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THE DEVELOPhlENT OF I-IEAT BY MUSCULAR 
ACTIVITY.  

By PR~FESSORA. FICIC,of nTiiizhurg. 

It is the object of physical science in the proper sense 
of the word, to perceive in all the phenomena of nature 
the  operations of the snmzc forces, with which any two 
nlaterial particles always act upon each other, when they 
conle in contact with each other in the same relations. 
This  object has never been so clearly seen by the majori- 
ty  of naturalists, a s  (luring the last tlecade. Since that 
time a lac\, already proved i l l  mechanics 112s beru recog- 
nized as  one applicable to all the events cf nature. It is 
called by IHelmholtz, who in a treatise ~ r h i c h  appeared 
thirty-one years ago, first de~nonstratecl its univei-sal itn- 
portance, the " law of the przsrrration of power" ; re-
cently the designation " lam of the preservation of energy" 
has also been brought into use by English Inen of science. 
T h e  amazing productiveness of this fundamental law of 
the operation of all natural forces esselltially consists in 
the fact that  froin it may easily be derived experiments 
for testing results even in ilatural phenomena, in which 
in detail the nature of the acting forces is wholly con- 
cealed. 

Therefore it could not fail to happen, that since this 
time individual investigations in the nlost varied depart-
ments of phys~cal science have principally turned upon 
this fundamental l~rinciple. I t  no\v seeins to me that the 
results of such intlividual investigations, which are con-
nectetl with the 111o;t universal points of view, might Ile 
best adapted to secure interest even outside the circle ot 
the scientists. In this opiuion I ~t,ill venture to clainl the 
attention of the readers of this publication for some 
general observations connected with an experiment inatle 
by me a short time ago, and elszwhere communicated to 
persons familiar \vith such matters. 

Each intliritlual can experience in his on-n botly at  any 
moment, that with the aitl of his niuscles he can conquer 
opposing forces and set masses in motion. The  forlner 
happens, for instance, \vhen we lift a burden or throw 
the whole weight of the person upward in climl~ing a 
mountain ; the latter occurs when \ve hurl a stone or 
swing a hammer. T h e  principle of the p;eservation of 
power now de~nands  that, where we see forces conquel.ed 
or masses moveti, necessarily powers on the other side 
have ' .actedn or perforined labor, that  is, thxt the points 
of assault of forces have l~een  displaced. This, for in- 
stance, is clearly apparent in rhe voluntary fall of a heavy 
botlv. I t  is the point of attack of a power directecl clo\vn- 
ward, namely weight, and as  untier the influence of this 
power it moves downward, its velocity increases ; or ~ v h e n  
in a wavering balance one scale \\,it11 its burden ascends- 
its weight is conquered-but the other sinks and its weight 
performs a certain anlourit of work. So if by the medi- 
ation of ~nuscular  action \ve see forces conqueretl or 
masses movecl, it must be asked:  what powers have 
acted or performed the labor here, that  is, have changed 
their points of attack in their action. 

Forces which, for instance, like weight, act upon 
larger bodies in a similar inanner, will not of course be 
alluded to here. T h e  point in question can only concern 
powers that operate even among the smallest particles of 
muscular substance, that is chemical powers of attrac-
tion. Something inust take place in the muscle similar 
to what occurs in the steam-engine, when in the  act of 
comhustion under the boiler the particles of car l~on and 
oxygen, obeying their strong reciprocal power of attrac-
tion, rush towards e ~ c h  other, maknp violent little nlove- 
inents, and a portion of this energy, by means of a series 
of shocks, is applied to the concluest of opposing forces, 
or to accelerating the speed of botlies. S o  in the muscle, 
during its activity, chemical processes evidently take 
place, with which powerful kintlrzd forces come into ac- 
tion. Tha t  this is really the case can be s11o~r.n by ex- 
periments. Singularly enough, it is not only an  analog-

ous, but for the most part at  any rate precisely the same 
chemical power of attraction which performs the work 
in the actlve muscle and in the stzam-engine, namely the 
pDwer of atlraction between the particles of carbon and 
the particles of oxygen. T h e  product of the operation of 
this power of attraction, carbonic acid, appears in a cer- 
t a ~ nquantity a t  every act  of inuscular motion. 

