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THE BRITISH ASSOCIATION.

[Illustration:  The British association at Manchester portraits of the president and 
presidents of sections ]

The fifty-seventh annual meeting of the British Association was opened on Wednesday 
evening, Aug. 31, 1887, at Manchester, by an address from the president, Sir H.E.  
Roscoe, M.P.  This was delivered in the Free Trade Hall.  The chair was occupied by 
Professor Williamson, who was supported by the Bishop of Manchester, Sir F. Bramwell,
Professor Gamgee, Professor Milnes Marshall, Professor Wilkins, Professor Boyd 
Dawkins, Professor Ward, and many other distinguished men.  A telegram was read 
from the retiring president, Sir Wm. Dawson, of Montreal, congratulating the association
and Manchester on this year’s meeting.  The new president, Sir H. Roscoe, having been
introduced to the audience, was heartily applauded.

The president, in his inaugural address, said Manchester, distinguished as the 
birthplace of two of the greatest discoveries of modern science, welcomed the visit of 
the British Association for the third time.  Those discoveries were the atomic theory of 
which John Dalton was the author, and the most far-reaching scientific principle of 
modern times, namely, that of the conservation of energy, which was given to the world 
about the year 1842 by Dr. Joule.  While the place suggested these reminders, the time,
the year of the Queen’s jubilee, excited a feeling of thankfulness that they had lived in 
an age which had witnessed an advance in our knowledge of nature and a consequent 
improvement in the physical, moral, and intellectual well-being of the people hitherto 
unknown.

PROGRESS OF CHEMISTRY.

A sketch of that progress in the science of chemistry alone would be the subject of his 
address.  The initial point was the views of Dalton and his contemporaries compared 
with the ideas which now prevail; and he (the president) examined this comparison by 
the light which the research of the last fifty years had thrown on the subject of the 
Daltonian atoms, in the three-fold aspect of their size, indivisibility, and mutual 
relationships, and their motions.

SIZE OF THE ATOM.

As to the size of the atom, Loschmidt, of Vienna, had come to the conclusion that the 
diameter of an atom of oxygen or nitrogen was the ten-millionth part of a centimeter.  
With the highest known magnifying power we could distinguish the forty-thousandth part
of a centimeter.  If, now, we imagine a cubic box each of whose sides had this length, 
such a box, when filled with air, would contain from sixty to a hundred millions of atoms 
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of oxygen and nitrogen.  As to the indivisibility of the atom, the space of fifty years had 
completely changed the face of the
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inquiry.  Not only had the number of distinct, well-established elementary bodies 
increased from fifty-three in 1837 to seventy in 1887, but the properties of these 
elements had been studied, and were now known with a degree of precision then 
undreamt of.  Had the atoms of our present elements been made to yield?  To this a 
negative answer must undoubtedly be given, for even the highest of terrestrial 
temperatures, that of the electric spark, had failed to shake any one of these atoms in 
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 the white, which were presumably the hottest 
stars, furnished no direct evidence that a decomposition of any terrestrial atom had 
taken place; indeed, we learned that the hydrogen atom, as we know it here, can 
endure unscathed the inconceivably fierce temperature of stars presumably many times
more fervent than our sun, as Sirius and Vega.  It was therefore no matter for surprise if 
the earth-bound chemist should for the present 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 
hydrogen molecule, moving at the rate of seventy miles per minute, must, in one second
of time, knock against others no fewer than eighteen thousand million times.  This 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 searching vision, may be as 
complicated as that of any one of the heavenly bodies which circle round our sun.  How 
did this wonderful atomic motion affect their chemistry?

ATOMIC COMBINATION.

Lavoisier left unexplained the dynamics of combustion; 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 
equivalent of heat.  Every change in the arrangement of the particles he found was 
accompanied by a definite evolution or an absorption of heat.  Heat was evolved 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 properties, that the superstructure of modern organic chemistry rested.  We 
now assumed on good grounds that the atom of each element possessed distinct 
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capabilities 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 overcome 
many experimental obstacles, and organic chemistry had now become synthetic.
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Liebig and Wohler, in 1837, foresaw the artificial production 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 salacine.

SYNTHESIS.

We know now that the same laws regulate the formation 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 to prepare it artificially.  Seventeen years elapsed between Wohler’s 
discovery of the artificial 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 in by chemists of all nations.  In 
1834 Dumas made known the law of substitution, and showed that an exchange could 
take place between the constituent atoms in a molecule, and upon this law depended in 
great measure the astounding progress made in the wide field of organic 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, founded by our countryman 
Perkin, the value of which was measured by millions sterling annually.  Another 
interesting application of synthetic chemistry to the needs of everyday life was the 
discovery of a series of valuable febrifuges, of which antipyrin might be named 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 foretell 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 not help feeling that the barrier between the organized and 
unorganized worlds was one which the chemist at present saw no chance of breaking 
down.  True, there were those who professed 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 could only say that at present no 
such problem lay within his province.

12
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Protoplasm, with which the simplest manifestations of life are associated, was not a 
compound, but a structure built up of compounds.  The chemist might successfully 
synthesize any of its component molecules, but he had no more reason to look forward 
to the synthetic production of the structure than to imagine that the synthesis of gallic 
acid led to the artificial production 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 chemistry 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.

He would now briefly trace a few of the more important 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 interest or greater 
complexity than that which, bearing on the vital functions both of plants and of animals, 
endeavored to unravel the tangled skein of the chemistry of life, and to explain the 
principles according to which our bodies live, and move, and have their being.  If, 
therefore, in the less complicated problems with which other portions of our science 
have to deal, we found ourselves often far from possessing satisfactory solutions, we 
could not be surprised to learn that with regard to the chemistry of the living body—-
whether vegetable or animal—in health or disease, we were still farther from a complete
knowledge of phenomena, even those of fundamental importance.

Liebig asked if we could distinguish, on the one hand, between the kind of food which 
goes to create warmth and, on the other, that by the oxidation of which the motions and 
mechanical energy of the body are kept up.  He thought he was able to do this, and he 
divided food into two categories.  The starchy or carbo-hydrate food was that, said he, 
which by its combustion provided the warmth necessary for the existence and life of the 
body.  The albuminous or nitrogenous constituents of our food, the flesh meat, the 
gluten, the casein out of which our muscles are built up, were not available for the 
purpose of creating warmth, but it was by the waste of those muscles that the 
mechanical energy, the activity, the motions of the animal are supplied.

Soon after the promulgation of these views, J.R.  Mayer warmly attacked them, throwing
out the hypothesis that all muscular action is due to the combustion of food, and not to 
the destruction of muscle.

13
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What did modern research say to this question?  Could it be brought to the crucial test 
of experiment?  It could; but how?  In the first place, we could ascertain the work done 
by a man or any other animal; we could measure this work in terms of our mechanical 
standard, in kilogramme-meters or foot-pounds.  We could next determine what was the
destruction of nitrogenous tissue at rest and under exercise by the amount of 
nitrogenous material thrown off by the body.  And here we must remember that these 
tissues were never completely burned, so that free nitrogen was never eliminated.  If 
now we knew the heat value of the burned muscle, it was easy to convert this into its 
mechanical equivalent and thus measure the energy generated.  What was the result?

Was the weight of muscle destroyed by ascending the Faulhorn or by working on the 
treadmill sufficient to produce on combustion heat enough when transformed into 
mechanical exercise to lift the body up to the summit of the Faulhorn or to do the work 
on the treadmill?

Careful experiment had shown that this was so far from being the case that the actual 
energy developed was twice as great as that which could possibly be produced by the 
oxidation of the nitrogenous constituents eliminated from the body during twenty-four 
hours.  That was to say, taking the amount of nitrogenous substance cast off from the 
body, not only while the work was being done, but during twenty-four hours, the 
mechanical effect capable of being produced by the muscular tissue from which this 
cast-off material was derived would only raise the body half way up the Faulhorn, or 
enable the prisoner to work half his time on the treadmill.  Hence it was clear that 
Liebig’s proposition was not true.

The nitrogenous constituents of the food did doubtless go to repair the waste of muscle,
which, like every other portion of the body, needed renewal, while the function of the 
non-nitrogenous food was not only to supply the animal heat, but also to furnish, by its 
oxidation, the muscular energy of the body.  We thus came to the conclusion that it was 
the potential energy of the food which furnished the actual energy of the body, 
expressed in terms either of heat or of mechanical work.

But there was one other factor which came into play in this question of mechanical 
energy, and must be taken into account; and this factor we were as yet unable to 
estimate in our usual terms.  It concerned the action of the mind on the body, and 
although incapable of exact expression, exerted none the less an important influence on
the physics and chemistry of the body, so that a connection undoubtedly existed 
between intellectual activity or mental work and bodily nutrition.  What was the 
expenditure of mechanical energy which accompanied mental effort was a question 
which science was probably far from answering; but that the body experienced 
exhaustion as the result of mental activity was a well-recognized fact.

14
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CHEMISTRY OF VEGETATION.

The phenomena of vegetation, no less than those of the animal world, had, however, 
during the last fifty years been placed by the chemist on an entirely new basis.

Liebig, in 1860, asserted that the whole of the carbon of vegetation was obtained from 
the atmospheric carbonic acid, which, though only present in the small relative 
proportion of four parts in 10,000 of air, was contained in such absolutely large quantity 
that if all the vegetation on the earth’s surface were burned, the proportion of carbonic 
acid which would thus be thrown into the air would not be sufficient to double the 
present amount.  That this conclusion was correct needed experimental proof, but such 
proof could only be given by long-continued and laborious experiment.

It was to our English agricultural chemists, Lawes and Gilbert, that we owed the 
complete experimental proof required, and this experiment was long and tedious, for it 
had taken forty-four years to give a definite reply.

At Rothamsted a plot was set apart for the growth of wheat.  For forty-four successive 
years that field had grown wheat without the addition of any carbonized manure, so that 
the only possible source from which the plant could obtain the carbon for its growth was 
the atmospheric carbonic acid.  The quantity of carbon which on an average was 
removed in the form of wheat and straw from a plot manured only with mineral matter 
was 1,000 lb., while on another plot, for which a nitrogenous manure was employed, 
1,500 lb. more carbon was annually removed, or 2,500 lb. of carbon were removed by 
this crop annually without the addition of any carbonaceous manure.  So that Liebig’s 
prevision had received a complete experimental verification.

CHEMICAL PATHOLOGY.

Touching us as human beings even still more closely than the foregoing was the 
influence which chemistry had exerted on the science of pathology, and in no direction 
had greater progress been made than in the study of micro-organisms in relation to 
health and disease.  In the complicated chemical changes to which we gave the names 
of fermentation and putrefaction, Pasteur had established the fundamental principle that
these processes were inseparately connected with the life of certain low forms of 
organisms.  Thus was founded the science of bacteriology, which in Lister’s hands had 
yielded such splendid results in the treatment of surgical cases, and in those of Klebs, 
Koch, and others, had been the means of detecting the cause of many diseases both in 
man and animals, the latest and not the least important of which was the remarkable 
series of successful researches by Pasteur into the nature and mode of cure of that 
most dreadful of maladies, hydrophobia.  The value of his discovery was greater than 
could be estimated by its present utility, for it showed that it might be possible to avert 
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other diseases besides hydrophobia by the adoption of a somewhat similar method of 
investigation and of treatment.
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Here it might seem as if we had outstepped the boundaries of chemistry, and had to do 
with phenomena purely vital.  But recent research indicated that this was not the case, 
and pointed to the conclusion that the microscopist must again give way to the chemist, 
and that it was by chemical rather than biological investigation that the causes of 
diseases would be discovered, and the power of removing them obtained.  For we 
learned that the symptoms of infective diseases were no more due to the microbes 
which constituted the infection than alcoholic intoxication was produced by the yeast 
cell, but that these symptoms were due to the presence of definite chemical 
compounds, the result of the life of these microscopic organisms.  So it was to the 
action of these poisonous substances formed during the life of the organism, rather than
to that of the organism itself, that the special characteristics of the disease were to be 
traced, for it had been shown that the disease could be communicated by such poisons 
in the entire absence of living organisms.

Had time permitted, he would have wished to have illustrated the dependence of 
industrial success upon original investigation, and to have pointed out the prodigious 
strides which chemical industry in this country had made during the fifty years of her 
Majesty’s reign.  As it was, he must be content to remark how much our modern life, 
both in its artistic and useful aspects, owed to chemistry, and therefore how essential a 
knowledge of the principles of the science was to all who had the industrial progress of 
the country at heart.  The country was now beginning to see that if she was to maintain 
her commercial and industrial supremacy, the education of her people from top to 
bottom must be carried out on new lines.  The question how this could be most safely 
and surely accomplished was one of transcendent national importance, and the 
statesman who solved this educational problem would earn the gratitude of generations 
yet to come.

In welcoming the unprecedentedly large number of foreign men of science who had on 
this occasion honored the British Association by their presence, he hoped that that 
meeting might be the commencement of an international scientific organization, the only
means nowadays existing of establishing that fraternity among nations from which 
politics appeared to remove them further and further, by absorbing human powers and 
human work, and directing them to purposes of destruction.  It would indeed be well if 
Great Britain, which had hitherto taken the lead in so many things that are great and 
good, should now direct her attention to the furthering of international organizations of a 
scientific nature.  A more appropriate occasion than the present meeting could perhaps 
hardly be found for the inauguration of such a movement.  But whether this hope were 
realized or not, they all united in that one great object, the search after truth for its own 
sake, and they all, therefore, might join
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in re-echoing the words of Lessing:  “The worth of man lies not in the truth which he 
possesses, or believes that he possesses, but in the honest endeavor which he puts 
forth to secure that truth; for not by the possession of truth, but by the search after it, are
the faculties of man enlarged, and in this alone consists his ever-growing perfection.  
Possession fosters content, indolence, and pride.  If God should hold in his right hand 
all truth, and in his left hand the ever-active desire to seek truth, though with the 
condition of perpetual error, I would humbly ask for the contents of the left hand, saying,
’Father, give me this; pure truth is only for thee.’”

At the close of his address a vote of thanks was passed to the president, on the motion 
of the Mayor of Manchester, seconded by Professor Asa Gray, of Harvard College.  The 
president mentioned that the number of members is already larger than at any previous 
annual meeting, namely, 3,568, including eighty foreigners.

* * * * *

THE CRIMSON LINE OF PHOSPHORESCENT 
ALUMINA.

Crookes has presented to the Royal Society a paper on the color emitted by pure 
alumina when submitted to the electric discharge in vacuo, in answer to the statements 
of De Boisbaudran.  In 1879 he had stated that “next to the diamond, alumina, in the 
form of ruby, is perhaps the most strikingly phosphorescent stone I have examined.  It 
glows with a rich, full red; and a remarkable feature is that it is of little consequence 
what degree of color the earth or stone possesses naturally, the color of the 
phosphorescence is nearly the same in all cases; chemically precipitated amorphous 
alumina, rubies of a pale reddish yellow, and gems of the prized ‘pigeon’s blood’ color 
glowing alike in the vacuum.”  These results, as well as the spectra obtained, he stated 
further, corroborated Becquerel’s observations.  In consequence of the opposite results 
obtained by De Boisbaudran, Crookes has now re-examined this question with a view to
clear up the mystery.  On examining a specimen of alumina prepared from tolerably 
pure aluminum sulphate, shown by the ordinary tests to be free from chromium, the 
bright crimson line, to which the red phosphorescent light is due, was brightly visible in 
its spectrum.  The aluminum sulphate was then, in separate portions, purified by various
processes especially adapted to separate from it any chromium that might be present; 
the best of these being that given by Wohler, solution in excess of potassium hydrate 
and precipitation of the alumina by a current of chlorine.  The alumina filtered off, 
ignited, and tested in a radiant matter tube gave as good a crimson line spectrum as did
that from the original sulphate.
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A repetition of this purifying process gave no change in the result.  Four possible 
explanations are offered of the phenomena observed:  “(1) The crimson line is due to 
alumina, but it is capable of being suppressed by an accompanying earth which 
concentrates toward one end of the fractionations; (2) the crimson line is not due to 
alumina, but is due to the presence of an accompanying earth concentrating toward the 
other end of the fractionations; (3) the crimson line belongs to alumina, but its full 
development requires certain precautions to be observed in the time and intensity of 
ignition, degree of exhaustion, or its absolute freedom from alkaline and other bodies 
carried down by precipitated alumina and difficult to remove by washing; 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 compound 
molecule, one of its constituent molecules giving the crimson line.  According to this 
hypothesis, alumina would be analogous to yttria.”—Nature.

* * * * *

CARBONIC ACID IN THE AIR.

By Thomas C. Van Nuys and Benjamin F. Adams, Jr.

During the month of April, 1886, we made eighteen estimations of carbonic acid in the 
air, employing Van Nuys’ apparatus,[1] recently described 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 surrounding country.  
The formation is sub-carboniferous and altitude 228 meters.  There are no lowlands or 
swamps near.  The estimations were made at 10 A.M.

  [Footnote 1:  See Sci.  Am.  Supplement No. 577.]

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

--------+ - ---------+ - -------------+ - -------------------
----
|           |  Vols.  Co_{2 }  |
Da t e.   |    Bar.   |   in 1 0 0,00 0   |  S t a t e  of Wea t h er.
|  P r e s s u r e  |   Vols.  Air.  |
--------+ - ---------+ - -------------+ - -----------------------
April 2  |   7 4 3.5    |     2 8.86      |  Cloudy, s now  on  g ro u n d.
"   5  |   7 4 3.5    |     2 8 .97      |     "     "   "    "
"   6  |   7 3 5      |     2 8.61      |  S nowing.
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"   7  |   7 4 4.5    |     2 8 .63      |  Cle ar, s now  on  g ro u n d.
"   8  |   7 4 8      |     2 7.59      |    "    t h a win g.
"   9  |   7 4 7.5    |     2 8 .10      |    "       "
"  1 2  |   7 4 4      |     2 8 .04      |  Cloudy.
"  1 3  |   7 4 4      |     2 8 .10      |  Cle ar.
"  1 4  |   7 4 3.5    |     2 8.98      |    "
"  1 5  |   7 5 0.5    |     2 8.17      |  R aining.
"  1 9  |   7 4 8      |     2 8 .09      |  Cle ar.
"  2 0  |   7 4 6      |     2 7 .72      |    "
"  2 1  |   7 4 6      |     2 8 .16      |    "
"  2 2  |   7 4 1.5    |     2 7.92      |    "
"  2 3  |   7 4 0      |     2 8 .12      |    "
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"  2 4  |   7 3 8.5    |     2 8.15      |    "
"  2 5  |   7 3 8.5    |     2 7.46      |    "
"  2 8  |   7 3 8      |     2 7 .34      |    "
--------+ - ---------+ - -------------+ - -----------------------
/p r e >

The  ave r a g e  n u m b e r  of volu m e s  of c a r bo nic  a cid  in
1 0 0,0 00  volu m e s  of ai r  is 2 8.16,  t h e  m axim u m  n u m b e r
is 2 8.98,  a n d  t h e  mini m u m  2 7.3 4.   Thes e  r e s ul t s
a g r e e  wi t h  e s ti m a tions  m a d e  wi thin  t h e  las t  t e n  o r
fift ee n  ye a r s .   Reis e t[2] m a d e  a  g r e a t  n u m b e r  of
e s tim a tions  fro m  S e p t e m b e r  9,  1 8 7 2,  to  Augus t  2 0,
1 8 7 3,  t h e  ave r a g e  of w hich  is 2 9.42.   Six ye a r s
la t e r[3] h e  m a d e  m a ny e s tim a tions  fro m  June  to  N ove m b er,
t h e  ave r a g e  of w hich  is 2 9 .78.   The  ave r a g e  of
Sc h ul tze’s[4] e s ti m a tions  is 2 9  2.   The
r e s ul t s  of e s ti m a tions  of c a r bo nic  a cid  in t h e  air,
m a d e  u n d e r  t h e  s u p e rvision  of M u nz  a n d  Aubin[5] in
Octob er, Nove m b er, a n d  Dec e m b er, 1 8 8 2,  a t  t h e  s t a tions
w h e r e  obs e rv a tions  w e r e  m a d e  of t h e  t r a n si t  of Venus
by a s t rono m e r s  s e n t  ou t  by t h e  F r e n c h  gove r n m e n t,
yield  t h e  ave r a g e,  for  all s t a tions  no r t h  of t h e  e q u a to r
to  la ti t u d e  2 9  d e g.  5 4’ in  Flo rida ,  2 8 .2  volu m e s
c a r bo nic  a cid  in 1 0 0,0 0 0  volu m e s  air, a n d  for  all
s t a tions  sou t h  of t h e  e q u a to r  2 7.1  volu m e s.   The
av e r a g e  of Cla e sson’s[6] e s ti m a tions  is 2 7.9
volu m e s,  his  m axim u m  n u m b e r  is 3 2 .7,  a n d  his  mini m u m
is 2 3.7.   I t  is a p p a r e n t ,  fro m  t h e  r e s ul t s  of
e s tim a tions  of c a r bo nic  a cid  of t h e  ai r  of va rious
p a r t s  of t h e  glob e,  by  t h e  e m ploym e n t  of a p p a r a t u s
wi th  w hich  e r ro r s  a r e  avoid e d,  t h a t  t h e  q u a n ti ty of
c a r bo nic  a cid  is s u bjec t  to  sligh t  va ri a tion,  a n d  no t ,
a s  s t a t e d  in n e a rly all t ex t  books  of scie nc e ,  fro m
4  to  6  volu m e s  in  1 0,00 0  volu m e s  of ai r;  a n d  it  is
fu r t h e r  a p p a r e n t  t h a t  t h e  law of Sc hloesing[7] holds
good.   By t his  law t h e  c a r bo nic a cid  of a n  a t m os p h e r e
in con t ac t  wit h  w a t e r  con t aining  c alciu m  or  m a g n e siu m
c a r bo n a t e  in solu tion  is dis solved  a cco r din g  to  t h e
t e n sion  of t h e  c a r bo nic  a cid; t h a t  is, by a n  inc r e a s e d
q u a n ti ty it s  t e n sion  inc r e a s e s ,  a n d  m o r e  wo uld  p a s s
in solu tion  in  t h e  for m  of bic a r bo n a t e s.   On  t h e
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oth e r  h a n d,  by di minis hin g  t h e  q u a n ti ty of c a r bo nic
a cid  in t h e  a t mos p h e r e ,  so m e  of t h e  bic a r bo n a t e s  wo uld
d eco m pos e  a n d  c a r bo nic  a cid  p a s s  into  t h e  a t mos p h e r e .
[Footnote 2:  Comptes Rendus, 88, 1007.] [Footnote 3:  Comptes Rendus, 90, 1144.] 
[Footnote 4:  Chem.  Centralblatt, 1872 and 1875.] [Footnote 5:  Comptes Rendus, 96, 
1793.] [Footnote 6:  Berichte der deutsch chem.  Gesellschaft, 9, 174.] [Footnote 7:  
Comptes Rendus, 74, 1552, and 75, 70.]
Sc hloe sing’s law h a s  b e e n  ve rified  by R. E n g el[8].

  [Foot no t e  8:   Co m pt e s  Re n d u s,  1 0 1,
9 4 9.]

The  r e s ul t s  of e s ti m a tions  of b a s e s  a n d  c a r bo nic a cid
in t h e  w a t e r  of t h e  E n glish  Ch a n n el  lea d  Sc hloesing[9]
to  conclud e  t h a t  t h e  c a r bo nic  a cid  co m bin e d  wi th  no r m al
c a r bo n a t e s ,  for ming  bica r bo n a t e s ,  di ssolved  in  t h e
w a t e r  of t h e  glob e  is t e n  ti m e s  g r e a t e r  in  q u a n ti ty
t h a n  t h a t  of t h e  a t m os p h e r e ,  a n d  on  a ccou n t  of t his
av aila ble  c a r bo nic a cid,  if t h e  a t m os p h e r e  s ho uld
b e  d e p rive d  of so m e  of it s  c a r bo nic a cid,  t h e  loss
wo uld  soon  b e  s u p plie d.
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  [Foot no t e  9:   Co m pt e s  Re n d u s,  9 0,
1 4 1 0.]

As, in  n e a rly all of t h e  m e t ho ds  w hich  w e r e  e m ploye d
for  e s ti m a ting  c a r bo nic  a cid  in  t h e  air, p rovision
is no t  m a d e  for  t h e  exclusion  of ai r  no t  m e a s u r e d
con t aining  c a r bo nic a cid  fro m  t h e  alkaline  fluid  b efor e
ti t r a ting  o r  w eighing,  t h e  r e s ul t s  a r e  g e n e r ally too
hig h  a n d  s how  a  fa r  g r e a t e r  va ri a tion  t h a n  is foun d
by m o r e  ex ac t  m e t ho ds.   For  exa m ple,  Gilm[10]
foun d  fro m  3 6  to  4 8  volu m e s;  Levy’s[11] av e r a g e
is 3 4  volu m e s;  De  Lun a’s[12] 5 0  volu m e s;  a n d
Fodor’s,[13] 3 8.9  volu m e s.   Admit ting  t h a t
t h e  q u a n ti ty of c a r bo nic  a cid  in  t h e  ai r  is s u bjec t
to  va ria tion,  ye t  t h e  r e s ul t s  of Reise t’s  a n d
Sc h ul tze’s e s ti m a tions  go  to  p rove  t h a t  t h e
va ri a tion  is wi thin  n a r row  limit s .
[Footnote 10:  Sitzungsher. d.  Wien.  Akad. d.  Wissenschaften, 34, 257.] [Footnote 11: 
Ann. d. l’Observ. d.  Mountsouris, 1878 and 1879.] [Footnote 12:  Estudios quimicos 
sobre el aire atmosferico, Madrid, 1860.] [Footnote 13:  Hygien.  Untersuch., 1, 10.]
India n a  U nive r si ty
Ch e mical Labo r a to ry,
Bloo ming to n,  India n a.
—A m er. 
Ch e m.   Journal.
*       *       *       *  
    *

ANALYSIS OF KOLA NUT.

Alkaloids  o r  c rys t allizable  p rinciple s:  

                                                     Pe r
Ce n t .  
    Caffeine.                 
                          2 .71 0
    Theob ro min e.              
                          0 .08 4
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    Bit t e r  p rinciple.         
                          0 .01 8
        Total
alkaloids.                                 -----   2 .8 1 2
  Fa t ty  m a t t e r s:  
    S a po nifiable  fa t  o r  oil. 
                          0 .73 4
    Es s e n ti al  oil.           
                          0 .08 1
        Total
oils.                                     -----   0 .81 5
  Resinoid  m a t t e r  (sol. in  abs.  alcohol)
             1 . 01 2

  S u g a r:  
    Glucos e  (re d uc e s  alkaline
c u pra m m o niu m ).          3 . 31 2
    S uc ros e?  (re d.  alk .  cu pra m.
af t er  inversion )[1].  0 .60 2
        Total
s u g a r s .                                    -----   3 .9 14

S t a r c h,  g u m,  e t c .: 
Gu m  (soluble  in H 2O at  9 0  d e g.   F .).                   4 .8 7 6
S t a r c h.                                             2 8.9 90
Amidinous  m a t t e r  (coloring  wi t h  iodin e ).          2 .1 30
Total g u m  a n d  fecula.                            -----  3 5 .99 9
Albu minoid  m a t t e r s .                                            8 .64 2
Re d  a n d  o th e r  colo ring  m a t t e r s.                                3 .6 70
Kolat a n nic  a cids.                                              1 . 20 4

Min e r al m a t t e r :  
Pot a s s a .                                      
      1 . 41 5
Chlorin e.                                     
      0 . 70 2
P hos p ho ric  a cid.                              
      0 . 37 1
Ot h e r  s al t s ,  e t c .                       
           2 .3 3 0
Total a s h .                                
      -----   4 .81 8
Mois t u r e.                                       
              9 .72 2
Lign eo us  m a t t e r  a n d  loss.                       
             2 7.39 5
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[Footno t e  1:   Inve r t e d  by boiling
wi th  a  2.5  p e r  c e n t .  solu tion  of
ci t ric  a cid  for  t e n  min u t e s .]

Both  t h e  F r e n c h  a n d  Ge r m a n  gove r n m e n t s  a r e  in t ro d ucin g
it  in to  t h ei r  mili t a ry die t a ri e s,  a n d  in E n gla n d  s eve r al
la rg e  con t r a c t  o rd e r s  c a n no t  ye t  b e  filled,  owing
to  ins ufficiency of s u p ply, w hile  a  w ell-know n  cocoa
m a n ufac t u ring  fir m  h a s  t ak e n  u p  t h e  p r e p a r a t ion  of
kola  c hocola t e  u po n  a  co m m e r cial s c ale .—W. 
Lasc elles-S co t t ,  in Jour.  S oc .   Ar t s.
*       *       *       *  
    *

CHAPIN WROUGHT IRON.

By W.H.  S e arles , Ch ai r m a n  of t h e  Co m mit t e e,
Civil E n gine e r s’ Club  of Clevela n d,  O.

N o t with s t a n din g  t h e  wo n d e rful d evelop m e n t  of ou r  s t e el
ind us t ri e s  in t h e  las t  d e c a d e,  t h e  imp rove m e n t s  in
t h e  m o d e s  of m a n ufac t u r e ,  a n d  t h e  u n do u b t e d  s t r e n g t h
of t h e  m e t al  u n d e r  c e r t ain  ci rc u m s t a n c e s,  n eve r t h el e s s
w e  find  t h a t  s t e el  h a s  no t  al tog e t h e r  m e t  t h e  r e q ui r e m e n t s
of e n gin e e r s  a s  a  s t r u c t u r al  m a t e ri al.  Althou g h
its  b r e a king  s t r ain  a n d  el a s tic  limi t  a r e  high e r  t h a n
t hos e  of w ro u g h t  iron,  t h e  la t t e r  m e t al  is fr e q u e n tly
p r efe r r e d  a n d  s elec t e d  for  t e n sile  m e m b e r s ,  eve n  w h e n
s t e el  is u s e d  u n d e r  co m p r e s sion  in t h e  s a m e  s t r uc t u r e.  
The  Nia g a r a  c a n tileve r  b ridg e  is a  no t a ble  ins t a nc e
of t his  p r a c tice.   Whe n  s t e el  is u s e d  in t e n sion
its  working  s t r ain s  a r e  no t  allow e d  to  b e  ove r  fifty
p e r  c e n t .  a bove  t hos e  a do p t e d  for  w ro u g h t  iron.

The  r e a so ns  for  t h e  s u s picion  wit h  w hich  s t e el is
r e g a r d e d  a r e  w ell u n d e r s tood.   N o t  only is t h e r e
a  lack  of u nifo r mi ty in  t h e  p ro d uc t ,  b u t  a p p a r e n tly
t h e  s a m e  s t e el  will m a nifes t  ve ry diffe r e n t  r e s ul t s
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u n d e r  sligh t  p rovoc a tion.   S t e el  is ve ry s e n si tive,
no t  only to  sligh t  c h a n g e s  in c h e mical co m posi tion,
b u t  also  to  m e c h a nic al t r e a t m e n t ,  s uc h  a s  s t r aigh t e ning,
b e n din g,  p u n c hin g,  pl a nin g,  h e a tin g,  e t c . 
Ini ti al s t r ain s  m ay  b e  d evelope d  by a ny of t h e s e  p roc es s e s
t h a t  wo uld  s e riously affec t  t h e  efficie ncy of t h e
m e t al  in s e rvice.

Among  t h e  s t e els,  t hos e  t h a t  a r e  sof t e r  a r e  m o r e  s e rvice a ble
a n d  r eli able  t h a n  t h e  h a r d e r  on e s,  e s p e ci ally w h e r e eve r
s hocks  a n d  conc us sions  o r  r a pidly al t e r n a tin g  s t r ain s
a r e  to  b e  e n d u r e d.   In  o t h e r  wor ds ,  t h e  m o r e  n e a rly
s t e el  r e s e m ble s  good  w ro u g h t  iron,  t h e  m o r e  c e r t ain
it  is to  r e n d e r  las ting  s e rvice  w h e n  u s e d  wit hin  a p p ro p ri a t e
limit s  of s t r ain.   Ind e e d,  a  w ro u g h t  iron  of fine
q u ali ty is b e t t e r  c alcula t e d  to  e n d u r e  fa tigu e  t h a n
a ny s t e el.  This  is p a r ticul a rly no tice a ble  in
s t e a m  h a m m e r  pi s tons,  p ro p elle r  s h af t s,  a n d  r ail roa d
axles.   A b e t t e r  q u ality of w ro u g h t  i ron,  t h e r efo r e,
h a s  long  b e e n  a  d e sid e r a t u m,  a n d  it a p p e a r s  no w  t h a t
it  h a s  a t  las t  b e e n  foun d.
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S eve r al  ye a r s  since ,  a  p n e u m a tic  p roc es s  of m a n ufac t u rin g
w ro u g h t  i ron  w a s  inve n t e d  a n d  p a t e n t e d  by  Dr. Ch a pin,
a n d  a n  exp e ri m e n t al  pla n t  w a s  e r e c t e d  n e a r  Chica go. 
E no u g h  w a s  do n e  to  d e m o ns t r a t e ,  fir s t ,  t h a t  a n  iron
of u n p r e c e d e n t e dly good  q u ali ti es  w a s  a t t ain a ble  fro m
co m m o n  pig; a n d  s eco n d,  t h a t  t h e  cos t  of i ts  m a n ufac t u r e
wo uld  no t  exc e e d  t h a t  of Bess e m e r  s t e el.  N eve r t h el es s,
owing  to  lack  of fun ds  p rop e rly to  p u s h  t h e  inve n tion
a g ain s t  t h e  jealous  opposi tion  w hich  it e n cou n t e r e d,
t h e  e n t e r p ri s e  c a m e  to  a  h al t  u n til q ui t e  r e c e n tly,
w h e n  it s  m e ri t s  foun d  a  ch a m pion  in Gus t av Lind e n t h al,
C.E., m e m b e r  of t hi s  club,  w ho  is now  t h e  g e n e r al
m a n a g e r  of t h e  Ch a pin  P n e u m a tic  Iron  Co., a n d  u n d e r
w hos e  di r e c tion  t his  n e w  q u ali ty of iron  will soon
b e  p u t  u po n  t h e  m a r k e t .

The  p roc e ss  of m a n ufac t u r e  is b ri efly a s  follows: 
The  pig  m e t al, af t e r  b ein g  m el t e d  in  a  cu pola  a n d
t a p p e d  in to  a  disc h a r gin g  ladle,  is d elive r e d  in to
a  Bess e m e r  conve r t er, in w hich  t h e  m e t al  is la rg ely
r elieve d  of it s  silicon, s ulp h ur, c a r bo n,  e t c .,
by  t h e  o r din a ry  p n e u m a tic  p roc e s s.   At t h e  e n d
of t h e  blow t h e  conve r t e r  is t u r n e d  do w n  a n d  it s  con t e n t s
disch a r g e d  in to a  t r aveling  ladle,  a n d  q uickly d elive r e d
to  m a c hin es  c alle d  b alle r s,  w hich  a r e  ro t a ry  r ev e r b e r a to ry
fur n a c e s ,  e a c h  r evolving  on  a  ho rizon t al axis. 
In  t h e  b alle r  t h e  i ron  is ve ry soon  m a d e  in to  a  b all
wi tho u t  m a n u al  aid.   I t  is t h e n  lift ed  ou t  by
m e a n s  of a  s u s p e n d e d  fork  a n d  c a r ri e d  to  a  Winslow
s q u e ez er, w h e r e  t h e  b all is r e d u c e d  to  a  r oll t w elve
inch es  in  di a m e t er.  The nc e  it  is t ak e n  to  a  fu r n a c e
for  a  w a s h  h e a t ,  a n d  finally to  t h e  m u ck  t r ain.

