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T H E  AATI1lIAL AS A ilIACHIIATE AATD P R I I ~ ~ E  
ilI0VER.* 

THE writer of these papels has been 
greatly interested in the study of the vital 
machine in its relations to the special work 
of the engineer and to the metllods illus- 
trated by i t  in transformation of potential 

*Abstracted from The Animal as a Prime Motor ; 
N. y., J. \yile, 8; Sons, 1691. Joumd of frank-
lin Institute, Jan.-IIarc11, 1895. 

energies into the mecllanical form for use- 
f~11purposes in the industries. 

The value of this form of rime motor to 
the engineer is enormous, though rarely ap- 
preciated or realized. Until the introduc- 
tion of tlie steam-engine into mills and-
factories through the inrent~ions and enter- 
prise of TVat,t and his partner, a t  the begin- 

ning Of the Century, horse-~on'er and 
manual labor only were available for any 

for ,yhich R,ater-power could not be 
obtained, and hundrecls of horses had even 
been employed, in earlier t'imes, in draining 
of sillgle mines. But, even a t  the present' 
time, the horse is t]lc prime motor for an 
enormous section of the indust,ries ;and all 

On 

lines, all agricultnral work nearly, and 
work of wllate~~er kind on the higl~way and 
in the by-ways mnst rely on this vital 
machine for its performance. 

Tlle theory of the machine and study of 
its methods of operation, of energy-conver- 
sion, and of economical application of power, 
is one of the most important subjects pmc- 
tically presented to either the engineer or tlle 
man of science, and this for two quite dif- 
ferent reasons. In the first place, the vital 
nlaclline has a higher efficiency than any 
steam-engine and involves methods of trans- 
formation, storage ancl application of energy 
which are as yet a mystery, ancl wlrllich, 
could they be discovered ancl simullated in 
engineering practice, ]night possibly prove 

.. 
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morc enormously valuable as improremcnts 
upon current methods than was the inren- 
tion of the modern stcam-engine and the dis- 
placement of tllc old machines of Worcester 
and Savery. It is also possible that nature's 
mays of producing light and electricity, as 

animal macl~inc this ~vould ordinarily be 
the \videst range of temperature attainable 
in tllcrmodynamic conversion dividcd by 
about 300" C. But the machine is, in 
this case, a mass of circulating fluids of fair 
conductivity, mainly, and can hare no sen-

--ell as  power, may be ultimately f o ~ u ~ d  sible range of temperature, so far as can be 
immensely more economical than those of 
man. They certainly are quite different, 
ancl are inconceivably more efficient in 
thcmselves, as single transformations, than 
any processcs yet discovered by scicnce. 
I n  tllc second place, tlle laws of opcration of 
the vital machine being fully revealed, it is 
possible that we may find ways of promot- 
ing the improvement of the machine in 
such a manner as to make the animal 
mcclianism a more efficient and a better 
appamtns for the use of man, and even, 
perhaps, find vrays of improving the iustru- 
ment employcd by the mind in its special 
operations, as wcll as the mccllanism of the 
frame in whicll i t  is givcn a llo~neand a 
vehicle. 

The outcome of the investigations made 
np to the present time may be stated 
perhaps in the briefest and most intelligible 
way in the form of a series of theorems, 
thus: 

(1.) T h e  T7ital ilf(lchine i s  n o t  u thermody-
na71~ice,zyine, a heat-mofor.  

Many writers have taken for granted the 
now obviously incorrcct hypothesis that, 
since thc maclline is evidently a source of 
heat, and its energy is dcrivecl from com- 
bustible materials, it must, therefore, be a 
heat-engine ancl its operations necessarily 

seen ; and, in fact, i t  is known that differ- 
ences of bnt one or two dcgrees, in different 
parts of the body, the only act,ual differ- 
ences of temperature, are prodnced by a 
sligllt warming of tlle venous blood by 
chemical action, or by proximity to or clis- 
tance from the cpidermis. As a tllermody-
nalnic cngine, even wcre it possible, there- 
fore, the maclline should hare an excccd- 
ingly low efficiency. The fact is that its 
efficiency excceds t,llat of any hcat-engine 
known to man, under the most favorable 
possible practical working conditions. 

The vital engine is certainly not thermo- 
dynamic; its llcat is a 'by-product.' 

(2.) T h e  mucli ine i s  probably n o t  electro-
d y n u l ~ ~ i c .  

