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HOP-RESIN. Stearic Acid, Margarie Acid. and Oleic Acid. -We will use by an absorption from the atmosphere of a further quantity 
THE .action of oxygen on vegetable oils results, first, in the them. only, a� illustrations of solid and fiuid fatty acids. of oxygen, these elements would be resolved into carbonic 

formatIOn. of a balsam, th�n of a resin. The former are Steanc aCId IS largeJy contained in tbe substance of wbich aC.id �as and water. In all. gra!n the fat goes with the albu­
merely mIXtures of ethereal oil with resinous substances th� high�y transparent wax candles are moulded, the liquid �ll1nolds. and tbose parts nch m albumen are always richer 
while by further exposure to the atmosphere the' oil is cou:.- ac}ds bemg expressed for that purpose. In combination m fatty matter. Barley meal contains, according to Hana­
pletely evaporated, leaving a simple resin. The artificial w�th potash, these fatty substances form soft soap, while mann, 0'8 to 1 per cent. of fat. while the bran or inner 
balsa�s, l?l'oduced by the solution of resinous substances in 'Ylth s�da they �orm the ordinary hard soap. In combina- husk of barley contains 3 to 3'5 per cent. , and that of 
volatIle OIls, may a t  some future time be pressed into the. tIOn WIth glycerme thel are fats. In the manufacture of �heat as much as 5'6 per cent. KaIser relates, that in a dis­
�rewer's. serv�ce for barrel pitching. It would not be dif- ; so�p the� fats are boile with potash lye until the fatty acid �Illery where a grade of maize very rich in fat was employed, 
ticult to Imagme a varnish or balsam made from a tasteless �Illtes wI�h the potash and forms soap, while the glycerine �f the mash was overheated drops of fat could be seen fioat­
re?in in com?ination w.it� a volatile liquid, which, when ap- IS found.m th� re,fuse of th� soap boper's vat. mg on.h surface; at a low temperature they did not appear. 
phe� as a pamt. to the mS.lde of the package, would oxidize, . ButyrIC Acta IS foun� m combmation with glycerine Some mferences as to the cause of cloudiness in wort8 where 
leaVIng t�e resm. as a solId coating. The first of these sub- m butter. I! by a pe�ulIa!' process the b1!tter is deprived ' the closing heat in the mash has been carried very high may 
st�nces WIth WhI.C� we shall have to do, and the one that of part of I�S glycerme. It becomes ranCId, the peculiar ?e �rawn from these statements. In addition to the �bove 
WIll ?e most famIlIar to the brewer, is the hop-re8in: s�ell of ranCId butter bemg caused by an excess of butyric It WIll not be out of place to recall to mind the assertion sup-

It IS even now a matter of dispute whether the bitter prin- aCId. ported ?y actual experi.ment of Mr. Pasteur, to the effect that 
?iple Of the hop proce�ds from a substance. hop-bitter, hav- �n . the brewery, !?e!1erally by gross carelessness, butyric m all vmc;ms fermentatIOns more or less fat is developed. To 
mg an. mdependent eXIstence in the hop extract, or whether aCId IS developed, gIvmg to the worts on the coolschiffe the a sacchar!ne sol�tion free of fat he added yeast, which he 
the. bItter fiavor pr?ceed,s from the hop-resin. Rautert unpleasant taste and smell called summer rancidity. It may had depl'lved of all fat by means of ether' and in the yeast 
claIms th�t they are IdentICal, that the hop-resin is at once nearly, alw;ays be accepted that where a brewer complains of developed he found from one to two per c�nt. of fat.-Rrmo­
the most Important element of the hop, and gives it its bit- butyrlC hIS brewery or plant or utensils will be found in er's Gazette. 
tel' flavor. He says in an article on the subject in the Bier- some manner very dirty. The chemical changes that occur 
brauer, for 1859: are as follows: The component parts of butyric acid are car- NEW SOL VENT FOR GUMS. 

"Hop-resin is not easily soluble, particularly in pure wa- bon eight eq.uivalents, hydrogen eight equivalents, and oxy-
te�'. !l'nd where the hop oil is not present. But water con, gen four eqUIvalents, At the commencement of the affection SOLVENTS for gums are not so numerolls that the practical 
talm,ng salts, such �s tannin, or gum, or sugar, dissolves a a deyeloJ?ment of gas commenr:es on the coolschiffe, and car- worker can afford to neglect any promising line of research , 

conSIderable quantIty, especially when hop oil is also pres- bomc aCId gas and hydrogen gas are largely given off. If and there may possibly be some advantage in the "improve� 
ent. It was doubtless owing to this drcumstance that when, fr?m one part of glucose w e  abstract four parts of carbonic ment" for which 1\11'. W, F, Jack, of 16 Mark Lane E C 
some time since a search was made for a bilter resinous sub- I a?Id gas, . consisting of carbon four equivalents, oxygen lately o�tained provisional pr�tectiol', but allowed it t� l�ps�: 
stanc� that s�oul� be easily soluble in pure water, i. e., 

