
have a good lcnonleclge of the plinciples of chem- 
istry. Sanitary inspectors should be familiar with 
certain chemical tests which mould enable them 
to make preliminary examinations, and to determine 
how far the aid of the chemist is necessdry. There 
is room in the community for a class of pelsons 
kno~vinga little engineeiing, a little cliernist~y, a lit- 
tle biology, and a little of other things, an  occnpa-
tion legrtimate and hor101able, but one which does 
not justify our calling a person so posted a sanitary 
engineer, or a chemist. 

P R O C E E D I N G S  OF T H B  S E C T I O N  OF 
C I I B d l I S T R Y .  

TIIEmeeting of tllc chemical section hacl a n  
~~riusual lylarge attentlance : and A n n  Arbor, 
not having very manj  attractions t o  wilhclran. 
the attention of members, allon-ect all chemists 
in  attcnclaiice t o  be presei~t .  Tile total number 
of ~ a p e r s  prescntctl n-a* small, -in all only 
sereateen. Of these oiie was not chemical, 
one W:LS every thing, one orgaaic, one appliecl, 
two mathematical, t ~ o  pliarmacentical, three 
theoretical, ancl s ix  anal> tical. T h e  meeting, 
while not brilliant, was respectable, and mas 
remarkable chiefly for the absence of the older 
and inore renowned cllelnists of the country. 
It mould ccrtaii~ly be a n  advantage if these 
would more geneially endcnvor t o  n t te i~d  the 
n l e e t i ~ ~ g sof tile as,ociation, and encouiage the 
yo i~nger  ~nemhcrs  hy their coiunsel. E'olloming 
is a brief sa.nopsis of the more importsilt 
~ a l ~ e r s  -presented : 

Prof. A. B. Prescott gave results of experiments 
made under his direction, fixing the limits of recov-
ery of certain poisons ~vlieil mixed with organic mat- 
ter, such as meat anll b ~ e a d .  

Prof. W. A. Noyes read a paper on para-nitro-
benzoic sulph~uiide. This body belongs to the class 
of sulph~uiides, the first repreie~ltative of which was 
discovered by Fhhlb~1.g. The new substance is 
remarkable, in that  it retains the ililide grouping 
peculiar to the sulpliunides in its salts. This nitro- 
snlphunide is intensely bitter, while henzoic sulplln- 
nide is probably the 5 3  eetest substallce lrnomn. 

Dr. H. 1'. Wlley presented a nlethod of estimating 
lactic and acetic acicls in sour milk or konmiss. The 
caseine is precipitated by adding an equal volume of 
strong alcohol to the millr. After filtering, the acid 
is determined in the filtrate, using plienyl-phthalein 
as iudicator. The same author spoke of the composi- 
tion of kourniss made from cow's milk. The analyses 
show a lower percentage of alcohol and lactic acid, 
and a higher one of milk-sugar and fat, than are found 
in Earopean samples, whether rnade from cow or 
mare's milk. The aclulteration of honey was also 
discussed by Dr. Wiley. The honeys of commerce 
are fo~u ld  to be largely adulterated. The substances 
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most used for this purpose are, starch-sugar sirup 
(glucose), cane-sugar, and inverted cane-sugar. Xe-
sults of numerous analyses made at  the department 
of agricnllure mere given, and a conlparison of Aruer- 
ican honeys inade with those of Enrope. 

Xessrs. 11. IFT.Wiley and F. T. Broadbelit described 
a new niethocl of estiinating water in glucose, honeys, 
etc. Sainples are dissolved in alcohol rnised with :L 

weighed portion of sand, and dried. After cooling 
to 70° C, they are saturated with absolute alcohol, and 
dried again to constant weight. 

