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This series of experiments proved that which was only indi­
cated in the ascents with a free balloon, viz., that the change of 
temperature with increase of elevation has a diurnal range, 
the change being the greatest at about midday and the early 
afternoon hours, decreasing till about sunset, at which time, 
when the sky was free from clouds, there was little or no change 
of temperature up to the height of several hundred feet. I was 
not able, by means of M. Giffard's balloon, to take any obser­
vations at about noon and early afternoon hours, nor any obser­
vations after sunset, as the balloon nev~r ascended at these 
times; but such observations were greatly needed, as there 
seemed to be at this time a very high probability that the tem­
perature of the air at night must increase with elevation. 

A thermometer was placed at the height of 22 feet, sufficiently 
protected from the effects of radiation, and a second one at the 
height of 4 feet, and eleven years' observations of these 
instruments have been taken daily at 9 A.M.; noon; 3 P.M.; 

and 9 P.11. 

These observations were reduced by taking the cl ifference 
between the readings of the two thermometers and affixing the 
sign + to that difference when the temperature was higher at 
the higher elevation; and the sign - when lower. Dy taking 
the mean differences for each month between the temperatures at 
22 feet and 4 feet, it was found that at all hours of the day 
,lurin g the months of January, February, November, and 
December, in the afternoon hours of March, September, and 
October, and night hours throughout the year, the sign was + 
and that it was - at all other times, clearly indicating the fact 
of an increase of temperature with increase of elevation during 
the n ight hours throughout the year. 

THE HEAT PHENOlllENA ACCOMPANYING 
ivIUSCULAR ACTION 

T lIE fact that in the living muscle heat always appears when 
the muscle does work (Heidenhain having shown that of 

two muscles equally weighted a,,ci undergoing equal contractions, 
one doing externs.1 work, while the other does none, the former 
gives out more heat than the l atter), is an excepiion to the 
general rule in mechanics, that heat disappears when work is 
done. It is not, however, in contradiction to the general 
principle of the conservation of energy, but shuws tha t in the 
living mnscle, when stimubted to action, molecular processes 
occur, _which, along with the doing of work, cause a development 
of heat. The relat ion of the heat developed to the work done 
had nut beeri determined with any satisfactory accuracy, probably 
owing to the want of sufficiently delicate apparatus, though 
it might naturally be expected to help to an understanding 
of the phenomena. The subject has been taken up by M. 
Nawalichin, who, favoured by the experimental means at hand 
in 1\1. Heidenhain's Physiological Institute, made a careful 
examination of the development of heat in the active muscle. 
Th e experiments were very difficult and tedious, and by reason 
of the smallness of the values to be measured, req uired very 
great foresight and care in the experimental arrangements. The 
full account of this investigation is given in Pjliiger's A,-cltiv. 

The first series of experiments bore on the question of the 
production of heat when a particular muscle of the frog is 
excited, through the nerve, by stimuli of increasing strength to 
increasing contractions. As, during the experiments, the 
excitability of the preparation varies, the relation to the strength 
of sti mulus was left out of account, and only the ratio between 
development of heat and height of contraction examined. The 
height of contraction was indicated graphically by the muscle 
itself on a smoke- blackened plate. The development of heat 
was measured by the deflection of a fine thermo-multiplier, and 
the stimulation of the nerve was effected by accurately measurable 
electric actions. The observations were only made when the 
needle was entirely at rest, which was very difficult to secure, so 
sensitive was the apparatus. 

The tabulated numbers from experiment show: (1) that the 
sum of the vis viva, liberated in the muscle by increasing 
stimuli, increases only so long as the lifting-heights (Hi,bltohm ) 
increase. With a certain amount of stimulu~ when produced by 
the sending of a constant current, the height of contraction 
reaches a maximum, and therewith, too, the production of heat. 
\Vith a particular method of stimulation there is, under certain 
conditions, a fresh increase of the amount of contraction above 
the maximum amount, the so-called "supermaximal" contrac-

tion ; where this occurred, the heat-production also ro,e. It 
~ay therefore be said that in general the development of heat 
mcreases wit~ increased t lifting-height, and decreases with 
decreased lifung-height. 

The i_ncrease in heat-production, however, does not take place 
pr?port10n~lly to the increase in lifting.height, but in much 
qmcker rat10. Of this unexpected result M. N awalichin assured 
himself by repeated discussion of the numerical values obtained; 
):mt he did not succeed in determining more precisely the law of 
increase. 

