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enter the liquid, and others (those which make an an- I of which there is a pump, w hich, at every piston stroke, 
I 

against the fl ange of a socket, J, keyed to the rod, H. 
gle greater than the ex trem(' one, F, with the per pen-

I 
sucks up some of the liquid and inj ects it into a hole The height to which the piston ris es, as weil a s  t he 

d icular to the point of incidence) will undel'go a total made for t he purpose, I n  most cases the force pipe is quantity of liquid sucked up and ej ected, is varied by 
refl ection and light up the lower portion of the rA ti- strengthened, and tapers to a point, so as t o  serve as a Illeans of an arrangement fixed to the upper part of the 
cule, while the upper portion, which receivA s no lumi- sort of dib ble for making a hole in the ground. In all cylinder, B. U pon the thr eaded piece, C, screwed on 
nous ray, will remain da rk. The line of separation of these apparatus the pump i s  not visible, and i t  is not to t he top of the cylinder, B, there i s  screwed a long 
these two regi ons wi ll vary with the limiting angl e, nut, E, traversed by a groove, wi th which enga ges the 
an d, as this latter depends upon the index of refrac- end of the screw, D, that serves to fix the nu t. A c-
tion, it may be readily seen that the position of this cording as thi s latter is screwed u p  or u nscrewed one 
lin e  w ill give the index of th(' liquid submitted to ex- or two turns, theposition of the piston will vary, by one 
periment if the apparatus is properly graduated. We or two divisions, each thread of the nut, E, c orrespond-
shall, then, read upon the scale the division through ing to one graduation of the cylinder, K. The head of 
which this line passes, and this latter will be so much the scre w, L, is square, and is counters unk .  It can be 
the lower in prop ortion as the index, n, is g reater, since moved only by a key like that of a clock, and so, if the 
F increases at th e same time with n. S o  much for workman is not in pos session of this key, he cannot 
liq!!ids. vary the a mount of liquid inj ected. 

Wi th solids the princip le is the same, and the opera- The piston rod carries a button which is acted upon 
tion is as folIows : We pla ce a plane and polished p art by the pahn of the hand, while the fingers bear against 
of the obj ect against the lens and interpose a httle two small proj ections on the piece, C (Fig. 1). 
liquid of an index higher than that of the solid, since a The measured liquid is inj ected through thetube, N, 
total refl ection cannot occur on the surface of separa- to which is ada pted the nozzle, F (Fig. 3), which is in-
tion of two substances unless t he luminous rays are serted into the hole in the gr ound made with the tool, 
passing from one refracting medium into another that G (Fig. 4). This apparatus has certain advantages 

is less so. U pon looking into the apparatus, we shall over aU other known systems, all the parts being visi-
see two li nes -one corresponding to the index of the ble and accessible, and easy to verify and repa ir. 
solid, and the other to tha t of the liquid. It is the for- Moreover, the measuring is very accurate, the piston, 
mer of these whose position must be . read u pon the P, always rea ching the bottom of the cylinder and 
graduated scale. It would be impossible to confuse forci ng out every bit of the sulphide sucked in, and, in 
the two, since the liqud u sed is determined i n  ad- rising, stopping at various h eights, according to the 
van ce. p osition of the nut, E, thus varying the quantity of 

In order to gm duate the apparatu s. the i ndices of liquid inj ected. This mode of inj ection is s impler than 
the diff erent liquid or solid substances are accurately that in which a sulphureting plow is used, but is 
determined, and then it is ascertained what divis ions of neither so expeditious nor so eff ective, a large part of 
the reticule correspond thereto. A fter this a table is the sulphide being inj ected to too great a depth to act. 
prepared that gives the i ndex corresponding to each -Chronique Industrielle. 
division. ========= 

In gi ving the method employed with solids, we re
marked that the immersion liquid mu st have an index 
greater than that of the substance to be studied. For 
bodi(' s of low index, such as fl u orine, oil or b enzine ma y 
be used. For those of a higher index, it is wei l to em
plo y dibromated naphthylphenylacetone. This sub
stance, whi ch was discovered by Mr. L. Roux, has an 
index of 1'7, and may consequently be used for al
most aU solid bodies. for there are but a few whose in
dex ex ceeds that of this. Mr. Bertrand in using it 
adds to it a few drops of bromated naphthalene, which 
lowers its index but slightly an d renders it completely 
liquid. 

In order to fully apprA ciate the real value of this new 
instrument, and to understand its advantages and 
simplicitv, it will suffi ce to recall the •• N ewton 
method" t hat is gene rally employed for measu ring 
indices. Here. if it is a solid body, we give the sp ecimen 
the form of a prism, and measure the angle, A, of the 
latter, and obtain the value, D ,  of the minimum devia
tion. A fter thi s we calculate the index, n, b y  m eans of 
the form ula 

D+ H 
s in ---

2 
n= ----

A 
sin-

2 
These operations necessit at e  the u se of complic ated 

instruments, certain noti ons of mathematics and 
p hy sics, and lengthy calculation. With liquids the 

d iffi culty is still greater ; moreover, this method cannot 
be applied unless we have on hand a suffi cient quantity 
of the suhstance to use at our will. 

The refrac torneter, on the contrary, furnishes the 
index upon a simple reading, a nd wit hout the ne ces
sity of breaking or destroying the obj ect. It gives the 
two fir� t decimals accurately, :m d even the third with 
in abou t two or three uni ts- this being a suffi cient ap
proximation in many cases. It can be used with ad
vantage by j ewelers and lapidaries, si nce it permits of 
distin guishing genuine from imitation stones, owing to 
the diff erence in their indices.-Le Genie Civil. 

A PP A RA TU S  FOR D ISTRIBU TING SU LPHID E  
OF CA RBON. 

WHEN sulphide of carbon for destroying the phyl
loxera is not distributed by a plan devi sed f or the pur-

FIG. 1. 

p os e, it is poured or inj ected into the ground by vari
ous devices that pe rmit of a given quanti ty at a time 
being dosed out. 

The be st known inj ecting apparatus consi sts of a can 
of a size such as to render it portable, and in the center 

A 

FIG.2. 

easy to inspect the i nterna I parts. Moreover, an ex act 
portioning out of the liquid is n ot secu red. 

Mr. A .  Lafare, of St. Marcel, France, has dev ised 
quite a simple apparatus, which is herewith figured in 
perspecti ve in Fig. 1 and in section in Fig. 2. The 
tools for forll ling the hol es are shown in Figs. 3 and 4 

The cylinder, B (Fig. 2), in which the piston rod 
m oves, i s  provhl ed bA low with a fl an ge which is con
nected by bolts, T, with the piece, L, that contains the 
su ction valve, 0, and the force valve, h. The pump 
chamber, K, is inclosed between the two p ieces, B and 
L, and is made of glass, so that the liquid and piston 
Il! ay be seen. The graduation that i t carries shows the 

, 

GA S ENGINEERING A ND MOD ER N  SCI ENCE.* 
By D ENNY LAN E. 

IT is by some people i magined that our branch of 
engineering is not so scien tific as those practiced by 
our friends the mechanical, or our generous hosts the 
d vil engineers. I proposA to show how aU branches of 
physi cal science are connected-most of them very 
int imately connected- with our industry. In doing so, 
I pro pos e to ta ke a broad view of modern science-to 
show how all i ts de partments are so closely linked 
toge ther that they practi caU y become one. 