N o  r e a g e n t s  a r e  e m ployed,  a s  in s t e el m a kin g  o r  o r din a ry
iron  p u d dling.   The  high  h e a t  of t h e  m e t al  is
s ufficien t  to  p r e s e rve  it s  fluidity d u rin g  it s  t r a n si t
fro m  t h e  conve r t e r  to  t h e  b alle r;  a n d  t h e  cind e r  fro m
t h e  blow is ke p t  in t h e  ladle.

The  b alle r  is a  b ulging  cylind e r  h aving  hollow t r u n nions
t h ro u g h  w hic h  t h e  fla m e  p a s s e s .   The  cylind e r
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is line d  wi th  fir e  b rick, a n d  t his  in t u r n  is cove r e d
wi th  a  s ui t a bl e  r ef r ac to ry iron  o r e ,  fro m  eig h t  to
t e n  inch e s  t hick,  g ro u t e d  wi th  p ulve rized  iron  o r e,
for min g  a  bo t to m, a s  in t h e  co m m o n  p u d dling  fu r n ac e.  
The  p hos p ho r u s  of t h e  iron,  w hich  c a n no t  b e  elimin a t e d
in t h e  in t e n s e  h e a t  of t h e  conve r t er, is, how ever,
r e d u c e d  to  a  mi nim u m  in t h e  b alle r  a t  a  m u c h  low e r
t e m p e r a t u r e  a n d  on  t h e  b a sic  lining.   The  p roc es s
w a s t e s  t h e  lining  ve ry sligh tly ind e e d.   As m a ny
a s  sixty h e a t s  h ave  b e e n  t ak e n  off in s ucc e ssion  wi thou t
giving  t h e  lining  a ny a t t e n tion.   The  a b s e nc e  of
a ny r e a g e n t  le aves  t h e  iron  sim ply p u r e  a n d  ho mo g e n eo u s
to  a  d e g r e e  n eve r  r e alize d  in m u ck  b a r s  m a d e  by t h e
old  p u d dling  p roc e s s.   Thus  t h e  exp e n s e  of a  r e h e a t ing
a n d  r e rolling  to  r efine  t h e  iron  is obvia t e d.  
I t  w a s  s uc h  iron  a s  h e r e  r e s ul t s  t h a t  Bess e m er, in
his  e a rly exp e ri m e n t s,  w a s  s e eking  to  ob t ain  w h e n
h e  w a s  dive r t e d  fro m  his  p u r pos e  by  his  s ple n did  discove ri e s
in t h e  a r t  of m a king  s t e el.  So  effec tive  is t h e
n e w  p roc es s,  t h a t  eve n  fro m  t h e  poo r e s t  g r a d e s  of pig
m ay b e  ob t ain e d  e co no mic ally a n  iron  e q u al  in q u ali ty
to  t h e  r efin e d  irons  m a d e  fro m  t h e  b e s t  pig  by  t h e
o r din a ry p roc e s s  of p u d dling.
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N u m e ro us  t e s t s  of t h e  Ch a pin  irons  h ave  b e e n  m a d e
by co m p e t e n t  a n d  disin t e r e s t e d  p a r ti e s,  a n d  t h e  r e s ul t s
p u blish e d.   The  s a m ples  h e r e  no t e d  w e r e  c u t  a n d
pile d  only onc e  fro m  t h e  m u ck  b ar.

S a m ple  A w a s  m a d e  fro m  No.  3  mill cind e r  pig.

S a m ple  B w a s  m a d e  fro m  No. 4  mill pig  a n d  No. 3  Bess e m e r
pig,  h alf a n d  h alf.

S a m ple  C w a s  m a d e  fro m  No.  3  Bess e m e r  pig,  wi th  t h e
following  r e s ul t s:  

S a m ple.                   A         B         C
Tensile  s t r e n g t h  p e r  s q.  in.    5 6 ,00 0     6 0,7 7 2     6 4 ,37 7
Elas tic  limit.                   3 4,00 0       ....    3 6,00 0
Ext e nsion,  p e r  c e n t .               1 1.8       ....      1 7 .0
Re d uc tion  of a r e a ,  p e r  c e n t .       6 5.0       1 6 .0       3 3.0

The  t e n sile  s t r e n g t h  of t h e s e  irons  m a d e  by o rdin a ry
p u d dling  would  b e  a bo u t  3 8,00 0,  4 0 ,00 0,  a n d  4 2,00 0
r e s p e c tively, o r  t h e  g ain  of t h e  iron  in  t e n sile  s t r e n g t h
by t h e  Ch a pin  p roc e s s  is a bo u t  fifty p e r  c e n t .  
N o t  only so,  b u t  t h e s e  irons  m a d e  in t his  m a n n e r  fro m
infe rio r  pig  s how  a  hig h e r  el a s tic  limit  a n d  b r e a king
s t r ain  t h a n  a r e  co m m o nly s p e cified  for  r efine d  iron
of b e s t  q u ali ty.  The  u s u al  s p e cifica tions  a r e
for  r efine d  iron:   Tensile  s t r e n g t h ,  5 0,00 0;  elon g a tion,
1 5  p e r  c e n t .; el as tic  limit,  2 6,00 0;  r e d u c tion,  2 5
c e n t .

Thus  t h e  limit s  of t h e  Ch a pin  iron  a r e  fro m  1 2  to
2 0  p e r  c e n t .  a bove  t hos e  of r efine d  iron,  a n d  no t
fa r  b elow t hos e  of s t r uc t u r al  s t e el, w hile  t h e r e  is
a  s aving  of so m e  fou r  dolla r s  p e r  ton  in t h e  p rice
of t h e  pig  iron  fro m  w hich  it c a n  b e  m a d e.   Wh e n
m a d e  fro m  t h e  b e s t  pig  m e t al  i ts  b r e a king  a n d  ela s tic
limit s  will p ro b a bly r e a c h  7 0,00 0  a n d  4 0,00 0  po u n d s
r e s p e c tively.  If so,  it will b e  a  s afe r  m a t e ri al
t h a n  s t e el u n d e r  t h e  s a m e  wo rking  s t r ain s,  owing  to
its  g r e a t e r  r e silienc e.
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S uc h  r e s ul t s  a r e  ve ry in t e r e s ting  in  bo t h  a  m e c h a nic al
a n d  e co no mic al poin t  of view.  E n gin e e r s  will
h ail wi th  d eligh t  t h e  a cc e s sion  to  t h e  lis t  of av ailable
b uilding  m a t e ri als  of a  w ro u g h t  i ron  a t  onc e  fine,
fib rous ,  ho mo g e n eo us,  d uc tile, e a sily w eld a ble,  no t
s u bjec t  to  inju ry by t h e  o r din a ry p roc e s s e s  of s h a pin g,
p u n c hin g,  e t c ., a n d  h aving  a  t e n sile  s t r e n g t h
a n d  el a s tic  limit  n e a rly e q u al  to  a ny s t e el  t h a t  co uld
s afely b e  u s e d  in t h e  s a m e  si t u a tion.

A pl a n t  for  t h e  m a n ufac t u r e  of Ch a pin  iron  is now
in cou r s e  of e r e c tion  a t  Be thle h e m,  Pa., a n d  t h e r e
is eve ry r e a so n  to  b elieve  t h a t  t h e  excelle n t  r e s ul t s
a t t ain e d  in Chica go  will b e  m o r e  t h a n  r e a c h e d  in t h e
n e w  wo rks.—Proce e d.   Jour.  Asso.
of  E n g.   S o ci e ti e s .

*       *       *       *  
    *

CELLULOID.
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P rofes so r  S a dler, of t h e  U nive r si ty of Pen n sylvania,
h a s  la t ely given  a n  a c co u n t  of t h e  d evelop m e n t  a n d
m e t ho d  of t h e  m a n ufac t u r e  of c elluloid.  Alexa n d e r
Pa rk e s,  a n  E n glish m a n,  inve n t e d  t his  r e m a rk a ble  s u b s t a nc e
in 1 8 5 5,  b u t  af t e r  t w elve  ye a r s  q ui t  m a kin g  it b ec a u s e
of difficul tie s  in  m a nip ula tion,  al t ho u g h  h e  m a d e
a  fine  di splay a t  t h e  Pa ris  Exposi tion  of 1 8 6 7.  
Daniel S pill, a lso  of E n gla n d,  b e g a n  exp e ri m e n t s  two
ye a r s  af t e r  Pa rk e s,  b u t  a  p a t e n t  of his  for  di ssolving
t h e  ni t r a t e d  wood  fiber, o r  “pyroxyline,”
in alcohol a n d  c a m p ho r  w a s  d e cid e d  by Judg e  Bla t chfor d
in a  s ui t  b ro u g h t  a g ains t  t h e  Celluloid  M a n ufac t u rin g
Co m p a ny to  b e  valu el es s.   No  fu r t h e r  p rog r e s s  w a s
m a d e  u n til t h e  Hya t t  Brot h e r s ,  of Alba ny, N.Y., discove r e d
t h a t  g u m  c a m p hor, w h e n  finely divide d,  mixe d  wi th
t h e  ni t r a t e d  fibe r  a n d  t h e n  h e a t e d,  is a  p e rfec t  solven t ,
giving  a  ho mo g e n eo us  a n d  pl a s tic  m a s s.   Ame rica n
p a t e n t s  of 1 8 7 0  a n d  1 8 7 4  a r e  s u bs t a n ti ally ide n tic al
wi th  t hos e  no w  in u s e  in  E n gla n d.   In  F r a n c e  t h e r e
is only on e  fac to ry, a n d  t h e r e  is no n e  els e w h e r e  on
t h e  Con tin e n t ,  on e  in H a nove r  h aving  b e e n  give n  u p
on  a cco u n t  of t h e  explosive  n a t u r e  of t h e  s t uff. 
In  t his  cou n t ry p u r e  c ellulos e  is co m m o nly ob t ain e d
fro m  p a p e r  m a k e r s ,  in t h e  for m  of tis s u e  p a p er, in
wid e  rolls; t his,  af t e r  b eing  ni t r a t e d  by  a  b a t h  of
mixed  ni t ric  a n d  s ulp h u ric  a cids,  is t ho rou g hly w a s h e d
a n d  p a r ti ally d ri ed.   Ca m p ho r  is t h e n  a d d e d,  a n d
t h e  w hole  is g ro u n d  tog e t h e r  a n d  t ho ro u g hly mixe d.  
At t his  s t a g e  colo ring  m a t t e r  m ay  b e  p u t  in. 
A lit tle  alcohol inc r e a s e s  t h e  pl a s tici ty of t h e  m a s s ,
w hich  is t h e n  t r e a t e d  for  so m e  tim e  to  pow e rful hyd r a ulic
p r e s s u r e.   The n  co m e s  b r e akin g  u p  t h e  c ak e s  a n d
fee din g  t h e  fr a g m e n t s  b e t w e e n  h e a t e d  rolls, by w hich
t h e  a m alg a m a tion  of t h e  w hole  is co m ple t e d.   I t s
p e rfec t  pl a s tici ty allows  it to  b e  rolled  in to  s h e e t s ,
d r a w n  in to t u b e s,  o r  m o uld e d  into  a ny d e si r e d  s h a p e.—Jew elers’
Journal.
*       *       *       *  
    *
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APPARATUS FOR TESTING CHAMPAGNE BOTTLES 
AND CORKS.

Mr. J. S alle ron  h a s  d evis ed  s eve r al  a p p a r a t u s  w hich
a r e  d e s tin e d  to  r e n d e r  valua ble  s e rvice  in  t h e  c h a m p a g n e
ind us t ry.  The  a p p a r e n tly sim ple  op e r a tion  of
confining  t h e  c a r bo nic  a cid  d u e  to  fe r m e n t a tion  in
a  bo t tl e  in o rd e r  to  blow t h e  co rk  fro m  t h e  la t t e r
wi th  forc e  a t  a  give n  m o m e n t  is no t  alw ays  s ucc es sful,
no twit h s t a n din g  t h e  skill a n d  exp e rie nc e  of t h e  m a nip ula tor. 
H ow  could  it  b e  o th e r wis e?

Eve ryt hing  con n e c t e d  wi t h  t h e  p ro d uc tion  of ch a m p a g n e
win e  w a s  b u t  r ec e n tly u nk now n  a n d  u n explaine d.  
The  p ro po r tioning  of t h e  s u g a r  a cc u r a t ely d a t e s ,  a s
it  w e r e ,  fro m  b u t  yes t e r d ay, a n d  t h e  m e a s u r e m e n t  of
t h e  a b s o r bing  pow e r  of wine  for  c a r bo nic  a cid  h a s  b u t
jus t  e n t e r e d  in to  p r a c tice,  t h a nks  to  Mr. S alle ron’s
a b so r p tio m e t er.  The  r e al  s t r e n g t h  of t h e  bo t tl es,
a n d  t h e  laws  of t h e  el as ticity of gl as s  a n d  it s  va ria tion
wi th  t h e  t e m p e r a t u r e ,  a r e  b u t  li t tle  know n.   Fin ally,
t h e  p hysical cons ti t u tion  of co rk,  it s  c h e mic al co m position,
it s  r e sis t a nc e  to  co m p r e s sion  a n d  t h e  dissolving  a c tion
of t h e  win e,  m u s t  b e  t ak e n  in to  conside r a tion.  
In  fac t ,  a ll t h e  el e m e n t s  of t h e  difficul t  p ro ble m
of t h e  m a n ufac t u r e  of s p a rkling  win e  s how  t h a t  t h e r e
is a n  u r g e n t  n e c e s si ty of in t rod ucing  scie n tific m e t ho ds
in to  t his  ind us t ry, a s  wi thou t  t h e m  wo rk  c a n  now  no
long e r  b e  do n e.
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N o  on e  h a s  h a d  a  b e t t e r  oppo r t u ni ty to  s how  ho w  e a sy
it  is to  conve r t  t h e  juice  of t h e  g r a p e  in to  s p a rkling
win e  t h ro u g h  a  s e ri e s  of sim ple  op e r a tions  w hos e  d e t ails
a r e  know n  a n d  a cc u r a t ely d e t e r min e d,  so  w e  b elieve
it  ou r  d u ty to  r e co m m e n d  t hos e  of ou r  r e a d e r s  w ho  a r e
p a r t icul a rly in t e r e s t e d  in  t his  s u bjec t  to  r e a d  Mr.
S alle ro n’s book  on  s p a rkling  win e.   We s h all
confine  ou r s elves  in t his  a r ticle  to  a  d e s c rip tion
of t wo  of t h e  a p p a r a t u s  inven t e d  by  t h e  a u t ho r  for
t e s ting  t h e  r e sis t a nc e  of bo t tl e s  a n d  co rk  s to p p e r s.

I t  is w ell, in  t h e  fi r s t  pl ac e ,  to  s ay  t h a t  on e  of
t h e  impo r t a n t  ele m e n t s  in t h e  t r e a t m e n t  of s p a rkling
win e  is t h e  no r m al p r e s s u r e  t h a t  i t is to  p ro d uc e
in t h e  bo t tl es.   Afte r  judicious  d e d uc tions  a n d
n u m e ro us  exp e ri m e n t s,  Mr. S alle ro n  h a s  a do p t e d  for
t h e  no r m al  p r e s s u r e  of hig hly s p a rkling  win e s  five
a t m os p h e r e s  a t  t h e  t e m p e r a t u r e  of t h e  c ellar, w hic h
do es  no t  exc e e d  1 0  d e g r e e s .   Bu t,  in a  d efec tive
c ellar, t h e  bo t tl e s  m ay  b e  expos e d  to  fros t  in win t e r
a n d  to  a  t e m p e r a t u r e  of 2 5  d e g.  in  s u m m er, co r r e s po n ding
to  a  t e n sion  of t e n  a t m os p h e r e s.   I t  m ay  n a t u r ally
b e  a sk e d  w h e t h e r  bo t tl es  will wi t h s t a n d  s uc h  a n  o r d e al. 
Mr. S alle ron  h a s  d e t e r min e d  t h ei r  r e sis t a n c e  t h ro u g h
t h e  p roc e ss  by  w hich  w e  e s ti m a t e  t h a t  of b uilding
m a t e ri als, viz ., by m e a s u rin g  t h e  limit  of t h ei r
el a s tici ty, or, in o th e r  wo r d s,  t h e  p r e s s u r e  u n d e r
w hich  t h ey  t ak e  on  a  n e w  p e r m a n e n t  volu m e.   In
fac t,  gl a s s  m u s t  b e  a s si mila t e d  to  a  p e rfec tly el a s tic
body; a n d  bo t tl e s  exp a n d  u n d e r  t h e  in t e r n al  p r e s s u r e
t h a t  t h ey s u p po r t .   If t h ei r  r e si s t a nc e  is insufficien t ,
t h ey  con tin u e  to  inc r e a s e  in  m e a s u r e  a s  t h e  p r e s s u r e
is fu r t h e r  p rolon g e d,  a n d  a t  eve ry  inc r e a s e  in p e r m a n e n t
c a p aci ty, t h ei r  r e sis t a nc e  di minis h es .

[Illus t r a tion:  Fig.  1 .—MACHINE FOR
TESTING BOTTLES.]

The  a p p a r a t u s  s how n  in Fig.  1  is c alled  a n  el a s ticim e t er,
a n d  p e r mi t s  of a  p r elimin a ry t e s ting  of bo t tl es.  
The  bo t tl e  to  b e  t e s t e d  is p u t  in to t h e  r e c e p t a cle,
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A B, w hich  is ke p t  full of w a t er, a n d  w h e n  it h a s
b eco m e  full, it s  n e ck  is pl aye d  b e t w e e n  t h e  jaws  of
t h e  cl a m p,  p .  U pon  t u r ning  t h e  h a n d  w h e el,
L, t h e  bo t tl e  a n d  t h e  r e c e p t a cl e  t h a t  holds  it a r e
lift ed,  a n d  t h e  m o u t h  of t h e  bo t tl e  p r e s s e s  a g ain s t
a  r u b b e r  disk  fixed  u n d e r  t h e  s u p po r t ,  C D. The  p r e s s u r e
of t h e  n e ck  of t h e  bo t tl e  a g ain s t  t his  disk  is s uc h
t h a t  t h e  closing  is a b solu t ely h e r m e tic al.  The
s u p po r t ,  C D, con t ains  a n  a p e r t u r e  w hich  allows  t h e
in t e rio r  of t h e  bo t tl e  to  co m m u nic a t e  wi t h  a  gl a s s
t u b e,  a b , w hich  t h us  for m s  a  p rolon g a tion
of t h e  n e ck  of t h e  bo t tl e .   This t u b e  is ve ry
n a r ro w  a n d  is divide d  in to  fiftie t h s  of a  c u bic c e n ti m e t er. 
A mic roscop e,  m , fixed  in  fron t  of t h e  t u b e ,
m a g nifies  t h e  divisions,  a n d  allows  t h e  posi tion  of
t h e  level of t h e  w a t e r  to  b e  a s c e r t ain e d  to  wi thin
a bo u t  a  million t h  of a  cu bic  c e n ti m e t er.

A force  a n d  s uc tion  p u m p,  P, s ucks  in  ai r  t h ro u g h
t h e  t u b e,  t , a n d  co m p r e s s e s  it t h ro u g h  t h e
t u b e,  t’, in t h e  cop p e r  t u b e ,  T, w hich
co m m u nic a t e s  wi th  t h e  gl a s s  t u b e ,  a b , af t e r
p a s sing  t h ro u g h  t h e  p r e s s u r e  g a u g e,  M. This p u m p,
t h e n,  co m p r e s s e s  t h e  ai r  in t h e  bo t tl e,  a n d  t h e  g a u g e
a c c u r a t ely m e a s u r e s  it s  p r e s s u r e .
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To m a k e  a  t e s t ,  af t e r  t h e  bo t tl e  full of w a t e r  h a s
b e e n  fas t e n e d  u n d e r  t h e  s u p po r t ,  C D, t h e  cock, s ,
is op e n e d  a n d  t h e  liquid  wi th  w hich  t h e  s m all r e s e rvoir,
R, h a s  b e e n  filled  flows  t h ro u g h  a n  a p e r t u r e  a bove
t h e  m o u t h  of t h e  bo t tl e  a n d  r is e s  in t h e  t u b e ,  a
b .  Wh e n  it s  level r e a c h e s  t h e  division,  O,
t h e  cock, s , is close d.   The  bo t tl e  a n d
its  p rolong a tion,  a b , a r e  no w  exac tly full
of w a t e r  wit ho u t  a ny ai r  b u b ble s.

The  p u m p  is a c t u a t e d,  a n d,  in  m e a s u r e  a s  t h e  p r e s s u r e
ri s e s,  t h e  level of t h e  liquid  in  t h e  t u b e ,  a b ,
is s e e n  to  d e s c e n d.   This  d e s c e n t  m e a s u r e s  t h e
exp a n sion  o r  flexion of t h e  bo t tl e  a s  w ell a s  t h e
co m p r e s sion  of t h e  w a t e r  i ts elf.  Whe n  t h e  p r e s s u r e
is judg e d  to  b e  s ufficie n t ,  t h e  b u t to n,  n ,
is t u r n e d,  a n d  t h e  ai r  co m p r e s s e d  by t h e  p u m p  finding
a n  exit ,  t h e  n e e dle  of t h e  p r e s s u r e  g a u g e  will b e  s e e n
to  r e d e s c e n d  a n d  t h e  level of t h e  t u b e ,  a b ,
to  r i s e .

If t h e  gla s s  of t h e  bo t tl e  h a s  u n d e r go n e  no  p e r m a n e n t
d efo r m a tion,  t h e  level will r i s e  exa c tly to  t h e  ze ro
m a r k,  a n d  d e no t e  t h a t  t h e  bo t tl e  h a s  s u p po r t e d  t h e
t e s t  wi thou t  a ny m o difica tion  of it s  s t r uc t u r e .  
Bu t  if, on  t h e  con t r a ry, t h e  level do es  no t  r e t u r n
to  t h e  ze ro  m a rk,  t h e  limit  of t h e  gl a s s’s ela s tici ty
h a s  b e e n  ex t e n d e d,  i ts  m olec ule s  h av e  t ak e n  on  a  n e w
s t a t e  of e q uilib riu m,  a n d  its  r e sis t a n c e  h a s  di minish e d,
a n d,  ev e n  if it h a s  no t  b rok e n,  it is a b solu t ely c e r t ain
t h a t  it h a s  los t  it s  for m e r  r e si s t a nc e  a n d  t h a t  it
p r e s e n t s  no  p a r ticula r  g u a r a n t e e  of s t r e n g t h .

The  ves s el, A B, w hich  m u s t  b e  alw ays  full of w a t er,
is d e sig n e d  to  ke e p  t h e  bo t tl e  a t  a  cons t a n t  t e m p e r a t u r e
d u ring  t h e  cou r s e  of t h e  exp e ri m e n t .   This  is
a n  e s s e n ti al con di tion,  sinc e  t h e  bo t tl e  t h u s  filled
wi th  w a t e r  cons ti t u t e s  a  g e n uin e  t h e r m o m e t er, of w hich
a b  is t h e  g r a d u a t e d  t u b e .   I t  is t h e r efo r e
n ec es s a ry  to  avoid  a t t r ib u tin g  a  va ria tion  in level
d u e  to  a n  exp a n sion  of t h e  w a t e r  p ro d uc e d  by a  c h a n g e
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in  t e m p e r a t u r e ,  to  a  d efo r m a tion  of t h e  bo t tl e.

The  t e s t ,  t h e n,  t h a t  c a n  b e  m a d e  wi t h  bo t tl es  by m e a n s
of t h e  el a s ticim e t e r  consis t s  in co m p r e s sin g  t h e m
to  a  p r e s s u r e  of t e n  a t m os p h e r e s  w h e n  filled  wi th
w a t e r  a t  a  t e m p e r a t u r e  of 2 5  d e g.,  a n d  in finding
ou t  w h e t h er, u n d e r  s uc h  a  s t r e s s ,  t h ey c h a n g e  t h ei r
volu m e  p e r m a n e n tly.  In  o r d e r  t h a t  t h e  el a s ticim e t e r
m ay no t  b e  co m plica t e d  by a  s p e ci al h e a ting  a p p a r a t u s ,
it  s uffice s  to  d e t e r min e  onc e  for  all w h a t  t h e  p r e s s u r e
is t h a t ,  a t  a  m e a n  t e m p e r a t u r e  of 1 5  d e g., a c t s  u po n
bo t tl es  wi th  t h e  s a m e  e n e r gy a s  t h a t  of t e n  a t m os p h e r e s
a t  2 5  d e g..   Expe ri m e n t  h a s  d e mo ns t r a t e d  t h a t
s uc h  s t r e s s  co r r e s po n ds  to  t w elve  a t m os p h e r e s  in a
s p ac e  in w hich  t h e  t e m p e r a t u r e  r e m ains  a bo u t  1 5  d e g..

In  a d di tion,  t h e  el a s ticim e t e r  is c a p a ble  of giving
o th e r  a n d  no  les s  u s eful d a t a .   I t  p e r mi t s  of
co m p a rin g  t h e  r e si s t a nc e  of bo t tl es  a n d  of cla s sifying
t h e m  a cco r ding  to  t h e  d e g r e e  of s uc h  r e si s t a n c e.  
Afte r  n u m e ro us  exp e rim e n t s ,  it  h a s  b e e n  foun d  t h a t
fir s t  cla s s  bo t tl es  e a sily s u p po r t  a  p r e s s u r e  of t w elve
a t m os p h e r e s  wi thou t  dis to r tion,  w hile  in t hos e  of
a n  infe rio r  q u ali ty t h e  r e sis t a nc e  is ve ry va ri a ble.  
The  ch a m p a g n e  win e  ind us t ry s ho uld  t h e r efo r e  u s e  t h e
for m e r  exclusively.
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Various  p r e c a u tions  m u s t  b e  t ak e n  in t h e  u s e  of co rks.  
The  bo t tl es  t h a t  lose  t h ei r  win e  in cons e q u e n c e  of
t h e  b a d  q u ali ty of t h ei r  co rks  a r e  m a ny in n u m b er,
a n d  it  is no t  long  sinc e  t h a t  t h ey w e r e  t h e  c a u s e
of g e n uin e  di s a s t e r  to  t h e  c h a m p a g n e  t r a d e .

Mr. S alle ron  h a s  la r g ely con t ribu t e d  to  t h e  imp roving
of t h e  q u ali ty of co rks  foun d  in t h e  m a r k e t .  
The  p hysical a n d  c h e mic al co m posi tion  of co rk  b a rk
is p ec ulia rly favor a ble  to  t h e  s p e ci al u s e  to  w hich
it  is a p plied;  b u t  t h e  c h a m p a g n e  wine  ind us t ry  r e q ui r e s
of it  a n  exa g g e r a t e d  d e g r e e  of r e sis t a n c e ,  inal t e r a bili ty,
a n d  el a s tici ty.  A 1 1/4  inch  co rk  m u s t ,  u n d e r
t h e  a c tion  of a  pow e rful m a c hin e,  e n t e r  a  3/4  inch
n eck,  s u p po r t  t h e  dis solving  a c tion  of a  liquid  con t aining
1 2  p e r  c e n t .  of alcohol co m p r e s s e d  to  a t  le a s t  five
a t m os p h e r e s,  a n d,  in a  few yea r s,  s hoo t  ou t  of t h e
bo t tl e  a n d  a s s u m e  its  p ris tin e  for m  a n d  color. 
Ou t  of a  h u n d r e d  co rks  of good  q u ali ty, no t  m o r e  t h a n
t e n  s u p po r t  s uc h  a  t e s t .

In  o r d e r  to  explain  w h e r ein  r e sid es  t h e  q u ali ty of
co rk,  i t is n ec es s a ry to  r ef e r  to  a  c h e mical a n alysis
of it.  In  co rk  b a rk  t h e r e  is 7 0  p e r  c e n t .  of
s u b e rin e ,  w hich  is soluble  in alcohol a n d  e t h er, a n d
is pl a s tic, d uc tile,  a n d  m alle a ble  u n d e r  t h e  a c tion
of h u mid  h e a t .   Mixe d  wit h  s u b e rin e,  c e rin e  a n d
r e sin  give  co rk  it s  insolubili ty a n d  inal t e r a bili ty. 
The s e  s u b s t a n c e s  a r e  soluble  in alcohol a n d  e t h er,
b u t  insoluble  in w a t er.

Accor din g  to  t h e  o rigin  of co rk,  t h e  w ax a n d  r e sin
exis t  in it  in ve ry va ria bl e  p ropo r tion.   The
m o r e  r e sinous  kinds  r e sis t  t h e  dis solving  a c tion  of
win e  b e t t e r  t h a n  t hos e  t h a t  a r e  b u t  sligh tly r e sino us.  
The  la t t e r  soon  b e co m e  co r ro d e d  a n d  s poiled  by  win e.  
An a t t e m p t  h a s  of te n  b e e n  m a d e ,  b u t  wi thou t  s ucc es s ,
to  imp rove  poo r  co rks  by imp r e g n a tin g  t h e m  with  t h e
r e sinous  p rinciple  t h a t  t h ey  lack.

Various  o t h e r  p roc e s s e s  h ave  b e e n  t ri ed  wit ho u t  s ucc e s s,
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a n d  so  it  finally b ec a m e  n e c e s s a ry  sim ply to  s e p a r a t e
t h e  good  fro m  t h e  b a d  co rks  by a  p r a c tic al a n d  r a pid
op e r a tion.   A sim ple  exa min a tion  do e s  no t  s uffice.  
Mr. Bouc h e  h a s  foun d  t h a t  co rks  im m e r s e d  in w a t e r  finally
b ec a m e  cove r e d  wi t h  b row n  s po t s,  a n d,  by a n alogy, in
o r d e r  to  t e s t  co rks,  h e  im m e r s e d  t h e m  in w a t e r  for
a  for t nigh t  o r  a  m o n t h.   All t hos e  t h a t  c a m e  ou t
s po t t e d  w e r e  r ejec t e d.   U n d e r  t h e  p rolon g e d  a c tion
of m ois t u r e ,  t h e  s u b e rin e  b e co m e s  soft,  a n d,  if i t
is no t  r e sinous  e no u g h,  t h e  c ells  of t h e  ex t e r n al
laye r  of t h e  co rk  b u r s t ,  t h e  w a t e r  e n t e r s,  a n d  t h e
co rk  b e co m e s  s po t t e d.

It  w a s  lef t  to  Mr. S alle ron  to  r e n d e r  t h e  m e t ho d  of
t e s ting  p r ac tic al.  H e  co m p r e s s e s  t h e  co rk  in
a  ve ry s t ro n g  r e s e rvoi r  filled  wi th  w a t e r  u n d e r  a
p r e s s u r e  of fro m  fou r  to  five  a t mos p h e r e s .   By
t his  m e a n s,  t h e  b u t  sligh tly r e sinous  co rk  is q uickly
dis solved,  so  t h a t ,  af t e r  a  few ho u r s’ im m e r sion,
t h e  b a d  co rks  co m e  ou t  s po t t e d  a n d  ch a n n ele d  a s  if
t h ey  h a d  b e e n  in  t h e  n e ck  of a  bo t tl e  for  six m o n t h s .  
On  t h e  con t r a ry, good  co rks  r e sis t  t h e  op e r a tion,
a n d  co m e  ou t  of t h e  r e s e rvoi r  a s  w hi t e  a n d  fir m  a s
t h ey w e r e  w h e n  t h ey w e r e  p u t  in to  it.
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[Illus t r a tion:  Fig.  2 .—SALLERO N’S
APPARATUS FOR TESTING CORKS.]

Fig.  2  gives  a  p e r s p e c tive  view of Mr. S alle ro n’s
a p p a r a t u s  for  t e s tin g  co rks.   A r e s e rvoir, A B,
of tin n e d  copp er, c a p a ble  of holding  1 0 0  co rks ,  is
p rovide d  wi th  a  cove r  fir mly h eld  in pl ac e  by  a  cla m p.  
In to  t h e  cove r  is sc r e w e d  a  p r e s s u r e  g a u g e,  M, w hich
m e a s u r e s  t h e  in t e r n al  p r e s s u r e  of t h e  a p p a r a t u s .

A p u m p,  P, s ucks  w a t e r  fro m  a  vess el  t h ro u g h  t h e  t u b ulu r e ,
t’, a n d  forc e s  it  t h ro u g h  t h e  t u b ulu r e ,
t , in to  t h e  r e s e rvoir  full of co rks.   Afte r
b ein g  s u b mi t t e d  to  a  p r e s s u r e  of five a t m os p h e r e s  in
t his  a p p a r a t u s  for  a  few ho u r s ,  t h e  co rks  a r e  ve rified
a n d  t h e n  so r t e d  ou t .   In  a d di tion  to  t h e  a p p a r a t u s
h e r e  illus t r a t e d ,  t h e r e  is on e  of la r g e r  di m e n sions
for  indu s t ri al  a p plica tions.   This  diffe r s  fro m
t h e  o t h e r  only in  t h e  a r r a n g e m e n t  of it s  d e t ails,
a n d  will hold  a s  m a ny a s  1 0,00 0  co rks.—R e v u e
Ind us t rielle.
*       *       *       *  
    *

IMPROVED BISCUIT MACHINE.

The  a cco m p a nying  illus t r a tion  r e p r e s e n t s  a  co m bin e d
biscui t  c u t ting,  sc r a p ping,  a n d  p a n nin g  m a c hin e,  s p eci ally
d e sign e d  for  r u n ning  a t  high  s p e e d s,  a n d  so  a r r a n g e d
a s  to  allow of t h e  r el a tive  m ove m e n t s  of t h e  va rious
p a r t s  b ein g  a dju s t e d  w hile  in  m o tion.   The  c u t t e r s
o r  die s,  m o u n t e d  on  a  c ross  h e a d  wo rking  in a  ve r tic al
g uid e  fra m e,  a r e  op e r a t e d  fro m  t h e  m ain  s h af t  by e cc e n t rics
a n d  ve r tical con n ec tin g  ro ds,  a s  s how n.   The s e
ro ds  a r e  con n e c t e d  to  t h e  lowe r  s t r a p  of t h e  e cc e n t ric
by long  g uid e  bolt s ,  on  w hic h  in t e r m e di a t e  s pi r al  s p rings
a r e  m o u n t e d,  a n d  by t his  m e a n s,  al t hou g h  t h e  die s  a r e
b ro u g h t  q uickly dow n  to  t h e  do u g h,  t h ey  a r e  s uffe r e d
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to  r e m ain  in con t ac t  t h e r e with,  u n d e r  a  g r a d u ally
inc r e a sin g  p r e s s u r e ,  for  a  s ufficien t  leng t h  of tim e
to  ins u r e  t h e  do u g h  b ein g  effec t u ally s t a m p e d  a n d  co m ple t ely
c u t  t h ro u g h.

[Illus t r a tion:  IMPROVED BISCUIT MACHINE.]