In all the esainples, in xvhich, by tbe mediation of any 
a r r a n g ~ ~ n e n t s ,througii whose operation the action of 
chemlcal powers of attraction, taking place even in ex- 
traordinarilysmall distances, accelerates the inovenlent of 
botlies, or overcoines mechanical forces, like weight, a 
general remark inay be inatle, wliich has hitherto been 
everywhere confirined by experience. T h e  lines of coin- 
munication between the particles undergoing a change 
by means of a chemical process are usually irregularly 
tlistributed in every part of the space. T h e  movements 
arisinq fro111 the intliritlual processes of change are, there- 
fore, also irregularly driven in all clirections, and thus can 
never be applied in their full strength to overcome an 
opposing foi-ce acting- in a fixed direction, or to accelerate 
the speetl of a botly, whose particles are a11 moving in the 
same direction. Only a portion of this collected energy of 
motion can appear in such a form. A fraction, greater or 
less, according to circun~stailces, of the sum of the indi- 
vidual processes of change must retain its original form 
of the irregularly wlii~.ling inovement of tile tiniest par-
ticles. This conclusion may, therefore, be briefly ex-
pressed thus : wherever in a cl~emical process the power 
of attraction of the sinallest particles of different sub- 
stances performs lal~or-no matter under what circum-
stances this may occur-a portion of the labor will al-
ways be em;~loyetl in the tleveloprnent of heat. 

T h e  heat containetl in a botly is, therefore, nothing else 
than the energy of slight invisible irrrgular wlnrling 
movements, in \vhich the tiniest particles of the botly are 
inclucled. T o  increase the temperature of a body, there- 
fore, is merrly to increase the energy of these irregular 
molecular ~novetnents of tile smallest portions. This  
view instantly finds support In the coinmon phenomenon, 
that at the increase of the temperature of a body above a 
certain degree its particles in consecjuence of the colossal 
energy of notion really pulverize each other-" the body 
evaporates." 

If this view of heat is correct, a crrtain degree of heat 
can br producetl by acertain amount of work. T h e  propor- 
tion of work, or the operation of a po~ver  is, as  is well 
knc\vn, the product of the intensity of the power and the 
distance through wtiicli it has actetl. 'Therefore the pro- 
duct of the unit of theintensity of the po\v<r, theRt'Zqvanz, 
aud the unit of the distance, the / i r c l e ~ ,is chosen as  the 
unit of tllis potver. 'I'his unit of the value of the ~vorli  
is calletl the /E.z'Zqy~-antnzete~.AS the unit of the  quantity 
of heat tlie same c l e~ ree  has been fixed that is required 
to be supplied to a kilogram of water, when its temper-
ature is to be raised from o" to I '  of the Centigrade. 

Natural philosophy has now succeetled-and it is one 
of its ii-~ost important acliievements-in showing, that for 
the producti?n of a unit of heat an expenditure of ~vorli  
of 42; kiloyramn1ete1-s is rtquisite. This number is called 
the ni chn7~ical cpzr/?~nlefct of hcnf ,  because it is thereby 
possible to calculate each quantity of heat in a certain 
nui~iber of mechanical units of work, which is requisite 
for its production. 

T h e  linon~ledge of the mechanical ecluivalent of heat 
enables us to measure exactly the  work performed by any 
chemical process of kintlretl torces operating even at  
immeasul.ably little distances, although we ltnoiv nothing 
at  all of the Ians  of action of these forces in detail. In 
fact, we need only direct tlie process, so that no effect is 
~ r o d u c e d  except the development of heat. If we then 
nieasure the heat developed and multiply the number of 
units found by 425, we shall have the labor which the 
chemical powers ot attraction have performed in the pro- 
cess, expressed in kilogrammeters, since according to the 
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supposition the whole operation of this labor consistetl 
exclusively in the development of heat. Tile burning of 
one kg. of coal may :ewe as an esample;  if no otlier 
effects are accomplislied, about 8030 ~ l i i t s  of lieat ~viil be 
released. Tlie worli which the kindretl powers between 
the atoms in one kg. of coal a ~ i d  tlie two-fold ilumber of 
atoms of oxygen accomplish in their union into carl~onic 
acid, thus amouiits to 8000 x 435 01- 3,400,000 1;ilogram- 
meters. From tliis an idea may be for~ned of the 111-otlig- 
ious i~iteiisity of the chemical po\ver ot attraction between 
an atom of carbon and an atoiii of os!-gen. T h e  force 
with wliich the particles of carbon, amounting only to 
one kg-., rush from a 5-ery little distance to the corres-
poncling parLicles gf oxygeil in burning-, !is precisely as  
great a s  when a body weighing 3,400,000 Itilograms falls 
from a height of I m. 