eIght. �qUIvalents, and four parts ,hydrogen, we shall find I� h�s hItherto been the pr�ctICe �o use . naphtha and other 
IUl?uhn', the sCIentlsts came to the conclusion that none such remammg �he components of butyl'lc acid, viz. , CBHBO.. dIstillates of c�al tar for dISSolVIng I�dIa-rubber and other 
eXIsted m the hop. It has since been decided that this re- St. John s Bread, or locust beans, as they are popularly I gums, all . havI,ng a pungent and dIsagreeable odor. Mr. 
sino�Is substance is the bitter of the hop; it is not very solu- cal�e�, contains a large proportion of glucose, but the re- I JacJ.'. obtams hI? solvent from wood tar or the oils thereof 
ble III water, and constitutes from twelve to eighteen per mammg c0!llponents, under certain circumstances, de-, (WhI�h ,lIav!l hItherto been comparatlVely valueless), either 
cent. of the hop. To the hop-resin must be ascribed all e?mpose r�pldly and develop butyric acid in large quanti- I by dI.stlllatlOn or by any �ther p�ocess, either by heat or 
those effects on the beer to secure which hops are employed tIes. Durlllg fermentation this butyrie acid combines fur- Ilowenn!i the temperature, WIth or WIthout the aid of an acid 
H?p-resin is?f � yello�i�h brown eolor, very much resem� the� with ethel', composed of four . equivalents carbon, four or al�ahne bath, prefer�ing to ,?se the alk�line bath at a heat 
?lmg bre�er s pItch .. Bemg somewhat soluble in the saliva, eqUIvalen.ts .hydrogen, and one eqUIvalent oxygen. Butyric varY I,ng, �ay, from 100 to 400 FahrenheIt; the r�sult being 
It has an Intensely bItter taste as long as kept in -the mouth ether, as It IS called, has somewhat the odor of rum 'in fact an 011. WIth a pleasant and wholesome odor, WhICh can be 
It �as not ,et bee� found possible to obtain from the hop � rum owes i�s characteristic odo� to the presence of' butyri� used elt�er as a solvent f�r gu�s, o� by i�self for lighting 
resm �hat IS not bItter, a f�ct which goes far to explode the ether. ThIS 10c';1St, or St. J?hn S ?read, has been known to and heatm� purpos{;s, or m con]unr;tIon. WIth alc;ohol, ether, 
OppOSIte theory as to its bItterness. Exposed in thin layers be used by EnglIsh brewers m theIr beer, which has in con- �r other SPIr!t,. canrphor, or other OIls, SI ngly or 11l combina­
to the air, it undergoes after some time a decomposition sequence developed a peculiar" rum" flavor. h.uD:' . By mlxmg.the solvent or the residue obtained after 
aft�r 'Yhich it becomes insoluble in many substances i� . Valerianic A�a, so called because first. obtained from vale- dIstIll�ng off the lI.ghter oils with th!l fatty alkaline and other 
wInch It was formerly soluble. This change will take place nan root.. It IS worthy of the brewer's notice by reason <If materIals for makI!lg soap, a soap IS made of an antiseptic 
more rapidly in the sunlight." the volatile hop oil, changing by oxidization on exposure nat.nre and refreshmg odor. The heavier portions of the 

In opposition to this, Mulder, in his" Chemistry of Beer," to the atmosphere to this acid, which gives its characteristic r�sId1!e mar be used �s a lubricant, either alone or in com­
says: "The particles derived from the hop which we can odor, that of strong cheese, to old hops 01' those that have bmatIOn WIth other OIls. 
trace and account for in the beer are the hop-resin and been carelessly stored. ======--� 

the hop-bi�ter. If we take beer and evaporate it to solidity, Ffftty 8ub8tancesjound.in malt ana grain next draw our at- THE ELECTRO-MOTIVE FORCE OF ALUMINUM. 
we can dIssolve both these substances out by means of tentI�n. Altho�gh an I�portant subject to the brewer, it 
alcohol, 01' we can take out the hop-resin with ether first, !tas hItherto r�ce�ved but httle attention, and we cannot treat THIS subject has been recently studied by Signor Malavasi 
and afterward the hop-bitter with water." It so fully as ItS Importance deserves. In these days of pro- of th!l Modena Academy. In contact with zinc (he says; 

