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H e  mould insist on his pupils mastering the princi- 
ples of stoichiometry, and in working, as far as 
possible, quantitatively, even in general chemistry. 
Mr. C. L. Nees heartily indorsed the ideas advanced by 
Prc~fessor Mabery. For three hundred dollars, a good 
practical chemical labolatory could be established in 
high schools, which, ~f properly conducted, would 
result in great good. H e  would insist on a student 
repeating his worlr until it was exact. KO careless 
work should be allomed. Mr. C. W. Icolbe gave an  
illustration of high-school instruct~on in chemistry, 
which was evidently purely bookish. The young 
nlan n h o  had passed a brilliant examination in stoi- 
chiometry failed to do the simplest kind of a problem 
aftrrmards, because, he said, ' it was not in tlle boolc.' 
Xiss L. J. Martin thought chemistry should be taught 
in high schools so as to luake the pupils thinlr, and 
not become mere machines. Prof. 0. C. Johnson 
gave an amusing account of the failure to develop the 
sense perceptions, which he  thought should be an 
important part of laboratory instruction. Riessrs. 
Bennett, Sheppard, Smith, and the acting vice-presi- 
dent, Lupton, also toolr part in the discussion. 

Tlle second subject discussed was, 'To  mhat ex-
tent is the lrnovledge of lnolecnlar physics necessary 
for one mho would teach theoretical chelnistry ? 

Prof. J. TV. Langley was invited to open the dis- 
cussion on this topic. H e  gave a very clear and sat- 
isfactory exposition of the dependence of chenlistry 
upon physics, and of their close relation to one an- 
other. I-Ie drew attention to the fact, that only 
under fixed or limited ranges of physical conditions 
do the ordina~ily accepted reactions and chemical 
affinities nlanifest thrmselves. Professors Prescott 
and Lupton took part in the discussion, showing the 
advisability of delaying any attempts to teach the 
higher branches of physics until the student had ad- 
vanced well in practical laboratory viork. 

TH.E SECOND Lrl W OF THERBIO- 
~~ iv~n f1cs .1  

THE seco~id law of therinodyllamics has been 
chosen for the subject of this address: what that lam 
is will be the main question, and the ground will be 
taken that Ranliine's view of the subject is the cor-
rect one. After calling attention to the statements 
of Tait and others as to this law, and as to Ranlrine's 
way of stating it, no apology will be necessary for the 
choice of a question vllich ought already to have 
been fully and satisfactorily settled. 

There are three different statements, each claimillg 
to be the second law of thermodynamics. I. Ran-
kine's law : ' ( I f  the total actual heat of a homoge- 
neous and uniformly hot substance be conceived to 
be divided into any number of equal parts, the effects 

1 Abstract of an i~ddress delivered before the section of me. 
chi~nicnl science of tlie American association for the advimce- 
lnent of science, at Ann Arbor, Bug. 26, by Prof. J. BURIZITT 
WEBBof Ithaca, X.T.,vice-prcsident of the section. For the 
complete i~ddress, see Tun ~\'ostprcnd'seng. ?nag.,Octobel., 1885. 

of those parts in causing worlr to be performed are 
equal." Ranlrine gives also a second form of the law, 
in which the expression ' absolnte temperate ' takes 
the place of ' total  actual heat.' 11. Clausius gives 
as tlle 'Second fundamental principle,' "Heat can-
not of itself flow from a colder to a warmer body." 
This may be a law in the general theory of heat, ba t  
not in thermodynamics, wllich treats of the relations 
between heat and mechmiical energy; mld i t  has 
nothing to do with Ranlrine's lam, escept as all natn- 
ral phenomena may be connected. 111. Tlle foritiula 
for the maximum rEciency of a heat-engine is given 
as the second law, but this is only a collsequence of 
that law, and the form of the e~iginc. 

I t  would seen1 from this variety of statement, that 
a law of na.tnre might be arly tili~lg to suit our pur- 
pose. I thinlr, homever, that a careful exaniination 
of Ranlii~le's second law will show that it is gen~iine, 
and that it is not universally quoted only beciiuse it 
is not ur~derstood. Ranliil~e's lam is either copied ver-
batim, or modified in a way to make this evident; 
and I must confess, that, before morlring upon the 
subject myself, I had difficulty with Itankine's state- 
ments: they seem now, however, so reasonable, tha t  
I shall encleavor to lead you to the same opinion. 

Let us see now mhat is most natural and appropri- 
ate for a second law: the first lam states that heat 
and worlc are mutually convertible, and convertible 
in a fixed ratio;' and it is appropriate that tlle second 
lam should state the agency by which such conrer- 
sion may be accomplished, and the rate at  vhich  i t  
may be effected. 