F u r t h er, t h e  s p rings  t e n d  to  cou n t e r a c t  a ny t e n d e ncy
to  vib r a tion  t h a t  mig h t  b e  s e t  u p  by t h e  r a pid  r ecip roc a tion
of t h e  c ro ss  h e a d,  c u t t e r s ,  a n d  t h ei r  a t t e n d a n t  p a r t s .  
Mo u n t e d  also  on  t h e  m ain  s h af t  is on e  of a  p ai r  of
r eve r s e d  con e  d r u m s.   The s e ,  wi th  t h ei r  a cco m p a nying
b el t  a n d  it s  a djus ting  g e ar, wo rk e d  by a  h a n d  w h e el
a n d  t r ave r sing  sc r ew, a s  s how n,  s e rve  to  a djus t  t h e
s p e e d  of t h e  fee d  rolle r s,  so  a s  to  s ui t  t h e  diffe r e n t
len g t h s  of t h e  in t e r m e dia t e  t r avel o r  “skip”
of t h e  do u g h-c a r rying  w e b.

P rovision  is m a d e  for  t aking  u p  t h e  slack  of t his
b el t  by  m o u n tin g  t h e  s pindle  of t h e  ou t e r  con e d  d r u m
in b e a rin gs  a djus t a bl e  alon g  a  ci rc ul a r  p a t h  s t r u ck
fro m  t h e  axis of t h e  low e r  fee d  rolle r  a s  a  c e n t er,
t h u s  ins u rin g  a  u nifo r m  e n g a g e m e n t  b e t w e e n  t h e  t e e t h
of t h e  s m all pinion  a n d  t hos e  of t h e  s p u r  w h e el  wi th
w hich  t h e  d r u m  a n d  rolle r  a r e  r e s p e c tively p rovide d.

41



Page 20

The  w e b s  for  c a r rying  forw a r d  t h e  do u g h  b e t w e e n  t h e
diffe r e n t  op e r a tions  p a s s  ro u n d  rolle r s,  w hic h  a r e
e a c h  op e r a t e d  by a n  a djus t a bl e  silen t  clu tc h  fee d,
in  pl ac e  of t h e  u s u al  r a t c h e t  a n d  p a wl m e c h a nis m.  
Move m e n t  is give n  to  e a c h  fee d  by t h e  con n e c ting  links
s how n,  to  e a c h  of w hich  m o tion  is in  t u r n  imp a r t e d
by t h e  b ell c r a nk  leve r  plac e d  b e sid e  t h e  e cc e n t ric. 
This  leve r  is a c t u a t e d  by a  c r a nk  pin  on  t h e  m ain
s h af t ,  wo rking  in to  a  block sliding  in a  slo t  in t h e
s ho r t e r  o r  ho rizon t al a r m  of t h e  lever, w hile  a  simila r
b u t  a djus t a bl e  block, sliding  in t h e  ve r tic al a r m,
s e rves  to  imp a r t  t h e  m o tion  of t h e  leve r  to  t h e  sys t e m
of con n e c ting  links,  t h e  a dju s t a ble  block allowing
of a  long e r  o r  s ho r t e r  s t rok e  b ein g  give n  to  t h e  diffe r e n t
fee ds,  a s  d e si r e d.

The  sc r a p s  a r e  c a r ri e d  ove r  t h e  rolle r  in r e a r  of
t h e  cu t t e r s ,  a n d  so  to  a  sc r a p  p a n,  w hile  t h e  s t a m p e d
biscui t s  p a s s  by a  lowe r  w e b  in to  t h e  p a n s .   The s e
p a n s  a r e  c a r ri e d  by t wo  e n dle s s  c h ain s,  p rovide d  wi th
pin s,  w hich  t ak e  hold  of t h e  p a n s  a n d  c a r ry t h e m  along
in t h e  p ro p e r  posi tion.   The  rolle r  ove r  w hich
t h e s e  ch ains  p a s s  is op e r a t e d  by  a  silen t  clu tc h,
a n d  in o rd e r  to  give  a n  a d di tion al  m o tion  to  t h e  c h ains
w h e n  a  p a n  is full, a n d  it  is d e si r e d  to  b rin g  t h e
n ex t  p a n  in to  posi tion,  a n  a d di tion al clu tc h  is c a u s e d
to  op e r a t e  u po n  t h e  roller.  This clu tc h  is ke p t
ou t  of g e a r  wi th  it s  p ulley by  m e a n s  of a  p rojec tion
u po n  it  b e a ring  a g ain s t  a  di sk  sligh tly g r e a t e r  in
dia m e t e r  t h a n  t h e  p ulley, a n d  p rovide d  wi th  t wo  no tc h es ,
in to  w hich  t h e  p rojec tion  p a s s e s  w h e n  t h e  a d di tion al
fee d  is r e q ui r e d .

The  m a k e r s ,  H.  E d w a r d s  & Co., Live r pool, h av e  r u n
on e  of t h e s e  m a c hin e s  e a sily a n d  s moot hly a t  a  h u n d r e d
r evolu tions  p e r  min u t e ,  a t  w hic h  s p e e d,  a n d  w h e n  a b so r bing
a bo u t  3 .5  ho r s e  pow er, t h e  ou t p u t  wo uld  e q u al  4 ,00 0
s m all biscui t s  p e r  min u t e .—Ind us t ries.
*       *       *       *  
    *
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IMPROVED CREAM SEPARATOR.

A h a n d  s e p a r a to r  of t his  typ e  w a s  exhibi t e d  a t  t h e
Royal S how  a t  N e w c a s tl e  by t h e  Aylesb u ry  Dai ry Co m p a ny,
of 3 1  S t .  Pe t e r s b u r g  Plac e ,  Baysw a t er, E n gla n d.

[Illus t r a tion:  IMPROVED CREAM S EPARATOR. 
Fig.  1 .]

[Illus t r a tion:  IMPROVED CREAM S EPARATOR. 
Fig.  2 .]

Fig.  1  is a  p e r s p e c tive  view of t h e  m a c hin e,  Fig.
2  b eing  a  ve r tic al s ec tion.   The  d r u m s  of t h e s e
m a c hin e s,  w hich  m a k e  2,7 00  r evolu tions  p e r  min u t e
for  t h e  la rg e  a n d  4,00 0  for  t h e  s m all on e ,  h ave  a  di a m e t e r
of 2 7  in. a n d  1 5 1/2  in. r e s p e c tively, a n d  a r e  c a p a ble
of ex t r ac ting  t h e  c r e a m  fro m  2 2 0  a n d  1 1 5  g allons  of
milk p e r  ho ur.  Thes e  d r u m s  a r e  for m e d  by hyd r a ulic
p r e s s u r e  fro m  on e  piec e  of s h e e t  s t e el.  To avoid
t h e  possibili ty of t h e  m a c hin e s  b eing  ove r d rive n,  w hich
mig h t  h a p p e n  t h ro u g h  t h e  n e glige nc e  of t h e  a t t e n d a n t
o r  t h rou g h  t h e  gove r nin g  g e a r  on  t h e  e n gin e  failing
to  a c t ,  a n  ing e nious  con t rolling  a p p a r a t u s  is fixed
to  t h e  in t e r m e dia t e  m o tion  of t h e  s e p a r a to r  a s  s how n
in Fig.  3 .   This a p p a r a t u s  consis t s  of a  p ai r
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of gove r no r  b alls  pivot e d  n e a r  t h e  c e n t e r  of t h e  a r m s
a n d  a t t a c h e d  to  t h e  m ai n  s h af t  of t h e  in t e r m e dia t e
g e a r  by  m e a n s  of a  colla r  fixed  on  it.  The  m ain
s h af t  is bo r e d  ou t  s ufficien tly d e e p  to  a d mi t  a  s t e el
ro d,  a g ain s t  w hic h  b e a r  t h e  t h r e e  e n d s  of t h e  gove r no r
a r m s.   The  s t e el  ro d  p r e s s e s  a g ains t  t h e  cou n t e r b ala nc e,
w hich  is m a d e  exac tly t h e  rig h t  w eigh t  to  wi ths t a n d
t h e  forc e  t e n din g  to  r ai s e  it, w h e n  t h e  in t e r m e dia t e
m o tion  is r u n nin g  a t  it s  d e sign e d  s p e e d.   The
forks  b e t w e e n  w hich  t h e  b el t  r u n s  a r e  al so  p rovide d
wi th  a  b al a nc e  w eigh t .   This  b rings  t h e m  to  t h e
loos e  p ulley, u nle s s  t h ey  a r e  fixed  by m e a n s  of t h e
r a t c h e t .   S ho uld  t h e  n u m b e r  of r evolu tions  of
t h e  in t e r m e di a t e  inc r e a s e  b eyon d  t h e  co r r e c t  a m o u n t ,
t h e  ext r a  c e n t rifug al forc e  imp a r t e d  to  t h e  gove r no r
b alls  e n a ble s  t h e m  to  ove rco m e  t h e  b al a nc e  w eig h t ,
a n d  in r ai sing  t hi s  t h ey  r ais e  t h e  a r m.   This
a r m  s t riking  a g ain s t  t h e  r a t c h e t  d e t e n t  r el e a s e s  t h e
b al a nc e  w eig h t ,  a n d  t h e  b el t  is a t  onc e  b ro u g h t  on
to  t h e  loos e  p ulley.

[Illus t r a tion:  IMPROVED CREAM S EPARATOR. 
Fig.  3 .]

The  s t e el  d r u m  is fit t e d  wi th  a n  in t e r n al r i ng  a t
t h e  bo t to m  (se e  Fig.  2), in to  w hich  t h e  milk flows,
a n d  fro m  w hich  it  is d elive r e d,  by  t h r e e  a p e r t u r e s ,
to  t h e  p e riph e ry of t h e  d r u m,  t h us  p r ev e n tin g  t h e
milk fro m  s t riking  a g ains t  t h e  con e  of t h e  d r u m,  a n d
fro m  mixing  wi th  t h e  c r e a m  w hich  h a s  al r e a dy b e e n
s e p a r a t e d .   The  u p p e r  p a r t  of t h e  d r u m  is fit t e d
wi th  a n  a n n ula r  flan g e,  a bo u t  1 1/2  in. fro m  t h e  top,
r e a c hin g  to  wi thin  on e-sixt e e n t h  of a n  inch  of t h e
p e rip h e ry.  Afte r  t h e  s e p a r a t ion  of t h e  skim milk
fro m  t h e  c r e a m,  t h e  for m e r  p a s s e s  b e hind  a n d  a bove
t his  flan g e  t h ro u g h  t h e  a p e r t u r e ,  B, a n d  is r e m ove d
by m e a n s  of t h e  t u b e,  D, fu rnish e d  wi t h  a  s t e el  t ip
p rojec ting  fro m  t h e  cove r  of t h e  m a c hin e  in to  t h e
s p ac e  b e t w e e n  t h e  top  of t h e  d r u m  a n d  t h e  a n n ula r
flan g e,  a  si mila r  t u b e ,  F, r e a c hing  b elow t hi s  flan g e,
r e m oving  t h e  c r e a m  w hic h  collec t s  t h e r e .   The  skim
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milk t u b e  is p rovide d  wi th  a  sc r e w  r e g ula tor, t h e
func tion  of w hich  is to  e n a ble  c r e a m  of a ny d e si r e d
con sis t e n cy to  b e  ob t ain e d,  va rying  wi th  t h e  di s t a n c e
b e t w e e n  t h e  skim  milk a n d  c r e a m  poin t s  fro m  t h e  c e n t e r
of t h e  d r u m.   Anoth e r  poin t  a bo u t  t h e s e  t u b e s
is t h ei r  u s e  a s  el eva ting  t u b e s  for  t h e  skim,  milk
a n d  c r e a m,  a s ,  owing  to  t h e  veloci ty a t  w hich  t h e
d r u m  is ro t a ting,  t h e  p ro d uc t s  c a n  b e  d elive r e d  by
t h e s e  t u b e s  a t  a  h eigh t  of 8  o r  1 0  fee t  a bove  t h e
m a c hin e  if r e q ui r e d ,  t h u s  e n a bling  sc alding  a n d  cooling
of ei t h e r  to  b e  c a r ri e d  on  w hile  t h e  s e p a r a to r  is
a t  wo rk,  a n d  s aving  h a n d  labor.—Iron.
*       *       *       *  
    *

GAS FROM OIL.

At t h e  t w e n ty-fou r t h  a n n u al  m e e ting  of t h e  Gas  Ins ti t u t e ,
w hich  w a s  r e c e n tly h eld  in Glas gow, Dr. S t eve nson
M a c a d a m,  F.R.S.E., lec t u r e r  on  c h e mis t ry, E dinb u r g h,
s u b mit t e d  t h e  fir s t  p a p er, w hich  w a s  on  “Gas
fro m  Oil.”

H e  s aid  t h a t  d u ring  t h e  las t  s eve n t e e n  ye a r s  h e  h a d
d evot e d  m u c h  a t t e n tion  to  t h e  p ho tog e nic  o r  illu min a ting
values  of diffe r e n t  q u ali ties  of p a r affin  oils  in
va rious  la m ps,  a n d  to  t h e  p ro d u c tion  of p e r m a n e n t
illu min a ting  g a s  fro m  s uc h  oils.  The  e a rlie r  exp e ri m e n t s
w e r e  di r ec t e d  to  t h e  e m ploym e n t  of p a r affin  oils  a s
oils, a n d  t h e  r e s ul t s  p roved  t h e  g r e a t  s u p e rio ri ty
of t h e  p a r affin  oils a s  illu min a tin g  a g e n t s  ove r  veg e t a ble
a n d  a ni m al oils, a like  for  ligh t ho us e  a n d  o r din a ry
ho us e  s e rvice.
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The  la t e r  t ri als  w e r e  m ainly conc e r n e d  wit h  t h e  b r e a king
u p  of t h e  p a r affin  oils  in to  p e r m a n e n t  illu min a ting
g a s .   Expe ri m e n t s  w e r e  m a d e  a t  low h e a t s,  m e diu m
h e a t s ,  a n d  high  h e a t s ,  w hich  p rove d  t h a t ,  a cco r ding
to  t h e  r e s p e c tive  q u ali ti es  of t h e  p a r affin  oils e m ploye d
in t h e  t ri als,  t h e r e  w a s  m o r e  o r  les s  t e n d e ncy a t
t h e  low e r  h e a t s  to  di s till oil ins t e a d  of p e r m a n e n t
g a s ,  w hile  a t  t h e  high  h e a t s  t h e r e  w a s  a  liabili ty
to  d e c a r bo nize  t h e  oil a n d  g a s,  a n d  to  ob t ain  a  t hin
g a s  of co m p a r a tively s m all illu min a ting  pow er. 
Whe n,  how ever, a  good  c h e r ry  r e d  h e a t  w a s  m ain t ain e d,
t h e  oils  s plit  u p  in la r g e  p ro po r tion  in to  p e r m a n e n t
g a s  of high  illu min a ting  q u ali ty, a cco m p a nie d  by li t tle
t a r ry  m a t t er, a n d  wi th  only a  sligh t  a m o u n t  of s e p a r a t e d
c a r bo n  o r  d e posi t e d  soo t.

The  b e s t  m o d e  of s plit ting  u p  t h e  p a r affin  oils, a n d
t h e  s p e ci al a r r a n g e m e n t s  of t h e  r e to r t  o r  dis tilling
a p p a r a t u s,  a l so  for m e d,  h e  s aid,  a n  ex t e n sive  inq ui ry
by it s elf.  In  on e  s e t  of t ri als  t h e  oil w a s  dis tilled
in to  g a s eo us  vapor, a n d  t h e n  p a s s e d  t h ro u g h  t h e  r e to r t .  
In  a no t h e r  s e t  of exp e ri m e n t s,  t h e  oil w a s  r u n  in to
o r  allow e d  to  t rickle  in to  t h e  r e to r t s ,  w hile  bo t h
m o d e s  of in t ro d ucing  t h e  oil w e r e  t r i e d  in  r e to r t s
c h a r g e d  wi t h  r e d  ho t  coke  a n d  in r e to r t s  fre e  fro m
coke.

Ul tim a t ely, it w a s  foun d  t h a t  t h e  b e s t  r e s ul t s  w e r e
ob t ain e d  by t h e  m o r e  si m ple  a r r a n g e m e n t  of e m ploying
iron  r e to r t s  a t  a  good  c h e r ry  r e d  h e a t ,  a n d  r u n ning
in t h e  oil a s  a  t hin  s t r e a m  di r e c t  in to t h e  r e to r t ,
so  t h a t  it q uickly imping e d  u po n  t h e  r e d  ho t  m e t al,
a n d  wi t ho u t  t h e  in t e rve n tion  of a ny coke  o r  o t h e r
m a t t e r  in t h e  r e to r t s .   The  p a r affin  oils  e m ployed
in t h e  inves tig a tions  w e r e  p rincipally:  (1) Cr u d e
p a r affin  oil, b eing  t h e  oil ob t ain e d  di r ec t  fro m  t h e
d e s t r uc tive  dis tilla tion  of s h al e  in r e to r t s;  (2)
g r e e n  p a r affin  oil, w hich  is yielde d  by dis tilling
o r  r e-r u n nin g  t h e  c r u d e  p a r affin  oil, a n d  r e m oving
t h e  ligh t e r  o r  m o r e  infla m m a ble  po r tion  by  frac tion al
dis tilla tion; a n d  (3) blu e  p a r affin  oil, w hich  is ob t ain e d
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by r e c tifying  t h e  t wice  r u n  oil wi th  s ulph u ric  a cid
a n d  sod a,  a n d  dis tilling  off t h e  p a r affin  s pi ri t,
b u r nin g  oil, a n d  in t e r m e dia t e  oil, a n d  fr e ezing  ou t
t h e  solid  p a r affin  a s  p a r affin  sc al e.   The  b e s t
p r a c tic al t ri als  w e r e  ob t aine d  in Pin t s ch’s a p p a r a t u s
a n d  in Keith’s a p p a r a t u s .

Afte r  d e s c ribing  bo t h  of t h e s e ,  Dr. M a c a d a m  w e n t  on
to  give  in  g r e a t  d e t ail t h e  r e s ul t s  ob t ain e d  in s plit ting
u p  blu e  p a r affin  oil in to  g a s  in  e a c h  a p p a r a t u s .  
H e  t h e n  s aid  t h a t  t h e s e  exp e ri m e n t al  r e s ul t s  d e m o n s t r a t e d
t h a t  Pin t s ch’s a p p a r a t u s  yielde d  fro m  t h e  g allon
of oil in on e  c a s e  9 0.70  c u bic  fee t  of g a s  of 6 2.5 0
c a n dle  po w er, a n d  in  t h e  s eco n d  c a s e  1 0 3.36  c u bic
fee t  of 5 9.15  c a n dle  g a s ,  o r  a n  ave r a g e  of 9 7 .03  c u bic
fee t  of 6 0.82  c a n dle  pow e r  g a s .
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In  bo t h  c a s e s ,  t h e  firing  of t h e  r e to r t s  w a s  m o d e r a t e ,
t hou g h  in t h e  s eco n d  t r i al g r e a t e r  c a r e  w a s  t ak e n
to  s ec u r e  u nifor mity of h e a t ,  a n d  t h e  oil w a s  r u n
in m o r e  slowly, so  t h a t  t h e r e  w a s  m o r e  t ho ro u g h  s pli t ting
u p  of t h e  oil in to p e r m a n e n t  g a s .   The  g a s  ob t ain e d
in t h e  two  t ri als  w a s  of hig h  q u ality, owing  to  i ts
con t aining  a  la rg e  p e r c e n t a g e  of h e avy hyd roc a r bo n s,
of w hich  t h e r e  w e r e ,  r e s p ec tively, 3 9.2 5  a n d  3 7.15
p e r  c e n t .,  o r  a n  ave r a g e  of 3 8.2  p e r  c e n t .,  w hile  t h e
s ulp h u r e t e d  hyd ro g e n  w a s  no t hing,  a n d  t h e  c a r bo nic
a cid  a  m e r e  t r a c e .   Besides  t e s ting  t h e  g a s  on
t h e  occ asion  of t h e  a c t u al  t r i als, h e  h a d  also  exa min e d
s a m ples  of t h e  g a s  w hich  h e  h a d  t ak e n  fro m  va rious
cylind e r s  in w hich  t h e  g a s  h a d  b e e n  s to r e d  for  s eve r al
m o n t h s  u n d e r  a  p r e s s u r e  of t e n  a t mos p h e r e s ,  a n d  in
all c a s e s  t h e  g a s  w a s  foun d  to  b e  p r a c tic ally e q u al
to  t h e  q u a n ti ty m e n tion e d,  a n d  h e nc e  of a  p e r m a n e n t
c h a r a c t er.

By u sing  Keith’s a p p a r a t u s  t h e  r e s ul t s  ob t ain e d
w e r e  g e n e r ally t h e  s a m e,  wit h  t h e  exc e p tion  t h a t  a n
av e r a g e  of 0 .27  p e r  c e n t .  of c a r bo nic  a cid  g a s  a n d
d ecide d  p ro po r tions  of s ulp h u r e t e d  hyd ro g e n  w e r e  foun d
to  b e  p r e s e n t  in t h e  g a s .   Dr. M a c a d a m  d evo t e d
so m e  r e m a rks  to  t h e  conside r a tion  of t h e  q u e s tion
a s  to  how  fa r  t h e  g a s  ob t ain e d  fro m  t h e  p a r affin  oil
r e p r e s e n t e d  t h e  ligh t  po w e r  of t h e  oil it s elf, a n d
t h e n  h e  p roc e e d e d  to  s ay  t h a t ,  t aking  t h e  c r u d e  p a r affin
oil a t  2 d.  a  g allon,  a n d  wi th  a  s p e cific g r avity of
8 5 0  (w a t e r  =  1,0 0 0), o r  8 1/2  lb. to  t h e  g allon,  t h e r e
w e r e  2 6 4  g allons  to  t h e  ton,  a t  a  cos t  of L2 4 s .  p e r
ton.   The  s p e r m  ligh t  fro m  t h e  ton  of oil a s  g a s
b ein g  3,44 3  lb., h e  r e ckon e d  t h a t  fully 6  lb. of s p e r m
ligh t  w e r e  ob t ain e d  fro m  a  p e n nywor t h  of t h e  c r u d e
oil a s  g a s .

The n,  t aking  t h e  blu e  p a r affin  oil a t  4 d .  p e r  g allon,
a n d  t h e r e  b ein g  2 5 5  g allons  to  t h e  ton,  it w a s  foun d
t h a t  t h e  cos t  of on e  to n  w a s  L4 5 s .,  a n d  a s  t h e  s p e r m
ligh t  of a  ton  of t h a t  oil a s  g a s  w a s  5,15 0  lb., it
w a s  c alcula t e d  t h a t  5  lb. of s p e r m  ligh t  w e r e  yielde d
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in  t h e  g a s  fro m  a  p e n nywo r t h  of t h e  blue  oil. 
The  ve ry rich  c h a r a c t e r  of t h e  oil g a s  r e n d e r e d  it
u n s ui t a bl e  for  cons u m p tion  a t  o r din a ry  g a s  je t s ,  t hou g h
it  b u r n e d  r e a dily a n d  s a tisfac to rily a t  s m all b u r n e r s
no t  la rg e r  t h a n  No.  1  je ts .

In  p r a c tical u s e  it  wo uld  b e  a dvis a ble  to  r e d u c e  t h e
q u ali ty by  a d mixt u r e  wit h  t hin  a n d  fee ble  g a s ,  o r
to  e m ploy t h e  oil g a s  sim ply for  e n ric hing  infe rio r
g a s e s  d e rive d  fro m  t h e  m o r e  co m m o n  coals.  On
t h e  q u e s tion  of dilu tion,  h e  s aid  t h a t  h e  p r efe r r e d
to  u s e  c a r bo nic  oxide  a n d  hyd ro g e n,  a n d  m os t  of t h e
r e m aind e r  of his  p a p e r  w a s  d evo t e d  to  a n  expla n a tion
of t h e  b e s t  m o d e  of p r e p a ring  t hos e  g a s e s  (wa t e r  g a s e s).
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H e  conclud e d  by s aying:  The  e m ploym e n t  of p a r affin
oil for  g a s  m a king  h a s  a dv a n t a g e s  in it s  favor, in
t h e  r e a din es s  of ch a r gin g  t h e  r e to r t s ,  a s  t h e  oil
c a n  b e  r u n  in con tinuo usly for  d ays  a t  a  tim e,  a n d
m ay b e  di scon tin u e d  a n d  co m m e n c e d  a g ain  wi t ho u t  op e ning,
cle a rin g  ou t  r e sidu al  p ro d uc t s ,  r e c h a r gin g  a n d  r e closing
t h e  r e to r t s .   The r e  is n ec es s a rily, t h e r efo r e,
les s  labo r  a n d  cos t  in  wo rking,  a n d  a s  t h e  g a s  is
cle a n e r  o r  fr e e r  fro m  imp u ri ti es,  p u rifying  pl a n t  a n d
m a t e ri al  will b e  co r r e s po n din gly less.   Oil g a s
is now  e m ployed  for  ligh t ho us e  s e rvice  in t h e  illu min a tion
of t h e  lan t e r n s  on  Ailsa  Cr aig  a n d  a s  m o tive  pow e r
in t h e  g a s  e n gin e s  co n n e c t e d  wi th  t h e  fog  ho r n s  a t
Lan g n e s s  a n d  Ailsa  Cr aig  ligh t ho us e  s t a tions.  
I t  is a l so  u s e d  la rg ely in t h e  ligh ting  of r ailw ay
c a r ri a g es .   Various  po p ulous  plac e s  a r e  now  in t ro d ucin g
oil g a s  for  ho u s e  s e rvice,  a n d  h e  fel t  s u r e  t h a t  t h e
sys t e m  is on e  w hich  ou g h t  to  co m m e n d  its elf for  it s
fu tu r e  d evelop m e n t  to  t h e  c a r eful conside r a tion  a n d
p r a c tic al skill of t h e  m e m b e r s  of t h e  Gas  Ins ti t u t e .

*       *       *       *  
    *

THE MANUFACTURE OF SALT NEAR 
MIDDLESBROUGH.[1]

  [Foot no t e  1:   Abs t r ac t  of p a p e r  r e a d
b efo r e  t h e  Ins ti t u tion  of
               Civil
E n gin e e r s,  M ay 1 7,  1 8 8 7.]

By Si r  LOWTHIAN BELL, Ba r t . ,  F.R.S.

The  g eology of t h e  Middle s b rou g h  s al t  r e gion  w a s  fir s t
r efe r r e d  to,  a n d  it w a s  s t a t e d  t h a t  t h e  d evelop m e n t
of t h e  s al t  ind us t ry  in t h a t  dis t r ic t  w a s  t h e  r e s ul t
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of a c cide n t .   In  1 8 5 9,  M e ss r s .  Bolckow & Vaug h a n
s a nk  a  d e e p  w ell a t  Middle s b ro u g h,  in  t h e  ho p e  of ob t aining
w a t e r  for  s t e a m  a n d  o t h e r  p u r pos e s  in con n e c tion  wi t h
t h ei r  iron  works  in  t h a t  tow n,  al t hou g h  t h ey h a d  p r eviously
b e e n  infor m e d  of t h e  p ro b a bly u n s ui t a ble  ch a r a c t e r
of t h e  w a t e r  if foun d.   The  bo r e  hole  w a s  p u t
dow n  to  a  d e p t h  of 1 ,2 0 0  fee t ,  w h e n  a  b e d  of s al t  rock
w a s  s t r uck,  w hich  p rove d  to  h ave  a  t hickn e s s  of a bo u t
1 0 0  fee t .   At t h a t  ti m e  on e-eigh t h  of t h e  to t al
s al t  p ro d uc tion  of Ch es hi r e  w a s  b ein g  b ro u g h t  to  t h e
Tyne  for  t h e  c h e mic al wo rks  on  t h a t  r iver, h e n c e  t h e
discove ry of s al t  ins t e a d  of w a t e r  w a s  r e g a r d e d  by
so m e  a s  t h e  r ev e r s e  of a  dis a p poin t m e n t .   The
m o d e  of r e a c hing  t h e  s al t  rock  by a n  o r din a ry s h af t ,
how ever, failed,  fro m  t h e  influx of w a t e r  b eing  too
g r e a t ,  a n d  no t hing  m o r e  w a s  h e a r d  of Middle s b rou g h
s al t  u n til a  doze n  ye a r s  la t er, w h e n  M e s s r s.  Bell
Bro t h e r s,  of Por t  Cla r e nc e ,  d e cid e d  to  t ry  t h e  p r a c tica bili ty
of r ai sing  t h e  s al t  by a  m e t ho d  d e t aile d  in  t h e  p a p er. 
A si t e  w a s  s el ec t e d  1,3 1 4  ya r d s  dis t a n t  fro m  t h e  w ell
of M e s s r s.  Bolckow & Vaugh a n,  a n d  t h e  Dia mo n d  Rock
Boring  Co m p a ny w a s  in t r u s t e d  wi th  t h e  work  of p u t tin g
dow n  a  hole  in o r d e r  to  a sc e r t ain  w h e t h e r  t h e  b e d
of s al t  ex t e n d e d  u n d e r  t h ei r  land.   This  occ u pie d
n e a rly t wo  ye a r s ,  w h e n  t h e  s al t ,  6 5  fee t  in  t hickn e s s,
w a s  r e a c h e d  a t  a  d e p t h  of 1 ,12 7  fee t .   Ot h e r  r e a so ns
ind uc e d  t h e  ow n e r s  of t h e  Cla r e n c e  iron  wo rks  to  co n tin u e
t h e  bo r e  hole  for  1 5 0  fee t  b elow t h e  b e d  of s al t;
a  d e p t h  of 1 ,34 2  fee t  fro m  t h e  s u rfac e  w a s  t h e n  r e ac h e d.  
Du ring  t h e  p roc e s s  of bo rin g,  consid e r a ble  q u a n ti ti es
of infla m m a ble  g a s  w e r e  m e t  wi t h,  w hich,  on  t h e  a p plica tion
of fla m e,  took fir e  a t  t h e  s u rf ac e  of t h e  w a t e r  in
t h e  bo r e  hole.   The  o rigin  of t his  g a s ,  in  con n e c tion
wi th  t h e  coal m e a s u r e s  u n d e rlying  t h e  m a g n e si a n  limes ton e,
will p ro b a bly h e r e af t e r  b e  inves tig a t e d .
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For  r ai sing  t h e  s al t ,  r ecou r s e  w a s  h a d  to  t h e  m e t ho d
of solu tion,  t h e  p rinciple  b eing  t h a t  a  colu m n  of
d e sc e n din g  w a t e r  s hould  r ais e  t h e  b rin e  n e a rly a s
fa r  a s  t h e  diffe r e n c e s  of s p e cific g r avity b e t w e e n
t h e  t wo  liquids  p e r mi t t e d—in t h e  p r e s e n t
c a s e  a bo u t  9 9 7  fee t .   In  o th e r  wo r d s,  a  colu m n
of fre s h  w a t e r  of 1 ,20 0  fee t  b ro u g h t  t h e  b rin e  to
wi thin  2 0 3  fee t  of t h e  s u rfac e .   For  t h e  p r a c tic al
a p plica tion  of t his  sys t e m  a  hole  of s ay  1 2  inch e s
in di a m e t e r  a t  t h e  s u rfac e  w a s  co m m e n c e d,  a n d  a  s ucc e s sion
of w ro u g h t  i ron  t u b e s  p u t  dow n  a s  t h e  bo rin g  p roc e e d e d,
t h e  pip e s  b eing  of g r a d u ally d e c r e a sin g  di a m e t er,
u n til t h e  bo t to m  of t h e  s al t  b e d  w a s  r e ac h e d.  
The  po r tion  of t his  ou t e r  o r  r e t aining  t u b e ,  w h e r e
it  p a s s e d  t h ro u g h  t h e  b e d  of s al t ,  w a s  pie r c e d  wi th
t wo  s e t s  of a p e r t u r e s ,  t h e  u p p e r  e d g e  of t h e  high e r
s e t  coinciding  wit h  t h e  top  of t h e  s e a m,  a n d  t h e  o t h e r
s e t  occ u pying  t h e  lowe r  po r tion  of t h e  t u b e .  
Within  t h e  t u b e  so  a r r a n g e d,  a n d  s ec u r e d  a t  it s  lowe r
ex t r e mi ty by  m e a n s  of a  c avity s u nk  in t h e  lime s to n e,
a  s eco n d  t u b e  w a s  low e r e d,  h aving  a n  ou t e r  di a m e t e r
fro m  t wo  to  fou r  inc h e s  less  t h a n  t h e  in t e rio r  di a m e t e r
of t h e  fir s t  t u b e .   The  la t t e r  s e rve d  for  p u m ping
t h e  b rin e .   The  p u m p  u s e d  w a s  of t h e  o rdin a ry  b uck e t
a n d  clack  typ e,  b u t ,  in a d di tion,  a t  t h e  s u rfac e,  t h e r e
w a s  a  plu n g er, w hich  s e rve d  to  forc e  t h e  b rin e  in to
a n  ai r  ve ss el for  t h e  p u r pos e s  of dis t r ibu tion.  
The  b uck e t  a n d  clack  w e r e  pl ac e d  so m e  fee t  b elow t h e
poin t  to  w hich  t h e  b rin e  w a s  r ai s e d  by t h e  colu m n  of
fre s h  w a t e r  d e sc e n din g  in t h e  a n n ulus  for m e d  b e t w e e n
t h e  t wo  t u b e s .   In  co m m e n cing  wo rk,  w a t e r  w a s
le t  dow n  t h e  a n n ulus  u n til t h e  c avity for m e d  in t h e
s al t  b ec a m e  s ufficie n tly la r g e  to  a d mi t  of a  few ho u r s’
p u m pin g  of co nc e n t r a t e d  b rin e.   On  t h e  m a c hin e ry
b ein g  s e t  in m o tion,  t h e  s t ron g e r  b rin e  w a s  fir s t
d r a w n,  w hich,  fro m  its  g r e a t e r  s p ecific g r avity, occu pied
t h e  low e r  po r tion  of t h e  c avity.  As t h e  b rin e
w a s  r ais e d,  fr es h  w a t e r  flow e d  dow n.   The  solven t
pow e r  of t h e  n e wly a d mi t t e d  w a t e r  w a s  of cou r s e  g r e a t e r
t h a n  t h a t  of w a t e r  p a r ti ally s a t u r a t e d ,  a n d  b eing
also  ligh t e r  it  occu pie d  t h e  u p p e r  po r tion  of t h e  excav a t e d
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s p ac e .   The  co m bin e d  effec t  w a s  to  give  t h e  c avity
t h e  for m  of a n  inve r t e d  con e.   The  m o d e  of ex t r a c tion
t h u s  poss e s s e d  t h e  dis a dva n t a g e  of r e m oving  t h e  g r e a t e s t
q u a n ti ty of t h e  min e r al  w h e r e  i t w a s  m o s t  w a n t e d  for
s u p po r tin g  t h e  roof, a n d  h a d  give n  r is e  to  occa sion al
a c cide n t s  to  t h e  pip e s  u n d e r g ro u n d.   Thes e  w e r e
r efe r r e d  to  in d e t ail, a n d  t h e  q u e s tion  w a s  s t a r t e d
a s  to  pos sible  leg al co m plica tions  a r ising  h e r e af t e r
fro m  n e w  bo r e  hole s  p u t  dow n  in clos e  p roximity to
t h e  dividing  line  of diffe r e n t  p rop e r ti e s,  t h e  p u m ping
of b rine  for m e d  u n d e r  t h e  co n di tions  d e s c rib e d  p r e s e n tin g
a n  al tog e t h e r  diffe r e n t  a s p e c t  fro m  t h e  p u m ping  of
w a t e r  o r  n a t u r al  b rin e.
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The  s e con d  p a r t  of t h e  p a p e r  r efe r r e d  to  t h e  u s e s
to  w hich  t h e  b rin e  w a s  a p plie d,  t h e  c hief on e  b eing
t h e  m a n ufac t u r e  of co m mo n  s al t .   For  t his  p u r pos e
t h e  b rin e ,  a s  d elive r e d  fro m  t h e  w ells, w a s  r u n  in to
a  la rg e  r e s e rvoir, w h e r e  a ny e a r t hy m a t t e r  h eld  in
s us p e n sion  w a s  allow e d  to  s e t tl e.   The  cle a r  solu tion
w a s  t h e n  r u n  in to  p a n s  sixty fee t  long  by tw e n ty fee t
wid e  by t wo  fee t  d e e p.   H e a t  w a s  a p plied  a t  on e
e n d  by t h e  co m b u s tion  of s m all co al, b eyon d  w hich  longit udin al
w alls, s e rving  to  s u p po r t  t h e  p a n  a n d  to  dis t r ibu t e
t h e  h e a t ,  co n d uc t e d  t h e  p rod uc t s  of co m b u s tion  to
t h e  fu r t h e r  ext r e mi ty, w h e r e  t h ey  e s c a p e d  in to  t h e
c hi m n ey a t  a  t e m p e r a t u r e  of fro m  5 0 0  d e g.  to  7 0 0  d e g.  
Fa hr.  On  t h e  s u rf ac e  of t h e  h e a t e d  b rin e,  ke p t
a t  1 9 6  d e g.   Fahr., mi n u t e  c u bic al c rys t al s  s p e e dily
for m e d.   On  t h e  u p p e r  s u rfac e  of t h e s e ,  o th e r
s m all c u b e s  of s al t  a r r a n g e d  t h e m s elves  in s uc h  a  w ay
t h a t ,  in  cou r s e  of ti m e,  a  hollow inve r t e d  pyr a mid
of c rys t allized  s al t  w a s  for m e d.   This  ul tim a t ely
s a nk  to  t h e  bo t to m,  w h e r e  o t h e r  s m all c rys t al s  u ni t e d
wi th  it, so  t h a t  t h e  s h a p e  b e c a m e  fre q u e n tly co m ple t ely
c u bical.  Eve ry s e co n d  d ay t h e  s al t  w a s  “fishe d”
ou t  a n d  laid  on  d r ain e r s  to  p e r mi t  t h e  a d h e ring  b rin e
to  r u n  b a ck  in to  t h e  p a n s.   For  t h e  p ro d uc tion
of t a ble  s al t  t h e  boiling  w a s  c a r ri ed  on  m u c h  m o r e
r a pidly, a n d  a t  a  hig h e r  t e m p e r a t u r e  t h a n  for  s al t
in t e n d e d  for  so d a  m a n ufac t u r e .   The  c rys t als  w e r e
ve ry min u t e ,  a n d  a d h e r e d  tog e t h e r  by  t h e  solidifica tion
of t h e  b rin e ,  effec t e d  by  expos u r e  on  h e a t e d  flues.  
For  fishe ry  p u r pos e s  t h e  c rys t als  w e r e  p r efe r r e d  ve ry
co a r s e  in size.   Thes e  w e r e  ob t ain e d  by eva po r a ting
t h e  b rin e  m o r e  slowly a n d  a t  a  s till low e r  t e m p e r a t u r e
t h a n  w h e n  s al t  for  so d a  m a k e r s  w a s  r e q ui r e d.   At
t h e  Cla r e n c e  wo rks  exp e ri m e n t s  h a d  b e e n  m a d e  in u tilizing
s u r plus  g a s  fro m  t h e  a dj ac e n t  bl a s t  fu r n ac e s ,  ins t e a d
of fuel, u n d e r  t h e  eva po r a tin g  p a n s,  t h e  fu rn a c es
s u p plying  m o r e  g a s  t h a n  w a s  n e e d e d  for  h e a ting  ai r
a n d  r aising  s t e a m  for  i ron  m a kin g.   By m e a n s  of
t his  w a s t e  h e a t ,  fro m  2 0 0  to  3 0 0  tons  of s al t  p e r
w e e k  w e r e  now  ob t ain e d.
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The  p a p e r  co nclud e d  wi th  so m e  p a r t icul a r s  of t h e  sod a
ind us t ry.  The  w ell-know n  s ulph u ric  a cid  p roc es s
of Lebla nc  h a d  s tood  it s  g ro u n d  for  t h r e e-q u a r t e r s
of a  c e n t u ry  in  s pi t e  of s eve r al  dis a dva n t a g e s ,  a n d
va rious  m o d e s  of u tilizing  t h e  by-p ro d u c t s  h aving  b e e n
fro m  ti m e  to  ti m e  int rod uc e d,  it  h a d  u n til r ec e n t
ye a r s  s e e m e d  too  fir mly e s t a blish e d  to  fea r  a ny rivals.  
Abou t  s eve n  ye a r s  a go,  how ever, Mr. Solvay, of Brus s els,
r evived  in a  p r a c tic al for m  t h e  a m m o nia  p roc e ss ,  p a t e n t e d
for ty ye a r s  a go  by M e ss r s .  H e m min g  & Dyar, b u t  u sing
b rin e  ins t e a d  of s al t ,  a n d  t h u s  avoiding  t h e  cos t
of ev a po r a tion.   This p roc es s  consis t e d  of forcing
in to  t h e  b rin e  c u r r e n t s  of c a r bo nic a cid  a n d  a m m o niac al
g a s e s  in s uc h  p ro po r tions  a s  to  g e n e r a t e  bica r bo n a t e
of a m m o nia,  w hich,  r e a c tin g  on  t h e  s al t  of t h e  b rin e,
g ave  bic a r bon a t e  of sod a  a n d  c hlo ride  of a m m o niu m.  
The  bic a r bo n a t e  w a s  pl ac e d  in a  r ev e r b e r a to ry fu rn a c e ,
w h e r e  t h e  h e a t  d rove  off t h e  w a t e r  a n d  on e  e q uivale n t
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of c a r bo nic  a cid,  le aving  t h e  alk ali a s  m o noc a r bo n a t e .  
N e a r  Mid dle s b ro u g h,  t h e  only b r a n c h  of indus t ry e s t a blish e d
in con n ec tion  wi th  i t s  s al t  t r a d e  w a s  t h e  m a n ufac t u r e
of sod a  by a n  a m m o nia  p roc e s s,  inven t e d  by  Mr. Sc hloesing,
of Pa ris.   The  wo rks  w e r e  c a r ri e d  on  in  con n e c tion
wi th  t h e  Cla r e nc e  s al t  wo rks.   I t  w a s  b elieved
t h a t  t h e  to t al  q u a n ti ty of d ry sod a  p ro d u c e d  by t h e
t wo  a m m o nia  p roc e s s e s ,  Solvay’s a n d  Sc hloesin g’s,
in  t his  cou n t ry w a s  so m e t hing  u n d e r  1 0 0,00 0  to ns  p e r
a n n u m,  b u t  t his  m a k e  w a s  consid e r a bly exc e e d e d  on  t h e
Con tine n t .