Lermer, by m�ans of a. tedious and delicate process, has gress, whe� the .brewery trade has . made s�ch ,strides as to al��mum alway� appears electro-positive, though it is less 
lately succeeded m producmg from hops a crystallizable sub- become a gIgantIC consumer of gram, a factIOn III the barley oXldI�able. In dIlute �cld, on the other hand, it is electro­
stance, to which he has given the name of hop-bitter acid in trade t<? make o� mur a market causes brewers to manifest negahve. If an alummum plate be cleaned with oil and 
consequence of it showing an acid reaction when dissol�ed some I .Ittle anxIety as to the adaptability of other cereals pumice stone .. it is, on contact with zinc, positive; but, if it 
in ether, ,The brittle white crystals do not remain long un- to theIr process:s. Hitherto, efforts in this direction have be cleaned WIth water and pumice stone and dried in the 
changed; m twelve hours they b�ecome yellowish and soft. be@n only partll�lly successful. It has been found dif- sun, it is negative. On being immersed in water after the 
I� water . th�s su�stan?e is insoluble and tasteless, but the ficult to use ordma,ry raw grain without subjecting it to cleapin.g with oil, the aluminum plate is only positive at the 
bItter prmCIple 18 qUIckly developed if it is dissolved in some process that IS almost as costly, and to the brewer begmnmg-very s?on nega�ive. In water, the aluminum 
alcohol and the solution then diluted with water. Whether more troublesome than malting or buying malt. The least plate gets coated WIth a gelatInOUS mass (iron oxide hydrate 
or not it.is s?luble .in worts, Lermer does not say. 'l'he sub- expense such, experiments entai� are alterations of plant, for and clay), the zinc plate with a crust; thus both are 'oxidized' 
stance reqUIres st!l1 further study, and it may eventualiy which spI\?e JS not alwwys avaIlltble, and after the risk hajj with the above mentioned effects. Three !llementB-zinc, eop� 
tur� out to be developed by Lermer's process from the resin been run .. It f!equently happens that the product is inferior pel', warer-bave lne !!ft1D6 elecM'o �e foree- 88 five ele­
durmg the process of production. t? the artICle III demand, to the loss of the brewer's reputa- ments, zinc aluminum. On heating the junction the ('urrent 

At some future time we may become acquainted with fur- tI?n. The greater proportion of these mishaps may be at- pas�es !rom aluminu.m to tin, copper, antimony; thus the be­
ther particulars with regard to this substance, but we must �1'lbuted to the peculiar fatty substances of each cereal, which havI(lr IS somewhat lIke that of lead. At a higher tempera­
remember that when beer has been left with a surplus �mpart to the beverages prepared from them their character- ture, the current between aluminum and tin is reversed 
of saccharine in it on storage it continues to ferment IStIC .  odor. Corn meal, for instance, contains a larger pro- Aluminum plates are not markedly polarized in a circuit' 

and during fermentation the resin is eliminated and the beef p�rtIOn of starch than barley malt, compared bulk for bulk though the positive aluminum electrode is thereby quickly 
gradually loBeS in bitternes8, The solution of hop-resin is WIth the latter; �hic� may b� easily couv�rted into fer- disso�ved. If the current i8" pas�ed through after the 
gre�tly �ffected br the passage through the latter of car- mentable �accharme WIth the aId of a certam proportion, a,Ium,.num plate has remained long in water, the polariza­
bomc aCId gas, whICh affects its more rapid expulsion and say one-thIrd to one-half, of barley malt. It has been used tIOn IS more pronounced. In a combination zinc-aluminum 
will account for the large quantity of hop-resin th�t is successfully by some brewers in the proportion of one-fifth water, or dilute acid, the current mostly rises at first, 
worked out of beer at the commencement of fermentation malt to four-fifths corn meal, but until the present time the eve� to the double, and then slowly falls; and �his the author 
in proportion to the quantity of sugar that has had time t� fatty substances and acids of the corn meal have proved an attrIbutes to the gradually strengthening adhesion of the 
be conve�ted .into alcohol. effective barrier to �ts succes.sf1!1 application, though many water to the metals, esp�cially the aluminum; the more so 

Bre:toer! Ptlch. -From the wounded bark of the fir tree brew�rs have exper!mented III ItS. u�e and would gladly em- that, on .carefully. cleamng the aluminu1!I plate with water 
a balsamIC substance flows that is carefully collected and ploy It for economy s sake. An mtlmate knowledge of the !tnd. pumICe, the rISe takes place more qmckly. This is also 
boiled with water until the greater part of the voiatile nature of these fatty substances would doubtlessly suggest mdlc�ted by the increase of polarization, after long im­
olc�(I'inous components have been driven off. The semi- some. means of �eutralizing or avoiding them, and this will merSIOn,?n the current being passed. This does not pro­
flUId substance is then filtered through coarse linen to re- c�rtamly be achIeved as the trade progresses at some future duce an mcrease of conduct.ivity of the liquid. On alter­
move chips of wood or bark, and returned to the kettle tIme, The most exhaustive research into the character of nately immersing,. raising, drying, and . again immersing, 
where it is boiled until the whole of the water has been these substances hitherto made, is that of the chemist Stein one of two alumIllum plates, that remaming in. the water 
driven off. Should any water remain in the pitch it will from whose treatise we obtain the following facts: ' appears gradually positive, like zinc. In acid water, th� 
cause bubbles and an unequal coating on the inside of By means of ether we dissolve out the fatty matter from change of the aluminum came out more strongly than in 
the paakages. The brewer will bear this in mind in buy raw barley, and afterward drive off the volatile spirit at a pure water, IQ copper aluminum elements, especially when 
ing pitch. The test, for water in pitch may be made b - gentle heat; we obtain a certain quantity of a reddish-yellow the copper plate is lllrge, the injurious polarization- of the 
making up a cube of the material and holding it in a flaml fat. When fresh, the smell of this fat strongly resembles that latt�r can be partly compe,nsated hy the rise in the �Iectro­
If it be not free from water it will commence to sputter at of a heap �f barley, and becomes more prominent when we , mf

otlve force. of th� alummum, so that thereby the decrease 
once. heat the fat m water. Wagner obtained from fresh Jerusalem 0 current stl ength IS partly prevented. 