A quantity of heat, TV', inay be employed as an in- 
strument for the conversion of another quantity of 
heat, IfT, into worlr, or for the conversion of a quan- 
tity of worlr, A,  into heat; and the converted quantity 
will be proportional to the conr,erter quantity for a 
given change of volume or of entropy. 

To realize the truth of this statement, let ns irn-
agiue the simplest physical air-engine: we need 110 

fly-wheel, valves, etc., but simply a vertical cylinder 
of infinite height, and unit section, with non-conduct- 
ing malls, the bottom permeable to heat, and the non- 
conducting piston loaded with a pressure 7-arying so 
as to be always equal to the gaseous pressure beileaill 
it. 

But this is no more tl~arl the sllell of the engine: 
me will suppose the piston at  such a point tliut tlie 
cylinder shall h:tve n volume of one cubic ini it; and 
me must now put in it, say, one unit of nlass of tlle 
molecules of a perfect gas, resting 0x1 tlle bottom as 
dust, or distributed through the space as in any gas, 
but devoid of nlotion : -we have now addetl the mus- 
cles, but they are dead flesh; the engine is not capa- 
ble of transforming heat into worlc, or vice zersn. The 
agent by which such a transformation may be accoln- 
plished is not present; the space through which the 
piston may move exists, but the molecules exert no 
pressure against the piston, and there can be no ques- 
tion of work until we have both space and pressure. 
To obtain this necessary pressure we mnst heat the gas 
to the absolute temperature, r ;  i.e., Xve mast store in 
the rnolecnles an amount of lrinetic energy propor- 
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tional to T ;  and calculation shows us that the press- 
ure, which tliey mill then p r o d ~ ~ c e  by rebounding 
from the piston, will be proportional to this amount. 
I t  will also, for any increased volume, be inversely 
proportional to that volume. I n  the ordinary formula 
con~iecting the volume pressure and temperature of 
a perfect gas, pu=Rr, we liave only to suitably change 
the value of R to be able to write pu=R'VV' where IT'' 
is t l ~ e  converter qnantity of energy referred to in the 
law, ~ch ich  we have stored up in the molecules to act 
as the agent or instrument for the conversion of heat 
into worlr, or vice vel..cn. 

?Ve wish to emphasize this point, -just as the 
animal cannot perform its functions without life, so 
it is this stored-up energy which is the real agent in 
the engine. Ila~llrinesays, "Tile effect of the pres- 
ence in a substance of a quantity of actual energy 
in causing transformation of energy, is the sun1 of 
the effects of all its parts." Here he distinctly rep- 
resents energy as the agent for the transformation of 
energy. 

T believe that nothing but energy can thus act, and 
that  the general law nnderlying transforniatiorls of 
energy may perhaps be thus stated : "Every conver- 
sion of energy from a form A into a form B can be 
effected only through the agency of a qnantity of 
energy." (and I venture to add) and this ageut or con- 
verter quantity must possess at  once the characteris- 
tics of ~l and 13. 

I n  the engine tlie agent possesses temperatore and 
pressure, -tlie cllaracteristics of heat and work: in 
.the dyrlalno the field is characterized by both elec- 
trical and mechanical tension. 

Now our agent-quantity of heat must act without 
expense to itcelf, for Illis is tlie peculiarity of agents; 
therefore the expansion must be isothermal : a source 
of heat at  the temperature r + dr  being applied to 
.the conducting bottom, the gas will then expand 
without loss of energy from the volume unity to the 
volume v, thereby converting a quantity of heat into 
worlr, which will be infiilite for an  infinite volume. 
For ally giren change of volmne, the amount of morlr 
will be proportional to the pressure; that is, to the 
amount of agent-energy: so that for such a change 
the truth of the law is seen. 

Let us loolr now a t  tlie behavior of the molecules: 
as each rebounds from the hot bottom, its stoclr of 
agent-energy receives into itself a portion of the heat 
W which is to be converted into mo~lr :  i.e., the 
molecule is driven away with an increased velocity by 
the hotter molecules of the bottom; i t  carries this 
portion to the piston, to which i t  gives il, up in the 
form of worli, because if the piston be moving with 
a velocity V,the molecule will rebound from it with 
its velocity reduced by 2 V. As the volume in- 
creases, tlie pressure must fall, on account of tlie re- 
bounds becoming less frequent, and the heat will be 
converted into worlr more slowly; but for any and all 
particular changes of volume, the rate of conversion 
will be in proportion to the amount of agent-energy, 
and, therefore, to the temperature of the gas. I t  is 
interesting, also, to notice that the distance (from the 
bottom to the piston), over which the heat-energy W 

must be carried, increases directly with the volume; 
and therefore the time required to carry a certain 
amount will be proportionately increased, the only 
way to obtain a more rapid conversion being evidently 
to increase tlie velocity of the molecules; i.e. the 
anlount of agent-energy. 