*       *       *       *  
    *

COTTON INDUSTRIES OF JAPAN.

The  co t to n  pl a n t  p rincip ally c ul tiva t e d  in Jap a n  is
of t h e  s p e cie s  know n  a s  Gossypiu m  h er bac e u m ,
r e s e m bling  t h a t  of India,  Chin a,  a n d  Egyp t.   The
pla n t  is of s ho r t  s t a t u r e ,  s eldo m  a t t aining  a  g ro wt h
of ove r  t wo  fee t;  t h e  flow e r  is d e ciduo us,  wit h  yellow
p e t al s  a n d  p u r ple  c e n t er, a n d  t h e  s t a pl e  is s ho r t ,
b u t  fine.   I t  is ve ry wid ely cul tiva t e d  in Jap a n,
a n d  is p ro d uc e d  in t hi r ty-s eve n  ou t  of t h e  for ty-fou r
p r efec t u r e s  for ming  t h e  e m pi r e,  b u t  t h e  b e s t  q u ali ties
a n d  la rg e s t  q u a n ti ti es  a r e  g row n  in t h e  so u t h e r n  m a ri tim e
p rovinc es  of t h e  m ai nla n d  a n d  on  t h e  islan ds  of Kiusiu
a n d  S hikoku.   Vice  cons ul  Longfo rd,  in his  las t
r e po r t ,  s ays  t h a t  t h e  pl a n t  is no t  indig e no us  to  Jap a n,
t h e  s e e d  h aving  b e e n  fir s t  impor t e d  fro m  Chin a  in t h e
ye a r  1 5 5 8.   The r e  a r e  no w  m a ny  va ri e ti e s  of t h e
o rigin al s p e cie s,  a n d  t h e  c ul tiva tion  of t h e  pl a n t
va rie s  in  it s  d e t ails  in diffe r e n t  localities.  
The  va ri a tions  a r e ,  how ever, m os tly in d a t e s,  a n d  t h e
g e n e r al  g rin din g  p rinciples  of t h e  s eve r al  op e r a tions
a r e  n e a rly t h e  s a m e  t h ro u g ho u t  t h e  w hole  cou n t ry. 
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The  lan d  b e s t  s ui t e d  for  co t ton  g rowing  is on e  of
a  s a n dy soil, t h e  a d mixt u r e  of e a r t h  a n d  s a n d  b eing
in t h e  p ro po r tion  of two  p a r t s  e a r t h  to  on e  of s a n d.  
Du ring  t h e  win t e r  a n d  s p rin g  m o n t h s,  c ro ps  of w h e a t
o r  b a rl ey a r e  r ais e d  on  it, a n d  it is w h e n  t h e s e  c rops
h ave  a t t ain e d  t h ei r  full h eigh t  d u rin g  t h e  m o n t h  of
M ay t h a t  t h e  co t ton  is sow n.   About  fifty d ays
p rio r  to  t h e  sowin g  a  m a n u r e  is p r e p a r e d  consis ting
of c hop p e d  s t r aw, s t r a w  a s h e s,  g r e e n  g r a s s ,  r ic e,
b r a n,  a n d  e a r t h  fro m  t h e  bo t to m  of t h e  s t a g n a n t  pools. 
The s e  ing r e die n t s  a r e  all c a r efully mixe d  tog e t h e r
in e q u al  p ro po r tions ,  a n d  t h e  m a n u r e  t h u s  m a d e  is
allow e d  to  s t a n d  till r e q ui r e d  for  u s e .   Ten d ays
b efo r e  t h e  tim e  fixed  for  sowing,  n a r ro w  t r e nc h e s ,
a bo u t  on e  inch  in d e p t h,  a r e  d u g  in t h e  fu r row s,  b e t w e e n
t h e  row s  of s t a n ding  w h e a t  o r  b a rl eys  a n d  t h e  m a n u r e
is libe r ally s p rinkle d  alon g  t h e m  by h a n d.   For
on e  nig h t  b efo r e  sowing  t h e  s e e d  is s t e e p e d  in w a t er. 
I t  is t h e n  t ak e n  ou t ,  sligh tly mixed  wit h  s t r a w  a s h e s ,
a n d  sow n  in t h e  t r e n c h e s  a t  in t e rv als  of a  few inch es .  
Whe n  sow n,  i t is cove r e d  wit h  e a r t h  to  t h e  d e p t h  of
h alf a n  inch,  a n d  g e n tly t r a m ple d  dow n  by foot.  
Fou r  o r  five d ays  af t e r  sowing,  t h e  b u d s  b e gin  to
a p p e a r  a bove  t h e  e a r t h ,  a n d  al mos t  si m ul t a n eo u sly t h e
w h e a t  o r  b a rl ey b e t w e e n  w hich  t h ey  g ro w  is r i p e  for
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t h e  sickle.   While  t h e  la t t e r  is b ein g  h a rves t e d,
t h e  co t ton  m ay  b e  left  to  it s elf, b u t  no t  for  ve ry
long.   The  b u ds  a p p e a r  in  m u c h  la r g e r  n u m b e r s  t h a n
t h e  soil could  s u p po r t  if t h ey  w e r e  allow e d  to  g row. 
They h ave  a c co r din gly to  b e  c a r efully t hin n e d  ou t ,
so  t h a t  no t  m o r e  t h a n  five o r  six pl a n t s  a r e  left
in  e ac h  foot  of leng t h.   The  n ex t  p roc e ss  is t h e
s p rinkling  of a  m a n u r e  co m pos e d  of on e  p a r t  nig h t
soil a n d  t h r e e  p a r t s  w a t er, a n d  a g ain,  s u bs e q u e n t
to  t his,  t h e r e  a r e  t wo  fu r t h e r  m a n u ring s;  on e  of a
mixt u r e  of d ri ed  s a r din e s,  le e s  of oil, a n d  lee s  of
ric e  b e er, w hic h  is a p plie d  a bo u t  t h e  mid dle  of Jun e,
w h e n  t h e  pl a n t  h a s  a t t ain e d  a  h eigh t  of fou r  inch e s;
a n d  a g ain  e a rly in  July, w h e n  t h e  pl a n t  h a s  g row n
to  a  h eigh t  of six o r  s eve n  inch e s ,  a  fu r t h e r  m a n u rin g
of nigh t  soil, mixed  wi th  a  la r g e r  p ro po r tion  of w a t e r
t h a n  b efor e .   At t his  s t a g e  t h e  h e a d  of t h e  pl a n t
is pinc h e d  off wi th  t h e  fing e r s ,  in  o r d e r  to  ch e ck
t h e  exc es sive  g row t h  of t h e  s t e m,  a n d  di r ec t  t h e  s t r e n g t h
in to  t h e  b r a nc h e s ,  w hich  u s u ally n u m b e r  five o r  six. 
F ro m  t h e s e  b r a nc h e s  mi no r  on e s  s p rin g,  b u t  t h e  la t t e r
a r e  c a r efully p r u n e d  off a s  t h ey  a p p e ar.  In  t h e
mid dle  of Augus t  t h e  flow e r s  b e gin  to  a p p e a r  g r a d u ally. 
They fall soon  af t e r  t h ei r  a p p e a r a n c e ,  leaving  in t h ei r
pl ac e  t h e  pod  o r  p e a c h  (m o m o ), w hich,  af t e r
ripe nin g,  op e n s  in Octob e r  by  t h r e e  o r  fou r  valves
a n d  expos e s  t h e  co t ton  to  view.  The  co t to n  is
g a t h e r e d  in b a sk e t s,  in w hich  it  is a llow e d  to  r e m ain
till a  b rig h t ,  s u n s hiny d ay, w h e n  it is s p r e a d  ou t
on  m a t s  to  d ry  a n d  s w ell in  t h e  s u n  for  t wo  o r  t h r e e
d ays.   Afte r  d rying,  t h e  co t ton  is p a ck e d  in b a g s
m a d e  of s t r a w  m a t ting,  a n d  ei th e r  sold  o r  p u t  a side
u n til s uc h  ti m e  a s  t h e  fa r m e r’s leis u r e  fro m
oth e r  a g ricul tu r al  op e r a tions  e n a bles  hi m  to  d e al
wi th  it.  The  ave r a g e  yield  of co t ton  in good
dis t ric t s  in  Jap a n  is a bo u t  1 2 0  lb. to  t h e  a c r e,  b u t
a s  co t to n  is only a  s eco n d a ry  c rop,  t his  do e s  no t
t h e r efo r e  r e p r e s e n t  t h e  w hole  p rofi t  g ain e d  by t h e
fa r m e r  fro m  his  land.   The  p r efec t u r e s  in w hich
t h e  p ro d uc tion  is la rg e s t  a r e  Aichi on  t h e  e a s t  coa s t ,
Os ak a,  Hiogo, Hi ros hi m a,  a n d  Yamag uc hi on  t h e  inlan d
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s e a ,  a n d  F uk ui  a n d  Ishika w a  on  t h e  w e s t  co a s t .  
Vice-cons ul Longford  s ays  t h a t  t h e  m a n ufac t u r e  of
co t ton  in  Japa n  is s till in all it s  s t a g e s  la r g ely
a  do m e s tic  on e .   Gin, s pin dle,  a n d  loom  a r e  all
foun d  in t h e  ho u s e  of t h e  fa r m e r  on  w hos e  land  t h e
co t ton  is g row n,  a n d  no t  only w h a t  is r e q ui r e d  for
t h e  w a n t s  of his  ow n  family is s p u n  a n d  wove n  by t h e
fe m ale  m e m b e r s  t h e r eof, b u t  a  s u r plu s  is al so  p ro d uc e d
for  s ale .

S eve r al  s pinning  fac to rie s  wi th  impo r t a n t  E n glish
m a c hin e ry  h ave  b e e n  e s t a blis h e d  d u ring  t h e  las t  tw e n ty
ye a r s ,  b u t  Cons ul Longford  s ays  t h a t  h e  h a s  only know n
of on e  si mila r  co t ton-w e aving  fac to ry, a n d  t h a t  h a s
no t  b e e n  a  s ucc e ssful exp e ri m e n t .   Ot h e r  so  c alle d
w e aving  fac to rie s  t h ro u g ho u t  t h e  cou n t ry  consis t  only
of a  collec tion  of t h e  o r din a ry  h a n d  looms,  to  t h e
n u m b e r  of for ty o r  fifty, s c a r c ely eve r  r e a c hing  to
on e  h u n d r e d,  in  on e  b uilding  o r  s h e d,  w h e r ein  individu al
m a n ufac t u r e r s  h ave  t h ei r  ow n  s p e ci al pi ec e  goods  m a d e .
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The  firs t  op e r a tion  in t h e  m a n ufac t u r e  is t h a t  of
gin ning,  w hic h  is con d uc t e d  by  m e a n s  of a  s m all imple m e n t
c alle d  t h e  rok uro , o r  win dla s s.   This consis t s
of t wo  wood e n  rolle r s  r evolving  in  op posi t e  di r e c tions,
fixed  on  a  fra m e  a bo u t  1 2  inc h e s  high  a n d  6  inc h e s
in wid t h,  s t a n ding  on  a  s m all pl a tfo r m,  t h e  di m e n sions
of w hich  sligh tly exce e d  t h a t  of t h e  fra m e.   The
op e r a tor, u s u ally a  wo m a n,  kn e el s  on  on e  sid e  of t h e
fra m e,  holding  it  fi r m  by h e r  w eig h t ,  wo rks  t h e  rolle r
wi th  on e  h a n d,  a n d  wi th  t h e  o t h e r  p r e s s e s  t h e  co t ton,
w hich  s h e  t ak e s  fro m  a  h e a p  a t  h e r  sid e,  b e t w e e n  t h e
rolle r s.   The  co t ton  p a s s e s  t h ro u g h,  falling  in
s m all lu m p s  on  t h e  o t h e r  sid e  of t h e  fr a m e,  w hile
t h e  s e e d s  fall on  t h a t  n e a r e s t  t h e  wo m a n.   The
u t mos t  w eigh t  of u n gin n e d  co t ton  t h a t  on e  wo m a n  working
a n  e n ti r e  d ay  of t e n  ho u r s  c a n  give  is fro m  8  lb.
to  1 0  lb., w hich  gives,  in t h e  e n d,  only a  lit tl e
ove r  3  lb. w eigh t  of ginn e d  co t ton,  a n d  h e r  d aily e a r nin gs
a m o u n t  to  les s  t h a n  2 d.   A few s a w  gins  h ave  b e e n
int rod u c e d  in to  Jap a n  d u rin g  t h e  las t  fift e e n  ye a r s ,
b u t  no  effo r t  h a s  b e e n  m a d e  to  s ec u r e  t h ei r  dis t ribu tion
t h ro u g ho u t  t h e  cou n t ry  dis t r ic t s.   Afte r  gin nin g,
a  c e r t ain  p ropo r tion  of t h e  s e e d  is r e s e rve d  for  t h e
a g ricul tu r al  r e q ui r e m e n t s  of t h e  following  year, a n d
t h e  r e m ain d e r  is s e n t  to  oil fac to ri e s,  w h e r e  it is
p r e s s e d ,  a n d  yields  a bo u t  on e-eig h t h  of i ts  c a p a ci ty
in m e a s u r e m e n t  in oil, t h e  r efus e,  af t e r  p r e s sing,
b ein g  u s e d  for  m a n u r e .   The  gin nin g  h aving  b e e n
finish e d  in t h e  cou n t ry di s t r ic t s ,  t h e  co t ton  is ei t h e r
p ack e d  in b al e s  a n d  s e n t  to  t h e  d e al e r s  in t h e  ci ti es,
o r  els e  t h e  n ex t  p roc e s s,  t h a t  of c a r ding,  is a t  onc e
p roc e e d e d  wi th  on  t h e  s po t.

This  p roc es s  is al mos t  a s  p ri mi tive  a s  t h a t  of t h e
gin ning.   A long  b a m boo, s ufficien tly t hin  to
b e  flexible,  is fas t e n e d  a t  it s  b a s e  to  a  pilla r  o r
t h e  co r n e r  of a  s m all r oo m.   I t  slop es  u p w a r d  in to
t h e  c e n t e r  of t h e  roo m, a n d  fro m  its  u p p e r  e n d  a  h e m p e n
co r d  is s u s p e n d e d.   To t hi s  is fas t e n e d  t h e  “bow,”
a n  ins t r u m e n t  m a d e  of oak,  a bo u t  five  fee t  in  leng t h,
t wo  inc h e s  in ci rc u mfe r e n c e ,  a n d  s h a p e d  like  a  ladl e.  
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A s t ring  of co a r s e  c a t g u t  is tigh tly s t r e t c h e d  fro m
e n d  to  e n d  of t h e  bow, a n d  t his  is b e a t e n  wi th  a  s m all
m alle t  m a d e  of willow, bou n d  a t  t h e  e n d  wi th  a  r i ng
of i ron  o r  b r a s s.   The  r a w  co t ton,  in its  coa r s e
s t a t e ,  is pil ed  on  t h e  floor  jus t  u n d e r n e a t h  t h e  s t r in g
of t h e  bow.  The  s t ring  is t h e n  r a pidly b e a t e n
wi th  t h e  m alle t ,  a n d  a s  it r i s e s  a n d  falls  it  c a t c h e s
t h e  ro u g h  co t ton,  cu t s  it  to  t h e  r e q ui r e d  d e g r e e  of
fine n es s,  r e m oves  imp u ri ti es  fro m  it, a n d  flings  i t
to  t h e  side  of t h e  op e r a tor, w h e r e  it falls  on  a  h e m p e n
n e t  s t r e t c h e d  ove r  a  fou r-co rn e r e d  wood e n  fra m e.  
The  s p a c e s  of t h e  n e t  a r e  a bo u t  on e-q u a r t e r  of a n  inch
s q u a r e ,  a n d  t h rou g h  t h e s e  a ny p a r ticles  of d u s t  t h a t
m ay s till h ave  a d h e r e d  to  t h e  co t ton  fall to  t h e  floor,
leaving  piled  on  top  of t h e  n e t  t h e  p u r e  co t ton  wool
in it s  finish e d  s t a t e .   This wo rk  is alw ays  p e rfo r m e d
by a  m a n,  a n d  by a s siduou s  toil t h ro u g ho u t  a  long  d ay,
on e  m a n  c a n  c a r d  fro m  t e n  to  t w e n ty  po u n d s  w eigh t
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of r a w  co t ton.   Paym e n t  is m a d e  in p ro po r tion
to  t h e  wo rk  do n e,  a n d  in t h e  less  r e m o t e  cou n t ry  dis t r ic t s
is a t  t h e  r a t e  of a bo u t  on e  p e n ny for  e a c h  po u n d  c a r d e d.  
As r e g a r d s  s pin nin g  a n d  w e aving,  in t h e  fi r s t  of t h e s e
b r a nc h e s  of cot ton  m a n ufac t u r e  t h e  Japa n e s e  h av e  la r g ely
h a d  r e cou r s e  to  t h e  aid  of for eign  m a c hin e ry, b u t
it  is s till to  a  m u c h  g r e a t e r  ex t e n t  a  do m e s tic  ind us t ry,
o r  a t  b e s t  c a r ri e d  on  like  w e aving  in  t h e  e s t a blish m e n t s
of cot ton  t r a d e r s,  in  w hic h  a  n u m b e r  of work e r s ,  va rying
fro m  2 0  to  1 0 0  o r  m o r e ,  e a c h  wi th  hi s  ow n  s pin ning
w h e el, a r e  collec t e d  tog e t h er.  Cons ul Longfo rd
s ays  t h e  s pinning  w h e el  u s e d  in Jap a n  diffe r s  in no
r e s p e c t  fro m  t h a t  u s e d  in  t h e  co u n t ry  3 0 0  yea r s  a go
o r  (exce p t  t h a t  b a m boo  for m s  a n  in t e g r al  p a r t  of t h e
m a t e ri als  of w hich  it is m a d e)  fro m  t h a t  u s e d  in E n gla n d
p rio r  to  t h e  inve n tion  of t h e  jenny.  The  cos t
of on e  of t h e  w h e els  is a bo u t  9 d ., it will las t  for
five  o r  six yea r s,  a n d  wi th  it  a  wo m a n  of o r din a ry
skill c a n  s pin  a bo u t  1  lb. of ya r n  in  a  d ay  of t e n
ho u r s ,  e a r ning  t h e r e by a bo u t  2 d.   The r e  a r e  a t
p r e s e n t  in va rious  p a r t s  of Japa n,  in all, 2 1  s pinning
fac to rie s  wo rk e d  by foreign  m a c hin e ry.  Of fou r
of t h e s e  t h e r e  is no  info r m a tion,  b u t  of t h e  r e m ain d er,
on e  h a s  1 2 0  s pindles; el eve n,  2 ,0 0 0  s pindles; t wo,
3,00 0  s pindle s; t wo, 4 ,0 0 0  s pindles; a n d  on e,  1 8,00 0
s pin dle s.—Journal S oc.  of  Ar t s .
*       *       *       *  
    *

[Con tinu e d  fro m  SUPPLEME NT, No. 6 1 2,  p a g e  9 7 7 4.]

CENTRIFUGAL EXTRACTORS.

By ROBERT F. GIBSON.

S UGAR MACHINES.—Besid es  s e p a r a tin g  t h e
c rys t alline  s u g a r  a n d  t h e  si r u p,  s e con d a ry  objec t s
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a r e  to  w a s h  t h e  c rys t als  a n d  to  p a ck  t h e m  in c ak e s.  
The  cle a n sin g  fluid  o r  “whi t e  liquo r” is
in t rod u c e d  a t  t h e  ce n t e r  of t h e  b a sk e t  a n d  is h u rl e d
a g ain s t  a n d  p a s s e s  t h rou g h  t h e  s u g a r  w all left  fro m
d r aining.   The  b a sk e t  m ay b e  divide d  in to  co m p a r t m e n t s
a n d  t h e  liquo r  g uid e d  in to  e a c h.   The  co m p a r t m e n t s
a r e  r e m ova ble  boxes  a n d  a r e  s h a p e d  to  give  b a r s  o r
c ak e s  o r  a ny for m  d e si r e d  of s u g a r  in m a s s .   Thes e
boxes  b eing  r e m ov a ble  c a n no t  fit tigh tly a g ain s t  t h e
liquo r  g uid es ,  a n d  t h e  liquo r  is a p t  to  e s c a p e.  
This  difficul ty is ove rco m e  by giving  t h e  g uid e s  r a di al
m ove m e n t  o r  by  h aving  r u b b e r  p a ckin g  a ro u n d  t h e  e d g e s.

S u g a r  m a c hin e s  p ro p e r  a r e  of t wo  kinds—t hos e
w hich  a r e  load e d,  d r ain e d  a n d  t h e n  u nloa d e d  a n d  t hos e
w hich  a r e  con tinuo us  in t h ei r  wo rking.   The  va rious
figu r e s  p r ec e ding  a r e  of t h e  fi r s t  kind,  a n d  w h a t  h a s
b e e n  s aid  of vib r a tions  a p plie s  di r ec tly to  t h e s e.

The  g e n e r al  a dva n t a g e s  cl ai m e d  for  con tinuo us  wo rking
ove r  in t e r mi t t e n t  a r e—t h a t  s aving  is m a d e
of ti m e  a n d  m o tive  pow e r  incide n t  to  in t ro d ucin g  c h a r g e
a n d  d eveloping  veloci ty, in r e t a r ding  a n d  s top pin g,
a n d  in disc h a r gin g;  t h a t ,  a s  t h e  po w e r  is b ro u g h t  in to
t h e  m a c hin e  con tin uously, no  s hifting  of b el t s  o r
u n g e a ring  is n e c e ss a ry; a n d  t h a t  t h e r e  a r e  less  of
t h e  d a n g e r s  incide n t  to  va ria ble  m o tion,  ei t h e r  in
t h e  m a c hin e  its elf o r  t h e  b el ting  o r  g e a rin g.  
The  m a g m a  (th e  mixtu r e  of c rys t alline  s u g a r  a n d  si r u p)
is fed  in  g r a d u ally, by  w hich  m e a n s  it is m o r e  likely
to  a s s u m e  a  posi tion  of e q uilib riu m  in t h e  b a sk e t .
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The r e  a r e  t wo  m e t ho ds  of disch a r ging  in con tinuo us
wo rking—t h e  s u g a r  is t h row n  ou t  p e riodic ally
a s  t h e  b a sk e t  fills,  o r  con tin uously.  In  n ei th e r
c a s e  is t h e  s p e e d  slack e n e d.   In  t h e  fi rs t  ei t h e r
t h e  u p p e r  h alf of t h e  b a s k e t  h a s  a n  u p w a r d  m o tion,
on  t h e  low e r  h alf a  dow n w a r d  m o tion  (Pa t.  2 5 2,48 3);
a n d  t h rou g h  t h e  op e ning  t h u s  m a d e  t h e  s u g a r  is t h ro w n.  
Fig.  2 2  (R.B.  Palm e r  & So ns)  is a  m a c hin e  of t his
kind.   The  bo t to m, B, wi th  t h e  co n e  dis t ribu tor,
a , h ave  do w n w a r d  m o tion.

[Illus t r a tion:  Fig.  2 2.]

Con tinuo us  disc h a r g e  of t h e  s econ d  kind  m ay  b e  b ro u g h t
a bo u t  by h aving  a  scoop  fixed  to  t h e  cu r b  (or  c a sing),
ex t e n ding  do w n  in to t h e  b a sk e t  a n d  d elive ring  t h e
s u g a r  ove r  t h e  side  (Pa t.  1 4 4,31 9).  Anoth e r  m e t ho d
will b e  d e sc rib e d  u n d e r  “Be e t  M a c hine s .”

BASKET.—The  cons t r uc tion  of t h e  b a sk e t
is exc e e dingly impor t a n t .   H a r d  exp e rie nc e  h a s
t a u g h t  t hi s.   Whe n  c e n t rifug al s  w e r e  fir s t  in t ro d uc e d,
u s e r s  w e r e  co m p elled  by  law to  p u t  t h e m  b elow g ro u n d;
for  t h ey  fre q u e n tly explod e d,  owing  to  t h e  s p e e d  b ein g
s u d d e nly a u g m e n t e d  by ine q u ali ti es  in t h e  r u n ning
of t h e  e n gin e  o r  to  t h e  b a sk e t  b eing  too  w e ak  to  r e sis t
t h e  c e n t rifug al forc e  of t h e  ove rc h a r g e .   Inc r e a sing
t h e  t hickn es s  m e r ely a d d s  to  t h e  c e n t rifug al forc e,
a n d  h e n c e  to  t h e  d a n g er, a s  eve n  a  p e rf ec tly b al a nc e d
b a sk e t  m ay  s ever.

On e  pl a n  for  a  b e t t e r  b a sk e t  w a s  to  h ave  m o r e  t h a n
on e  w all.  For  exa m ple,  t h e r e  mi g h t  b e  a n  inn e r
w all of p e rfo r a t e d  cop p er, t h e n  on e  of wi r e  g a uz e,
a n d  t h e n  a no t h e r  of cop p e r  wi th  la r g e r  p e rfo r a tions.  
Anot h e r  pl a n  w a s  to  h av e  a n  in t e r n al  m e t allic clo th,
b e a rin g  a g ains t  t h e  int e r n ally p rojec ting  ridg e s  of
t h e  co r r u g a tions  of t h e  b a sk e t  w all.  A fu r t h e r
co m plica tion  is to  give  t his  in t e r n al  g a uz e  cylind e r
a  ro t a tion  r el a tive  to  t h e  b a sk e t .
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The  b a s k e t  w all h a s  b e e n  va riously cons t r uc t e d .  
In  on e  c a s e  i t consis t s  of wi r e  wo u n d  ro u n d  a n d  ro u n d
a n d  fas t e n e d  to  u p rig h t s,  co m m o nly know n  a s  t h e  “wir e
b a sk e t;” in a no t h e r  c a s e  of a  p e rip h e ry  wi tho u t
p e rfo r a tions,  b u t  s pi r ally co r r u g a t e d  a n d  h aving  a n
op e nin g  a t  t h e  bo t to m  for  t h e  e s c a p e  of t h e  ex t r ac t e d
liquid; in s till a no t h e r  of a  s e ri e s  of n a r ro w  b a r s
o r  r i ngs ,  pl ac e d  e d g e wise,  p a ck e d  a s  clos e  a s  d e si r e d.  
An a dva n t a g e  of t his  las t  s tyle  is t h a t  it is e a sily
cle a n e d.

The  b e s t  b a sk e t  consis t s  of s h e e t  m e t al  wi t h  bo r e d
p e rfo r a tions  a n d  h aving  b a n d s  o r  flan g e s  s p r u n g  on
a ro u n d  t h e  ou t side.   The  m e t al  is b r a s s,  if it
is a p t  to  b e  co r rod e d;  if no t ,  s h e e t  iron.   The
p e rfo r a tions  m ay  b e  ro u n d,  o r  ho rizon t ally m u c h  long e r
t h a n  wid e  ve r tic ally.  On e  m e t ho d  for  t h e  m a n ufac t u r e
of t h e  b a s k e t  w all (Pa t.  1 4 9,55 3)  is to  roll dow n
a  pl a t e ,  h aving  ro u n d  p e rfo r a tions,  to  t h e  r e q ui r e d
t hickn es s ,  c a u sing  n a r rowin g  a n d  elon g a tion  of t h e
hole s  a n d  a t  t h e  s a m e  tim e  h a r d e ning  t h e  pl a t e  by
co m p a c ting  it s  t ex tu r e .   Long  n a r row  slo t s  a r e
w ell a d a p t e d  to  c a t c h  s u g a r  c rys t als,  a n d  t his  is no t
a n  u ni m po r t a n t  poin t .   Roun d  p e rfo r a tions  a r e  u s u ally
cou n t e r s u nk.   Ins t e a d  of flan g es ,  wi r e  b a n d s  h av e
b e e n  u s e d,  t h ei r  lap pin g  e n d s  s ec u r e d  by solder.
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As to  co m p a r a tive  w e ar, it  m ayb e  r e m a rk e d  t h a t  on e
p e rfo r a t e d  b a sk e t  will ou tl as t  t h r e e  wi r e  on e s.

