, we meet two pealrs 
of its development-one in insect life, the oiher 
in the vertebrate, with its acme finally in man. 
True, in the insect the type of mind is  not 



rational but instinctive, -\??Hereas a t  the height 
of its vertebrate development reason is there 
as  well as  instinct. Yet in  both one outcome 
seems to be the welding of individuals into 
societies on a scale of organization otherwise 
unattained. The greatest social animal is  man 
and the powers that make him so a re  mental; 
language, tradition, instinct fo r  the preserva- 
tion of the ooramunity, as well a s  f o r  the pre- 
servation of the individual, reason actuated by 
emotion and sentiment, and controlling and 
eld ding egoistic and alt~*uistic instincts into 

one !~rondIy harmonious, instinctive-rational be- 
havior. Jus t  as  the organization of the cell- 
colony into a n  animal individual receives its 
highest contribution from the nsrvous system, 
so the further conlbining of animal individuak 
into a multi-individual organism, a social com- 
munity, merging the interests of the inclividua1 
in the intesests of the group, is due to the 
nervous system's crowning attributes, the 
mental. That this integration is  still i n  p r o  
cess, still developing, is obvious from the whole 
course of human pre-history and history. The 
biological study of it  is essentially psycho- 
logical; i t  is the scope and ambit of social 
psychology. Not the least interesking and im- 
portant form of social psychology is  that rela- 
tively new one, dealing with the stresses and 
demands that organized industry makes upon 
the individual a s  a unit i n  the community of 
our day and with the readjustments it asks 
from that community. 

To resume, then, we may, I think, conclude 
that in  some of its aspects an imd life presents 
t o  us mechanism the "how" of which, despite 
many gaps in  our knowledge, is  fairly ex-
plicable. Of not a f e v  of the processes of the 
living body, such a s  muscular contraction, the 
circulation of the blood, the respiratory intake 
and output by the lungs, the nervous impulse 
and its journeyings, we may fairly feel, from 
-rvhat we know of them already, that further 
application of physics1 and chemistry will fur-
nish a competent key. W e  may suppose that 
i n  the same sense as  we can cb im to-day that 
the principles of a gas-engine or a n  electru-
motor are  comprehensible, so mill the bodily 
working in such inechanisms be understood by 

us, and indeed are lal.geip 20 already. It may 
well be possi!~le to understand the principle 
of a mechanism which we have noi  the means 
or8 skill ourselves to construct; fo r  example, we 
cannot construct the atoms of a gas-engine. 

Turning to other aspects of animal mechan- 
ism, such as  the shaping of the animal body, 
the conspiring of its structural units to com-
pass later functional ends, the predezermina- 
tion of specice growth from egg to adult, the 
pred5termined natural term of existence, these 
ancl their intimate mechanism, we are, i t  seems 
to me, despite many brilliant inquiries and in- 
quirers, still a t  a 1033 to understand. The steps 
of the results a re  bnown, but the springs of 
action still lie hidden. Then again, the "how,' 
of the mind's connssion v i t h  its bodily place 
seems still utterly enigma. Similarity or iden- 
tity in  time-relations and in certain other ways 
between mental and nervous processes does not 
enlighten us as  t o  the actual nature of the 
connexion existing between the two. Advmee 
i n  biological science does but serve to  stress 
further the strictness of the nexus between 
them. 

Great diffesences of difficulty therefore con- 
front  our  understanding of various aspeck of 
animal life. Yet the living creature is funda-
mentally a unity. I n  trying to make the "how" 
of an animal exisleme intelligible to  our im-
perfect knowledge we have, for purposes of 
study, to separate its whole into part-aspects 
and part-mechanisms, but that separation is 
artificial. I t  is as  a rvhole, a single entity, that  
the animal, o r  fo r  that matter the plant, has 
finally and essentially t o  be envisaged. W e  
cannot really understmd one par t  without the 
other. Can me suppose a unified entity which 
is par t  mechanism and par t  not 9 One privilege 
open to the human intellect is  to  attempt t o  
comprehend, not leaving out of account any  
of its properties, the "how" of the living 
creature as a ~r:hole. The problem is ambi-
tious, but its importance a n d  its reward are  
all the greatev if we seize and attempt the full 
lridth of its scope. I n  the biological synthesis 
of the individual it  is  concerned -with mind. It 
includes esamlnation of man himself as  acting 
ulider a biological trend and process which is 
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combining individuals into a multi-individual 
organization, a social organism surely nev; in 
the history of the world. Tbis biological trend 
and process is cons.tructing a sooial organi-m 
the cohesion of which depends mainly on u 
property developed so specifically in man as to 
be, brosdly speaking, his alone, namely, a mind 
actuated by instincts but instrumented with 
reason. Man, often Nature's rebel, as Sir B y  
Lankester has luminously said, can, viewing 
this great supra-individual process, shape his 
courses conformably with i t  even as an in-
dividual, feeling that in this case to rebel would 
be to sink lower rather than to continue hss 
own evolution upward. 