A ll our knowled ge of material natur e i s  commu ni 
cated to us by the senses. These stand as j ani tors at 
the portals ready to receive every m(' ssa ge sent to us 
within from the world without. In Illos t  cases-per
haps in all-these messengers, who bring us tidings of 
weal or woe, have no independent existence ; they are 
but the waves of that imponderable ether that fills all 
space, or of the crasser air in which our bodies are 
bathed, or the vibrations of the denser liquids and 
solids that we can more easily fee l and weigh and 
handle. The aggregates of these v ibrations we call the 
forces of nature ; and by them all h er wonderful ac
tion s and interactions are regulated. Swift messengers 
they are, most of them leavi ng .. the herald Mercury" 
far behind in the race- from the wave of sound that 
travels over less than a qu arter of a m il e  in a s(' cond to 
the ray of light that covers 186,000 m il es in the same 
time. But mor e wonderful than the speed is the deft
ness of their fl ight. A large multitu de of m en, to be 
counted by thou sands, are assembled by night looking 
up at a hemisphere powdered over with stars to be 
counted by myriads ; yet each .. bright particular 
star " sends its skein of rays to each and every eye in 
that vast multi tude-skeins that never ravel, never 
tangle-speeding in eVIl!.Y possible direction withou t  
haste, without re st. W ith inconceivable swiftness, 
there is yet no hurry; with inconceiva ble number, 
there is no conf usion. Not one of the swift mes seng ers 

jö lts his neighbor from his path. Or look at garden 
and woodland. Not only every petal and ev ery leafl et, 
but every microscopic point of each sends forth its 
troop of herai ds, each wearing a tabard of its own 
color ; each, without obstrueting his fellows, fl eeing to 
deli ver his embassy to the brain. Or take an orchestra. 
Each instr ument utters so me one or more notes ; but 
each note, aga in, is made u p  of many sound s- the 
ground tones and the overtones- the partials fe w or 
many. From each instrument each sound speeds to 
each ear in a vast audience. They also cross and re
cross each other, bu t never j ostle. A gain no hurry, no 
confusi on. In opener or more serried ranks, swiftly, 
bu t with measured p aces, they speed to bring each i ts 
m essage to the mind of man. 

W onders are these, that grow m ore wonderfu l the 
more we ponder over them, in the infinite variety, 
power, and beauty of each. But how must ou r 
admiration in crease when we come to think that all 
these mighty powers are one ; that each can exist only 
as the product or the cause of some other ; that each 
may be converted into another, but then ceases to 
exist in its previous form ; that all this apparent COlU 
plexity is founded u pon absolute simplicity- upon a 
complete oneness ; that the power which marries the 
unsubstantial eleme nts, au d unites them into the drop 
of water ; that the power which compels gold to be
come as fl uid as water, or dissipatA s the solid rock into 
thinnest ai r ;  that the power which, in a moment, 
sends our word s across an ocean so broad that .. the 
lightning' s win g  sinks half way o' er i t  lik e  a wearied 
bird; "  that the power whi ch, { rom trumpet, or from tim
brei or psaltery, can arou se or allay our passions ; that 
the power that opens our eyes to feast on the be auty of 
art and nature, and enabl es us to look into the face of 
our fellow, man-that all these great and beneficent 
p owers are really one ; t hat they are all transl ations 
mto diff erent tongues of the one great ce ntral organic 
law which governs the univers e. This law is that the 
sum of all the forces is a constant q uantity-that, 
therefore, energy ca n neither be created nor destroyed. 
It m ay assume diff erent, forms, j ust as a ponderable 
body may exist in the solid, the liquid, or the gaseous 
form. A s  with the latter we can neither add nor take 
away a grain of its weig ht, so with the former we can 
neither increase nor diminish by a single unit one of 
those microscopic waves which sometimes scarcely ex
ceed in length the hundred-t housandth part of an 

qu anti ty of sulphide inJ'ected, accordinD' to the diff er- inch, a nd in duration do not reac h the millionth part 
.. of the mi lI ionth of a second. ent positions of the piston, P. The lat terconsists of two 

disks of hot- pressed leather, and is held a t  the upper I fancy I hear s? me one � urmu r, .. W onde;r ful."truly ! 
en d of its travel by a spring. I, which re sts below upon I 

But what has thlS to do wI th us or our aff alrs ? I an-
the bot tom of the cyli nder, B, and which above bears * From the Inaugural Address before the Gas Institute, June 8, 1886. 
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swer, "Everything." I t  is with these forces of nature I roads, which carr y while they do not move, have alternately used as a furnace and as a r etor t ;  and a 
we have to deal; and I propos e to show how essential a en ormously incr eased the commerce and convenience valuable heating gas has been produced. A system, 
kn owledge of them is for an educated engin eer. I feel of the world. There is no branch of mechanics which either continuous or alter nate, applicable for illumi
that I cann ot have diminished the inter est of t he neces- is more intimately connected with your business than nating gas, seeI ll S  to be a problem not too d ifficul t for 
sary study by showing how such learn in g is allied wit h the scien ce of pneumatics. Fortunately, the principles, solution .  The gr eat wear an d tear and t he interrup
the grandest contempla ti ons o f  philosophy, the broad- so far as they concern you, are simpl e. But the ex- tions incident to the present system are very great ; 
est generalizat ion s, 01' the admiration of nature in aIl periment al dat a  ar e not so abundant as might be wish- and perhaps the youngest of you may yet see the gas 
her sublime beauty. Let us see what these agencies ed for ; and I think it would be desirable that our retor t  placed alongside the steam engine in that 
are·- light ,  heat, mechanical power , sound, electricity, leading< eng ineers should make still further experi- " cabinet of antiquities " which the prophetic eye of 
chemical affin ity. The ver y  names of most of them at ments on the fi ow of gaseous fi uids in large mains. Sir Frederick BramweI l  has so clearly for e seen, and in 
once tell how closely they are tied up with your daily Du ring the construction of new works, while the mains which1 I venture to add, he has not " imagined a vain 
work. are not required for use, such experiments could easily thin g.' 

To the younger me mbers of our In stitut e who desire be made with little expense ; and we have among those Be sides the illum inatin g  gases produced from coals, 
to study p hysical science, I would venture to suggest I see around me engineers who, I hope, will take a cannels, and oils, t hree heatin g  gases are now elll ployed, 
that they should coml llenc e wit h some knowledge of note of this suggestion. each incapabl e by itself of producing any useful lig ht. 
the cor relation of the physical forces. On t his subject A most i mportant pneumatic instrument is the The first--" producer" gas, arising fro m the chemical 
the work of Justice Grov e, who first broadly laid down govern or. For the supply of large qua ntities of gas, r eactions of air, steam, and car bon at high tempera
the prin ciple, is, of course, a classi:l ; but a sufficient either to mains 01' to consumers, the governor has at- tures, a lthough evolved fr om blast and generator fur
element ary knowledge can be gleaned from simpler tained gr eat effi ciency ; but when it is app lied to so naces in immense quantities- Iabor s  under the disadvan
wor ks, such as that of Dr. Bal four Stewart. 1'his fi rst small a volume as that required for the supply of a tage of being very bulky ; being dilut ed with the i nert 
principle of corr elat ion is, to my mind, the soundest p ublic lamp, m y  experien ce is that much improvement nitrogen of the air, which suppl ies also the oxyg en re
basis on which to build a solid scien tific education. IS needed. It is quite true that several such regulators quired to form the oxides of carbon contained in th is 

I will first touch upon that branch of science with will act weIl when they are new ; but aft er some time gas. Its gr eat bulk ( about five times t hat of ordinary 
which we have the least concern-acoustics. Although they need constant r epairs and regulation. I am sure gas) leads to so much difficulty in distr ibution, th at 

n ot dir ectly of much importance to the gas engin eer, that compani es workin g  by the average meter system producer g as is never used at an y distance fr olll the 
the study of the science forms the easiest introd uction lose much from these var iations. The defect I m ention place where it is gener ated. W ater gas, n ot being 
to the wave theory; and this undulatory theor y  per- is not to be wonder ed at when we consider t he very diluted with n itrogen, an d con sist ing main ly of hydro
va des, to a greater 01' less extent, every br anch of sI ll all aper tures which are necessary, and t heir liability gen and carbon mon oxide, is not so bulk y. 
science. The science of sound may yet have practical to be clogged by particles of dust, of oxide, 01' of oiL It Quite latel y, French chemists-1\11\1 . Fel ix Hembert 
applications for us. The pit ch of aI l musical instru- would be desirable that some member should take up and Henry-have com mun icated to the Fren ch 
ments changeo with the temperature ; and hen ce it is this subject, an d, by periodical tests, determine t he ex- Academy an economical m ode of prod ucing hydr ogen. 