As to  size,  s u g a r  b a s k e t s  va ry fro m  8 0  inch es  in di a m e t e r
by 1 4  in. d e p t h  to  5 4  by 2 4.   They a r e  m a d e,  how ever,
in  E n gla n d  a s  la r g e  a s  6  fee t  in di a m e t e r—a
size  w hich  c a n  b e  r u n  only a t  a  co m p a r a tively slow
s p e e d.

A p e c ulia r  co m plica tion  of b a sk e t  d e s e rves  no tic e
(Pa t.  2 7 5  8 7 4).  I t  h a d  b e e n  no tice d  t h a t  w h e n
a  c h a r g e  of m a g m a  w a s  p u t  in to  a  c e n t rifug al in on e
m a s s ,  t h e  s u g a r  w all on  t h e  side  of t h e  b a sk e t  w a s
a p t  to  for m  ir r e g ula rly, too  t hick  a t  b a s e  a n d  of va rie d
color.  To r e m e dy t his  it w as  s u g g e s t e d  to  h ave
wi thin  a n d  conc e n t ric  wi t h  t h e  b a sk e t  a  c h a r g e r  wit h
fla ring  sid es,  in to  w hich  t h e  mixt u r e  w a s  to  b e  p u t .  
Whe n  t his  c h a r g e r  r e a c h e d  a  ce r t ain  ro t a ry velocity,
t h e  m a g m a  would  b e  h u rl ed  ou t  ove r  t h e  e d g e  by c e n t rifug al
forc e  a n d  ev e nly dis t ribu t e d  on  t h e  w all of t h e  m ain
b a sk e t .

S PINDLE.—The  s pindle  a s  no w  m a d e  is solid
c a s t  s t e el, a n d  t h e  consid e r a tions  gove r nin g  it s  size,
for m, m a t e ri al, e t c ., a r e  ide n tic al wi th  t hos e
for  a ny s pin dle.   In  o rd e r  t h a t  t h e  b a sk e t  mig h t
b e  r e pl ac e d  by a no t h e r  af t e r  d r aining,  t h e  s h af t  h a s
b e e n  m a d e  t ele scopic, b u t  a t  t h e  exp e n s e  of s t a bili ty
a n d  rigidi ty.  In  Fig.  1 6  is s how n  a  d evice  to
avoid  c rys t alliza tions,  w hich  a r e  a p t  to  occ u r  in  la rg e
forgings,  a n d  wo uld  p rove  fa t al  s ho uld  t h ey  c r e e p
in to  t h e  u p p e r  p a r t  of t h e  s pin dle  p ro p e r  in a  h a n gin g
m a c hin e .   I t  consis t s  of t h e  s econ d a ry  s pindle,
c .

DISCHARGING.—The  d r ain e d  s u g a r  m ay  ei th e r
b e  lift e d  ove r  t h e  top  of t h e  b a sk e t  (in  m a c hin es
w hich  s top  to  b e  e m p tie d), o r  b e  c a s t  t h ro u g h  op e nings
in t h e  bo t to m  p rovide d  wi t h  valves.   A s e c tion
of t h e  b e s t  for m  of valve  m ay b e  s e e n  in Figs.  1 5
a n d  1 7.   Fig.  2 3  is a  pl a n  of t h e  op e nin gs.  
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The  valve  t u r n s  on  t h e  b a s k e t  b e a ring.   I t  m ay
b e  cons t r u c t e d  to  op e n  in t h e  s a m e  di r ec tion  in w hich
t h e  b a s k e t  t u r n s;  so  t h a t  w h e n  t h e  b r a k e  is p u t  on,
t h e  ine r ti a  of t h e  valve  op e r a t e s  to  op e n  it  a n d  w hile
r u n ning  to  ke e p  it clos e d.   The r e  a r e  m a ny o th e r
s tyles,  b u t  no  o t h e r  n e e d  b e  m e n tion e d.

[Illus t r a tion:  Fig.  2 3.]

CASING.—The  diffe r e n t  s tyles  of c a sin g
m ay b e  s e e n  by r efe r e nc e  to  t h e  va rious  d r a wings.  
In  on e  m a c hin e  (no t  d e s c rib e d)  t h e  c a sing  is r igidly
fixed  to  t h e  b a sk e t ,  s p a c e  e no u g h  b eing  left  b e t w e e n
t h e  bo t to m  of t h e  b a sk e t  a n d  t h e  bo t to m  of t h e  c a sing
to  hold  all t h e  m ola s s e s  fro m  a  c h a r g e .   This
a r r a n g e m e n t  m e r ely a d d s  to  t h e  b ulk of t h e  r evolving
p a r t s ,  a n d  no  r e al  a dva n t a g e  is g ain e d.

BEARINGS.—The  va rious  s tyles  of b e a ring s
c a n  b e  s e e n  by r efe r e n c e  to  t h e  figu r e s .   On e
w hich  d e s e rve s  s p eci al a t t e n tion  is s how n  in Fig.  1 6
a n d  Fig.  1 9.   In  on e  c a s e  it  consis t s  of loos e
disks,  in t h e  o t h e r  of loos e  w a s h e r s ,  r o t a ting  on
on e  a no t h er.  They a r e  al t e r n a t ely of s t e el  a n d
h a r d  b ro nze  (cop p e r  a n d  tin).

“The r e  is p ro b a bly no  m a c hin e  so  lit tl e  u n d e r s tood
o r  so  imp e rfec tly cons t r uc t e d  by  t h e  co m m o n  m a n ufac t u r e r
of s u g a r  s u p plies  a s  t h e  hig h  s p e e d  s e p a r a to r  o r  c e n t rifug al.” 
U nless  t h e  p rod uc t  of exp e rie nc e  a n d  good  work m a n s hip,
it  is a  d a n g e ro u s  t hin g  a t  hig h  veloci tie s.   Beside s,
it s  u s u al  fa t e  is to  h ave  a n  inco m p e t e n t  wo rk m a n  a s sig n e d
to  it, w ho  do e s  no t  u s e  jud g m e n t  in c h a r ging  a n d  r u n nin g.  
So  t h a t  d e sig n e r s  a n d  m a n ufac t u r e r s  h ave  b e e n  force d
no t  only to  t ak e  in to  a cco u n t  t h e  dis t u r bing  forc e s
inh e r e n t  in r evolving  bodie s,  b u t  also  to  m a k e  allow a nc e
for  poo r  m a n a g e m e n t  in r u n ning  a n d  n e glec t  in  cle a ning.
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CANE AND BEET MACHINES.—The  firs t  s t e p
in t h e  p roc e s s  of s u g a r  m a king  is t h e  ext r a c tion  of
t h e  juice  fro m  t h e  b e e t  o r  c a n e .   This juice  is
ob t ain e d  by p r e s s u r e .   The  op e r a tion  is no t  u s u ally,
b u t  m ay  b e ,  p e rfo r m e d  in a  s p e cial kind  of c e n t rifug al. 
On e  s tyle  (Pa t.  2 3 9,22 2)  consis t s  of a  conic al b a sk e t
wi th  a  s pi r al  flan g e  wi thin  on  t h e  s h aft ,  a n d  t u r nin g
on  t h e  s h af t ,  a n d  h aving  a  sligh t  ro t a ry m o tion  r el a tive
to  t h e  b a sk e t .   The  m a t e ri al  is fed  in a n d  m oves
dow n w a r d  u n d e r  inc r e a s e d  p r e s s u r e ,  t h e  si r u p  r ele a s e d
flying  ou t  t h ro u g h  t h e  p e rfo r a tions  of t h e  b a sk e t ,
t h e  w hole  r evolving  a t  hig h  veloci ty.  The  solid
po r tion  falls ou t  a t  t h e  bo t to m.   Anot h e r  pl a n
s u g g e s t e d  (Pa t .  3 4 3,93 2)  is to  le t  a  loose  cove r  of
a n  o r din a ry cylind rical b a sk e t  sc r e w  its elf do w n  in to
t h e  b a s k e t ,  by  r e a so n  of it s  slow e r  veloci ty (owing
to  ine r ti a), c a u sing  p r e s s u r e  on  t h e  c h a r g e.

Various  o t h e r  a p plica tions  of t h e  diffe r e n t  s tyles
of s u g a r  m a c hin es  a r e  t h e  d efib r a tion  of r a w  s u g a r
juice,  fr e eing  b e e t  c rys t als  of objec tion a ble  s al t s ,
fr e eing  va rious  c rys t als  of t h e  m o t h e r  liquor, d rying
s al tp e t er.

DRIERS.—Anot h e r  impor t a n t  division  of t his
fir s t  cla s s  of ce n t rifug als  is t h a t  of d ri e r s  or,
a s  t h ey  a r e  va riously s tyled,  w hizze r s,  w ring e r s ,
hyd ro-ex t r ac to r s .   The  ch a r g e  in t h e s e  is n eve r
la rg e  in w eig h t  co m p a r e d  to  a  s u g a r  c h a r g e ,  a n d  its
ini ti al dis t rib u tion  c a n  b e  m a d e  m o r e  sy m m e t ric al. 
The  u s e s  of d ri e r s  a r e  va rious,  s uc h  a s  ex t r a c ting
w a t e r  fro m  clo th e s,  clo t h,  silk, ya r n s,  e t c . 
Wate r  m ay  b e  in t ro d uc e d  a t  t h e  c e n t e r  of t h e  b a sk e t
fro m  a bove  o r  b elow to  w a s h  t h e  m a t e ri al b efo r e  d r aining.  
A typic al for m  of d ri e r  is s ho w n  in Fig.  2 4.  (Pa t .  
Aug. 2 2,  1 8 7 6—W.P.  U hling er.) Bask e t s
h ave  b e e n  m a d e  r e m ova ble  for  u s e  in dyein g  e s t a blish m e n t s ,
b a sk e t  a n d  load  tog e t h e r  going  in to  dyein g  va t .  
Yarn  a n d  simila r  m a t e ri al c a n  b e  d r ain e d  by a  m e t ho d
a n alogous  to  t h a t  of h a n ging  it  u po n  s ticks  in a  r oo m
a n d  allowing  t h e  w a t e r  to  d rip  off.  I t  is s u s p e n d e d
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fro m  s ho r t  s ticks,  w hich  a r e  h eld  in  ho rizon t al  laye r s
a ro u n d  t h e  s h af t  in  t h e  b a sk e t ,  a n d  t h e  a c tion  is s uc h
d u ring  t h e  op e r a tion  a s  to  c a u s e  t h e  ya r n  to  s t a n d
ou t  in r a di al lines .

[Illus t r a tion:  Fig.  2 4.]

Drie r s  a r e  no t  m a t e ri ally diffe r e n t  fro m  s u g a r  m a c hin e s.  
Any of t h e  d evices  b efo r e  e n u m e r a t e d  for  m e e ting  vib r a tions
in t h e  la t t e r  m ay  b e  a p plied  to  t h e  for m er.  The r e
is on e  c u rious  inve n tion  w hich  h a s  b e e n  a p plied  to
d ri e r s  only (Pa t.  3 2 2,7 62—W.H.  Tolhu r s t).  
S e e  Fig.  2 5.   A co nvex s h aft-s u p po r tin g  s t e p  r e s ting
on  a  conc ave  s u p po r ting  b a s e ,  wi th  t h e  c e n t e r  of it s
a r c  of conc avity a t  t h e  c e n t e r  of t h e  u p p e r  u nive r s al
join t,  h a s  b e e n  e m ployed,  a n d  it s  m ove m e n t s  con t rolled
by s p rin gs,  b u t  t h e  s t e p  w a s  a p t  to  b e  forc e d  fro m
its  s u p po r t .   The  d r a wing  s how s  t h e  imp rove m e n t
on  t hi s,  w hic h  is to  give  t h e  s h af t-s u p po r tin g  s t e p
a  les s  r a dius  of cu rva t u r e .

[Illus t r a tion:  Fig.  2 5.]

An in t e r e s ting  for m  of d rie r  h a s  it s  ow n  m o tor, a
li t tle  s t e a m  e n gin e,  a t t ac h e d  to  t h e  fra m e  of t h e
m a c hin e .   S e e  Fig  2 4 .   This  of cou r s e  d e m a n d s
fixed  b e a rings .   The  e n gin e  is ve ry s m all. 
On e  size  u s e d  is 3"x4”.  Whe n  a  high e r  veloci ty
of b a sk e t  is r e q ui r e d,  w e  h av e  t h e  a r r a n g e m e n t  in
Fig.  2 6.
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[Illus t r a tion:  Fig.  2 6.]

MOTORS.—This  n a t u r ally in t ro d uc e s  t h e  s u bjec t
of m o tive  po w er.  We m ay  h av e  t h e  e n gin e  di r ec t
a c ting  a s  a bove,  o r  t h e  pow e r  m ay  b e  b ro u g h t  on  by
b el ting.   Fig.  2 7  s how s  a  d ri e r  wi th  p ulley for
b el ting.   Fig.  2 8  (W.H.  Tolhu r s t)  s hows  a
ve ry co m m o n  a r r a n g e m e n t  of b el ting  a n d  al so  t h e  fas t
a n d  loos e  p ulleys.  Whe n  t h e  h e avie s t  p a r t  of t h e
e n gin e  is so  fa r  fro m  t h e  ve r tic al s h af t  a s  to  ove r h a n g
t h e  c a sing  on  on e  side,  t h e r e  is a p t  to  b e  a n  objec tion a ble
t r e mor.  To r e m e dy t his , it  is s u g g e s t e d  to  p u t
t h e s e  h e avy p a r t s  a s  n e a r  t h e  s h af t  a s  possible.  
I t  h a s  b e e n  s u g g e s t e d  al so  to  u s e  t h e  Westing hous e
typ e  of e n gin e ,  al t ho u g h  t h e  typ e  s how n  in Fig.  2 4
wo rks  faul tl es sly in  p r a c tice.

[Illus t r a tion:  Fig.  2 7.]

On e  pl a n  (Pa t.  3 4 6,03 0), d e sign e d  to  co m bin e  t h e  a dva n t a g e s
of a  di r ec t  a c ting  m o to r  a n d  a n  oscilla ting  s h af t ,
m o u n t s  t h e  w hole  m a c hin e,  m o to r  a n d  all, on  a  rocking
fra m e.   The  s pin dle  is of cou r s e  in fixed  b e a ring s
in t h e  fr a m e.   H ow ever, t h e  pl a n  is no t  p r a c tical.

[Illus t r a tion:  Fig.  2 8.]

In  d ri e r s  t h e  di r ec t  a c tin g  e n gin e  h a s  m a ny a dva n t a g e s
ove r  t h e  b el t.   The  a t mos p h e r e  is alw ays  ve ry
m ois t  a bo u t  a  w hizzer, a n d  t h e r e  a r e  fre q u e n tly inju rious
fum e s.   The  b el t  will b e  al t e r n a t ely d ry a n d  w e t ,
s t r e t c h e d  a n d  limp,  a n d  w e a r s  ou t  r a pidly a n d  is liable
to  s ever.  In  all m a c hin e s  in w hich  t h e  s h af t
oscilla t e s ,  if t h e  c e n t e r  of oscilla tion  do e s  no t
lie  in  t h e  ce n t r al  pla n e  of t h e  b el t ,  t h e  t e n sion
of t h e  la t t e r  is no t  u nifo r m.   This  affec t s  b a dly
bo t h  t h e  b el t  a n d  t h e  r u n nin g.   A r efe r e nc e  to
t h e  va rious  figu r e s  will s how  t h e  b e s t  posi tion  for
t h e  p ulley.

The  g r e a t e s t  difficul ty exp e ri e nc e d  wi th  b el ting  is
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in  g e t ting  u p  s p e e d  a n d  s top ping.   The  b a sk e t
m u s t  no t  b e  s t a r t e d  wit h  a  s u d d e n  im p uls e.   I t s
ine r ti a  will r e sis t  a n d  so m e t hin g  m u s t  give  w ay. 
A g r a d u al  s t a r ting  c a n  b e  ob t ain e d  by t h e  slipping
of t h e  b el t  a t  fir s t ,  b u t  t his  is exp e nsive.  
The  b e s t  pl a n  is to  con d uc t  t h e  pow e r  t h ro u g h  a  s p eci es
of fric tion  clu t c h—a n  iron  disk  b e t w e e n
t wo wood e n  on e s.   This h a s  b e e n  foun d  to  wo rk
a d mi r a bly.

BRAKES.—The  fir s t  c e n t rifug als  h a d  no  b r a k e s .  
They r a n  u n til t h e  fric tion  of t h e  b e a rin gs  w a s  s ufficien t
to  s top  t h e m.   This occ a sion e d,  how ever, r a pid
w e a rin g  a n d  too  g r e a t  a  loss  of ti m e.   The  b e s t
m a t e ri al  for  a  b r a k e  consis t s  of sof t  wood  in to  w hic h
s ho e  p e g s  h ave  b e e n  d rive n,  a n d  w hic h  is t ho ro u g hly
s a t u r a t e d  wi t h  oil.  The  wood e n  di sks  r ef e r r e d
to  jus t  a bove  a r e  of t h e  s a m e  cons t r uc tion.   The
c e n t e r  of oscilla tion  ou g h t  to  b e  in t h e  ce n t r al  pl a n e
of t h e  b r ak e  a s  w ell a s  t h a t  of t h e  p ulley, b u t  t h e
p r efe r e n c e  is give n  to  t h e  p ulley.

Figs.  1 5  a n d  1 6  (I) give  s e c tion al  views  of a  b r ak e
for  h a n ging  m a c hin e s.   Figs.  1 9,  2 0,  a n d  2 1  give
t wo  s ec tions  a n d  a  view of a  b r a k e  w hich  c a n  b e  u s e d
on  bo t h  h a n ging  a n d  s t a n ding  m a c hin e s.   A ve ry
si m ple  for m  of b r ak e  is s how n  in Figs.  2 4,  2 6,  a n d
2 7  (A), a  m e r e  block p r e s sin g  on  t h e  ri m  of t h e  b a sk e t .
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OIL AND FAT.—A m a c hin e  in m o s t  r e s p e c t s
like  a  w hizze r  is u s e d  for  t h e  “ext r ac tion  of
oil a n d  fa t  a n d  oily a n d  fa t ty m a t t e r s  fro m  woolen
ya r ns  a n d  fab rics,  a n d  s uc h  o t h e r  fib rous  m a t e ri al
o r  mixtu r e s  of m a t e ri als  a s  a r e  fro m  t h ei r  n a t u r e
affec t e d  in colo r  o r  q u ali ty w h e n  hyd roc a r bo n s  a r e
u s e d  for  t h e  p u r pos e  of ex t r ac ting  s uc h  oily o r  fa t ty
m a t t e r s ,  a n d  a r e  s u b s e q u e n tly r e m ove d  fro m  t h e  m a t e ri al
u n d e r  t r e a t m e n t  by  t h e  slow p roc es s  of a d mi t ting  s t e a m,
o r  u sing  o t h e r  m e a n s  of r ai sing  t h e  t e m p e r a t u r e  to
t h e  r e s p e c tive  boiling  poin t s  of s uc h  hyd roc a r bo n s,
a n d  so  d riving  t h e m  off by  eva po r a tion.” 
In  t h e  ce n t rifug al m e t ho d  c a r bo n-bisulphid e,  o r  so m e
oth e r  vola tile  a g e n t ,  is a d mi t t e d  a n d  is d riven  t h ro u g h
t h e  m a t e ri al by c e n t rifug al force ,  w h e n  t h e  n e c e s s a ry
r e a c tions  t ak e  pl ac e,  a n d  is allow e d  to  e s c a p e  in t h e
for m  of hyd roc a r bo ns.   A m a c hin e  diffe ring  only
in sligh t  p a r ticula r s  fro m  t h e  a bove  is u s e d  for  cle a n sing
wool.

LOOSE FIBER.—Anoth e r  a p plica tion  is t h e
d rying  of loose  fiber.  Two dis tinc tive  poin t s
d e s e rve  to  b e  no tice d  in t h e  c e n t rifug al u s e d  for
t his  p u r pos e.   An e n dle s s  c h ain  o r  b el t  p rovide d
wi th  bl a d e s  m oves  t h e  m a t e ri al ve r tically in t h e  b a sk e t ,
a n d  disc h a r g e s  it  ove r  t h e  e d g e.   During  it s  u p w a r d
cou r s e  t h e  m a t e r ial is s u bjec t e d  to  a  s how e r  of w a t e r
to  w a s h  it.

OIL FROM  METAL CHIPS.—Very m a t e ri al  s avings
a r e  m a d e  in m a ny fac to rie s  by  collec ting  t h e  m e t al
c hip s  a n d  t u r ning s,  co a t e d  a n d  mixed  wi th  oil, w hich
fall fro m  t h e  va rious  m a c hin e s,  a n d  ex t r a c tin g  t h e
oil c e n t rifug ally.  The  s e p a r a to r  consis t s  of
a  c hip  hold er, h aving  a n  imp e rfo r a t e  s h ell fla ring
u p w a r d  a n d  ou t w a r d  fro m  t h e  s pindle  (in  fixed  b e a rin gs)
to  w hich  it  is a t t a c h e d.   Wh e n  filled,  a  cove r
is pl ac e d  u po n  it a n d  keye d  to  t h e  s pindle.   Be tw e e n
t h e  cove r  a n d  holde r  t h e r e  is a  s m all a n n ula r  op e nin g
t h ro u g h  w hic h  oil, b u t  no t  chips,  c a n  e s c a p e.  
Fig.  2 9  (Pa t.  2 2 5,9 49—C.F.  Rop e r)  is
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d e sign e d  (like  t h e  g r e a t e r  p a r t  of t h e  d r a win gs  ins e r t e d)
to  s how  r el a tive  posi tion  of p a r t s  m e r ely, a n d  no t
r el a tive  si z e .  This  s tyle  of m a c hin e  c a n
b e  u s e d  for  s u g a r  s e p a r a ting  (Pa t .  3 4 5,9 94—F.P. 
S h e r m a n) a n d  m a ny o th e r  p u r pos e s ,  to  w hich,  how ever,
t h e r e  a r e  o t h e r  s tyle s  m o r e  e s p e ci ally a d a p t e d .

[Illus t r a tion:  Fig.  2 9.]

FILTERERS.—The r e  a r e  t wo  dis tinc t  kinds
of c e n t rifug al filt e r e r s ,  wo rking  on  diffe r e n t  p rinciple s.  
Pe t roleu m  s e p a r a to r s  (Pa t .  2 1 7,06 3)  a r e  of t h e  fi rs t
kind.   They a r e  in for m  in all r e s p e c t s  like  a
s u g a r  m a c hin e.   The  flakes  of p a r affine,  s t e a rin e,
e t c ., w hich  a r e  to  b e  ex t r ac t e d ,  w h e n  chilled
a r e  ve ry b ri t tl e  a n d  would  b e  disin t e g r a t e d  u po n  b ein g
h u rl e d  a g ains t  a  pl ain  wi r e  g a uz e  a n d  would  e s c a p e.  
Eve n  a  wove n  fab ric  p r e s e n t s  too  h a r s h  a  s u rfac e.  
I t  is n e c e ss a ry  to  h ave  a  ve ry el a s tic  b a sk e t  lining
of wool, co t ton,  o r  o t h e r  fib rous  m a t e ri al.   The
b a sk e t  it s elf m ay  b e  ei th e r  wi r e  o r  p e rfo r a t e d,  b u t
m u s t  h ave  a  p e rfec tly s m oot h  bo t to m.

As t h e  p r e s s u r e  of t h e  liquo r  u po n  t h e  filt e ring  m e diu m
p e r  u ni t  of s u rfac e  d e p e n d s  e n ti r ely u po n  its  r a di al
d e p t h,  m e r e  t u b e s ,  con n ec tin g  a  c e n t r al  inle t  wi th
a n  a n n ula r  co m p a r t m e n t ,  will s e rve  t h e  p u r pos e  q ui t e
a s  w ell a s  a  w hole  b a sk e t .   In  t his  s tyle  of m a c hin e
(Pa t.  1 0,4 57) t h e  filt e ring  m a t e ri al  cons ti t u t e s  a
w all b e t w e e n  t wo  a n n ul a r  co m p a r t m e n t s.   The  ou t e r
on e  is con n ec t e d  wi t h  a  vacu u m  a p p a r a t u s .
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Filt e r e r s  of t h e  s e con d  kind  wo rk  on  t h e  following
p rinciple:  If a  cylind e r  b e  r a pidly r evolve d
in a  liquid  in w hich  solid  p a r ticles  a r e  s u s p e n d e d,
t h e  liquid  will b e  d r a w n  in to  a  like  ro t a tion  a n d  t h e
h e avy p a r ticles  will b e  t h row n  to  t h e  ou t e r  p a r t  of
t h e  r e c e p t a cle.   If a  p e rfo r a t e d  cylind e r  is u s e d
a s  s ti r r er, t h e  p u rified  liquid  will e s c a p e  in to  it
t h ro u g h  t h e  p e rfo r a tions  a n d  m ay  b e  co n d uc t e d  a w ay. 
The  im p u ri tie s,  likewis e,  af t e r  falling  dow n  t h e  sid e s
of t h e  r e c e p t a cle,  a r e  c a r ri e d  off.  The  a dva n t a g e s
of t his  m e t ho d  a r e  t h a t  no  fil t e ring  m a t e ri al is n e e d e d
a n d  t h e  filt e rin g  s u rfac e  is n eve r  in con t ac t  wit h
a ny t hing  b u t  p u r e  liquor.

Very fine  s a w d u s t  is, to  a  consid e r a ble  ex t e n t ,  e m ployed
in s u g a r  r efine rie s  a s  a  filt e rin g  m e diu m.   By
s uc h  u s e  t h e  s a w d u s t  b eco m e s  mixe d  wi th  s a n d,  fine
p a r t icles  of c a n e ,  e t c .  As s a w d us t  of s uc h
fine n es s  is exp e nsive,  i t is d e si r a ble  to  p u rify i t
in  o r d e r  to  r e u s e  it.  A c e n t rifug al  (Pa t.  3 5 3,7 7 5—J.V.V. 
Boor a e m) b uil t  on  t h e  following  p rinciple  is u s e d
for  t his  p u r pos e .   I t  h a s  b e e n  obs e rve d  t h a t  by
ro t a ting  r a t h e r  slo wly  s m all p a r ticles  of va rious
s u b s t a n c e s  in w a t er, t h e  fine r  p a r ticles  will b e  t h row n
ou tw a r d  a n d  d e posi t  n e a r  t h e  ci rc u mfe r e nc e  of t h e
vess el, w hile  t h e  h e avie r  a n d  co a r s e r  p a r ticles  will
d e posi t  n e a r e r  to  o r  a t  t h e  c e n t er, t h ei r  c e n t rifug al
forc e  no t  b eing  s ufficien t  to  c a r ry t h e m  ou t .  
A m e r e  ro d,  ex t e n ding  r a dially in bo t h  di r e c tions,
s e rves  by it s  r o t a tion  to  s e t  t h e  w a t e r  in m o tion.

Anot h e r  for m  of filt e r  of t his  s e con d  kind  (Pa t.  1 4 8,51 3)
h a s  a  ro t a ting  imp e rfo r a t e  b a sk e t  in to  w hich  t h e  imp u r e
liquo r  is r u n .   Within  a n d  conc e n t ric  wi th  it
is a no t h e r  cylind e r  w hos e  w alls  a r e  of so m e  fil t e ring
m e diu m.   The  liquid  al r e a dy p a r tly p u rified  by
c e n t rifug al forc e  p a s s e s  t h rou g h  in to  t h e  inn e r  cylind er,
t h u s  b e co ming  fu r t h e r  p u rified.   Ce n t rifug al filt e r s
a r e  u s e d  al so  to  cle a n s e  g u m s  for  va r nis h e s .

H O N EY.—The  sim ple s t  for m  of ho n ey ex t r a c to r
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(Pa t.  6 1,2 16) consis t s  of a  s q u a r e  fra m e wo rk, sy m m e t rical
wi th  r e s p e c t  to  a  ve r tic al s pindle.   This fr a m e wo rk
is s u r ro u n d e d  by a  wi r e  g a uz e.   The  co m b s,  af t e r
h aving  t h e  h e a d s  of t h e  c ells  cu t  off, a r e  pl ac e d
in co m b-holde r s  a g ains t  t h e  wi r e  n e t ting  on  t h e  fou r
sides ,  t h e  cells  poin ting  ou t w a r d .   The  m a c hin e
is t u r n e d  by h a n d.   The  ho n ey is h u rl e d  a g ain s t
t h e  w alls  of a  r ec eiving  c a s e  a n d  c a u g h t  b elow. 
But  few imp rove m e n t s  h ave  b e e n  m a d e  on  t his.   The
la t e s t  m a c hin es  a r e  s till h a n d-d rive n,  a s  a  s ufficien tly
hig h  veloci ty c a n  b e  ob t ain e d  in  t his  m a n n er. 
In  on e  s tyle  t h e  co m b s  a r e  pl ac e d  u po n  a  floor  w hich
r e s t s  u po n  s p rings .   The  ro t a ting  box is give n
a  sligh t  ve r tical a n d  ho rizon t al r e cip roc a to ry m o tion,
by w hich  t h e  co m b s  a r e  m a d e  to  g r a t e  on  t h e  wi r e  g a uze
sides ,  b r e a kin g  t h e  c ells  a n d  libe r a ting  t h e  ho n ey. 
Thus  t h e  labo r  of cu t tin g  t h e  c ells  is s ave d.  
Eve ry co m b  h a s  t wo  sides ,  a n d  to  p r e s e n t  e a c h  sid e
in s ucc es sion  to  t h e  ou t side  wi thou t  r e m oving  fro m
t h e  b a s k e t ,  s eve r al  d evices  h ave  b e e n  p a t e n t e d .  
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In  so m e  t h e  co m b  holde r s  a r e  hin g e d  in t h e  co r n e r s
of t h e  b a s k e t ,  a n d  h ave  a n  a n g ula r  m o tion  of nin e ty
d e g r e e s .   Dec r e a sing  t h e  s p e e d  is s ufficie n t  to
s win g  t h es e .   The  o t h e r  side  is t h e n  e m p ti e d  by
r evolving  in t h e  opposi t e  di r ec tion.   In  on e  c a s e
e a c h  holde r  h a s  a  s pindle  of i t s  ow n,  con n ec t e d  wi th
t h e  m ain  s pin dle  by g e a rin g  a n d,  to  p r e s e n t  op posi t e
side,  t u r n s  t h ro u g h  1 8 0  d e g..   The  u s u al  n u m b e r
of sid es  a n d  h e nc e  of co m b  holde r s  is four, b u t  eig h t
h ave  b e e n  u s e d.   The r e  a r e  mi no r  diffe r e nc e s  in
d e t ails  of cons t r u c tion,  looking  to  t h e  m o s t  conve nie n t
r e m ov al a n d  ins e r tion  of co m b,  t h e  r e c e p tion  of t h e
ex t r ac t e d  ho n ey in c u p s,  b u ck e t s ,  e t c ., a n d  t h e
b e s t  m e t hod  of giving  r a pid  ro t a tion,  w hich  c a n no t
b e  to uc h e d  u po n.   The  p ro d uc t  of t h e  op e r a tion
is w hi t e  a n d  op a q u e,  b u t  u po n  h e a tin g  r e g ain s  i ts  golde n
colo r  a n d  t r a n s p a r e n cy.

STARCH.—A ce n t rifug al to  s e p a r a t e  s t a r c h
fro m  t ri t u r a t e d  g r ain,  c a r ri ed  in s u s p e n sion  in w a t er,
is a s  follows. (Pa t .  2 7 3,12 7—M u elle r  &
Dec as t ro.) The  s t a r c h  w a t e r  is led  to  t h e  bo t to m  of
a  b a sk e t ,  a n d,  a s  s t a r c h  is h e avie r  t h a n  t h e  glu t e n
wi th  w hich  it is mixed,  t h e  for m e r  will b e  im m e dia t ely
co m p a c t e d  a g ain s t  t h e  p e riph e ry of t h e  b a sk e t ,  lodging
firs t  in t h e  low e r  co r n er, t h e  s t a r c h  a n d  glu t e n  for ming
t wo dis tinc t  s t r a t a .   A t u b e  wi th  a  c u t ting  e d g e
e n t e r s  t h e  co m p a c t e d  m a s s  so  d e e ply a s  to  p e el  off
t h e  glu t e n  a n d  p a r t  of t h e  s t a r c h,  w hich  is c a r ri e d
t h ro u g h  t h e  t u b e  to  a no t h e r  co m p a r t m e n t  of t h e  b a s k e t ,
jus t  a bove, w h e r e  t h e  s a m e  op e r a tion  is p e rfo r m e d,
a n d  so  on.   The r e  m ay  b e  only on e  co m p a r t m e n t ,
t h e  t u b e  c a r rying  t h e  glu t e n  di r ec tly ou t  of t h e  m a c hin e.  
The s e  m a c hin e s  a r e  con tin uous  wo rking,  a n d  h e n c e  so m e
w ay m u s t  b e  d evise d  to  c a r ry t h e  w a t e r  off.  The
inn e r  s u rf ac e  of t h e  w a t e r  is, a s  w e  h ave  s e e n,  a
cylind er.  Whe n  t h e  di a m e t e r  of t his  cylind e r  b e co m e s
too s m all, ove rflow m u s t  b e  allow e d.   On e  pl a n
is to  h ave  a n  ove rflow op e nin g  m a d e  in t h e  bo t to m
of t h e  b a s k e t  in  s uc h  a  w ay t h a t  a s  t h e  s t a r c h  w all
t hick e ns,  t h e  op e ning  r e c e d e s  tow a r d  t h e  c e n t er. 

76



The  s t a r c h  w all is ei t h e r  lift e d  ou t  in c ak e s  o r  p u t
a g ain  in s u s p e n sion  by s p r aying  w a t e r  on  it a n d  con d u c ting
t h e  mixtu r e  off.

A c e n t rifug al (Pa t.  7 4,0 21) to  s e p a r a t e  liquids  fro m
p ain t s  d e p e n d s  on  b uilding  a  w all of p ain t  on  t h e
sides  of t h e  b a sk e t  a n d  c a r rying  t h e  liquids  off a t
t h e  c e n t er.

A c e n t rifug al (Pa t.  3 1 0,46 9)  for  a s so r ting  wood  p ulp,
p a p e r  p ulp,  e t c ., wo rks  by m a s sing  t h e  cons ti t u e n t s
in t wo  o r  t h r e e  cylind rical s t r a t a ,  a n d  af t e r  a c tion
s eve ring  a n d  r e m oving  t h es e  s e p a r a t ely.