C. S. XHERRTXGTOX 

CAN WASTE OF MENTAL EFFORT 
BE AVOIDED 

OXE of the most startling phenomena in the 
history of science and invention is the lack of 
economy of mental effort. As a rule the great 
discoveries in science have not been made once, 
but haye been repeated several times. I t  is as 
though engineers had built several Panama 
canals when only one was needed, thereby pro- 
ducing financial waste. At the recent deal11 of 
Alexander Graham Bell the daily press reminds 
us that he invented the telephone. But he 1vs9 
not the only one who accomplishecl this. On 
the very day that Bell patented his telephone, 
Elisha Gray applied for a patent for an instru- 
ment of similar kind. At an ea~nlier date 
Phillip Reis sent a speaking niachine to the 
emperor of Russia. The same is true in the 
invention of the telegraph. KO historian of 
science can give Samuel Lioise exolusive credit. 
Before him, Jweph Henry at Albany, by tlle 
att~action of an electromagnet, produced audi- 
ble signals a t  a distance. Gauss and Meber 
sent messages by an electromagnetic device over 
wires connecting the Observatory and Physical 
Cabinet at Gottingen. Tlle mental effort of 
inventing the teleg~aph ancl telephone was 
made, not once, but several times. 

These are only two of the numerous illus-
trations which might be g i ~ e n  of duplication 
in applied science. I n  pure science the situa- 
tion is even worse. Waste of effort throngh 

repelition occurred in thc discovery of the l a w  
of gases, Ohm's law in eleclricity, the principle 
of the conservation of energy, logal-ithms, de- 
terminants, J. W. Gibb's eqnilibrium of chem- 
ical systems and Meadel's law. The full ac-
counts of reproduction of scientific discovery 
and invention would fill a large book. The 
waste of gray matter has resembled the prodi- 
gality of the pine-tree which produces millions 
of pollen pparticIes for eTery new plant that is 
actaally started. 

It may be argued that the waste occurs only 
in the records of centuries which are passed, 
that the number of scientific jownals has now 
increased so greatly that scientific results can 
be published promptly. As a matter of fact, 
the greater number of journals has not brought 
effective relief. Tlie danger of unnecessary 
repetition is still with us. Not only is the 
army of scientific workers t~-enlenclously aug- 
mented, so that even now the editorial desks 
are overloaded with able manuscripts and pub- 
lication is not so prompt as some suppose, but 
the long list of scientific journals has greatly 
augmented the labor on the part of any on; 
wol-key to asce;tain what new results have been 
reached in his particular field of acti;itv. 
Paradoxical as it may seem, the publications 
themselves, by their great mass, clog the vork- 
er's efforts to find what he desires. 

I t  is still true that investigators are fre-
quently unacquainted with results already 
reached by others. And so it frequently hap. 
pens that the !best brains are exercised to fhr 
utmost in discovering things already discovered 
by others. Creative genius is rare. There are 
in a generation few cubic decimeters of brains 
in a nation, capable of materially advancing 
science, and yet histoyg shows that in the:past 
a large part of these precious cubic decimeterc 
of gray nlatter has ,been expended upon need- 
less repetition. 

I s  it not possible to improve on the present 
wasteful methods of conducting research? 
There is indeed need of persistence in the en- 
deavor that 

No subtle, bright and novel thought 
In  this wide world shall come to naught; 
No germ of purest ray serene 
Shall scintillate b;r us unseen. 