Let us turn now to Ranlrine: he is most easily 
z~nderstood if we commence with his 'general law for 
the transformation of energy,' already quoted, arid 
proceed bacbward; and we come first to  a graphical 
representation of the second law. After explaining 
the quantities in his diagram, and the lrnown relations 
between them, he asks us to suppose the temperature 
r to be divided into i t  equal parts. Should this 
supposition be difficult to make, we have only to 
remember that r is the temperatnre of the agent, 
and, therefore, the amount of agent - energy in 
terms of a suitable nriit; in fact, the statement that 
a unit mass of gas possesses a temperature r ,  is 
equivalent to saying that it possesses r units of 
energy, the nilit being the energy required to raise 
this amount of gas one degree in temperntnre. We 
are to snppose, then, the agent-energy divided illto 11 

equal parts ;and we are af1,ern-ard told that these parts 
are ' similar end similarly circumstanced.' Xom let us 
snppose a molecule: at  the terllperature r=0, to be 
heated to tlie teml~erature r by the addition of ~z 
equal incre~nerlts of energy; once added, all distinc- 
tioil between these parts vanishes, and there re-
mains only the conception of the whole anlount of 
energy as consisting necessarily of 7% smaller amounts ; 
and the effects of all these amounts will be the same, 
and the.su1-1-1 of their effects the effect of the whole. 
I t  is only upon the thermon~eter-scale that degrees of 
temperature have special places, 2nd tlltlt the last one 
added, and the first subtracted, must be the top one: 
?re cannot, however, see any way in which the energy 
last added must be the same as the first subtracted. 

I n  12anlrine's graphical treatmerlt lle shows iso- 
thermal expansion; and it should be emphasized that 
it is the only espa~lsion suitable for the conversion 
of heat into Lvorli, or vice versa .  With adiabatic 
expansion we have nothing to do: its only use is to 
alter the amount of agent-energy, and it need not be 
used niitil we corm to engines working in a cycle. 

Rankine's next statement of his law is the second 
one criticisetl by Nax~vell ,  and it supposes nothing 
more tlian tlie division of the absolute temperatnre 
already discussed. The first fornlula should, how- 
ever, read 

Proceeding baclrward, we come to a seemingly more 
general and com prehensible statement of the law, 
which speaks of ' t he  total actual heat.' Now, Ran- 
kine has, I thiu k, sufficiently defined this; and it is 
simply the kinetic energy of the molecules, or that 
portion of the heat furnislied which remains as heat. 

Inasmuch as the first statement of tlie law seems 
more general, insolnucli has i t  led, as I believe, to a 
false corn prehension of its meaning. I t  may seem 
more general in this way :-

http:vel..cn


Let 2,  in a system of rectangular coijrdinates, 
represent mass, and y absolute temperature, then 
the area, 21/,will be proportional to the energy, 
or, with a suitable unit of temperature, will equal 
it. Now, we may cut this area into 12 equal parts 
by vertical lines, which will also cut tile mass into 
12 equal parts. I n  such case it requires no  scien-
tific imagination to see tha t  these parts are similar 
and ' similarly circumstanced; ' but this is altogether 
too simple for the use to be made of it, and no such 
statement can pass for a law of thermoclynamics; it 
is simply the law of homogeueonsness. 

Rankine leads up to his statement in an  unfortn- 
nate way, perhaps, enlphasizing the fact that  every 
particle is equally hot. Well, so it must be, or the 
upper line of the figure would not exist, or would be 
curved, which would interfere with the argument, be- 
cause there would then be no one temperature for all 
the molecules. But Rankine intended no such vertical 
subdivision: in fact, he  says, 'Let  unity of weight,' 
etc. ; and me may talie a differential unit, slid so put 
such a division out of the queslion. The division 
intended by Ranlrine was by horizontal lines, which 
malies the  statenlent of the law identical with tlie 
other: only he says here, 'heat;  ' and there, ' tempera-
ture;  ' and he  commences with heat, because heat is 
energy, and changes to temperature, because temper- 
ature is the practical way of estimating this energy, 
and is proportional to it. 

We believe, then, that this is the one and only sec- 
ond law; and as our agent is a quantity of energy, 
and as energy resides in mass, whereas different sub- 
stances do not differ in their mass, therefore the 
particular working substance used has no effect. 

