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'.rHE BRITISH A SSOCIATION. 

THl<} fi fty-seventh annual m eeting of the British 
Association was opened on Wednesday even ing, Aug. 
31, 18H7, at Manchester, by an ad dress from the presi­
den t. Sir  H. E. RORcoe. M.P. This  was del ivered in 
the Pree Trade Hal l .  The chair was occupied by Pro­
fessor Will iamson . who was supported by t he Bishop of 
Manchester, Sir F. Bramwell, Profe�Bor Garugee, Pro-
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Those discoveries were the atomic theory of which 
John Dalton was the  author, and the most far-reach­
ing scientific pri n ciple of modern t imes, namely, that 
of the conservation of ener�y, which was given to the 
world abo ut the year 1842 by Dr. Jou l e. Whi l e  the 
place suggested these rem i nders, the t ime. the year 
of the Queen's jubilee, excited a feelin g  of than kful ­
ness that they had lived in an age which had witnessed 
an advance in our knowledge of nature and a conse-
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fold aspect of their size, i n d i visibility, and m utual re­
lationships, and their m otions. 

SIZE OF THE A TOM. 

As to the size of the atom , Loschmidt, of Vienna, 
h ad come to the conclusion that the diameter of an 
atom of oxygen or nitrogen was the ten-mi l l ionth part 
of a centimeter. With the highest known magnifying 
power we could distinguish the forty-thousandth part of 
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fessor Mi l nes Marshall , Professor Wi lkins, Professor 
Boyd Dawk in R, Professor Ward , and lIlany other d i s­
tin �uished ll Jen .  A t.el e�raJll was read fro III the retirin� 
presiden t, S ir  Will.  Dawson, of Montreal , con gratulat­
ing the association a.nd Manchester on this  year's meet­
ing. The new presi dent, Sir H. Roscoe, h avin� been 
introduced to the audience, was heartily applauded. 

The president, in his  inaugu ral add res8, said Man­
chester, distin �uished as the birthplace of two of the 
greatest discoveries of modern science, welcomed 
the. visit of the British Association for the third time. 

quent improvement in the physical, moral, and intel­
lectual well·being of the people h itherto unknown. 

PROGRESS OF CHEMISTRY. 

A sketch of that progress in the science of chemistry 
alone would be the suhject of his  ad d ress, The init ial 
point  was the view;; of Dalton and h i s  con tem poraries 
compared with the idea� which now prevail; and he 
(the president) exam i ned this comparison by the l igh t  
which t h e  research o f  t h e  last fifty years had thrown 
on the subject of the Daltonian atOllS, in the three. 

PROFESSOR A. NEWTON. F.R. 
Pre",i<.icnl of the Uiuloe,y Section 

a centimeter. If, now, we imagine a cubic box each of 
whose sides had this lell�th ,  such a box, when fil led 
with air, would con tai n from sixty to a h undred mil­
lions of atoIlls of oxygen and nit rogen. As to the in­
rli visihility of the a.tom , the 8pace of fifty years had 
completely chan�ed the face of the i n qui ry. Not only 
had the n u m ber of distinct, well-establ ished elementary 
bod ies increaserl from fifty-th ree in 1837 to seventy i n  
1887. b u t  t h e  properties o f  these elem ents h ad been 
studied,  and were now known wit h a degree of preciHion 
then undreamt of. Had the atoms of our present ele-
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ments been made to yield? To this a negative answer 
must undoubtedly be given, for even the highest of 
terrestrial temperatures, that of the elect�ic spark, ha.d 
failed to shake any one of these atoms lD two. ThIS 
was shown by the results with which spectrum analysis 
had enriched our knowledge. Terrestrial analysis had 
failed to furnish favorable evidence; and, turning to 
the chemistry of the stars, the spectra of th.e white, 
which were presumably the hottf'st stars, furmshed !l0 
direct evidence that a decoll1position of any terrestrial 
atom had taken place; indeed, we learned. that the 
hydrogen atOln, as we know it here, can endure un· 
scathed the inconceivably fierce temperature of stars 
presuma.bly many times more fervent. than our sun, as 
Sirius and Vega. It was therefore no matter for sur· 
prise if the earth-bound chemist should for the prespnt 
continue to regard the elements as the unalterable 
foundation stones upon which his science is based. 

ATOMIC MOTION. 
Passing to the consideration of atoms in motion, 

while Dalton and Graham indicated that they were in 
a continual state of motion, we were indebted to Joule 
for the first accurate determination of the rate of that 
motion. Clerk-Maxwell had calculated that a hydro­
gen molecule, moving at the rate of seventy miles .per 
minute, must, in one second of time, knock agalDst 
others no fewer than eighteen thousand million times. 
'I'his led to the reflection that in nature there is no 
such thing as great or small, and that the structure of 
the smallest particle, invisible even to our most search­
ing vision, may be as complicated as that of anyone of 
the heavenly bodies which circle round our sun. How 
did this wonderful atomic motion affect their chem­
istry? 

ATOMIC COMBINATION. 
Lavoisier left unexplained the dynamics of cOlubus­

tion; but in 1843, before the chemical section of the 
association meeting at Cork. Dr. Joule announced the 
discovery which was to revolutionize modern science, 
namely, the determination of the mechanical equiva· 
lent of heat. Every change in the arrangement of the 
particles he found was accompanied by a definite evolu­
tion or an absorption of heat. Heat was ev.9lved by 
the clashing of the atoms. and this amount was, fixed 
and definite. Thus to Joule we owe the foundatIOn of 
chemical dynamics and the basis of thermal chemistry. 
It was upon a knowledge of the mode of arrangement 
of atoms, and on a recognition of their distinctive pro­
perties, that the superstructure of modern organic 
chemistry rested. We now assumed on good grounds 
that the atom of each element possessed distinct cap­
abilities of combination. The knowledge of the mode 
in which the atoms in the molecule are arranged had 
given to organic chemistry an impetus which had over­
come many experimental obstacles, and organic chem-
istry had now become synthetic. . 

Liebig and Wohler, in 1837, foresaw the artificial pro­
duction in the laboratories of all organic substances so 
far as they did not constitute a living organism. And 
after fifty years their prophecy had been fulfilled, for 
at the present time we could prepare an artificial 
sweetening principle, an artificial alkaloid, and sala-
cine. . 

SYNTHESIS. 
We know now that the same laws regulate the for­

mation of chemical compounds in both animate and 
inanimate nature, and the chemist only asked for a 
knowledge of the constitution of any definite chemical 
compounds found in the organic world in order to be 
able to promise t.o prepare it artificially. Seventeen 
years elapsed between Wohler's discovery of the ar�i­
ficial production of urea and the next real syntheSIS, 
which was accomplished by Kolbe, when in 1845 he 
prepared acetic acid from its elements. Since .then 
a splendid harvest of results had been gathered III by 
chemists of all nations. In 1834 Dumas made known 
the law of substitution, and showed that an exchange 
could take place bet ween the constituent atoms in a 
molecule, and upon this law depended in great measure 
the astounding progress made in the wide field of or­
ganic synthesis. 

Perhaps the most remarkable result had been the 
production of an artificial sweetening agent, termed 
saccharin, 250 times sweeter than sugar, prepared by a 
complicated series of reactions from coal tar. These 
discoveries were not only of scientific interest, for they 
had given rise to the industry of coal tar colors, fo.unded 
by our countryman Perkin, the value of which was 
measured by millions sterling annually. Another in­
teresting application of synthetic chemistry to the 
needs of everyday life was the discovery of a series of 
valuable febrifuges, of which antipyrin might be 
nalDed as the most useful. . 

An important aspect in connection with the study of 
these bodies was the physiological value which had 
been found to attach to the introduction of certain 
organic radicals, so that an indication was given of the 
possibility of preparing a compound which will possess 
certain desired physiological properties, or even to fore­
tell the kind of action which such bodies may exert on 
the animal economy. But now the question might 
well be put, Was any limit set to this synthetic power 
of the chemist? Although the danger of dogmatizing 
as to the progress of science had already been shown in 
too many instances, yet one could llOt help feeling 
that the barrier between the organized and unorgan­
ized worlds was one which the chemist at present saw 
no chance of breaking down. True, there were those 
who profes�ed to foresee that the day would arrive when 
the chemist, by a succession of constructive efforts, 
might pass beyond albumen, and gather the elements 
of lifeless matter into a living structure. Whatever 
might be said regarding this from other standpoints, 
the chemist cuuld only say that at present no such 
problem lay within his province. 

Protoplasm, with which the simplest manifestations 
of life are associated, was not a compound, but a struc· 
ture built up of compounds. The chemist might suc­
cessfully synthesize any of its cOlDponent molecules, 
but he had no more reason to look forward to the syn­
thetic production of the structure than to imagine that 
the synthesis of gallic acid led to the artificial produc­
tion of gall nuts. Although there was thus no prospect 
of, effecting a synthesis of organized material, yet the 

. progress made in our knowledge of the .c/:lemistry of 
life during .the last fifty years had been very great, so 
much so indeed that the sciences of physiological and 
of pathological chemistry might be said to have entirely 
arIsen within that period. . 

CHEMISTRY OF VITAL FUNCTIONS. bon were removed by this crop annually without the 
addition of any carbonaceous manure. So that Lie­
big's prevision had received a complete experimental 
verification. 

CHEMICAL PATHOLOGY. 

He would now briefly trace a few of the more im­
portant steps which had marked the recent study of 
the relations between the vital phenomena and those 
of the inorganic world. . No portion of the science. of 
chemistry was of greater lDterest or greater compleXIty Touching us as human beings even still more closely 
than that which, bearing on the vital functions both than the foregoing was the influence which chemistry 
of plants and of animals, endeavQred to unravel the had exerted on the science of pathology, and in no di­
tangled skein of the chemistry of life, and to explain the rection had greater ,Prog.ress be�n made than in t�e 
principles according to which our bodies live, and move, study of micro-orgaDlsms m relation to health and dIS­
and have their being. If, therefore, in the less compli- ease. In the complicated chemical changes to which 
cated problems with which other portions of our &cience we gave the names of fermentation and putrefaction, 
have to deal, we found ourselves often far from possess- Pasteur had established the fundamental principle 
ing satisfactory solutions, we could not be surprised to that these processes were inseparately connected with 
learn that with regard to the chemistry of the living the life of certain low forms of organisms. Thus was 
body-whether vegetable or animal-in health or founded the science of bacteriology, which in Lister's 
disease we were still farther from a complete knowledge hands had yielded such splendid results in the treat­
of ph�nomena, even those of fundamental import- ment of surgical cases, and in those of Klebs, Koch, 
ance. and others, had been the meaus of detecting the cause 

Liebig asked if we could distinguish, on the one hand, of many diseases both in IlIan and animals, the latest 
between the kind of food which goes to create warmth and not the least important of which was the r�marka­
and, on the other, that by the oxidation of which the ble series of successful researches by Pasteur mto the 
motions and mechanical energy of the bod� are kept nature and mode of cure of that most dreadful of mala­
up. He thought he was able to do this, and ne divided dies hydrophobia. The value of his discovery was 
food into two categories. The starchy or carbo-hydrate gre�ter than could �e e�timated by.its present utility, 
food was that, said he, which by its combustion pro- for it showed that It might be pOSSIble to avert other 
vided the warmth necessary for the existence and life diseases besides hydrophobia by the adoption of a 
of the body. The albuminous or nitrogenous constitu- somewhat similar method of investigation and of treat­
ents of our food, the flesh meat, the gluten, the casein ment. out of which our muscles are built up, were not avail- Here it might seem as if we had outstepped the 
able for the purpose of creating warmth, but it was boundaries of chemistry, and had to do with phe­
by the waste of those muscles that the mechanical nomena purely vital. But recent research indicated 
energv, the activity, the motions of the animal are that this was not the case, and pointed to the conclu­
supplIed. sion that the microscopist must again give way to the 

Soon after the promulgation of these views, J. R. chemist and that it was by chemical rather than bio­Mayer warmly attacked them, throwing out the hypo- logical i�vestigation that the causes of d�seases would 
thesis that all muscular action is due to the combus- be discovered, and the power of removmg them ob­
tion of food, and not to the destruction of muscle. tained. For we learned that the symptoms of infec-What did modern research say to this question? tive diseases were no more due to the microbes which 
Could it be brought to the crucial test of experiment? constituted the infection than alcoholic intoxication It could' but how? In the first place, we could ascer- was produced by t.he yeast cell. but that these symp­
tain the 'work done by a IIlftn or any other animal; we toms were due to the presence of definite chemical 
could measure this work in terms of our mechanical compounds, the result of the life of these microscopic 
standard, in kilogram me-meters or foot-pounds. We organisms. So it was to the action of these poisonous 
could next determine what was the destruction of nitro- substances formed during the life of the organism, 
genous tissue at rest and under exercise by the amount of rather than to that of the organism itself, that the 
nitrogenous material thrown off by the body. And special characteristics of the disease were to be trailed, 
here we must remember that these tissues wel-e never for it had heen shown that the disease could be eOln· 
completely burned, so that free nitrogen was never municated by such poisons in the entire absence of liv­eliminated. If now we knew the heat value of the ing organisms. burned muscle, it was easy to convert this into its me- Had time permitted, he would have wished to have chanical equivalent and thus measure the energy gene- illustrated the dependence of industrial success upon 
rated. What was the result � original investigation, and to have pointed out the 

Was the weight of muscle destroyed by ascending prodigious strides which chemical industry in this the Faulhorn or by working on the treadmill sufficient country had made during the fifty years of her Majesty's 
to produce on combustion heat enough when trans- reign. As it was, he must be content to remark how 
formt'd into mechanical exercise to lift the body up to much our modern life, both in its artistic and useful 
the summit of the Faulhorn or to do the work on the aspects, owed to chemistry, and therefore how essential 
treadmill? a knowledge of the principles of the 8cience was to all 

Careful experiment had shown that this was so far who had the industrial progress of the country at heart. 
from being the case that the actual energy developed The country was now beginnIng to see that if she . was 
was twice as great as that which could p08sibly be pro- to maintain her commercial and industrial supremacy, 
duced by the oxidation of the nitrogenous constituents the education of her people from top to bottom must 
eliminated from the body during twenty-four hours. be carried out on new lines. The question how this 
That was to say, taking the amouut of nitrogenous could be most safely and fmrely accomplished was one 
substance cast off from the body, not only while the of transcendent national importance, and the states­
work was being done, but during twenty-four hours, man who solved this educational problem would earn 
the mechanical effect capable of being produced by the the gratitude of generations yet to come. 
muscular tissue from which this cast-off material was In welcoming the unprecedentedly large number of 
derived would only raise the body half way up the foreign men of science who had on this occasion honor­Faulhorn, or enable the prisoner to work half his time ed the British Association by t.heir presence, he hoped on the treadmill. Hence it was clear that Liebig's pro- that that meeting might be the commencement of an 
position was not true. international scientific organization, the only means 

The nitrogenous constituents of the food did doubt· nowadays existing of establishing that fraternity 
less go to repair the waste of muscle, whichjlike every among nations from which politics appeared to remove other portion of the body, needed renewa , while the them further and further, by absorbing human powers function of the non-nitrogenous food was not only to and human work, and directing t,hem to purposes of 
supply the animal heat, but also to furnish, bLits ox i- destruction. It would indeed be well if Great Britain, 
dation, the muscular energy of the body. We thus which had hitherto taken the lead in so many things came to the conclusion that it was the potential en- that are great and good, should now direct her attention 
ergy of the food which furnished the actual energy of to the furthering of international organizations ot a the body, expressed in terms either of heat or of me· scientific nature. A more appropriate occasion than 
chanical work. the present meeting could perhaps hardly be found for 

But there was one other factor which came into play the inauguration of such -a movement. But. whether in this question of mechanical energy, and must be thilS hope were realized or not, they all united in that taken into account; and this factor we were as yet un- one great object., the search after truth for its own able to estimate in our usual terms. It concerned the sakel and they all, therefore, might join in re-echoing the 
action of the mind on the body, and although in cap- worns of Lessing: " The worth of man lies not in the 
able of exact expression, exerted none the less an im- truth which he possesses, or believes that he possesses, portant influence on the physics ·and chemistry of the but in the honest endeavor which he puts forth to se­body, so that a connection undoubtedly existed between cure that truth; for not by the possession of truth, but intellectual activity or mental work and bodily nutri- by the search after it, are the faculties of man enlarged, 
tion. What was the expenditure of mechanical energy and in this alone consists his ever-growing perfection. which accompanied mental effort was a question which Possession fosters content, indolence, and pride. If ('cience was probably far from answering; but that the God should hold in his right hand all truth, and in his body experienced exhaustion as the result of mental left hand the ever-active desire to seek truth, though 
activity was a well-recognized fact. with the condition of perpetual error, I would humbly 

CHEMISTRY OF VEGETATION. a�k for the.contents of the. left hand, saying, • Father, 
. gIve me this; pure truth IS only for thee.' " The phenomena of vegetatIOn, no l�ss than those of At the close of his address a vote of thanks was passed the aDlmal world, had, howeve�. durmg the .last fifty .to the president, on the motion of the Mayor of Man­yea!s been placed by the chemIst on an entIrely new chester, seconded by Professor Asa Gray, of Harvard bas!s. . . College. The president mentioned that th«; number of LIebIg. I',l 1860, assert�d that the whole of the c!l-rbon members is already larger than at any preVIOUS annual of vegetatIOn was obtamed from the atmospherIC car- meeting namely 3 568 including eighty foreigners. bonic acid, which, though only present in the small re- ' 

, ::'=='=:.===== lative proportion of four parts in 10,000 of air, was con· 
tained in such absolutely large quantity that if all the THE CRIMSON LINE OF PHOSPHORESCENT vegetation on the earth's surface wert' burned, the pro- ALUMINA. portion of carbonic acid which would thus be thrown 
into the air would not be sufficient to double the pre- OROOKES has presented to the Royal Society a paper 
sent amount. That this conclusion was correct needed on the color emitted by pure alumina when submitted 
experimental proof, but such proof could only be given to the electric discharge in vacuo, in answer to the 
by long-continued and laborious experiment. statements of De Boisbaudran. In 1879 he had stated 

It was to our English agricultural chemists, Lawes that" next to the diamond, alumina, in the form of 
and Gilbert, that we owed the complete experimental ruby, is perhaps the most strikingly phosphorescent 
proof required, and this experiment was long . and stone I have examined. It glows with a rich, full red; 
tedious, for it had taken forty-lour years to gIve a and a remarkable feature is that it is of little conse­
definit.e reply. quence what degree of color the earth or stone 

At Rothamsted a plot was set apart for the growth possesses naturallr, the color of the phosphorescence is 
of wheat. For forty-four successive years that field had nearly the same lD all cases; chemically precipitated 
grown wheat without the addition of any carbonized amorphous alumina, rubies of a pale reddish yellow, 
manure, so that the only possible source from which and gems of the prized' pigeon's blood' color glowing 
the plant could obtain the carbon for its growth was alike in the vacuum." These results, as well as the 
the atmospheric carbonic acid. The quantity of car- spectra obtained, he stated further, corroborated Bec­
bon which on an average was removed in the form of quere)'s observations_ In consequence of the opposite 
wheat and straw from a plot manured only with mine· results obtained by De Boisbaudran, Crookes has now 
ral matter was 1,000 lb. , while on another plot, for re-examined this question with a view to clear up the 
which a nitrogenous manure was employed! 1,500 lb. mystery. On examining a specimen of alumina pre­
more carbon was annually removed, or 2,500 b. of <l8.r- pared froin tolerably pure aluminum sulphate, shown 
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by the ordinary tests to be free from chromium, the that of the atmosphere, and on account of this avail­
bright erimson line, to whieh the red phosphorescent able carbonic acid, if the atmosphere should be de­
light is due, was brightly visible in its spectrum. The prived of some of its carbonic acid, the loss would soon 
aluminum sulphate was then, in separate portions, be supplied_ 
purified by various processes especially adaptpd to As, in nearly all of the methods which were employed 
separate fWIll it any chromiuUl that might be present; for estimating carbonic acid in the air, provision is not 
the best of these being that given by Wohler, solution made for the exclusion of air not measured containing 
in excess of potassium hydl'ate and precipitation of the carbonic acid from the alkaline fluid before titrating or 
alumina by a current of chlorine. The alulllina filtered weighing, the results are generally too high and show 
off, ignited, and tested in a radiant matter tube gave as a far greater variation than is found by more exact 
good a crimson line spectrum as did that from the methods. For example, Gilm * found from 36 to 4t:! 
original 8ulphatp. volumes; Levy'st average is 3! volumes; De Luna's,t 5 0  

A repetition o f  this purifying process gave n o  ehange volumes ; and Fodor's, § 38 '9 volumes. Admitting that 
in the result. Four possible explanations are offered the quantity of carbonic acid in the air is subject to 
of the phenomena observed: .. (1) 'rhe crimson line is· variation, yet the results of. Reiset's and Schultze's es­
due to alumina, but it is capable of being suppressed ti/nations go to prove that the variation is within nar­
by an accompanying earth which concentrates toward row limits. 
one end of the fractionations; (2) t.he crimson line is Indiana University Chemical Laboratory, 
not due to alumina, but is due to the presence of an IHoomington, Indiana. 
accompanying earth concentrating toward the other -Amer. Chem. Jou1·nal. 
6nd of the fractionations; (3) the crimson line belongs 
to alumina, but its full development requires certain 
precautions to be observed in the tilDe and intensity 
of ignition, degree of exhaustion, or its absolute free­
dom from alkaline and other bodies carried down by 
precipitated alumina and difficult to remove by wash­
mg; experience not having yet shown which of these 
precautions are essential to the full development of 
the crimson line and which are unessential; and (4) the 
earth alumina is a cOlllpound molecule, one of its con­
stituent molecules giving the crimson line. According 
to this hypothesis, alulllina would be analogous to 
yttria. "-Natul·e. 

====== 
CARBONIC ACID IN THE AIR. 

By THOMAS C. VAN Nuys and BENJAMIN 
F. ADAMS, JR. 

DURING the month of April, 1896, we made eighteen 
estimations of carbonic acid in the air, employing Van 
N urs' apparatus, * recently dpscribed in this journal. 
These estimations were made in the University Park, 
one-half mile from the town of Bloomington_ The 
park is hilly, thinly shaded, and higher than the sur­
rounding country. The formation is sub-carhoniferous 
and altitude 228 meters. There are no lowlands or 
swamps near. The estimations were made at 10 A. M. 

'rhe air was obtained one-half meter from the ground 
and aboqt 100 meters from any of the university build­
ings. The number of volumes of carbonic acid is 
calculated at zero C. and normal pressure 760 mm. 

Iv ols. co. In 
Date. Bar. pressure ,l00,OOO Vols. 

Air. - -------- --------

State of Weather. 
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5 
ti 
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12 
13 
14 
15 
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20 
21 
22 
23 
24 
25 
28 

743'5 
�43'5 
735 
741'5 
748 
747'5 
7H 
744 
743 5 
7,'5\.1'5 
748 
746 
746 
7415 
740 
738'5 
738 '5 
738 

28'86 
28'1)7 
28'61 
28'63 
27'59 
28'10 
28'04 
2-!'10 
28'98 
28'17 
28'09 
27' 72 
2"'16 
27 '92 
28'12 
28 15 
27-46 
27'34 

Cloudy, snow on ground. U " H " 
Snowing. 
Clear, snow on ground. 

:: tha�ing. 

Cloudy. 
Clear. 

.. 

Raining . 
Clear. 

" 
" 
" 
" 
.. 
" 
.. 

The average number of volumes of carbonic acid in 
10 ,000 volulJles of air is 28'16, the maximum number is 
28'98, a.nd the minimulll 2,'34. These results agree 
with estilllations made within the last ten or fifteen 
years. Reiseti made a great number of estimations 
from �ept.e!llher 9, 1�72, to August 2 0, 1873, the average 
of ,":hICh IS 29'42_ SIX years laLer:j: he made many esti­
matIOns from June to November, the average of which 
is 29'78. The avel'age of Schultze's § estimations is 29 2. 
The results of estilllations of carbonic acid in the air 
made under the supervision of Munz and Aubinii i� 
October, Novembel', and Decem ber, 1882 at the stations 
whoce observations were made of the t;ansit of Venus 
by astronomers sent out by the French government 
yield .the ave�ag�� for all. stations north of the equato� 
to latitude 29 1'i4 III Florida, 28'2 volumes carbonic acid 
in 100,()00 volumes air, and for all stations south of the 
equator 27'[ volumes. The average of Claesson's'IT es-' 
tilllations is 279 volumes, his maximum number is 32'7 
and his minimulIl is 23'7. It is apparent, from the re: 
suIts of estimations of carbonic acid of the air of va­
rious parts of the globe, by the employment of appa­
ratus with which errors are avoided, that the quantity 
of carbonic acid is subject to slight variation and not 
as stated in nparly all text books of science, f�om 4 to (\ 
volumes in. 10.000 volumes of air; and it is further ap­
parent that the la� of .Schloesing** holds good. By 
this law the carbOnIC aCId of an atmosphere ill contact 
with water containing' calcium or magnesium carbonate 
in solution is dissolved according to the tension of the 
carb?ni<: acid; that is, by an increased quantity its 
tensIOn mcreases, and mOI'e would pass in solution in 
the form of bical·bonates. On the other hand by 
diminishing the quantity of carbonic aeid in the atmo­
�phere, some of the bicarbonates would decompose and 
etrbonic acid pass into the atlllosphere. 

I::\chloesing's law I�as b�en verified by R. Engel tt 
The results of estIJuatlOns of bases and carbonic acid 

i It the wat.er of the English Channel lead Schloesing t:J: 
tu conclude that the carbonic acid comhined with nor­
Jllal carbonates, forming bicarbonates, dissolved in the 
water of the globe is ten times greater in quantity than 

* See SCI. AM. SUPPLEMENT No. 577. 
t Comptes Rendlls. 88, 1007. 
� Comptes Rendus, 90. 1144. 
i Chem. Central blatt, 1872 and 1875. 
� Comptes Rendu8. 96, 1793. 
, Befichte der delltsch chem . Gesellschaft,9, 174. 
** Comptes Rendu8, 74, 11152, and 75,70. 
tt (Jomptes Rendll8, 101, 949. 
;::: Comptes Renduli, 110, 1410. 

ANALYSIS OF KOLA NUT. 
ALKALOIDS or crystallizable principles: 

Per Cent. 
(1affein�. _ .. .......... ........... 2'7 10 
Theobromine ... .... .. . . _ .. . . . . 0' 084 
Bitter principle ........ .......... 0' 018 

Total alkaloids . • • • •• • •. . • • . . .  -­
Fatty mat.ters : 

Saponifiable fat or oil . . • • . . • • . . . .  0' 734 
Essential oiL ............ _ ... ..... 0'081 

Total oils. _ ...... , ...... _.... --

Resinoid matt.er (sol. in abs. alco-
ho7:) ...... .. . ....... ...... _ . . _ .... . 