Scoresby and Joule, and Sir TJTilliam 
Thomson 'Lord Kelvin ' and othcrs among 
later writers, have suggestcd that the ma- 
chine may be, as some hare said, an electro- 
dynamic machine, otllcrs an elcctro-mag-
netic engine. I n  support of this view it is 
pointed out that, in some cases, as in the 
gymnotus, the torpcclo and some fifty other 
creatnrcs, pon~crful elcctric batteries, accum- 
mulators, are found in the animal system; 
that all animals scem to have conductors, 
the nerves, and that electricity leakage is 
always to be detected in the living creature 

thermoclynamic. This is easily dispro~~ecl. -currents passing in various directions 
In any tllermodjmamic machine, of whatever 
class, among the heat-motors, the proportion 
of llcat con~~erted efficiency 'into nrol-k, the ' 
of the machine is measured by the range of 
temperature, from the highest to the lowest 
in the cycle operatecl in by tlle thermody- 
namic mccllanism, divided by the maximum 
absolzite temperature in the cycle. For the 

througl~ the body ancl leaking outn~ard to 
the snrface in all parts. The nerves termi- 
nate in 'plates' ha\-ing close relation in 
form and structure to the more lligllly de- 
veloped cells of the storage batteries of tlle 
eel ancl similar animal proclucers of elec- 
tricity. 

A great variety of facts and considera- 
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tions based upon research in t,his field con- 
spire to indicate, if not to fully prove, that 
the passage of tlie electric curreilt along tlie 
nerve is tlie initial act in tlie motion ancl 
energy-production of the muscle. On the 
other hancl, however, i t  may probably be 
stated, as conclusively ascertained, that 
there is no representative of the mechan- 
ism of our electro-dynamic machines, either 
of generator or motor, in the mnscle, 
where, nnqnestionably, the applied en-
ergy is set free and utilized. There is 110 

equivalent of magnet, of solenoid, of field 
or of' armature. On tlie otlier hand, i t  is 
indicated by numerous ancl varied investi- 
gations and observations that the electric 
current lias for its office, in tlie vital ma-
chine, the promotion of tlie chemical actions 
which accompany all motion and del-clop- 
ment of force ancl power. Tlie familiar ef- 
fects of currents having t'lieir origin outside 
the body afford illustrat'ions of the fact ancl 
the metliod of action of tllese currents. 
The electric currents, so far as existing in 
tlie system, have liglit work to perform ; 
and where, as in tlie gymnotus, they are 
given more formidable tasks, they require 
for tlieir production and application very 
largo special organs, and occupy an exorbi- 
tantly large proportion of the body. 

Tlie vital machine is probably not an 
elcctro-ciynamic motor. 

(3.)  T h e  c i~~ i lnn l  i s  t a ry  proba- prime ~ n o t ~ e r  
bly avz exui,zple of a n  exceedingly higltly orgchw- 
ized a n d  ejicient chelnico-dynamic ntotor. 

There are but tliree known forms of en-
ergy available in conversion of the stored 
potential energy of the foocls into dynamic 
form. Two of tllcse liare been seen to be, 
tlie one certainly, tlie other probably, nn- 
utilized in the energy-conversion of the vi- 
tal  machine. The third, until some as yet 
undiscovered process and eneygy is found 
to be available, must be assumed to be the 
source of all dynamic pllenomcna in the 
animal system. Tlie n~aclline is probably 

a chemico-dynamic prime mover, in whicli 
the developments of energy in active form, 
tlieir magnitude and their applications, are 
directed by the supreme autliority of tlie 
system throng11 a very perfect arrangement 
of electric apparatus, by means of which the 
necessary orders are tclegrayliecl to the va- 
rious points a t  which energy is to be liber- 
ated and applied, ancl by the currents tmv- 
ersing ~~ll i ich apparatus the chemical reac- 
tions needed in transformation of tlie po- 
tential energy of tlie fats and glycose, and of 
the proclncts of broken-down tissue, into 
active ancl useful form are inaugurated. 
Electricity, or some related energy, serves 
as tlle directing and stimulating power, and 
tlie resolution of fats and other substances 
into glycosic componncls ancl tlieir oxida- 
tion, a t  the point a t  wliicTi power is to be 
de~elol~cd,into carbon-clioside and water, 
by chemical changes resulting in tlie trans- 
formation of potential into actual energies, 
supplies the working power of the system. 
The presence of electricity is always observ- 
able in the vital maelline, and tlie chemist- 
physiologists liave trncecl tlie processes of 
supply and transportation of potential en- 
ergy and of the libcratioll of active energies 
do~vnto the very last, tliougl~ still mysteri- 
ous, act of utilization. 