Let us go  back with these axioms from natural phi-
losophy in general to iuuscular action. If, as  was shown, 
there are cllemical powers of attraction, whose operation 
or performance of labor ~ r o d u c e s  niechanical effects ~vhicli 
are externally perceptible, besides these, heat must also 
proceetl from every muscular action. This proposition, 
which we here bring forward as  a concl~~sionfrom the 
most universal lessons of the action of powers, has 
already long been aclinowledged as  a principle deiived 
from exl)eriei~ce. 

It was by no means easy to prove this proposition. T o  
be sure, it is rendered extremely probable by the daily ex- 
perience, that our bodies are perceptibly heated by great 
niuscular exertion, and give off Inore ],eat than during 
the same time with the muscles at rest. But this does 
not afford an  accurate proof. I t  might be represented 
that the excessive activity ~f the nluscles only affortletl 
i~icrease(l op l~or t~~ l i i t y  for heat-11rotlucing conil~ustio~i in 
other coiistitue~lt parts of tlie I~otly, tor illstance in 
the blootl. An exact proof can, tlierefore, only be gi\-en 
by putting i l l  action a nluscle sel-eretl fro111 coliiiection 
~\ritii tile rest of tile hotly, ant1 proring that heat is tie- 
velopetl t1ie1-ein. Sucli experiments can, of course, only 
he matie on tile muscles of coltl-blootletl animals, I~ecause 
those of the warni-l)lootletl, \vIie~i separatetl Cram the 
botl3-, lose tlieir vltal ])roperties too quiclcll-. 

T h e  first person \vlio ~ilatle such experi~iieiits autl has 
sllol\rn an increase of temperature, that is a tlevelo1)llleiit 
of heat in isolitfed ~nuscles I I ~action, \\,as f/el~)a/zolfz, 
This funtlamental fact could not fail to attract great at- 
tention, aiid malce people e~itleavor to ascertaiii what cir- 
cumstances liatl all influence 011the greater or less tie- 
v r l o ~ ~ n e n tof heat Ily niuscular action. Tlie most iln- 
11ortalit labors in this direction procee(led from Nefii!ei~-
/ z n t i ~ ' slaborator!-. He lias es1)ecially much improvetl the 
tliernio-electric system, \vliicli alone call Ile usetl to as- 
certain the increase of temperature of the n~uscles.  \VitIi 
the aitl of this systeni one can tlistilictly perceiye even the 
extraortlinarily sliglit increase of telliperature, ~vllicli a 
little frog ~nuscle uiitlergoes at a single, Ily no means en- 
ergetic, movement, that scarcely aniounts to -i&ili of a 
Centigratle. In successii-e esperiments it can even Ile 
deterininetl, in wliicl~I I Z O ~ E ,  less, heat lvas antl ill \vliich 
developed, but until 11ow the system ]ins not heen 
thorouglily atlapted to fix the allsolute vaIue of the in- 
crease of temperature. 

Sonie tinie ago I succeedetl in so changing tile tlierino- 
electric apparatus, that it Ily its means, to fix is l~ossil~le,  
lvith sonie tlegree of accuracj-, the increase of tempera- 
ture a muscle esperie.nces in its action. Thereby tile 
possiibiity was iiista11tly affortletl, of stating in tlie usual 
units the qua~itit!- of lieat tievelopetl by the muscular ac- 
tion. This cjuantity of heat is namely, evidently, tile in- 
crease of temperature multiplietl Ily the capacity for licat 
of the l".ol~ortion of niuscle usetl, lvliich latter is assu~iied 
to be about ecjual to-& of thecapacity for heat of a l~ody  
of water of ecjual size. 