Sugar: 
Glucose (1'educes alkaline cup1'am-

monium) .... ........ . . ... _ . .... 3' 312 
Sucrose? (red. alk. cupram. after 

in'lJersionH . . . .... .. ..... ... 0'602 
Total sugars .................. ---

Starch, gum, etc.: 
Gum (soluble in H20 at 90° F.) .. __ 4 876 
Starch ................ '" _ ...... . 28'990 
Amidinous matter (col01'ing with 

iodine). . . .. .. ............ ..... .  2 '130 
Total gUln and fecula ........ ---

Albuminoid matters. .. . ...... _ .. 
Red and other coloring matters ... . 
Kolatannic acias ............ , ... _ .. . 
Mineral matter: 

Potassa... ..... ............ ..... l' 41� 
Chlorine ... . .......... ... _ ........ 0'702 
Phosphoric acid........ .. .. .. . . . . 0 371 
Other salts, etc . . • _ ........ ..... 2'330 

Total ash ........................... ---
Moisture ...... _ .. _ ........ _ ...... .. . 
Ligneous matter and loss . . . • . . . . . • •  

2'812 

0'815 

1'012 

3'914 

35'999 
8'642 
3' 670 
1'204 

4'818 
9'722 

27 395 

100'000 
Both the French and German government!! are in­

troducing it into their military dietaries. and in Eng­
land several large contract orders cannot yet be filled, 
owing to insufficiency of supply, while a well-known 
cocoa manufacturing firm has taken up the preparation 
of kola chocolate upon a commercial scale.- W. Las­
celles-Scott, in Jour. Soc. Arts. 

CHAPIN WROUGHT IRON. 

By W. H. SEARLES, Chairman of the Committee, 
Civil Engineers' Club of Cleveland, O. 

NOTWITHSTANDING the wonderful development of 
our steel industries in the last decade, the improvements 
in the modes of manufacture, and the undoubted 
strength of the metal under certain circulllstances, 
nevertheless we find that steel has not alto!1;ether Illet 
the requirements of engineers as a structural material. 
Although its breaking strain and elastic limit are 
higher than those of wrought iron, the latter metal is 
frequently preferred and selected for tensile members, 
even when steel is used under compression in the sallie 
structure. The Niagara cantilevpr bridge is a notable 
instance of this practice. When steel is used in tension 
its working strains are not allowed to be over fifty per 
cent. above tholle adopted for wrought iron. 

The reasons for the suspicion with which steel is 
regarded are well understood. Not only is there a lack 
of uniformity in the product, but apparently the sallle 
st.eel will Inanifest very different results under slight 
provocation. Steel is very sensitive, not only to slight 
changes in chemical composition, but also to me­
chanic�1 treatll!ent, suc� as straightening, bending', 
punchmg, planmg, heatmg, etc. Initial strains mav 
be developed by any of thpse processes that would 
seriously affect the efficiency of the metal in service. 

Among the steels, those that arelsofter are more service­
able and reliable than the harder ones. espeCially where­
ever shocks and concussions or rapidly alternating 
strains are t.o be endured. In other words, the more 
nearly steel resembles good wrought iron, the more cer­
tain it is to render la8ting service when used within ap­
propriate limits of !<train. Indeed, a wrought iron of fine 
quality is better calculated t.o endure fatigue than any 
steel. This is particularly noticeable in steam hammer 
pistons, propeller shafts, and railroad axles. A better 
quality of wrought iron, therefore, has long been a 
desideratum, and it appears now that it has at last been 
found. 

Several years since, a pneumatie process of manu­
facturing wrought iron was invented and patented by 
Dr. Chllpin, and an experimental plant was erected 
near Chicago. Enough was done to demonstrate, 
first, that an iron of uuprecedentedly good qualities 
was attainable from common pig; and second, that 
the cost of its manufacture would not exceed that. of 
Bessemer steel. Nevert.heless, owing to lack of funds 
properly to push the invention against the jealou!I 
opposition which it encountered, the enterprise came 
to a halt until quite recently, when its merits found a 

. 
• Sitzunl(sber. d. Wien . Akllil. d_ Wissenschaft.en, 34, 257. 
t Ann. d. I'Observ d. MountsDuris 1878 and 1879. 
+ EstudlOS quimicos Bobre e1 aire atmosferico, Madrid, 1860. 
§ Hygien. Untersuch., 1, 10. 

w! �i�����. by boiHoi with a 2' 5 per cent. !!OI ution of citric acid for 

champion in Gustav Lindenthal, C.E., member of this 
club, who is now the general manager of the Chapin 
Pneumatic Iron Co., and under whose direction this 
new quality of iron will soon be put upon the llJarket. 

The process of manufacture is briefly as follows: The 
pig metal, after being melted in a cupola and tapped 
into a dischal'ging' ladle, is deli vered into a Bessemer 
converter, in which the metal is largely relieved of its 
silicon, sulphur, carb0n, etc., by the ordinary pnpullla­
tic process. At the end of the blow the converter is 
tU\'lled down and it;1il contents discharged into a travel­
ing ladle, and quickly delivered to machines called 
bailers, which are rotary reverberatory furnaces, each 
revolving on a horizontal axis. In the baller the iron 
is very soon made into a ball without manual aid. It 
is then lifted out by means of a suspended fork and 
carried to a Winslow squeezer, where the ball is reduced 
to a roll twelve inches in diameter. Thence it is taken 
to a furnace for a wash heat, and finally to the muck 
train. 

No reagents are employed, as in steel making or ordi 
nary iron pUddling. The high heat of t.he metal is 
sufficient to preserve its fluidity during its transit fron 
the converter to the bailer; and the cinder from the 
blow is kept in the ladle. 

The bailer is a bulging cylinder having hollow trun 
nions through which the flame passes. The cylinder 
is lined with fire brick, and this in tnrn is covered with 
a suitable refractory iron ore, from eight to ten inches 
thick, grouted with pulverized iron ore, forming' a 
bottom, as in the common puddling furnace. 'rhe 
phosphorus of the iron, which cannot be eliminated in 
the intense heat of the converter, is, howevpr, reduced 
to a minimum in the bailer at a much lower tempera 
ture and on the basic lining. The process wastes the 
lining very slightly indeed. As many as sixty heats 
have been taken off in succession without giving the 
lining any attention. The absence of any reagent 
leaves the iron simply pure and homogeneous to a 
degree never realized in muck bars made by the old 
puddling process. Thus the expense of a reheating 
and rerolling to refine the iron is obviated . It was 
such iron as here results that Bessemer, in his early 
experiments, was seeking to obtain when he was divert 
ed from his purpose by his splendid discov6ries in the 
art of making steel. So effective is the new process, 
that even from the poorest grades of pig lllay be ob 
tained economically an iron equal in quality to the 
refined irons made from the best pig by the ordinary 
process of puddling'. 

Numerous tests of the Chapin irons have been made 
by competent and disinterested parties, and the results 
published. The sampleb here noted were cut and piled 
only once from the llJuck bar. 

Sample A was made from No.3 mill cinder pig. 
Sample B was made from No.4 mill pig and No.3 

Bessemer pig, half and half. 
Sample C was made from No.3 Bessemer pig, with 

the following results: 
Sample. A B C 

Tensile strength per sq. in . . • .  56,000 60,772 6 4,377 
Elastic limit ........ ... ...... 34,000 .. .. 36,000 
Extension, per cent. . . .. . . . . . 11 '8 . . . . 17 '0 
Reduction of area, per cent .. 65'0 16'0 33 0 

The tensile strength of these irons made by ordinary 
puddling would be about 38,000, 40,000, and 42,000 
respectively, or the gain of the iron in tensile strength 
by the Chapin process is about fifty per cent. Not 
only so, but these irons mad6 in t.his manner from 
inferior pig show a higher elastic limit and breaking 
strain than are commonly specified for refined il'On 
of best quality, The usual specifications are for refinell 
iron: Tensile strength, 50, lJOO; elongation, 15 per cent.; 
elastic limit, 26,000; reduction, 25 cent. 

Thus the limits of the Chapin iron are from 12 to 
20 per cent. above those of refined iron, and not far 
below those of structural steel, while there is a sav­
ing of some four dollars per ton in the price of 
the pig iron from which it ('an be made. When made 
from the best pig metal its breaking and elastic limits 
will probably reach 7u,000 and 40,000 pounds resppct­
ively. If so, it will be a safer material than steel under 
the same working strains, owing to its greater resili­
ence. 

Such results are very interesting in both a mechani­
cal and economical point of view. Engineers will hllil 
with delight the accession to the list of available huild­
ing materials of a wrought iron at once fine, fibrous, 
homogeneous, ductile, easily weldable, not subject to 
injury by the ?rdinary processes of shaping', punching, 
etc., and havmg a tensile strength and elastic limit 
nearly equal to any steel that could safely be used in 
the sallle situation. 

A plant for the manufacture of Chapin iron is now 
in course of erection at Bethlehplll, Pa., and there is 
every reason to believe that the excellent results at­
tained in Chicago will be more titan reached in the 
new works.-Proceed. Jour. Asso. of Eng. Societies. 

CELLULOID. 
PROFESSOR SADLER, of the University of Pennsyl­

vania, has lately given an account of the development 
and method of the manufactnre of celluloid. Alex­
ander Parkes, an Englishman, invented this remark­
able substauce in 1855 , but after twelve years quit 
making it because of difficulties in manipulation al­
th�lUgh he ,made.a fine display at the Paris Exp08itio� of 
1807. Damel Spill, also of England. began expedments 
two years after Parkes, but a patent of his for dissolv­
ing the nitrated wood fiber, or "pyroxylille." in alco­
hol and camphor was decided by Judge Blatchford in 
a suit brought against the Celluloid Manufacturing 
Company to be valueless. No furt.he)· progress was 
made until the Hyat.t Brothers, of Albany. N. Y , dis­
covered that gum camphor, when finely divided, mixed 
with the n.it�ated fiber and then heatec., is a perfect 
sol ve�t, glvmg a homogeneous and plastic mass. 
AmerIcan patents of 1870 and 1874 are substantially 
identical with those now in use in England. In France 
there is only one factory, and there is none elsewhere 
on the Cont.inent, one in Hanover having been given 
up on accollnt of the explosive nature of the stuff. In 
this country pnre cellnlose is cOlIllIlonlv obtained from 
paper llIaker�, in t�e forlU of tissue pape!', in wide rolls; 
thiS, after bemg Illtrated by a bath of mixed nitric and 
su!phuric acids, is .thoroughly washed and partially 
dried. Camphor IS then added, aud the whole is 
ground togethel and thoroughly mixed. At thiS stage 
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coloring matter may be put in. A little alcohol in­
creases the plasticity of the mass, which is then treated 
fOi' some tirue to powerful hydraulic pressure. Then 
comes breaking up the cakes and feeding the fragments 
bet.ween heated rolls .  'oy which the amalgamation of 
the whole is com pleted. Its perfect plasticity allows it 
to be rolled into sheets, d rawn i nto tubes, or moulded 
into any desired shape.-Jewete1"s' Journal. 

APPARATUS F O R  TESTING CHAMPAGNE 
B OTTLES AND CORKS. 

MR. J. SALLERON h as devised several apparatus 
which are destined to render val uable service in the 
champagne industry. The apparently s imple operation 
of confi ning the carbonic aci d dae to fermentation in a 
bottle i n  ord er to blow the cork from the latt.er with 
force at a given moment i s  not always successful, not­
withstanding the skill and experience of the manipula­
tor. How could it be otherwise ? 

E verything connected with the production of cham­
pagne wine was but recently u nknown and unexplained. 
The proportioning of the sugar �ccuratel y dates, as it 
were, from but yesterday, and the measurement of the 
absorbing power of wine for carbonic acid has but j ust 
en tered into practice, thanks to Mr. Salleron's absorp­
tiometer. The real strength of- the bottles, and the 
laws of the elasticity of glass and its variation with the 
tem perature, are but l ittle known. Finally, the physi­
cal con stitution of cork, its chemical com position, i ts 
resistance to compression and the dissolving action of 
the wine, mnst be taken into consideration. In fact, 
all the elements of the d ifficult problem of the man u-

further prolonged, and at every increase in permanent 
capacity, their resistance diminishes. 

The apparatus shown i n  Fig. 1 i s  called an elastici­
m eter, and perr�lits of a preliminary testin g  of bottles. 
'l'he bottle to be t.�sted is  put into the receptacle, A B, 
which is kept full of water, and when it  has become 
full, its neck is  pla�ed between the jaws of the clamp,  
p. Upon turning the hand wheel, L,  the bottle and 
the receptacle that holds i t  are l ifted, and the mouth 
of the bottle presses agai nst a rubber disk fixed under 
the support, C D. The pressure of the neck of the 
bottle against this  disk is such that the closing is abso­
lutely h ermetical . The support, C D, contains an 
aperture which allows the i n terior of the bottle to com­
municate with a glass tube, a b, which thus  forms a 
prolongation of the neck of the bottle. This tube is 
very narrow and is di vided i nto fi ftieths of a cubic cen­
timeter. A microscope, m, fixed in front of the tu be, 
magnifies the divisions, and allows the position of the 
level of the water to be ascertained to within about a 
mi l lionth of a cubic centim eter. 

A force and suction pump, P, sucks in air through 
the tube, t, and com presses it through the tube, t', in 
the copper tube, T, which communicates with the 
glass tube, a b, aftel' passing through the pressure 
gauge, M. This pump, then, compresses the air in the 
bottle, and the  gauge accurately measures its pressure. 

To make a test, after the bottle ful l  of  water has 
been fastened under the 'support, C D. the  cock, s, is 
opened and the liquid with w hich the small reservoir, 
R, has been fi l l ed flows throu gh an aperture above the 
mouth of the bottle and rises in  the tu be, a b. When 
its level reaches the di\'ision, 0, the cock, s, is closed. 

FIG. I .-MACHINE FOR TESTING BOTTLES. 

facture of sparkling wine  show that there is an u rgent 
necessity of i ntrod ucing scientific  methods into t h i s  in­
d ustry, a.s without them work can now no longer be 
done. 

No one has had a better opportunity to show how 
easy it  is  to couvert the j uice of the grape into spark ling 
wi n e through a series of si l1lple operations whose details 
are known and acc urately determined, so we believe it 
our duty to recommend those of our readers who 
are particularly i nterested in this subject to read 
Mr. Salleron's book on sparkling wine. We shall 
confine ourselves in this article to a description of two 
of the apparatus invented by the author for testing the 
resistance of bottles and cork stoppers. 

It  is wel l ,  in the first place, to say that one of the im­
pOl·tant elements in the treatment of sparkl ing wine is 
the normal pressure that i t  is to prod uce in the bottle s. 
After j udicious ded uctions and n u m erolls experiments. 
Mr. Salleron has adopted for the n ormal pressure of 
highly sparkl ing wines five atmospheres at the temper­
ature of the cellar, w h ich does not exceed 10 degrees. 
B ut,  in a defective cellar, the bottles lllay be exposed 
to frost in  winter' and to a tem peratu re of 25° in sum­
mer, corresponding to a tension of ten atmospheres. It 
may naturally be asked w hether bottles will  withstand 
such an ordeal. Mr. Sal leron h as determined their re­
sistance through the process by which we estimate 
that of b uilding materials, viz. , by m easmin g  the limit 
of thei r elastic ity ,  or, in other words, the pressure u n ­
d e r  which they take o n  a new permanent volume . I n  
fact. glass must b e  assimilated to a perfectly elastic 
body ; and bottles expand under the i nternal presu re 
that they support. If their resistance is insufficient, 
they continue to increase in measure as the pressure is  

The bottle and its prolongation, a b, are now exactly 
fu l l  of water without any air bubbles. 

The pump is actuated, and. in measure a8 the pres­
sure rises, the level of the liquid in the tube, a b, is 
seen to descend. This  descent measures the expansion 
or flexion of the bottle as well as the compression of 
the water itself. When the pressure is  judged to be 
sufficient, the button. n, is t u rned, and the air com­
pressed by the pump finding an exit, the needle of the 
pressure gauge will be seen to redescend and the level 
of the tube, a b, to rise. 

If the glass of the bottle has undergone no perma­
nent deformation , the level will  rise exactly to the 
zero mark, and denote that the bottle has supported 
the test without any mod ification of its structure. 
But if, on the contrary, the level does not return to 
the zero mark, the limit of the glass's elastieity has 
been extended, its molecules have taken on a new state 
of equilibrium, an d its resistance has diminished, and, 
even if it has not broken ,  it is absolutely certain that it 
has lost its former resistance and that it  presents no 
particular guarantee of strength. 

The vessel, A B, which m ust be always full of water, 
is designed to keep the bottle at a constant tempera­
ture during the course of the experiment. This is an 
essential condition, since the bottle thus filled with 
water constitutes a gen uine thermometer, of which a b 
is the graduated tube. It is therefore n ecessary to 
avoid attributing a variation in level due to an ex­
pansion of the water produced by a change in temper­
a tu re, to a deformation of the bottle. 

The test ,  then, that can be made with bottles by 
means of thfl elasticimeter consists in compressing them 
to a pressure of ten atmospheres when fllled with water 

at a temperature of 25°,  and in finding out whether, 
under such a str.ess, they change their vol ume perllla­
nen t.Iy. In order that the elasticimeter may not be 
complicated by a special h eating apparatus, it suffices 
to determine once for all  what the pressure is  that, at 
a mean temperature of 15° ,  acts upon bottles with the 
same energy as that of ten atmospheres at 25° .  Expe­
riment has demonstrated that such stress corresponds 
to t welve atmospheres in a space in  which t.he temper­
ature remains about 15°.  

I n  addition, the elasticimeter is  capable of giving 
other and n o  less usefu l data. It pprmits of comparing 
the resistance of bottles and of classifying them accord­
ing to the degree of such resistancp. After n umerous 
experiments, it  has been found that first class bottles 
easily su pport a pressure of twelve atmospheres with­
out distortion, while i n  those of an inferior qual i ty the 
resistance is very variable. 'l'he champagne wine in­
dustry should therefore u se the former exclusively. 

Variou s  precautions m ust be taken in the use of 
corks. The bottles that lose their wine in consequence 
of the b ad quali ty  of their corks are many i n  number, 
and it is n ot long since that they were the cause of 
gen uine disaster to the champagne trade. 

Mr. Salleron has largely contributed to the improv­
ing of the quality of corks found in the market. The 
physical and chemical composit.ion of cork bark is pe­
culiarly favorable to the special use to which it is ap­
plied ; but the cham pagne wine industry requires of it 
an exaggerated degree of resistance, inalterabi l i ty, and 
elasticity. A 1 M  inch cork m ust, u nder t h e  action o f  a 
powerful machine, enter a % inch n eck, support the 
dissolving action o f  a l iquid con tain ing 12 per cent.  of 
alcohol compressed to at least five at mosph eres, and, 
i n  a few years, shoot out of the bottle and assume 
its pristine form and color. Out of a hundred corks of 
good quality, not more than ten support such a test. 

In order to explain wherein resides the quality of 
cork, i t  i s  n ecessary to refer to a chemical analysis of it. 
In cork bark there i s  70 per ceut. of  suberine. which ill 
solu ble in alcohol and ether, and is plastic, ductile, and 
mal leable under the action of humid h eat. Mixed 
with suberine. cerine and resin give cork its i n solubil­
ity and inalterability. Th ese substances are soluble in 
alcohol and ether, but insoluble in water. 

According to the origin of cork, the wax and resin 

FIG. 2. -S A LLERON'S A PPARA T U S FOR 
TESTING CO RKS. 

exist in i t  in very variable proportion. The more 
resi nous kinds resi st the dissolving action of wine better 
than those that are but sl ightly resinous. The latter 
soon become corrod ed and spoiled by wine. An at­
tempt has often been made, but without success, to 
improve poor corks by impregnating them with the 
resinous principle that they lack. 

Various other processes have been tried without 
success, and so it finally becam e n ecessary sim ply to 
separate the good from the bad corks by a practical 
and rapid operation. A simple examination does not 
suffice. Mr. Bouche has  found that corks i m mersed in 
water finally becam e covered with brown spots, and, 
by analogy, i n  order to test corks, h e  immersed them 
i n  water for a fortnight or a lll onth. All  those that 
carne out spotted were rejected.  Under the prolonged 
action of moisture, the suberi ne becomes soft, and, i f  
i t  is  n o t  resinous enough, t h e  cells of t h e  external layer 
of the cork burst, the water enters, and the cork be­
comes spotted. 

It  was ldt to Mr. Salleron to render the method of 
testing practical. He compresses the cork in a very 
strong reservoir fil led with water u n der a pressure of 
from four to five atmospheres. By t.his  means, the but 
slightly resinous cork is  quickly d iss.olved, so that, after 
a few h ours' imm ersion, the bad corks cOlli e out spotted 
and channeled as if th ey had been in the neck of a 
bottle for s ix months. On the con trary, good corks resist 
the operation, and COllle out of the reservoir as white 
and firm as they were when they were put into it.  

Fig. 2 gives a perspective view of Mr. Salleron's ap­
paratus for testing corks .  A reservoir. A B, of tinned 
copper, capable of holding 1 00 corks, is  proyided with 
It cover firmly held in pl ace by a clamp. Into the 
cover is screwed a pressu re gau ge, M, which measures 
the internal pressure of t.he apparat.us. 

A pu mp, P. sucks water from a vessel through the 
tubul ure, t', and forces it through the tubulure, t, 
into the reservoir ful !  of corks.  After bein g  submitted 
to a pressure of fi ve atm ospheres in this apparatus for a 
few hours, the corks are verified and then sorted out. 
I n  addition to the apparatus here illustrated, there is 
one of larger dimensions for industrial applications. 
This differs from t h e  other only in the arrangem ent of 
its details, and will hold as many as 10,000 corks.­
Revue Industrielle. 
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IMPROVED BISCUIT MACHINE. dred revolutions per minute, at which speed, and when 
absorbing about 3'5 horse power, the output would 

THE accompanying illustration represents a com- equal 4,000 small biscuits per Illinute. -Ind'ust1'ies. 
billed biscuit cutting, scrapping, and panning ma chine, 
specially designed for running at high speeds, and so IMPROVED C REAM SEPARATOR. arranged as to allow of the relative llIovements of the 
various parts being adj usted while in  Illotion. The A HAND separator of this type was exhibited at the 
cutters or dies, mounted on a cross head working in a Royal Show at Newcastle by the Ayle�bury Dairy 
vertical guide frame, are operated from the main shaft Company, of 31 St. Peters burg Place, Bayswater, Eng­
by eccentrics and vertical connecting rods, as shown. land. 
These rods are connected to the lower strap of the ec- Fig. 1 is a perspective view of the machine, Fig. 2 
centric by long g-uide bolts, on which intermediate being a vertical section. The drnll ls  of these machines, 
spiral Rprings are mounted, and by this means, although . which make 2, 700 revolutions per Ill inute for the large 
the dies are brought quickly down to the do ugh, they I and 4,000 for the small one, have a diallleter of 27 in. 

IMPROVED BISC UIT MA CHINE. 

are suffered to remain in contact therewith, under a 
gradually increasing pressure, for a sufficient length of 
time to insure the dough being effectually stam ped and 
completely cut through. 

Further, the springs tend to counteract any tendency 
to vibration that might be set up by the rapid recipro­
cation of the cross head, cutters, and their attendant 
parts. Mounted also on the llIain shaft is one of a pair 
of reversed cone drums. These, with their accompany­
ing belt and its adj usting gear, worked by a hand 
wheel and traversing serew, as shown, serve to adj ust 
the speed of the feed rol lers, so as to suit the different 
lengths of the intel'mediate travel or " skip " of the 
dough-carrying web. 
, Provision is llIade for taking up the slack of this belt 
by mounting the spindle of the outer coned drum in 
bearings adj ustable along a circular path stru('k from 
the axis of the lower feed roller as a center, thus insur­
ing a uniform engagement between the teeth of the 
sma.1I pinion and those of the spur wheel with which 
the drum and roller are respectively provided. 

The webs for carrying forward the dough between 
the different operations pass ronnd rollers, which are 
each operated by an adj ustable silent clutch feed, in 
place of the usual ratchet and pawl mechanism. Move­
ment is given to each feed by the connecting l inks 
shown, to each of which motion is i n  turn i mparted by 
the bell crank lever placed beside the eccentric. This 
lever is actuated by a crank pin on the main shaft, 
working into a block sliding i n  a slot in the shorter or 
horizontal arm of the lever, while a similar but adj ust­
able block, sliding in the vertical arm, serves to i mpart 
the motion of the l ever to the system of connecting 
links, the adjustable block allowing of a longer or 
shorter stroke being given to the different feeds, as de­
sired. 

The scraps are carried over the roller in rear of the 
cutters, and so to a scrap pan, while the stamped bis­
cuits pass by a lower we b into the pans. These pans 
are carried by two endless chains, provided with pins, 
which take hold of the pans and carry them along in 

and 15% in. respectively, an d  are capable of extracting 
the cream frolll 220 and 115 gal lons of milk ppr hour. 
These drums are formed by hyrlraulic pressure from 
one piece of sheet steel . To avoid the possibility of 
the machines being overrlri ven, which might happen 
through the negligence of the attendant or through the 
governing gear on t.h e engine  fai l ing to act, an ingeni­
ous controlling apparatus is fixed to t.he i ntermediate 
motion of the separator as shown in Fig. 3. This ap­
paratus consists of a pai r of governor balls  pivoted n ear 
the center of the arl1J 8 and attached to the main shaft 
of the intermediate gear by means of a col lar fixed on 

FIG. 3. 

enables them to overcome the balance weight, and i n  
raising this they raise the arm. This arm stri king 
against the ratchet d etent releases the balance weight, 
and the belt is at once brought on to the loose pUl ley .  

The steel d rum is fitted wi th an internal r ing at  the 
bottom (see Fig. 2 ) ,  i nto which the m i l k  flows, and from 
which it is de l ivered, by three apertures, to the peri­
phery of the drum, thus preventing the milk from 
Rtrikin g  against the cone of the drum, and from mix­
i ng with t.he crealll which has already been separated. 
The upper part of t.he drum is fitted with an ann ular 
flange, about 172 i n .  from the top, reachi n g  to within 
one·sixtpellth of  an inch of the periphery. After the 
separation of the skim milk from the crealll , the former 
passes behi n d  and above this flange th rough the aper­
ture, B, and is reulOved by means of the tube, D, fur-l nished with a steel tip projectin g  from the cover of the 
llIachine i nto ti le space between the top of the drum 
and the annular flangp, it simi lar t ube, F,  reaching be­
low this flan ge; removing the cream which col lects 
there. 'I'he skim milk t u be is  p rovided with a screw 
regulator, the function of which is to enable cream of 
any desired consistency to be obtained,  varying with 
the distance between the skim Ill i lk  and cream points 
from the center of the drum. Another point auout . 
these tubes is their u se · as elevating tubes for the skim 
m ilk and cream , as,  owing to the velocity at which the 
drum is rotating, the prod u cts can be delivered by 
these tubes at a h ei ght of 8 or 10 feet above the lIIachine 
if  required, thus enabling scalding and cooling of 
either to be carried on while the separator is at work, 
and saving hand labor.-I1'on. 