BREWING.—In b r e wing,  c e n t rifug als  a r e  q ui t e
u s eful.  Afte r  t h e  wor t  h a s  b e e n  boiled  wi th  ho ps,
albu minous  m a t t e r s  a r e  p r e cipi t a t e d  by  t h e  t a n nic
a cid,  w hich  m u s t  b e  ext r a c t e d.   Besides  t h e s e  t h e
mixt u r e  fre q u e n tly con t ains  h u sk,  fiber, a n d  glu t e n.  
The  m a c hin e  (Pa t.  3 1 5,87 6), a l t hou g h  q ui t e  u niqu e
in cons t r u c tion,  h a s  t h e  s a m e  p rinciple  of working
a s  a  s u g a r  c e n t rifug al, a n d  n e e d  no t  b e  d e sc rib e d.  
The r e  is on e  poin t ,  how ever, w hich  mig h t  b e  no tic e d—t h a t
ai r  is in t ro d uc e d  a t  a bo u t  t h e  s a m e  poin t  a s  t h e  m a t e ri al,
a n d  h a s  a n  oxidizing  a n d  r ef rige r a ting  effec t.
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Class  I. includ e s  al so  c e n t rifug als  for  t h e  following
p u r pos es:  The  r e m oval of m u s t  fro m  t h e  g r a p e
af t e r  c r u s hin g,  m a kin g  b u t t er, ex t r ac tin g  oils  fro m
solid  fa t s,  s e p a r a t ing  t h e  liquid  a n d  solid  p a r t s
of s e w e r a g e,  d rying  hid es,  skins,  s p e n t  t a n  a n d  t h e
like,  d rying  coils  of wi r e.

H ORIZONTAL CE NTRIFUGALS.—Only ve r tic al
m a c hin e s  h av e  b e e n  a n d  will b e  d e al t  wi th.   Ho rizon t al
c e n t rifug als,  t h a t  is, t hos e  w hos e  s pindle s  a r e  ho rizon t al
h ave  b e e n  m a d e ,  b u t  t h e  g r e a t  inconve nienc e  of c h a r ging
a n d  disc h a r gin g  con n e c t e d  wi t h  t h e m  h a s  occ asion e d
t h ei r  di s u s e;  t ho u g h  in o th e r  r e s p ec t s  for  liquids
t h ey a r e  q ui t e  a s  good  a s  ve r tical s e p a r a to r s.  
Their  u n d e rlying  t h eo ry is p r a c tic ally t h e  s a m e  a s
t h a t  h e r einb efor e  disc uss e d .

CLASS II., CREAMERS.—Ce n t rifug al s  of t h e
s eco n d  cla s s  s e p a r a t e  liquids  fro m  liquids.   The r e
a r e  t wo  m ain  a p plica tions  in t hi s  cla s s—to
s e p a r a t e  c r e a m  fro m  milk a n d  fus el oil fro m  alcoholic
liquo r s .   Whe n  a  liquid  is to  b e  s e p a r a t e d  fro m
a  liquid,  t h e  r e c e p t acle  m u s t  b e  imp e rfo r a t e .  
The  co m po n e n t s  of diffe r e n t  s p e cific g r avity b e co m e
a r r a n g e d  in dis tinc t  co nc e n t ric  cylind rical s t r a t a
in t h e  b a sk e t ,  a n d  m u s t  b e  con d uc t e d  a w ay s e p a r a t ely. 
In  c r e a m e r s  t h e  p a r ticles  of c r e a m  m u s t  no t  b e  b rok e n
o r  s u bjec t e d  to  a ny conc us sion,  a s  p a r ti al c h u r ning
is c a u s e d  a n d  t h e  c r e a m  will, in  cons e q u e nc e,  sou r
m o r e  r a pidly.

The  chief c a u s e  of oscilla tions  in m a c hin e s  of t his
cla s s,  w h e r e  t h e  c h a r g e  is liquid,  is t h e  w av es  w hich
for m  on  t h e  inn e r  s u rfac e.   They m ay  b e  m e t  by
allowing  a  sligh t  ove rflow ove r  t h e  inn e r  e d g e  of t h e
ri m  of t h e  b a sk e t;  o r  by h aving  ei th e r  ho rizon t al
p a r t i tions,  o r  ve r tic al, r a di al on e s,  s p eci al c a s e s
of w hich  will b e  no tice d.   Oscilla tions  m ay  al so
b e  m e t  in t h e  s a m e  m a n n e r  a s  in s u g a r  m a c hin e s,  by
allowing  t h e  r evolving  p a r t s  to  r evolve  a bo u t  a n  axis
t h ro u g h  t h ei r  co m m o n  c e n t e r  of g r avi ty. (Pa t.  3 6 0,34 2—J. 
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Eva n s.)

The  c r u d e s t  for m  of c r e a m e r  con t ain s  a  n u m b e r  of bo t tl e s,
wi th  t h ei r  n e cks  all di r e c t e d  tow a r d  t h e  s pindle,
filled  wi th  milk.  The  n e cks,  in  w hich  t h e  c r e a m
collec t s ,  a r e  g r a d u a t e d  to  t ell w h e n  t h e  op e r a tion
is co m ple t e.

M a ny m e t ho ds  for  in t rod ucing  t h e  milk in to  c r e a m e r s
h ave  b e e n  d evis e d.   I t  m ay r u n  in fro m  t h e  top
a t  t h e  c e n t er, o r  e m e r g e  fro m  a  pipe  a t  t h e  bo t to m
of t h e  b a s k e t;  o r  t h e  s pindle  m ay b e  hollow a n d  t h e
milk s uck e d  u p  t h ro u g h  it fro m  a  b a sin  b elow. 
It  is u s u al  to  le t  t h e  milk e n t e r  u n d e r  hyd ros t a tic
p r e s s u r e  (Pa t.  2 3 9,90 0—D.  M. Weston)
a n d  le t  t h e  forc e  of exp ulsion  of t h e  c r e a m  b e  d e p e n d e n t
on  t hi s  p r e s s u r e .   This  r e n d e r s  t h e  e s c a p e  q uie t ,
a n d  p r ev e n t s  c h u r ning.   Gravity, too,  is m a d e
effec tive  in  c a r rying  t h e  co ns ti t u e n t s  off.

The  c r e a m  m ay  e sc a p e  t h ro u g h  a  p a s s a g e  in  t h e  bo t to m
a t  t h e  c e n t er, a n d  t h e  skim milk a t  t h e  low e r  ou t e r
co r n e r;  o r  by  ing e niously m a n a g e d  p a s s a g e s  bo t h  m ay
e sc a p e  a t  o r  n e a r  c e n t er.  The  r a t e  of disch a r g e
c a n  b e  m a n a g e d  by r e g ul a ting  t h e  size  of op e nin g  of
exit  p a s s a g e s .
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A c u rious  m e t ho d  consis t s  in h aving  disch a r g e  pip es
p rovide d  wi th  valves  a n d  floa t s  a t  t h ei r  low e r  e n d s,
dip ping  in to  t h e  liquid  (Pa t.  2 4 0,17 5).  “The
valves  a r e  op e n e d  a n d  close d,  o r  p a r t i ally op e n e d  o r
clos e d,  by  t h e  floa t s  a t t a c h e d  to  t h e m,  t h e s e  floa t s
b ein g  so  cons t r uc t e d  a n d  a r r a n g e d  wi th  r efe r e nc e  to
t h ei r  s p ecific g r avi ty a n d  t h e  s p e cific g r avi ty of
t h e  co m po n e n t  p a r t s  of t h e  liquids  op e r a t e d  u po n,
t h a t  t h ey will p e r mi t  only a  liquid  of a  d e t e r min a t e
s p ecific g r avity to  e sc a p e  t h ro u g h  t h e  pip es  to  w hich
t h ey a r e  r e s p e c tively a t t ac h e d.”

We m ay  h ave  t u b e s  di r e c t e d  in to  t h e  diffe r e n t  s t r a t a
wi th  c u t ting  e d g e s .  (Pa t.  2 8 8,78 2.) A r e m a rk a ble  fac t
no tic ed  in t h ei r  u s e  is t h a t  t h e s e  e d g e s  w e a r  a s  r a pidly
a s  if solids  w e r e  c u t  ins t e a d  of liquids.

The  s e p a r a t e d  fluids  m ay  b e  r e c eived  into  r ec es s e d
rings ,  h aving  di sch a r g e  pipe s,  t h e  p ropo r tion a t e  q u a n ti ty
disch a r g e d  b ein g  r e g ula t e d  by t h e  p roximity of t h e
disch a r g e  lips  to  t h e  s u rfac e  of t h e  ri ng,  a n d  t h e
c e n t rifug al forc e  b eing  availed  of to  p rojec t  t h e  liquids
t h ro u g h  t h e  disch a r g e  pip es .

The r e  is a  ve ry sim ple  d evice  by w hich  a  ve ry r a pid
ci rc ula tion  of t h e  liquid  is b ro u g h t  a bo u t .  (Pa t .
3 5 8,5 87—C.A.  Backs t ro m.) The  b a s k e t
h a s  r a di al ve r tical p a r ti tions,  a ll b u t  on e  h aving
co m m u nic a ting  holes,  a l t e r n a t ely in u p p e r  a n d  low e r
co r n e r s .   The  milk is d elive r e d  in to  t h e  b a sk e t
on  on e  side  of t his  imp e rfo r a t e  p a r ti tion  a n d  m u s t
t r av el t h e  w hole  ci rc ui t  of t h e  b a sk e t  t h ro u g h  t h e s e
co m m u nic a ting  holes,  u n til it  r e a c h e s  t h e  p a r ti tion
a g ain,  a n d  t h e n  p a s s e s  in to  a  di sc h a r g e  pip e.  
Thus  d u rin g  t his  long  cou r s e  eve ry p a r ticle  of c r e a m
e sc a p e s  to  t h e  c e n t er.  As t h e  hole s  a r e  close
to  t h e  w alls  of t h e  b a sk e t ,  t h e  c r e a m  h a s  no t  t h e
u n d ula to ry m o tion  of t h e  milk, w hich  would  inju r e  i t. 
The  g r e a t e r  t h e  n u m b e r  of p a r ti tions,  t h e  long e r  is
t h e  t r avel of t h e  milk, a n d  t h e  m o r e  r a pid  t h e  ci rc ul a tion.  
Blad es  h ave  b e e n  d evis e d  simila r  to  t h e  a bove, h aving
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co m m u nic a ting  p a s s a g e s  ex t e n ding  t h e  w hole  wid t h  of
t h e  bl a d e ,  b u t  w e  s e e  t h a t  h e r e  t h e  c r e a m  wo uld  ci rcul a t e
wi th  t h e  milk; w hic h  m u s t  no t  b e  allow e d.   Cu rved
bla d e s  h ave  b e e n  u s e d,  a n d  p a d dles  a n d  s ti r r e r s ,  to
s e t  t h e  milk in m o tion,  b u t  to  t h e m  t h e  s a m e  objec tion
m ay b e  m a d e.

[Illus t r a tion:  Fig.  3 0]

Fig.  3 0  (Pa t.  3 5 5,0 48—C.A.  Backs t ro m)
illus t r a t e s  on e  of t h e  la t e s t  a n d  b e s t  s tyle s  of c r e a m e r s .  
The  milk e n t e r s  a t  C. The  skim  milk p a s s e s  in to  t u b e,
T, a n d  t h e  c r e a m  go e s  to  t h e  c e n t e r  a n d  p a s s e s  ou t
of t h e  op e nings  in t h e  bo t to m,  k ^ { l } , k ^ { 2 } ,
a n d  k ^ { 3 } , ou t  of t h e  sli t,  k, a n d  t h e nc e  ou t
t h ro u g h  D ^ { 5 } .   The  ski m milk m ove s  t h ro u g h  T,
b eco min g  m o r e  t ho rou g hly s e p a r a t e d  all t h e  w hile,  a n d
a t  e a c h  of t h e  r a di al b r a nc h  t u b e s ,  T ^ { 1 } ,  T ^ { 2 } ,
T ^ { 3 } ,  a n d  T ^ { 4 } ,  so m e  c r e a m  le aves  i t a n d  go e s  to
t h e  c e n t er, w hile  it  p a s s e s  dow n  ou t  of sli t,  t ^ { 3 } ,
a n d  t h e nc e  ou t  of D ^ { 6 } .
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Fig.  3 1  (Pa t.  3 5 5,0 50—C.A.  Backs t ro m)
s how s  a no t h e r  ve ry la t e  s tyle  of c r e a m er.  A pip e
d elive r s  t h e  milk in to  P ^ { 4 } .   Passing  ou t  of t h e
t u b e  s e p a r a tion  t ak e s  pl ac e,  a n d  c r e a m  falls  dow n
t h e  c e n t e r  to  P ^ { 2 }  a n d  ou t  of O ^ { 3 } .   Whe n  t h e
co m p a r t m e n t  u n d e r  t h e  fir s t  s h elf b e co m e s  full of
t h e  skim milk, t h e  la t t e r  p a s s e s  u p  t h ro u g h  t h e  slo t,
S, s t r ikes  a  r a di al p a r ti tion,  R, a n d  it s  cou r s e  is
r eve r s e d .   H e r e  m o r e  c r e a m  s e p a r a t e s  a n d  p a s s e s
to  c e n t e r  a n d  falls di r ec tly, a n d  so  on  t h ro u g h  t h e
w hole  s e ri es  of a n n ula r  co m p a r t m e n t s ,  u n til t h e  top
on e,  w h e n  t h e  skim  milk e n t e r s  t u b e  T ^ { 2 }  a n d  p a s s e s
ou t  of O ^ { 2 } .   By t his  op e r a tion  t h e r e  a r e  s u b s t a n ti ally
r e p e a t e d  s u bjec tions  of s p e cified  q u a n ti tie s  of milk
to  t h e  a c tion  of c e n t rifug al forc e,  b rin gin g  a bo u t
a  t ho ro u g h  s e p a r a tion.   By c h a n gin g  t h e  cou r s e
of t h e  milk in di r e c tion,  i ts  p a t h  is m a d e  long er. 
This  m a c hin e  c a n  r u n  a t  m u c h  low e r  s p e e d  t h a n  m a ny
oth e r  s tyles,  a n d  ye t  do  t h e  s a m e  wo rk.

[Illus t r a tion:  Fig.  3 1]

CLASS III., SOLIDS FROM  SOLIDS.—As for
g r ain  m a c hin e s,  w hich  a r e  in t his  cl as s,  i t m ay b e
s aid  t h a t  in c e n t rifug al flou r  bol t e r s ,  b r a n  cle a n e r s,
a n d  mid dlings  p u rifie r s,  t ho u g h  t h eo r e tic ally c e n t rifug al
forc e  pl ays  a n  impor t a n t  p a r t  in t h ei r  a c tion,  ye t
p r a c tic ally t h e  r e al  s e p a r a tion  is b ro u g h t  a bo u t  by
o th e r  a g e ncie s:   in  so m e  by b r u s h e s  w hich  r u b
t h e  fine r  p a r ticles  t h ro u g h  wi r e  n e t ting  a s  t h ey  ro t a t e
a g ain s t  it.

The  p rinciple  exhibi t e d  in a  s e p a r a to r  of g r ains  a n d
s e e d s  is ve ry n e a t .  (Pa t.  1 6 7,29 7.) S e e  Fig.  3 2.  
Tha t  p a r t  of t h e  m a c hin e  wi th  w hich  w e  h av e  to  do
con sis t s  e s s e n ti ally of a  ho rizon t al  r evolving  disk.  
The  mixe d  g r ain s  a r e  c a s t  on  t his  disk,  p a s s  to  t h e
e d g e,  a n d  a r e  h u rl ed  off a t  a  t a n g e n t .   S u p pos e
a t  A. E ac h  p a r ticle  is im m e dia t ely a c t e d  on  by t h r e e
forc e s.   For  all p a r ticles  of t h e  s a m e  size  a n d
h aving  t h e  s a m e  veloci ty t h e  r e sis t a n c e  of t h e  ai r
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m ay b e  t ak e n  t h e  s a m e,  t h a t  is, p ro po r tion al to  t h e
a r e a  p r e s e n t e d .   The  a cc ele r a tion  of g r avity is
t h e  s a m e;  b u t  t h e  ine r ti a  of t h e  h e avie r  g r ain  is
g r e a t er.  The  r e s ul t a n t  of t h e  two  co ns pi ring
forc e s  R a n d  (M_v_ ^ { 2 })/2  va rie s,  a n d  is g r e a t e r  for
a  h e avie r  g r ain.   The r efo r e,  t h e  p a t h s  d e s c rib e d
in t h e  ai r  will va ry, e s p e cially in  leng t h;  a n d  how
t his  is u tilized  t h e  d r a wing  illus t r a t e s .

[Illus t r a tion:  Fig.  3 2.]

ORE.—In or e  m a c hin e s  t h e r e  is on e  for  p ulve rizing
a n d  s e p a r a t ing  co al (Pa t .  3 0 6,54 4), in w hich  t h e r e
is a  b r e ak e r  p rovide d  wi th  h elical bl a d es  o r  p a d dles ,
p a r t akin g  of r a pid  ro t a ry  m o tion  wit hin  a  s t a tion a ry
cylind e r  of wi r e  n e t ti ng.   The  d u s t,  cons ti t u ting
t h e  valua ble  p a r t  of t h e  p ro d uc t ,  is h u rle d  ou t  a s
fas t  a s  for m e d.   In  t his  s tyle  of m a c hin e,  b e a t e r s
a r e  n ec es s a ry  no t  only for  p ulve rizing,  b u t  to  g e t
u p  ro t a ry m o tion  for  g e n e r a ting  ce n t rifug al forc e.  
In  t h e  cla s s e s  p r e c e din g,  t h e  fric tion  of t h e  b a sk e t
s uffice d  for  t his  la t t e r  p u r pos e;  b u t  h e r e  t h e r e  is
no  ro t a tin g  b a sk e t  a n d  no  d efini t e  c h a r g e .   As
t h e  m a t e ri al falls  t h ro u g h  t h e  m a c hin e ,  s e p a r a tion
t ak e s  plac e.   Various  kinds  of o r e  m ay  b e  t r e a t e d
in t h e  s a m e  m a n n er.
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An “or e  co nc e n t r a to r”  (Pa t.  2 5 4,1 2 3),
a s  it is c alled,  consis t s  of a  p a n  h aving  ro t a ry  a n d
oscilla to ry m o tions.   C r us h e d  o r e  is d elive r e d
ove r  t h e  e d g e  in w a t er.  The  h e avy p a r ticles  of
t h e  m e t al  a r e  t h row n  by c e n t rifug al force  a g ains t
t h e  ri m  of t h e  p a n,  ove rco ming  t h e  force  of t h e  w a t er,
w hich  c a r ri e s  t h e  s a n d  a n d  o t h e r  imp u ri ti es  in tow a r d
t h e  c e n t e r  a n d  a w ay.

AMALGAMATORS.—The  b e s t  o r e  c e n t rifug al
o r  s e p a r a to r  is w h a t  is c alle d  a n  “a m alg a m a tor.” 
The  las t  inve n tion  (Pa t.  3 5 5,95 8,  Whit e) consis t s
e s s e n ti ally of a  p a n,  a  m e ridi a n  s e c tion  of w hic h  wo uld
give  a  c u rve  w hos e  no r m al  a t  a ny poin t  is in  t h e  di r ec tion
of t h e  r e s ul t a n t  of t h e  c e n t rifug al forc e  a t  t h a t
poin t  a n d  g r avity.  The r e  is a  cove r  to  t his  p a n
w hos e  convexity al mos t  fit s  t h e  conc avi ty of t h e  p a n,
leaving  a  s p a c e  of a bo u t  a n  inch  b e t w e e n.   Cr us h e d
o r e  wi t h  w a t e r  is a d mi t t e d  a t  t h e  c e n t e r  b e t w e e n  t h e
cove r  a n d  t h e  p a n,  a n d  is d rive n  by c e n t rifug al forc e
t h ro u g h  a  m a s s  of m e r c u ry  (which  occ u pie s  p a r t  of t hi s
s p ac e  b e t w e e n  t h e  two) a n d  ou t  ove r  t h e  e d g e  of t h e
p a n.   The  p a r ticles  of m e t al  co min g  in con t ac t
wi th  t h e  m e r c u ry a m alg a m a t e ,  a n d  a s  t h e  s p e e d  is r e g ula t e d
so  t h a t  it is n eve r  g r e a t  e no u g h  to  h u rl t h e  m e r c u ry
ou t,  no t hing  b u t  s a n d,  w a t er, e t c ., e sc a p e.  
The r e  h ave  b e e n  m a ny  diffe r e n t  cons t r uc tions  d evis ed,
b u t  t his  g e n e r al  p rinciple  r u n s  t h ro u g h  all.  By
h aving  a n n ula r  flang e s  r u n ning  dow n  fro m  t h e  cove r
wi th  op e ning s  pl ac e d  al t e r n a t ely, t h e  mixtu r e  is co m p elled
to  follow a  to r t uo u s  cou r s e ,  t h us  giving  ti m e  for
all t h e  gold  o r  o t h e r  m e t al  to  b e co m e  a m alg a m a t e d .  
The r e  a r e  ri dg es  in t h e  p a n,  too,  a g ain s t  w hich  t h e
a m alg a m  lodg e s .   I t  is claim e d  for  t his  m a c hin e
t h a t  no t  a  p a r ticle  of t h e  p r ecious  m e t al  is los t ,
a n d  exp e ri m e n t s  s e e m  to  u p hold  t h e  claim.

A m a c hin e  for  s e p a r a tin g  fine  fro m  coa r s e  cl ay for
po rc el ain  o r  for  s e p a r a tin g  t h e  fine r  q u ali ty of plu m b a go
fro m  t h e  co a r s e r  for  le a d  p e n cils  u s e s  a n  imp e rfo r a t e
b a sk e t ,  a g ains t  t h e  w all of w hich  t h e  co a r s e r  p a r t
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b a nks  a n d  c a t c h e s  u n d e r  t h e  ri m.   The  fine r  p a r t
for m s  a n  inn e r  cylind rical s t r a t u m,  b u t  is allow e d
to  s pill ove r  t h e  e d g e  of t h e  r im.   The  mixtu r e
is in t rod uc e d  a t  t h e  bo t to m  of t h e  b a sk e t  a t  t h e  c e n t er.

CLASS IV., GASES AND SOLIDS.—The r e  is a
ve ry sim ple  con t riva nc e  illus t r a tin g  m a c hin e s  of t his
cla s s  u s e d  to  fr e e  ai r  fro m  d us t  o r  o t h e r  h e avy solid
imp u ri ti e s  w hic h  m ay  b e  in s u s p e n sion.  S e e  Fig.
3 3 .   The  ai r  e n t e r s  t h e  p a s s a g e,  B (if it  h a s
no  conside r a ble  veloci ty of it s elf, it  m u s t  b e  forc e d
in), for m s  a  w hi rlpool in t h e  conically s h a p e d  r e c e p t a ble,
A, a n d  p a s s e s  u p  ou t  of t h e  p a s s a g e,  D. The  h e avy p a r ticles
a r e  t h row n  on  t h e  sid es  a n d  collec t  t h e r e  a n d  fall
t h ro u g h  op e nin g,  C, in to  so m e  close d  r ec eiver.

[Illus t r a tion:  Fig.  3 3]

CLASS V., GASES AND LIQUIDS.—The  occlud e d
g a s e s  in s t e el  a n d  o th e r  m e t al  c a s tings,  if no t  s e p a r a t e d ,
r e n d e r  t h e  c a s ting s  m o r e  o r  les s  po ro us.   This
s e p a r a tion  is effec t e d  by  s u bjec ting  t h e  m ol t e n  m e t al
to  t h e  a c tion  of c e n t rifug al forc e  u n d e r  exclusion
of air, p ro d u cing  no t  only t h e  m os t  mi n u t e  division
of t h e  p a r ticles,  b u t  al so  a  vac u u m,  bo t h  favor a ble
con di tions  for  ob t aining  a  d e n s e  m e t al c a s ting.
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Mos t  of t h e  d evices  for  d rying  s t e a m  co m e  u n d e r  t his
h e a d.   S uc h  a r e  t hos e  in w hic h  t h e  s t e a m  with
t h e  w a t e r  in s u s p e n sion  is force d  to  t ak e  a  ci rc ul a r
p a t h ,  by w hich  t h e  w a t e r  is h u rl e d  by c e n t rifug al forc e
a g ain s t  t h e  conc ave  sid e  of t h e  p a s s a g e  a n d  p a s s e s
b ack  to  t h e  w a t e r  in  t h e  boiler.

S PEED.—The  c e n t rifug al forc e  of a  r evolving
p a r t icle  va rie s,  a s  w e  h av e  s e e n ,  a s  t h e  s q u a r e  of
t h e  a n g ula r  veloci ty, so  t h a t  t h e  effo r t  h a s  b e e n
to  ob t ain  a s  high  a  n u m b e r  of r evolu tions  p e r  min u t e
a s  w a s  consis t e n t  wi th  s afe ty a n d  wi t h  t h e  p rinciple
of t h e  m a c hin e.   For  ex a m ple,  c r e a m e r s  w hich  a r e
s m all a n d  ligh t  m a k e  4,00 0  r evolu tions  p e r  mi n u t e,
t hou g h  t h e  la t e s t  s tyle s  r u n  m u c h  m o r e  slowly. 
Drie r s  a n d  s u g a r  m a c hin e s  va ry fro m  6 0 0  to  2,00 0,
w hile  on  t h e  o t h e r  h a n d  t h e  n e c e s si ty of ke e ping  t h e
m e r c u ry  fro m  h u rling  off in a n  a m alg a m a to r  p r ev e n t s
it s  t u r nin g  m o r e  r a pidly t h a n  sixty o r  eig h ty tim e s
a  min u t e .

H ow ever, s p e e d  in a no t h e r  s e n s e ,  t h e  s p e e d  wi th  w hich
t h e  op e r a t ion  is p e rfo r m e d,  is w h a t  e s p ecially c h a r a c t e rize s
c e n t rifug al ex t r ac to r s .   In  t his  p a r tic ula r  a
con t r a s t  b e t w e e n  t h e  old  m e t ho d s  a n d  t h e  n e w  is imp r e s sive.  
U n d e r  t h e  a c tion  of g r avity, c r e a m  ri se s  to  t h e  milk’s
s u rfac e,  b u t  co m p a r e  t h e  ho u r s  n e c e s s a ry for  t his  to
t h e  al mos t  ins t a n t a n eo us  s e p a r a tion  in  a  c e n t rifug al
c r e a m er.  The  s u g a r  m a n ufac t u r e r  t r u s t e d  to  g r avity
to  d r ain  t h e  si ru p  fro m  his  c rys t als,  b u t  t h e  op e r a tion
w a s  long  a n d  a t  b e s t  imp e rfec t .   An ave r a g e  s u g a r
c e n t rifug al will s e p a r a t e  6 0 0  pou n d s  of m a g m a  p e rfec tly
in t h r e e  min u t e s .   Gold q u a r tz  w hich  for m e rly
could  no t  p ay  for  it s  minin g  is no w  m a kin g  it s  ow n e r s’
for t u n e s .   I t  is bo a s t e d  by a  Sou t h e r n  co m p a ny
t h a t  w h e r e a s  t h ey  w e r e  by  old  m e t ho d s  m a kin g  t w e n ty-five
c e n t s  p e r  to n  of gold  q u a r tz,  t h ey  no w  by t h e
u s e  of t h e  la t e s t  a m alg a m a to r  m a k e  t w e n ty-five  dollars . 
Ce n t rifug al  force,  a s  a p plied  in  ex t r a c to r s,  h a s  op e n e d
u p  n e w  ind us t ri es  a n d  e nl a r g e d  old  on e s ,  h a s  low e r e d
p ric e s  a n d  a d d e d  to  ou r  co mfor t s ,  a n d  ce n t rifug al
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ex t r ac to r s  m ay  w ell co m m a n d,  a s  t h ey  do,  t h e  a d mi r a tion
of all a s  wo n d e rful ex a m ples  of t h e  w ay in w hich  t his
b u sy a g e  e cono mizes  tim e.

*       *       *       *  
    *

A NEW TYPE OF RAILWAY CAR.

[Illus t r a tion:  Fig.  1 .—CAR WITH LATERAL
PASSAGEWAYS.]

Figs.  1  a n d  2  give  a  p e r s p e c tive  view a n d  pla n  of
a  n e w  s tyle  of c a r  r e c e n tly a dop t e d  by t h e  Bone-Gu el m a
R ail roa d  Co m p a ny, a n d  w hich  h a s  isola t e d  co m p a r t m e n t s
op e nin g  u po n  a  la t e r al  p a s s a g e w ay.  In  t his  a r r a n g e m e n t ,
w hich  is d u e  to  Mr. Des g r a n g e s ,  t h e  la t e r al  p a s s a g e w ay
do es  no t  ex t e n d  all a lon g  on e  sid e  of t h e  c ar, b u t
p a s s e s  t h ro u g h  t h e  c e n t e r  of t h e  la t t e r  a n d  t h e n  r u n s
alon g  t h e  opposi t e  sid e  so  a s  to  for m  a  le t t e r  S.
The  c a r  consis t s  in r e ali ty of two  boxes  con n e c t e d
b e n e a t h  t h e  t r a n sve r s e  p a s s a g e w ay, b u t  h aving  a  con tinuo us
roof a n d  flooring.   The  t wo  e n d s  a r e  p rovide d
wi th  pl a tfo r m s  t h a t  a r e  r e a c h e d  by m e a n s  of s t e p s ,
a n d  t h a t  p e r mi t  on e  to  e n t e r  t h e  co r r e s pon ding  h alf
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of t h e  c a r  o r  to  p a s s  on  to  t h e  n ex t.   The  len g t h
fro m  e n d  to  e n d  is 3 3  fee t  in  t h e  mixe d  c a r s,  co m p rising
t wo  fir s t-cla s s  a n d  fou r  s eco n d-cl as s  co m p a r t m e n t s,
a n d  3 2  fee t  in c a r s  of t h e  t hi r d  clas s,  wi th  six co m p a r t m e n t s .  
The  wid t h  of t h e  co m p a r t m e n t s  is 5 . 6  a n d  5  fee t ,  a cco rdin g
to  t h e  cl as s.   The  p a s s a g e w ay is 2 8  inch es  in wid t h
in t h e  mixe d  c a r s,  a n d  2 4  in t hos e  of t h e  t hi r d  cla s s.  
The  roof is so  a r r a n g e d  a s  to  affo rd  a  ci rc ul a tion
of cool ai r  in  t h e  in t e rior.

[Illus t r a tion:  Fig.  2 .—PLAN.]

The  a p plica tion  of t h e  zigza g  p a s s a g e w ay h a s  t h e  inconve nienc e
of sligh tly elon g a ting  t h e  c ar, b u t  it  is a dv a n t a g eo us
to  t h e  p a s s e n g e r s ,  w ho  c a n  t h us  e njoy a  view of t h e
land sc a p e  on  bo t h  sid es  of t h e  t r ain.—La
N a t ur e.
*       *       *       *  
    *

FOUNDATIONS OF THE CENTRAL VIADUCT OF 
CLEVELAND, O.

The  Ce n t r al viad uc t ,  now  u n d e r  co ns t r uc tion  in t h e
ci ty of Clevela n d,  is p ro b a bly t h e  long es t  s t r uc t u r e
of t h e  kind  d evot e d  e n ti r ely to  s t r e e t  t r affic. 
The  s u p e r s t r u c t u r e  is in t wo  di s tinc t  po r tions,  s e p a r a t e d
by a  poin t  of hig h  g ro u n d.   The  m ain  po r tion,  ex t e n ding
a c ross  t h e  rive r  valley fro m  Hill s t r e e t  to  Jennin gs
av e n u e,  is 2 ,84 0  fee t  long  on  t h e  floor  line,  including
t h e  rive r  b rid g e,  a  s win g  2 3 3  fee t  in len g t h;  t h e
o th e r  po r tion,  c ro ssing  Walwor t h  r u n  fro m  Davidson
s t r e e t  to  Abbey s t r e e t ,  is 1 ,09 3  fee t  long.   Add
to  t h e s e  t h e  e a r t h wo rk  a n d  m a s o n ry  a p p ro a c h e s,  1 ,4 15
fee t  long,  a n d  w e  h ave  a  to t al  leng t h  of 5 ,34 8  fee t.  
The  wid t h  of r o a d w ay is 4 0  fee t ,  side w alks  8  fee t  e a c h .  
The  el eva tion  of t h e  ro a d w ay a bove  t h e  w a t e r  level
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a t  t h e  rive r  c rossing  is 1 0 2  fee t .   The  s u p e r s t r uc t u r e
is of w ro u g h t  i ron,  m ainly t r a p ezoid al t r u s s e s ,  va rying
in len g t h  fro m  4 5  fee t  to  1 5 0  fee t .   The  rive r
pi e r s  a r e  of fi r s t-clas s  m a s o n ry, on  pile  a n d  ti m b e r
foun d a tions.   The  o t h e r  s u p po r t s  of t h e  viad uc t
a r e  w ro u g h t  i ron  t r e s tl e s  on  m a so n ry  pie r s,  r e s tin g
on  b ro a d  conc r e t e  foun d a tions.   The  p r e s s u r e  on
t h e  m a t e ri al b e n e a t h  t h e  conc r e t e ,  w hich  is pl a s tic
blu e  cl ay of va rying  d e g r e e s  of s tiffness  mixe d  wi th
fine  s a n d,  is a bo u t  on e  ton  p e r  s q u a r e  foot.

The  Cuya ho g a  valley, w hic h  t h e  viad uc t  c ro ss e s  fro m
bluff to  bluff, is co m pos e d  m ainly of blu e  cl ay to
a  d e p t h  of ove r  1 5 0  fee t  b elow t h e  rive r  level. 
N o  a t t e m p t  is m a d e  to  c a r ry t h e  foun d a tion  to  t h e  rock. 
Whit e  oak  piles  fro m  5 0  to  6 0  fee t  in  leng t h  a n d  1 0
inch es  in  di a m e t e r  a t  s m all e n d  a r e  d riven  for  t h e
b rid g e  pie r s  ei t h e r  side  of t h e  rive r  b e d ,  a n d  t h e s e
a r e  c u t  off wi th  a  ci rc ula r  s a w  1 8  fee t  b elow t h e
s u rfac e  of t h e  w a t er.  Exc ava tion  by  d r e d gin g  w a s
m a d e  to  a  d e p t h  of 3  fee t  b elow w h e r e  t h e  pile s  a r e
c u t  off to  allow for  t h e  r ising  of t h e  cl ay d u ring
t h e  d riving  of t h e  piles.   The  piles  a r e  s p ac e d
a bo u t  2  fee t  5  inc h e s  e a c h  w ay, c e n t e r  to  c e n t er. 
The  g rillag e  o r  pl a tfo r m  cove ring  t h e  piles  consis t s
of 1 4  cou r s e s  of w hi t e  oak  tim b er, 1 2  inch es  by  1 2
inch es ,  h aving  a  few pin e  ti m b e r s  in t e r s p e r s e d  so  a s
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to  allow t h e  m a s s  to  floa t  d u rin g  cons t r uc tion.  
The  low e r  h alf of t h e  pla tfo r m  w a s  b uil t  on  s ho r e ,
c a r e  b eing  t ak e n  to  ke e p  t h e  lowe r  s u rfac e  of t h e
m a s s  of tim b e r  ou t  of wind.   The  u p p e r  a n d  low e r
s u rfac e s  of e a c h  tim b e r  w e r e  d r e s s e d  in a  Da niels  pla n er,
a n d  all pi ec es  in  t h e  s a m e  cou r s e  w e r e  b ro u g h t  to
a  u nifo r m  t hickn e s s.   The  tim b e r s  in a dj ac e n t
cou r s e s  a r e  a t  r ig h t  a n gle s  to  e a c h  o t h er.  The
low e r  cou r s e  is a bo u t  5 8  fee t  by  2 2  fee t ,  t h e  top  cou r s e
a bo u t  5 0  by 2 4  fee t,  t h us  allowing  fou r  s t e p s  of on e
foot  e a c h  all a ro u n d.   The  fir s t  cou r s e  of m a so n ry
is 4 8  fee t  by  2 1  fee t  8  inch e s;  t h e  fir s t  cou r s e  of
b a t t e r e d  wo rk  is 4 1  fee t  8 1/2  inch es  by  1 6  fee t  3  inch es .  
Thus  t h e  a r e a  of t h e  pl a tfo r m  on  t h e  piles  is 1 , 85 6
s q u a r e  fee t ,  a n d  of t h e  fir s t  b a t t e r  cou r s e  of m a s o n ry
7 7 7.6  s q u a r e  fee t ,  o r  in t h e  r a tio  of 2 .4  to  1.  
The  h eigh t  of t h e  m a s o n ry  is 7 8  fee t  a bove  t h e  ti m b er,
o r  7 3 1/2  fee t  a bove  t h e  w a t er.  The  n u m b e r  of
pile s  in e a c h  foun d a tion  is 3 1 2.   The  ave r a g e
loa d  p e r  pile  is a bo u t  1 1  tons ,  a n d  t h e  e s ti m a t e d
p r e s s u r e  p e r  s q u a r e  inch  of t h e  ti m b e r  on  t h e  h e a d s
of t h e  piles  is a bo u t  2 0 0  po u n d s.