n ot un likely that we may have an acoustic thermo- tent and ca use of such fi uctuatio ns, and thus stimulate Over hot coke in a retort, steam is passed ; the pr oducts 
meter- mayhap an acoustic photometer-which will the minds of inven tors to overcome, if possible, these ( bein g hydrogen monoxide and dioxide of carbon) are 
translate waves of light into waves of so un d. Y ou defects. As yet, the automatic regulation ofv ariations conducted into a seconrl red hot retor t char ged with 
have, I suppose, all seen or heard of the sin gin gfi ames, of pressure has not been much employed, and where fra gments of some refractory mater iaL I nto this an 
in which t he converse takes place, and the waves of several mains hav e to be governed at different pres- additional dose of steam passes ; its hydr ogen is l iber
sound are made visible. We have one musical in stru- sures, the apparatus becomes expensive. I made some ated, and its oxygen combin ing with the monoxide 
men t  play ed on by gas-fi ames- the gas har monicon- attempts myself to eff ec t this purpose more cheaply by converts it into the di oxide of carbon. All the la tter 
whi ch in two respects so closely resembl es certain an e lectric current. Al though I was not successful, I gas is then taken u p  by lime, and tol erably pur e hy
human voices, nal ll ely, in the facil ity w ith which it am sure that such a system will eventual ly be carried drogen passes over. It is all eged that 1 ton of coke 
gets, and the persistency with which It rel ll ains, out of out. The question is not of much importan ce. As can produce 112,000 cub ic fee t  oE hydrog en, at a cost of 
tn ne. In the telephone, which so many of you em- foremen and en gine men must be employed night and 4 d. per 1 ,000 cubic feet. Per haps this may be t he san
ploy, you hav e the case of a double conversion, first of day on gas works, an d as the pressur es can be recorded gn ine esti mate of the invent ors. Of aI l bodies, hydr o
sound, which, having been chan ged into electricity, by a regist er, automatic regulation iE not so necessary gen, weight for weight, y ields by its combustion t he 
passe s  as such along the connectin g  wire, and at the as in ot her cases. An other matte r  that weI l  deserves gre atest quantity of heat-62,000 English un it s per 
other terminal is ree onverted into sound-a relapse of more extended experiment is t he law regulati�K t he poun d, or abon t five times as m uch as coal, 01' thr ee 
which we have not a fe w instan ces in the his tory of fi ow of gas thr ough very small apertur es. W hile times as much as lighting gas. 
religion . Again, the ingenious 1\11' . Edison has invent- through large aper tures t he fi ow varies near ly as the On the other hand, its specific gravity is so low that 
ed what he terms a sound mil l, a contr ivance by which sqn are root of the pressure, some observation s  se em to its volume is about six tim es that oE gas. Hen ce about 

t he vibr at ions of the human voice are utiliz ed as a show that thron gh sma ll orifi ces the v ariation ap- 1 ,000 cubic feet of coal gas are as good as 2,000 cnh ic 
mechanical powe r-an engine which I trust may yet proaches to the simple more nearly than to the sub- feet of hydrogen f or heating pur poses ; and, on account 
take an important pl:t ce in practical mechanics, by duplicate ratio of the pressure. This i s  a question of its excessive tenuity, th e leaka ge of the latter llIUSt 
turn ing- to some pur pose the now useless garrulity of very im portan t  in ref eren ce to leakage; and some of be very great. Hence I think it will not become a 
politician s  an d other old women of both sexes. our m ember s will, I hope, investigate it carefully. The dan gerous competitor of illuminating g as, which has, 