Tliese autliorities are now apparently 
su~bstantially unanimous in declaring i t  
well settled that tlie action of muscle, for 
example, is clue to wliat is termecl an ' ex-
plosive' chemical action in tlie nlass of the 
organ, the outcome of whicli is ineclianical 
energy ancl the liberation of carbon-dioxicle. 
The physicist-pliysiologists are equally unit- 
ed in testifying tshat the provocation of this 
explosive action, a t  will and in proper 
quantity, is effected by a nervc-impulse 
wliich is more nearly like tlie electric cur- 
rent than any otlicr known form of physical 
energy ; and the process of doing work by 
muscular action is likeneci to tlie firing of a 
charge of explosive in tlie mine by a current 
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sent over a wire, in this case along a nerve, 
and the provocation, by its action, of instan- 
taneous oxidation of carbon into carbon-di- 
oxide with cllangc of tllc physical state from 
the solid or liquid form into gas libcrated in 
a small space under lligll coinpression, and 
thus in a condition to perform maximum 
work by its expansion. 

(4.)  In this c l~en~ico-dynamic  nlachine, the 
cnergy clisplciyed i n  i t s  clyaamic operations, as in 
i ts  ~nzrsclilar work ,  i s  generatecl a~zcl applied 
locally. 

It has been supposed by somc writers that 
thc power of the muscular system was cle- 
rivccl by transmission from some central or 
remotc source to the point of application, by 
the nervous system, there to be ntilizecl in 
the act of muscular stress. It is now well 
ascertained that not only is there no pro- 
vision for such transmission of cnergy, but 
that the liberation of energy occ~ws ~vithin 
the mass of the musclc itself, ancl within its 
tissnc-cclls. That tllc action is local is 
easily seen in the fact that the excisccl heart, 
an exciseil bit of intestinal musclc, the cor- 
puscles of the blood itsclf, and the amceba- 
form protoplasm of whicll the flesh is com- 
posed, in its minutest elements, possess this 
attribute of energy-development. The heart 
beats, often for hours in some cases, after 
rernoral from tllc body; thc excised mns-
cnlar tissnc exhibits its rytllmic puls a t '  ions 
visibly after isolation ; the whitc blood cor- 
puscle, even, propels itself indepenclcntly 
into the locality in ~vllicll it is to join its ener- 
gies and activities with those of the already 
built-up living substance; the clemental 
protoplasm everywhere exhibits tllcse char- 
actcristics of what we call ' living ' matter. 

Thus complcte clemental vital systems are 
found distributed, in many forms, in all 
parts of thc machine, with their directing 
dnd initiative forces as ~vcll as their encrgy- 
transformiilg apparatus. 

Furtllcr: It is now well settled and easily 
sllor=,-n that the potential energy supplicd 

is tendered to the working systcm in the 
form of glucosic matter, sugars, produced 
from filts and starclles, ancl sent t1lroug;ll 
the arterial pipe lines to the capillaries and 
thence into tlie very cclls of the organs in 
xllich ~vork  is donc. There they are re- 
solved into carbon-dioxide and water; the 
location ancl to some extent the nature of 
the enelgy-transformation being thus fully 
revealed. I t  is a local transformation of 
cllemical into mechanical cnergy, clircctly 
or indirectly, at  the vcry point and in tlle 
very cell, apparently, where tllc work of 
that elementary portion of potential energy 
is performed. Tlle question remaining to 
be solved is mhethcr this transformation is 
dircct or indirect, a single step or a serics 
of energy-changes, not whetller it is effected 
locally or generally or xithin some spccial 
organ appropriated to that clnty. Each 
cell appears to be an clementary prime 
motor, an clemental vital machine; and tllc 
muscular mecllanism is a combination of 
innnmerablc elcments of similar composi- 
tion and method of action, in each of \vhicll 
a similar proccss of cnergy-transformation 
is conductecl. 

This process is not thermodynamic, is 
probably not electro-dynamic, is presum- 
ably cllemico-dynamic, by which is meant 
that the energy of cllcmical action is prob- 
ably clircctly transmuted intomecl>anical en-
ergy, not, as in tllennoclynamic macllincs, 
first into heat and then into work. A thcr-
modynamic link in the chain xould mcan 
the loss of a large fraction of the wllole 
supply; but it still remains to be ascer-
tained ho~v  direct cllcmico-dynamic conver- 
sion of energy can give thc remarkable 
efficiency observed in the vital machinc. 