RIessrs. E. IT.  Cowles, A. 11. Cowles, ant1 (:. F. 
JIabery, presented an important and inlerestil~g paper 
on a new electric fomace, ancl a i n n ~ i n ~ n n  alloys made 
in it. The furnace is of fire-clay. The mass to he 
acted on is rrlixed intimately with finely-pomdered 
gas-carbon, and is placed in the brealr between the 
two electrodes, rshich are inserted in tlle two ends of 
the furnace, and connected will1 a pomerfnl dyl~anio- 
electric niacl~ine. The Inass to be reduced is snr-
rounded ~ v i t h  coarsely pulverized charcoal, to l~revent 
the heat produced from attacking the fire-clay fur- 
nace. The t emp~rs tu re  of tile furnace is high enough 
to produce an  alloy of copper and a l u n ~ i n u ~ n ,  rvllen 
the almnirium is present in the state of oside, or ever1 
of silicate. Tlle alunlinum alloys produccd by this 
rnethod cost riiuch less than rnhell made in tile old 
way. The five per cent aluminum alloy is a close ap- 
proximation in color to IS carat gold, and does not 
readily tarnish. I ts  tensile strength, in the form of 
castings, is equivalent to a strain of 68,000 lhs, to the 
square inch. An alloy coritaining two or three per cent 
aluminum is stronger than brass, possesses great 
permanency of color, ancl would ~nalre an  excellent 
substitute for that metal. The effect of silicon in 
the small portions, upon copper, is to greatly increase 
its tensile strength; and copper ancl silicon alloys are 
made easily in the furnace. When more tha11 five per 
cent of silicon is present, the product is extremely 
brittle. Alloys of copper and boron have also been 
macle. IZoron seelns to act upon copper as carbon 
does on iron. A small percentage of boron in copper 
increases its tensile strength to 50,000 or 60,000 lbs. 
per square inch, without diminishing to any great 
extent its conductivity. Alnniinutn seems to increase 
very consiclerably the strength of nletals ~ ~ i t l l  wllicli 
it is alloyed. An alloy of copper, nickel, and zinc, 
containing a small percentage of alun~inurn, has been 
namecl 'Hercules metal,' and withstood a strain of 
105,000 lbs, to the square inch. The slrength of com- 
nlon brass is iloahled hy t,he adilition of two to three 
per cent of alunlimlni. Alloys of a luminu~n and iron 
are obtained, without difficulty, in tlie furnace. One 
product was analyzed containing forty per cent of 
aluminum. 

A cheniical study of Yucca angustifolia was pre- 
sented by Miss Helen C. D. Abhott. Besides many 
of thc usual constituents found in plants, the follow- 
ing were detected : manganese in tlie ash, four fixed 
oils, a new resin wliicll it is proposed to name yuccal, 
another new resin which i t  is proposed to name 
pyrophaeal, a reel crystalline coloring matter, a new 
gum, four crystalline conipounds, and saponin. I n  
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the s~tbterranean part of tlie yucca the oil extracted 
from the bark is solid at  ordinary ternperatares; from 
the mood it is of a less solid consistency, while the 
yellow base of tlie leaf contains an oil quite soft; and 
in the green leaf the oil is still more fluid. Ynccal 
was obtained from the bark and woocl of the root. 
I t  is a transparent ruby-colored substance, melts at 
SO0 C, and its specific gravity is 1.091. A blood-red 
color reaction mas obtained by warming the resin 
with arlinzonillm molybdate, and a fe \~-  drops of strong 
nitric acid. Pyrophaeal was extvactecl from the yellow 
base of tlle leaf, ancl melts at  7 ' 3 O  C. The anlollnt of 
saponin obtained in the wootl varied from 8.95 per 
cent to 10.4 per cent. Saponin s as also found in the 
bark and leaves of the plant. 

Prof. F. P. Dunnington described a method of 
fixing crayon drawings. The tlrawings made on un- 
sized manila paper are saturated mith a preparation 
corisisting of one part Damar ~nrnis l i ,  and twenty-five 
parts turpentine. After drying, they are ready for 
use. A paper by the same author describes a pecul- 
iar porous lnineral containing titanic acid, found on 
a. steep mountain side, and eviilenily of igneous ori- 
gin. The sa r ro~~nd ing  soil was found also to contain 
titanic acid. The origin of t,he mass is so~riemhat 
uncertain. 

Mr. 0. C. Johnson presented a paper on negative 
bonds, and a rule for balancii i~ equations, After giv- 
ing rules for determining bonds, tlle author presented 
his views of sirnple oxidation, oxidation with combi- 
nation, double oxidation and complex oxidation in  
their relations to cllenlical equations. 

Mr. A. V. E. Young presented a study of the ther- 
mo-chemical reaction betmeen potassic hydrate and 
colnrnon alum. After describing the experiments 
which had been made, the following conclusious 
were reached : 10. Tliat if potassic hydrate in excess 
be added to alam, there results a cliaracteristic dis- 
tribution of constituerits between the soluble and 
insoluble portions of the mixtare. 2 O .  This distri- 
bution is a function of tenipelsature, as well as of 
dilutiorl and mass. 3O. This phenonzenon is prob- 
ably dne to dissociation by water of compounds 
Also , ,  and SO,, and of potassic aluminate. 