The whole of the ethere�l oil is not driven off in the pro- b!trley � colorless a�d odorlesA fat, of the consist�n<;y of castor 
cess of manufacture; a portIOn remains behind with the resin 011, whI!e that obtamed br Hanamann from a SImIlar source EFFECTS OF COLOR ON DIST ANCE. 
and give� the pitch its T1eculiar odor, varying according 10 was claImed to r!lsemble m odor fresh cl�ver. . 
the sp,eCIes of fir fro1!I w�ich it was obtained. Although Th� fat obtamable from �reen (unk�lned) malt has It By C. A. BUCKLIN, M.D., New York. 
the chIef use of th!l p�tch 1S to close the seams of the pack- �ecuharly pungent smell, whIle �hat of �Ir-�alt smells more: THAT artists unconsciously avail themselves of a universal 
a�es, make them aIr tI�ht, and keep the beer from contact hke the. barley-fat. :rhe most IlIterestmg IS, however, the: visual imperfectiou in producing distance on 'canvW! is a 
w�tJ.l the p.orous wood, It has, according to Habich, a further fa� obtamable f,rom. kIlned-malt. From such m!l'lt Stein ob-

I 
fact which in intere,t is only exceeded by the fsci that 

utIlIty whICh must not be unde!-rated. The pitch is said to tamed always, I,n his careful�y conducted expel'l",lents,. m?re all eyes have visual imperfections. 
preserve the beer by retardmg the after-fermentation. fat than from aIr-malt. tendmg to show that durmg kIlmng. Let us compare experimentally the human eye with a 
A�halt. or, the substi!ute for it that is generally u sed in the the fat had t,aken up som.e other. substance. It m�ght be sup- '

. 
simple optical inst�ument, and we �ilI find that the eye has 

brewery. V.IZ. , th� res�due obtained from the distillation of. posed t�at !t had combmed WIth oxygen, c!tusmg a great: even more defects than the instrument. 
coal tar, mIXed WIth Imseed oil and thinned with turpentine, change m ItS odor. If we extract from kIlned malt, by: I. If we allow a ray <if sunlight to fall upon a prism 
has be�n frequently used for painting walls, while felt �eans of ether, the whole of the fatty substance, and then of glass, after passing through it, the ray divides itself 
soa�ed m R?me such mi�u�e has b�e,n used for roofing. dIssolve out from the malt all sol1!ble matter,. we shall .fi�d iuto v�rious colors; they are all bent toward the base of 
�hlS has . often. resulted m Irregulal'ltIes during fermenta- that the la�t ext;ract, tho,ugh havmg a certam scent of. I�S the pl'Ism; the violet rays are bent the most, the red rays are 
tlOn, WhICh dISappeared when the obnoxious odor was own on bemg warmed, IS not nearly so pungent, nor IS It bent the least. . 
removed The �ause of the trouble was doubtless the th� same as that of malt extr.act ord.inarily; but �f we add . to ' This demonstrates that the red rays are more difficult to 
vapors of benzollne and naphtha which remained in the !hIS the first extract we obtaI�ed, v�. , the solutIOn contam- bend than the violet. 
tarr substa�ces, and which are well known to be injurious mg the fa.tt� matter, and agam apply heat, we shall find the n. If the light from a candle, twenty feet distant, falls 
to fennentatIOn. characterIstIc odor of malt extract at a lower temperature upon a common magnifying glass (No.2) the rays will be 

The next class of substances with which we have to do than we needed before, From the above facts we may infer, united in one point about two inches behi�d the lens If we 
has received. particular-Iy of late, a great deal of attention; with little � ear o� being ,incorrect, that the chan,�es of aroma place a sheet of pa per at this poillt we will see form�d upon 
they are the that occur m �ram durmg the P!ocess'Of maltmg from the it a round paint of li�ht· if we carry the sheet of paper 

FATS AND FATTY ACIDS; steep to t!te kIln are all centered m tr�n�formatiGns that are few inches farther back, a distinct' inverted image of 1h� 
A aim, 1 f 'f h . effected III the fatty substances as Ol'Igmally present in tha candle will be seen. U the candle is then brought a little 

b its IJvr!r�o 
e� t e 

.fatty nature �f a sulIStance IS shown barl,ey. It,mllY now be u�derstood how the length of time nearer to the lens the image will vanish, and the former 
iJsoluble in �at!r :�:!!rfe:c? E11a:hlch �b�erfi ;hey

t
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I
rley IS allowed to sprout or the long round light point will gradually take its place, which indi­

ordi t 
' Y . oa -a an grow� 0 e p umu e causes a more thorough conversion cates that the rays are united farther behind the lens than 
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n 01 y constItuency by exposure contained in barley and malt Wall as follows: \ Brinaing the candle nearer makes the ray� diver e and 