Accortiing to a general ol~servatio~i pre\iously made, 
the w,liole labor perforlned in the muscular act  by chemi- 
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cal pol\-el-s of attraction can nolv be definitely deter-
iiiinetl. For this purpose it is only necessary to allow the 
:iiuscuIa~-action to pass alvay, so that finally no sort of 
mechanical effect re~nriins; tlien, since every labor of 
forces luust lea~re an effect, a quota of heat ~vill exist tliat 
will be tlie exact ecluivalent of tile lvork perfol-~iietl Ily the 
cliemical powers. Tlie contlition just espressetl may be 
fulfilled by sirnl)l!- letting tile ~i?uscle, i t?  its action, raise a 
nreiglit ; Ilut alloiving tliis to fall again, so tliat it pulls 
tlie ~iiuscle wliicli meantime lias relapsetl into a state of 
rest. 111 so tloi~ig tiit 1voi.1; perfor~ued by tlie ~veiglit of 
tile falling I~otl!- ~vill evitlently be usetl for the tlevelop- 
liient of lieat in tlie apparatus. 'To l ~ e  sure, it ~ii ight now 
he asltetl, in ~vliat  portions of tlie whole ~iiacliinery usetl, 
tlijs amount of lieat is tlevelopetl. 'Tl1eoreticalI)r it is be- 
yond tloul~t, tliat apor t io~i  of lt is set free in tlie inter~ne- 
tliate pieces, lvliicli connect tlie ~veiglit wit11 tlie muscle, 
especially by tlie friction at tile poiiits of union, hut since 
tlirse intermediate pieces are practically non-ductile, aiid 
tlie friction at their points of union can only be very 
sliglit, it may he assumetl from tlie beginliing, that tlie 
quota of heat i l l  clucstion is aliiiost eiitii-ely released in tlie 
I~otly of tlie muscle itself, ~vliich, 1)y ~ t s  extreme tluctility, 
receives, so to speak, aliiiost entirely the shock of tile fall- 
ing hurtlen. This su11l)osition is so p~.ol~ahle,  tliethat in 
exact scientiiic pl~1)lication of the result of my esperi- 
ments, I have pre-supposetl it as a matter of course. 
hlealitiiiie I have ii~atle espei,i~iients i i i  111y lal)oratory, 
whicli rentler this supposition one en1l)irically sI1on.11. 

The  esperilnents ha\-e heen matie i i i  the follol\~ing mail-
Iier. A hotly of 1;non.n ~veiglit fastened to tlie ~uuscle 
n a s  raised, not 11y its own action, but hy other labor to a 
rneasuretl lieight ant1 tileti allo\vctl to fall. The  increase 
of tem1)erature exl~erienced Ily the ~nuscle i l l  consrcluence 
of tlie jerk lvns nownieasuret], anti by multiplication lvitil 
the capacity for lieat of tfie muscle, tlie cjualitity of heat 
tlevelopetl in tile ~ l i u s c l e ~ ~ a s  It usually cor- ascertaiiieti. 
respontletl in a really sul-prising nialiner lvith tlie tlier~nic 
equil-alent of tile ~iiecli:iiiical lal~or,  n-liich was apl>lietl to 
raise tlie appelitletl burtien. Tliis affol-tls the proof, that 
the lieat protlucetl 11y such a jerk is 1il)eratetl aliiiost en- 
tirely in tile I I Z Z L S C I ~ ,  fractionsant1 only very inconsideral~le 
are tlevelopetl in tile otlier portiolis of tlie m:icliinery usetl. 
Every such es!)eril?ient can thus 11e lool;etl upon as  fixing 
tile niecliaiiical equivalelit of heat, \vliic!i, of course, in 
point of accurac!-, falls far 1)eliintl the purely 1)li~sical 
tests, 11ut is ~vol-tlly of notice l~ecause a lil-ing tissue is 
the means of ascertaining it. T o  us, lionever, the in- 
terest of these experiments consists in the fact that they 
prove the reliability of the system usetl to fix the heat of 
the muscles. 

Let us now return to the tlevelopme~it of heat by ac-
tive 1nuscu1;ir action, aiid consitler xilore closely tlie nu- 
mel.ical product of an accurate erperimeiit. Tliat in the 
estimates of tlie quaiit~ties of heat, ant1 after~vai-cis the 
\-alue of lallor too, maliy ciphers may not appear irnine- 
tliately bzhintl the comma, we ~vill l ~ a s e  tlieni upoil units 
a ni~llioli tinies smaller. So, for the unit of heat, we will 
take the cluantity of heat necessary to raise the tempera- 
ture of I mgr. of lvater from 0' to I" .  As the unit of 
ial~orwe \\.ill choose iiistead of the kilogrammeter the 
graiii~nilli~iieter. Tlie ecjuivalent l)rol)ortion, therefore, 
remains unchal ige t l -~j .  For an esl)erinieiit a botly of 
inuscle ~veigli i~ig 31 14 mgr, hat1 liftetl in tell pulls, rapitl- 
1y succeetlilig each other, a l~u r t l e~ iof 500 gr.  10 times, 
ant1 the latter hat1 fallen again as Illany times, so that at  
last it hung no higher than at first. ?'lie tempe~-atureof 
the mass of ~iiusclewas incl-easetl o ,o lg jd  by this act. 
Kow, since 31 14 ing' of liiuscular substance possesses 
esactly as niucli capac~ty for heat as  2803 mgr. of n-ater, 
the increase of ~~~~~~~~~~~~~~e wliich followed, required 
2803xo,org5=54, 6 units of lieat. Gut in our experiment 
the l~rotluction of tliis quanti t~.  of heat is the on41effect 
of tile mol-lr acconiplislied 111- tlie chemical po~vers of at- 
traction in tlie muscula~. action. I t  must, therefore, ex- 