I will now refer to the agency which has been the necessary e xperiments requir e only time, attention, volume for volume, a thermal efficiency so mn ch 
Ion gest known of an y, and which, within certain limits, and g ood measuring instruments. higher. 
was thoroughly understood by the ancient Gree ks, and It is unn ecessary for me to refer to such question s as In the distill ation of coal or the con den sation of gas, 
even earlier races-I mean mechanical energy. So far the relation between the pressure al ld the weight of we can not boast of much pr ogress. Looking back for 
as the action of solids on each other is concerned, their gasholders ; but I lIl ay remar k that large sin gle lift many decades of y ears, the introducti on of clay ret or ts 
work s leave evidence that they mn st have employed hol ders are sometimes made too light to give a suffi- and of the exhauster forms the only in dubitable 
mechan ical engines which pr oduced results that would cient pressure. It w ould be bet t er to put addition al harvest of half a centur y. Gaseous fuel and regen er a
tax the in genuity of the engineers of to-day. The weight in the structure itself than to leav e  this to be tion are, I lllll, y state, still on their trial ; and t here is 
bn ilders of the Pyramids, unprovided, as t hey were, afterward supplemented by weights, whic h it is not no un iver sal concurr ence as to their merits. Besides 
with the aid of steam, must have empl oyed some easy 01' convenient to "a pply. An y additional cost r etorts, the boilers also require fuel ; and here we ar e 
dynam ic contrivances of which we have lost all trace ; would be paid for in the increased dur ability of the somewhat differently placed fm m other steam users. 
and it is still a perplexing problem to t he most inven- holder. We have also a lar ge quantity of breeze an d small 
tive minds how these immen se m asses were raised to I have but few wor ds to say in reference to the las t  coke which is of li ttle 01' no v alue awayfrom the works. 
such great heights. The raising of a giv"l n  weight to portion of our distributing plant-the m eter-which, Perret' s  furnace for using breeze has lately been intro
a given height is one of the compound un its of all much as it is con demned by those who know nothing duc ed into this con ntry. The prin cipal difficulty in 
mechani cal science ; and when combined with t he unit about it, is justly regarded b y  t hose who really under- burn ing breeze has arisen from the fact that i ts sm aI l 
of time, may be said to embrace all mechan ical stand it as one of the most si mple, ingenious, and particles fit so closely together that the dr aug ht is ob
pr oblems. 1'he mechan ics of fi uid bodies-hydr o- practica l of modern inven tions. It does not ahn at structed. In the new f urnace the difficulty is  overcome 
statics an d hy draulics-were also thor oughly studied scientific accuracy. With a body whose vollllu e  varie s by an induced curren t of ai r introduced with st eam 
long ag es ag o.  The aqueducts of the Roman s, eighteen with every chan ge of temperature an d pressure, such a beneath the fur nace bar s, which are k ept cool by 
of whie h led to the Imperial City alone, are evidence of r esult can never be practically attained ; bu t as an feathers projectin g  from their lower sn rfaces, and dio -
the knowledg e of this practi cal people. The mode of honest accountant, strikinS' a j ust comm ercial balance ping in to water. -
dete rmin ing specific gravit y was invented when, two between buyer an d sei ler, It d oes its duty admirably. The carbon mon oxide prodn ced an d hydrogen liber
centu ries before our era, the philosopher determin ed The variations that occur from absolute accuracy are ated c ause a fi ame which tr ansfers a portion of the COI n
with how mu ch basel '  metal the golden crown of Hi- more likely to be in favor of the buyer than of the bust ion an d heat into the fi ues ; thus prevent ing ex
er o was alloyed. The " Hydraulics " of Hero of seIler ; but they ar e of little moment-to be llJe asnr ed cessive temperatn re in the furn ace pr oper .  "\V ith re
A lex an dria, which was written in the next cen tury, per ha ps by a quarter of a penny per 1,000 cubic feet in spect to heat, we have abundance of teachers. Tyn
contains a number of most ingenious contrivances pr ice, 01' by a quarter of a candle in illn ll linating daI l' s lectures ar e most attr active ; whil e Clerk Max
which hav e been copied or reinvented over and over power. E ven if the difference oper a ted again st the well' s  tr eatise, although adm irable a s  a wor k of se ience, 
again dow n to our own day. While on this subject, I consn mer, t he loss would be cOl npen sated for tenfold could be made ll luch more interesting if it dealt mor e 
would wish to r est ore to its rightful owner that most by the illuminatin g  power which most companies give with practice and exper iment. It is a wor k n ot very 
ingenious hydrostatic contrivance, the compen sator, in excess of t heir leg al obligations. The gas m eter in- easy nu r withal very difficult for an att entive student .  
employed in the "U nvary in g  Water-Line 1\1 eter." I volves little knowledge of physics, as it  is rather a A lIl ultitude of auth ors have wr itten weI l  and clearl y 
have found it accur ately described in a book called mechanical contrivance than a scientific instrument in on the production amI applications of heat. 
" Lampas," published by the celebrate d  Dr. Robert the strict sense of the term ; and its principles belong The next point to which I will call your attention i8 
Hooke in 1677 ; and it was invented f or the purpose of more to the new science, kinematics, t han to pneu- the conversion of heat into power. For m any y ears 
keeping at a constant level the oil in the old sin gl e- matics pr oper. attem pts h ave been made to work steal ll-eng ines by 
wick lalIl{l . 1\11' . Donovan ,  a clever mechanic of Dn blin, The exhauster is the only pneumatic en gine which is gas- heated boiler s ; but illuminating gas was found to 
fir st applI ed the system to steam- boil ers ; and, in con - peculiar to gas works. Its principles ar e  ext remely si m- be far too expensive a fue! .  Producer gas has lately 
juncti on wit h  the late 1\11' . G. Saunder s, patented its pI e ;  but here again it may be obser ve<1 that more data b een employed fo r this p ur pose ; and it enable s ns to 
application to gas- meters. l t  is possibl e, bn t very un- are needed. It would be desir able that the ste am use ver y  in ferior coal. l ndeed, by thi s system steel 
likel y, th at it was reinven ted, instead of being copied, engine should be mor e fre quen tly t ested by the indica- can be m elte d by small coal containing 30 per cent. of 
by 1\1 r. Donovan. 1\1 r. Saunder s was very much sn rp ri s- tor, and the cards compared with the registration of ash. It was not, t herefore, until the intr oduction of 
ed when, so me years ago, I showed him, in the Dublin the station m eter and pr e� sure gauge. Some careful the gas engine that illuminating gas was economically 
Un iver sity Libr ar y, in a book of so old a date, exactly experimen ts in this dir ection were made by 1\1 essrs. employed fo r the p roducti on of power .  At our last 
the same con tr ivan ce as th at which he thought was of Br yan Don kin & Co. ; but such experiments need to be meeting I we nt so f ully into this s ubject that ther e  is 
recent in vention- a contrivance which, for a beautiful multiplied a nd extended. Before leaving this subj ect, little for me now to add. 
application of the laws of gravity, has, I think, never I may remark tha t it is strange that gas en gin es ar e so The year has been pl'oductive of abundant litigation, 
been ex ceI led. It is a cnr ious coincidence that t he sel dom used for exhausting pur poses. The on ly diffi- not only in this country, but in Fr ance and German y. 
com pen sator, fir st invented to regulate the light from culty that I see is in the fact that the best gas engin es Here the Otto patent for the fon rfold cycle has been 
oil, 8 hould now be appli ed to so cogn at e  a purpose, al- requir e to be driv en at a nearly uniform velocity, while m aintained ; while a broad we are led to under stand 
tholl gh the circumstances are so much altered. With the exhauster m ust change its speed. But some auto- that the previous publicat ion of the system by B eau 
hydraulics 01' hydrostatics, however, our profession has matic appar atus of the nature of cone pulleys or de R oc has walS held to invalidate the Ot to cl aims. The 
little to do. wash er wheels may. be intro<1 uced, which would over- decision in this country turn ed upon a cur ious techni-

In the third branch-the mechanics of gaseous bodies co me this difficulty. The great economy of a gas eng ine cal point, for it was d eci ded tha t the existence of a 
-you are deeply concerned. In this the ancients had employed in g as works, and the little attention it re- book in one r oom of the British 1\1 useum Li brary was 

n ot made much pr ogr ess ; and the foundations of the quir es, should recommend its use to the engineer. not a publicati on, whil e if the same boo}, had been ac
modern scien ce were really firmly laid by a neighbor of I now come to the great agent of prod uct ion in our cessible in another roolll the patent of Ot't o would have 
min e ( on e  born in my own p rovince), the Hon. Robert industry-heat ; and of this, although we are n ot as been invalidated. 
Boyle, whose relation s with science and the peerage wasteful as the steam engineers, who waste f rom 90 to A great amount of ingenuity has been exercised on 
were put in so succinct a form by on e who described 98 per cent. of the whole h eat pr oduced, still I feel t hat the designs for the gas en gine ; an d I may especiaI ly 
him as the ,. Father of M odern Chemistry and Brother we are improvident. Every one who knows what a refer to Atkinson' s  differen tial engine, of which I 
to the Earl of Corke." But alt hough so described, his large volume of heated gas escapes from the r etort- showed you a sll lll, Il sectional rn odel last year at 1\1 an
chemical offsprin g are forgotten ; while in pneumatics bench must feel this, and the varions forms of regen er- chester. The motion of the double piston, pr oducing 
he laid down the laws which every on e of us knows ators have been introduced with the pur pose of saving in one revolution of the cran k shaft f our changes of 
regn late the pressure, volume, and fi ow of all gases. some of the loss. As a gen eral rule, these have been volume in the cylin der ,  is ver y  ingenious, an d in a prac
Y our mains subserve the sam e purpose as a railway ; expen sive ; and, as far as I know, have been used only tical way dispenses with the necessity for a sl ide valve. 
they form a link between the producer and consumer. where gaseous fuel has been empl oyed. 1\1 y  colleague, I have just seen a report of some exper imen ts, which 
Where wat er and gas m ains do not exist, not only the 1\1 r. Tr avers, has been making some experiments with appeal '  to have b een very carefully made, with one of 
contents, but the cont ain ing vessel, had to be carried a view to sav in g  the waste heat of coke fires. These these engine s developing between fr om 2 to 3 horse 
fro m place to place. Such was the case, too, in the are still in progress, are sound in theory, and promise power, and which show a consumption of only 26 cubic 
early d ays of gas lig hting ,  wh ere portable gas wa s car- practical R uccess. The great futur e  to be looked for is, feet per br ake hor se power- an economy most satisfac
ried, l ike coals, to the ceI lar-a sy stem I saw in op era- however, when we can dispense with retor ts, an d when tory in so small a motor, K orting' s, Simon' s, 'r ang ye' s, 
tion in Paris not lon g  si nce ; an d this, in a mod ified gas can be pr oduced by some continuon s system, as in I Andrews' ,  antI som e  oth er engines ar e al l weIl wor th 
form, is still use d  for the carr iage of ox ygen, carbonic a blast furnace. In the production of water gas this the stu<1 y of th ose inter est ed in the subject. The size 
acid, and " laughing gas." But ir on m ains and ir on has already been half eff ected. The one st ru ctu re is of these motors has also been increased ;  and M essrs. 
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Crossley have now in operation one engine giving wit h att ent ion will be called during the present meeting. but they would not be comforted ' and it was with the a single vertical cylinuer 1 20 indicated horse power. But besides carbon, other solid bodies, many oI thelll greatest difficulty that I prevente'd some oI t heIll from 
This has a cylinder 1 9  inches in dia meter W lth a 22 inch more or less incom busti bl e, are ca pa ble by their incan- fieeing in a groundlesH panie. I a m gla d to sa y I was stroke, and l Uakes 160 revolutions per mill ute. It is descence of yielding light ; and the inventions of to a great degree successIul. But i n  other pI a ces t he calculated tImt this motor will require onl y  15 cubic 