GAS FROM OIL. 
AT the twen�y-fourth annual meeting of the Gas In­

stitute, which was recently held i n  Glasgow, Dr. Ste­
ven80n Macad am, F. R. S. E . ,  lecturer on chemistry, 
Edinburgh, submitted the first paper, which was on 
• •  Gas from Oil. " 

He said that d uring the l ast seventeen years he had 
devoted m uch attention to the photogenic or i l lUIll inat­
ing values of d ifferent qual it.ies of paraffin oils in vari­
ous lamps, and to the production of permanent i l lumi­
n ating gas from such oils. The earlier experi m en ts 
were d irected to the em ployment of paraffin oils  as o i l s, 
and the results proved the great superiority of the 
paraffin oils as  i l l uminatin g  agents over vegetable and 
animal oils, alike for lighthouse and ordinary house 
service. 

The later trials were mai n l y  concerned with the 
breaking up of the paraffin oils into permanent illumi­
nating gas. Experiments were made at low h eats, me­
dium heats, and high heats, w hich proved th at, ac­
cording to the respective qualities of the paraffin oils 
employed in the tr ials, there waf' more or le,:s tendency 
at the lower heats to distill oil instead of permanell t gas, 
while at the high heats there was a liability to decar­
bonize the oil and gas, an d to obtain a thi n  gas of Culll­
paratively small i l luminating power. When, however, 
a good cherry red heat was maintained, the oils split 
u p  in  large proportion i nto permanent gas of h i gh 
illu m inating quality, accompanied by little tarry m at­
ter, and with only a slight amount of separated car­
bun or depo�ited soot. 

The best Illode of spl itting up the paraffin oils, and 
the special arrangements of the retort or distil ling ap­
paratus, also formed, he said ,  an extensive inq uiry by 
itself. In one set of trials the oil was disti l led into 
gaseous vapor, and then passed through the retort. In 
another set of experiments. the  oil was run into or al­
lowed to trickle into the retorts, while both modes of 
introducing the oil were tried in retorts charged with 
red hot coke and in retorts free from coke. 

Ultimately, it was found that the best results were 
obtained by the more sim ple arrangement Of employ­
ing iron retorts at a good cherry red heat, and runn ing 
i n  the oi l  as a thin stream direct i nto the retort, so that 
it q uickly i m pinged u pon the red hot metal, and with­
out the in tervention of any coke or other matter in the 
retorts. The paraffin oils employed in the investiga­
tions wpre princi pally : (1) Crude paraffin oil, bei ng the 
oil obtained d irect from the destructive distil lation of  
shale in retorts ; (2) green paraffin oil, which is  yielded 
by distilling or re-runuing the crude paraffin oil ,  and 
removing the l ighter or more i nflammable portion by 
fractional distil lation ; and (3)  blue paraffin oil, which 
is  obtained by rectifying the twice run oil with sul-

',Phlll'iC acid and soda. and disti l l ing off the paraffin 
spirit, burning oil, and intermediate oil, lCI.nd freezing 
out the solid paraffin as paraffin scale. The best prac-

FIG. 2. FIG. 1. 

the proper position. The roller over which these chains 
pass is  oper'tted by a silent clutch , and in order t.o give 
an additional m otion to the chains when a pan is full, 
and it  is d esi r'ed to bring the next pan into posi tion, an 
additional clutch is  caused to opera.te UPOIl the roller. 
This clutch is  kept out of gear with i ts pulley by l lI eans 
ofa projection u pon it bearing against a d isk slight.ly 
greater in  diameter than the pul ley, and provided with 
two notches, i nto which the projection passes when the 
additional feed is  req uired . 

The makers, H. Ed wards & Co. , Liverpool , have run 
one of these machines ea�ily and smoothly at a hun-

IMPROVED CRE AM SEPARATOR. 

i t .  The mai n  shaft is bored out sufficiently deep to 
ad mit a steel rod, agai nst which bear the three ends of 
the governor arms. The steel rod presses against the 
counterbalance, which is made exactly the right 
weight to withstand the force tending to raise it. when 
the i ntermediate motion is run n i n g  at its designed 
speed. The forks between which the belt runs are, also 
provided with a balance wei ght. Th is bri n gs them to 
the loose pulley, u nless they are fixed by means of the 
ratchet. 8hould the num ber of revolutions of the in­
termediate increase beyond the correct amount, the 
extra centrifugal force imparted to the governor balls 

tical trials were obtained in Pi ntsch's apparatus and in 
Kei t h 's apparatus. 

A fter d escri bing both of th ese, Dr. Macadam went on 
to gi ve in great detail the res u l ts obtained in splittin g 
up blue paraffin oil i nto gas i n  each apparatus. He 
then said that these experi rwmtal resu l ts demonstrated 
that Pin tsch's  apparatus yielded from the ·gallon of oil 
in one case 90 '70 (mbic feet of gas of 62 '50 candle  power, 
and i n  the second case 103 116 c u bic feet of 59 '15 candle 
gas, or an average of 97 '03 c ubic feet of 60 '82 candle 
power gas. 

In both cases, the firing of the retorts was moderate, 
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though i n  the secon d  trial greater cltre was taken t o  se­
cure uniforUlity of heat, and the oil was rlln in Ulore 
slowly, so that there was 1lI0re t horough 8p l itting up of 
the oil i nto permanen t gas. The gas obtained i n  the 
two trials was of high qual ity, owing to its containing 
a lal'ge percentage of heavy hydrocarbons, of w hich 
there were, respectivel y, 39 '25 and 37' 1 5  per cent. , or an 
average of 3/l'2 per cent . ,  while the sulphureted hydro­
gell was noth i n g, and the carbonic acid a Ulere trace. 
Besides testi ng the gas on the occasion of the actual 
trials, he had also examined samples of the gas which 
he had taken from var ious cylinders in which the gas 
had been stored fOI' several months un der a pressu re of 
ten atmospheres, and in all cases the gas was found to 
be pract i cal l y equal to the quan tity mentioned, and 
hence of It permanent character. 

By us ing Keith's ap paratus the results obtained were 
general l y  the same, w i t h  the exception that an average 
of 0 27 pel' cent. of carbon ic acid gas and decided pro­
portions of s u l phureted hyd rogen were found to be 
present in the gas D r. Macadam devoted some re­
marks to the consideration of the q uestion as to how 
far the gas obtained from the paraffin oil  represented 
the light power of the oi l itself, and then he proceeded 
to say th at, taki ng the crude paraffin oil at 2d . a gal­
lon , and witll a specific gravity of 850 (water = 1 , 000), 
or 8� I b. to the gallon, there were 264 gallons to the 
ton,  at a cost of £2 4s.  per ton. The s perm l ight from 
the ton of oil as gas hei ng 3,443 lb. , he reckoned that 
ful ly 6 lb . of sperm light were obtained from a penny­
worth of the crude oi l as gas . 

Then, taking the blue paraffin oil at 4d. per gallon, 
and th ere bei ng 255 gallons to the ton , it was found 
that the cost of  one ton was £4 5s. , and as the sperm 
light of a ton of that oil as gas was 5, 151) l b . , i t. was cal­
culated that 5 l b. of sperm l igh t were yielded i n  the gas 
from a penny worth of the blue oil. The very r ich 
character of the oil  gas rendered i t  unsu itable for con­
sumpt ion at ordinary gas jets, though it burned readi­
ly and !'atisfactorily at small burners not larger than 
No. 1 j ets. 

In pract ical use it would be ad visable to red uce the 
qual i ty by admixture with thin and feeble gas, or to 
employ the o i l  gas simply for enriching inferior gases 
derived from the more cOlJlmon coals. On the question 
. of  d i l ution, he said that he preferred to use carbonic 
oxi d e  and h ydrogen, and most of the remainder of h i s  
paper was devoted to an explanation of the best mode 
.of pre paring those gases (water gases) . 

He conc l uded by saying : The elJl ployment of paraffin 
oil  for gas making has advan tages i n  its favor, in the 
r�adiness of charging the retorts , as the oi l  can be ru n  
i n  cont i n uol lsly for days a t  a time, a n d  may b e  discon­
ti n ued and commenced agai n withou t opening, cleari ng 
put resid ual p rod ucts . recharging and reclosing the re­
torts. There is necessarily, therefore, less labor and cost 
in working.  and as the gas is cleaner or freer from i m­
purit ies, p urifying p lan t and material w i ll be corre­
spondingly less. Oil gas is  n o w  e m ployed for light­
house sel'vice in the i l l umination of the lanterns on 
.A i l sa C raig and as moti ve power i n  the gas engines 
connected with the fog horns at Langness and Ailsa 
C raig l igh thouse stations. It is also used largely in the 
lighting of rai l way carriages. Various populous pl aces 
/lre now i n t.roducing oi l gas for house service, an d he 
felt sure t hat the system is one w hich ought to com­
mend itself for i ts future development to the careful 
consideration and practical skill of the mem bers of the 
Gas Institute. 

THE MANUFACTURE OF SALT NEAR 
MIDDLESBROUGH.* 

B y  Sir LOWTHIAN BELL, Bart. , F. R. S. 

higher set coincid ing with the top of the Jearn, and the 
other set occupying the lo wer portion of the tube. 
Within the t ube so arranged, and secured at its lower 
extremity by means of a cavity lIunk i n  the lim estone. 
a second tube was lowered, having an outer diameter 
from two to four inches less than the interior diameter 
of the first t u be. The latter served for p umping the 
brine. The pump used was of the ordinary bucket and 
clack type, but, in addition, at the surface, there was a 
plunger, which served to force the brine into an air 
vessel for the purposes of distribution. The bucket and 
clack were placed some feet below the poin t  to which 
the brine was raised by the col u m n  of fresh water de­
scending in the ann ul us formed between the two tubes. 
In com mencing work, water was let down the annulus 
until the cavity formed i n  the salt became sufficiently 
large to admit of a few h ours' pumping of concen­
b'ated bri ne. O n  the machinery bein g  set in motion, 
the stronger brine was first drawn, which, from its 
greater specific gravity, occupied the lower portion of 
the cavity. As the brine was raised, fresh water flowed 
down. The sol vent power of the newly admitted water 
was of cou rse greater than that of water partially satu­
rated, and being also lighter it occupied the upper por­
tion of the excavated space. The combi ned effect was 
to give the cavity the form of an i n verted cone. The 
mode of extraction thus possessed the di sadvantage of 
removing the greatest q uantity of the mineral where it 
was most wanted for supporting the roof, and had 
given rilSe to occasional accidents to the pipes under­
ground. These were referred to i n  detai l, and the quel!­
tion was started as to possible legal compl ications 
arising hereafter from new bore holes put down in close 
proximity to the divid i n g  l ine of different propprties, 
the pumping of brine fOl'Illed undel' t he conditions de­
scribed presenting an al together di fferent aspect from 
the pumping of water or natural bri ne. 

The second part of the paper referred to the uses to 
which th e brine was appl ied, the chief one being the 
man ufact ure of common salt. For this purpose the 
b rine, as del ivered from the wel ls, was run into a large 
reservoir, where any earthy matter held in suspension 
was 'allowed to settIe.  The clear solution was then run 
into pans sixty feet long by twenty feet wide b y  two 
feet deep. Heat was appl ied at one end by the com­
bustion of small coal, beyond wh ich longitudinal walls, 
ser ving to support the pan an d to distri b ute the heat, 
conducted the products of com b u stion to the further 
extremity, where they escaped into the chimney at a 
tem perature of from 5000 to 7000 Fahr. On the surface 
of the heated brine, kept at 1960  Fahr. , minute cubical 
crystals speedi ly formed. On the upper surface of 
th ese, other small cubes of sal t arranged themselves i n  
such a w a y  that, i n  course o f  time, a hollow inverted 
pyramid of crystallized salt was formed. This ulti­
mately sank to the bottom , where other small crystals 
united w i th it, so that the shape became frequently 
completely cubical. E very second day the salt was 
" fished " out and laid on drai ners to perm it the ad­
hering brine to run back into the pans. For the pro­
duction of table salt the boi l ing was carried on much 
more rapidly, and at a h igher temperature than for 
salt intended for soda manufacture. The crystals were 
very minute, and adhered together by the sol idification 
of the brine, effected by exposure on heated flues. For 
fishery p urposes the crystals  were preferred very coarse 
in size. These were obtained by evaporating the brine 
more slowly and at a sti ll lower temperatu re than when 
salt for soda makers was required. A t the C larence 
works experiments had been m ade in utilizi ng surplus 
gas from the adjacent blast furnaces, instead of fuel, 
u nder the evaporatin g  pans, the fu rn aces supplying 
more gas than was needed for · heating air and raising 
steam for iron making. By means of this waste h eat, 
from 200 to 300 tons of salt per week were now obtain ed. 

The paper concluded with some particulars of the 
soda ind ustry, The well-known sulphuric acid proce8s 
of Leblanc had stood its ground fOI' th ree-quarters of a 
cent�ry in spite of several disadvantages, and various 
modes of uti lizing the bv-products having been from 
time to time introd uced , it had until recent years 
seemed too firmly .est.abl ished to fear any rivals. About 
seven years ago, however, Mr. Solvay, of Brussels, re­
vi ved in a practical form the ammonia process, patented 
forty years ago by Messrs. Hemming & Dyar. but using 
brine i nstead of salt, an d thu8 avoiding the cost of 
evaporation. This process consisted of forcing into the 
bri n e  currents of carbonic acid and ammoniacal gases 
in such p roportions as to generate bicarbonate of am­
monia, which, reacting on the salt of the .brine, gave 
bicarbonate of soda and chloride of ammonium. The 
bicarbonat.e was placed in a reverberatory furnace, 
where the heat drove off the water and one equ i valent 
of carbonic acid. leavine: the alkal i as a monocarbonate. 
Near Middlesbrough, the only branch of industry es­
tablished in connection w i t h  its salt trade was the 
man ufacture of soda by an ammonia process. invented 
by Mr. Sch loesing, of Paris. The works were carried 
on in con nection with the Claren ce sal t works. It 
was believed that the total quantit\' of d ry soda pro­
d u ced by the two ammonia processes, Solvay's and 
Sch l ot'sin g's, in this country was someth illg under 
luO,OOO tons per ann u m ,  but  this m ake was oonsiderably 
exceeded on the Conti nent. 

THE geology of the Middlesbrough salt region was 
first referred to, and it was stated that the develop­
lllent of the salt i nd ust ry in that d istrict was the result 
of acciden t. In 1 859, Messrs. Bolcko w & Vaughan 
sall k a deep well  at M i ddlesbrollgh, i n  the hope of ob­
taini ng wat er for steam and other purposes in connec­
tion w ith th eir i ron works in that town, although they 
had previously been informed of the probably unsuit­
able charactel' of the water i f  fo und. The bore hole 
was pu t d o w n  to a depth of 1 , 200 feet , wh�n a bed of 
salt rock was struck,  wh ich proved to have a thickness 
of about 100 feet. At that time one-eighth of the total 
sal t prod uction of Cheshire was being brought to the 
Tyne for the chem i cal works on that river, hence the 
discovery of sa l t i n stead of  water was regarded by !lome 
as the reverse of a d isappoi ntment. The Ulode of 
reaching the salt rock by a n  ordinary shaft, however, 
failed, from the i nflux of water being too great, and 
nothi llg more was hearu of Middlesb rough salt unti l a 
dozen years later, w hen Me8srs. Bell B l'Others, of Port 
Clarence. decided to try the practicability of raising 
t.he Ralt by a method detailed i n  the paper. A si te was 
Ilelected 1 . 3 1 4  yards dist ant frOID the well of Messrs. 
Bolckow & Vaughan, and the D i amond Rock Boring 
Company was i n t rusted with the work of putting down 
a hole  in  order t o  ascertain whether the bed of salt ex­
teuded under t heir land. This occu pied nearly two 
years, w hen the salt.  65 feet i n thickness, was reached 
at a dept.h  of 1 , 127 feet.  O ther reason s  induced the 
owners of the C larence iron works to continue the bore 
hole for 150 feet below the bed of sal t ; a depth of 1, 342 
feet from the surface was then reached. Duri ng the OOTTON INDUSTRIES OF JA PAN. 
process of boring, considerable quantities of inflam- THE cotton plant principally cu ltivated in Japan is 
mab ie gas were met with,  w hich, on the app l ication of of the species known as (Jossypium herbaceum, re­
flame, took fi re at the sUl'face of the water in the bore sembling that of Ind i a, China, and Egypt. The plant 
hole. The origm of this gas . i n  connection with the is  of short stature, seldom attai ning a growth of over two 
coal measures und erlying the mll>gnesian l imestone, will  feet ;  the flower is deciduous, with yellow petals and 
pro bably hereafter be investigated. purple center, and the staple i s  short, but fine. It is 

For raising the salt, recou rse was had to th e  method very widel y  cultivated in Japan, and is prod uced in 
. of solntion, the princi ple being that . a col um n  of de· thirty-seven out of the forty-four prefectures form ing 
scen d i n g  water should raise the brine nearly as far as th e  empire, but the best qualities and largest quantities 
the differences of spec ific gravity between the two are grown in the southern m aritim e  provinlle8 of the 
liquids permitted - in the presllnt case about 997 feet. mainland and on the islands of Kiusiu and Shikoku. 
In other words, a colu mn of frllsh water of 1 ,200 feet Vice .. consul Longford, in h i s last report, says tl.at the 
b rought the bri ne to within 203 feet of the su rface . For plant is not i ndigenous to Japan, the seed having been 
the practical ap plication of this system a hole of say first i m ported from China i n  th e  year 1558. There are 
12 i n ches in diameter at the su rface was commenced , now Illany varieties of the original species, and the 
and a succe�s ion of wrought iron t ubes put down as the cultivation of the plant varies i n  its details in different 
boring proceeded, the pi pes being of gradual ly decreas- localities. The variations are, h owever, mostly in 
ing d iame

,
ter, until. the bot�oll1 of the sa} t . bed was dates, and the general grinding principles of the sev­

reache� . rh e  portIOn of thls .outer or retammg . tube, eral operations are nearly the same throughout the 
w�ere It passed through the bed of salt, was pierced whole coun try. The land best !'u ited for cotton growing 
With two sets of apertures , the upper edge of the I is one of a san d y soi l ,  the adm i xture of ea·rth and sand 

* Abstract of paper read before the Institution of Civil Engineers, May being in th� proporti.on of t,,:o p8;rts earth toO one of 
17 .  1887. sand. D urmg the wmter ana sprmg months, crops of 

wheat or barley are raised on it, and it is when these 
crops have attained their full height during the month 
of May that the cotton i s  sown. About fifty days prior 
to the sowing a manure is prepared consisting of chop­
ped straw , straw ashes, green grass, rice, bran , and 
earth from the bottom of the stagnant pools. These 
in gredients are all carefu l ly m ixed together i n  equal pro­
portions. and the man ure th us m ade is allowed to stand 
till  required for use. Ten days before the time fixed 
for sowing, narrow trenches, about one i noh in dept.h, are 
dug in the furrows, between the ro ws of standing 
wheat or barley, and the manure is li beral l y sprin kled 
along them by hand. For one n igh t before sowing 
the seed is steeped in water. It is then taken out, 
sl ightly m ixed with straw ashes, and sown i n  the 
trenches at intervals of a fe w inches. When sown, i t  
is covered wit.h earth to  the depth of  half  a n  i n ch , and 
gen tly tram pled down by foot. Four or fi ve days after 
sowing, the buds bee:in to appear above the earth, and 
almost s imultaneousl y the wheat or barley bet ween 
which they grow is ripe for the sickle. While the latter 
is  bei ng harvested, the cotton may be left to it!'elf, but 
not for very long. The buds appear in much larger 
numbers than the soil could support if they were al·  
lowed to grow. They have accorrl ingly to be carefully 
thinned out, so that n ot more than five or six p lan ts 
are left in each foot of length.  The next process is the 
sprinkling of a manure com posed of one part night 
soil and three parts water, and again,  subseq uent to 
this, there are two fu rth er manuri ngs ; one of a m ix­
tnre of dried sardines, lees of oil, and lees of ri ce beer, 
which is applied about the middle of June, when t h e  
plant has attained a height of four inches : and again 
early i n  July, when the plant has grown to a heigh t of 
six or seven inches, a further manuring o f night soil, 
mixed with a larger proportion of  water than before. 
At this stage the head of the plant is pinched off with  
the fingers, i n  order to  check the excessive growth of  
the  stem, a n d  direct the  strength into the b ranches, 
which u,r.ually n u m ber five or six. From these branches 
minor ones spring, but the latter are carefu lly prun­
ed off as they appear. In the midd l e  of A ugust the 
flowers begin to appear gradual ly. They fal l soon after 
their appearance, leaving i n  their place the pod or 
peach (mamo), which, after ripening, opens in Octobel' 
by th ree or four val ves and exposes the cotton to \·ie w  . 
'.rhe cotton is gathered in ba�kets, in wh ich it is a l lowed 
to remain till a bright, sunshiny day, when i t  is spread 
out on mats to dry and swel l in the sun for two or th ree 
days. After dr-ying, the cotton is  packed in bags made 
of straw matting, and either sold or put aside until such 
time as the farmer's leisure from other agricultural ope­
rations enable .. him to deAl w i t h  it. The average yield 
of cotton in good districts i n  Japan is about 1 20 lb.  to 
the acre, but as cotton is only a secondary crop, this  
does not therefore represent the whole profit gained by 
the farmer from his land. The p refectures i n  which 
t.he production is  largest are Aichi on the east coast, 
Osaka, Hiogo, Hi roshima, and Yamaguchi on t h e  i n land 
sea, and Fukui and Ishi kawa o n  the west coast. Vice­
consul Longford says that the manu facture of cot ton 
i n  Japan is  still in all its stages largel y a domestic  one. 
Gin , spindle. and loom are a l l  found i n  the house of the 
farmer on whose land the cotton is grown , and not on l y 
what is req uired for the wants of h is own falUily is spun 
and woven by the female members thereof, but a sur­
plus is also p roduced for sale. 

Several spinninl; factories with importan t English 
machinerY,have been established during the last twenty 
years, but Consul Longford says that he has only 
k nown of one 8imilar cotton- weaving factory, and that 
has not been a successful experiment. Other so· called 
weaving factori es throughout the coun try consist only 
of a col lection of th e  o rdinary h and lot)ms, to the n u m­
ber of forty or fifty, scarcely  ever reaching to one hun­
dred, i n  one building or shed, wherein individual manu­
fact.urers h ave their own "pecial piece good s made. 

The fi rst operation i n  the m an u facture is that of gin­
ning, which i s  cond ucted by m eans of a ",mall imple' 
ment called the 1'okuro, or windlass. This consists of 
two wooden rollers revolving in opposite directions, 
fixed on a frame about 12 i nch es h igh and 6 in ches i n  
width , standing on a small  platform , the di mensions of 
wh ich slightly exceed that of the frame. The operator, 
usually a woman, kneels on one side of the frame. hold­
ing it firm by h er weigh t , works the roller with one 
hand, and with the o t.her presses the cotton, w h ich she 
takes from a h eap at her side, between the rollers; The 
cotton passes through , fall ing i n  small lumps on the 
other side of the frame, while the seeds fall on that 
nearest the woman. The utmost weight of unginned 
cotton that one woman working an entire day of ten 
h ou rs can give i s  from 8 1b. to 10 lb. , which gives, in 
the end, only a l i ttle over 3 1b .  weight of gi n ned cotton, 
and her dail y earnings amoun t  to less than 2d. A few 
saw gins have been introd uced into Japan during the 
last fifteen years, but no effort has been made to secure 
their  d istribution throughout the country districts. 
After 'gi nning, a certai n proportion of the seed is  re­
served for the agricultural requirements of the follow­
ing year, an d the remain der is sent to oil factories, 
where it is pressed, and yields about one-eight.h of its 
capacity in m easurelJl ent in oil,  the refuse, after press­
ing, being used for man ure. The ginning having been 
finished in the country districtf, the cotton is either 
packed in bales and sent to the dealers in the cities, or 
else the n ext process, that of carding, is at once pro­
ceeded with on the spot. 

This process is almost as pri mitive as that of the giu­
ning. A long bamboo, sufficiently thin to be flex i b le, 
is fastened at its base to a pi l lar or the corner of a 
small room. It slopes u pward into the center of the 
room, and from its upper end a heUlpen cord is sus­
pended. To this is fastened the "bow, " an instrument 
made of oak, about five feet in length, two i nch es in 
circumference, and shaped like a ladle. A strin g  of 
coarse catgut is tightly stretched from end to end of 
the bow, and thijJ is beaten with a smal l mallet made 
of willow, bound at the end with a ring of iron or brass. 
The raw cotton , in its coarse state, is piled on the floor 
j ust underneath the string of the bow. T he stri n g  is 
then rapidly beaten with the mallet, and as it rises 
and fal ls it catches the rough cotton , cuts it to the reJ 
qui red degree of fineness, removes impurities from it, 
and flings it to the side of the operator, wh ere it falls 
on a hem pen net stretched over a four-cornered wooden 
frame. Th e  spaces of the net are about one-quarter of 
an inch !'quare, and through these any particles of d ust 
that may still have adhered to the cotton fall to the 
floor, leaving p iled on top of the net the pure cotton 
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wool in  its finished state. This work is always per- against the internally projecting ridges of the corruga · 
fOl'med by a man, and by assiduous toil throughout a tiona of the basket wall. A further complication is to 
long day, one man can card from ten to twenty pounds give this internal gauze cylinder a rotation relative to 
weight of raw cotton. Payment is made in proportion the basket. 
to the work done, and in the less remote country diS' l 'l'he basket wall h as befln variously constructed. 
tricts is at the rat·e of about one pen n y  for each poun d  In one case it.  consists of wire wound round and rou nd 
carded. As regards spinning and weaving, in the first and fastened to uprights, commonly known as the 
of these branches of cotton manufacture the Japanese I "  wire basket ; " in another case of a peri phery with­
have largely had recourse to the aid of foreign machin- out perfo rations, but spiral l y  corrugated and having 
ery, but it is still to a m uch greater extent a domestic an opening at the bottolll for the escape of the ex· 
indust.ry, or at best carried on l ike weaving in the es- tracted l iqui d ;  in stil l  another of a sefles of narrow 
tab l ishments of cotton traders, in w h ich a number of bars or rill gs, placed edgewise, packed as close as de·  
workers, yarying from 20 to 1 00 01' lllore, each with his  sired. An advantage of this last  style is that it is 
own spinning wheel, are collected together. Consul easily clean ed. 
Longford says the spinning wheel used in Japan differs The best basket consists of sheet m etal with bored 
in no respect from that used in the country 300 years perforations and h avin g  bands or flanges sprun g  on 
ago or (except that bam boo forms an i ntegral p art of the around the outside. The metal i s  bmss, i f  it  i s  apt to 
materials of which it  i s  made) from that used in Eng· be corroded ; if not, sheet iron.  The perforat.ions IIl ay 
lal ld prior to the invention of the jenny. The cost of be roun d ,  or horizontally much longer than wide verti­
one of the w heels is  about 9d. , it will last for fi ve or six cally. One method for the man u facture of the basket 
years, and with it  a woman of ordinary ski l l  can spin wall  (Pat.. 149,51i3) is to roll down a plate, having round 
about l I b. of  yarn in  a day of ten hours, earning there- perforations, to the req uired thickness, causing narrow­
by about 2d. There are at pr�sent in various parts of in g  an d elongat ion of the holes and at the same time 
Japan, in  a l l ,  2 1  spinning factories worked b y  foreign hardening the plate b y  compactin g  its  texture. Long 
machinery. Of fou r  of these there is  no information , narrow slots are well adapted to cat.cll sugar crystals, 
but of the remainder, Olle hail 120 spindles ; eleven, and this is not an unimportant poin t. Rou n d  perfora-
2, 000 spindles ; two, 3,000 spin dles ; t wo, 4,000 spindles ; tions are usually countersunk. I nstead of flanges, 
and one, 18, 000 spindles.-Journal Soc. of Arts. wire bands have been used, their lapping ends secured 

[Continued from SUPPLEMENT, No. 612, pal:e 9774.] 
C E NTRI FUGAL EXT RACTORS. 