(5) T h e  Xerve -h~pz i l s e ,  the p h y ~ i c a l  energy 
~el iec l  ~ ~ 2 ) o ) t  the vo l~ in ta ry  for c o n ~ ~ n ~ i ~ t i c u t i ~ ~ g  a n d  
the uzitomatic s t i n ~ ~ i l i ~ i i ~ h i c h  deternii~ze the t ime 
a n d  i~ l t ens i t y  of the ctctio~t of the mzisa t lc ir~~~otor-  
system, i s  probably a f o r n ~  of electric energy or 
sonle closely ?.elated l~hys i cn l  action. 



This is a systcm of telegraphy from ncrre- 
ganglia, spine ancl brain wliicli does ]lot, as 
liad been formerly supposed by some 
writcrs, transmit encrgy, but simply indi- 
cates mliere ancl wlicn locally available 
stored encrgy is to be liberated ancl applied 
to clefinite purposcs by appropriate muscles. 
I t  clelnancls cncrgy only in the manner and 
in  tlic degree in wliich tlic clectric current fir- 
ing a mine expends energy in tlie initiation 
of thc chcmical action resulting in tlic trc- 
mendous cffects obscrvecl. Tlic ~vork  is 
clone by tlie more or less complete transfor- 
mation of tlie potential energy available in 
cliemical combinations into meclianical en- 
ergy, once tlie clectric spark fires tlie 
charge. 

Tlie passage of tlie electric current through 
tlie fresh mnscle prodnccs the same cffects 
a s  the nerve-impulsc, and tllesc effects may 
bc reproduced again and again, until tlie 
mnscle loses its store of glycose or until its 
structure changes. At every cffort, tlie 
flcxecl mnscle 'consumes glycose ancl libcr- 
ates carbon-dioxide, preciscly as in its na- 
tural operation nncler the stimulus of the 
nerve-impulsc. Tliis parallelisln of action 
and cffcct may bc taken as, pcrliaps, good 
circumstantial evidcncc. I n  cvery animal 
system, and in every mass of musclc within 
it, electricity-leakage, or other movcrncnts 
of electricity, may always be detected by 
thc familiar methods of the electrician, ancl 
this cvcry~vlierc distributed energy un-
questionably originates in the system itself, 
and lias place and purpose in its economy. 
I n  special cases, as in thc gymnotus, Na- 
ture lias magnified its work and given i t  
larger place in the working of the machinc 
than ordinarily, and thus has given us an 
opportunity to observe, on this magnified 
scale of~vorking, both tlic form of tlie special 
coi~structionsfor tlie production of tliis form 
of cncrgy, and tlie mctliod of its transmis- 
sion and application. NTc find tlie electric 
system of tlic gymnotus to bc simply a 

de~clopment of tlie ncl-ves and tcrminal 
plates found in all animals. Tliat they 
have a common office, tllongh very different 
in relative magnitude and importance in 
tlie two cascs, is undoubted. Tliat the 
origin, Ilowever, of this form of cncrgy, 
simply as rcqnircd for telegraphy, is chcm- 
ical is very certain, also, since it must find 
its sourcc in tlic common store of potential 
energy snppliecl tlic n-hole systcm. Tliat 
this chcinical process may be somen~liat 
different from that producing cliemico-cly- 
namic effects is not improbable ; especially 
as tlic prescncc of combustible fats of pecn- 
liar composition scem aln7ays an essential 
to nerve action. Bnt all chemical action is 
accompanied by electric phenomena, and 
Katnre licre secms to make the fact sub- 
servient to lier plans. But she adopts 
singular methods, and possibly a peculiar 
form of this energy ; and tlie minute quan- 
tity cletcctcd by investigators, ancl tlie slow 
rate of progress along tllc nerve fibers, are 
elements of as yet unrevcaled mystcry. 
Tlic familiar exhausting effect of continued 
nervous expcnditnre may be citlier due to 
largc energy expenditure or to restricted 
supply of tlie special form of potential from 
~ ~ ~ l i i c l ii t  is dcrircd. 

( G . )  T h e  nature ,  sozirce nncl.methods of de-
velol~ineizt aizd t rnnsJor~na t io~~  brainof a n d  
nerve pozoer do not  appear to have been yet clis-
coverecl, or ezlen szir~llised. 

