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during the present gencration, and it made him feel very old | Each fire company costs about $14,000 a year, whichsum |

I The above are only a few selected out of a large number
when he reflected that the first locomotive was constructed includes the pay of officers and men, repairs to building, : of examples given by Kopp to illustrate these three funda-
within his own time and memory. He well'remembered his “apparatus, etc.  Buring 1878, the engines were employed : mental points.

first trip from Wetroit to Buffalo by steam. At that time 832 hours, each throwing on an average 16,000 gallons an- Now, as CH, represents an increase in volume of 22, and
there were no railroads beyond Buffalo, but a steamboat hour, or over 16,000,000 gallons in all. The number of fires 1as C = H,, from the fact that it can replace Hs without
made the trip from Betroit to Buffalo in three days, which during the year was 1655. ichange of volume, it follows that the volume of C is 11, and
was considered to be ** remarkably fast time.” : T A e i that of H is 5°5, in the above compounds. CH, = 11 +2 x

The first trip by steamboat up the Hudson to Albany was MOLECULAR CHEMISTRY.—NO. IIL 55 = 22.

made by the Clermont in 1807, the time being twenty-five: From the definition of a molecular volume given in our; With this starting point, we can obtain the volume that
hours. Four years later the Comet, a vessel 40 feet long, “last paper, it follows directly that the volumes of all gaseous | oxygen occupies in water. The volume of water H,0 at its
was built in England for the navigation of the Clyde. At-molecules taken at the same temperature and pressure are | boiling point is 18'8. Subtracting the volume of the hydro-
that time the railroad and the locomotive were as much be- equal. They must be equally distant from one another, or * gen, H, =2 x 55 = 11 from 188 we have left for oxygen 7'8.
yond human conjecture as any unknown achievement of the else they would not expand equally when subjected to the{ When, however, oxgen is a constituent of a group of ele-
future was beyond our thoughts to-day. It seemed almost : same degree of heat. We may conclude, then, that water ; ments that enters into combination as a whole, and resembles
impossible that in those recent times tallow candles and Vvapor is made up of molecules of hydrogen and oxygen, all i an element in its characteristics, the volume just found will
whale oil furnished our lights, and that waterworks ani(having the same size. :not fit. For such groups, or radicals as they are called,
other sanitary aids were unknown luxuries. The carpenter,| Now, what happens when this water vapor is condensed - other values have to be sought, or else the sum of the vol-
the mi]lwright, the stonemason, and the government sur- i to form liquid water, or, still further, to form ice? Are all Eumes of the components will be either greater or less than

veyor were the engineers of the day.
the occan was a problem of the future. The changes which
had takenplace during the past thirty-five ycars had been as
rapid as they were marvelous.
miles of railway in the United States. In 1874, 69,273 miles
had been completed, and including the two continents of
Europe and America therc had been built, in the same short
interval, 125,600 miles of road.

Forty years ago the ocean steamship, with its side lever
engines, its jet condenser, and its incfficient boiler, could
scarcely carry coal cnough for a voyage across the Atlantic.

Now the iron hull, the screw propeller, the compound en--
gine, the surface condensers, the high pressure boiler, the'!

stcam hoisting engines for loading and unloading freight,
had converted the Atlantic navigation from the Eastern to
the Western Continent into an extended ferry so far as the
certainty and regularity of trips were concerned. Old mer-
chants who began business forty years ago found it almost
impossible to keep up with the age and adapt themselves to
the wonderful changes which succeedced each other so rapid-
ly. Twenty-five years ago, when Prof. Trowbridge was in
California, the pcople there calculated that by the year 1880
they would have a railroad across the continent. Ten years

later one road had been completed and two more were under

way, both of which would soon be completed.

A gigantic contest had been and stiil was going on between
man and the elements. With the aid of Ericsson’s screw
propeller, the iron hull, and the magnificent stcam machin-
cry of the present day—the work of men still living—the
storms and waves of the occan had bcen conquercd and no

steamship ever altered her course even to avoid a hurricane. :
The railroad !
cngineer had fought manfully and achieved great triumphs, :
although his battles were not yet ended. In piercing tunnels:

There had also been a great contest on land.

and ascending mountains he had attempted and accomplished
feats unknown before to his art. He had brouglt to hisusc

In 1830 there were only 23.

“condensation fall only upon one constituent? f

According to Herrmann Kopp, there are temperatures at :
which liquids and solids are also equally affected by heat, :
and have therefore the same number of molecules in equal !
volumes, Calculations are made as follows: Calling the -
density of a water molecule at 0° C. unity, and its equiva- '
lent weight 18, the volume it occupies at that temperature |
is found by dividing the latter by the former: £ = 18, The
weight of a body being the product of its density by its size

or volume, or W =D x V, we have also V = % Of course

its volume will be greater at a higher temperature; hence
the first point to be settled was: at what temperature must :
we make our comparisons? Kopp believed hirmsc!i war- !
ranted in fixing upon the boiling points of linuiis as the!
proper temperatures at which their densities should be com-
pared, because, in the first place, there appears to be a close :
connection between the chemical composition of many -
liquids and the temperatures at which they boil. In numer-
ous organic liquids, for exutnple, whose composition differs
by CH,, the boiling points difler by 19°. Thus: alcohol
C.H,O boils at 78°, propylic alcohol C.HO + CH; boils at
78° 4 19°, ete.