We mill now look again a t  the formula for effi- 
ciency, which flows clirectly from Itankine's law, in a 
sirrlple and evident manner. 

If we could inalie an infinite-cylinder engine, this 
formula mould not be iieecled. This engine worlcs cct 
a temperature, not between t ~ v o  temperatures, and it 
transforms all the heat into ~vorlr. But meclianical 
considerations require us to build engines that run 
in cycles, and we then need it. Every engine rnn- 
ning in a cycle is a double engine, consisting of an  
engine proper and a coilclenser; i.e., while the piston 
rises in the cylinder, mllich me cannot lnalrc infinitely 
high, me transform heat into ~vorlr completely: then 
me must use our engine as a condenser for recom- 
pressing the gas; and, mllile doing so, we transfor111 
~vorlc completely into heat; and if me lower the tem- 
perature of the gas before compressing it, there re- 
mains a margin of worlc, according to the eificiency 
formula. 

I t  shoulcl be remarked, that we have rnade no spe- 
cial reference in this address to any thing but a perfect- 
gas engine; and we believe the theory of this sllould 
be macle clear before introducing the necessary modi- 
fications to include liquids and solids: Ilanliine has, 
however, framed liis formula to cover both. Many 
other points haye been left untouched; but if I have 
made plainer how heat, and therefore temperature, 
may be supposed to consist of any nnrnber of equal 
parts, and convinced yon that Ranlrine's is the real 
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and only second law, my main object mill have been 
accomplished. 

PROCEEDIhTGS OF T H E  SECTIOION 017 

AlECHAhTICAL S C I B N C E .  


THE valtiablc morli- done by  n few i n  this  
section clcscrrcs the speda l  recognitioil and 
support of all i ts members. T h c  four divisions 
nncler ~ h i c h  this worlr may  bc classified, cm- 
brace wide ailcl iilteresting ficlcls of thought 
and study. Thcsc clivisioils arc, Techilical 
eclucation, Accnratc s t a ~ ~ d n r d sof measurc-
niciit, Gencrnl, sciciltific and practical engi-
nccriiig worlr, and Original inrcstigation. 
Tlicsc are  proper lincs of work for the nil- 
7 ancemcnt of ' niechanical sciciice aild cugi- 
nccring,' bccausc they incluclc tlie eclncntion 
of men for thc ~ v o l k  ; the procluction of instru- 
ments nnd appliances sniteil to  tlie work ; c s -
cite enthusiasm. ant1 iliffuse linomleclge, nlnong 
tlie workers ; and cillargc the realm snbjcctecl 
t o  thc cxact  l ~ n o ~ r l c d g c  and control of tllc in- 
tcllcct and vi l l  of man.  

Tlle first paper read before this section was on the 
strength of stay-bolts in boilers, ancl pave an account 
of experinlents by tlie writer, Mr. L. 9.Randolph. 
These experiments were desigr~ed to furnish data for 
the  explanation of the pecliliar manner in xhich the 
stay-bolts between the fire-box and boiler-shell had 
been fonnd to brealr. The theory mas, that the 
extreme clifference of temperature liable to occiir 
between the parallel plates -being at, times 200° I?., -
caused a shifting of these plates, parallel to one an- 
other, sufficient to bend the stag-bolts considerably; 
and that this bending, occurring near the s ~ ~ r f a c e  
of the plate into ~vhicll the bolt is screwed, caused 
the bolts to brealr a t  this point. Tlle anlourit of 
such bending having been calculated from the lmo~vn 
difference of teinperature and the length of the 
plates, the experinlents showed that if similar stay- 
bolts were subjected to this amount of bending, 
they would ultimately break, thns, apparently, con- 
firining the theory. In  the cliscussion, diffi?reni forms 
of bolts or stays mere suggested as liliely to remedy 
the difficulty. Tlle adoption of a link in place of a 
bolt was thought to be inlpracticable in this case on 
account of the srnall distance between the plates. 
Proportioning the stays so as to enable them to bend 
under the stress to wllich they are subjectecl ~vithout 
reaching the elastic limit of the material, was sug- 
gested as a remedy for the difficulty. I t  was shown 
that  stays are sometinles worn away by being vibrated 
or bent. This bending causes the scale which has 
been formed to be thrown off; and oxidation occur- 
ring again under the action of the water, this new 
scale is thrown off, and this process continued wears 
away or 'channels ' the iron. 

A short abstract of a paper on a universal form of 
pressure-motor by Prof. D. P. Todd was presented by 