Tlic fact tliat such encrgy is subject to 
exhaustion and renewal by precisely the 
samc processes, so far as can be observed, 
certainly under tlic samc conclitions as  pro- 
duce fatigue or favor recuperation of mus- 
cnlar power nronld scem to justify thc in- 
ference that  tlic potcntial energy of the food 
and tllc processes of nutrition ancl of devel- 
opment of active physical cnergies in the 
brain, spine and nerves are so modified in 
tllcsc glands as to give a spccial product in 
tho form of vital cnergy, and pcrllaps of 
bmin-pon-er, and of thosc initiative forces 
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of the whole nervous system wllieli inaugn- 
rate and direct, automatically or intelli-
gently, the currents of nerve-impulse ancl 
set in operation and sustain the whole eom- 
plicated life-system. But liom the mind 
seizes upon these forces and compels these 
energies to work its will, or ho~v  tlie spine, 
and automatic mechanism, generally, is set 
in communication n-ith the mind on the 
one side, and the organism of tlie maelline 
on t,lle other, remains a mystery cliallen- 
ging every resource of talent and the high- 
est genius in tlie investigator.' So far as a 
judgment or even a snrinise is pcrmittccl, 
i t  may probably be assumed that, like all 
other energies of the vital maelline, those 
of brain and spine and nervous system Iiave 
a definite, cluantivalent relation TI-it11 the 
familiar pliysical energies, and fall within 
the province of modern scientific researcli. 
They demand, beyond a doubt, their pro- 
portion of the potential energy snppIiec1 in 
the daily r a t' ion. 

( 7 . )  Obserrecl p h e i ~ o i n e ~ ~ c ~  uncl statistical clafci 
~ I O ~ L  aye fozi~~clecltchiel~ these declt ict io~~s m a y  be 
s~i~izlnurizeclas jollozvs : 

Taking tlie linman vital engine, in illus- 
tration, the amount of potential energy sup- 
pliecl the average individual may be taken at  
2,500 or 3,000 Calories n-lien doing no exter- 
nal muscular work, 4,000 calories when per- 
forming a full day's work as a laborer.:K 
This corresponcl~ to 10,000 to 1G,000 Britisli 
thermal units, to from 8,000,000 to 12,500,- 
000, nearly, British dynamic units, foot- 
pouncls per indi~iclual per day, of n-hicli 
supply a part is ~vastecl by defective diges- 
tion ancl assimilation and a portion by vari- 
ous (lefects of tlie maclline itself. Taking 
the energy-supply of tlle vital machine as 
8,000,000 foot-pounds fbr the man of seden- 
tary habits and performing brain-work and 

*Pary on Foods ; lIott7s &Innun1 ; Tliursto~l's 
Animnl as a Prime l lorer  ; Tear Book of tlie Xev- 
York State Reformatory, 1894 ; Reports of the Conn. 
Agricult~ual Station. 

10,000,000 for a steady ancl liarcl-working 
laboring man, who does muell muscular 
labor and little thinking, we liave the basis 
of estimates wliicli, thong11 probably not 
Tery precise, may yet answer present pur- 
poses in giving general conclusions. 

Of this eight or ten millions of foot-pounds 
of energy supplied the machine in potential 
form, in the foods, not less than fifteen per 
cent. must be reckonecl for deficiency of 
digestion and transformation into ,zvailabIe 
form in the cliyme and chyle, the solutions 
from wliicli the system draws i t  for its v,zri- 
ous special purposes. Tliis seeins the mini- 
mum usual loss, and an excess is comt~ioilly 
observed, wliicli is furnishecl by larger foocl- 
snpply than tlie assurned figures as liere 
given. 11 good digestion coefficient ' is 86 
per cent.$: , 

Of tlie 8,000,000 foot-pounds of energy 
fi~rnisllcilin tlie food of tlie brain-worker, or 
10,000,000 supplied the day laborerer, sove- 
tliing like 7,000,000 in the one case, and 
S,500,000 in tlie other, pass into the reser- 
voirs of potential energy of t he  vital ma-
cliine, ancl circulate in tlie blood through 
all its organs ; giving up to each that pecu- 
liar form of nutriment needed for its work 
or for its own maintenance. Tlie muscles 
draw upon it for energy to be converted into 
the IT-ork of external labor or of internal 
operatioils essential to life; tlle various 
glands elaborate from it those special com- 
positions required for their purposes ; the 
brain ancl nervous system absorb from i t  tlie 
material for consumption in the operations 
directed 6y the mind or autoinatically con- 
duetecl by tlie vital powers of the ailimal 
system. Of the 8,500,000 foot-pounds of 
energy thus f~~rnislied the mcclianisnl of the 
laboring man, in t,lle best cases of applica- 
tion, under most favorable conditions, about 
2,000,000 are applied to the pcrformancc of 