http:sI1on.11


-- -- 

620 SCIENCE. 

pressed in the measure of labor, have ainounted to 5 4 6 ~  amount, if the experiment had been so arranged, that t h e  
425, that is 23205 gram~i~illiruetel~s. 

T h e  chemical pi-ocess, \vhicli taltes place in muscular 
action is, it is true, by no ineans accul-ately known in the 
indi\~idual stages of its course; I ~ u t  as  a whole, it un-
doubtedly consists in the co~nhustioii of a hotly fi-ee from 
nitrogen, wliether fatty or saccliarine, to carbonic acid 
and water. The  numl~ers  obtained, therefore, afford us 
a point, Ily which to determine w,llat quantities of the 
ahore mentioned materials must be coiisu~necl in a mus- 
cularcontraction. I l Je  know, tliroug-11 Franblir~zd'sre-
searches, that in the consumption of I mgr,  of s t g a r  the 
chemical polvers of attraction pel-form as much \vork a 
is necessary to produce 3800 units of heat. Xow, since 
in the ten contractions of our experiment, 546  units of 
heat were prod~icetl, an expenditure of material of 5,46+ 
3800=0,014 mgr.  \vould Iiave l~een necessary, under tile 
supposition, that the coinhustil~le material \\!as a sacclia-
rine body. Let us suppose that the co~nhusti l~lema-

lnechailical effect, that is the raising of the weight, had 
been maintained. T h e  quantrty of heat corresponding 
with this effect was  first released in the muscle by the fall- 
ing of the burden again. 

By the 10 contractions of the foregoing experiment 500 
gr. were raised on an  average about 1.3 mm. high. T h u s  
the mechanical result arnouiited in the whole to 6,670 
grammillimeters. T h e  7,vork performed by chemical pow- 
el-s of attraction in the 10 contractions we have found 
above-23,205 grammillimeters. This number is about 
3) times 6,670. Thus,  by these contractions, somewhat 
over i of the whole chemical labor was applied externally 
and not quite 2 to the direct production of heat. That in 
the actual experinient this quarter was also finally con-
verted into heat, depended merely on the external arrange- 
ments, vvliich permitted the burclen raised to fall again 
each time. 

We see by this, that--as was to be expected-the mus-
terial i s a  fatty body, then astill sinaller e spend i t~~re~vou ld  cle machine is very superior to even the most perfect 
Ile sufficient, to produce the effect observeti, namely, 
j4,6+9000=0,0067 nigr., because I nigr-. of fat, accol.tl- 
ing to the estiniates of the investigator just mentioned, 
supplied in its cornbustion, 9000 units of heat. So, fol- 
one contraction the combustion of 0,0014 mgr,  of sugar, 
or of 0,00067 nigr. of fat, would have been rrquisite. If 
\ve dil-ide this number by 3.1 (the weight of the quantity 
of muscle used in grams) the result w11l sho\\~ llow much 
material must be consumetl at o?~eenergetic contraction 
in a gram of muscular sul~stance, tliat is 0,00045 mgr. of 
a saccharine, or 0,000z2 of a fatty combination. So it all- 
pears, tliat for 1000energetic contractions not quite I mgr. 
of combustible material in each grain of muscle is 
reqnisite, and, therefore, it can no longer surprise us, that 
only very srnall quantities of tlie actual comi~ustihle ma- 
terial are ever fount1 in the muscular substance, thegreater 
portion of w,hicIi, as  is well kno~vn,  reall)- consists of very 
different materials, principall)- of substances like the n,hite 
of an egg. 