By ROBERT F. GIBSON. 

by �older. 
As to com parative wear, it may be remarked that one 

perforated basket w i l l  outlast three wire ones. 
As to size, sugar baskets vary froUl 30 inches in dia­

metel: by 14 in. depth to 54 by 24. They are made, how­
ever, in England as large as 6 feet in diameter-a size 

SUGAR MACHINES. -Besides separating the crystal· wh ich can be run o n l y  at a comparatively slow speed . 
Hne sugar and the sirup, secondary objects are to wash A pecul iar complication of basket d eserves notice 
the crystals and to pack them in cakes. The cleansi ng (Pat. 275 874) . It had been noticed t h at when a charge 
fluid or .. white liquor " is introduced at the cen ter of of magma was put  into a centrifugal in one mass, the 
the bas ket and i s  h u rled against and passes through sugar wall o n  the side of the basket was apt to foml 
t.he sugar w al l le ft from d rai n i n g. The basket m ay irregu l arly, too thick at base and of varied color. To 
be d ivided into compartments and the liquo r  guided remed y th i s i t  was suggested -to have within and con­
into each. The compartments are removable boxes cent.ri c  with the basket a charger with flari n g  sides, 
and are shaped to give bars or cakes or any form de- into w hich the m ixture was to be put. When this  
sired of  sugar i n  m ass. These boxes bein g  removable  charger reach ed a certain rotary velocity, the magm a 
cannot fit tigh tly against the l iq uor guides, and the would be hurled out over the edge by centrifugal force 
l iquor is apt to escape. This difficu lty is overcome by and even l y  distri buted on the wall of the main basket. 
gi ving the guides radial movement or by having t:;PINDLE.-The spindle as now made ill  solid cast 
rubber packing around the edges. steel, and the considerations governing its size, form , 

S ugar machines proper are of two kinds-those wh ich material, etc. , are identical with those for any spindle. 
are loaded, d rained and then unloaded and those which In order that the basket might be replaced by another 
are contin uous in their working. The various figures after d rain ing, the shaft has been ma.cie telescopic, but 
precedin g are of the firllt kind, and what has been said at the expense of stabil ity and rigidity. In  Fig. 16  i s  
of v ibrations applies directly t o  these. sho w n  a device to avoid crystallizations, which are apt 

The general ad vantages claimed for continuous to occu r  in l arge forgings, and would prove fatal should 
working over intermittent are-that saving is made of they creep into the upper part of the spindle proper 
ti me and motive power i n cident to i ntroducing charge in a hanging mach ine. It consists of the secondary 
and developing velocity, in retarding and stopping'. spi n d le, c. 
and in discharging ; that, as the power is brought DISC H ARGIXG -The drain ed sugar may either be 
i nto the machine con"in uously, no shifting of belts or l ifted over  th e to p of the basket ( in machines which 
u n geal'ing i s  n ecessary ; and that there are less of the stop to be elll ptied), or be east through openings in the 
dan gers incident to variable motion, either in th e bottom provided with val ves. A section of the best 
machine itself or the belting or gearin g. The IlHlg'lll a form of valve may be seen in Figs. 15 and 17. Fig. 23 
( the m ixture of crystalline sugar and siru p) is fed in I 
grad ually, by which means it is more likely to aSSUIIle 
a position of equil ibri u m  in the basket. 

'l'here are two methods of dischargin g  in contin u ous 
worki ng-the sugar i s  thrown out periodicall y  as  the 
hasket fills, or continuously. I n  nei ther case is the 
speed slackened. In the first either the upper half of 
the basket has an u pward motion, on the l o wer' hal f  a 
downward motion (Pat. 252, 483) ; and through the 
opening thus made the sugar is thrown. .I!'ig. 22 

. . , -- . ... � ,.  

FIG. 22. 

(R. B. Palmfl!' & Sons) is a machine of this kind. The 
bottom, B,  with the cone distributor, a, have down­
ward motion. 

Continuous d ischarge of the second kind may be 
brought about by h aving a scoop fl xed to the curb (or 
casing), extending down into the basket and deli vering 
the sngal' over the side ( Pat. 144. 319) .  Another method 
will be d escri bed under " Beet Machines. " 

BASKE'l'. -The construction of the basket is exceed­
ingly i mportant. Hard experience has taught this. 
When centl'ifugals were first introd uced , users were 
compell ed by law to put them below ground ; for they 
frequently exploded, owi n g  to the speed being sud­
denly augmented by inequalities in the running of the 
I'ngi ne or to the basket being too weak to resist the 
centrifugal force of the overcharge. Increasing the 
thickness merely adds to the centrifuga l  force, and 
hence to the danger, as even a perfectly balanced 
basket IIlay sever. 

One plan for a better basket was to have more than 
one wall. For example, there might. be an i n ner wall 
of perforated copper, then one of w i re gauze, and then 
another of copper with l arger perforations. Another 
plan was to have an internal metallic cloth, bearing 

Q 

v Q  
FIG. 23. 

is It plan of the openings. The valve turns on t,he 
bask.et bearing. It may be constructed to open in the 
sallle d i rection in which the basket turns;  so that 
when the brake is put on, the inertia of the valve 
operates to open i t  and while running to keep it  closed_ 
There are many other styles, but  no other need be 
Ulentioned. 

CASING.-The d ifferent styles of casing may be seen 
by reference to the various drawings. In one machine 
(not described) the casing i s  rigidly fixed to the basket, 
space enough being left between the bottom of the 
basket and the bottom of the casing to hold all the 
mol asses from a charge. This arrangement merely 
adds to the bu l k  of the revolving part.s, and 110 real 
advan t age is gained.  

BEARINGs. -'l'he various styles of beari ngs can be 
seen by reference to the figures. One which deserves 
special attention is shown in Fig. 16 and Fig. 19. In  
o n e  case i t  consists o f  loose dish:s, in t h e  other of loose 
washers, rotating on one another. They are alter­
nately of steel and hard bronze (copper and tin) . 

" There is probably no machine so little understood 
or so i lll perfectl y  constructed by the common m an­
ufactu rel' of sugar supplies as the high speed separator 
or cen tri f ugal . "  Unless the product of experience and 
good workmansh i p, it is  a dangerous thing at high 
velocities. Besides, its usual fate is to have an incom­
petent workll lan assigned to it,  who does n ot use judg­
ment in charging and run n in g. So that designers and 
manufacture rs have been forced not only to take into 
account the disturbing forces inherent i n  revolving 
bodies, but al so to make allowance for poor manage­
ment in run n ing and neglect i n  cleaning. 

CANE AND BEET MACHINES. -The first step in the 
process of sugar mak ing i s  the extraction of the ju ice 
from the beet or cane. This j u i ce is obtai ned by pres· 
sure. The operation is not usual l y, but may be, per­
formed in a special kind of centrifugal. Oue style 
(Pat. 239, 222) consists of a conical basket with a spirltl 
flange within on the shaft, and t.urning on the shaft, 
and h aving a slight rotary m otion relative to the bas­
ket. The material is fed in and moves down ward 
under i ncreased pressure, the sirup released flying 
out th rough the perforations of the basket, the whole 
revolvi ng at high velocity. The sol id portion fal l s  
o u t  at th e  bottom. Another plan suggested (Pat. 
343,932) is to let a loose cover of an ordinary cyl indrical 
basket screw itself down into the basket, by reason of 

its slower velocity (owing to inertia), causing pressure 
on the charge. 

Various other appl ications of the d ifferent styles of 
sugar m achi nes are the defibration of raw sugar j uice, 
freeing beet crystal s of o bjectionable salts, freeing 
various crystals of the mother liquor, drying salt­
peter. 

DRIERs. -Another i m portant d ivision of this first 
class of centri fugals is that of d�iers 01', as they are 
variously styled, whi zzers, w ringers, hyd ro-extractors. 
The charge in these is never large in weight compared 
to a sugar charge, and its in i tial distri bution can be 
made more synl llletrical . The uses of driers are vari­
ous, such as extracti ng water from clothes, cloth, silk. 
yarns, etc. Water Ulay be int.roduced at the center of 
the basket from above or below to wash the material 
before drai ning. A typical form of drier is shown in 
Pig. 24. (Pat. Aug. :!2, 1 876-W. P. Uhlinger.) Bas-

FIG. 24. 

kets have been made removahle for use in d yeing es­
tablishments, basket and l oad together going into dye­
ing vat. Yarn and similar m aterial call be d rained by 
a method analogous to that of hanging it upon 
sticks in a room and allowing the w ater to drip off. It 
is suspended from short sticks, which are held in hori­
zontal layers around the shaft in the basket, and the 
action is such d u ring the operation as to cause the 
yarn to stand out in  radial l ines. 

Driers are not material ly different from sugar m a­
chines. Any of the devices before enu m e rated for 
meeting vibrations in th e latter may be applied to the 
former. Thf're is one curious  i nvention w h i ch has 
been appl i ed to d ri ers only (Pat. 322, 762-W. H. 
Tolhurst) . See Fig. 25. A convex shaft·supporting 

FIG. 25. 

step resting on a concave supporting base, with the 
center of i ts arc of concavity at the center of the upper 
universal joint, has been em ployed,  and its movements 
controlled by springs, but the s tep was apt to be forced 

FIG. 26. 

from it·s support. The drawing shows the improve­
ment on this, which is  to give the shaft-supporting 
step a less radius of curvature. 
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An interesting form of drier h as its own motor. a 
l i ttle steam engine. attached to the frame of the ma­
chine. See Fig 24. 'l'his  of course demands fixed bear­
ings. The engine is  very small. One size used is 3 "x4" 
When a higher veloci ty of basket is required, we have 
the arrangement in Fig. 26. 

MOToRs . -Thi s  nat u ral ly introduces the subject of 
mot i ve power. We may have the engine direct act ing 
a� above. or the po wer m ay be brought on by belting. 
Y i g. 27 shows a d rier with pulley for belting. Fig. 28 

FIG. 27. 

(W. H. Tol h u rst) shows a very com moll al'l'an gp.­
m ent of beltin g and also the fast and loose pul leys. 
When the heav iest part of the engine is so far from the 
vert.ical shaft as to overhang the casing o n  one side. 
there is apt to be an objectionabl e tremor. To 
remedy this, it  is suggested to put these heavy parts as 
near the shaft as possible. It has been suggested also 
to use the Westinghouse type of engine. although the 
type shown i n  Fig. 24 works faultlessly in practice. 

One plan (pat. a46, 030). designed to combine  the ad­
vantages of a d i rect acting m otor and an osci l latin g 
i)haft, mou n ts the whole machine,  motor and al l, 011 a 
rock i ng frame. 'l'h e  spindle is of course in fixed bear­
ings in the frame. However, the plan is not practical. 

FIG. 28. 

In driers the direct acting engine has many ad · 
vantages over the belt. The at mosphere is al ways 
very moist about a wh izzer, and there are frequently 
injurious fumes. The belt wil l  be alternately dry and 
wet, stretched and l i m p, an d wears out rapiJly and is 
liab le  to sevel·. In all machi nes in which the shaft 
osci llates, if  the center of oscillation does not lie i n  
t h e  central plane o f  th e belt. the tension of the 
latter is not u n i form . This affects badly both the belt 
and the running. A reference to the various figures 
wil l  show th e beRt position for the pull ey. 

The greatest difficulty experienced with belting i s  in 
getti ng up s peed and stoppin g . The basket must not 
be started with a sudden i mpulse. Its i nert ia will  re' 
sist and something m ust give way. A gradual starting 
can be obtai ned by the sli pping of the belt at first., but 
this is  expensi ve. The hest plan i s  to cond uct the power 
through a species of frict ion clut.ch-an i ron disk be­
tween t wo wooden ones. This has been found to work 
ad III i !'abl y. 

BRAKES. -The first cen trifugals had no brakes. They 
ran unt i l the friction of  the beari ngs was sufficient to 
stop them. Thi:; occa�ioned, h o wever, rapi d  weari ng 
and too great a loss of time. The best material for a 
brake consists of soft wood into which shoe pegs have 
been d ri ve n ,  and w h ich is  thorough ly saturated with 
oil. The wooden d isks referred to j ust above are of 
the same construction .  The center of osci llatioll ought 
to be in the central plane of the brake as well  as that 
of the pulley, but the preference is gi ven to the pu l l ey . 

Figs. 15 an d 16 (I) give sectional views of a brake for 
h angi ng machines. Figs. 19, 20, and 21 give two sec· 
ti ons and a view of a brake which can be u sed on both 
hanging an d stand ing machines. A very sim ple form 
of brake is shown in F ig-s. 24. 26, and 27 (A), a mere 
block pressin g  on the rilll of the basket. 

OIL AND FAT.-A mach ine in most respects like a 
wh izze l' is u"ed for the " extract.ion of oil and fat and 
oi ly and fatt y m atters from woolen yarns and fabrics, 
and such othe l' fibrous material or m ixtures of materials 
as are from their nature affected in color 01' q uali ty 
when hydrocal'bons are used for the purpose of extract· 
ing such oi ly  0 1' fatty matters, and !l.re su bsequently re­
moved fro l ll the Illat erial u nder treatment by the slow 
process of adm i tt ing steam, or using other means of 
raisi ng the telllperature to the respective boil ing pointl< 
of such h yd rocarbons, and so dri vin g them off by evap­
oratio n . "  In t.he centrifugal method carbon-bisulphide, 
or some other volatile agent, is admitted and is driven 

through the material by centrifugal force. when the 
necessary I'eactions ta ke place, and is allowed to escape 
in the form of h ydrocarbons. A mach ine differin g  
only in sl igh t particulars fl'om the above is used for 
cll'ansing woo! . 

LOOSE FIBER-Another appl ication is the drying of 
loose fiber. 'I'wo d isti nctive points deserve to be 
noticed in the centri fugal u sed for this purpose. Au 
endless chain or belt provided with blades moves the 
l lIaterial vertical l y  in the basket, and discharges it over 
the edge. Duri n g  its u pward course the material is 
�ubjected to a sho wer of water to wash it. 

OIL FROM METAL CHIPS. -Very m aterial savings 
al'e made in mauy factories by col lecting the metal 
chips and turuings, coated and mixed with oil. which 
fall from the various mach ines, and extracting the oil 
centrifugall y. The separator consists of a chip h older, 
having an imperforate shell flaring upward an d out· 
ward from the s pind le ( in fixed bearings) to which it i s  
attached . When fi lled. a cover is placed upon it and 
keyed to the spindle. Between the cOYl" r and holder 
there is a small ann u lar openi ng th rough wh ich oil. but 
not chips, can escape. Fig. 29 (Pat. 225, 949-C. F. 

FIG. 29. 

upon springs. The rotating box is given a sl ight ver­
tical and horizontal reciprocatory motivn, by which 
the combs are made to grate on the wire gauze sides, 
breaking the cel ls and l i berating the honey. Thus the 
labor of cutting the cells is saved. Every comb has two 
sid es, and to present each side in succession to the out­
side w i t h o u t  removing from the basket, several de­
vices have been patented. In som e  the comb holders are 
h inged ill th e  corners of the basket, and have an an­
gular motion of ninety degrees. Decreasing the speed 
is  sufficient to swing these. The other side is then 
emptied by revol ving in the opposite direction. In 
one case each holder has a spindle of i ts  own,  connected 
with the main spindle by gearing and. to p resent oppo­
site side, turns through 180°. '.rhe usual nU lllberof  sides 
and hence of comb holders i s  four, b ut eight have been 
used. There are m inor differences i n  detai ls  of con­
struction , look ing to the most con venient remo\'al and 
insertion of comb. the reception of the extracted honey 
i n  cups, huckets, etc. , an d the best method of giving 
rapid rotation , which cannot be touch ed upon . The 
product of the operation is white and opaq ue, b n t  
upon heating regains its golden color and transpa­
rency. 

STARCH.-A cen trifugal to separate starch frolll tri tu­
rated grain .  carried in su spension in water, is as fol lows. 
(Pat. 273. 127-MUller & Decastro. ) The starch water is 
led to the bottom of a basket. and, as starch i s  heavi er 
than the gluten with wh ich it is m i xed, th e forlller will  
be im mediately compacted against the peri phery of the 
basket, lodgi ng fi rst in the lo wer corner, the starch aud 
gl uten forming two distinct strata. A tube w i t h a 
cutting edge en ters the com pacted llIass so deepl y as to 
peel off the gluten and part of the _ tltarch , w h ich is 
carried through the tube to another compartment of 
the basket, j ust above, where the same operation is 
performed , and so on. There m ay be on ly one COlIl­
partment, the tube carrying the gluten direetly out of 
the machine. T hese machines are continuous work i ng, 
and h ence some w ay must be devised to <Jany the water 
off. The i n ner surface of the water i s. as we have seen, 
a cylinder. When the d iallJeter of th i s cyl i nder be­
comes too small, overflow m ust be al lowed. One plan 
is to have an overflow opening m ade i n  the bottom of 
the basket in such a way that as the starch wall th ick­
ens, the open ing recedes toward the cen tel·. '1'h e  
starch wall is eith er l ifted o u t  in  cakes o r  put al!ai n i n  
suspension by spray ing water o n  it a n d  cond ucting the 
mixture off. 

A cen tri fugal (Pat. 74,021) to separate l iqu i ds from 
paints depends on build ing a wall of paint on the sides 
of the basket and carrying the l iquids off at the center. 

A centrifugal (Pat. 3 10,469) for assorting wood pulp, 
paper pulp, etc. , works by wassing t he constitu-
ents in two 01' th ree cy l indrical strata, and after ac­

Roper) is designed (like the greatel' part of th e  draw- tion severing and removin g  t h ese separately. 
ings inserted) to show relative position of parts merely, BREWING.-In brewing. centri fugals  are qu ite useful. 
and not relative size. Th is style of machine can be After the wort has been boi led with hops, albumi llous 
used for sugar separating (Pat. 345,994-F. P. Sherman) matters are precipitated by the tan nic acid, which 
and many other p u rposes, to w hich,  however, there are· m ust be extracted. Besides these the m i x ture frequent­
other stylfls more especially adapted. ly contains hmk, fiber, and gl uten. The machine (pat. 

FILTERERS.-There are two distinct kinds of centri- 315,876), althuugh quite u n ique i n con st ruction, has the 
fugal fi lterers, working on d i fferen t principles. Petro- same prin ciple of work ing as a sugar centrifugal, and 
leum separators (Pat. 217, 063) are of the first kind. need not be described . '.rh e re is  oue poi nt, however, 
They are in form in all respects  J i l.e a sugar machine. which m i gh t be noticed-that ai r is i ll trod uced at 
The flakes of paraffine, stearine, etc . •  w h ich are to be about the same point as t h e  m aterial, and has an oxi· 
extracted, when chilled are very brittle and would be dizing and refrigerating effect. 
d isintegrated upon being h urled against a plain wire Class I.  includes also centrifngals for the followin g 
gauze and would escape. Even a woven fabric presents purposes : The rem oval of m ust from the grape after 
too harsh a surface. It is  necessary to h ave a very crushing, making buttel', extract i ng oils from sol id  
elastic basket l ining of wool, cotton, or oth er fibrous fats, separating the liquid and sol id parts of sewerage , 
material. The basket itse l f  m ay be either wire or per- drying hides, skins, spent tan and the like, drying coi ls  
{orated, but m ust have a perfectly smooth bottom. of wire. 

As the pressure of the l iq uor upon the filtering HORIZONTAL CENTRIFUGALs. -Only vertical m a-
medium per unit of surface depends entirely u pon its ch ines have been and will  be d eal t w i th .  Horizontal 

radial depth, mere tubes, connecting a central inlet centrifugals, that is. those w hose spindles are h ori zontal 
with an an nular compartment, will serve the purpose have been llJade. but the great inconvenience of charg­
quite as well as a w hole basket. In this style of ma- ing and dischargi ng connected with t hem h as occa­
chine (Pat. 1 0,457) the filtering material con stitutes a sioned their  disuse ; though i n  other respects for 
wall between two ann ular compartments. The outer l i quids they are quite as good as vert i cal separators. 
one is connected with a vacuum apparatus. Their underlying theory is practical ly the same as that 

Fil terers of the second kind work on the following herein before d iscussed . 
princi ple : If a cyli nder be rapidly revolved in a liquid CLASS I I . ,  C REAMERS. -Cen t ri fugals of the second 
in which sol id particles are suspen ded. the l iquid wil l  class separate liqu id s from liq u ids. There are two 
b e  drawn into a like rotation and the h eavy particl es main applications in this  class-to separate cream from 
w i l l  be thrown to the outer part of the receptacle. If a lll i lk and fusel oil from al coh ol ic liquors. When a 
perforated cylinder is u sed as stirrer, the purified l iquid l iquid is to be se parated from a l iquid,  the receptacl e 
will escape i nto it through the perforation s and way m ust be illl perforate. The com ponents of different 
be conducted away. The im purities, l i kewise, after specific gravity become arranged in dis r inct concen tric 
falling down the sides of the receptacle, are carried off. cyl indrical strata in the basket, and llI ust be conducted 
The advantagl's of this method are th at no filte ri ng away separately. In creamers the particles of cream 
materIal is needed and the filtering surface is never in must not be broken or /Su bjected to any concussion. as 
contact with anything but pure l iquor. part ial ch u rn ing is caused and the cream will, in COll-

Very fine sawdust is, to a con siderabl e extent, em- seq uen ce, sour Ulore rapidly. 
ployed in sugar refineries as a filtering Uledium. B y  'l'h e  ch ief cause of osci llations in mach i nes of this 
such use the sawdust becomes mixed with �and, fine cl ass, w h ere th e charge is l iqu i d , i s  the waves wh ich 
particle» of cane, etc. As sawdust of s uch fineness is forlll on the inner � urface. They may be llIet by allow· 
expensi ve, it  is desirable to pu ri fy i t  in order to reuse ing a sl igh t overflow over the inner edge of the rim of 
it. A centrifugal (Pat. 353, 775-J. V. V. Booraem) th e  basket ; or by having either horizontal partit ions, 
built on the follow i ng princi ple is used for this pu rpose. or vertieal, rad ial ones, special cases of wh i ch will  be 
I t has been observed that by rotating rather slowly noticed. Oscillations m ay also be Ulet in the sam e  
slIlall particles of various s u bstances i n  water, th e  finer m anner a s  i n  sugar machines, b y  al lowing the re volv­
particles will be th row n outward and deposit near the in g parts to revo l ve about an axis  t h rough t.heir com­
circumference of the vessel. w h i l e  th e  heavier and mon center of gravity. (Pat. il60,342-J. Evans. ) 
coarser part icles wi l l deposit nearer to or at the center, The crudest form of crealll er con tai ns a nUUl ber of 
their centrifugal force not bei ng sufficient to carry bottles, with t.heir n ecks all directed towal'd the s pind le, 
thelll out. A mere rod, ext ending radially in both filled with milk. The necks. i n  wh ich the cream col­
directions, serves by its rotation to set the wItter in lects, are grad uated to tell w hen the operation i s  com-
motion .  plete. 

Another form of filter of th is second kind (Pat. 148, - Many methods for i n trod ucing the Uli lk  i nto cream ers 
513) has a rotating i mperforate basket into which the have been devised. It may run i n  from the top at the 
impure l iquor iii> run.  Within and concentric with it center, or emerge from a pipe at the bott.om of t h e  
is  another cyl i nder whose walls are o f  sOllie filteri ng basket ;  o r  t h e  spindle may b e  ho l l ow and t h e  milk 
med i u m . The liquid already partly puri fied by cen - sucked up th rough it from a basin below.  It i s  usua l to 
trifugal force passes through into the inner cylinder, let the milk enter under hydrostatic pressure (Pat. 239, ­
thus becoming further purified. Centrifugal filters are 900-D. M. Weston) and l et the force of ex p u l s ion of t he  
used also to  cleanse gums for varnishes. cream be dependent on th is pressu re. 'l'h is renders the 

H ONEY. -The simplest form of honey extractor (Pat. escape q uiet, and prevents c h u l'lling. GI·avi ty. too, i s  
61 ,216) consists of a sq uare framework, sYlll metrical made effective i n  cal'l'ying the constituen ts off. 
with respect to a vertical spindle.  This  framework is The cream may escape th rough a pa�sage in the 
surrounded by a wire gauze. The combs. after having 

I 
bottom at the cen ter, and the skim milk at the lower 

the heads of the cel ls  cut off, are placed in  COlD b- outer corner ; or by in gen iously man a/!ed passa ges both 
h olders against the wire netting on the fOllr sides, lDay escape at or near center. The rate of discharge 
th e  ce lls poi n ting outward. The machine is turned can be managed by regulating the size of open ing of 
by han d.  The honey is hurled against the wal ls i exit p assages. 
of a rl'ceiving case and caught below. But few im- A cU l'io u s  method con s ist.s in having discharge pi pes 
provements h ave been ma.de on this. The latest m a- prov ided w i th val ves and floats  at the ir  lower ends. d i p­
chi nes are still hand-driven , as a sufficiently h i gh pi ng into the liquid (Pat. 240, 175) . . . The val ves are open­
velocity can be obtained in th is m anner. In one ed and closed. or partially  opened or closed. by the float!! 
style the combs are placed upon a floor which rests attached to them, these floats being 110 constructed and 
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arranged with reference to their specific grllvity and the 
specific gravity of th e component parts of the liquids 
operated u pon, that they will permit only a l iquid of a 
deterlllinate specific gravity to escape through the 
pipes to which they are respectively attached. " 

We may have tubes d irected into the different strata 
with cutt'i ng edges. (Pat. 288, 732.)  A remarkable fact 
noticed in their use is that these edges wear as rapidly 
as if sol ids  were cut instead of liquids. 

The separated fl uids may be received into recessed 
rings, having discharge pipes, the proportionate q uan­
tity discharged being regulated by the proxi mity of 
the discharge l i ps to the surface of the ring, and the 
centrifugal force being a,vailed of to project the liquids 
through the discharge pipes . 