• H e e a;y su stances are composed of glv- . l' . . e- . 
. . . :g, 

cerme and one or more fatty acids. The fatty acids are in One hundred parts of barley ......... " • .  _ ,  3'556 d!Velgmg rays of lIght, a� well as dlvergmg prOJectiles, are 
part insoluble, the remainder being difficult of solution in In the air malt made therefrom ... ,.,', ..... 2'1104 I Ifficult to make convergmg. . 
water, and they all swim on the surface of that fluid ' some I In the kiln-dried malt . . . , ............... '. 3'100 , We !tave seen that red rays were more dIfficult to bend 
of t.hem are very volatile Among th fir t th t f . ' I D . i than VIOlet. 
to us we shaU1l.nd- · 

e Ii a are 0 lllterest I �rmg germination fnt h"d t.herefore been expended; it I Now we have found that divergeut, or rays from a lltIBr 
conSIsts of Cllrbon, hydro�en, aud a small quanty of oxygen; object, are ditJlcult to eonvel'ge. 
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This makes it evident that r.olor and distafT/a, independent which belonged long ago t o  a boiler at the Athenreum Club; tion you would tind it very pungent to the taste, because of 
of light and shade, are interchangeable. A lens should unite and if, after the lecture, you come forward and examine the lime which is dissolved in it. Now, I wish to make carbon· 
ravs from violet objects and rays from red objects at the this tube, you will tind it coated so that it is almost choked ate of lime in vour presence, and I will take this beaker, as it 
saine point; but a simple lens does not. up with a series of beautiful concentric incrustations of the is called, and i will pour a portion of this lime water into 

The discussion between:Newton and Euler as to whether solid matter which was contained in the tap·water supplied the beaker. There it is. Mr. Cottrell has here an apparatus 
this error existed in the human eye, is not without inte- to the Athenleum Club and which was deposited upon the for making this substance which we call carbonic acid­
rest. Newton's belief that the eye was not achromatic, interior surface of the tube. that heavy gas which was 110ured out a moment ago in your 
and also that it was impossible to produce achromatic reo Not only will boiling liberate and re-solidify dissolved presence. I intend to let the carbonic acid bubble through 
fractive instruments, led to his inventing and constructing matter, but evaporation does the same. If you go to St. the lime water. You see, I am going to the ABC of the 
the reflecting telescope. Govor's Well in Kensington Gardens, and look at where the question, and I want to bring you from the ABC as far up 

Euler's incorrect belief that the eye was achromatic, water drips or splashes down from the little outlet, you will as we can climb. But at tirst I am going to the elements of 
led to the construction of achromatic telescopes and micro· see a red mark where it falls. That is oxide of iron, and if the question, and those who honor these lectures with their 
sCQI!es. you taste the water you will tind that it has an inky taste. presence will, of course, remember that the lectures are ad· 

We have but to compare the glass lens with the lens in the As the water splashes down, it is in part evaporated, and dressed to boys and girls, and that learning or depth 
human eye (as was done by Maurolycus in the last half of the iron is liberated there in the form of this oxide of iron. would be very much out of place here. 
the sixteenth century). The sheet of paper representing The reason why caverns are usually found in limestone Now, I have the carbonic acid in this vessel, and I will 
the retina, the candle the observed object, and the dark space 

I 
strata is that limestone is more soluble in water than most bring it into contact with the lime water. You will then tind 

intervening between lens and paper, the dark chamber of other rocks; and if you wander, as I have done, in limestone that that clear liquid will become milky. Mr. Cottrell will 
the eye. Thus we have compared the eye with a simple caves, you will usually tind in each cave a stream of water allow the gas to bubble through the water, and you will see 
optical instrument. The chromatic aberration of the human which has washed out the limestone and produced the in a very short time that the liquid is rendered milky. I have 
eye is considerably less than that of a glass lens. cavern; and sometimes you see from the roofs of those placed this black cloth here [behind the vessel containing 

Without referring to the details of Fraunhofer's* experi· caverns-I was going to say most beautiful icicles-but the lime.water]. It is one of the devices that we employ in 
ments, by which he not only demonstrated the existence of stalactites hanging down. These are due to the water which order to make things visible. The change in the appear· 
this error in the human eye, but with which he measured it, has entered into the tissures in the roof above, and percolated ance of the liquid is due to the formation of this carbonate 
I will give you his results. At the far point of distinct through the roof and dissolved some of the limestone, and of lime, which is an insoluble white powder and which be· 
vision, with the eye at rest, a violet object must be twenty· made its way into the cavern, where the water is in part comes diffused through the water, producing that milkiness 
six inches nearer in order to be seen with the same distinct· evaporated; and, in consequence of the evaporation, the which you see hefore you. 
ness as the red object. Artists all agree that independent solid matter has been deposited, and you find that, as it Instead of making the carbonic acid in the way in which 
of light and shade, coloring parts of a painting violet evaporates, these beautiful stalactites grow longer and longer it is made there, it may be made by means of marble or 
retires them, while coloring them red advances the same. from the roof toward the floor. Then drops of water fall chalk, which are themselves carbonates of lime. Carbonate 
I· consider that their success in producing this effect depends from the end of the stalactites upon the floor, and there the of lime is a compound of lime and carbonic acid; and if you 
principally upon this universal visual imperfection in the 'I water is still further evaporated, and a heap is produced pour upon the marble or chalk an acid which is stronger than 
human eye. called a stalagmite; and, as the water continues to drip, the carbonic acid, the carhonic acid will be liberated. Every. 