I
M .  Clamond, M r. Bower, and others ha ve been in- result was different ; and it would be hard to calculate 

feet per indi cated horse power per hour. Where the tended to increase the power oI our ordinary gas by how . Ü�Il 11en�e were the losses incurred by the fa lse deprice of gas is at its lowest, 1 horse power would, on the incandescence of solids, or by t he same method to preClatlOn of ga s, and t11e equally false a ppreciation of these da ta, cost only one- third 01' a penny per hour. I derive light from gases which by themselves are non- electricity, as a light-giving power. Al though I had Mr. Crossley ha s la tely invented a new governor Oll luminous. Considerable progress it is alleged has late- fonl l�d my own conclusioI H; on this subject very early, the cata ract pri nciple, which insures a m uch more ly been made in this re8pect in Germany, where water I hesltated to express thelll unt il I had consult ed other8 regula r speed-a .matter oI considera ble importan<;e g:as i.s employed in large . works for ooth heati .ng and with 1l.I�re experience than I pm;sessed. The highest where gas power IS empl oyed to produee the electrlC hghtmg. In such cases thls mode may be useful ,  but . authorltles on the su bject \Sir Vi. Siemens bein 
light ; for every varia tion in velocity ca uses a variation for general purposes I believe it to be inapplicabl e, on ' a11l 0ng the number) only corroborated and deepene� 
in light . The regulation is effected not by cutting off acc�)Unt . of the diffi<:ulty of finding an� substance the iI.up�'essions I had formed ; and we may say that up 
al toget her, for one or mOl 'e strokes, the supply of gas, WhlCh, In a convement form, can sust am the great to thls time the electricialls have been o u r  best friends as is done 1;>y the ordinary gov�rnor. '1'he new r�gula- cha�lges of tellfperatur�, to . whi<;h such inca ndesce�t The Iact was that som e oI us were sinking into an easy 
tor, operatmg on three cmns mstead of one, glves a bodies are subJ ected. Ihe Idea IS an old one ; and m and unwholesome torpor froni which a powerful 
stronger or weaker charge at every cycle, but never the earliest days of water gas, fine webs oI pla tinum shock was necessary to aro�se uso 
perm�ts the .pi ston to p.erform an idle stroke. T�is wi re were t ried, but were found to be ve!y expensive, It is m�ither good llIanners nor good sense to speak in 
contrIvance IS �o,,: apphed to a 9 horse power engme a nd not. durable. I do not look formuch llnprovement a del?reClatory way of a riyal ; and we may cheerfully 
to supply electrIc light at the Alhambra Theater. I from thl8 sour ce. ad11llt t hat for the electric light there is spa ce and nlay add that an ingenious application of the explosive The next question in reference to light is it.s measure- ample space, without evicting the eI der brother 'from 
power of gas has been made in the ga s hammer of llIent ; and here the only material difficulty consists ia his freehold. In some factories-flour mills for exaIll
M essrs. 'l'angyes-an application which I feel confident the adoption of a standa rd. '1'he spenn candle and the ple-the glow lamps are undoubtedly safe� than any 
wil l, from its conve�ience and readi�less of action, be Carcel lalll p still h�ld their places as commercial t ests ; other light. 'Where the expense and necessary attend 
largely developed. Smce' our last meet mg I have l earned but for manufacturmg purposes I feel that the M ethven ance can be afforded, there can be no doubt that they 
that tramway car s  have been successfully work ed standard is more eon venient, uni form, and reliable. yield a beautiful light, which, frem its coolneRs is at M elbourne on a line with difficul t  gradients ; thus It has been our misfortune within the last year, especially agreeable in summer. Where as is so c�m
dispensing with the smoke, noise, boilers, and furnaces, by the death of M r. F. W. Hartley, to lose a mon in Switzerland, wa .ter-power is abundant. the 
which hav e gh-en so much trouble where steam has gentleman who had devoted much time and great l ight is most economical ' and for this reason I am 
been em�loyed. In �his direction I look for fu!ther ability to this su bject ; and he fully shared th.e opinion ab out to light a .starch fa�tory of my own, beyond the 
progress m gas engmes. I ex pect that they will be 1 have expressed. A standard lately proposed m France reach of gas mams, wüh m candescent lights. In large 
made much larger, and also much smaller and cheaper, has eve ry fault that a mea suring unit could possess. It rail way stations arc lights Cf\n orten be used w ith 
to act as dome�tic motors ; and now t.hat we kno.w is expensive, troubleso�ne, unreliable, and.fou!lde� on a �conOlJ?Y' Some (especially. the .. Solei! " light, from 
where the loss oi heat takes place, I belleve we are m small number of experiments. The questIOn IS still sub Its punty of color) are admlrabl y  a dapted for picture 
t�e right way t o  .remedy it, and s� make thi� engine judic� ': and it is not improb.able that our fri�nds the galleries ; while for the lighting of large steamers, the 
still more econOl lllcftl But even as It stands thls motor electrIClans may perform a kmd office, and assIst us to glow lamp" are all that can be wished for. In ordi
holds the. f.irst place as a. trans muter of heat into determi.ne it. rr:he refinement of their methods of �ary cases, ho:-"ever, the glow lamps a re very expelI
power ; gl vmg, as I ex plamed t o  you last year, an measurmg electrlC currents may serve t o  measure the slve ; and, whIle they may compete with gas sold at 
efficiency more than double that of t he best st eam- light produced by glow lamps. I look with much hope lOs. per 1,000 cubic feet, they are too dear Ior Eng-
engines. in this direction. land. 

Th e other applications of gas-viz., for heating and Y ou are all familiar with Joule's celebrat ed deter- So much for one of the principal applications of elec
cooking purposes-are too numerous to refer to. For mination of th� mechanical equivalent of heat-viz., 1 tricity ; but it can be used in many small wa ys. I 
a lon.g time � was oppos�d to the use of ga ;s st oves .for English hea t. unit=772 foot-pounds. Within the past need not refer to telegraphs and t elephones, now so 
heatmg ordlllary dwellmg houses, as I did not thmk year Herr WIlhelm Peukert, of Hanover, has for the generally used bet ween offices and works ; but I will 
thelll either agreeable or wholesome ; but of la te the im- first t ime determined the mechanical unit of light. Ta k- ca ll Jour attent ion to t he facility wit h which gov
)5l'ovements made, especia lly in radiating stoves, have ing the candle as his unit, he has estimated it>l light as ernors at a distance can be worked by an electric cur
removed these objections. equivalent to 80 foot- pounds per minute. His met hod rent. At the Dublin Gas Works the stock of gas in a 

'l'he next of the grea t agencies of nat ure t o  which I was simple. A glow lamp was submerged in a glass dista nt holder is automa tically indicated in the engi
will refer is that which most nearly concerns us-light . globe of water. The electric current passing through ueer's office by a double electric current-one intimat 
The thorough scientific study of this subject, including the lamp was measured in the usual manner, in watts, ing the rise, '  and the other the fall, of t he ho lder. 
interference a nd polarization, requires a knowledge of which are only multiples of foot-pounds. The quanti- Common electric bells form such simple alarms that 
the higher mathematics which few engineers possess ; ty of heat cOl lllllunicated to the water was also esti- they can be easily connected to stealJl vacuum and 
but the portion which most interests us is easy of com- mated at its mechanical equi valent ; and the difference pressure ga uges ; and, I believe, can yet be made t o  in
prehension. We have not to deal with the marvelous was charged t o  the account of the luminous rays. Of dicat e a n  und ue fall in illuminating p ower. It is 11Iost 
swiftness of light, or wit h those lapses of time which, every 1 00 units of current, about 70 were measured as useful in lighting gas flames placed eIther at a distance 
notwithstanding such a velocity, are necessary to brin� heat from the Swan, Edison, and Siemens lamps ; the or in positions difficult of access. Several at tempts 
it to us from even the nearest of the fixed sta rs. We remaining 30 units were debited t o  light, wit h a result have been made to employ an electric current for 
have little to do with refraction ; and the testing showing about 80 foot- pounds per minute, equal to 1 street lamps-thus dispensing wüh lamp-lighters ; but 
power of the spectroscope, although applied to t he candle. The ligh t of an ordinary 5-foot burner with the inventors (of whom I was one) have not attained 
manufacture of steel, has not yet reach erl our industry. London gas would be equal to 1280 foot-pounds, or any practical success. I am, however, cunfi dent t hat 