There is a very simpl e  device by which a very rapid 
circulation of the liquid is brought about . (Pat. 358, -
587-C. A. Backstrom . ) The basket has radial vertical 
partitions, al l but one having communicating holes, 
altern ately in upper and lower corners_ '1'he milk is  
delivered into the basket on one side of this imperfor­
ate partition and m ust travel the whole circuit of the 
basket through these communicatin g  holes, until it 
reaches the partition again, and then passes i nto a dis­
charge pi pe. Thus du l"ing this long course every 
particle  of cream escapes to the center. As the holes 
are close to the walls of the basket, the cream has not 
the undulatory Illotion of the milk, which would injure 
it. The greater the number of partitions, the longer is 
the travel of the milk, and the more rapid the circula­
tion . Blades have been devised similar to the above, 
having co m m u n i catin g  passages extending the whole 
w idth of th e blade, but we see that here the cream 
would circulate with the milk ; wh ich must not be 
all owed. Curved blades have been used, and paddles 
and stirrers, to set the milk in motion, but to them the 
satQe objection may be made. 

. 

Fig. 30 (Pat. 355,048-C. A. Backstrom) i l lustrates 
one of the latest and best styles of creamers. The milk 

FIG-. 30. 

enters at C. The skim milk passes into tube, T, and 
the cream goes to the center and passes out of the 
openings in the bottom, leI ,  le', and ka, out of the slit, k, 
and thence out th rough D5. The skim m ilk moves 
through T, becoming more thoroughly se parated all 
the w hile, an d at each of the radial branch tubes, Tl, 
'1'" TS, and T4, some cream leaves it and goes to the 
eenter, w hile it passes down out of slit, t3, and thence 
out of D'. 

F ig. 3 1  (Pat. 355. 050-C. A. Backstrom) shows another 
very late style of creamer. A pipe delivers the milk 
i n to P4. Passing out of the tube separation takes plaee, 
and cream falls down the center to P' and out of 0". 
When the eompartment under the first shelf becomes 
full of the skim milk,  the latter passes up through the 
s l ot, S, stri kes a rad ial partition,  R, and its course is 
reversed. Here more cream separates and passes to 
center and fal ls directly, and so on through the whole 
series of annular compartments, until the top one, 
when the ski III  milk enters tube T. and passes out of 0 •. 
By this operation there are substantially repeated su b­
jections of specified quantities of milk to the action of 
centrifugal force, b ri nging about a thorough separa­
tion. By changing the course of the milk in direction , 
its path is made longer. This machine can run at 
m uch lower speed than many other styles, and yet do 
the same work. 

CLASS I I I . ,  SOLIDS FROM SOLIDS .-As for grain m a­
chines, which are i n  t h is class, it may be said that i n  
cen trifugal flour bolters, bran cleaners, and midd lings 
purifiers, though theoretically  centrifugal force plays 
an important part in their action, yet practically 
the real separation is  brought about by other agencies : 
in some by bru�hes which rub the finer particles 
through wire uetti ng as they rotate against it .  

The principle exhibited in a separator of grains and 
seeds i s  very neat. (Pat. 167,297. ) See Fig. 32.  That 
part of the Illachine with which we have to do consists 
essentially of a horizontal revolving disk.  The mixed 
grai ns are cast on this di�k, pass to the edge, and are 
h urled off at a tangent. S uppose at A. Each particle i s  
imm ediately acted on by three forces. For all parti ­
cles of the same size and having the same velocity the 
resistance of the air may be taken the same, that is, 

proportional to the area presented . The acceleration 
of gravity is the same ; but the inertia of the heavi er 
grain is greater. The resultant of the two conspiri ng 

Mv' 
forces R and -- val"ies, and is greater for a heavier 

2 
grain. Therefore, the paths described in the air will 
vary, especially in length ; and how this is utilized the 
drawing illustrates. 

ORE.-In ore machines there is one for pulverizing 
and separating coal (Pat. 306, 544), in which there is a 
breaker provided w ith helical blades or padd les, par­
taking of rapid rotary motion within a stationary 

FIG. 31. 

cylinder of wire netting. The dust, constitutiug the 
valuable part of the product, is hurled out as fast as 
formed. In this style of machine, beaters are necessary 
not only for p ulverizing , but to get up rotary motion 
for generating centrifugal lorce. I n  the classes preced­
ing, the friction of the basket sufficed for this latter 
purpose ; but here there is no rotating basket and no 

the center between the cover and the pan, and is driven 
by centrifugal force through a mass of mercury (w hieh 
occupies part of t.his space between the two) and out 
over the edge of the pan. The particles of metal CO\ll ­
ing in contact with the mercury allfalgamate, and as 
the speed is regu lated so that it is never great enough 
to hurl the mercury out, nothing but sand, water, etc. , 
escape. There have been many different constructions 
devised , but this general pri n ci ple runs through al l . 
By h aving annular flanges runn ing down from t h e  
cover with openings placed alternatel y, the mixture is  
compelled to  follo w a tortuous course, thus givin g  
time f o r  all t h e  gold or other metal to become amalga­
mated . There are ridges in the pan, too, against which 
the amalgam lodges. It is claimed for this m achine 
that not a particle of the precious metal is  lost, and 
ex periments seem to uphold the claim. 

A machine for separating fine from coarse clay for 
porcelain or for separating the finer quality of p lum­
bago from the coarser for lead penei l s  uses an imperfo­
rate basket, against the wall of which the coarser part 
banks and catclJes under the rim ,  The fi ner part 
forms an inner cylindrical stratum, but is allowed to 
spill over the edge of the rim. The mixture is intro­
duced at the bottom of  the basket at the center. 

CLASS IV_ , GASES AND SOLIDS .-There is a very 
simple contrivance i l lustrating machines of this class 
used to free air from dust or other heavy solid im­
purities which may be in suspension. See Fig. 33. The 
air enters the passage, B (if it has no considerable 
velocity of itself, it must be forced in), forms a whirl­
pool in the conicall y  shaped receptable, A, and pas�es 
u p  out of the passage, D. The heavy part icles are 
thro wn on the sides and collect there and faU through 
openi ng, C, into some closed receiver. 

CLASS V. , GASES AND LlQUIDs.-The occluded gases 
in steel and other metal castings, if not separated, 
render the castings more or less porous. This separa­
tion is effected by subjecting the molten metal to the 
action of centrifugal force under exclusion of air, pro­
ducing not only the most minute division of the par-

ZJ 

definite charge. As the material falls through the >+ 
machine, separation takes place. Various kinds of ore B may be treated in the same manner. I.---------\\---'''--'"'''''ti 

An .. ore concentrator " (Pat. 254, 123), as it is called, 
consists of a pan having rotary and oscillatory motions. 
Crushed ore is delivered over the edge in water. The 
heavy particles of the metal are thrown by centrifugal 
force against the ri m of the pan, overcoming the force 
of the water, which carries the sand and other impuri­
ties in toward the center and away. 

A 

L--___ •. _ _ ___ _ 
FIG. 32. 

c 

FlG-. 33. 

ticles, but also a vacuum, both favorable conditions for 
obtaining a dense metal castin g. 

Most of the devices for drying steam come under th is 
head. Such are those in which the steam with the 
water in suspension is forced to take a circular path, 
by which the water is hurled by centrifugal force 
against the concave side of the passage and passes back 
to the water in the boi ler. 

SPEED . - The centrifugal force of a revolvi ng particle 
varies, as we have seen, as the square of the angular 
velocity, so that the effort has been to obtain as h igh a 
n umber of revolutions per minute as was consistent 
w i th  safety and with the princi ple of the mach ine. 
For example, creamers which are slllall and light make 
4, 000 revolutions per minute, though the latest styles 
run m uch more slowly. Driers and sugar machines vary 
from 600 to 2,000, while on the other hand the neces· 
sity of keeping the mercury from h url ing off in an 
amalgamator prevents its turning more rapidly than 
sixty or eighty times a minute. 

However, speed i n  another sense, the speed with 
which the operat.ion is performed ,  is what especially 
characterizes centri fugal extractors. In this particular 
a contrast between the old IIwthods and the new is im­
pressive . Under the action of gravity, cream rises to 
the milk's surface, but com pare the hours n ecessary for 
this to the almost instantaneous separation in a centri­
fugal creamer. The sugar manufacturer trusted to 
gravity to drain the lIirup from h is crystals, but the 
operation was long and at best imperfect. An average 
sugar centrifugal' will separate 600 pounds of magma 
perfectly in th ree minutes. Gold quartz w hich former­
ly could not pay for i ts mining is now making its own ­
ers' fortunes. It i s  b oasted by a Southern com pan y 
that w hereas they were by old methods lllaking 

AMALGAMA'rORs.-'fhe best ore centrifugal or sepa- twenty·five cents per ton of gold quat·tz, they n o w  
rator is what is called a n  " amalgamator. " T h e  last in- by the use  o f  the latest alllalgamator make twenty­
vention (Pat. 3.'55, 958, White) consists essemially of a pan, five dollars. Centrifugal force, as applied in extrac­
a meridian section of which would give a curve whose tors, has opened up new industries and en larged 
normal at any point is in the direction of the resultant old ones, has lowered prices and added to our com­
of the centrifugal force at that point and gravity . forts, and centrifugal extractors Illay well command , 
There is a cover to thi� pan who�e convexity almost fits as they do, the admiration of all as wonderful ex­
the concavity of the pan, leaving a space of about an amples of the way in which this busy age eCODO­
inch between. Crushed ore with water is admitted at ' mizes time. 
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A NEW TYPE OF RAIL WAY CAR. 

FIGS. 1 and 2 gi ve a perspective v i e w  and plan of a 
new style of car recent ly  adopted by ihe Bone-G uelJlla 
Railroad Company, and which has isolated com p art­
ments opening u pon a lateral passageway. In this 
arrangement, which is due to M r. Desgranges, the l at 
eral passage way does n ot extend all along one side 
of thl' car, but passes through the center of the latter 
and then runs along the opposite Ilide so as to form a 
letter S. The car con�ists i n  realitv of two boxes con­
nected beneath the transverse passageway, but h aving 
a contiriuous roof and flooring. The two ends are pro­
vided with platforms that are reached by Illean s of 
steps, and that perm it one to enter the corresponding 
half of the car or to pass on to the next. The l ength 
from end to end is 33 feet in the m i xed cars, comprising 
two first-class and four second-class compartments, and 
3'3 feet in cars of the third class. with six com partments. 
The width of the com partments i s  5 '6 and 5 feet, accord­
ing to the class. The passageway is 28 inches in width 

Daniels planer, and all pieces in the sam e  course were 
brought to a uniform thickness. The timbers in adja­
cent courses are at righ t angles to each other. The 
lower course is  about 58 feet by 22 feet, the top conrse 
about 50 by 24 feet, th ua allowing four steps of one foot 
each all around. The first CGurse of masonry is 48 feet 
by 21 feet 8 inches ; the first course of battered work 
is 41 feet 8% inches by 16 feet 3 i nches. Thus the area 
of th e platform on the piles is  1 , 8.56 square feet, and of 
the first batter cou rse of m asonry 777 6 square feet, or 
in the ratio of 2 '4 to 1. The height of the masonry is 
78 feet above t h e  timber, or 73% feet above the water. 
The num ber of piles in each foundation is 3 12. The 
average load per pile is about 1 1  tons,  and the estimat­
ed pressure per sq uare inch of the timber on the heads 
of the pi les is about 200 pounds. 

To prevent the submersion of the lo wer courses of 
masonry d uring construction, temporary sides of tim­
ber were drift-bolted to the margin of t h e  upper course 
of the timber p latform, and catTied high enough to be 
above the surface of the water w hen the platform was 

FIG. I .-CAR WITH LATERAL PASSAGEWAYS. 

in the mixed cars, and 24 in those of the third class. 
The roof is so arranged as to afford a circulation of 
cool air i n  the i nterior. 

'rhe application of the zigzag passageway h as the 
inconvenience of slightly elongating the car, but it is 
ad vantageous to the passengers, who can thus enjoy a 
view of the landscape 011 both sides of the train.-La 
Nature. 

FO UNDATIONS OF THE CENTRAL VIADUCT 
OF CLEVELAND, O. 

sunk to the head of the piles by the increasing weight 
of masonry. 

The center pier is octagonal , and is built  in the same 
general manner as to fou ndations as the shore piers, 
but the piles are cut off 22 feet below water. and there 
are eighteen courses of t imber in the grillage. The 
diameter of the platform between paral lel s ides is  53 
feet, whi le  that of the lower course of battered masonry 
is but 37 feet. The areas are as 2, 332 to 1 , 147, or as 2 
to 1 nearly. The pressure per square inch of timber on 
the heads of the piles is about the same as stated above 
for the shore piers. The number of piles under the 

THE Central viad uct, now under construction in the center pier is  483. 
city of Cleveland, is probabl y the longest structure of 'rhe risks and delays by this  method of constructi ng 
the k ind devoted entirely to street traffic. The su per- the foundations were m uch less, and the cost also, than 
structure is in two distinct portions, separated by a i f  an ordinary coffer dam had been used.  Also the 
point of high ground. The main portion, extending total weight of the piers is m uch less, as that portion 
across the river val ley from H ill street to Jennings below a point about two feet below the water adds n o­
avenue, is 2 .840 feet long on the fioor l ine, incl uding the thing to their weight. 
river bridge, a swing 233 feet i n  length ; the other por- The piles were driven with a C ram steam hammer 
tion,  crossing Wal worth run froIll Davidson street to weighin g  two tons, in a frame weighing also two 
Abbey street, is 1 , 093 feet long. Add to these the earth· I tons. The i ron frame rests di rect l y  u pon the head of 
work and masonry approaches, 1 ,415  feet long, and we the p i le and goes down with it. The fall of the ham­
have a total length of 5,348 feet. The width of road way : mer is about 40 i nches before strik ing the pile. The 
i s 40 feet, sidewal ks 8 feet each. The elevation of the road- ! total penetration of the piles into the clay averaged 27 
way above the water level at the river crossing is 1 02 feet. The settlement of the pile d u ring the fi nal strokes 
feet. The  su perstructure is  of wrought i ron, mainly of the hamUler varied from one quarter to three quarters 
trapezoidal trusses, varying in length from 45 feet to of an inch per blow. 

FIG. 2.-PLAN. 

150 feet. The river piers are of first-class m asonry, on 
pile and timber foundations. The other supports of 
the viaduct am wrought iron trestles on ma�onry piers, 
resting on broad concrete foundations. The pressure 
on the material beneath the concrete, which is plastic 
blue clay of varying degrees of stiffness lll ixed with 
fine sand, is about one ton per sq uare foot. 

The Cuyahoga vaIley, which the viad uct crosses 
from bluff to bluff, is composed mainly of b l u e  clay to 
a depth of over 1 50 feet below the river level. No 
attempt is  made to carry the foundation to the rock. 
'White oak pi les from 50 to 60 feet ill length and 10 
inches in diameter at small  end are d riven for the 
bridge piers either side of the river bed, and these are 
cut off with a ci rcular saw 18 feet below the surface of 
the water. E xcavation by d redging was made to a 
depth of 3 feet below where the piles are cut off to 
al low for the rising of the clay d uring the dri v ing of 
the piles. The piles are spaced about 2 feet 5 i nches 
each way. center to center. The gril lage or platform 
coveri ng the pi les consists of 14 courses of white oak 
t im ber. 12 i nches by 12 i nchep, h aving a fe w pine tim­
bers in terspersed so as to a l low the IIlass to float dur­
ing construction. The lower half of the platform was 
built on shore, care being taken to l{eep the lower sur­
face of the mass of timber out of wind. The u pper 
and lower surfaces of each timber were dressed in a 

T here are 122 masonry pedestals, of which eight are 
large an d heavy, carryi ng spans of considerable l en gth. 
They will al l be bui lt  u pon concrete beds, except a few 
near the river on the north side, where piles are re­
qui red. 

The four abutments with their retaining wall s  are of 
fi rst-class rock-faced masonry. The footi ng courses are 
stepped out liberally, so as to present an u n usual ly 
l arge bottom sUl·face. · They rest on beds of  concrete 4 
feet thick. The foundation pits are about 50 feet 
below the top of the blu ffs, and are in a material com­
mon to the Cleveland plateau, a mixture of b lue sand 
and clay, with some water. The estimated load of 
m asonry on the earth at the bottom of the concrete is 
one and seven tenths tons to the square foot. Two of 
the l arge abutments were com pl eted last season . They 
show an average settlement of three eighths of an inch 
since the lower footing courses were laid. 

The facts and fi gu res here given regarding the via­
duct were kin d ly furni shed by the city civil engineer, 
C. G. Force, who has the work in charge . -Jour . .Asso. 
of Eng. Societies. 

====== 
FOR sticki n g  paper t.o zinc, use starch paste with 

whieh a little Venice turpentine  has been i n corporated, 
or else use a dil ute solution of white gelatine or isin­
glass. 

CENTRIFUGAL PUMPS AT MARE I SLAND 
NAVY YARD, CALIFORN IA. * 

By H. R. CORNELIUS. 

IN December, 1 883, bids were asked for by the United 
States government on pumpin g  Illachinery, to remove 
the wat.er from a dry dock for vessels of large size. 

The dimensions of the dock, which is situated on 
San Pablo Bay, directly opposite the city of Vallej o, 
are as fol lows : 

Five h undred and twenty-nine feet wide at its widest 
part, 36 feet deep, with a capacity at mean tide of 
9, 000, 000 gallons. 

After receiving the contract, several different sizes of 
pumps were considered, but the fol lowin g dimensions 
were finally chosen : Two 42 inch centrifugal pum ps, 
with runner 66 inches in diameter and discharge pi pes 
42 inches, each dri ven d;rect by a vertical engine w i th 
28 inch d iameter cyl inder and 24 inch stroke. 

These were completed and shi pped i n  June. 1885, on 
nine cars, constituting a special train, which arrived 
safely at its destination in  the short space of two weeks, 
and the pumps were there erected on foundations pre­
pared by the govern ment. 

From the " Report of the Chief of Bureau of Yards 
and Docks " I quote the following account of the offi­
cial tests : 

" Th e  board appointed to m ake the test resolved to 
fill the dock to auou t  the level that would attain in act­
ual service with a naval ship of second rate i n  the dock, 
and the tide at a stage which would give the minimum 
pumping necessary to free the dock. The level of the 
20th altar was considered as the proper point, and the 
water was admitted through two of the gates of the 
caisson until this l evel was reached ; they were then 
closed. The contents of the dock at this point is 5, 963, -
921 gallons . 

. .  The trial was commenced and continued to 'Com­
pletion without any interruption in a very satisfactory 
manner. 

" In the separate trials had of each pump, the aver­
age discharge per m i n ute was taken of the whole pro­
cess, and there was a singular uniformity throughout 
with equal piston speed of the engine. 

" It was to he expected , and in a measure realized, that 
during the first m Otllents of the operations, when the 
l evel of the water i n  the dock was above the center of 
the runner of the pumps, that the discharge would be 
proportioned to the work done, where no effort was 
n ecessary to maintain a free and full flow through the 
suction pipes ; but  as the l evel passed lower and farther 
away from the center there was no apparent dimi nu­
tion of the flow, and no noticeable addition to the load 
imposed on the engine. 'rhe variation in piston speed, 
noted during the trial, was probably due to the varia­
tion of the boiler pressure, as it was d ifficult to preserve 
an equal pressure, as it rose in spite of great care, 
owing to the powerful draught and easy steaming qual­
ities of the boilers. 

" After the trial of the second pump had been com­
pleted the dock was agai n filled th rough the caisson, 
and as both pumps were to be tried, the water was ad­
mitted to a level w ith the 23d altar, containing 7,317, -
779 gallons, which was seven feet above the center of 
the pumps ; this was in favor of the pum ps for the 
reasons before stated. In this case all the boilers were 
used . 

" Everything moved most admirably, and the per­
formance of these i m m ense m achines was almost 
startling. By watching the water in the dock it could 
be seen to lower bodily, and so rapidly that it could be 
detected by the eye without reference to any fixed 
poin t. 

" The well which cOIllmunicates with the suction 
tunnel was open , and th e water would rise and fall, 
full of rapid swirls  and eddies, though far above the 
entrance of these tunnels. 1'hrough t.he Ulan hole in 
the disch arge culvert the issuance from the pipes could 
be seen ,  and its volullle was beyoQd conception. It 
fl owed rapidly through the culvert , and its outfall waft 
a sol id  prism of water. the full size of the t unnel, pro­
jecting far into the river. 

.. During a p u mping period of 55 min u tes, the dock 
h ad been emptied from the twenty-third to two inches 
above the sixth altar, contai n i n g  6, 210, 698 gallons, an 
average throughout of 1 1 2, 922 gallons per IlIinute. At 
one time, when the revolutions were i ncreased to 160 
per min ute, the discharge was 137, 797 gallons per 
minute. This is almost a river, and is hardly conceiv­
able. After the pumps were stopped, on this occasion, 
tests were m ade with each i n  suceession as to the power 
of the ejectors with which each is fitted to recharge 
the p u m ps. 

" 'rhe valves in the d ischarge pipe were closed and 
steam admitted to the ejector, the pump being still 
and no water in the gauge glass on the pump casin g, 
which m ust be full before the pumps will work. The 
suction pipe of the ejector is only two and a half inches 
in diam eter, the steam pipe one inch in diame ter. To 
fully charge the pum ps at. this point required filling the 
pump casing and the suction pipe containing about 
2,000 gallons ; this was accomplished in fou r  minutes, 
and when the gauge glass was full  the pump operated 
instantl y  and with certainty, d ischarging its full 
volume of water. 

" I  went on several occasions down in the valve pits 
on tne l adder of the casing, and to all accessible parts 
while in motion at its h i ghest speed, and there was n o  
undue vibration, only a un iform m u rmur o f  well-bal­
anced parts. and the peculiar clash of water against 
the sides of th e casi n g  as its velocity was checked by 
the blan k spaces in the runner. 

" The pumps are noisy while at work, due to the 
clashing of the water just mentioned, but it affords a 
means of d etecting any faulty arrangements of the run­
ner or u n equal discharge from an y of its openings. 
'VhiIe moving · at a uniform speed, this clashing has a 
tone whose pitch corrp-sponds with that velocity of dis­
charge, and if this tone is lacking in quality, or at all 
confused, there is  want of equal i ty of discharge through 
the various openi ngs of the runner. To this part I 
gave close attention, and there was nothing that the 
ear coul d  detect to indicate aught but the nicest ad­
j ustment. The bearings of the runners worked with 
great smooth ness, and did not become at all heated . 
Through a s imple. novel arrangement, these bearing:,: 
are lubricated and kept cool. There is a constant cir-

• Built by the Southwark Foundry and Machine Company, of Philadel-
phia. 

. 

© 1887 SCIENTIFIC AMRICAN, INC.



OCTOBER 1, 1887. SCIENTIFIC AMERICAN SUPPLEMENT, No. 6 1 3. 9793 

culation of water from t h e  pumps by means of a small  
pipe, which completes a circ u it to an annular i n  the 
bearing's back to the discharge pi pe while  the pump is  
in  motion, requiring n o  oil and lllaking it  seelll ing i v  
i m possible t o  heat these bearings. 

. 

" The large cast steel valves placed in t he embouche·  
lIIent of the casing, it was thought, llI ight act to ch eck 
the free discharge, and arrangements were provided 
for raisi ng and keeping them open by a long le vel' key 
attached to their  axes of revol ution, b u t, to  our great 
surpri se, at the first gush from the pUlll pS these val ves, 
weigh ing n early  1, 500 pounds, were l i fted i nto their re­
cessed challlbers, gi ving an u nobstructed opening to 
the flow, and they floated on its surface unsupported, 
save by the swiftly flowing water, without a movement, 
whi le  the pump was in operation.  

" The steam-actuated valves in the suction and dis­
charge pipes worked very well,  and the water cush ion 
gave a s low, uniform motion, and without shock, either 
in opening or closing them. 

" Th e  engines worked noiselessl y, wi thont shock or 
labor. At no time d uring the trial was the throttle 
val ve open more than th ree-eighths  of an i nch. 

. .  The indicator cards taken at various i ntervals gave 
796 horse power, and the revolutions d i d  not exceed 
160 at any ti llie, though it was est i m ated that 9i10 horse 
power and 210  revol utions wUll ld  be necessary to attain 
the requisite del i very. So t hat there is a large reserve 
of power available  at any t ime. 

. ,  The erection of this massive machinery has been 
admirably done. 'I.'he  parts, as sent from the shops of 
the contractor, have Illatched in all cases without i n ­
terference here ; a n d ,  w hen lowered i n to place, i t s  final 
adj ustlllent was then made withont the use of chisel or 
file, and has never been touched since. 

" The joi n ts of the steam and water connections 
were perfect, an d the method of concentrating all 
valves, waste pipes, and important movements at the 
post of the engi neer i n  charge gives h i m  complete con · 
trol of the whole system of each engine an d pump 
w ithout leaving h i s  place, and reduces to a m inim um 
the necessal'Y attendance. Al l  the parts are st.rong and 
of excellent design and workmanship ; s imple, and with­
out ornamentation .  

" Looking dOWll upon them from a level of the pump 
house gal l ery, they are impressive and massive i n  their 
si mpl icity. 

.. The government is  well worthy of con gratulation 
in possessi ng the largest pumping machin ery of this 
type and of the greatest capacity in the world, and the 
contracfOrs h ave reason to be proud of their work. " ­
Proc. Eng. Club . 

THE PART THAT ELECTRICITY PLAYS IN 
CRYSTALLIZATION. 

SINCE the discovery of the Illulti plying' galvanometer, 
we know for an absolute certai nty that in every 
chp-mical action there is a production of electricity in 
It more or less notable quantity. according to the nature 
of the bodies in  presence. 'rhough, in the p lay of 
affinity, there i s  a manifestation of electrici ty, is  it  the 
same wit.h cohesion, w h ich also is a chemical force ? 

We know, on another hand, that, on causing elec­
tricity to intervene, we bring about the crystalli zation 
of  a large n umber of s u bstances. B u t  is the converse 
true ? Is  spontaneous crystal l i zation accom panied with 
an app reciable manifestation of electricity ?  If we 
consult  the annals of science and works t reating on 
electricity i n  regard to this s ubject, we find very few 
exam ples and experiments propel' to elucidate the q ues­
tion. 

Mr. Mascart is conten t  to say : " Some experiments 
seem to indicate that the solhlification of Hi body pro­
duces electricity."  Mr. BeC'querel does more than 
doubt-he denies : " As regards the disengagement of 
electricity in the changing of the state of bodies, we 
find none ."  This assertion is too s weeping', for further 
along we shall cite facts that prove, o n  the contrary, 
that in the phenomena of crystallization (to speak of 
this change of state only) there is an unequivocal pro­
duction of electricity. Let us remark, in the first 
p lace, that 'vhen a number of phenomena of phy�ical 
and chemical order incontestably testify to the very in ·  
timate co rrelation that exists  between the molecular 
motions of bodies and their  el ectrical state, it  would 
not be very 10g'ical to grant that electricity is absent 
in crystal lization.  