Prof. J. SV. Langley read a paper on the results of 
an  investigation of the concentration produced by 
the differential action of clle~nism on certain acid 
radicles. The paper showed, that, by this action (as 
for instance when a copper plate is suspended in so- 
lution of argelltic nitrate), the NO, divided into two 
parts, having an  approximate ratio of 1:3. Copper 
and zinc in aqueous bromine behave in the same 
way. Copper in solution of ferric chloride, and zinc 
in solution of copper sulphate, produce a concentra- 
tion of the radicle in opposition to gravitation. 

By comlnu~iicationmith the various members of 
tlze section, the secretary had arranged the following 
question for cliscussion: What is the best initiatory 
work for students entering upon laboratory practice ? 

Dr. I-I.W. Wiley mas requested to open the discus- 
sion. IIe said it was with laboratory work largely 
as Pope sail1 about governments, ' SVhat's best ad- 
ministered is best.' Students beginning laboratory 

mork should nnderstand at  once that chemical sci- 
ence is no guess-work, but a science of definite pro- 
portions. They should learn the use of the balance, 
and, their esperinlental mork in general chemistry 
should be conductecl quantitatively from the start. 
Students shonlti be taught to rely upon thenlselves: 
their facnlties of observation and powers of reason 
shoulcl be developed. At  first they should be liept as 
mncli as possible from books, and from too garrulous 
professors. They should be tolcl nothing of the phxs- 
ical and chemical properties of a bocly, \ ~ h i c h ,  by 
proper diligence, ancl under wise clirectiorz, they 
lniglrt find out for theiuselves. For instance, in 
studying hydrogen, the student should be directtd to 
take definite quantities of zinc and sulphuric acid, 
to measure the  volume of gas given off, to dry alid 
weigh the residual zinc snlphate. and study its prop- 
erties, etc. Whether beginning students sllould be 
kept at  mork ill the study of general chemistry, or be 
taught also analytical worli: will depend largely 
upon the  judgment and taste of the  inst,i.uctor. 
Laboratory work, in order to give its full benefit, 
must be conibinetl with lectures and recitations : and 
through i t  all, the work illustrating stoicliiolnetry 
nlust be fully done and comprehended. The progress 
of tlze work slzoald be gauged neither for the  dallcst 
]lor brightest pupil, but the middle course mill be 
found best. I n  all cases, inucll will depend on the 
jrtdicious oversight arid gaidance of the instructor. 

Prof. R. B. Warder asked whether i t  were better 
to begin wit11 gases or wit11 metals ? H e  was inclined 
to prefer metals, since their properties were more 
eaiily discovered. Prof. F. P. Dunnington suggested 
a course of metallurgy and assaying as being well 
adapted to a staclent's illitial laboratory work; after- 
wards the use of the blow-pipe could be introduced. 
Mr. Tlios. Antisell said that tlie object of instruction 
oaglit to be considered in dete1:mining its character. 
If the study of chemistry was begun only as a part of 
a liberal education, tlle course of instruction should 
be largely qualitative analytical work. On tlie other 
hand, if the pupil mas looltiug forward to chenlistry 
as a profession, it would be better to put hinl to 
quantitative work. 

Prof. A. B. Prescott was impressed with the  idea 
that  the study of chemistry might be approached in 
two ways; viz., as descriptive chemistry, and, ex-
perimentally, in general chemistry. Students should, 
in analytical work, practice first 011 known bodies 
before beginning on unknowns. Care must be taken 
not to place too much relian,:e on laboratory work 
alone. I t  is of the utmost ir~iportance that  rigid 
class-work in  the lecture and recitation rooms go 
along with tlle experimental work in the laboratory. 
As great a mistake may be made by relying on labo- 
ratory worlc alone as there was formerly by neglect- 
ing it altogether. 

Prof. C. I?. Mabery regretted tliat chemistry was 
not taught prar;iically in high schools and academies. 
School trustees generally thought that  seventy-five 
dollars a yea? was a liberal allowance for laboratory 
purposes. He would have young people begin with 
common phenomena, such as the rust,ing of iron, etc. 
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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- 