Again, he argued, regarding alcohol as made up of the .
“elements of ether and of water, the volumes of the latter
_added together at the proper temperatures should be equal to
the volume of alcohol computed from its density and equiva-
"lent. Selecting density determinations at random without
'regard to temperature, the results will be found discordant:

Ether C,H
Water Hy,O

100, equivalent 74, density at 12:5¢ = 724, volume 102
o 18 “ 0° = 1000 It

by
s

o DU el ale

Alcohol 2 (C;H,0) 92,
When, however, the densities are all taken at temper-
“atures at which the tension of their vapors is the same—one -

Steam navigation on the molecules condensed cqually or unequally? Or does the - the volume of the compound. Thus, in the case of alde-

hyde, the oxygen volume is as high as 12-2.

In 45 organic liquids containing only carbon, hydrogen,
and oxygen in various proportions, the volumes computed
by Kopp, according to the above figures, did not differ from
those found experimentally and reduced to their boiling
points by more than 4 per cent, which, he remarks, is within
the limits of accuracy for such experiments. Considering
these figures. established, Kopp extended his investigations
to substances, in which elements having ascertained vol-
umes are comnbined with other elements whose volumes he
wished to discover. He found the following figures: chlo-
rine, 22'8: bromine, 27°8; iodine, 37°5; sulphur in a radical,
28-6; without, 22-6. Nitrogen assumes three widely differ-
ing values: 2-3 in aniline, etc.; 8'6 in nitrous acid; and 170
in ammonia. From this he concludes that the same element

-does not preserve a fixed volume in all its compounds,

Nearly 100 liquid compounds, containing the above ele-

“ments in different proportions, have been tabulated by Kopp,
-in which the molecular volumes, computed by adding up the
“volumes of the constituents, agree closely with the volumes
-of the compounds found by dividing the molecular weights
;of the latter by the densities corresponding to their boiling
‘points. -

From this list of substances various groups may be select-
ed, the members of which have molecules whose volumes
add up to the same figure, notwithstanding great differences
of composition. Hence we have in each group liquids
which, when compared at their boiling points, follow the
same law as gascs, for they have the same number of
molecules in equal volumes.

In the case of solids the alums are a noteworthy class of

icompounds, in which similarity of composition and identity
-of crystalline form are accompanied by a close agreement in

molecular volume; but there are, on the other hand, numer-

‘ous compounds in which, under like conditions, there is a

of which is the boiling point—the results agrec exactly:

new explosives, electricity, the diamond and steam drill, and ! wide dissimilarity of molecular volume, as, for example, in

g . | Ether vapor has a tension of *313 m. at 16°, volume. ... 08 — . . .
the strength of iron and steel in place of that of wood and ! Water s . 313 m. at 7°, ¢ ... 19+ the case of the chlorides of sodium and potassium.
stone. ' SUM oo, 197 In our next paper we shall examine what other investiga-
Prof. Trowbridge then described the advances which have ' Alcohol * moon 313m.at 570, ¢ ... 13 "'tors have accomplished in the field opened by the laborious

becn made in military engincering. The result of the im-' . AS‘WG. cannot accumte!y determine the density of a b?il‘ :rescarches of Kopp.
provements in the art of attack and defense was that the ing liquid, Kopp was obliged to study the rate of expansion . e —-— -
wars of to-day were short and sharp, and fewer men were | of liquids some distance below their boiling points, and cal- | The Advantage of Cheap Patents.

killed. Krupp’s monster stecl gun, weighing 50 tons and  culate what their density would be, if they continued to ex- The fihilade]phia Public Ledger remarks that although the
throwing a shot of 1,200 poundswith a charge of 170 pounds ‘ pand at the same rate. The boiling point of a liquid may patent' ng'ht system hﬂS. beeq .m operation for r'n:my years,
of powder, was the last and most formidable advance on the be regarded as that temperature at which its vapor has ac- there is still a sPron.g. dlSpO‘Sltl.On not to recognize th.e pro-
side of attack, but in the torpedo it found a deadly enemy quired sufficient tension to overcome the pressure of the at- pferty rights o'f individuals in idcas embodied in new inven
which had come to the rescuc of the side of defense. mosphere; and of course this tension is the same for all |tions, and quite recently an attempt hasbeen made to modify