*Flint's lIuscular P o r e r  ; \JToods's Digestibility 
of Feeding Stuffs, Awater's Studies of Dietaries, 
Rcport of Conn. A&' Experimental Station, 1893. 



the  clay's work ; wllicll is equivalent to say- 
ing that the efficiency of this vital machine, 
consiclerecl simply as prime mover, is 233 
per cent. If cfficiency of co~~versionof 
potential into djnamic energy of muscular 
work, internal as well as external, is con- 
sidered, it is very possible t,llat this figure 
may be cloubled, and the efficiency to be 
taken in comparison with that of heat-
engines may be somen~hcre between forty 
ancl fifty per cent. I f  the internal n~o1.k of 
tllougllt ancl of brain and nerve power is 
considerecl useful work, ancl the total com-
pared with the energy supply, the efficiency 
will be a still Iligller figure, perhaps fifty or 
even sixt>y per cent.* 

But the higllest total efficiency of the 
best steam-engine yet constructed is but 
about twenty per cent., with its thermody- 
namic rangc of abollt 200' F. (111' C.) 
degrees, Fahr., and that of the bcst gas-cn- 
ginc is but about the same, \I-it11 a rangc 
of ten times that extent. If the vital ma- 
clline be a engine, therc- thermodj~~amic 
fore, its known cfficiency, with no recog- 
niiecl temperature, rangc of heat 'let donu,' 
is not less than twenty-five per cent. Iligher 
rthan, and may be twice as high as, the bcst 
heat-engines constructccl by man. This is 
recognized by engineer and tllermodyna- 
mist alike, as a ~eclzcctio acl cibszcrclzon, and the 
vital engine is certainly not a heat-engine. 

The facts regarding tllc distribution of 
potential energy to the various organs of 
the body; the dovelopmcnt by each organ 
of its special form of product in new compo- 
sitions or in a special energy; the localiza- 
tion of energy-transformations in the cells 
of tlle muscle, or otller energy-producer; 
t he  accompanying liberation of carbon-
clioxidc from col~sumption of glycosic ma- 
terial ; tlie utilimtion of s telegrapllic, or 
rather a scmaplloric, system communication 

*TTTeisbach's Bf eclianics of Engineering ;Rankine's 
Prime hlovers ; Thurston's Arlimnl ns n Prime Notor ; 
Reynolds' Ifenloir of Jonle. 

between the mind or the interior automaton 
of the spine and cerebellum and the point 
of useful application of energy all : tllese 
are familiar to all p11ysiologists.* Beyond 
tllese known pllcnolncnn lie the mysteries 
which the engineers, if possible nlore than 
.the pllysiologists themselves, most clesire 
to see completely solved. TTThen they are 
thorougllly investigated m d  the operations 
of the vital ~llaclline become fully known, 
in all their detnils of energy-transformation, 
i t  may be possible to secure new prime 
movers of similarly lligll efficiency ancl thus 
to double the life of the race by prolonging 
the period marking the endurance of our 
supplies of potential energy in  the coal-
fields of the world. Slionld i t  prove that 
only by preliminary manufacture of fuel, 
in the form of sugars, can this result be 
attained, i t  may seem unlikely that, even 
when tllcse operations arc no longer mys- 
teries, coinmcrcial applications of nature's 
methods can be expected to prove snccess- 
ful; yet wllen i t  is considered that the 
sugal-s arc simply carbon ancl water, i t  will 
not be deniccl by eitllcr engineer, cllemist 
or physiologist that a possibility still rc-
mains of effecting so enormously important 
an aclvance in the prime motors. If, further, 
nature's economies in light-production can 
be paralleled, the engineer may ultimately 
furnisll heat, light and power, the three 
great products of his special labors of most 
value to the race, with insignificant wastes 
and approximately perfect efficiency and 
maximum cheapness. Given perfect effi- 
ciency of power-production and the main 
problem is solved. R. H. THURSTOK. 

CORKELLURIVCRSITT. 

WARSITBERGEX OAT TBE OEIGIAT01.' OUR 
J7EEAnALFLORA. 

B r  way of s rcview of a paper by Mr. 
Henry L. Clarke, in the American A'atzcral-

+Foster's Physiology; Cncyclopredin Britannia, 
Art. Pliysiolog~; Chauvenu's Le Travail Blusculairc. 