It is not impossible, however, that in photometry it 1c25th of a h erse power. A gas engine would give this object will yet be att ained, and wi th economy, as 
may yet have its use. l about six or seyen tirnes as much with the sa me con- it makes it possible to light or extinguish any group 

We have principally t o  deal with three point s-t he sumption. W it h reliahle volt -meters and ohm-meters, of lamps at any hour, and this without any electrical 
prouuction, the m easurement, and the distribution of I I al ll su re an electric sta ndard of light will ere long be comIlJUnication between them. To the illgenious en
light. With respect to the first, it seems pretty well, attained. gineer a hundred cases will suggest themselves in which 
though not absolutely, settled that, for all practical The automat ic J'egistration of i lluminating power this swift, potent, and flexible agent can be trained to 
purposes, light must be derived from sol id bodies main- was tried some years at the Chartered Gas Works, but do his bidding. 
tained at a very high temperature. The oxyhydrogen was found t roublesome. Since that period, however, I have sp oken of some of the applications of elec
ble-wpipe, with its intensely hot but scarcel y visible the introduction of dry plates lia s  greatly simplified tricity. I have to say a few words on its production. 
flame, shows that heat alone is not sufficient to pro- the operation ; and I do not see why it should not be For all small currents sOllle form of constant battery 
duce light ; hut the moment this heat is communicated more successful now. is, of course, the most convenient ; but occasionall y a  
to any solid body, such as a lil lle cylinder, a brilliant Another impor tant matter weI l  worth consideration thermo-e lectric pile, heated by a Bunsen burner, way 
light is evolved. If the solid body be incombusti ble, is t he proper distribution of Iight-a matter in which be used. This is another case of conversion-that of 

a s  i n  the case of Iime or platinum, this appears · to be a we enjoy great advantages over our friends who em- heat into electri city ; and I wonder why it is not more 
si mple cOllversion of heat into light. But if th e solid ploy the electric arc. In fact, this is one of t he advan- frequently used, At a telegrftph office in London I 
be combustible, like the particles of finely divided car- tages that enable us so well to hold our own. Taking saw it employed for a local circuit which had bp,en in 
bon released in all ordinary lamp flames, a new quantity simply units of light, we may admit that a system of operation day and ni ght for many years without· any 
of heat is generated ; hut when the body has taken up powerful arc lighting on a large scale may be more care whatever ; thus dispensing with the attention and 
its full equivalent of oxygen, the combination again economical than ordinary gas light ing. But, granting renewals which all fluid cell s  require. This form 

h ecomes gaseous, and ceases to be practicall y luminous. all this, it cannot 1Ie denied tha t by the latter we can would be peculia rly useful to us ; but there seems to be 
The light of every flame depends, therefore, on two have the light exactly where we want it, measured out, some difficulty about procuring :M. Clamond's thermo
factors, viz., the number of particles of solid carbon it 1 may say, in retail quantities ; while by the former electric ba tteries-the best I have seen. To show how 
contains, and its temperature. With regard t o  the we have a dangerous deluge in one place, which makes small a quantity of heat ma y produee an elt,ctric effect, 
latter, we have seen this factor largely increased of more remarkable an equally dangerous drought in I may rema rk that Lord Rosse's experiments, by which 
la te by the application of the regenerative syst em to another. The question oI the best distribution of light he determined the very minute amount oI heat radiated 
la mps-a n idea first imperfectly carried out in the is one that can be treated mathema tically. Th e pro- from the moon, were made by the a id of a current so 
doubl e glass chimney of Dr. Normandy. The merit of blem is how to Sflcure in a given space a distribution of obtained from our satellite. But for obtaining large 
th i s  system, whether applied to furnaces or lamps, no light nowhere falling below a !:\,iven standa rd. For quantities of electricity, the dynamo-electric machine 
doubt belongs to the two brothers, both of whom have example, if in a circular space elght lights were used, stands alone. Indeed, as a translator of one form of 
contrih uted important papers to our transactions-I it is clear that the illumination would be better if the force into another it is unparalleled. While the steam
mean Sir William and 1\1 r. F. Siemens. But their fol- lights were distributed along eight radii than if they engin e converts into power only 10 per cent., and the 
lowers-notably 1\1 r. Bower: M r. Wenharn, M r. Sugg, were all collected at the center. I once paid some gas- engine about 22 per cent. of heat, the dynamo-elec
Herr Schulke, and others-have greatly increased the attention to this problem, but had not time to work it tric eonverts upward of 90 per cent . of power int o elec
effidency of gas lighting by their inve nt ions ; and the out ; so I leave it to be solved by so me of the younger tricity, and its antitype-the electro-dynamic-converts 
last decade has done more for the luminous efficiency mathematicians among our members. more than 90 per cent. of electricity into power. In· 
of gas than the previous ha lf century. Alt hough the I now come to th at form of energy the knowledge of deed, recent careful experiment s, made with the Edison
experime nt has never been practically made, I believe which has been so greatly developed within the pre- Hopkinson machine, show ÜI exactly shnilar machines 
it would in sOIIle cases be economical to raise, from sent century, and wh ich has received such numerous a mutual efficiency of 93 per cent. If, therefore, we 
sOUle ex ternal source of heat, the temperature of both and important appl ications-I mean electricity. It is expen d 1 00 units of power, we recover 93 units of 
ga .s and a ir before they meet and combine ; and for a very Ariel among the physical forees, and has per- electricit y ;  and if, a .gain, we con vert this ele ctricity, 
ligh thouse and similar purposes I am of opinion that formed more marvels than ever tha t  sprite wrought at we get back a s  power 93 per cent. of it, or 87 per cent. 
such a pla n  will yet be tried. The other way in which tho3 bidding of the enchant er's wand. In a fraction of of the original qualltity. Now, if we consider the 
we can increase th e power of a flame is by multiplying a second it becomes a mechanical power or a chemical necessary friction and heat produced in machines run
the number of solid particles made luminous ; and here, agent . It flashes into light ; and " ere a man hath ning at so high a velocity, it is wonderful how little is 
theoretically speaking, there is a widefieldfor research. p'0wer t o  cry, ' Behold ! ' "  i t  melts into music, and lost ; and as to the future prospects of electric lighting, 
The w hole quantity of carbon in ordinary gas coal i s  • ere a man hath power to whisper, • Listen ! '  " it fi its it is of the gr eatest importance, for we can positively 
about 82 per cent. Of this we get in gas about 16 per away, a swift and sileut herald to carry our messages assert that in the production of electricity from its 
cent., or one-fifth oI the whole ; the remaining 66 per " from China to Peru." It is the master and the slave cheapest source-mechanical power-no further im
cent. remaining in the tar and col,e. A portion, after of all th e world's agencies-commanding and obeying, provement is possible. I have lately laid before the 
having been made gaseous, is again condensed into a creating or being created. Hotter than fire, a hundred Corporation of Cork a propoml to elllploy this syst flm 
semi-liquid bouy in the taro Some of t he products of t housand times swifter than sound-nay, sometimes to import int o  the city about 200 horse powe r genera te d 
coal tar-from the light fluid benzol to t he solid far swifter than light itself-with inconceivable speed by water-wheels situated about three miles a way, by 
naphthalene-have been employed in order to restore it races round our globe, yet in its headlong course means of which there would be yearly saved upward 
to ga s a portion of the ilIuminating constituents which keeping the compass steadfast to t he pole ; now shed- of 1,500 tons of coal now used in the generation of 
were precipitated owing t o  their ha ving fallen int o t he ding a bland light from crystal flowers like the jeweled stea m, besides all the attendant labor and wear and 
ba d cOl llpany of some of the worst products of taro It lamps of the Eastern story ; now with unerring finger tear of engines and boilers. ßfessrs. M ather & Platt, 
would have been better, however, if their light -giving guiding by night and by day, i n  fog and in eclipse, the of Salford, are prepared to guarantee t hat a large per
power could have been retained in the gaseous form. sailor across t he pathless seil. ; and anon the messenger centage of the original power shall be deliv ered a t  th is 
Both COIll Jl lon resin and oil of turpentine have also of death, striking wit h a let hal arrow, and leaving of distance through a copper wire less than one-half inch 
been employed to enrich gas ; but good cannel is the proud man nothing but a blackened corpse. Potent, in diameter. It is indeed iu this direction, as an agent 
cheapest material yet introduced for this purpose. AI - manifold, even among the ever-changing powers, it is for transferring mechanical force to a distance, that 
though I ca nnot indicate in what direction the effort t he very Proteus of them all. electricity has a great field before it. I fear that in 
may be made , it 8ee ms probable that some larger pro- Among its many manifestations, it is not long this application small gas-engines may meet with seri
portion of the carbon may, by chemical or thermal since it shiIll lnered before our eyes a ghastly speeter ous comp etition. A large ga s-engine using only (say) 
agencies, be made volatile, as is done with water and threatening destruction to us and ours ; and, hk e all 1 '3 lb. of coal TlIa y be ewployed to drive gene ra tors at 
furnace gases. With respect to the hydrocarbons re- oth er ghostly visitants, terrified most those who had a central station ; and if this dfllivered only 66 per cent. 
maining in the tar, some improvement has been not courage enough, or knowledge enough, to examine of its energy, the expenditure of coal would still be only 
effe cted. Different systems of enriching gas from this t he apparition closely. I shall never forget the pallid I equiva lent to 2 lb. at t he consumers' motors. As COln
source are in operation ; and to one of t hese your faces of sOUl e of my friends. I t ried to reassure them, pared with hydraulic or pneumatic agencies or rope 
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traction, the electric system presents far greater econo
my in transmission. 