Young cngincers just starting out in the profession might ! liquids boiling under the same barometric pressure. Accord- - the patent lz}ws in the dir?ction f)f making 1')at0fxts very
think that there was nothing left for them to do except to ing to this view, temperatures other than the boiling points costly and d !fﬁcu]t to obtain. Wlth'out enterln{.g,P into the
copy the works of their predecessors, but if they allowed might also be chosen for a comparison of densities, provided _gen_eml qll_CSt}OH as to thlt changes in the law, if any, are
themselves to be discouraged by such an idea they made a the tension of the vapors is the same, iicsn’able, it is worth ‘WhllC to remark thaP The Maclinery
grcat mistake. The ficld wasas large as ever, perhaps larger.  In the third place, Kopp found that isomeric liquids, . ., IM’“"M and' (?tller' English trade papers fxscrlbe our success-
Sanitary engincering was only in its infancy, and there was such as have very different properties, but are of the same -ful compe'tltlor} in n}anu.factur? to the influcnce of our pat-
no doubt that great changes were to be made in the manner | chemical composition, and belong to the same group of :ent laws in stimulating inventions. - Mr. Thomas Brassey,
of building railroads. It was a well known fact that under bodies, have, as a rule, equal volumes at their boiling :several years ago, warned the British workman that he had

the present conditions a dead weight of about two and a half points. | “‘more to fear fI‘Ol’Iil the highly paid labor of A@erica, ‘YhiCh
brought labor saving machinery and mecchanical skill to

tons had to be drawn over the road for every passenger car. ~ Having thus, as he believed, sufficient reasons for select- . -
ried. This was certainly wrong and must be remedied. . ing the boiling points of liquids as the proper temperatures ; such a d'egree of perfectl‘?n, than from the IO.WGT wages of
Four years ago the matter was very fully discussed in Eng- "at which to compare their densities, the question presented : the Contlnent' of Europe. I’t cogts fully ten times as r'nuch
land, and the best engincer there concluded thatthere was' itself: If the specific volume of the water molecule at 0° is ; for a patent in England as m this country, and therein we
noremedy, But the question was, nevertheless, an open‘ils» as we have seen aboye, and this figure represents the -pave a great advantage. It is true “‘?t many patents are
one. Perhaps the clevated railroads which had risen like | Sum of the volumes that Hy; 4 O occupy in water, how much i1ss'ued for. useless or .valllelf:ss inventions, bl.lt. even the
magic in the strects of New York would be the beginning of of it belongs to Hi, and how much to O? The answer to - failures stimulate the mvefltlor} of better dGV’ICOS, a.nd th.e
a solution of the problem. The demands of the future would this question involved the study of an immense number of general result of encouraging inventors and inventions is
be for faster travel at cheaper rates. | bodics, and was finally announced as the result of the fol- [that machinery is carried to a higher degree of superiority
If any one said that there was no longer much work for, lowing reasoning: here than in any nation of Europe, and better machinery e.n-
educated engineersthey had but to go to the top of the build- | 1. Two moleculesof hydrogen may be replaced in organic aples us to compete even where we are }mder commercial
ing (the School of Mines) and look about them. From that liquids by one of oxygen without sensibly changing the vol- disadvantages as to the cost of raw materials, wages, etc.

lookout they would see no less than half a dozen great feats ' Ume. For example: 1 e 4 Steel.

C. F. K.

Black Polish on Iron and Steel.

. . h . . Ether C,H;,0 has a volume of 1056 — 1064

in engincering goin g § i . ; : s

the BD ookl gé,f‘;)g Otr;l beforf( thaneylelzs.o He referred to | Butyric acid L, ¢ - 106'4 — 1078 To obtain that beautiful decp black polish on iron or stcel
¢ brooklyn Bridge, the works at IHell Gate, the elevated Ethyl acctate C,Hy 0, 1004 —1078 which is so much sought after, it is requircd to boil onc

railroads, the Harlem River improvement, the tunnel under Acetic acid anhydrous C,H,0, ** o 109'9 — 110'1

part of sulphur in ten parts of oil of turpentine, the product
of which is a brown sulphuric oil of disagrecable smell.
This should be put on the outside as slightly as possible,
and heated over a spirit lamp till the required black polish is
obtained.

the Hudson River, and the projected bridge over the Eastj It should be noticed, however, that there is here a slight
River at Blackwell’s Island, with a span the longest in the increase of volume with each substitution.
world. 2. Two molecules of hydrogen may be similarly replaced
by one of carbon:

Benzoic acid C;H O, has a volume of 1269

Valerianic acid Cz;H,(0, ¢ - 130 — 1312

Methyl butyrate C;H;0p = 1257 — 1213

Ethyl propionate CgH,,0, ' 1258

3. In scries whose composition progresses by increments

of CH,, the volumes increase by about 22:

—— et — -
New York Steam Fire Engines.

The Fire Department of New York has, in daily use,
forty-two steam fire cngines, besides the steam fire boat,!
W. I, Havemeyer. Six of the engines are self propellers. :
Under favorable circumstances the best stcamers can throw :

a horizontal stream 250 fect. The extreme height to which

S Many Mickles Make a Muckle.’
According to the calculation of Mr. G. T. C. Bartley, an
ounce of brcad wasted daily in each household in England
and Walesis cqual to 25,000,000 quartern loaves, the produce
of 30,000 acres of wheat, and cnough to feast annually

. . . CH,0 1 1 f 419 — 42
water has been thrown is 150 fect. The average height to (,2};00 s dvenme e 61.2_ 62.2 100,000 pcople. An ounce of meat wasted is equal to
which the stream is thrown on ordinary duty is 60 feet. 1 CHj 0 v 123:6 — 1244 300,000 sheep.
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