If I have succeeded in calling the attention of those who I more and more of the solid matter is deposited below, so body may do this for himself. Here I put a few bits of chalk 
have but little time to study optics to the fact that all eyes that the stalagmite grows from below upward, while the into this vessel, and if I pour upon them a little acid, you 
suffer from chromatic aberration. and have given them a stalactite grows from above downwaril, and by and by will find that it effervesces. I do this for the purpose of 
general idea of the nature of this visual imperfection, my they meet in the center, midway, with the point of the enabling you to repeat the experiment for yourselves. Here 
aim has been reached. -Medical Record. stalactite actually in the center of the stalagmite, and most is a small beaker-a small glass, and we will put into it some 

_______ wonderful and fantastic pillars are thus produced. If you chalk, and pour upon it a little hydrochloric acid, and, as I 
visit any of the great limestone caves you will see examples have said, we shall have effervescence. There you see the mix· 

ON WATER AND AIR. t of this kind. Here are some stalactites from St. Michael's ture effervescing. Mr. Cottrell will pour into a beaker a 
Cave at Gibraltar. They are so beautiful that it seems a quantity of lime water, and allow the carbonic acid gas to 

By JOHN TYNDALL, D.C. L .• LL.D , F. R.S. ,  Professor of kind of desecration to break them. Here we have beautiful bubble into it. There you see the gas is bubbling through Natural Philosophy at the Royal Institution I stalactites produced by the evaporation of water containing the water, and you will tind that the lime water bccomes of Great Britain , a mineral in solution, and that mineral is what we call car· milky as before. 
F . d '  h ; bonate of lime. Here we have 11 bottle of champagne, and I want tolshow IFTY·TWO yeari! ago, commenCIng on a . ay II!- t e year And now we have to examine somethin� about this car. you that we can make our carbonate of lime from the car-�827, �r. Faraday gave the tirst course of JU ve!ule lectures, bonate of lime. It is a body compounded of carbonic acid bonic acid issuing from champagne. This i9 a bottle of lD t;hIS plac!" and . the lec�ures have beel! contlDued every 

I and lime. Everybody knows what lime is. I have here Mumm's extra dry champagne. I will cut the wire and ChrIstmas WIthout }nterruptlOn from that tu;ne to the present. some quick.lime in tbis vessel. In order to show the in· remove the cork. Here is a cork with a bent glass tube pass· For years bef�re hIS �eath, . when hc had gIven up all other, fluence of boiling I have here water boiling in two different ing through it. We will put it into the bottle. The champagne e�gagemen�s, It was hIS habIt to lect�I'e every !ear to boys �nd : flasks. One of them has, perhups. been boiling an insuf. is not very well up, so we will stir it a little. [The bent gtrls at ChrIstmas, for he thou)!ht �t a most . Importan.t thlDg i ticient length of time to deposit all its solid matter, but I tube issuing from the neck of the champall'ne bottle was that that they should no� gro� up lD the mI�st of thIS w�m. think you will see that there is a very con�iderable differ. held with its farther ood in a glass vessel of lIme water (S), derful �ystem of !lature In Which we dw�ll WIthout knOWIng ence between these two flasks. Now, these are two different so that the gas given off by the champagne might bubble somethIng about It. . There can�ot, I thInk, �e a dou?t t�at kinds of water. One of the flasks contains water for which into the solution. In a short time the lime water be. alreat. deal of the lDterest that IS now taken III the sCI!,ntitic I am indebted to a distingushed engineer, Mr. Homersham, came turbid. as in previous experiments.] Here we have 
� ucatIOn of t�e you�� �ay b.e trace� ba?k to those Juven· : who has made certain water.works at, Canterbury. It is the got our chalk produced from the carbonic acid of the Jle lectures WhICh Faladay delIvered m thIS room. . Canterbury water, which haR been softened by a process champagne. A �nowledge of" the phenomena an�, laws of nature IS that we shall learn about by lind l)y. You see that the And now I want to show you that carbonic acid is also a s?metlmes . called na!ural knowledge. . The Royal So- water in this flask is perfectly clear because all the mineral gas that we exhale from our lungs. I will take this small Clety, for . lDsta�ce, WhICh w�s founded 220 years ago, an· ,matter has been removed from it before boiling; but the vessel and ponr a little lime water into it, and then simply nounced It�" obJect to be the improvement