T h e  results obtained with tlie new systems call Ile ap- 
plied to tlie decision of the cluestion, \\-hat portion of the 
work performed hy cliemical po\vers in tlie active muscle, 
can, in the most favorable cases, produce mecllaiiical out- 
wart1 effects. The  closest interest in this cluestion might 
be designated as an "economical " one. 111 fact, the 
real object of the aliirnal subject in muscular activity is 
the production of meclianical effects in the surrountling 
universe, antl one might denote the portion of the 1~or1; 
accomplislied by cliem~cal pon2ers, which is applieti to the 
mere production of heat, as an ~nevital~leloss from the 
point of vie\\, of animal economy. At  any rate, one will 
have tlie inore reason toatliuire tlie jutlicious arrangement 
of the luuscular sul~ztance, \vhiclicali apply a larger por- 
tion of tlie chemical labor performed in it to esternal me- 
cliai~ical results. 

It is 1"-ecisely the same as  in the steam-engine, \vliose 
construction we also call the Inore pel-fect, accortling to 
the larger portion of tlic work pel-formetl 11y the clie~nical 
powers of attraction in the IILII-ning of the coal it allo\vs 
to be used to produce n~echanical effects. Jn spite of 11ie 
most eager efforts of technics hitherto no attempt has 
been successful in niakiiig nlore than ,?ii ot this labor me- 
chanicaiiy effectual. Fully i+j :Ire lost to the objects of the 
machine, by being inevitably e~~iploped in the pl.oductio11 
of heat, which a t  the utmost can only be used for minor 
purposes, such as  the heating of rooms anti sirr~ilar ob- 
J ~ C ~ S .  

If it niust 1101~be ascertained, h o ~ v  the ~uuscle is situ- 
ated ill this respect, it is only nectssary to fix, by experi- 
ment l~lte the one above described, what mechanical ef-
fect has been accomplished in a given time, ant1 compare 
this measured in the p ~ o p o r ~ i o n  of work, with the cherui- 
cal labor calculated by the heat producetl. I t  will be ad- 
visallle to pap special a t t e n t i o ~ ~  to the fact, that tlie hext 
finally developetl would be  less by a corresponding 

steam-engine, in so far that it can er. ploy the combustible 
material twice a s  frugally for the same main object. 

Besides, this relation between mechanical action and de- 
velopment of heat is by no Inpalis obtained at  every mus-
cular contraction. I have inteiitionally selected from my 
experitnents as an  example, the one in which the mechan- 
ical labor amounts to the largest fraction of the whole 
chemical labor. T o  obtain this most favorable propor- 
tion, the burden must stand in a certain relation to the 
thickness of the muscle, If the burden is largeror smal- 
ler, a smaller portion of the chemical work will be used 
for mechanical act on, or-as it might be expressed--the 
con~bustiblematerial w ~ l l  be less economically used. This 
proposition may be demonstrated n $ribrz', tor it is easily 
seen, that in the two extreme cases, where the burden is 
a cppher or infinitely great, chemical work is performed 
and heat developed, but no external mechanical action is 
obtained. 

T h e  solution of the question, in what relation the me-
charical action for the development of heat can stand, 
under the most favorable circumstances, towards the mus- 
cular contraction, enables an observation to be made 
\vhicI~ throws iiew light upon tlie change of substance in 
animal bodies. A s  is well known, the change of sub-
stance in animal forms may be designated In general as a 
process of combustion. In reality, a certain quantity of 
combustil~le nut r i t~cus  niatter daily enters ~ n t o  the fluids, 
a ~ l d  a corresponding quantiry of oxygen is talten in with 
the breath. On tlie other hand, every clay on an average, 
a precisely similar quantity of substances is withdrawn, 
whose combination is to be regartled as  the product of an 
almost total combustion of the nu'ritious matter. T h e  
cond~tion of the body with this equal balance between 
receipts and exl~ecdit~ires,  remains for a long time appar- 
ently uncliangec!. 

\ITith the forniation of the protluct of combustion from 
tile assilu~latetl nutritious matter and the inhaled osygen, 
tile colossal po\ver of attraction of this elenient for tlie 
elements of the nuti-itious matter, especially for the carbon 
alitl liydrogen gas, now performs a fixed amount of labor, 
wliich is independent of where the combustion talies 
place, antl n~hether  it occurs at once or in various stages 
at  various places. 