This result led to the expectation that the same mechanical 
work of a muscle would be accompanied by unequal heat ing 
when the muscle raised a weight to the same height by several 
small contractions, and when it raised it by one great contrac­
tion. In a great contraction more heat would become free than 
in several small ones, the sum of which was equal to the great. 
Experiments (though some were difficult) fully confirmerl this, 
especially after it was ascertained that the cooling during the 
longer period of the several smaller contractions as against the 
shorter duration of the great contraction, did not play a part. 

It is shown, then, that as the stimulation increases, the tem­
perature of the muscle, and accordingly the exchange of material, 
increase in much quicker ratio than the u-echanical work, and 
that the stronger the stimulation the less favourable is the relation 
of the exchange of material to the doing of work. 

These facts are in accordance, as M. N awalichin points out, 
with the common experience that the climbing of a hill is much 
less heating and exhausting when we go zigzag than when we go 
straight up. In the former case a greater number of small Jifrings 
of the body result in the same doing of work as occurs in the 
second ca5e through a smaller number of great liftings. The 
exchange of material, as the second series of experiments show, 
must essentially be greater in the second case than in tbe first ; 
anrl. on the amount of it depends, on the one hand, the develop­
ment of heat, on the other the exhaustion. 

In order to get at the inner connection of the phenomena 
observed, M. Nawalichi11 sought first to decide the question 
v,hdher the accelerated increase ir, product ion c,f heat was dne to 
the increase of the st imulus in itself or to rbe i!lcrease of the cm1-

traction produced by the increased stimulation. A•;cording to 
H elmholtz's obse rvations, when a muscle is subjected to two 
maximum stimuli, one following close on the other, the seco1,d 
stimulus produces an increase of contraction only when, at com­
mencement of the second contraction, the first has already 
reached a considerable height. If this be not the case, as 
happens if the interval of the two s1 imuli be less than .l-0 th of 
a second, the two stimulations produce no greater contrncr.ion 
than each alone. Now in what way does the production of heat 
occur in this latter case ? Experiment showed that also with 
double stimulation of the nerve, an increase of the heat-develop­
ment only occurred when it had as result an increase in ·:he 
height of contract.ion ; the increase of the stimulus in itself is 
thus without influence on the amount of heat-production. H ence 
the cause of the quicker increase of the heat-production. That 
of the amount of cont ,·action must be sought in conditions 
operative cl ming the course of the contraction. 

To determine these conditions the author m;td,: experimental 
inquiry into the relation of heat-development to the states of 
tension of the muscle during the progress of contiaction. He 
found that the muscle developed less heat the less its tension 
before action ; with which may be mentioned that this tension 
of the muscle, weighted and stretched by the weight, is smaller 
the more it ha,, through contraction, approximated to the 
natural length. Experiments, also, as to the relation of the 
heat-production to the change of state of tens ion during the act 
of contraction showed an influence of this, such tha t in each 
moment of action the quantity of heat depends on the tension. 
This suggested the idea that the greater heat-production with 
increasing stimulation is perhaps a consequence of the longer 
duration of the stronger contraction. The experiments proved, 
however, that this idea is not justified, for the muscle made small 
and great contractions in the same time. 

As to the nature of the internal processes in the muscle, which 
may be the basis of the phenomena observed, M. Nawalich.ln 
offers the following remarks :-

" We know that the contracting muscle is a body of variable 
elasticity ; with increased contraction its elastic force becomes 
less, its extensibility greater. When the muscle raises a given 
weight about four millimetres, the . external work for each milli­
metre of the lifting-height is .indeed the.same but nevertheless the 
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doing of the same external work for every successive unit-length 
of the lifting-height will require a larger sum of contractile forces 
than for every earlier one, since the muscle, even with progres­
sive contraction, varies as to its elastic properties in the direction 
of an increase of its extensibility. Upon the weight hung to the 
muscle act, when contraction occurs, both the contractile and 
the ehstic force, of the muscle .... In the sum (c + e) of the 
contractile (c) and the elastic forces (c), e becomes at first (during 
the contraction) smaller, with the natural unweighted length of 
the muscle equal to 11il, and later, even negative. If the weight, 
then, be lifted a number of units of length, the value of c 

must inc rease with increasing contraction. . . . . But an 
increase of the contractile force is only possible through in­
creased transformation of elasticity into vis viva, that is, through 
exchange of material, which finds its expression in the increased 
formation of heat which I have observed. Thns, if I mistake 
not, the facts discovered by me connect th~mselves with other 
relations already known, and will find their application in a 
future theory of muscnlar forces." 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

O XFORD.-It is stated that the Home Secretary has appointed 
ac; j oint secretaries to the Oxford Univer,ity Commission the 
R ev. Thomas Vere Rtyne, Censor and Student of Christ Church, 
nnd Thomas Francis Dallin, !ate Fellow of Queen's College, an<l 
J'ubl ic Orator of the University of Oxford. 