. 
of natural i water in the other flask, which is the tap-water of our blow into the vessel. We inhale the atmospheric oxygen, knowled�e and I trust th�t w,e who :,re here assembled house, i!l thick.And turbid. You see that the mineral mat· and, after this has done its work in the body by burning togetheJ' W. 1;lle .Royal Inl!tltution,,!hwh WIIB fou�ded 80 ter has been Jet 1005e, and ill forming a kind of mud, in part of the body, we exhale carbonic acid. Here we shall years ago .. wIll, for the .ne�t .f?Itmght, work ch.,er�ully , point of fact,.. If r place the flask in this beam of light have the carbonic acid coming from my lungs, which car­toget�er ill the great tield m WhICh natural knowledge IS to ' those at the right and the left will see that sparkling stuff, bonic acid will unite with the lime in that water, and pro­be gamed. . which is the mineral matter-the carbonate of lime-which duce carbonate of lime or chalk in your presence. [The I ��ve chosen for thIS course of. lectures t"":o of our most has been liberated by the boiling; and it is this stuff which, lecturer olew into the lime water by means of a glass tube.] famIlIar. substa�ces-water and aIr. Wat�r I� a very com· when deposited upon the interior surface of our kettle, pro- You see a single inhalation is sufficient to produce this chalk mon aI"!lCle of dIet. If you take a man welghmg 11 stone, duces that incrustation to which I have referred. This open by the carbonic acid from the lungs. and weIgh the mu�cles of that man s�parate.ly from !he I vessel merely shows the effect of evaporation. A quantity Now I am about to approach a very important point, and bones, they will weIgh about 64 poun�s, but If you drICd ! of water from St. Govor's Well in Kensington Gardens was that is a point that practically bears upon the question of those muscles, so :ts to ?onvert them lDtO a dry mass, they' placed in this basin this morning and evaporated, and there the solution of minerals in water. This thing which we would he reduced lD weIght to 15 pounds, so that, out o� 64 is the substance which gives the water its peculiar taste and call carbonate of lime exists in two forms. It exists as a pound�, nearly 5.0 pounds are pure water. . Hence. I thlDk : its peculiar medical value. This is the substance which, single carbonate, which takes up a certain amount of car. you wI!1 agree w!th me that I :tm not wrong lD statmg that I when it is liberated by evaporation, produces that red splash bonic acid; and it exists as a double carbonate or bicar­water IS a very Importa�t artIcle of food. Ever.y mutton, which you see when you look at the well. bonate, which takes up twice as much carbonic acid. I say chop and every beefsteak that we consume contalDs water Now, we want fully to understand the meaning of this I that the carbonate of lime exists in two forms-the flingle in this proportion. ! phrase that I have used-carbonate of lime. Carbonate of carbonate and the bicarbonate; and what you have now to But we not only thus feed upon water, but we drink it di· lime is, as I have said, a mixture of two distinct Rubstances remember is that the single carbonate is almost insoluble in recUy. Whence comes ourdrinking water? Well,any thought· b '  'd d I' I '11 ' . d f d h h b' b . f . 1 I bl . 

f ' I h h h d' t h' k Id -car omc aCI gas an . Ime. WI Just remm 1.0u a water, an t at t e lCar onate IS very air y so u e In ul boy or gtr ere present w 0 a tIme 0 t lD wou say what this carbonic acid is. There is a quantity of It here. water. What is the cOII!lequence? The water coming from that, eventually, it comes from the clouds. How does it get lIy friend, Professor Dewar, is kind enouglJ to help me, and the clouds has always a certain amount of carbonic acid there? That question can be answered thoroughly by and here he has been exhausting a glassglobe, and here is another dissolved in it. When such water falls upon our chalk hills, by, At the present time we know, or at all events we as· h d I b A h . h I b b 1 h I k '  h h lk . 1 h h sume, that the water comes tirst of all from the clouds. If ex auste g o  e. t t e present tIme t e two g o es a ·  w at occurs? t soa s mto t e c a ; It perco ates t roug 
ance each other. Now, if I allow carbonic acid to enter one the chalk; it dissolves the chalk; and the chalk so dissolved you trace the course of the Thames backwards, you tind 1 b d '  h h '11 ti d h h 1 be ' I "  b f r If tl that the ver& broad river that we have here in London is � 0 e an aIr to enter t e ot er, you WI n. t at t e gto III t Ie raIn water IS present as a car unate 0 Ime. Ie 
mto which the carbonic acid enters will sink down. Why carbonate were to remain lD the form of single carbonate, jOilled by ot er rivers right and left, until, tinally, you come is that? Because the carbonic acid is heaV'.i.er than the air; the rain W:lter could hardly dissolve it at all; but, as it is to the Cotswold Hills, where you tiprJ. that what is here the and it is so heavy that if put into a vessel it will lie at the converted by the rain water into the condition of biear· 'F�ames comes d�wn to a small . rivulet. This rivulet is bottom. Here is a vessel which is now full of it, and if Mr. bonate, the rain water dissolves a great deal of it. The con· Jomed by other rIvulets on the right and left as you go Cottrell gives me a match I will see whether the gas is not version of the carbonate from the single carbonate to the do,!n it. and thenl at last, the r.iver assumes the breadth at : there; for, as many of you no doubt are aware, it is a double carbonate renders it very easily soluble in water. I w�1Ch we haye It here when It reaches Lon�on. Now,! peculiarity of this gas that it will not support a flame. You have here some water from the neighborhood of Canterbury, thIS wa!er whlC.h comes from the Cotswold HIlls falls on see that the flame goes out very soon when I dip it into the where there is a well from which is pumped a million and those hills as ram. But not <?nly does the water flow thus gas. . a half of gallons every day frcm the body of the chalk. over th� surface of the �ollectmg v.all�ys, and. then. flow to Now, in order to show the weight of the gas, I will blow Here is the hard Canterbury water, and I pour a quantity of the sea m the form of rIvers, but It II!- part smks llltO the a soap.bubble, and throw the soap-bubble illto this invisible this hard Canterbmy water iLto the beaker. Now, I say ground and percol�tes through the �Oll, and .h�re and t�ere gas. The gas is there at the present time like a liquid; and, that the lime there is in the soluble form. It is ill the form appears as a pellUCId �p!mg. That IS the ongm of sprmg· although nobody can see it, I think you Will tind that when of the double carbonate, or the bicarbonate, which is another water. It comes orIgmalIy from the clouds, but It has I blow the bubble and throw it into the gas, the gas will be expression for the same thing". Now I have here some lime percolated through the earth and come out somewhere, and sufficiently heavy to support the weight of the bubble. [The I water. This Canterbury water is beautifully clear and is there we have our clear spring. 