Before I leave this subject I must point out one diffi
culty which applies to all physical forces-the difficulty 
of storage. The storage of mechanical power has 
never been practically effected except by water reser
voirs on a very large scale. How large this scale must 
be, very few people take the trouble to reflect ; but 
you Illay form some idea of it from a very simple 
formula of m ine, with which I have astonished some 
engineers. It is this : Allowing to a turbine, or water
wheel, an efficiency of 75 per cent., it requires 1 acre of 
water 1 foot deep to supply even 1 horse power for an 
hour for each foot of fall. The water reservoir i the 
most practical method of storing any physieal force 
yet tried ; and still it is only in a few instances that it 
has led to satisfactory results. With respect to gas, 
few works have storage sufficient for more than one 
day's snpply. The accumulators used in hydraulic en
gineering do not reserve one hour's work ; and com
pressed air receivers have about the same capaci
ty. Electricity can, to some extent., be stored in 
secondary batteries ; but the waste is very heavy, the 
apparatus is expensive, and . ,  its expectation of life " 
seelIls to be very IÜlIited. In fact, we have no means 
of putting into stock any form of force ; and, practi
cally, energy must be produced as it is wanted. 

I have reserved till the last the force which by many 
will be deemed the first in importance-chemical 
affinity in relation to our pursuits. Perhaps the reason 
I have unconsciously done so is that the subject is, 
f,·OlU its magnitude, so embarrassing. In'every step in 
the manufacture of gas, chemistry is a s:uide. From 
the cOInposition of the coal and the pUrIfying agents 
(the raw materials we employ) to the prod ucts-solid, 
liquid, and gaseous-which arethe results of our work, 
chemistry is everywhere the test by which we ean de
termine whether this work is rightly done ; and some 
of the most difficult branches of the science are those 
which most concern uso Chemistry is really a scienee 
of weigh t and volume. The gaseous bodies we have to 
deal with are very light, with every changeof tempera
ture and pressure varying in relative weight and 
volume. Hence, the chemistry of such bodies requires 
more delicate and more difficult manipulations than 
either solids or liquids, which are so much heavier and 
so much more stable in volmne. N ext, all the bodies 
with which we have to deal, except lime, oxide of iron, 
and s ulphuric acid, are organic ; and, therefore, their 
constitution is more complex, and their analysis more 
difficult, than thoHe of inorganic bodies. And, finally, 
the theories and nomenclature of the chemistrv of the 
carbon cOlllpounds is so complex and so fre-quently 
changing that it is hard for any one but a professional 
chemist to comprehend them. 

tice ? It is essential, therefore, that the theory should be 
a true and not a false one ; and this-the separation of 
the true from the false-is the object of scientific train
ing. For men so busily engaged as you are, it would be 
impossible to pursue to any length all the sciences I 
have mentioned : but it is easy to attain some know
ledge of them all, and then, selecting one, or a seetiOlI 
of one, to study that more deeply. 

But I will not condescend to base the claims of 
science upon Illere material benefits. I will not " coin 
the heart " of Science " into drachmas." 1 will appeal 
to your higher instincts ; remembering that, beyond 
and above being engineers, you are men. You are 
endowed with intellects more or less cultivated. As 
food and exercise are Ilecessary for the body, so are 
knowledge, reflection, imagination, necessary for the 
mind. In the study of the great organic laws we have 
discussed, you will find both nutriment and healthy 
exercise for the intellect. The more you know, the 
more you will wish to learn ; the greater your attain
ments, the more deeply will you be sensible of how 
much you have yet to attain. The higher you climb, 
the clearer air you inspire, the stronger you become 
for new exertion ; every breath giving fresh life as 
eVllry step adds new vigor-earning for yourselves a 
wholesome joy, as you afford to others a wholesome 
example. As you rise, the great panorama unfolds 
itself more and more befm'e you ; and as you contem
plate the variety yet unity, the complex results of silu
pIe causes, the infinite gradations of light and color 
that are composed from a few elementary hues, the ap
parent dissociation and the real union of nature's la ws, 
you will enjoy the most magnificient material prospect 
tha t ever gladdened the eye of thinking man. 

THE PARIS METROPOLITAN RAILWAY. 
THE Paris Metropolitan railway, which has recently 

been conceded by the Minister of Public Works to Mr. 
Christophle, the governor of the Credit Foneier, will 
comprise four distinct lines, viz., an internal circle-a 
continuous line 1 2  miles in circumference, two-fifths of 
which will be aerial, while the balance will run under
ground or through 0l?en cuttings-and three trans
verse lines, along with J unction lines. 

The Inte1'ltal Circle.-This line will start from the 
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then pass underground beyond Rocroy Street. The 
junction with the circular line will be subterranean, 
and under St. Vincent de Paul Street. The length of 
this line will be about one and a half miles, plus 1 ,197 
feet of j unction line. 

(2.) From theDrouot crossroad to Daumesnil Avenue. 
This line will branch from the preceding by two junc
tion lines, one starting from the Trevise Street station 
and the other from the Drouot station, and the two 
uniting just beyond Poissoniere Boulevard. It will 
run as a viaduct parallel with Montmartre Street, and 
bend and run parallel with Rambutea Street to the 
Temple Quarter, cross Rivoli Street near the City Hall, 
run along the Celestins quay, cross the Arsenal basin, 
and end in two branches, one running over the 
Vincennes line and the other toward Richard Lenoir 
Boulevard. The length will be 271l miles, inclusive of 
junction lines. There will be four tracks. 