To p r eve n t  t h e  s u b m e r sion  of t h e  low e r  cou r s e s  of
m a so n ry  d u ring  cons t r uc tion,  t e m po r a ry  sides  of tim b e r
w e r e  d rift-bol t e d  to  t h e  m a r gin  of t h e  u p p e r  cou r s e
of t h e  tim b e r  pl a tfo r m,  a n d  c a r ri e d  high  e no u g h  to
b e  a bove  t h e  s u rf ac e  of t h e  w a t e r  w h e n  t h e  pla tfo r m
w a s  s u nk  to  t h e  h e a d  of t h e  piles  by t h e  inc r e a sing
w eig h t  of m a so n ry.

The  ce n t e r  pi e r  is oc t a gon al, a n d  is b uil t  in t h e
s a m e  g e n e r al  m a n n e r  a s  to  foun d a tions  a s  t h e  s ho r e
pie r s ,  b u t  t h e  piles  a r e  c u t  off 2 2  fee t  b elow w a t er,
a n d  t h e r e  a r e  eig h t e e n  cou r s e s  of tim b e r  in t h e  g rillag e.  
The  dia m e t e r  of t h e  pla tfo r m  b e t w e e n  p a r allel side s
is 5 3  fee t,  w hile  t h a t  of t h e  lowe r  cou r s e  of b a t t e r e d
m a so n ry  is b u t  3 7  fee t .   The  a r e a s  a r e  a s  2 ,33 2
to  1,1 47,  o r  a s  2  to  1  n e a rly.  The  p r e s s u r e  p e r
s q u a r e  inch  of ti m b e r  on  t h e  h e a d s  of t h e  pile s  is
a bo u t  t h e  s a m e  a s  s t a t e d  a bove  for  t h e  s ho r e  pi e r s .  
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The  n u m b e r  of pile s  u n d e r  t h e  c e n t e r  pie r  is 4 8 3.

The  risks  a n d  d el ays  by t his  m e t ho d  of cons t r uc ting
t h e  foun d a tions  w e r e  m u c h  les s,  a n d  t h e  cos t  also,
t h a n  if a n  o r din a ry  coffe r  d a m  h a d  b e e n  u s e d.  
Also t h e  to t al  w eigh t  of t h e  pie r s  is m u c h  les s,  a s
t h a t  po r tion  b elow a  poin t  a bo u t  t wo  fee t  b elow t h e
w a t e r  a d d s  no t hing  to  t h ei r  w eig h t .

The  piles  w e r e  d rive n  wi th  a  Cr a m  s t e a m  h a m m e r  w eighing
t wo to ns,  in a  fr a m e  w eig hing  al so  t wo  tons.  
The  iron  fra m e  r e s t s  di r ec tly u po n  t h e  h e a d  of t h e
pile  a n d  go e s  do w n  wit h  it.   The  fall of t h e  h a m m e r
is a bo u t  4 0  inch e s  b efo re  s t r iking  t h e  pile.  
The  to t al  p e n e t r a tion  of t h e  piles  in to  t h e  clay ave r a g e d
2 7  fee t.   The  s e t tl e m e n t  of t h e  pile  d u ring  t h e
final s t roke s  of t h e  h a m m e r  va rie d  fro m  on e  q u a r t e r
to  t h r e e  q u a r t e r s  of a n  inch  p e r  blow.

The r e  a r e  1 2 2  m a so n ry  p e d e s t als , of w hich  eig h t  a r e
la rg e  a n d  h e avy, c a r rying  s p a n s  of conside r a ble  len g t h .  
They will a ll b e  b uil t  u po n  co nc r e t e  b e d s ,  exc e p t
a  few n e a r  t h e  rive r  on  t h e  no r t h  side,  w h e r e  piles
a r e  r e q ui r e d.
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The  fou r  a b u t m e n t s  wi t h  t h ei r  r e t aining  w alls  a r e
of fir s t-cla s s  r ock-fac e d  m a s o n ry.  The  footing
cou r s e s  a r e  s t e p p e d  ou t  libe r ally, so  a s  to  p r e s e n t
a n  u n u s u ally la r g e  bo t to m  s u rf ac e.   They r e s t  on
b e d s  of conc r e t e  4  fee t  t hick.  The  foun d a tion
pi t s  a r e  a bo u t  5 0  fee t  b elow t h e  top  of t h e  bluffs,
a n d  a r e  in a  m a t e ri al co m m o n  to  t h e  Clevela n d  pl a t e a u ,
a  mixtu r e  of blu e  s a n d  a n d  cl ay, wit h  so m e  w a t er. 
The  e s ti m a t e d  load  of m a so n ry on  t h e  e a r t h  a t  t h e
bo t to m  of t h e  conc r e t e  is on e  a n d  s eve n  t e n t h s  to ns
to  t h e  s q u a r e  foot.   Two of t h e  la r g e  a b u t m e n t s
w e r e  co m ple t e d  las t  s e a son.   They s how  a n  ave r a g e
s e t tl e m e n t  of t h r e e  eig h t h s  of a n  inc h  sinc e  t h e  lowe r
footing  cou r s e s  w e r e  laid.

The  fac t s  a n d  figu r e s  h e r e  given  r e g a r din g  t h e  viad uc t
w e r e  kindly fu rnish e d  by t h e  ci ty civil e n gin e er,
C.G.  Forc e,  w ho  h a s  t h e  wo rk  in ch a r g e .—Jour. 
As so. of  E n g.   S ocie ti e s.
*       *       *       *  
    *

For  s ticking  p a p e r  to  zinc,  u s e  s t a r c h  p a s t e  wi t h
w hich  a  li t tle  Venice  t u r p e n tin e  h a s  b e e n  inco r po r a t e d,
o r  els e  u s e  a  dilu t e  solu tion  of w hi t e  g el a tin e  o r
isingla s s.

*       *       *       *  
    *

CENTRIFUGAL PUMPS AT MARE ISLAND NAVY YARD,
CALIFORNIA.[1]

  [Foot no t e  1:   Buil t  by t h e  Sou t h w a rk
Fou n d ry  a n d  M ac hin e  Co m p a ny,
               of
P hila d elphia.]
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By H.R.  CORNELIUS.

In  Dec e m b er, 1 8 8 3,  bids  w e r e  a sk e d  for  by t h e  U ni t e d
S t a t e s  gove r n m e n t  on  p u m ping  m a c hin e ry, to  r e m ove
t h e  w a t e r  fro m  a  d ry  dock  for  vess el s  of la rg e  size.

The  dim e n sions  of t h e  dock, w hich  is si t u a t e d  on  S a n
Pa blo Bay, di r ec tly opposi t e  t h e  ci ty of Vallejo,
a r e  a s  follows: 

Five  h u n d r e d  a n d  t w e n ty-nin e  fee t  wid e  a t  it s  wid e s t
p a r t ,  3 6  fee t  d e e p,  wi th  a  c a p a ci ty a t  m e a n  tide  of
9,00 0,00 0  g allons.

Afte r  r ec eiving  t h e  con t r a c t ,  s eve r al diffe r e n t  sizes
of p u m p s  w e r e  consid e r e d ,  b u t  t h e  following  di m e n sions
w e r e  finally c hos e n:   Two 4 2  inch  c e n t rifug al
p u m p s,  wi th  r u n n e r  6 6  inch e s  in  dia m e t e r  a n d  disc h a r g e
pip e s  4 2  inch e s ,  e a c h  d riven  di r ec t  by  a  ve r tic al e n gin e
wi th  2 8  inch  di a m e t e r  cylind e r  a n d  2 4  inc h  s t rok e.

The s e  w e r e  co m ple t e d  a n d  s hipp e d  in June,  1 8 8 5,  on
nin e  c a r s ,  cons ti t u ting  a  s p ecial t r ain,  w hich  a r r ive d
s afely a t  i ts  d e s tin a tion  in  t h e  s ho r t  s p ac e  of t wo
w e e ks,  a n d  t h e  p u m p s  w e r e  t h e r e  e r e c t e d  on  foun d a tions
p r e p a r e d  by t h e  gove r n m e n t .

F ro m  t h e  “Repo r t  of t h e  Chief of Bur e a u  of Yards
a n d  Docks” I q uo t e  t h e  following  a ccou n t  of
t h e  official t e s t s:  
“The board appointed to make the test resolved to fill the dock to about the level that 
would attain in actual service with a naval ship of second rate in 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 level was reached; they were then 
closed.  The contents of the dock at this point is 5,963,921 gallons.
     “The  t r i al  w a s
co m m e n c e d  a n d  co n tin u e d  to  co m ple tion  wi thou t
     a ny  in t e r r u p tion  in
a  ve ry s a tisfac to ry m a n n er.
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“In the separate trials had of each pump, the average discharge per minute was taken 
of the whole process, and there was a singular uniformity throughout with equal piston 
speed of the engine.“It was to be expected, and in a measure realized, that during the 
first moments of the operations, when the level of the water in 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 necessary to maintain a free and full flow through the suction 
pipes; but as the level passed lower and farther away from the center there was no 
apparent diminution of the flow, and no noticeable addition to the load imposed on the 
engine.  The variation in piston speed, noted during the trial, was probably due to the 
variation of the boiler pressure, as it was difficult to preserve an equal pressure, as it 
rose in spite of great care, owing to the powerful draught and easy steaming qualities of 
the boilers.“After the trial of the second pump had been completed the dock was again 
filled through the caisson, and as both pumps were to be tried, the water was admitted 
to a level with the 23d altar, containing 7,317,779 gallons, which was seven feet above 
the center of the pumps; this was in favor of the pumps for the reasons before stated.  
In this case all the boilers were used.“Everything moved most admirably, and the 
performance of these immense machines 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 point.“The well which communicates with the 
suction tunnel was open, and the water would rise and fall, full of rapid swirls and 
eddies, though far above the entrance of these tunnels.  Through the man hole in the 
discharge culvert the issuance from the pipes could be seen, and its volume was 
beyond conception.  It flowed rapidly through the culvert, and its outfall was a solid 
prism of water, the full size of the tunnel, projecting far into the river.“During a pumping 
period of 55 minutes, the dock had been emptied from the twenty-third to two inches 
above the sixth altar, containing 6,210,698 gallons, an average throughout of 112,922 
gallons per minute.  At one time, when the revolutions were increased to 160 per 
minute, the discharge was 137,797 gallons per minute.  This is almost a river, and is 
hardly conceivable.  After the pumps were stopped, on this occasion, tests were made 
with each in succession as to the power of the ejectors with which each is fitted to 
recharge the pumps.“The valves in the discharge pipe were closed and steam admitted 
to the ejector, the pump being still and no water in the gauge glass on the pump casing, 
which must be full before the pumps will work.  The suction pipe of
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the ejector is only two and a half inches in diameter, the steam pipe one inch in 
diameter.  To fully charge the pumps at this point required filling the pump casing and 
the suction pipe containing about 2,000 gallons; this was accomplished in four minutes, 
and when the gauge glass was full the pump operated instantly and with certainty, 
discharging its full volume of water.“I went on several occasions down in the valve pits 
on the ladder of the casing, and to all accessible parts while in motion at its highest 
speed, and there was no undue vibration, only a uniform murmur of well-balanced parts,
and the peculiar clash of water against the sides of the casing as its velocity was 
checked by the blank 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 detecting any faulty 
arrangements of the runner or unequal discharge from any of its openings.  While 
moving at a uniform speed, this clashing has a tone whose pitch corresponds with that 
velocity of discharge, and if this tone is lacking in quality, or at all confused, there is 
want of equality of discharge through the various openings of the runner.  To this part I 
gave close attention, and there was nothing that the ear could detect to indicate aught 
but the nicest adjustment.  The bearings of the runners worked with great smoothness, 
and did not become at all heated.  Through a simple, novel arrangement, these 
bearings are lubricated and kept cool.  There is a constant circulation of water from the 
pumps by means of a small pipe, which completes a circuit to an annular in the bearings
back to the discharge pipe while the pump is in motion, requiring no oil and making it 
seemingly impossible to heat these bearings.“The large cast steel valves placed in the 
embouchement of the casing, it was thought, might act to check the free discharge, and 
arrangements were provided for raising and keeping them open by a long lever key 
attached to their axes of revolution, but, to our great surprise, at the first gush from the 
pumps these valves, weighing nearly 1,500 pounds, were lifted into their recessed 
chambers, giving an unobstructed opening to the flow, and they floated on its surface 
unsupported, save by the swiftly flowing water, without a movement, while the pump 
was in operation.
     “The  s t e a m-a c t u a t e d
valves  in t h e  s uc tion  a n d  disch a r g e  pipe s
     work e d  ve ry w ell, a n d
t h e  w a t e r  c us hion  g ave  a  slow, u nifo r m
     m o tion,  a n d  wit ho u t
s hock, ei t h e r  in op e ning  o r  closing  t h e m.

     “The  e n gin e s  wo rk e d
nois el es sly, wi t ho u t  s hock  o r  labor.  At
     no  tim e  d u ring  t h e  t ri al
w a s  t h e  t h ro t tl e  valve  op e n  m o r e
     t h a n  t h r e e-eig h t h s  of
a n  inch.
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“The indicator cards taken at various intervals gave 796 horse power, and the 
revolutions did not exceed 160 at any time, though it was estimated that 900 horse 
power and 210 revolutions would be necessary to attain the requisite delivery.  So that 
there is a large reserve of power available at any time.“The erection of this massive 
machinery has been admirably done.  The parts, as sent from the shops of the 
contractor, have matched in all cases without interference here; and, when lowered into 
place, its final adjustment was then made without the use of chisel or file, and has never
been touched since.“The joints of the steam and water connections were perfect, and 
the method of concentrating all valves, waste pipes, and important movements at the 
post of the engineer in charge gives him complete control of the whole system of each 
engine and pump without leaving his place, and reduces to a minimum the necessary 
attendance.  All the parts are strong and of excellent design and workmanship; simple, 
and without ornamentation.
     “Looking  dow n
u po n  t h e m  fro m  a  level of t h e  p u m p  ho us e
     g alle ry, t h ey a r e  imp r es sive
a n d  m a s sive  in t h ei r  sim plici ty.
“The government is well worth of congratulation in possessing the largest pumping 
machinery of this type and of the greatest capacity in the world, and the contractors 
have reason to be proud of their work.”—Proc.  Eng.  Club.
*       *       *       *  
    *

THE PART THAT ELECTRICITY PLAYS IN 
CRYSTALLIZATION.

Sinc e  t h e  discove ry of t h e  m ul tiplying  g alva no m e t er,
w e  know  for  a n  a b solu t e  c e r t ain ty t h a t  in eve ry c h e mic al
a c tion  t h e r e  is a  p ro d uc tion  of el ec t rici ty in a  m o r e
o r  les s  no t a ble  q u a n ti ty, a cco r din g  to  t h e  n a t u r e
of t h e  bo die s  in  p r e s e n c e .   Thou g h,  in t h e  pl ay
of affini t y , t h e r e  is a  m a nifes t a tion  of el ec t rici ty,
is it  t h e  s a m e  with  coh e sion , w hich  also  is
a  c h e mical forc e?

We know, on  a no t h e r  h a n d,  t h a t ,  on  c a u sing  el ec t rici ty
to  in t e rve n e,  w e  b rin g  a bo u t  t h e  c rys t alliza tion  of
a  la rg e  n u m b e r  of s u bs t a nc e s .   Bu t  is t h e  conve r s e
t r u e?   Is  s po n t a n eo u s  c rys t alliza tion  a cco m p a nie d
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with  a n  a p p r e ci a ble  m a nifes t a tion  of el ec t rici ty? 
If w e  cons ul t  t h e  a n n als  of scie nc e  a n d  wo rks  t r e a tin g
on  el ec t rici ty in r e g a r d  to  t hi s  s u bjec t ,  w e  find
ve ry few ex a m ples  a n d  exp e ri m e n t s  p ro p e r  to  elucid a t e
t h e  q u e s tion.

Mr. M a sc a r t  is con t e n t  to  s ay:  “So m e  exp e ri m e n t s
s e e m  to  indica t e  t h a t  t h e  solidifica tion  of a  body
p ro d uc e s  el ec t rici ty.”  Mr. Becq u e r el do e s
m o r e  t h a n  do u b t—h e  d e nie s:   “As
r e g a r d s  t h e  di se n g a g e m e n t  of el ec t rici ty in t h e  c h a n gin g
of t h e  s t a t e  of bodie s,  w e  find  no n e.” 
This  a s s e r tion  is too  s w e e ping,  for  fu r t h e r  alon g  w e
s h all ci t e  fac t s  t h a t  p rove,  on  t h e  con t r a ry, t h a t
in  t h e  p h e no m e n a  of c rys t alliza tion  (to s p e ak  of t his
c h a n g e  of s t a t e  only) t h e r e  is a n  u n e q uivoc al p ro d uc tion
of el ec t rici ty.  Le t  u s  r e m a rk,  in t h e  fi r s t  pl ac e,
t h a t  w h e n  a  n u m b e r  of p h e no m e n a  of p hysic al a n d  ch e mic al
o r d e r  incon t e s t a bly t e s tify to  t h e  ve ry in tim a t e  co r r el a tion
t h a t  exis t s  b e t w e e n  t h e  m olec ula r  m o tions  of bodie s
a n d  t h ei r  el ec t rical s t a t e ,  it  wo uld  no t  b e  ve ry logic al
to  g r a n t  t h a t  el ec t rici ty is a b s e n t  in c rys t alliza tion.
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Thus,  to  s el ec t  a n  exa m ple  fro m  a m o n g  p hysic al effec t s ,
t h e  vib r a to ry p h e no m e n a  t h a t  occu r  in  t el ep ho n e  t r a n s missions ,
u n d e r  t h e  influe nc e  of a  ve ry feeble  el ec t ric  cu r r e n t ,
s how  u s  t h a t  t h e  m olecula r  cons ti t u tion  of a  solid
body is ex t r e m ely va ri a ble,  a l t hou g h  wit hin  sligh t
limit s.   The  fee ble s t  m o difica tion  in  t h e  el ec t ric
c u r r e n t  m ay  b e  s how n  by m olecula r  m o tions  c a p a ble
of p rop a g a tin g  t h e m s elves  to  conside r a ble  di s t a nc e s
in t h e  con d uc ting  wi r e.   Conve r s ely, it  is logical
to  s u p pos e  t h a t  a  m o difica tion  in  t h e  m olec ula r  s t a t e
of a  bo dy m u s t  b rin g  el ec t rici ty into  pl ay.  If,
in  t h e  p h e no m e n a  of solidifica tion,  a n d  p a r tic ula rly
of c rys t alliza tion,  w e  collec t  b u t  s m all q u a n ti ti es
of el ec t rici ty, t h a t  m ay b e  d u e  to  t h e  fac t  t h a t ,
u n d e r  t h e  exp e ri m e n t al con di tions  involved, t h e  el ec t rici ty
is m o r e  o r  less  co m ple t ely a b so r b e d  by t h e  wo rk  of
c rys t al  b uilding.

On  a no t h e r  h a n d,  t h e  b e h avio r  of elec t rici ty s hows
in a dva nc e  t h e  m ul tiple  rol e  t h a t  t his  a g e n t  m ay  pl ay
in t h e  va rious  p hysic al, c h e mic al, a n d  m e c h a nic al
p h e no m e n a.

The r e  is no  do u b t  t h a t  elec t rici ty exis t s  im movable
o r  in ci rc ul a tion  eve ryw h e r e ,  la t e n t  o r  imp e rc e p tible,
a ro u n d  u s,  a n d  wi thin  ou r s elves,  a n d  t h a t  i t e n t e r s
a s  a  c a u s e  in to  t h e  m ajori ty of t h e  c h e mical, p hysical,
a n d  m e c h a nic al p h e no m e n a  t h a t  a r e  cons t a n tly t aking
plac e  b efo r e  ou r  eye s.   A body c a n no t  c h a n g e  s t a t e ,
n a t u r e ,  t e m p e r a t u r e ,  for m, o r  pl ac e,  eve n,  wi thou t
el ec t rici ty b eing  b ro u g h t  in to  play, a n d  wi thou t  i ts
a c co m p a nying  s uc h  m o difica tions,  if it p r e sid es  t h e r ein.  
Like  h e a t ,  it is t h e  n a t u r al  a g e n t  par e x c ellenc e ;
it  is t h e  invisible  a n d  eve r  p r e s e n t  forc e  w hich,
in  t h e  ul ti m a t e  p a r ticles  of m a t t er, c a u s e s  t hos e
m otions,  vib r a tions,  a n d  ro t a tions  t h a t  h ave  t h e  effec t
of c h a n gin g  t h e  p ro p e r ti e s  of bodie s.   U pon  e n t e rin g
t h ei r  in tim a t e  s t r uc t u r e ,  it o rie n t s  o r  g ro u p s  t h ei r
a to m s,  a n d  s e p a r a t e s  t h ei r  m olec ule s  o r  b rin gs  t h e m
tog e t h er.  F ro m  t hi s, wo uld  it no t  b e  s u r p rising
if it  did  no t  in t e rve n e  in t h e  wo n d e rful p h e no m e no n

98



of c rys t alliza tion?   Crys t alliza tion,  in fac t,
d e p e n d s  u po n  coh e sion , a n d ,  in t h e  t h e r mic
t h eo ry, t his  forc e  is no t  di s tinc t  fro m  affinity,
jus t  a s  solu tion  a n d  di ssocia tion  a r e  no t  dis tinc t
fro m  co m bin a tion.

On  t his  occ asion,  it is n e c e s s a ry  to  s ay  t h a t ,  b e t w e e n
affini ty, h e a t ,  a n d  el ec t rici ty t h e r e  is s uc h  a  co r r el a tion,
s uc h  a  d e p e n d e n cy, t h a t  p hysicis t s  h av e  e n d e avo r e d
to  r e d u c e  to  on e  single  p rinciple  all t h e  c a u s e s  t h a t
a r e  now  dis tinc t .   The  m e c h a nic al t h eo ry of h e a t
h a s  m a d e  a  g r e a t  s t r ide  in t hi s  di r e c tion.

The  e q uivale nc e  of t h e  t h e r mic, m e c h a nic al a n d  c h e mic al
forc e s  h a s  b e e n  d e m o ns t r a t e d;  t h e  only q u e s tion  h e r e af t e r
will b e  to  s el ec t  fro m  a m o n g  s uc h  forc es  t h e  on e  t h a t
m u s t  b e  a do p t e d  a s  t h e  sole  p rinciple,  in o r d e r  to
a c co u n t  for  all t h e  p h e no m e n a  t h a t  d e p e n d  u po n  t h e s e
c a u s e s  of va rious  o r d e r s .   Bu t  in t h e  p r e s e n t  s t a t e
of scie nc e,  it  is no t  ye t  pos sible  to  explain  co m ple t ely
by h e a t  o r  el ec t rici ty, t ak e n  isola t e dly, all t h e
effec t s  d e p e n d e n t  u po n  t h e  c a u s e s  jus t  m e n tion e d.  
We m u s t  confine  ou r s elves  for  t h e  p r e s e n t  to  a  s t u dy
of t h e  r el a tions  t h a t  exis t  b e t w e e n  t h e  p rincip al
n a t u r al  force s—affini ty, m olec ula r  force s,
h e a t ,  el ec t rici ty, a n d  ligh t .   Bu t  fro m  t h e  m u t u al
d e p e n d e nc e  of s uc h  forc e s,  it  is a d mi t t e d  t h a t ,  in
eve ry n a t u r al  p h e no m e no n,  t h e r e  is a  m o r e  o r  less
a p p a r e n t  sim ult a n eo us  conc u r r e n c e  of t h e s e  c a u s es .

99



Page 50

In  o r d e r  to  explain  elec t ric  o r  m a g n e tic  p h e no m e n a,
a n d  also  t hos e  of c rys t alliza tion,  it is a d mi t t e d
t h a t  t h e  a to m s  of w hic h  bo die s  a r e  co m pos e d  a r e  s u r ro u n d e d,
e a c h  of t h e m,  wi th  a  so r t  of a t mos p h e r e  for m e d  of
el ec t ric  c u r r e n t s ,  owing  to  w hich  t h es e  a to m s  a r e  a t t r a c t e d
o r  r e p elled  on  c e r t ain  sid es,  a n d  p ro d uc e  t hos e  va rie d
effec t s  t h a t  w e  obs e rve  u n d e r  diffe r e n t  ci rcu m s t a nc es .  
Accor din g  to  t his  t h eo ry, t h e n,  a to m s  wo uld  b e  s m all
el ec t ro-m a g n e t s  b e h aving  like  g e n uin e  m a g n e t s.  
E n ti r ely fr e e  in g a s e s ,  b u t  les s  so  in liquids  a n d
s till le ss  so  in solids,  t h ey  a r e  n ev e r t h ele s s  c a p a ble
of a r r a n gin g  t h e m s elves  a n d  of b e co min g  pola rize d
in a  r e g ula r  o r d er, s p e cial to  e a c h  kind  of a to m,
in o r d e r  to  p ro d uc e  c rys t als  of g eo m e t rical for m  c h a r a c t e ris tic
of e a c h  s p e cie s.   Thus,  a s  Mr. S aig ey r e m a r ks
in “Physiqu e  Mo d e r n e”  (p. 1 8 1):  “So
long  a s  t h e  a t m os p h e r e s  of t h e  m olec ule s  do  no t  to uc h
e a c h  o t h er, no  t r a c e  of coh e sion  m a nifes t s  it s elf;
b u t  a s  soon  a s  t h ey co m e  to g e t h e r  force  is bo r n.  
We u n d e r s t a n d  w hy t h e  t e m p e r a t u r e s  of fusion  a n d  solidifica tion
a r e  fixed  for  t h e  s a m e  bo dy.  S uc h  effec t s  occu r
a t  t h e  p r e cise  m o m e n t  a t  w hich  t h e s e  a t mo s p h e r e s,
w hich  a r e  va ria bl e  wi th  t h e  t e m p e r a t u r e ,  h ave  r e a c h e d
t h e  d e si r e d  di a m e t er.”

[Illus t r a tion:  Figs.  1 .,  2 .,  a n d  3.]

Althou g h  t h e  p h e no m e no n  of c rys t alliza tion  do e s  no t
e s s e n ti ally d e p e n d  u po n  t e m p e r a t u r e ,  b u t  r a t h e r  u po n
t h e  r el a tive  q u a n ti ty of liquid  t h a t  holds  t h e  s u bs t a nc e
in solu tion,  it  will b e  conc eive d  t h a t  a  m o m e n t  will
a r rive  w h e n,  t h e  liquid  h aving  eva po r a t e d ,  t h e  a t m os p h e r e s
will b e  clos e  e no u g h  to  e a c h  o t h e r  to  a t t r ac t  e a c h
o th e r  a n d  b e co m e  pola rize d  a n d  sy m m e t ric ally juxta pos e d,
a n d,  in a  wor d,  to  c rys t allize.

Befor e  giving  ex a m ples  of t h e  p ro d uc tion  of el ec t rici ty
in t h e  p h e no m e no n  of c rys t alliza tion,  it  will b e  w ell
to  exa min e,  b efo r e h a n d,  t h e  diffe r e n t  ci rcu m s t a n c e s
u n d e r  w hich  el ec t rici ty a c t s  a s  t h e  d e t e r mining  c a u s e
of c rys t alliza tion  o r  int e rve n e s  a m o n g  t h e  c a us e s
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t h a t  b rin g  a bo u t  t h e  p h e no m e no n.   In  t h e  firs t
pl ac e,  t wo  wor ds  conc e r ning  c rys t alliza tion  it s elf: 
We know t h a t  c rys t alliza tion  is t h e  p a s s a g e,  o r  r a t h e r
t h e  r e s ul t  of t h e  p a s s a g e ,  of a  body fro m  a  liquid
o r  g a s eo us  s t a t e  to  a  solid  on e.   I t  occu r s  w h e n
t h e  s u bs t a n c e  h a s  los t  it s  coh e sion  t h ro u g h  a ny c a u s e
w h a t ever, a n d  w h e n,  s uc h  c a us e  c e asing  to  a c t ,  t h e
body slowly r e t u r n s  to  a  solid  s t a t e .

U n d e r  s uc h  ci rc u m s t a nc e s ,  i t m ay t ak e  on  r e g ular,
g eo m e t rical for m s  c alled  c rys t alline.   S uc h  con di tions
a r e  b ro u g h t  a bo u t  by  diffe r e n t  p roc e ss e s—fusion,
vola tiliza tion,  solu tion,  t h e  d ry  w ay, w e t  w ay, a n d
elec t ric  w ay.  F u r t h e r  along,  w e  s h all give  so m e
exa m ples  of t h e  las t  n a m e d  m e a n s.

Le t  u s  a d d  t h a t  c rys t alliza tion  m ay  b e  r e g a r d e d  a s
a  g e n e r al p ro p e r ty of bodie s,  for  t h e  m ajo ri ty of
s u b s t a n c e s  a r e  c a p a ble  of c rys t allizing.   Althou g h
c e r t ain  bodie s  s e e m  to  b e  a m o r p ho us  a t  fi r s t  sig h t ,
it  is only n ec es s a ry  to  ex a min e  t h ei r  fr ac t u r e  wi th
a  lens  o r  mic roscop e  to  s e e  t h a t  t h ey a r e  for m e d  of
a  la rg e  n u m b e r  of s m all juxt a pos e d  c rys t al s. 
M a ny a m o r p ho u s  p r ecipi t a t e s  b e co m e  c rys t alline  in
t h e  long  r u n .
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In  t h e  ex a min a tion  of t h e  va rious  c rys t alliza tions
t h a t  occ u py u s ,  w e  s h all dis ting uis h  t h e  following: 
(1) Thos e  t h a t  a r e  p ro d uc e d  t h ro u g h  t h e  di r ec t  in t e rve n tion
of t h e  el ec t ric  c u r r e n t;  (2) t hos e  in w hich  el ec t ricity
is m a nifes tly p rod uc e d  by s m all voltaic  cou ple s  r e s ul ting
fro m  t h e  p r e s e nc e  of t wo  diffe r e n t  m e t als  in  t h e  solu tion
exp e ri m e n t e d  wi th;  (3) t hos e  in w hich  t h e r e  a r e  no
volt aic  co u ple s,  b u t  in w hich  it is p rove d  t h a t  el ec t rici ty
is on e  of t h e  c a us e s  t h a t  co nc u r  in t h e  p ro d u c tion
of t h e  p h e no m e no n; (4) finally, t hos e  in  w hic h  it is
r a t ion al, t h ro u g h  a n alogy wi t h  t h e  p r e c e din g,  to  infe r
t h a t  el ec t rici ty is no t  a b s e n t  fro m  t h e  p h e no m e no n.

I. We know  t h a t ,  by m e a n s  of voltaic  el ec t rici ty o r
ind uc tion,  w e  c a n  c rys t allize  a  la r g e  n u m b e r  of s u bs t a nc e s .

Des p r e tz  t r i e d  t his  m e a n s  for  m o n t h s  a t  a  t im e  u po n
c a r bo n,  ei t h e r  by u sing  t h e  el ec t ricity fro m  a  Ru h mko rff
coil o r  t h e  c u r r e n t  fro m  a  w e ak  Da niell’s b a t t e ry. 
In  bo t h  c a s e s ,  h e  ob t ain e d  on  t h e  pl a tin u m  wir e s  a
bl ack  pow d er, in w hich  w e r e  foun d  ve ry s m all oc toh e d r al
c rys t als , h aving  t h e  p ro p e r ty of polishing  r u bie s
r a pidly a n d  p e rfec tly—a  p ro p e r ty c h a r a c t e ris tic
of di a mo n d s.

The  u s e  of volt aic  a p p a r a t u s  of high  t e nsion  h a s  allow e d
Mr. Cross  to  for m  a  la rg e  n u m b e r  of mi n e r al s u bs t a n c e s
a r t ificially, a n d  a m o n g  t h e s e  w e  m ay  m e n tion  c a r bo n a t e
of lim e,  a r r a go ni t e ,  q u a r tz,  a r s e nia t e  of cop p er,
c rys t alline  s ulph ur, e t c .

As r e g a r d s  p ro d uc t s  for m e d  wi th  t h e  conc u r r e nc e  of
el ec t rici ty (oxides ,  s ulphid es ,  c hlo rid es ,  iodid es,
e t c .), s e e  “Des  Forc e s  P hysico-Chimiqu e s ,”
by Bec q u e r el (p. 2 3 1).

The r e  is no  do u b t  a s  to  t h e  p a r t  pl aye d  by elec t rici ty
in t h e  ch e mic al effec t s  of el ec t ro-m e t allu r gy, b u t
it  will no t  p rove  u s el e s s  for  ou r  s u bjec t  to  r e m a r k
t h a t  w h e n,  in t his  op e r a t ion,  t h e  c u r r e n t  h a s  b e co m e
too w e a k,  t h e  d e posi t  of m e t al, ins t e a d  of for ming
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in  a  t hin,  a d h e r e n t ,  a n d  u nifo r m  layer, so m e ti m e s
occ u r s  u n d e r  t h e  for m  of p ro t u b e r a n c e s  a n d  c rys t alline,
b ri t tle  no d ule s.   Whe n,  on  t h e  con t r a ry, t h e  cu r r e n t
is ve ry s t ron g,  t h e  d e posi t  is p ulve r ul e n t ,  t h a t  is,
in  a  confus e d  c rys t alliza tion  o r  in a n  a m o r p ho us  s t a t e .

F u r t h e r  along,  w e  s h all find  a n  a p plica tion  of t his
r e m a rk.   We ob t ain,  m o r eover, a ll t h e  in t e r m e dia t e
effec t s  of coh e sion,  for m,  a n d  colo r  of g alvanic  d e posi t s .