Peol~le lvere fol-merly inclined to suppose, tliat tlie 
greater portion of the c o m h ~ ~ s t i o ~ i  in question occurs either 
in tlie fluids tliemselves or in special 01-galls, sucli as  the 
liver, the kidneys, etc. 

Since the changes occui-ring in ani~ual  hodies have be- 
gun to lle vieweti from the standpoint of the principle of 
the preservation of poner,  it nus st be loolted upon as  a 
self-evident truth, that at  least a certain portion of the as- 
sinlilatetl nutritious matter passes into tlie muscles, to be 
first consumed here, since froin the point of view of that 
pi.i~iciple, thr  ~ i iec l~a~i ica l  canperformance of t h e ~ ~ i ~ ~ s c l e s  
only 11e untlerstootl as tlie action of the labor of the 
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chemical powers of attraction, as nre have done in the pre- 
cediiig discussions. The  question niap llonr be raised, 
how large a fraction of the whole combustion takes place 
in the muscles, and how large afraction in the otherparts 
of the body ? The  distriljutiol~ of the process of combus- 
tion in the tlifferent places might, therefore, be accom-
plished in two ways. One part of the material inight be 
consumed entirely in the muscles, the other entirely else- 
where, or certain stages of the coml~ustion of the whole 
material might take place in the muscles, and other stages 
in other places. However this may be, as  it is supposetl 
that a coiisiderable portion of the combustion takes place 
outside of the muscular substance, it iilust be expectetl 
that, under all tile cil-cumstances, far more than of the 
whole heat of the combustion of the assitnilated nutri-
tious matter in anirnal bodies appears as  heat, and 0111~ 

the equivalent of far less than + is available for nlechan- 
ical labor. For, as we saxv, even under the most fuvorn- 
bZe circ~~mstances,about 2 of thechemical work performed 
in the muscle itself is inevitably useti for the procluction 
of heat. But under these most favorable circumstances, 
however, probably nZZ the muscles do not take part in tlie 
labor of the whole botly. Therefore, in the acts of living 
beings we must assunie that more than 2, probably 2 of 
the result of the work perfor~uetl in the muscles by chem- 
ical powers, finally appears as  heat. Now, if the material 
coming into the ~nuscles for combustion sliould be even 
a moderate portion, for instance Qof the whole assiiuilated 
nutritious matter, while Q was consumetl elsewhere, then 
+$ of the chemical work perfcrmed by the whole combus- 
tion is used for the mere production of heat, since $ of the 
labor accomplished outsitle of the muscles can have only 
the result of producing heat, and of the third coming 
from the muscle, + will also produce mere heat. So, un- 
der this supposition, it must be expected, that at  the ut-
most the equivalent of +, of the heat proceeding from 
the combustioil of the nutritious matter would 11e availa- 
ble for the mechanical effects of the organism, externally. 

I t  is alreatly inore than twenty years since Hemholtz, 
by very convincing arguments, proved from facts known 
at  that time, that in seasons of extreme muscular labor, 
for instance, climbing a mountain, the measureable me- 
chanical performances of the whole organism are propor- 
tioilally considerably greater. They are equal t o  the equiv- 
alent of about ,k of the heat of the consumption of the 
material that burns during the time of these performances, 
in the whole body. Unless the supposition is now matle, 
that the muscles of mamrnalia can ~vorl; incomparably -

moreeco~lomically than the muscles of the frog-a suppo-
sition wholly unjustifietl hy our kno~vledge of the proper- 
ties of the inuscuiar substance in the different bodiks of 
animals-we mustconclutle that, in tirnes of extreme mus- 
cular activity, the whole process of combustion takes place 
in the muscles and the chernical processes going on in other 
parts can only be those in \vhich the chemical powers of at- 
traction accomplish no consitlerable labor. In fact, from 
the results of our experiments concerning the heat of the 
muscles we have inferred, that by the chemical labor per- 
formed in the active muscles themselves in the movements 
of living beings, fully + is employetl ill the l~roductioll of 
heat ; but if chemical labor was performed ill other parts 
of the body, ,\,llose wllole result could be ollly a l,ul.ely 

Inore than + of chemical labor 
in the whole body must go  to the  protluction of heat, and 
less than k would remain for lnechanical external actions. 