(3.) From Strasbourg Place to Denfert Rochereau 
Place. 

This line will run underground under Strasbourg, 
Sebastopol, and St. Michel Boulevards, Observatory 
Avenue, and Denfert Rochereau Street. It will pass 
under the two branches of the Seine, and will connect 
with the circular line upon the right bank by two 
branches near Strasbourg Place, and upon the left 
bank to the east toward Monge Street by a curve 
running around the Sorbonne to Pantheon Place. and 
ending at Monge Square, and to the west, toward St. 
Sulpice Place, by a curve passing behiu d the Odeon. 
Total length, 4 miles. 

The stations will be 64 in number : 28 in the viaducts, 
1 5  in the open cuttings, and 21 in the tunnels. The 1l,C
companying map gives a complete designation of 
them. 

The three first lines, which will suffice to connect the 
principal points of the dty and suburbs, will haye to 
be completed before 1889.-La Nature. 

TESTING MACHINE AT WATERTOWN 
ARSENAL, MASS. 

By J. E. How ARD, Engineer in Charge. 
THERE are three classes under which the tests made 

at Watertown Arsenal may be considel'ed : 

If we look into the index of any book treating of the 
new chemistry, we shall see enough to satisfy ourselves 
of this difficulty. For example, a writer quotes the 
following passage from the Journal of the Chemical 
Society : .. Some suppose pentanitrodimethylaniline 
was shown to be trenitromethylnitraniline ;  the sub
stance in question has been obtailled from napthyl
dimethamidophenylsulphone and diphenyldimeth
amidosulphone." I need not say that the analysis of 
such substallCes is far beyond the range of any lIlan 
but one who devotes himself to the study of a science 
so complex. With all respect for the chemists, on the 
part of honest speaking people I lIlUSt declare that 
the modern nomenclature of organie chemistry at
tempts too much, is unscientific, and would be barbar
ous only that it is unpronounceable. If men like 
Lavoisier, Dumas, and Liebig could have learned and 
taught as much as they did, in language not far re-
1l1Oved from our ordinary speech, surely their succes
sors need not have been driven to the use of a jargon 
more difficult than Volapuk, which has nothing of a 
language but the letters-a system which I suppose 
must have been invented, as it certainly has been 
developed, by our Teutonic neighbors, who, although 
a learned, are not a literary people, and whose own 
language has set them such a bad example of polysyl
labic compounds. The chemistry of the products of 
coal tar is a science in itself. Aniline, anthracene, 
alizarine, carbolic acid, salicylic acid, indigol, I may 
mention as a few of the best known of its derivatives ; 
but every day produces some new com bination. 
Hitherto the most important among the bodies have 
been the disinfectants and the many dyes that are 
derived from the most volatile and the least volatile of 
the products of distillation. Within the last year we 
ha,-e heard for the first time of a new product-saccha
rine-which is said to have a sweetening power 230 
times greater than that of sugar, and, strange to say, 
is not decomposed in the animal economy. It must 

PLAN OF THE METROPOLITAN RAILWAY AT PARIS. 

therefore, while agreeable, be at the same time both Champ de Mars, cross the Seine, pass underground 
harlllless and void of all nutritive value. As yet, under Delessert Boulevard, run around Trocadero 
although its price is very high, and it is almost a chemi- Place, follow Jena Avenue in an open cutting, pass 
cal curiosi ty, it seems to he about as cheap as sugar as und er Etoile Plaee, and follow Wagram Avenue and 
a sweetening agent ; and it is said that its manufac- the external boulevards in an open cutting under the 
ture is about to be developed on such a scale that it counter-alleys as far as to Barbes Bouvelard. Start
will soon become far cheaper. The number of text illg from this point, it will leave the external boulevards, 
books on chemistry is beyond count ; but I would wish pass underground beneath Magenta Boulevard and 
to direct the attention of both students and profieients Roubaix Place, where there is a station that connects 
to a small book by Dr. Josiah Cooke, of Harvard Uni- with the Railway of the North, and then reach the 
versity, entitled .. The N ew Chemistry "-a work which, Station of the East. 
founded on a few simple data, as a model of scientific After this the line will run as a viaduct aIong the 
exposition has neverbeen surpassed. The same author's Saint Martin Canal as far as to Republic Place, where 
work on " Chemical Physics " was, when published, it will make a bend to connect with the latter. 
an unrivaled text book. It is, unfortunately, out of It will reach the Bastille through Republie Avenue 
print ; and, still more unfortunately, the author has and Richard Lenoir Boulevard, and then run to the 
not published an edition embracing later discoveries, Lyon station. From here it will run across the Seine 
Perhaps the extent of progress, especially in electl'ical above Austerlitz bridge, pass along St. Bernard quay, 
science, has deterred a conscientious author from the and turn through Fosses St. Bernard Street toward 
task. Monge Street. 

I have now completed, in, I fear, a very imperfect At Monge Square it will run underground aga,in, pass 
mann er, the task I assigned to mys elf, and have endeav- under Mt. St. Genevieve near the College of France, 
ored to present to you a general view of physical take Ecoles Street, cross St. Michel Boulevard near the 
science, to show how its several branches are inter- Cluny Museum, pass under Odeon Place, under Garan
woven, and how from every one of them you may eiere Street and under Rennes Street, where it meets 
gather valuable fruit. Some may look upon the ques- Enfer Boulevard, touch the Montparnasse station, fol
tions I have brought before you as of little practical 1j low Vaugirard Boulevard, and, after first following 
importance. But in this they are mistaken ; for no- open cuttings and then becoming a viaduct, will 
thing has led to more technical improvement than a l reach the approach es to Lecourbe Street. Finally, 
knowledge of the laws of Nature, and not hing has led as a viaduct, it will follow Suffren Avenue, and thus 
to greater practical mistakes and more erroneous 

I 
rejoin the Champ de Mars. 

delusions than the ignorance of those fundamental Transverse Lines.-(1.)  From the St. Lazare Station 
principles of science which underlie all successful in- to Roubaix Place. The viaduct will start from St. 
vention. Theory must come before experiment ; for, I Lazare Station, cross Caumartin Street, and Chaussee 
without some theory, how conld the imagination sug- d'Antin Street near the Opera House, run parallel 
gest the experiment, which is only a smaller form of prac- with Lafayette Street up to the Drouot cross roads, and 
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1. Tests made for t he Ordance Department and other 
departments of the Government. 

2. Tests made for private parties. 
3. Industrial tests. 
The first class includes those tests made on the physi

cal properties of all material used for ordnance construc
tion and the experimental elucidation of those prob
lems associated with gun work. 

The second class of tests are made for engineers, 
manufacturers and consumers of structural material, 
and relate to the quality of the metal exalllined in the 
sampie bar and in full-sized members. The results of 
these tests are made known only to the parties on 
whose account the work .iR done. All other tests aTe 
reported annually to Congress, and published as a 
public document. 

The industrial tests comprise both an examination of 
the q ualities of the llletals and their strength in various 
combinations, also the development of the principles 
and laws which govern the strength of complicated 
structures. 

The principal lines of investigation being carTied on 
are some extensive tests of bridge columns ; riveted 
joints in both iron and steel plate ; material subjected 
to long continued service ; brick piers ; wooden col
umns ; tests of hot bars of wrought iron, cast iron and 
steel. 

Referring briefly to the industrial tests, the fol1owing 
results may be metioned as embodying certain facts 
more or less at variance with generally accepted notions 
on the strength of materials. 

The column tests have shown the resistance of ordi
nary forms of built posts in different cross section di
mensions and lengths. 

The tendency of compression tests is toward that im
provement in design and workmanship by which a re-
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