' . lecturer blew a soap-bubble from a thistle· headed glass tube, pleasant to the taste, but you would tind it exceedingly dif· Now, tbe hardest rocks are more or less �l�ble m water. and allowed the bubble to fall into a large glass vessel of ticult to wash in this water. In point of fact, if you operate You know that sugar an� salt are very soluble , bu�rocks are carbonic acid gas. The bubble floated about midway down with soap in this water you tind it very difficult to get a also mo�e or less soluble III water, so that:,ll our rIver wat�r the vessel.] You see that it does not sink. • lather in it. For a certain time you cannot possibly get a and sp�n� water has I?ore. or less of mmeral matter diS· Well, now, in order to show you again the heaviness of lather. That water contains, I should say, more than 20 
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t the]ip of the vessel and cast a shadow upon the screen.] water can be used as a washing medium. Well, now, the very ar BU s ance u 0 e In erIOr an 1 you 00 a T ' l' I h h" f tl . t" h . th' the' d d ft? 0 thO the interior surface of that kettle after the lecture. vou will .h�re you see th.e gas !al mg, a t  oug �t IS per ec y m· q\le8 IOn IS, ow IS IS 0 len ere so,, r, can IS 

see that it is covered by this very thick crust which is so VISIble under ordl'!ary c�rcu.mstances. ThIS heavy gas falls water be rendered soft on a large scale, C!r 1D an effe.ctua] 
very hard that I can hardly get it to break aw�y. Here it is. do� before y.ou lIke a liqUId. . way? Yes. That questIOn has been answered m a mos�sahsfac-
Th ' t #'+h' th' 1_'- th ' t' f f ThIS then IS one of the constItuents of our carbonate of tory manner bhDr. Clark, of Aberdeen, and he has lDvented ere IS a crus OL. IS IClUless on e In enor sur ace o . " . . .  . l' If f . t ft ' f t h' h I th' k . l'k I t h k ttl d th" d t th h d ( n 't) f hme. Thll other constituent IS thIS ordmary Imll. you a process 01 e so eDIng 0 wa er, w IC , m ,  IS 1 e y 
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1 � mix this lime with water the water dissolves a certain to come into great request in the future. At tirst sight it is e .wa r . . .  y oI lDl'. a grea amou� 0 e. mmera rna · amount of lime and then�e have lime water; and here, a very extraordinary process; for what does Dr. Clark do? He ter I.S pr�CIpitated an IS rendered soltd, and It settle� upon thanks to Mr. HOIKersham, I have a specimen of lime water takes the lime from the water by putting more lime into it. th� lDterlOr s�rface of the kettle, and pro.duces that mcrus· which is obtained from the Canterbury works in a way Now that appears to be a strange assertion ; but give me tabon to WhICh I have referred. Here IS a

. 
copper tube which I will presentl,Y describe to you. Lime water is pro- your attention, and there is not a boy here present that will 

. . " .. -.��- --.--------- --. - -I duced, as I have saId, by a solutIOn of ?rdinary lime in not . u?derstand what I mean by !hat e�pre�sion. There 
Mauthner. Optlsche !ehler des Auges. p.35. . • • water. Lime is not very soluble. It reqUIres about 70 gal- [pomtmg to " ves&<ll of lJard water] IS the lime III the form of t.Belng a course of SIX .lectures adapted t� II: Juvemle audItory, Ions of water to dissolve a single llOund of lime But here what we call bicarbonate. There [referring to another delIvered at the Royal InstItution of Great Bntam, Christmas 1879. . ' . . • • •  • ed . 1 b '  'd 11 b Specially NpOrted for the Joornal qfScifflce. ' we have our hme water; and If you were to taste thIS 801u· vessel IS the lIme, not UDIt WIt 1 car ontc aCI at l\ ,  ut 
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