If it is ollce proved, that ill. times of extreme muscular 
actioll the processes, lIy Lvllich of 

la,Jor, take place allllost exclusively in 
a performance will Occur even in 

times of comparative n~uscula~. res t  ; for othel.wise it i i~us t  
be supposet1,that the change of substailce during the period 
of rest takes a totally different tlirection from that during 
the time of muscular activity, which is scarcrly conceivable. 
Yet it must be supposed, that in aniinal botlies a certain 
kind of combustible material is prepared for tlie machin- , 

erp of the muscles, for which in other portioiis the condi- 
tions of combustion do not esist, as  coke cannot be burned 
in a stove ai-1-anged for nootl. 11-e shall, therefore, be 
co~npelletl to suppose, that tile process of coinbustioi-i, 
which renders muscular lal~ol. possil~le, glimmers continu- 
ally in this testure even in times of rest, only with so little 
strength, tliat there is no ~nechanical action, ant1 oiily l i ~ a t  
is producetl. 

Tliere is a very note-\\rortliy lial-inony between this in- 
ference and an assertion made by Pfldger and some of 
his pupils on the basis of very different facts, which is, 
that in the muscles, even during periods of rest, processes 
of con~bustion occur, n-hich are under the influence of the 
nervous systein ; they can he l<indled to considerably 
higlier degrees of intensity, before attaining the point 
requisite for the purpose of a visil~le iiieclianical action 
of the muscle. Tile .ncrease in the t lepar t~i~ent  theseof 
lower degrees of power ~voultl, therefore, lead only to an 
increase of tile protluction of heat, and according to the 
well-foundetl liypotl~esis in question ought to explain the 
fact, !hat the tlevi.!opment of heat in animal bodies can 
exist under conditions of the loss of heat externally. 

From all this one would form the follon~ing itlea of the 
course of the clien~ical processes, by which the assin~ilated 
nutritious matter is transformed into the rejected matter. 
T h e  nutritious matter enters into the blood, the liver, and 
other places only during the chemicalprocessesin which the 
chemical powers of attraction e ~ t h e r  perfol-in no considera- 
ble ~vork ,  or in which as  many c h e ~ n ~ c a l  powers of attrac- 
tion are conqueretl as come Into positive action. These may 
be partly synthetic performances, partly tlisunions. Above 
all, it must be supposed that the greater portion of the 
nutritious albumen undergoes, directly after its reception 
into the fluids, a process of this nature, in which a 
body containing nitrogen is separated, that  soon leaves 
the body under the forin of urine. T h e  remnant of the 
nutritious albumen, free from nitrogen ant1 the other nu- 
tritious matter r,ch in carbon and hydrogen, is then sup- 
plied to the muscles as combust~blematerial, perhaps 
loosely united with the oxygen received by the breath. 
In action, howtver, the vast powers of at trac~ion between 
the atoms of oxygen on one side and the atoms of car-
bon' and hytlrogen on the other, first enter into the 
muscular tissue, whereby in the fornIation of carbonic 
acid and water,  partly heat and partly mechanical effects 
proceed. 

I should consider the object of these lines attained if I 
succeeded in showing how a few insignificant thermorne- 
trical experiments in frogs' muscles are capable, from the 
point of sight of the principle of the preservation of 
power, of casting a new light on all the particulars of the  
nourisl~men: of tlie human body.- li-nnslnted fram 
" Ueuische Ru~zdschnu," 8y iM.J.S. 

DR. T. S. COBBOLDexhibited (at the Linlleall 
meeting. November 5 )  under the microscope about a liun- 
dred eggs of Bllhoi-,-in hrniiintod~n. They were taken from a 
gentleman who had just arrived frcm Egypt, and who was 
tlie victim of l~mnaturia, supposed to have beell contracted 
during a shooting expedition. By adding water nearly all 
the eggs were hatched, during the meeting of the society, 
and a rare opportutiity was thus afforded of witnessing the 
behavior of the newly-born ciliated animalcules. 

DO~"TION S c l E ~ c ~ ,  Cracker hasMr. 
made the very halldsonle donation of $20,000 to the ~ a l i -
fornia Academy of Sciences, the i~lcotlle of which is to be 
devoted to aid wortlv and studious investigators in any 
branch of science, who, by their scientific work, have ex- 
cluded thelllselves from accluiring support through the ord- 
inary avocat jo l Is  of current  industrial life. 

h ~ ,PAUL BERT,the new French Minister for  public 1"-
struction, is said to be a candidate, in the section of Bledi- 
cine, to fiil the place vacated in the Academy of Sciences by 
the recent death 01 Dr. Boui l la~~d.  