Thus, to select an example from among physical 
effects, the vibratory p henomena that occur i ll tele­
ph0ne translll issions, u nder the influence of a very 
fee ble electric cu rrent, show us that the molecular con­
stitu tion of a solid bod y is extremely variable, al­
though wi t h i n  sligh t limits. The feeblest mod ification 
i n  the elect,ric cu rrent may be shown b y  Illolecular 
motion s capable of propagating themselves to consid­
erable (l istances in the con ducting wire .  Conversely, it is 
logical to suppose that a modificatioll in the molecular 
state of a body m ll st b ri n g  electricity i n to play. If, 
in the phenolllerilt of sol i dification , and particularly of 
crystallization, we collect bnt sillal l quantities of elec­
tricity, that lllay be d n e  to the fact that, under the ex­
perimental conditions involved, the electricity is m ore 
or less com pletel y  absorbed by the work of crystal 
bui ld ing. 

On another hand,  the behavior of electricity shows 
i n  ad vance the lIlu l tiple role that thi s  agent  may pl ay 
in t h e  various  physical , chemical, and mechanical phe­
nomena.  

'rhere i s  n o  doubt th at. electricity exists immovable 
or in ci rculation every wh ere, latent or imperceptible.  
around us, and within  o u rsel ves, and that i t  en ters as 
a cause i n to the  maj ority of the chemical, physical , and 
mechanical phenolllena that are constantly taking 
place before our  eyes. A body cannot change state, 
n atu re, telll peratu re, form, or place, even,  without 
electricity being brought i nto play, and without its 
accom panyiug such modifications, if  it presides there­
in. Like heat" it is the natural agent par excellence ; 
i t  is the i n visible and ever p resen t force which, in the 
ulti mate particles of matter, causes th ose motions, 
vi brations, and rotations that h ave the effect of chang­
i n g  the p roperties of bodies. Upon entering their in­
ti lllate structure, i t  orients or groups thei r atoms, and 
separates their llIolecules or brings them t.ogether. 
FI'om this, would it not be surprisi ng i f  i t  did not in ­
tervene i n  the wonderf u l  phenomenon of crystallization?  
Crystallization ,  in fact, depends upon cohesion, and , i n  
the thermic theory, this force is n o t  distinct from affin-

i t y, j ust as sol n tion and dissociation are not distinct 
frol l l  COlli bination. 

( ) lJ t h is occasion, it is n ecessary to say that, between 
affin i ty ,  heat, and electricity there is such a correlation, 
�UCII a dependency, that physicists have endeavored to 
reduce to one single principle all the causes that are 
n o w  d isti nct. The mechanical theory of heat has made 
a gl'eat stride in this d i rection. 

'fh e  eq u i valence of the thermic, mechanical and chemi­
cal forces has been demonstrated ; the only question here­
after wm be to select from among such forces the one that 
must be adopted as the sole princi ple, in order to ac­
count for al l the phen omena that depend upon these 
causes of various orders. But in the present state of 
science, it is not yet possible to explain completely by 
heat or electricity, taken isolatedly, all the effects de­
pendent u pon the causes j ust mentioned. We l11ust 
confine ourselves for the present to a study of the re­
lations  that exist between the princi pal natural forces 
-affinity, molecular forces, heat, 'electricity, and light. 
But frolll the mutual dependence of such forces, it is 
admitted that, in every natural phenolllenon, there is a 
more or less apparent simultaneous concurrence of 
these causes. 

In order to explai n  electric or magnetic phenomena, 
and also those of crystall ization, it is admi tted t hat the 
atoms of wh ich bodies are com posed are surrounded, 
each of them, with a sort of atmosphere formed of elec­
tric currents, owing to which these atoms are attracted 
or repelled on certain sides, and produce those varied 
effects that we observe under different circumstances. 
According to this theory, then, atoms would be small 
electro·magnets behaving l i ke gelJui n e  magnets. En­
tirely free i n  gases, but  less so i n  liquids and still less 
so in solids, they are n evertheless capable of arrang­
ing themselves and of becoming polarized in a regular 
order, special to each kind of atolll , in order to produce 
crystals of geometrical form characteristic of each 
species. Thus, as MI'. Saigey relllarks in " Physique 
Moderne " (p. 181 ) :  " So long a s  the atmospheres of the 
molecules do not touch each other, no trace of cohesion 
manifests itself ; but as soon as they come together 
force is born. We understand why the temperatures of 
fusion and solidification are fi xed for the sallie body. 
Such effects occur at the precise nlOlll en t  at w hich these 
atmospheres, which are variabl e  w ith the temperature, 
have reached the desired diameter. " 

Although the phenomenon of crystall ization does n ot 
essentially depend u pon temperature, but rather u pon 
the relative quantity of liquid that holds the SUbstance 
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in solution, it will be conceived that a moment will ar­
rive when, the liquid having evaporated, the atmo­
spheres will be close enough to each other t o  attract 
each other and become polarized and symmetrically 
juxtaposed, and, in a word, to crystal l ize. 

Before giving examples of the production of electrici­
ty in the phenomenon of crystal l ization, it  will be wel l 
to examin.e, beforehand, the different circumstan ces 
under which ele0tricity acts as the determi ning cause 
of crystal l ization 0 1'  inte rvenes among the cau�es that 
bring about  the phenomenon. In the fil'st place, two 
words concerning crystal lization itself : We know that 
crystal l ization is the passage, or rather the result of 
the passage, of a body from a l iquid or gaseous state to 
a soli d  one. It occurs when the s ubstance h as lost its 
cohesiou throu gh any cause whatever, and when,  such 
cause ceasing to act, the body slowly returns to a solid 
state .  

U nder such circumstances, it  llIay take on regular, 
geometrical forms called crystalline. S u.ch conditions 
are brought about by different processes-fusion, vola­
tilization, sol ution, the dry way,  wet way, and electric 
",'ay. F urther along, we shall give sOllie examples of 
the last nallled means. 

Let us add that crystal l ization m ay be regarded as a 
general property of bodies, for the majority of sub­
stances are capa ble  of crystal l i zing. Although certain 
bodies seem to be amorphous at first s ight, it is only 
necessary to examine  their fracture w ith a lens or mi­
croscope to see that they are formed of a large number 
of small j uxtaposed crystals. Many amorphous p recipi­
tates become crystall ine  in the long run.  

In the examination of the various crystall izations 
that occupy us, we shall distinguish the follo wing : (1) 
Those that are prod uced through the direct interven­
tion of the electric current ; (2) those in w hich electri­
city i s  manifestly produced by small voltaic couples re­
sulting from the presence of two different llIetals in  the 
solution experimented with ; (3) those in which there 
are n o  voltaic couples, but in which it is proved that 
electricity is one of the causes that concur in the pro­
duction of the phenomenon ; (4) finally, those in which 
it is  rational, through analogy with the preceding, to 
infer that electricit.y is not absent from the phenome­
non. 

I .  Vie know that, by means of voltaic electricity or 
induction, we can crystallize a large n u m ber of sub· 
stances. 

Despretz tried this means for month s at a time u pon 
carbon, either by usi ng the electricity from a Ruhm­
korff coil or the current from a weak Daniell's bat­
tery. In both cases, he obtained on the platinum 
wires a black powder, in which were found very small 
octohedral crystals, having the property of polishing 
ru bles rapidly and perfectly-a property characteristic 
of d ialllonds. 

The use of voltaic apparatus of high tension has al­
lowed Mr. Cross to form a large number of mineral /Sub-

stances artificially, and among these we may mention 
carbonate of lillie ,  arragonite, quartz, arseuiate of cop­
per, crystalline sulphur, etc. 

As regards prod ucts forllled with the concu rrence of 
electricity (oxides, sul phi d es, chlorides, iodides, etc. ), 
see H Des Forces Phy�ico-Chimiq ues, " by Becquerel 
(p. 23 1). 

There is no doubt as to the part played by electrici­
ty in the chemical effects of electro-metallurgy, but it 
will not prove useless for our subject to remark t h at 
when, in this operation,  the  current has become too 
weak, the deposit of metal, i nstead of forming in a 
thin, adherent, and uniform l ayer, someti mes occurs 
u nder the for m  of protu berances and crystal line, brittle 
nodules. W h en, on the contrary, the current is very 
strong, the deposit is pulverulent,  that is,  in a confused 
crystal l ization or in an amorphous state. 

Further along, we shall find an appl ication of this  
remark. We obtain, lIJoreover, all the i ntermediate 
effects of cohesion, form, and color of galvanic de­
posits. 

When, into a solution of acetate of lead, we pass a 
current through two platinum electrodes, we observe 
the formation, at the negat i ve pole, of n u m erous ar­
borizations of metallic lead that grow under the ob­
server's eye (Fig. 1). The phenomenon is  of a most in­
teresti ng character when, by means of solar 01' electric 
l ight, we project th ese bri l l iant vegetations on a screen.  
One might believe that he was witn ess of the rapid 
growth of a. plant (Fig. 2). The salIJe phenomenon oc­
curs none the less bri l liantly with a solution of n itrate 
of si lver. A large number of saline sol utions are 
adapted to these decomposi tions, in which the m etal i s  
laid bare u nder a crystallin e  form . Further alon g  we 
shall see another means of producing analogous rami­
fications, without the direct use of the electfic current. 
-C. IJecharme, in La Lwniel'e Electriq'Ue. 

E L E C T R I C  T I M E .  
B y  M. LIPPMANN. 

THE unit of time universal l y  adopted, the second, 
undergoes only very s low secular variations, and can 
be determined with a precision and all ease which com­
pel its em ployment. Sti l l  it is true that the second is 
an arbitrary and a variable u n i t-arbi trary, in as far 
as it has no relation with the properties of mat ter, with 
physical constants ; variable, si n ce the d u ration of the 
diurnal Illovement undergoes causes of secular pertur· 
bation, sOllie of which, such as the friction of the tides, 
are not as yet calculable. 

We may ask if it  i s  possible to define an absol utely 
invariabl e  unit of time ; it would be desirable to deter­
mine with sufficient precision, if only once in a centu­
ry, the relation of the second to such a unit, so that 
we m igh t verify the variations of the seeond indirectly 
and independently of any astronomical hypothesis. 

No w, the study of certain electrical ph enomena fur­
nishes a unit  of time which is  absolutely invariable, as 
this Illagnitude is  a specific constant. Let us consider 
a conductive su bstance w hich may always be fou nd 
identical with itself, and to fix our ideas let us  choose 
mercury, taken at the temperature of  0° C . ,  which 
com pletely fulfiils this condition. We may determine 
by several methods the specific electric resistance, p,  
of mercury in absolute electrostatic units ; p is  a spe­
cific property of mercury, and is  consequent.ly a mag­
nitude absolutely invariable. Moreover, p is an inter­
val of time. We m ight, therefore, take p as a unit  of 
time, unless we prefer to consider this value as an im­
perishable standard of time. 

In fact, p is not sim ply a quan tity the measure of 
which is found to be ill relation with the measure of 
ti me. It is a concrete interval of time, disregarding 
every convention est.ablished with reference to m ea­
sures and e very selection of u nit, It may at fi rst sight 
appear singular that an interval of time i s  fou n d  i n  a 
manner hidden under the designation electric resist­
ance. B u t  we n eed merely call to mind that in the 
electrostatic system the in tensities of t·h e  curren t  are 
speeds of efHux and that the resistances are times, i. e. , 
the times n ecessary for the efHux of the electricity 
under given conditions. We must, in  particular, re­
member what is m eant by the specific resistance, p. of 
mercury in the electrostatic system. If we consider a 
circuit having a resistance equal to that of a c u be of  
Ill ercury, the side of which = the unit of length, the  
circuit being su  b mitted to an electromotive force equal 
to unity, this  circu it  wil l  take a given ti me to be 
traversed by the unit quan tity of electrici ty, and this 
time is  precisel y P. It m ust be remarl,ed that the se­
Ip-ction of the unit of length.  l ike that of the unit of 
mass, is  i ndifferent, for the different units brought here 
i n to play depend on it in s uch a manner that p is not 
affpcted. 

It  is n o w  requi red to bring this definition experi­
mentally into aet ion ,  i. e. , to real i ze an in terval of t ime 
wh ich may be a known m ultiple o f  p. T h i s  problem 
llIay be solved in  various ways, * and especially by 
m eans of the following apparatus. 

A battery of an arbitrary electromotive force, E, ac­
tuates at the sallie t ime the two antagonistic circuits of 
a differential gah·anometer. In the fi rst circuit, which 

* In this oy.tem the meaRurement of time i s  not effected, as ordinarily, 
by ob�erving the movements of a material 8YRtem, bu t by e x periment� of 
equi l i orinm. All the parts of the apparatus remam imm ovable, the elec­
tricity a lone being in moti o ll .  Such appl i ances are in n manner clepsy­
drill. This an al ogy with the c1ep"ydrre will be perceived if we consider the 
form of the fol lowi ng experi ment : Two immovable metal l i c  plates con­
stitute the armatures o f  a charged condenser, and attract each other with 
a force, F. If the pl ates are insulated, these charges remaiu constant, as 
well as the force, F. If, on the contrary, we connect the armatures of re­
sistance , R, their charges dimini.h and the force , F, become. a function of 
t.he t ime, t ;  Ihe time, t, inversely becomes a fnnction · of F. We find t by 
the following formula : 

I S  F. 
t = P -- log hyp -

8 7( e 8  F 

F. and F being the values of the force at the beginning and at the end of 
the time, t. The above . formula i.  independent of the choice of units. 
If we wish t to be expressed in seconds, we must give p the correspond-

ing value (p = 1'058 X 10- 18). If we take p as a unit we make p = 1, 
and we find the absolute val ue of the time by the expression : 

1 S F. ._. - log byp -
8 7( e s  F 

We remark that this ex pression of time contains only abstract nnmber., 
being independent of t.he choice of the unit. of length and force. S and 
e denote su rface and the thickness of the conden ser ; 8 and I the section 
and the length of a col umn of mercury of t.he resistance, R. This form 
of apparat.us enabl�s us practical l v  to measure the notable val ues of t 
only if the valu e  of the reRistance, R, is enormous, the arrangement de 
scribed in the text has not the same inconvenience. 

© 1887 SCIENTIFIC AMRICAN, INC.



9794 SCIENTIFIC AMERICAN SUPPLEMENT, No. 6 1 3. OCTOBER 1 ,  1 887. 

has a resist,ance, R, the battery sends a continuous cur­
rent of the i ntensi ty, I ;  in the second circuit  the 
battery sends a discontinuous series of discharges, ob­
tained by charging periodical ly by means of the bat­
tery 8, condenser of t he capacity, C, which is  then dis­
charged through this second circuit. The needle of the 
gal vanometer remains in equilibriu m  if the two cur­
rents yield equal quantities of electricity d uring one 
and the same ti me. r. 

Let us suppose this condition of equilibrium realized 
and the needle re Illain ing motionless at zero ;  it is easy 
to write the conditions of eq uil i brium. During the 
time, r, the continuous current yields a quantity of 

E 
electricity = - r ; on the other hand, each charge of 

R 
the con denser = C E, and d u ring the time, r, the 

r 
numbei. of discharges = -, t being the fixed time 

t 
between two discharges ; r and t are here supposed to 
be expressed by the aid of an arbitrary unit of time ; 
the second circuit yields, therefore, a quantity of elec-

r 
tricity equal to C E X -. The condition of equilibrium 

t 
E r 

is then - r = C E X - ;  or, more simply, t = c R. 
R t 

C and R are known in absolute values, i. e. , we know 
that C is  equal top times the capa city of a sphere of the 
radi us, 1 ; we have, therefore, C = p l ;  in the sam e 
manner we know that R is equal to q times the resist­
ance of a cube of mercury having 1 for its side. We 

1 p 
have, therefore, R = q p - = q - ; and con seq uently 

t = p q p. 
1 2  1 

Such is the value of t obtained on leaving all the 
u nits u ndetermined . If we express (J as a function of 
t.he second, we have t in seconds. If  we take p = 1, we 
have the absolute value e of the same interval of 
time as a function of this unit ; we h ave simply e 
= p '[. 

If we suppose that the commutator which produces 
the successive charges and discharges of the condenser 
consists of a vibrating tuning fork, we see that the 
duration of a vibration is equal to the product of the 
two abstract n umbers, p q. 

It remains for us to ascertain  to what degree of ap­
proximation we can determ ine p and q. To find q we 
must first construct a column of mercury of known 
dimensions ; this problem was solved by the Interna­
tional Bureau of Weights and Measures for the con­
struction of the legal ohm. The l egal ohm is su pposed 
to have a rf'sistance equal to 106 '00 times that of a cu be 
of mercury of 0 ·01 meter, side measurement. The ap­
proximation obtained is comprised bet ween �oho and 
TIif�1llf' To obtain p, we must be able to construct a 
plane con denser of known ca,pacity. The difficul ty h ere 
consists in knowing with a sufficient approximation 
the thickness of the stratum of air. We may employ as 
armatures two surfaces of glass, ground optically, sil­
vered to render them conductive, but so slightly as to 
obtain  by transparence Fizeau's in terference rings. 
Fizeau's method wil l  then permit us to arrive at a close 
approximation. In fine, then, we may, a prioTi, hope 
to reach an approximation of one hundred-thou­
sandt h  of the value of p q. 

Independently of the use which may be made of it 
for measuring time in absol ute value, the apparatus 
descri bed possesses peculiar properties. It constitutes 
a kind of clock which indicates, regis ters, and, if need­
ful ,  corrects automaticall y  its own variations of speed. 
The apparatus being regulated so that the magnetic 
needle may be at zero, if the speed of the commutator 
is sl ightly increased , t he eq uilibrium is  distUl·bed and 
the magnetic needle deviates in the corresponding di­
rection ; if on the contrary the speed diminishes, the 
action of the antagonistic circuit predominates, and 
the n eedle deviates in the contrary direction. These 
deviatiuns. when small, are proportional to the varia­
tions of speed. They may be, in the first place, ob­
served . They may, further, be registered, either pho­
tographicall y  or by employing a Redier apparatus, l ike 
that which M. Mascart has adapted to his q uad rant 
elclctrometer ; finally, we may arrange the Redier 
to react upon the speed so as to red uce its variations 
to zero. If these variations are not com pletely an­
nul led, they will still be registered and can be taken 
into account. 

As an indicator of variations this apparatus can be 
of remarkable sensitiveness, which lIlay be increased 
ind efinitel y by enlarging its dimensions. 

With a battery of 10 volts, a condenser of a m icro ·· 
farad,  10 discharges per second,  and a Thomson's dif­
ferential galvanometer sensi ti ve to 10-1 • am peres, we 
obtai n already a sensiti v eness of Tlf1l"hoo, i. e . ,  a varia­
tion of lTiohoo in the speed is shown after !:lome 
seconds of a deviation of one millimeter. E ven the 
stroboscopic method does not admit of such sensitive­
ness . 

We may therefore find, with a very close approxima­
tion, a speed al ways the same on condition that the 
sol id parts of the apparatus (the condenser and the 
resistance) are protected from causes of variation and 
used always a,t the same temperature Doubtless, a 
well-constructed astronomical clock maintains a very 
uniform m o·vement ; but the electt'ic clock is placed in 
better conditions for invariability. for all the parts are 
massive and i mmovable ; they are merely req uired to 
remain unchanged, and there is no q uestion of the wear 
and tear of wheel -work. the oxidation of oils, or the 
variations of weigh t. In other words, the system 
formed by a condenser and a resistance constitutes a 
standard of time easy of preservation. 

NEW METHOD OF MAINTAINING THE 
VIBRATION O F  A PENDULU M. 

A RECENT n umber of the Comptes Renduli contains 
a note by M. J. Carpent ier describ in g a m ethod of 
maintaining the vibration s  of a pendul ulll by means of  
electricity, which differs from previous devices of the 
sallie character i n  that the i m pulse given to the pen ­
du l u m  at each vibration is independent of the strength 
of the cu rrent employed. and that t.he pend u l u m  itself 
is entirely free, save at the point of suspension. The 
vibrations are maintained, not by direct impulsion, but 

by a sl ight hori zontal displacement of the point of 
suspension in alternate di rections. 

This, as M. Carpentier observes, is the method which 
we naturally adopt i n  order to maintain the amplitude 
of sw ing of a heavy body suspended from a cord held 
in the hand. The required movement of the point of 
suspemsioll i s  effected by means of a polarized relay, 
through the coils of which the current is periodically 
reversed by the action of the pendulum, in a manner 
w hich wil l presently be explained. The armature of 
the relay oscillates between two stops whose distance 
apart is capable of fine adj ustment. 

It is clear, therefore, that the i m p ulse is independent 
of the strength of the current in the relay, provided 
that the armat u re is  brought up to the stop on either 
side. The reversal of the current is  effected by I lleans 
of a small magnet carried by the bob of the pend ul um , 
and which as it passes underneath the point of suspen­
sion i s  brought close to a soft i ron armature, which has 
the form of an arc of a circle described about the point 
of s uspension . 'fhis armature is  pivoted at its center, 
antI thus executes vibrations synchronously with those 
of the pendulum. These vibrations are adjusted to a 
very narrow range, but are sufficient to close the con­
tacts of  a cOlll lll Utator which reverses the current at 
each semi-vibration of the pendulum. 

The beauty and ingenuity of this device will readily 
be appreciated. 

DR. MORELL MACKENZIE. 

THE name of the great E nglish laryngologist, which 
has long been honored by scientists of England and 
the Continent, has lately become fami lar to e very one, 
e ven in un professional circles, in Germany because of 

in 1837, and studied first in London _ At the age of 
t wenty-two he passed his exam ination , then praClticed 
as physician in the London Hospi tal ,  and obta.i ned his 
degree i n  1862. A year later he received the Jackson 
prize from the Royal Society of S urgeons for h is treat­
ment of a laryngeal case. 

He com pl et.ed his studies in .Paris, Vienna (with Sieg­
Ill und) , and Budapest. I n  the l atter place he worked 
w ith Czermak, making a special study of the laryngo­
scope. Later he publ ished an excel lent work on " Dis­
eases of the 'fhroat and Nose, " which was the fruit of 
twel ve years' work. The evening before the day on 
which this work was to have been issued, the whole 
edition was destroyed by a fire wh ich occurred in the 
printing establishment, and had to be reprinted from 
the proof sheets, which were saved . In 1870 hi s  work 
" On Growths in the Throat " appeared, and he has 
also p ublished many articles in the British Medical 
Jo'urna1, the Lancet, Medical Times and Gazette, etc. , 
which have been translated into d ifferent languages, 
making his llame renowned all over Europe. 

Since he founded the first Engl ish hospital for dis­
eases of the throat and chest, in London in 1863, and 
held the position of lecturer on d iseases of the throat 
in the London Medical College, his career has been 
watched with in terest by the pu bl i Cl, and h i s  practice 
in England is remarkable. Th erefore it. is no w onder 
that his lately published work " On the H ygiene of the 
Vocal Organs "  has reached its fourth edition already. 
'fhis work is  read not onl y by physicians , but also by 
singers and lectu rers . 

As a learned man in his profession , as an experienced 
diagnostician, and as a ski l lful and fortunate praClti­
tioner, he is surpassed by none ; and his abi lity will be 
well known far beyond the borders of Great Britain 

DR. MORELL MACKENZIE. 

his operations on the Crown Prince's throat. If his 
wide experience and great skill enable h i m  to perma­
mently remove the growth from the throat of h i s  royal 
patient, if his diagnosis and prognosis are confi rmed, 
so th at no fear need be entertained for the l i fe and 
heal th of the Crown Prince, the English special bt will  
certainly deserve the most sincere thanks of the Ger­
man nation. E very phase of this treatment, every 
new development, is watched with suspense and h ope. 

Many h ave been unabl e  to su ppress the expres­
sion of regret that this important case was not 
under the care of a German, and part of the press 
look upon it as unj ust treatment of the Germ an 
specialists. But science is  i nternational , it  knows no 
political boundaries, and the choice of Dr. Mackenzie 
by the faluily of the Crown Prince, whose sympathy 
with England is natural ,  cannot be considered a s l ight 
to German physicians when i t  is  taken into con sidera­
tion that the German authorities pronounced the 
growth suspicious and advised a difficult and dou btful 
operation, and that Prof. v. Bergman recom mended 
that a foreign authority be consulted . As Dr. Mac­
kenzie removed the obstruction , which had already be­
come th reaten i ng and, in fact, dangerous, causing a 
loss of voice, and promised to remove any new growth 
from the inside without dauger to the patient , the 
Crown Prince natural ly trusted him. Since Virchow 
has made a microscopic examination of th e  part which 
was cut away, an d  has declared the new growth to be 
benign . all Germans shou ld  watch the results of Dr. 
Mackenzie's operations with sympathy, trusting that 
all further growt.h will be prevented , and that the 
Crown Prince wil l  be restored to the German people in  
his former state of health. 

D r. Morell Mackenzie has lately reached his fiftieth 
year, and has attained the height of his fame as a n  
author and practitioner. H e  was born at Leytonston 

if fortune favors him and he restores the future Em pe­
ror of Germany to his former strength an d vigor, with­
out wh ich we cannot im agine this knightly form. The 
certainty wit.h which Dr. Mackenzie speaks of penna­
nent cures w hich he has effected in sim i l ar cases, to­
gether with t.h e cl ear and satisfactory report of the great 
pathologist Virchow, lead us to look to the future 
with confidence. -lllustrirte Zeit-ung_ 

HYPNOTISM IN FRANCE.* 

THE voluntary production of tho!:'e abnormal condi­
tions of the nerves which to-day are denoted by the term 
" hypnotic researches " has m anifested i tself i n  all ages 
an d among most of th e  nations that are kn own to us. 
Withi n  modern times these phenomena were first re­
d uced to a system by Mesmer, and, on this account, for 
the future deserve the attention of the scientific world.  
The historical description of this departm f'nt, if one in­
ten ds to give a conn ected account of its development, 
and not a series of isolated facts, must begin with a 
notiCle of Mesmer's personal ity, and we m ust not con­
found the more recent development of our subject with 
its past hi story, 

The period of mesmerism is  su fficien tly und erstood 
from the nu merous writings on the s u bj ect, but it 
WQuld be a mistake to suppose that in Braid's " Exposi­
tion of Hypnotislll " the end of this subject had been 
reached. In a later w ork I hODe to show that the 
fundalIlental ideas of biornagnetisll1 have not only had 
in all periods of th i s  centu ry capable and enth usiastic 
advocates, but that e ven in our day they h ave been 
subjected to tests by French and Engl ish investigators 
from which they h ave issued tr i um phant. 