CA~ll)RJDGE.-The death is announced of Dr. Gelda rt, Master 
cf Trinity Hall, Cambridge, in the eigh ty-first year of his age. 
He ha<l held the mastership twenty-five years, having succeeded 
Sir JT erbert Jenner Fust. Dr. Geldart graduated as sever,teenlh 
wrangler in 1818. 

LON no,,.--Besides tl,ose already nnnouncd, the Rev. J. F. 
Blake and Mr. Lebour are, we beiieve, candidates for the vacant 
geological chair in University College. 

NOTTINGHAM. -The ceremony of laying the foundation-stone 
of the University buildings at N oltingham has been fixed for 
Thursday, the :::7th inst. The ceremony will be performed at noon 
by the Mayor, and subsequently there will be a public luncheon 
in th e Albert Hall, at which Mr. Gladstone is expected to be 
present. The cost of the buildings, including the !and, will be 
60,000/. Of this wm an anonymous donor has contributed 
rn,oool., and the remainder will be founcI by the Corporation, 
who have given the site. There will be lecture and class-rooms 
for the promotion of the Cambridge University Extension 
Scheme, which, it will be remembered, was first incorporated 
at Nottingham, and which has since been carried out successfully 
in several centres of industry. There will also be class-rooms, 
laboratory, &c., for the use of the students in the science classes 
in connection with the local Mechanics' Institution, as well as 
rooms for the Free Library and the Natural History Museum. 

SOCIETIES AND ACADEMIES 

PARIS 

Academy of Sciences, September IO.-M. Peligot in the 
chair.-Experimental researches on the mechanism of the forma­
tion of sugar in the liver, by M. Cl. Bernarcl.-Referring to the 
preceding paper, M.A. Trecul then read a treatise on the formation 
of starch and of cellulose in plants.-M. Th. du Monce! then 
presented to the Academy a copy of his " Recherches sur !es 
meilleures conditions des electro-aimants."-On the variation of 
atmospheric pressure at different altitudes, determined at the 
Puy-de-D6me Observatory, during the cyclones of last winter, 
by M. Alluard. The author found, on comparing the barometri­
cal readings at the Pny-de,Dome Observatory with those of 
Cl~rmont Observatory, that the most remarkable discrepancies 
existed, the barometer having frequently risen several milli­
metres at Clermont, when at the same time it fell considerably 
?n ~he Puy-de-Dome. He asks whether the supposition is 
3usttfiecl that, while a cyclone passes over the land, other smaller 
crciones are situated inside of it and remain at different heights, 
without reaching the ground? Or does the strange phenomenon 
re~ult from _local reasons which appertain to the relief of the 
D ,.,me's cham_,mi\ to the relative position of the two observa-

tories? In all cases tl1is phenomenon shows the necessity of 
studying the atmosphere in different layers and the great import­
ance of the Puy-de-D6me Observatory. - On a process of pre­
serving the flesh of fish (extract from a note), by M. R. M. 
cl' Amelio.-On the presence of phylloxera in the department of 
Loir-et-Cher, by M. J. DLtplessis. The writer has found that the 
pernicious insect has now penetrated as far as Villebarron, and 
the district infested near Orleans now has the shape of a vast 
equilateral triangle of Go kilometres side. - M. Ed. Prillieux then 
read a n ote on the causes which have brought about the invasion 
ofphylloxera into the Vendome district.-M. J. Maistre in a 
letter to M. Dnmas speaks of the effects of sulphocarbonates 
against the insects.-The Minister for Agricu lture and Commerce 
wrote a letter to M. Dumas on the same subject.-M. Faye then 
drew the attention of the Academy to some interest ing results 
obtained at ·washington Observatory by the observation of the two 
satellites of Mar, recently discovered. It appears from a communi­
cation made by Admiral]. Rodgers, that in the telegram first sent to 
Europe by the Smithsonian Institution at Washington there was 
a mistake, viz., in ascribing to the inner satellite a distance of 
fifty seconds ; half of the major axis of its orbit amounts only to 
thirty-three .seconds of arc.-A letter was then read by the pre­
sident from ilL Ch. Lamey on some observations he made 
dming the winter of 1864-65, and which caused him to believe 
that Mars is surrounded Ly a ring of asteroids of all sizes, and 
as a whole resembling, in some respects, the ring of Saturn. 
M. L'1mey had observed an uncertain reddish light on each side 
of the disk of the planet and corresponding nearly to its equator. 
He directs the attention of the observers of the two new satel­
litr s to this phenomenon.-M. Leverrier then announced the 
discovery of another new planet in the zone between Jupiter and 
Mars, by J\fr. vVatson, at Ann Arbor, on the 3rd instant 
RA. 23·rnm. Dec. +0° 45'. Daily motion in R.A. 55s.; i~ 
Deel. - I'; magnitude I 1.-0n the theory of the small motions 
of a weighty point on a fixed suface which is described round a 
vertical axis of revolution, by J. Boussinesq. - On locomotives of 
the compound system, by M. A. Mallet.-011 the specific heat 
and the melting heat of platinum, by M. J. Violle. In the 
course of experiments made by this gentleman he found the true 
melting-point of pure silver at 954° C. - A note by M. V. Neyre­
neuf on the specific induction power.-On nitro,o-guanidine, 
by M. J ousselin.-On the methods which the ancients must have 
employed to lift and transport the great Celtic or Gallic mono­
liths, by M. E. Robert-A note by M. L. Hugo on some 
curves representing certain elements of the planetary system. 