The second division of this h istorical development is 

* 'l'ranslated for ,sc!ffioe from DeT Spina:. 
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carried on by Braid ,  whose most important service was year 1 879 had prepared suitable demonstrations, which 
emphasizing the su bjectivity of the phenomena. With· were given in public iectures at the Salpetriere. In  
out  any connection with  him, and yet  by fol lowing out  the following years he devoted himself to closer investi. 
almost exactly the saUle experiments, Professor Heid· gation of this subject, and was happily and skillfully 
enhain reached his physiological explanations. A third assisted by Dr. Paul Richer, with whom were associated 
division is  based upon the discovery of the hypnotic many other physicians, such as Bournevi lle, Regnard , 
condition i n  ani mals, and connects itsel f to the experi· Fere, and Binet. The investigations of these m en pre. 
mentum mi1·ab ile. In 1872 the first writings on this sent t.he peculiarity that they observe hypnotism from 
subject appear from the pen of the physiologist Czer· its clinical and nosographical side, which side had un. 
mak ; and since then the. investigations have been con· til now been entirely neglected, and that they observe 
tinned, particularly by Professor Preyer. patients of the strongest hysterical temperament!!. " If 

While England and Germany were led quite inde· we .can reasonably a!!sert that the hypnotic phenomena 
pendently to the study of the same phenomena, France whICh depend upon the disturbance of a regular func. 
experienced a strange development, which shows, as tion of the organism demand for their development a 
nothing el!!e could, how truth everywhere comes to the peculiar temperament, then w e  shall find the most 
surface, and from small beginnings s wells to a flood marked phenomena when we turn to an hysterical 
which carries irresisti bly all opposition with it. This person. " 
fourth division of the history of hypnotism is the The inferences of the Parisian school up to this time 
more important, because it forms the foundation of a are somewhat the following, but their results, belong· 
transcendental psychology, and will exert a great in· ing al most entirely to the medical side of the question, 
fl uence upon our future culture ; and it is this di vision . can have no place in this discussion. They divide the 
to which we wish to turn our attention. We have in· phenomena of hystero·hypnotism, which they also call 
tentionall y  l imited oursel ves to a chronological arrange· grande hyste1'ie, into three plainly separable classes, 
ment, since a systematic account would necessarily fal l which Charcot designates catalepsy, lethargy, and som. 
into the study of single phenomena, and would far ex· nam bulism. 
ceed the space offered to us. Catalepsy is produced by a sudden sharp noise, or 

that there was a fourth hypnotic state, " fascination" j 
which preceded the three others, and manife�ted itself 
by a tendency to muscular contractions, as well 8 R  
through sensitiveness t o  hal lucination and  suggestion , 
but at the same time left to the su bject a full  conscious 
ness of his surroundings and remembrance of wha!' 
had taken place. Descourtis. i n  addition, perceived a . 
similar condition in the transition from hypnotic sleep 
to waking, which he called delire posthypnotique, and, 
instead of using the word " fascination " to express the 
opening stage, he substituted " captation. "  According 
to him, the diagram would be the following : 

Catalepsle. 
/ 

Somnambulism 
impsrfait. 

Captation. 

Lethargle. 

Catalepsie. 

� 
Somnambulism 

palfalt. 

/ 
Delire postbypnotlc. 

/ 
Vema. 

J ames Braid's writings, although they were discussed by the sight of a brightly gleaming object. It also 
in detail in Littre and Robin's " Lexicon,"  were not produCAS itself in a person who is in /I. state of lethargy, 
at all the cause of Dr. Philips' first books, who there· and whose eyes are opened. The most striking charac. 
fore came more independently to the study of the same teristic of the cataleptic condition is immobility. The This whole movement, which I have tried to sketch, 
phenomena. Braid's theories became known to h im subject retains  every position in which he is placed, and whose chief peculiarity is  that it consid ers hypno· 
later by the observations made upon them in  Beraud's even if it is an unnatural one, and is only aroused by tism a nervous malady, and one that must be treated " Elements of Physiology " and in Littre's notes in the the action of suggestion from the rigor of a statue to clinically and nosographically, was opposed in 1 880 in  
translation of MUller's " Handbook of Physiology ; "  the half life of an automaton. The face is expression· two directions-one source of opposition producing 
and he then wrote a second brochure, in which he gave less and the eyes wide open. If they are closed, the great reRults, while the other fell to the ground.  The 
in his allegiance to braidism. His principal effort was patient falls into a lethargy. latter joined itself. to the theory of the mesmerists, and 
directed to withdrawing the veil of mystery from the In  this second condition, behind the tightly closed tried, by means of exact experiments, to measure the 
occurrences, and by a natural explanation relegating l ids, t.he pupils of the eyes are convulsively turned up· fluid emanating from the human body-an u n dertak­
them to the realm of the known. The trance caused ward. The body is almost entirely without sensation ing which gave slight promise of any satisfactory 
.by regarding fixedly a gleaming point produces in or power of thought. Especiaily characteristic of result. 
the brain,  in his opin ion, an accumulation of a peculiar lethargy is the hyper·excitabilIty of the nerves and Baillif in his thesis (1878) and Cheyil lard in his (for 
nel'vous power, which he calls " electrodynamism. " If  m uscles (hyperexcitabilite neuromusculaire), which spiritualists) very interesting books, tried, by m eans of 
this is d irected in  a ski l lful  manner by the operator upon mani fests itself at the slightest touch of any object. various arguments, to uphold the fluidic explanation. 
certain points, it manifests itself in certain situations For instance, if the extensor muscles of the arm are Despine also thought that by its help h e  had been able 
and actions that we call hypnotic. Beyond this some· lightly touched, the arm stiffens immediately, and is to explain the phenomena ; but i t  was Barety who, in 
what q uestionable theory, both books contained a de· only made flexible again by a hard rubbing of the same the year 1 881 ,  first turned general atten tion in this 
tailed description of some of the most important phe· muscles. The nerves also react in a similar manner. direction. According to him, m anki nd possesses a 
nomena ; but with the practical meaning of the phe· The irritation of a nerve trunk not only contracts all nerve force which emanates frum him in different kinds 
nomena, and especially with their therapeutic value, the small nerves into which it branches, but also al l  of streams. Those coming from the eyes and fingers 
the author concerned himself but slightly. Just on those muscles through which it  runs. produce insensibility to pain. while those generated 
account of this pathological side, however, a certain at· Finally, the somnambulistic condition proceeds by the breath cause hypnotic conditions. This nerve 
tention has been paid to hypnotism up to the present from catalepsy or from lethargy by means of a sl ight f()fce goes out into the ether, and there obeys the laws 
time. pressure upon the vertex, and -is particularly sensitive that govern light, being broken into spectra, etc. 

In the year 1847 two surgeons in Poictiers, Drs. Ri· to every psychical influence. In some subjects the Claude Perronnet has more lately advanced similar 
baut and Kiaros, employed hypnotism with great suc· eyes are open, in others closed. Here, also, a slight views, and his greatest work is now in press. Freder­
cess in order to make an operation pai nless. " This irritation produces a certain amount of rigor in the ick W. H. Myers and Ed!IlUnd Gurney sympathize with 
long and horrible work, " says a journal of the day, muscle that has been touched, but it does not weaken these views, and try to unite them with t.he mesmeri.,t 
. .  was much more like a demonstration in a d issecting the antagonistic m uscle, as in let.hargy, nor does it doctrine of personal influence and their theory of 
room than an operation performed upon a l iving be· vanish under the influence of the same excitement telepathy. The third champion in England of hypno· 
ing. " Although t.his operation produced such an ex· that has prod uced it. In order to put an end to the tism, Prof. Hack Tuke, on the contrary, sympathizes 
citement, yet it. was twelve years later before decisive somnambulistic condition, one must press Roftly upon entirely with the Parisian school, only differing from 
and positive official  intelligence was gh'en of these facts the pupil of the eye, upon which the  subject becomes them in that he has experimented with satisfactory 
by Broca, Follin, Velpeau, and Guerinau. But these lethargic, and is easily roused by breathing upon him. results upon healthy SUbjects. In France this  view 
accounts, as well as the excellent l ittle book by Dr. In this early stage, somnambulism appears very in· has lately been accepted by Dr. Bottey, who recognizes 
Azam, shared the fate of their predecessors. They freqnently. the three hypnotic stages in healthy persons, but has 
were looked upon by students with distrust, and by Charcot's school also recognize the existence of com· observed other phenomena i n  them, and vehemently 
the disciples of Mesmer with scornful contempt. pound conditions, the history of whose symptoms we opposes the conception of hypnotism as a malady. 

The work of Demarquay and Giraud Teulon showed must not fol low here. These slightly sketched results, His excellently written book is particularly commended 
considerable advance in  this direction. The authors, as well as a number of other facts, were only obtained to those who wish to experiment in the same manner 
indeed, fel l back upon the theory of James Braid, in the course of several years ; yet in 1 882 the funda· as the French investigator, without using hysterical 
which they called still born, and of which they said, mental investigations of this school were considered subjects. 
" Elle est restee accrochee en 1'oute ; "  but they did not virtnally con cluded. Then Dumont·Pallier, the head The second counter current that opposed i tself to 
satisfy themselves with a simple statement of facts, as of the Parisian Hospital Pitie, came forward with a the French neuropathologists, and produced the most 
d id  Gig-ot S uard in his  work that appeared about the number of observations, drawn also exclusively from lasting impression, is expressed by the magic word 
same time. Through systematic experiments they the study of hystero·hypnotism, and yet d iffering wide· i . . suggestion. "  A generation ago, Dr. Liebault, the pa· 
tried to find out where the l ine  of hypnotic phenomena ly from those reached by the physicians of the Salpe· tient investigator and skillful phY!lician , had endeavor· 
intersected the line of the realm of the known. �'hey triere. In a long series of communications, he has I ed to make a remedial use of suggestion in his cl in ic  at 
justly recognized tha.t hypnotism and hysteria have givpn his views, which have in their turn been violently Nancy. Charles Richet and others have since referred 
lllany points of l ikeness, and in this way were the pre· attacked, especially by Magnin and Berillon, I give to it, but Profesilor Bernheim was the first one to 
cursors of the present Parisian school. They say that only the most i mportant points. demonstrate its full significance in the realm of hypno· 
from magnetic sleep to the hypnotic condition an iwn According to these men, the hyper·excitability of the tism. According to him, suggestion-that is. the in· 
chain can be easi l y  formed from the very same organic nerves and muscles is present not only in the lethargic fluence of any idea, whether received through the 
elements that we find  in historical conditions. condition, but in all three periods ; and in order to senses or in a hypersensible manner (suggestion mer/ tale) 

At the same time, as if  to bring an experimental prove this, we need only apply the suitable remedy, -is the key to all hypnotic phenoluena. He has not 
proof of this assertion, Lasigue published a report on which must be changed for each period and every sub· been able in a single case to verify the bod i ly  pheno· 
cat.alepsy in persons of hysterical tendencies, which he ject. S l ight irritations of the skin prove this most mena of grandehypnotisme without finding suggestion 
afterward i ncorporated into his larger work. Among powerfully. A drop of warm water or a ray of sun·  the pri mary cause, and on this account denies the  
his  patients, those who were of a quiet and lethargic sh ine produces contractions of a muscle whose skin truth of  the asserted physical causes. Bernheim says 
temperament, by simply pressing down the eyelids, covering they touch. that when the intense expectance of t he �ubject h its 
were made to enter into a peculiar state of languor, in Dumont·Pal l ier and Magnin accede to the theory of produced a compliant condition, a peculiar capacity is 
which cataleptic contractions were easily produced, intermediate stages, and have tried to lay down rules developed to change the idea that has been received 
and which forcibly recalled hypnotic phenomena. for them with as great exactness as Charcot's school. into an action as well as a great acuteness of aecepta· 
. .  One can scarcely imagine, " says the author, • a more They also are very decid ed about the three periods. tion, which togethpr wil l  produce a l l  those phenomena 
remarkable spectacle than that of a !lick person sunk whose succession does not appear to them as fixed ; but that we should call by the name of . .  pathological sleep," 
in  deep sleep, and insensible to all efforts to arouse him, they di scovere<;l a new fundamental law which regu· since they are only  separable in  a gradual way from 
who retains every position in which he is placed,  and in lates the production as well as the cessation of the the ordinary sleep and dream cond i tions. Bernheim 
it preserves the illlmobil ity and rigidity of a statue. " condition-La cause qui/ait, de/ait ; that is ,  the stimu·  is particularly strenuous that psychology should ap· 
But this impulse also was in  vain, and in only a few Ius which produces one of the three periods needs only  pear in the foreground of hypnotism, and on this point 
cases were the practical tests followen up with theo· to be repeated in order to do away with that condi tion .  has been strongly upheld by men l ike Professors 
retical explanations. From this the following diagram of hypnotic conditions Beaunis and Richet. 

Unbounded enthusiasm and ur:tj ust blame al ike sub· is evolved : The possibility of suggestion in waking conditions, 
sided into a silence that was not broken for ten years. 
Then Charles Richet, a renowned scientist, calUe for· 
ward in 1875, impelled by the d uty he felt he owed as 
a priest of truth, and made some annonncements con· 
cerning the phenomena of somnambulism ; and in 
countless books, all of which are worth y  of attention, 
he  has since then considered the problem from its 
various sides. 

He separates Romnambulism into three periods. The 
word here is used for this whole class of subjects as 
Richet himself uses it, viz. .  torpe1.w, excitation, and 
stupeur. In the first, which i s  produced by the so· 
called magnetic passes and the fixing. of the eyes, 
si lence and languor come over the subject. The 
second period, usually produced by constant repetition 
of the experiment, is  characterized chiefly by sensibil ·  
ity to halluci nation and suggestion. The third period 
has as its principal characteristics supersensibil ity of 
the lU uscles ann lack of sensation. Yet let it be 
noticed that these divisions were not expressed in their 
present clearness until 1880 ; while in the years between 
1872 and 1880, from an entirely different  quarter, a 
similar hypothesis was made out for hypnotic phe· 
nomena. 

Jean Martin Charcot, the renowned neurologist of 
the Parisian Sal petri ere. without exactly desiring it., 
was led into the study  of artificial somnambulism by 
his cl\refnl experiments in reference to hysteria, and 
-especially by the question of metallotherapie, and in the 

Pressnre upon the vcr/err. S0mnam ullJi"m. Pressnre 11 pOll the vcrtex. 

Action of l ight. Catalep�y. Action of l i ght. 

Pr.ssnre upon the pu p i l  of the eye. Lethnrgy. Lethargy. l'rcssllrc u pon the pnpil of the eye. 

Normal condit.ion.  Awni<cning. 

And, furthermore, Dumont·Pallier should be consider· and also a long time after the sleep has passed off 
ed as the founder of a series of experimAuts, for he was (suggestions posthypnotiques ou suggp.stions a (longue) 
the first one to show in a decisive manner that the echeance), as wel l  as the remarkable capacity of sub· 
d uality of the cerebral system was proved by these jects to change their personality (changement de la per· 
hypnotic phenomena ; and his works, as well as those sonnalite ob,jectivation des types), have been made t.he 
of Messrs. Berillon and Descourtis, have brought to subject of careful investigation. The voluntary pro· 
light the following facts : Under hypnotic conditions, duction of bleeding and stigmata through spiritual 
the psych ical activity of a brain hemisphere may be influence has been asserted, particularly by Mes!'rs. 
suppressed without nul l i fying the intellectual activity Tocachon, Bourru., . and Burot. The j udicial signifi· 
or consciousness. Both hemispheres Illay be started at cance of suggestion: has been discussed b y  Profpssor 
the saIlle time in different d egrees of activity ; and Liegeois and Dr. Ladame. Professor Pitres in Bor· 
also, when the grade is the same, they may be inde· deaux is one of the 8uggestionil't.s, though differing i n  
pendently the seat of psychical manifestations which man y  points from t h e  Nan cy school . 
are in their n atures entirely ditferent. In close con· This whole tendency brings into prominence the psy· 
nection with this and with the whole doctrine of hemi· chical influence, while it denies the production of these 
h ypnotism, which is  founded upon these facts, stand resul ts from purely physical phenomena, endeavoring 
the phenomena of thought transference, which we to explain them in a different manner. These explana· 
mll st consider later. tions carry us into two realms, the first of which has 

As an add i tion to the investigations of Charcot and I been lately opened, and at present seems to abound 
Dumont·Pallier, Bremaud, in 1884. made the discovery more in enigmas than in solutions. 

© 1887 SCIENTIFIC AMRICAN, INC.



!)796 SCIENTIFIC AMERICAN SUPPLEMENT, No. 6 1 3. OCTOBRR 1. H l87.  

Metallotherapie, which was called into existence by the pancreas and its relat ion to the curve of  the duo­
Dr. Burg, and further extended by Dr. Gell�, contains denum. The d uoden u m  Al ways curves round the head 
a s[Jecial poi nt of interest-the so·called transference of the pancreas aud is, as it  were, moul ded on it and 
in the ca�e of h ystericall y  or hypnotical l y  affected per- retained in position by it. I n  birds the d uoden um 
sons. Transference is caused by electro-m agnetism , always forms a long loop embracing the pancreas. 
w hich has this peculiarity-that in the case of speci- Further, the d ucts of the liver and pancreas al ways 
al l y  sensitive persons it can transfer the bod i l y  affec- open into the cen ter of the duodenum, either separately 
tion from left to right, and vice versa. The transfer- or by a common opening. 
ence of paralysis, the cures attempted on this plan, N ow, the absolute constancy of the curve of the duo­
and the so-called " psychical transference, " which con- denum, the complete fixation of i ts fourth portion, the 
tains special interest for graphologists, are at the pres- position of the pancreas, and the place of entry of the 
ent time sti ll  op('n questions, as well as the closely con - d ucts of the pancreas and l iver, are al l com ponent 
nected theOJ'y of human polarity ; and the odic exper- parts of a siphon trap, whereby gaRes generated below 
i lllents of Dr. Chazarain are yet waiting for thei l' con- t h e  duodenu m  are p revented from passi ng upward. A 
firlllation. At preseut the problem of the cOllIH'ction reference to the accompanying d iagrams will  m ake 
between magnetism aud hypnotis lII is under investiga- this q uite clear. A is a d.iagram of a R iphon trap copied 
tion, and in such a manner that we may hope for a from Pal'kes' h ygiene. B is  a very diagralll lIlatic out­
speedy solution. . l ine  of the stomach and duoden um. a is i ntended to 

Still stranger than these reports are the accounts of mark the position of the fi brous band, or musculus 
the d istant operation of certain bodies ; at least, they 
seem strange to those unacquainted with psychometry 
and thtl literature of the past century relating to this 
subject. 'Two physicians in Rochefort, Professors 
Bourru and Burot, in treating a hystero-epileptic per­
son, found that gold, even when at a distance of fi fteen 
centimeters, p roduced in  him a feel ing of unbearable 
heat. They continued these exper i ments with great 
care, and, after a n umber of trials, came to this con­
clusion-that in sOllie persons certain substances, even 
when carefully separated frotn thelll by long distance, 
exercise exactly the sallie physiological influence as if 
introduced into their organism. In order to explain 
these phenomena, they refer to the radiating force of 
Bar6ty, an explanation neither satisfactory to them­
selves nor to others. Lately the distinguished Parisian 
physician, Dr. Luys, has confi rmed by his experiments 
the existence of these phenomena, but he thinks the 
explanation referable to hyper-sensiti\reness of the 
" regions emoti ves et intellectuelles de l'encephale, " yet 
even he has not reached the kernel of the difficulty. 

In close connection with action at a distance is t.he 
q uestion of d btant prod uction of hypnotic sleep. For 
all a.nswer to this  problem, they are experi menting i n  
both France and England ; and Frederick W. H. Myers 
has thrown an entirely new light u pon the subject by 
the i nvestigations he is making upon a p urel y experi­
mental basis. In Italy they have limited themselves 
to the study of isolated cases of hystero-hypnotislll, ex­
cept as the phenomena of magnetic fascination i nvesti­
gated by Donato have given rise to fu rther research ; 
but all the books I have seen u pon this subject, as well 
as many by French authors, suffer from ignorance of 
the latest Engl ish discoveries. 

With this  I thi n k  that I have given a sli ght outline 
of the history of hypnotic investigation to the end of 
the year 1 886_ I shall attempt a criticism of this whole 
movement at sOIlle other ti me, as space is IIOt afforded 
to me here ; but I should like to make this statement 
llOW, that two of the  characteristic indicat ions of this 
period are of the gravest im port-first the method 
(" Our work," says Richet, " is that of strictly scientific 
testing, obse1'vatio1j, and arrangement ") j and, secondly, 
the result. Hypnotism h aR been received into the 
realm of scientific i nvestigation, and with thi s  the foun­
dation of a true experimental psychology h as been 
laid. MAX DESSOIR. 

A B 

suspensorius d uodeni ; and b the position of entry of 
the ducts of the l i ver and pancreas. The duoden um, 
then, i s  a siphon tra.p, and a most efficient one. Now, 
the efficiency of a siphon tra p depends not only on its 
shape, but what is  absolutely essential is that the curve 
must be kept constantly full of fl uid, without which it 
ceases to be a tra p, and would allow gases to ascend 
freely. The posi tion of the place of entry of the ducts 
of the pancreas and liver assures that this sine qua. non 
shall be present. The discharge of th� secre tions of 
the pancreas and liver, although more acti ve  during 
and after feeding, is practically coustant, and so in­
sures in  an admirable lIlanner that the curve on which 
the efficiency of the trap d epends shall be constan tly 
kept full n ot only with fluid, but, as I wou)d suggest, 
antiseptic fluid. There is no other trap in the in testi­
nal canal, but the peculiar position of the colon would 
no doubt have more u r  less effect in preventing gases 
ascending through the ileo-cffical valve.-Lancet. 

WISCONSIN CRANBERRY C ULTURE. 
AMONG the many thousands of well informed per­

sons with whom the cranberry is a staple  article of 
food throughout the autumn and winter, and who 
especially derive from its pungent flavor sharp relish 
for their· Thanksgiving and Christmas turkey, not one 
in ten has any definite idea as to where the delicious 

THE DUODENUM : A SIPHON TRAP. fruit comes from, or of the method of growing and 
harvesting it. Most people are, however, aware that By J!��� ��s�!'t��' S�;'��OI�Ol�d��t� ���t

S, Lo�d�� it is raised on little " truck patches " somewhere down 
in New Jersey or about Cape Cod, and some h ave heard Hospital ; As�istant Demonstrator of Anatomy, that. it is gleaned from the swamps in the Far West by London Hospital Medical College_ Indians and shipped to market by white traders. B u t  

WE may take it for granted that all gases generated to  the  great majority its real history is unknown. 
in the jej u num, ileum, and large intestines pass onward Yet the cranberry culture is an industry in which 
toward the anus, and there soonerl or later escape. millions of dollars are invested in this country, and it 
Fetid gases-except those generated in the stomach gives employment, for at least a portion of each year, 
and d uoden u m-never pass upward, not even during to lIlany thousands of people. In the East, where the 
vomiting d ue to hernia, obstruction, and other cauSeS. value of an acre of e ven swamp land may run u p  into 
P hysiologists, it would appear, have never busied the thousands of dollars, a cranberry m arsh of five or 
the.mselves to find an explanation for this apparent ten acres is considered a large one, and, cultivated in 
bre.ach of the laws of gravity_ The intestinal canal is the careful, frugal style in vogue there, IlIay yield its 
a tube with various dilatations and constrictions, but owner a handsome yearly income. But i n  the great, 
at no spot except the pylorus does the constriction com- boundless West, where land, and more especially swamp 
pletely obliterate the l umen of the tube, and here only land, may be had for from $1 to $5 an acre, we do these 
periodical l y. It i s  perfectly evident, then, that, unless thi ngs differently, if not better. 
some system of trap exists in thp. canal, gases are free to The State of Wisconsin produces nearly one-half of 
travel from belo w u p ward in obedience to the laws of the cranberries ann ually grown in the United States. 
gravity, and wou ld, as a mattei' of fact, sooner or later There are m arshes there covering thousands of acres, 
do so. From the straight course and vertical pmdtion whereon this fruit grows wild, having done so even as 
of the (Jlsopha�us, a very slight pressure of gas in  the far back as the oldest tradition of the native red man 
stomach eaBi l v  overcomes the closure of its cardiac extends. In many cases the land on which the berries 
sphi ncter and allows of escape. When the stomach has grow has been bought from the government by in­
digested its contents and the pylorus is relaxed, gaies divi<luals or firms, i n  vast tracts, and ths growth of the 
generated in the d u oden u m  can and do ascend into the fruit promoted and encouraged by a system of di kes 
stomach and 80 escape. Normally, no fetid gases are and dams whereby the effects of droughts, frost, and 
generated in  the stomach or duodenum. If we follow heavy rainfalls are counteracted to almost any extent 
the conrse of the i n testines down, we find that the desired. Some of these holdings aggregate many 
d uodenu m presents a remarkable curve. thousands of acres under a single ownershi p ; and after 

N ow, there are some points of great interest in con- a marsh of this vast extent has been thorough l y  ditched 
nection with this remarkable, almost circular, curve of and good buildings, water works, etc. , are erected on 
the d uodenum. In the first place, this curve i s  a con- it, its val ue lIIay reach many thousands of dollars, 
stant feature in all mammalialls. Mr. Treves says it is while the original cost of the land may have been merely 
one of the most constant features in the anatomy of nominal. 
the intestines in man, and, speaking of mammalians in Large portions of Jackson, 'Wood, Monroe, Marinette, 
general, that the curve of the duoden u m  varies in shape, Jun eau,  and Green counties are natural cranberry 
but is never absent, becoming more complex i ll some marshes. 'l'he Wisconsin Valley divi�ion of the 
of the higher primates, but seldom less distinct than in Chicago, Milwaukee & St. Paul Railway runs through 
man. I n  birds the duoden um always forms a long a closely continuous m arsh, forty mi les long and 
loop embracing the pancreas. nearly as wide, as level as a floor, which is  an alrIlo�t 

A second point  of great interest is the absol ute con- un broken series of cranberry farms. The Indians, 
stancy and fixation of its terminal portion at the point of who inhabited this country before the white man carne, 
junction with the jejunum, m ore correctly termed se- used to congregate here every fall ,  Illany of them 
cond ascending or fourth porl ion. Mr. Tre ves says that traveling several h undred miles, to lay in  their winter 
this fourth portion is never less than an1inch, and is prac- supply of berries. Many thousands of barrels are now 
t ically constant. It extends along the side of the left crus annually shipped from this region ; and thus this vast 
of the diaphragm opposite the second lumbar vertebra, area, which to the stranger looking u pon it would ap­
and is there firmly fixed to the front of the aorta and pear utterly worthleFs, is as valuable as the richest 
crus of the diaphragm by a strong fibro-muscular band, farming lanel.s in the State. 
sl inging it up and absol utely retaining it in position. In a few instances, however, this fruit is cultivated 
This band has been termed the " muscu l us su spensorius in Wisconsin in a style similar to that practiced in the 
duod.mi , " bu t is chiefly cOIll Pos('d of white fibrous East ; that is ,  b y  paring the natural sod from t.he bog, 
tissue, and is more of the natu 'e of a l igament than a covering the earth to a depth of two or three inches wit.h 
m uscle. This lil{ament is always present, and its posi- sand,  and then transplanting the vines into soil thus 
tion i s  never altered_ The cU I've of the d uodenum prepared. The weeds are then kept down for a year or 
may descend as far as the iliac fossa, but the terminal two, when the vines take full possession of the soil ,  
port.ion i s  always maintained by this band i n  its normal and further attention is unnecessary. The  natural 
position. "stan d" of the vines in the sod is so prod uctive, how-

Another point of great constancy is  the po�ition of ever, and the extent of country over which bountiful 

nature has distributed them so vast, that few operator� 
have thought it necessary to incur the axpense of 
special cul ture. 