CONTENTS PAG1' 

Tux \VoRK OF' THE IRON AND STEEL lNST rT UTE . • . . 433 
CouN's BtoLOGY OF PLANTS. By Prof. VY. R. 1lcNAu . 435 
OUR BOOK .SHB:LF :-

1Iackay's "Physiography and Physical Geography" . 437 
Fisher's " Book of Algebra" . . . . . . . . . . . . . 437 
" Bu lletin of the UniteJ States Geological and Geographical Sur• 

vey of the Territories."-A. G. BUTLER. . . . . • . .• 437 
LETTERS TO THR EnnoR :-

Temper.i.ture of Moon's Surface.-The EARL of ROS SE F.R S. 438 
Rainfall nnd Sun-Spots in India.-E. D. ARCHlllALD '. • . . 438 
The Au stralian Monotremes. -P. L. S. ; \V. A. li"oRoits . . . 439 
English Names of\Vild Flowers and Pbnts,-J. WILLIS . . .. 439 
Some of the Troubles of John O>Toole respecting Potential 

Energ y.-X. . . . • . . • . . . . . . . . . • 439 
On the Supposed Action of Light on Combustio!l.-G. SAVARY 44l 

OUR ASTRONOMICAi. COLU MN:-
The S atellites of llfars . 44, 
The Satelli teof Neptune 441 
The Bmary c1 Centauri. 441 
l\1eteoric Astronomy 441 
A New Comet . . 442 

CHEMICAL NOTES:-
Action of Organic Substances increasing the Sensiti veness of certain 

Silver Sal ts . . • . . . . . . . . . . . • . • . • 442 
Heat of Combustion of Oxygen and Hydrogen in Close<l Vessels . 442 
On Vapour Volumes in Relation to Avogadro's Law . . . . . 44-z: 
Chemical Constitution of the l\Iinerals Ha~chetolite and Samar-

skite, from North Carolina . . . . . . . . . . 44-z: 
On a New Class of Bodies termed Platoioduitritcs . . . 442 
A New A : id . . . . . . . . . . . . . . . . . . . 442 

REMARKABLE PLANTS, lV.-THE BLUE GuM TREE (Eucalyptus 
g!obuLus, Labi l.) (1,Vitlt Illustration) ... · ..... . •. 443 

l\lANTEGA lZA O N' TH& RELATIVE LENGTHS OF THE INDEX AND 

"RING" .fINGE.RS. By J. C. GAL TO N . . • . • • . • • • • 444 
NOTl!S • • • • • • • • • . . • • • • • • • • • • 445 
INTRODUCTION AND SUCCESSION OF VERTEllRATE LIFE 1N A~U!RICA . 448 
ON NOCTURNAL lNCRHASE OF THMPHRATURE WITH ELEVATION. By 

]AME:S Gt.:\ISHEJ<, F.R.S. . . . . . . . . . 450 
THE: HEAT PH£NO?\-IENA AccoMPANYING Musc uL~r-.

0

AcT1~N 451 

UNl'VRRSITV AND EDUCATIONAL JNTHLLIGENCR • • 45 2 

SOCIRTIRS AND ACAlJltMIHS , • • • • e • ,. • 452 


	THE HEAT PHENOMENA ACCOMPANYING MUSCULAR ACTION