One of the best and most perfectly equipped m arshes 
in Wisconsin is owned by Mr. G. B. Sac\{ett, of Berlin. 
It  is situated fou r  m i les n orth of tAat vi llage, and 
comprises 1 , 600 acres, nearly all  of which is a veritable 
bog, and if' covered with a natural and luxuriant 
growth of cran berry vines. A canal ' has been cut from 
the Fox River to the southern limit of the marsh, a 
distance of 4, 400 ft. It is 45 ft. wide, and the water 
stands in  it to a depth of  nine feet, sufficient to float 
fair sized steamboats. At the i ntersection of the canal 
with the marsh steam water works have been erected, 
with flood gates and dams by m eans of which the 
entire marsh lIIay be flooded to a depth <if a foot or 
l1Iore when desired_ Th ere are two engines of 1.�0 horse 
power each, and two pUlllpS that are capable of raising 
80, 000 gallons per m inute. 

When,  in early autumn,  the meteorological conditions 
indicate the approach of frost, t he pum ps may he put to 
work in the afternoon and the berries be effectn ally 
covered by water and th us protectect before ni!l'htfalI. 
At sunrise t.he gates are opened and the water allowed 
to run off again ,  so that the pickers lllay proceed with 
their work. The marsh is flooded to a depth of about 
two feet at the begi nnillg of each winter and allowed 
to remain so until  spring, the heavy body of ice that 
forms preventing the  upheaval thnt wou l d  result  from 
freezing and thawing' - a natural process which, if 
per l llitted, works injury to the vines. 

There is a three-story warehouse on the m arsh, with 
a capacity of 20, 000 barrels of berries, and four large 
two· story houses capable of furnishing shelter for 1, 500 
pickers. The superintendent's residence is a com­
fortable  cottage h ouse, surrou llded by giant oaks and 
el ms, and stands near the warehouse on an " island," 
or slllall tract of h igh, dry lanel. near the center of the 
great Illarsh. 'The pickers' q uarters stand on another 
island about 200 yards away. 

A plank road way, built  on piles, about two feet above 
the level of the ground, leads from the mainland to the 
warehouse and other buildings, a distance of more than 
half a mile.  Several wooden railways di verge froUi the 
warehouse to all parts of the m arsh , and on t hem flat 
cars, propelled by han d , are s('n t  out at interval s  d tHi ng 
the picking season to b ring i n  the berries frOIll  t h e  
hands o f  t h e  pickers. Each picker is provided with a 
crate, holding j ust a b nshel, which is kept close at 
hand. The berries are fi rst picked i n to t in pans and 
pails, and from these emptieel. i n to t.he crates, i n  w h lch 
t.hey are carried to the warehouse, where an em pty 
crate is given the picker in exchange for a full olle. 
Thus equipped and im proved, the Sackett marsh is 
valued at $150,000. Thirteen thouRand barrels have 
been harvested from this great farm in a single s('ason.  
The selli ng price in the Ch icago m arket varies, in d if­
ferent seasons, from $8 to $ 1 6  per barrel. There are 
several other m arshes of various sizes in the vicini ty. 

The picking season u sually begins about Sept. 1, and 
from that tim e  until Oct. 1 the marshes swarm with 
men, women, and children, ranging in age frolll Eix to 
eight years, made up froUl almost every nationality 
under the sun. Bohemians and Poles furnish the ma­
jority of the working force, whi le  GermAns, Iri sh, 
S wedes, Norwegians, Danes, negroes, Indians, and 
Americans contri bute to the motley contingent. They 
cOllie from every direction and frolll various d istances, 
some of them traveling a hundred m iles or more to se­
cure a few days' or weeks' work. Almost every farmer 
or woodsman living anywhere in the region of the 
marshes turns out with his entire family ; and the fam­
i l ies of all the laboring men and mechan ics of the sur­
rounding towns and cities join in the general hegi ra to 
the bogs, and help to harvest the fruit. Those J i \' ing 
within a few mi les go out i n the morning and retu rn  
hOlIle at n ight, taking their noon·day meal with tnem, 
whi le those from a distance take provisions and bed­
ding with them and cam p in the bui ldings p rovided 
for that p urpose by the marsh owners, doing their own 
cooking on the stoves and with the fuel furnished 
them. 

The wages vary from fifty cents to a dollar a b u shel,  
owi ng to the abundance or scarcity of the fruit.  A 
good picker will gather from th ree to four bushels 
a day w h ere the yiel d is  l ight, and five to six bush­
els where it is good. 'The most m oney is m ade by 
famil ies numbering from half a dozen to a dozen 
melll bers. E very chick and child in such fami l ies 
over six years old is. required to t u rn out and h el p  swell  
the revenue of the l i ttle household , and the frugal 
father oft.en pockets ten to twent;y dol lars a day as the  fruits of the C O lli  bined labors. The pickers wade into 
the grass, weeds, an d vines, howe ver wet with d e w  or 
rain, or however deepl y flooded und erneath, m aking 
not the slightest effort to keep even their feet dry,  and 
after an hou r's work in the morning are almost as wet 
as if  they had swum a river. Many of them wade i n  
barefooted, others wearing l o w  cowhide shoes, and their 
feet, at least, are n ece8sarily wet all day long. In 
many cases their bodies are thinly clad, and they m ust 
inevitably suffer in  frosty morn ings and evenings 
and on the raw, cold, rainy days t.h at are frl'q u ent 
i n  the autu m n  mou ths i n  th is lati tude ; yet t hey 
go about their work singing, shouting, and jab ber­
i ng  as m errily as a party of comfortabl y  clad school 
chi ldren at play. How any of them avoid colcts, rheu­
m atism, and a dozen other diseases i s  a m ystery ; and 
yet it  is  rarely that one of them is i l l  from the effects of 
this exposure. As m any as 3000 or 4000 pickers are some­
t imes em ployed on a single marsh when there is a 
heavy crop, and an army of such ragamuffins as goet to­
gether for this purpose, scattered over a bog in confu­
sion and disorder, presents a strange and picturesq u e  
appearance. 

Indians are not usually as good pickers as white 
people, but in the sparsely settled districts, wh ere many 
of the berry farms are situated, i t  is impossible to get 
white he lp  enqugh to take care of the crop in the  short 
time available for the work, and owners are com pe l l ed 
to employ the aborigines. A rake, with the pron gs 
shaped l ike the letter V, is used for picking i n  some 
cases, but owing to the large amount of grass and 
weeds that grow allJ ong the vines on the!'e w i l d  ma .. �bes, 
this instrument is rarel y  avai lable. After bei ng picked 
the berries are stored in warehonses for a period \'ary­
ing fWIll one to three weeks. They are washed and 
dried by being passea through a fanning m i l l  made for 
the purpose. and are then allowed to cure and ripen 
thoroughly before they are shipped to market. 
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Frolll statistics gathered b y  the American Cranberry 
Growers' Association it  is  learned that in  1883 Wisconsin 
prod uced 135,507 bushels, i n  1 884 24, 7a8 bushels, in 1 885 
2134,'432 bushels, and in 1886 70, 686 bushels of this fruit� 
By th�se figures it will be seen that the yield is very 
i r-regular. This is owing, principal l y, to the fact that 
many of the marshes are not yet provided with the 
means of flood ing, and of courSe suffer from worms, 
droughts, late spring  or early autumn frosts. and exten­
sive fires ;;tarted by sparks from the en gines on rail­
roads running, through the marshes. These and vari­
ous other e�i 1s  are averted on the more improved 
farms. So that, whi le  handsome fortunes have in many 
cases been made in cranberry growing, lIlany thousands 
of dollars have, on the other haud,  been snnk in the 
Sltllle ind ustry. Only the wealthier owners, who have 
expended vast sums of money in  i Il lproving- and equip­
ping their property, can calculate with any degree of 
certainty on a pay ing  crop of fruit every year, 

Ch icago is the great distribnt ing point  for the berries 
produced in Wisconsin,  shipmen ts bei n g  made thence 
to nearly every State and 'ferritory in the Un ion, to 
Canada, to Mexico. and to several Euronean countries. 
Berries sent to the South ern markets 

'
are put  up i n  

watertight packages, and the casks are then ti lled with 
water, this being the only means by wh ich they can 
be kept in hot weather. E ven in th is  cond i tion t hey 
can only be kept a few days after reaching hot climates. 
-American Magazine. 

SOUDAN COFFEE. 

(Parkia biglobosa. ) 

THERE are valuable plants on every continent. 
C i vi l ized E u rope no longer counts  them. Mysterious 
Africa is no less largely and spontaneously favored with 
them than young America and the ancient territory of 
Asia. 

The latter has given us the majority of the best fruits 
of Oll r  gardens. We have already shown how use­
ful the butter tree (B1ttyroSpe1'1n'Uln ParkU) is in 
t ropical Africa, and we also know how the gonrou 
(Sterculia acuminata) is cu lt ivated in the same regions. 
But t,hat is not all ,  for the g-reat family of Leguin i nosre, 
whose n n tu erous representati \'es encutu bel' this con­
t inent, l ikewise furnishes the negro natives a food that 
is nearly as indispensable to them as the gOU1'OU 0 1' the 
products of the baobab-another' valuable tree and cer­
tai nly the most widely distr ibuted one in torrid Africa. 
This  legll lll inous tree, which is as yet but little known 
iu  the c iv i l i zed world , h as been named scientificall y ·  
Parkia b iglobosa by Bentham. The negroes give i t  
variolls names, accord i ng to the tribe ; among the 
O uloffs, it  is the houlle ; among the Mandignes, naytay; 
in Cazamance (N alon lan�uAge), it is nayray ,. in 
Bornou, rounuo ; in Haoussa, doroa ,. in Hant-fleure 
(Senegal) ,  nayraytou. On the old mysterious conti­
nent it plays the same role that the algarobas do in 
young America. Howe ver, it is  quite a common rule to 
find in the order Leguminosre, and especial ly in the 
section Mimosre, plants whose pods are edible. Ex­
am ples of this fact are numerous. As regards the 
Medi terranean region, it  suffices to cite the classic 
carob tree (Ceratonia siliqua), which also is of African 
national i ty, b ut which is wanting in the warm region 
of this con tinent. 

Throughout the tropical region of Africa, the abo­
rigines love to consume the saccharine p u l p  and the 
seed contained in the pod of  the hottlle. Prepared in  
d iffere nt ways, according to tribe and latitude, th£se 
two products consti t u te a valuable aliment. The p u l p  
i s  consumed eithel' j ll s t  as it is  o r  a s  a fermented bever­
age. As for the seeds, they serve, raw or' roasted, for 
the production of a tpa-like infusion (whence the name 
• .  Soudan coffee ") ,  or, after fermentation in water, for 
making a national condiment, which in certain places 
is called kinda, and wh ich is mixed with boiled rice or 
prepared meats. 'l'h is preparation has iu most cases a 
pasty form or the consistency of cohesive flour ; but in 
order to ren der i ts carriage easier in certain of the 
African centers where the trade in it  is brisk, it 
is compressed into tablets similar to those of ou r 

FIGS. 1 TO 6.-PODS OF THE HOULLE AND 
MICROSCOPIC DETAILS. 

chocolate. As these two prod ucts are very li ttle known 
in Europe, i t  has seemed to us that it would be of in­
terest to give a description and chemical analysis of 
them. We shal l say but little of the plant. which has 
sufficiently I)ccupied botanists. 

The houl le (Par-kia biglobosa) is a large tree from 35 
to 50 feet in height, with a gray bark, many branches, 
and large, elegant leaves. The  latter are compound,  
bipinnate (Fig. 7), and have fi fty pairs of leaflets, 
which are linear and obtuse and of a grayish gr.een. 
The inftoresoence is very pleasing to the eye. The 

flowers, say the authors of the Fl01're Senegambire Ten­
tamen, form balls of  a dazz l ing red, contracted at the 
base, and resemul ing the pom pons of our grenadiers 
(Fig. 8). The support of this latter consists only of 
male flowers. 'rhe frui t  that succeeds these flow PI'S i s  
supported b y  a c lub-shaped receptacle. It consists o f  a 
large pod, which at matu rity is 1 3  inches i n  length by 
10  in width (Fig. 1 ) .  This  pod is chocolate brown,  quite 
smooth or sl ightly tu bercular, and is  swollen at the 
points where the seeds are situated. The pods are 
straight or s l ightly curved .  The  aborigines of Rio 
Nunez use the pods for poisoning the tishes th at 
abound in the watercourses. 'Ve do not know w hat 
the nature of the toxic principle is that is contained in 
these hard pods, but we wel l  know the natu re of the 
yellowish pulp and of the seeds that entirely fill the 
pods. 

Although the pulp forms a contin uous whole, each 
seed easi ly  separates from the following and carries 
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FIG 7. --PARKIA BIGLOBOSA. 

with it a part of the pulp that surrounds  i t  and that 
constitutes an i ndependent  mass (Fig. 2). 'l'h is  pu lpy 
substance, formed entirely of oval cells fi l led with 
aleurone, consists of two d i stinct layers. The first, an 
external one of a beaut i fu l  yellow, is from 10  to 15 
times bu l kier than the internal one,  which likewise is  
of a beautiful yel low.  

It detaches itself easily from the seed, wh ile the in­
ternal laypr, which adheres firmly to the exterior of the 
seed , can be detached onl y by maceration in water. 
This fresh pu lp  has a sweet and agreeable although 
slightly i ns ipid taste. U pon growing old and becolll­
ing d ry, it takes 011 a st i l l  more agreeable  taste, for it 
preserves its sweetness and gets a perfume like that of 
the viol et. 

As for the seed , which is of a brown color and pro­
vided with a hard, sh in ing skin, that is  0 '4 inch long, 
0 '3 i uch wide, and 0 '2 inch thick. It is oval i n  form, with 
quite a prominent beak at the hilum (Fig. 4). The 
rllar'g in is blunt and the  two convex sides are provided 
in the center with a gi bbosi ty  l i lll i ted by a l ine parallel 
with the llIargi n ,  and this  has gi ven the  plant its specific 
name of biglobosa. The llIean weight of each seed is 
472' grains. The skin ,  though th ick, i s  not very strong. 
It  consists, anatolll ically, of fon r  layers (Fig. 5) of a 
thick cuticle, c ; of a zone of pal i ssade cel ls, Z p ; of a zone 
of cpl l s  w i th  t h ick tangentia l  wal ls  alTanged in a single 
row ; and of a, zon e  tough e [' than the others. formed of 
n U lll erous  cells w i th thicl, wails, without  defin ite form, 
and filled with a blackish reel coloring llIatter, C s. 

Professor Sch lagdenhauffen, the pulp has the follow­
ing compoHition per 100 parts : 

Fatty matter . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 '407 
Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 '923 
In verted sngar. . . . . . . . . . . . . . . . . . . . . . . . . . .  7 825 
Coloring matter and free acids . . . . . .  ' . . .  1 '300 
Albuminous matter. . . . . . . . . . . . . . . . . . . . . . 5 '240 
GUlllmy matter . . . . . . . . . . . . . . . . . . . . . . . . .  19 ' 1 09 
Cel lu lose . . .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 '921 
Lignose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 '195 
Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 ·080 

Total. . ' "  . . . . . . . . • • • . . . . . . . . . . . . . . . . .  1 00 '000 

The salient point of these analytical resu lts  is the 
enormous quant ity of matter (nearly 60 per cent.) 
formed almost exclusi vely by sugar. It is not surpris­
i ng. from this  that thi s  product constitutes a food 
both agreeable and useful . 

An anal ysis of the ent ire seed, made by the same 
chemist, has given the fol lowing results : 

Solid fatty matter . . . . . .  . . . .  . . . . . .  . . .  . .  21 '145 
Unred uced sugar. . . . . . . . . . . . . . . . . . . . . . . .  6 ' 1 83 
UndeterIll ined matters . . . . . . • . . . . . . . . .  " 5 51 0  
Gummv . . . . . . . . . . . . . . . . . . . .  1 0 272 
Albuminoid " . . . . . . . . . . . . . . . . . .  24 626 
Cellulosic . . . • . . . . . . . . . . . . . .  5 '752 
Lignose and losses . . . . . . . . .  " . . . . . . . . . .  20 '978 
Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " . . .  ,5 '534 

Total . . . ' . . .  . .  . .  . .  . .  . . . . . . .  . .  . .  . . . . .  100 '000 

The presence in these seeds of a large quanti t.y of 
fatty matters and sugar, and especially of al buminoid 
matters (very nutrith'e), largel y justi fi es the use m ade 
of them as a food. 'l'h e  i n n ate inst inct of the savage 
peoples of Africa has thus anticipated the data of 
science.-La Nature. 

THE HEIGHT OF SUMMER CLOUDS. 

A KNOWLEDGE of the heights and movements of the 
clouds is  of llJ uch in terest to science, and of e�pecial i m­
portance in the p rediction of WEather. 'fhe  subject has 
therefore reeei ved much attention d u ring recent years 
from m eteorologists, ch iefl y In th i s  country and in 
Sweden. In  the last published report of the Meteoro­
logical Council for 1885-8() wi l l  be found an account, of 
the steps taken by that body to obtain cloud photo­
graphs ; and in the Meteorologische Zeit8ch1'ijt for 
March last, lH l\L Ekholm and Hagstrom ha\'e pub­
lished an interest ing sUlIlm ary of the results of observa­
tions m ade at Upsala d ur ing the sU lll mers of 188�-85. 
They deterlll ined the paral lax of the clouds by angular 
measurements made frolll two stations at the extremi­
ties of a base of conven ient len gth and having  tele­
phonic connection . The instruments used were al tazi­
m uths, constructed undpr the direction of Prof. Mohn, 
special ly  for measuri l lg  the paral lax of the aurora bore­
a l is. A full description of these instruments and of the 
calculations w i l l  be found in the A cta Reg Soc. Sc. Ups. , 
1 884. The results now in quest ion are based upon 
nearly 1 , 500 measurements of heights ,. the motions will 
form the suqiect of a future paper. It  was found that 
clouds are formed at all levels, but that they occur 
most frequently at certain elevations or stages. The 
following' are, approximately, the Ill ean heights, in 
feet, of the principal forlIls : St,ratus, 2, 000 ; nim bus, 
5,000 ; cUlIlulus (base) 4,500, (sulllmit )  6,{)00 ; cUIll ulo­
stratus (base), 4,600 ; " false-cirrus " (a form which often. 
accompanies the cU l l lu lo-stratus) ,  12,800; c irro- culJl ulus, 
21 , 000 ; cirrus, 29, 000 (thp highest being 41,000). The 
maximum of cloud frequency was found to be at levels 
of 2,300 and 5, 500 feet. 

General ly speaking, all the forms of cloud have a 
tendency to rise d uring the course of the  day ; the 
ehange, excepting for the cUlll u l us for'm, amonnting to 
nearly 6, 500 feet.. In the lIlorning, when the cirrus 
clouds are at their lowest level , the frequency of their 
lowest forms-the cirro-cuIll ulus-is great pst ; and i n  
t h p  evening, when the height o f  the cirrus is greatest, 
the frequency of its highest forms-the cirro-stratus­
i s  also greatest. With regard to the connection be­
tween the character of the  wpather aGd the height  of 
the clouds, the heigh ts of the bases of the cumulus are 

FIG. 8.-FLOWERS OF PARKIA. 

This perisperm covers an exalbuminous embryo formed 
almost entirely of two thick .  greeni�h yellow cotyle­
dons having  a strong taste of lpgumine. 

W hen exami ned under the microscope, these cotyle­
dons, the al i m entary part of  the seed , have the appear 
alice rppresented in Fig. 6, where e p is the epidermic 
la.yer and c p constitutes the uniform parench yma of 
the cotyledonary leaf. Th is parench ymatous mass 
consists of oval cells fil led with fatty lIIatter and gran­
ules of aleurone. 

Accordini to some chemical researches m ade by 

nearly con stant in all  conditions. The summits, how­
ever, are lowest i n  the vicinity of a barometric maxi"  
mum. They i ncrease in the rpgion of a deprpssion, and 
attain their greatest heigh t in  thunderstorUl s, the 
thickn pss of the cUTllu lo  stratus  stretch ing sometime':' 
for several mi les, The h ighest forms of clouds a ppear 
to ttoat at thei r lowest levels i n  the region of a deprps, 
s ion.  The forms of clouds al'e identical in all parts of 
the world ,  as has been shown in papPI's lately read by 
the Hon. R. Aber("l'olliby before the English and Scot· 
tish Meteorological Societies.-Nature. 
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ON THE CAUSE OF IRIDESCENCE IN 
CLOU]!)S. 

By G. JOH�STONE STONEY. 

WHEN the sky is occupied by l ight cirro-cumulus 
cloud, an optical phenomenon of the most delicate 
beauty sometimes presents itself, in which the borders 
of the clouds and their lighter port ions are suffused 
with soft shades of color likfl those of mother-of-pearl 
among which lovely pinktl and greens are the Illost 
conspicuous. Usually these colors are distributed in 
irregular patches. j ust as in mother-of-pearl ; but occa­
sionally they are seen to form round the denser patches 
of cloud a regu lar colored fringe, in which the several 
tints are arranged in stripes following the sinuosities of 
the outline of the cloud. 

I cannot find in any of the books an explanation of 
this beauti ful spectacle, all the more pleasing because 
it generally  presents itsel f in delightful summer 
weather. It i s  not ment.ioned in the part of Moigno's 
great Repertoire d ' Optique which treats of meteorolo­
gical optics, nor in any ot.her work which I have con­
sulted. It seems desirable. thprefore, to make an at­
tempt to search out what appears to be its explanation. 

At the elevation in our atmosphere at which these 
delicate clouds are formed the temperature is  too low, 
even in midsummer, for water to exist in the l iquid 
state ; and accordingly, the attenuated vapor from 
which they were condensed passed at once into a sol id 
form. They consist, in fact, of tiny crystals of  ice, not 
of l ittle drops of water. If the precipitation has been 
hasty; the crystals will, though al l small, be of many 
sizes jumbled together, and in that case the beautiful 
optical phenomenon with which we are now deal ing 
will not occur. But if the opposite conditions prevail 
(which they do on rare occasions), if the vapor had 
been evenly distributed, and if the precipitation took 
place Slowly, then will the crystals in  any one neighbor­
hood be little ice crystals of nearly the same form and 
size, and from one neighborhood to another they wi l l  
differ chiefly in number and size, owing to the process 
having gone on longer or taken place somewhat faster, 
or through a greater depth, in some neighborhoods 
than others. This will give rise to the patched appear­
ance of the clouds which prevails when this phenome­
non presents itself. It al80 causes the tiny crystals, of 
which the cloud consists, .to grow larger in some places 
than others. 

Captain Scoresby, in his " Account of the Arctic Re­
gions, " gives the best descriptiou of snow crystals 
formed at low temperatures with which I am ac­
quainted. From his observations it appears-(a) that 
when formed at temperatures several degrees below 
the freezing point, the crystals, whether simple or com­
pound, are nearly all of symmetrical forms ; (b) that 
thin tabular crystals are extremely numerous, consist­
ing either of simple transverse slices of the fundament.al 
hexagon or, more frequently, of aggregations of these 
attached edgewise and lying in one plane ; and (c) that, 
according as atmospheric conditions vary, one form of 
crystal or another largely preponderates. A fuller 
account of these most significant observations is given 
in the appendix to this paper. 

Let us then consider the crystals in any one neighbor­
hood in the sky, where the conditions that prevail are 
such as to produce lamellar crystals of nearly the same 
thickness. The tabular plates are subsiding through 
the atmosphere-in fact, falling toward the earth. And 
although their descent is  very slow, owing to their m i­
n ute size, the resist.ance of the air will act upon them 
as it does upon a falling feather. It will cause them, 
i f  dhlturbed, to oscil late before they settle into that 
horizontal position which flat plates finally assume 
when fal l ing through quiescent air. We shal l  presently 
consider what the condi tions must be, in order that the 
�rystal s mll,y be liable to be now and then disturbed 
from the horizontal position. If this occasionally hap­
pens, the crystals will keep fluttering, and at any one 
mOlllent some of them wil l be turned so as to reflect a 
ray frolll the sun to the eye of t.he observer from the 
flat surface of the crystal which is next him.  N ow, if 
the conditions are such as to produce crystals which 
)tre plates with parallel faces, and as they are also trans­
parent, part only of the sun's ray that reaches the 
front face of the cry!<tal will be reflected from it ; the 
rest will enter the crystal, and, fall ing on the parallel 
.surface behind, a portion will be there refiected , and 
passing out through the front face, will also reach 
the eye of the observer. 

These two portions of the ray .. -that reflected from the 
front face and that reflected from the back-are pre­
cisely in the condition in which they can interfere with 
one another, so as to produce the splend id colors with 
which we are familiar in soap bubbles. If the crystal s  
are o f  diverse thicknesses, the colors from the individ­
ual crystals will be different, and the mixture of them 
all will produce merely white light ; but if  all 
are nearly of the same thickness, they will transmit 
the same color toward the observer, who will accord­
ingly see this color in the part of the cloud occupied by 
these crystals. The color will, of course, not be undi­
luted ; for other crystals will send forward white light, 
and this, blended with the colored light, will produce 
delicate shades in cases where the corresponding colors 
of a soap b ubble would be vivid. 

saturated at different temperatures, and moving with 
diffflrent velocities or in d ifferent directions. Where 
these currents intermix. a certain amount of disturb­
ance w i l l  prevail, which, if sufficiently slight, would 
not much interfere with the regularity of the crystals, 
and might yet be sufficient to occasion little draughts, 
which would blow them abou t  when formed. Or, if 
the cold layer is above, and if  i t  is i n  a sufficient degree 
colder, there need not be any previous relative motion 
of the two layers ; the inevitable convection currents 
wi l l  suffice. Another, and probably the Illost frequent, 
cause for little breezes in the neigh borhood of the 
cloudlets is that when the tlloudlets are formed they 
i mmediately absorb the heat of the sun in a way that 
the previously clear air had not done. If they absorb 
enough, they will rise like feeble balloons, and slight re­
turn currents will travel downward round their mar­
gins, throwing all crystals in that situation into dis­
order. 

I do not include among the causes which may agitate 
the crystals another cause which must produce exces­
sively slight currents of air, namely, that arising from 
the subsidence of the cloudlets owing to their weight. 
The crystals will fall faster where in cloud masses than 
in the intervening portions where the cloud is thinner. 
But the subsidence i tself is  so slow that any relative 
motions to which differences in the rate of subsidence 
can give rise are probably too feeble to prod uce an 
appreciable effect.. Of course, in general, more than 
one of the above causes will concur ; and it is the re­
sultant of the effects which they would  have separately 
produced that will be felt by the crystals. 

If the precipitation had taken place 80 very evenly 
over the sky that there were no cloudlets formed, but 
onl y  one uniform veil of haze, then the currents which 
would flutter the crystals llIay be so entirely absent 
that the little plates of crystals can fixedly assume the 
horizon tal position which is natural to them. In this 
event the clond will  exhibit no iridescence, b ut, instead 
of it, a vertical circle through the sun will present 
itself. This, on some rare occasions, is  a feature of the 
phenomenon of parhelia. 

It th us appears that the occasional iridescence of 
cirrus clouds is satisfactorily accounted for by the con­
currence of conditions, each of which is known to have 
a real existence in nature. . . .-Phil. Mag. ,  July 
1887. 
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