Whe n,  in to  a  solu tion  of a c e t a t e  of le a d,  w e  p a s s
a  c u r r e n t  t h ro u g h  t wo  pl a tinu m  el ec t rod e s ,  w e  obs e rve
t h e  for m a tion,  a t  t h e  n e g a tive  pole,  of n u m e ro u s  a r bo riza tions
of m e t allic le a d  t h a t  g row  u n d e r  t h e  obs e rve r’s
eye  (Fig.  1).  The  p h e no m e no n  is of a  m os t  in t e r e s ting
c h a r a c t e r  w h e n,  by m e a n s  of sola r  o r  el ec t ric  ligh t ,
w e  p rojec t  t h e s e  b rillian t  veg e t a tions  on  a  sc r e e n .  
On e  mig h t  b elieve  t h a t  h e  w a s  wit n e s s  of t h e  r a pid
g row t h  of a  pl a n t  (Fig.  2).  The  s a m e  p h e no m e no n
occ u r s  no n e  t h e  less  b rillian tly wi th  a  solu tion  of
ni t r a t e  of silver.  A la rg e  n u m b e r  of s aline  solu tions
a r e  a d a p t e d  to  t h e s e  d eco m posi tions,  in w hich  t h e
m e t al  is laid  b a r e  u n d e r  a  c rys t alline  for m.  
F u r t h e r  along  w e  s h all s e e  a no t h e r  m e a n s  of p ro d ucin g
a n alogous  r a mifica tions,  wi t ho u t  t h e  di r ec t  u s e  of
t h e  el ec t ric  c u r r e n t .—C.  Dec har m e,
in La Lu mi er e  Elec triqu e.
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*       *       *       *  
    *

ELECTRIC TIME.

By M. LIPPMANN.

The  u ni t  of ti m e  u nive r s ally a do p t e d ,  t h e  s eco n d,
u n d e r go e s  only ve ry slow s ec ula r  va ria tions ,  a n d  c a n
b e  d e t e r min e d  wi t h  a  p r e ci sion  a n d  a n  e a s e  w hich  co m p el
its  e m ploym e n t.   S till it  is t r u e  t h a t  t h e  s e con d
is a n  a r bi t r a ry  a n d  a  va ri able  u ni t—a r bi t r a ry,
in  a s  fa r  a s  it  h a s  no  r el a tion  wi t h  t h e  p ro p e r ti e s
of m a t t er, wi th  p hysical cons t a n t s ;  va ria bl e,  sinc e
t h e  d u r a tion  of t h e  diu r n al  m ove m e n t  u n d e r go es  c a u s e s
of s ec ula r  p e r t u r b a t ion,  so m e  of w hich,  s uc h  a s  t h e
fric tion  of t h e  t id e s ,  a r e  no t  a s  ye t  c alcul able.

We m ay  a sk  if i t is possible  to  d efin e  a n  a b solu t ely
inva ri a ble  u ni t  of ti m e;  it  would  b e  d e si r a bl e  to
d e t e r min e  wit h  s ufficie n t  p r e cision,  if only onc e
in a  c e n t u ry, t h e  r el a tion  of t h e  s eco n d  to  s uc h  a
u ni t ,  so  t h a t  w e  mig h t  ve rify t h e  va ri a tions  of t h e
s eco n d  indir ec tly a n d  inde p e n d e n tly of a ny a s t ro no mic al
hypo t h e sis.

N ow, t h e  s t u dy of c e r t ain  el ec t ric al p h e no m e n a  fu rnish e s
a  u ni t  of ti m e  w hic h  is a b s olu t ely inva ria bl e,  a s
t his  m a g ni t u d e  is a  s p ecific co ns t a n t .   Le t  u s
con sid e r  a  con d uc tive  s u bs t a nc e  w hich  m ay alw ays  b e
foun d  ide n tic al wi th  it s elf, a n d  to  fix ou r  ide a s  le t
u s  c hoos e  m e r c u ry, t ak e n  a t  t h e  t e m p e r a t u r e  of 0  d e g.  
C., w hich  co m ple t ely fulfills t his  con di tion.  
We m ay  d e t e r min e  by s eve r al  m e t hod s  t h e  s p e cific el ec t ric
r e si s t a n c e ,  [ rho], of m e r c u ry  in a b solu t e  el ec t ros t a tic
u ni t s;  [ rho] is a  s p ecific p ro p e r ty of m e r c u ry, a n d
is co ns e q u e n tly a  m a g ni tu d e  a b s olu t ely inva ri a bl e.  
Mo r eover, [ r ho] is an  in t erval of  t i m e . 
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We mig h t ,  t h e r efo r e,  t ak e  [rho] a s  a  u ni t  of tim e,
u nle ss  w e  p r ef e r  to  consid e r  t his  valu e  a s  a n  imp e ris h a ble
s t a n d a r d  of tim e.

In  fac t ,  [ rho] is no t  si m ply a  q u a n ti ty t h e  m e a s u r e
of w hich  is foun d  to  b e  in r el a tion  wi th  t h e  m e a s u r e
of ti m e.   I t  is a  conc r e t e  in t e rval of t im e,  dis r e g a r din g
eve ry co nve n tion  e s t a blish e d  wi th  r ef e r e n c e  to  m e a s u r e s
a n d  eve ry s el ec tion  of u ni t .   I t  m ay a t  fi rs t  sigh t ,
a p p e a r  sing ula r  t h a t  a n  in t e rval of ti m e  is foun d
in a  m a n n e r  hid d e n  u n d e r  t h e  d e sig n a tion  el ec tric
re sis tanc e .  Bu t  w e  n e e d  m e r ely c all to  min d
t h a t  in t h e  el ec t ro s t a tic  sys t e m  t h e  in t e nsi ti es  of
t h e  cu r r e n t  a r e  s p e e d s  of efflux a n d  t h a t  t h e  r e sis t a nc e s
a r e  ti m es,  i.e ., t h e  t im e s  n e c e s s a ry  for  t h e
efflux of t h e  el ec t rici ty u n d e r  give n  con di tions.  
We m u s t ,  in p a r ticular, r e m e m b e r  w h a t  is m e a n t  by
t h e  s p e cific r e si s t a nc e ,  [r ho] of m e r c u ry  in  t h e  el ec t ros t a tic
sys t e m.   If w e  conside r  a  ci rcui t  h aving  a  r e sis t a nc e
e q u al  to  t h a t  of a  c u b e  of m e r c u ry, t h e  side  of w hich
=  t h e  u ni t  of len g t h ,  t h e  ci rc ui t  b ein g  s u b mi t t e d
to  a n  el ec t ro motive  forc e  e q u al to  u ni ty, t hi s  ci rc ui t
will t ak e  a  give n  ti m e  to  b e  t r ave r s e d  by t h e  u ni t
q u a n ti ty of elec t rici ty, a n d  t his  ti m e  is p r e cisely
[rho].  I t  m u s t  b e  r e m a rk e d  t h a t  t h e  s elec tion
of t h e  u ni t  of len g t h ,  like  t h a t  of t h e  u ni t  of m a s s ,
is indiffe r e n t ,  for  t h e  diffe r e n t  u ni t s  b ro u g h t  h e r e
in to  pl ay d e p e n d  on  it  in  s uc h  a  m a n n e r  t h a t  [ rho]
is no t  affec t e d .
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It  is now  r e q ui r e d  to  b rin g  t his  d efini tion  exp e rim e n t ally
in to  a c tion,  i.e ., to  r e alize  a n  in t e rval of
ti m e  w hic h  m ay  b e  a  know n  m ul tiple  of [rho]. 
This  p ro ble m  m ay b e  solved  in va rious  w ays,[1] a n d
e s p e cially by m e a n s  of t h e  following  a p p a r a t u s .

   [Foot no t e  1:   In  t hi s  sys t e m
t h e  m e a s u r e m e n t  of tim e  is no t
    effec t e d ,  a s  o r din a rily, by
obs e rving  t h e  m ove m e n t s  of a
    m a t e ri al sys t e m,  b u t  by  exp e ri m e n t s
of e q uilib riu m.  All t h e
    p a r t s  of t h e  a p p a r a t u s  r e m ain
im mova ble,  t h e  el ec t rici ty alon e
    b eing  in m o tion.   S uc h
a p plia nc es  a r e  in  a  m a n n e r  clepsyd r a e .   This
    a n alogy wi th  t h e  clepsyd r a e
will b e  p e r c eived  if w e  conside r  t h e
    for m  of t h e  following  exp e ri m e n t:  
Two im mova ble  m e t allic pl a t e s
    cons ti t u t e  t h e  a r m a t u r e s  of
a  c h a r g e d  con d e n s er, a n d  a t t r a c t
    e a c h  o th e r  wit h  a  forc e,  F.
If t h e  pla t e s  a r e  ins ula t e d,  t h e s e
    ch a r g e s  r e m ain  cons t a n t ,  a s
w ell a s  t h e  force,  F. If, on  t h e
    con t r a ry, w e  con n ec t  t h e  a r m a t u r e s
of r e si s t a n c e ,  R, t h ei r
    ch a r g e s  di minis h  a n d  t h e  forc e,
F, b e co m e s  a  func tion  of t h e
    tim e,  t ; t h e  tim e,
t , inve r s ely b e co m e s  a  func tion  of P. We
    find  t  by  t h e  following
for m ula:  

        t
=  [rho] x (lS / S[pi]e s) x log  hyp(F 0/F)
F0 and F being the values of the force at the beginning and at the end of the time, t.  
The above formula is independent of the choice of units.  If we wish t to be expressed in
seconds, we must give [rho] the corresponding value ([rho] = 1.058 X 10^-16).  If we 
take [rho] as a unit we make [rho] = 1, and we find the absolute value of the time by the 

106



expression: 
        (lS)
/ (8[pi]es) log  hyp(F 0/F)
We remark that this expression of time contains only abstract numbers, being 
independent of the choice of the units of length and force.  S and e denote surface and 
the thickness of the condenser; s and l the section and the length of a column of 
mercury of the resistance, R. This form of apparatus enables us practically to measure 
the notable values of t only if the value of the resistance, R, is enormous, the 
arrangement described in the text has not the same inconvenience.]
A b a t t e ry of a n  a r bi t r a ry  elec t ro motive  forc e,  E,
a c t u a t e s  a t  t h e  s a m e  ti m e  t h e  t wo  a n t a go nis tic  ci rc ui ts
of a  diffe r e n ti al g alva no m e t er.  In  t h e  fir s t
ci rc ui t ,  w hich  h a s  a  r e sis t a nc e ,  R, t h e  b a t t e ry  s e n d s
a  con tinuo us  c u r r e n t  of t h e  in t e n si ty, I; in  t h e  s e con d
ci rc ui t  t h e  b a t t e ry  s e n d s  a  di scon tinuo us  s e ri e s  of
disch a r g e s ,  ob t ain e d  by c h a r gin g  p e riodically by  m e a n s
of t h e  b a t t e ry  a  con d e n s e r  of t h e  c a p a ci ty, C, w hich
is t h e n  di sc h a r g e d  t h ro u g h  t his  s e con d  ci rcui t .  
The  n e e dle  of t h e  g alvano m e t e r  r e m ains  in e q uilib riu m
if t h e  t wo  c u r r e n t s  yield  e q u al q u a n ti ti es  of el ec t rici ty
d u ring  on e  a n d  t h e  s a m e  tim e,  [ t a u].
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Let  u s  s u p pos e  t his  con di tion  of e q uilib riu m
r e alized  a n d  t h e  n e e dle  r e m aining  m o tionle ss  a t  z e ro;
it  is e a sy to  w ri t e  t h e  con di tions  of e q uilib riu m. 
Du ring  t h e  ti m e,  [ t a u], t h e  con tinuo us  c u r r e n t  yields
a
E
q u a n ti ty of elec t rici ty =  — [t a u]; on  t h e
o th e r  h a n d,  e a c h  c h a r g e  of
R
t h e  con d e n s e r  =  CE, a n d  d u ring  t h e  ti m e,  [t a u], t h e
n u m b e r  of
[t a u]
disch a r g e s  =  -----, t  b ein g  t h e  fixed  tim e  b e t w e e n
t wo disch a r g e s;
t
[ t a u] a n d  t  a r e  h e r e  s u p pos e d  to  b e  exp r e s s e d  by t h e
aid  of a n  a r bi t r a ry  u ni t  of tim e;  t h e  s e con d  ci rc ui t
yields,  t h e r efo r e,  a
[t a u]
q u a n ti ty of elec t rici ty e q u al  to  CE x -----. 
The  con di tion  of
t
E               [ t a u]
e q uilib riu m  is t h e n   ---[t a u] =  CE x ----- ; or, m o r e
si m ply, t  =  CR. 
R                t
C a n d  R a r e  know n  in a b solu t e  value s,  i.e ., w e
know t h a t  C is e q u al  to  p  ti m es  t h e  c a p a ci ty
of a  s p h e r e  of t h e  r a diu s,  l; w e  h av e,  t h e r efo r e,
C =  pl ; in t h e  s a m e  m a n n e r  w e  know t h a t  R is
e q u al  to  q  ti m es  t h e  r e sis t a nc e  of a  c u b e  of
m e r c u ry  h aving  l for  i ts  side.   We
l      [ rho]
h ave,  t h e r efo r e ,  R =  q[ r ho] --- =  q  ----- ; a n d  cons e q u e n tly
t  =  p q[ rho].
l s q u a r e d        l

S uc h  is t h e  value  of t  ob t ain e d  on  leaving
all t h e  u ni t s  u n d e t e r min e d.   If w e  exp r e s s  [rho]
a s  a  func tion  of t h e  s eco n d,  w e  h ave  t  in  s econ d s.  
If w e  t ak e  [rho] =  1,  w e  h ave  t h e  a b solu t e  value  [The t a]
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of t h e  s a m e  in t e rval of tim e  a s  a  func tion  of t his
u ni t;  w e  h ave  si m ply [The t a]  =  p q .

If w e  s u p pos e  t h a t  t h e  co m m u t a to r  w hich  p ro d uc es  t h e
s ucc e s sive  c h a r g e s  a n d  disc h a r g e s  of t h e  con d e n s e r
con sis t s  of a  vib r a ting  t u nin g  fork, w e  s e e  t h a t  t h e
d u r a tion  of a  vib r a tion  is e q u al  to  t h e  p ro d uc t  of
t h e  t wo  a b s t r a c t  n u m b e r s ,  p q .

I t  r e m ains  for  u s  to  a s c e r t ain  to  w h a t  d e g r e e  of a p p roxim a tion
w e  c a n  d e t e r min e  p  a n d  q .  To find
q  w e  m u s t  fir s t  cons t r uc t  a  colu m n  of m e r c u ry
of know n  dim e n sions; t his  p roble m  w a s  solved  by t h e
In t e r n a tion al  Bu r e a u  of Weigh t s  a n d  M e a s u r e s  for  t h e
con s t r u c tion  of t h e  leg al  oh m.   The  leg al oh m
is s u p pos e d  to  h ave  a  r e sis t a nc e  e q u al to  1 0 6.0 0  ti m e s
t h a t  of a  c u b e  of m e r c u ry of 0 .01  m e t er, sid e  m e a s u r e m e n t .  
The  a p p roxim a tion  ob t ain e d  is co m p ris e d  b e t w e e n  1/500 0 0
a n d  1/20 0 0 0 0.   To ob t ain  p , w e  m u s t  b e  a bl e
to  cons t r u c t  a  pl a n e  con d e n s e r  of know n  c a p a ci ty. 
The  difficul ty h e r e  consis t s  in knowing  wi th  a  s ufficien t
a p p roxim a tion  t h e  t hickn e s s  of t h e  s t r a t u m  of air. 
We m ay  e m ploy a s  a r m a t u r e s  t wo  s u rfac e s  of gl a s s,  g ro u n d
op tically, silve r e d  to  r e n d e r  t h e m  con d u c tive,  b u t
so  sligh tly a s  to  ob t ain  by  t r a n s p a r e n c e  Fize a u’s
in t e rfe r e n c e  rin gs.   Fize a u’s m e t ho d  will
t h e n  p e r mi t  u s  to  a r rive  a t  a  clos e  a p p roxim a tion.  
In  fine,  t h e n ,  w e  m ay, a priori , hop e  to  r e a c h
a n  a p p roxim a tion  of on e  h u n d r e d-t ho us a n d t h  of t h e
value  of p q .
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Ind e p e n d e n tly of t h e  u s e  w hich  m ay b e  m a d e  of it for
m e a s u ring  tim e  in a b s olu t e  value,  t h e  a p p a r a t u s  d e sc rib e d
pos s e ss e s  p e c ulia r  p ro p e r ti e s.   I t  cons ti t u t e s
a  kind  of clock w hich  indica t e s ,  r e gis t e r s,  a n d,  if
n e e dful, co r r e c t s  a u to m a tically it s  ow n  va ri a tions
of s p e e d.   The  a p p a r a t u s  b ein g  r e g ula t e d  so  t h a t
t h e  m a g n e tic  n e e dle  m ay  b e  a t  z e ro,  if t h e  s p e e d  of
t h e  co m m u t a to r  is sligh tly inc r e a s e d ,  t h e  e q uilib riu m
is dis t u r b e d  a n d  t h e  m a g n e tic  n e e dle  d evia t e s  in t h e
co r r e s pon ding  di r ec tion; if on  t h e  con t r a ry  t h e  s p e e d
di minis h es ,  t h e  a c tion  of t h e  a n t a go nis tic  ci rc ui t
p r e do min a t e s ,  a n d  t h e  n e e dle  d evia t e s  in t h e  con t r a ry
di r e c tion.   The s e  d evia tions,  w h e n  s m all, a r e  p ropo r tion al
to  t h e  va ri a tions  of s p e e d.   They m ay  b e ,  in t h e
fir s t  pl ac e,  obs e rve d.   They m ay, fu r t h er, b e
r e gis t e r e d,  ei t h e r  p ho tog r a p hic ally o r  by  e m ploying
a  Re die r  a p p a r a t u s ,  like  t h a t  w hich  M. M a s c a r t  h a s
a d a p t e d  to  his  q u a d r a n t  el ec t ro m e t e r ;  finally, w e
m ay a r r a n g e  t h e  Re die r  to  r e a c t  u po n  t h e  s p e e d  so
a s  to  r e d u c e  it s  va ri a tions  to  ze ro.   If t h e s e
va ri a tions  a r e  no t  co m ple t ely a n n ulled,  t h ey  will s t ill
b e  r e gis t e r e d  a n d  c a n  b e  t ak e n  into  a c cou n t .

As a n  indic a to r  of va ri a tions  t his  a p p a r a t u s  c a n  b e
of r e m a rk a ble  s e n si tiven e s s,  w hich  m ay  b e  inc r e a s e d
ind efini t ely by  e nla r ging  it s  di m e n sions.

With  a  b a t t e ry of 1 0  volt s,  a  con d e n s e r  of a  mic rofa r a d,
1 0  disc h a r g e s  p e r  s eco n d,  a n d  a  Tho m so n’s diffe r e n ti al
g alva no m e t e r  s e n si tive  to  1 0 ^ {-1 0 }  a m p e r e s ,  w e  ob t ain
al r e a dy a  s e nsi tiven e s s  of 1/10 0 0 0 0 0,  i.e ., a
va ri a tion  of 1/10 0 0 0 0 0  in t h e  s p e e d  is s how n  af t e r
so m e  s eco n ds  of a  d evia tion  of on e  millim e t er. 
Eve n  t h e  s t roboscopic  m e t ho d  do e s  no t  a d mi t  of s uc h
s e n si tive n e s s.

We m ay  t h e r efo r e  find,  wi th  a  ve ry clos e  a p p roxim a tion,
a  s p e e d  alw ays  t h e  s a m e  on  con di tion  t h a t  t h e  solid
p a r t s  of t h e  a p p a r a t u s  (t h e  con d e n s e r  a n d  t h e  r e si s t a n c e)
a r e  p ro t e c t e d  fro m  c a u s e s  of va ri a tion  a n d  u s e d  alw ays
a t  t h e  s a m e  t e m p e r a t u r e .   Doub tle s s,  a  w ell-cons t r uc t e d
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a s t ro no mic al clock m ain t ain s  a  ve ry u nifor m  m ove m e n t;
b u t  t h e  el ec t ric  clock is pl ac e d  in b e t t e r  con di tions
for  inva ria bili ty, for  all t h e  p a r t s  a r e  m a s sive  a n d
im mova ble; t h ey a r e  m e r ely r e q ui r e d  to  r e m ain  u n c h a n g e d,
a n d  t h e r e  is no  q u e s tion  of t h e  w e a r  a n d  t e a r  of w h e el-wo rk,
t h e  oxida tion  of oils, o r  t h e  va ri a tions  of w eigh t .  
In  o th e r  wo r d s,  t h e  sys t e m  for m e d  by a  con d e n s e r  a n d
a  r e sis t a nc e  cons ti t u t e s  a  s t a n d a r d  of tim e  e a sy of
p r e s e rva tion.

*       *       *       *  
    *

NEW METHOD OF MAINTAINING THE VIBRATION OF 
A PENDULUM.

A r ec e n t  n u m b e r  of t h e  Co m p t e s  R e n d u s  co n t ain s
a  no t e  by  M.J.  Ca r p e n ti e r  d e sc ribing  a  m e t ho d
of m ain t aining  t h e  vib r a tions  of a  p e n d ulu m  by m e a n s
of el ec t rici ty, w hic h  diffe r s  fro m  p r evious  d evices
of t h e  s a m e  ch a r a c t e r  in t h a t  t h e  imp uls e  give n  to
t h e  p e n d ulu m  a t  e a c h  vib r a tion  is inde p e n d e n t  of t h e
s t r e n g t h  of t h e  c u r r e n t  e m ployed,  a n d  t h a t  t h e  p e n d ulu m
its elf is e n ti r ely fr e e,  s ave  a t  t h e  poin t  of s u s p e n sion. 
The  vib r a tions  a r e  m ain t ain e d,  no t  by  di r ec t  imp ulsion,
b u t  by a  sligh t  ho rizon t al  displac e m e n t  of t h e  poin t
of s u s p e n sion  in al t e r n a t e  di r ec tions.
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This, a s  M. Ca r p e n ti e r  obs e rves,  is t h e  m e t ho d  w hich
w e  n a t u r ally a do p t  in o rd e r  to  m ai n t ain  t h e  a m pli tud e
of s wing  of a  h e avy body s u s p e n d e d  fro m  a  co r d  h eld
in t h e  h a n d.   The  r e q ui r e d  m ove m e n t  of t h e  poin t
of s u s p e n sion  is effec t e d  by m e a n s  of a  pola rize d  r el ay,
t h ro u g h  t h e  coils  of w hich  t h e  c u r r e n t  is p e riodically
r eve r s e d  by t h e  a c tion  of t h e  p e n d ulu m,  in a  m a n n e r
w hich  will p r e s e n tly b e  explaine d.   The  a r m a t u r e
of t h e  r el ay oscilla t e s  b e t w e e n  t wo  s tops  w hos e  di s t a nc e
a p a r t  is c a p a ble  of fine  a djus t m e n t .

I t  is cle ar, t h e r efo r e,  t h a t  t h e  imp uls e  is ind e p e n d e n t
of t h e  s t r e n g t h  of t h e  c u r r e n t  in  t h e  r el ay, p rovide d
t h a t  t h e  a r m a t u r e  is b ro u g h t  u p  to  t h e  s top  on  ei t h e r
side.   The  r ev e r s al of t h e  c u r r e n t  is effec t e d
by m e a n s  of a  s m all m a g n e t  c a r ri ed  by t h e  bob  of t h e
p e n d ulu m,  a n d  w hich  a s  it  p a s s e s  u n d e r n e a t h  t h e  poin t
of s u s p e n sion  is b ro u g h t  clos e  to  a  sof t  i ron  a r m a t u r e ,
w hich  h a s  t h e  for m  of a n  a r c  of a  ci rcle  d e s c ribe d
a bo u t  t h e  poin t  of s u s p e n sion.  This  a r m a t u r e  is
pivot e d  a t  it s  c e n t er, a n d  t h u s  exe c u t e s  vib r a tions
synch ro no usly wi th  t hos e  of t h e  p e n d ulu m.   Thes e
vib r a tions  a r e  a djus t e d  to  a  ve ry n a r ro w  r a n g e,  b u t
a r e  s ufficien t  to  clos e  t h e  con t ac t s  of a  co m m u t a to r
w hich  r eve r s e s  t h e  cu r r e n t  a t  e a c h  s e mi-vib r a tion
of t h e  p e n d ulu m.

The  b e a u ty a n d  ing e n ui ty of t his  d evice  will r e a dily
b e  a p p r e cia t e d .

*       *       *       *  
    *

DR. MORELL MACKENZIE.

The  n a m e  of t h e  g r e a t  E n glish  la ryngologis t ,  w hich
h a s  long  b e e n  ho no r e d  by scie n tis t s  of E n gla n d  a n d
t h e  Con tin e n t ,  h a s  la t ely b eco m e  fa mila r  to  eve ryon e,
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eve n  in u n p rofe ssion al ci rcle s,  in Ge r m a ny b e c a u s e
of his  op e r a tions  on  t h e  Crow n  P rinc e’s t h ro a t .  
If hi s  wide  exp e ri enc e  a n d  g r e a t  skill e n a ble  hi m
to  p e r m a n e n tly r e m ove  t h e  g ro wt h  fro m  t h e  t h ro a t  of
his  royal p a ti e n t ,  if his  di a g nosis  a n d  p ro g nosis
a r e  co nfi r m e d,  so  t h a t  no  fea r  n e e d  b e  e n t e r t ain e d
for  t h e  life  a n d  h e al t h  of t h e  Crow n  P rinc e,  t h e  E n glish
s p eci alis t  will c e r t ainly d e s e rve  t h e  m o s t  sinc e r e
t h a nks  of t h e  Ger m a n  n a tion.   Eve ry p h a s e  of t his
t r e a t m e n t ,  ev e ry n e w  d evelop m e n t ,  is w a tc h e d  wi th  s u s p e n s e
a n d  hop e.

M a ny h ave  b e e n  u n a ble  to  s u p p r e s s  t h e  exp r e s sion  of
r e g r e t  t h a t  t his  impor t a n t  c a s e  w a s  no t  u n d e r  t h e
c a r e  of a  Ge r m a n,  a n d  p a r t  of t h e  p r e s s  look u po n
it  a s  u nju s t  t r e a t m e n t  of t h e  Ger m a n  s p eci alis t s.  
Bu t  scie nc e  is in t e r n a tion al, it know s  no  politic al
bo u n d a ri e s,  a n d  t h e  c hoice  of Dr. M a ck e nzie  by  t h e
fa mily of t h e  Crow n  P rince ,  w hos e  sy m p a t hy wit h  E n gla n d
is n a t u r al, c a n no t  b e  consid e r e d  a  sligh t  to  Ge r m a n
p hysicians  w h e n  it is t ak e n  in to  consid e r a tion  t h a t
t h e  Ge r m a n  a u t ho ri ti es  p ro no u nc e d  t h e  g ro w t h  s u s picious
a n d  a dvis e d  a  difficul t  a n d  do u b tful op e r a tion,  a n d
t h a t  P rof. v.  Be r g m a n  r e co m m e n d e d  t h a t  a  for eign
a u t ho ri ty b e  cons ul t e d.   As Dr. M acke nzie  r e m ove d
t h e  obs t r u c tion,  w hich  h a d  al r e a dy b e co m e  t h r e a t e ning
a n d,  in fac t ,  d a n g e ro us,  c a u sin g  a  los s  of voice,
a n d  p ro mis e d  to  r e move  a ny n e w  g row t h  fro m  t h e  insid e
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witho u t  d a n g e r  to  t h e  p a tie n t ,  t h e  Crow n  P rinc e  n a t u r ally
t r u s t e d  hi m.   Sinc e  Virchow  h a s  m a d e  a  mic roscopic
exa min a tion  of t h e  p a r t  w hich  w a s  c u t  a w ay, a n d  h a s
d ecla r e d  t h e  n e w  g row t h  to  b e  b e nig n,  all Ge r m a n s
s ho uld  w a tc h  t h e  r e s ul t s  of Dr. M a ck e nzie’s
op e r a tions  wit h  sy m p a t hy, t r u s ting  t h a t  all fu r t h e r
g row t h  will b e  p r ev e n t e d,  a n d  t h a t  t h e  Crow n  P rinc e
will b e  r e s to r e d  to  t h e  Ger m a n  p eople  in  his  for m e r
s t a t e  of h e al th .

[Illus t r a tion:  DR. MORELL MACKENZIE.]

Dr. Mor ell M a ck e nzie  h a s  la t ely r e a c h e d  hi s  fiftie t h
ye ar, a n d  h a s  a t t ain e d  t h e  h eigh t  of his  fa m e  a s  a n
a u t ho r  a n d  p r a c ti tioner.  H e  w a s  bo r n  a t  Leytons ton
in 1 8 3 7,  a n d  s t u die d  fir s t  in Londo n.   At t h e  a g e
of t w e n ty-t wo  h e  p a s s e d  hi s  exa min a tion,  t h e n  p r a c tice d
a s  p hysician  in t h e  London  H os pi t al, a n d  ob t ain e d
his  d e g r e e  in  1 8 6 2.   A ye a r  la t e r  h e  r e c eive d
t h e  Jackson  p rize  fro m  t h e  Royal Socie ty of S u r g eo ns
for  hi s  t r e a t m e n t  of a  la ryn g e al  c a s e .

H e  co m ple t e d  his  s t u die s  in Pa ris,  Vien n a  (with  Sie g m u n d),
a n d  Bud a p e s t .   In  t h e  la t t e r  plac e  h e  wo rk e d  wit h
Cze r m a k,  m a king  a  s p eci al s t u dy of t h e  la ryn goscop e.  
La te r  h e  p u blish e d  a n  exc ellen t  wo rk  on  “Dise a s e s
of t h e  Thro a t  a n d  N os e,” w hich  w a s  t h e  frui t
of t w elve  ye a r s’ wo rk.   The  ev e ning  b efor e
t h e  d ay on  w hich  t his  wo rk  w a s  to  h ave  b e e n  iss u e d,
t h e  w hole  e di tion  w a s  d e s t royed  by a  fir e  w hich  occ u r r e d
in t h e  p rin ting  e s t a blish m e n t,  a n d  h a d  to  b e  r e p rin t e d
fro m  t h e  p roof s h e e t s ,  w hich  w e r e  s ave d.   In  1 8 7 0
his  wo rk  “On Growt hs  in t h e  Th ro a t” a p p e a r e d,
a n d  h e  h a s  al so  p u blish e d  m a ny a r ticle s  in t h e  British
M e dical Journal , t h e  Lanc e t , M e dical
Ti m e s  and  Gaz e t t e , e t c ., w hich  h av e  b e e n
t r a n sl a t e d  in to  diffe r e n t  lang u a g e s ,  m a kin g  hi s  n a m e
r e no w n e d  all ove r  E u ro p e.

Sinc e  h e  foun d e d  t h e  fi r s t  E n glish  hos pit al  for  dis e a s e s
of t h e  t h ro a t  a n d  c h e s t ,  in Londo n  in 1 8 6 3,  a n d  h eld

114



t h e  posi tion  of lec t u r e r  on  dis e a s es  of t h e  t h ro a t
in  t h e  Londo n  M e dical Colleg e,  his  c a r e e r  h a s  b e e n
w a t c h e d  wi t h  in t e r e s t  by t h e  p u blic, a n d  his  p r a c tice
in E n gla n d  is r e m a rk a ble.   The r efo r e  i t is no
wo n d e r  t h a t  hi s  la t ely p u blish e d  work  “On t h e
Hygie n e  of t h e  Vocal Or g a n s”  h a s  r e a c h e d  its
fou r t h  e di tion  al r e a dy.  This  wo rk  is r e a d  no t
only by  p hysicians,  b u t  also  by sing e r s  a n d  lec t u r e r s .

As a  lea r n e d  m a n  in his  p rofes sion,  a s  a n  exp e ri e nc e d
dia g nos ticia n,  a n d  a s  a  skillful a n d  for t u n a t e  p r ac ti tion er,
h e  is s u r p a s s e d  by no n e;  a n d  his  a bili ty will b e  w ell
know n  fa r  b eyon d  t h e  bo r d e r s  of Gre a t  Bri t ain  if for t u n e
favor s  hi m  a n d  h e  r e s to r e s  t h e  fu tu r e  E m p e ro r  of Ge r m a ny
to  his  for m e r  s t r e n g t h  a n d  vigor, wi t ho u t  w hic h  w e
c a n no t  im a gin e  t hi s  knigh tly for m.  The  c e r t ain ty
wi th  w hich  Dr. M a ck e nzie  s p e a ks  of p e r m a n e n t  c u r e s
w hich  h e  h a s  effec t e d  in simila r  c a s e s ,  tog e t h e r  wi th
t h e  cle a r  a n d  s a tisfac to ry r e po r t  of t h e  g r e a t  p a t hologis t
Virchow, lea d  u s  to  look to  t h e  fut u r e  wi th  co nfide nc e .— Illus trir t e
Z ei tu n g.
*       *       *       *  
    *

HYPNOTISM IN FRANCE.[1]
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  [Foot no t e  1:   Tra nsl a t e d  for  S cie nc e
fro m  Der S pinx .]

The  volun t a ry  p ro d uc tion  of t hos e  a b no r m al co n di tions
of t h e  n e rve s  w hich  to-d ay a r e  d e no t e d  by  t h e  t e r m
“hypnotic  r e s e a r c h e s”  h a s  m a nifes t e d  its elf
in  all a g e s  a n d  a m o n g  m o s t  of t h e  n a tions  t h a t  a r e
know n  to  u s .   Within  m o d e r n  tim e s  t h e s e  p h e no m e n a
w e r e  fir s t  r e d uc e d  to  a  sys t e m  by M e s m er, a n d,  on
t his  a cco u n t ,  for  t h e  fu tu r e  d e s e rve  t h e  a t t e n tion
of t h e  scie n tific world.   The  his to rical d e sc rip tion
of t his  d e p a r t m e n t ,  if on e  in t e n d s  to  give  a  con n ec t e d
a c co u n t  of i ts  d evelop m e n t,  a n d  no t  a  s e ri es  of isola t e d
fac t s,  m u s t  b e gin  wi th  a  no tic e  of M es m e r’s
p e r so n ality, a n d  w e  m u s t  no t  confou n d  t h e  m o r e  r ec e n t
d evelop m e n t  of ou r  s u bjec t  wi t h  it s  p a s t  his to ry.

The  p e riod  of m e s m e ris m  is s ufficien tly u n d e r s tood
fro m  t h e  n u m e ro u s  w ri tings  on  t h e  s u bjec t ,  b u t  it
wo uld  b e  a  mi s t ak e  to  s u p pos e  t h a t  in  Br aid’s
“Exposi tion  of Hyp no tis m” t h e  e n d  of t his
s u bjec t  h a d  b e e n  r e ac h e d.   In  a  la t e r  wo rk  I ho p e
to  s how  t h a t  t h e  fund a m e n t al  ide a s  of bio m a g n e ti s m
h ave  no t  only h a d  in all p e riods  of t his  c e n t u ry c a p a ble
a n d  e n t h u si a s tic  a dvoc a t e s ,  b u t  t h a t  eve n  in  ou r  d ay
t h ey h ave  b e e n  s u bjec t e d  to  t e s t s  by F r e nc h  a n d  E n glish
inves tig a to r s  fro m  w hich  t h ey h ave  issu e d  t r iu m p h a n t .

The  s e con d  division  of t hi s  his to rical d evelop m e n t
is c a r rie d  on  by Br aid,  w hos e  m o s t  impo r t a n t  s e rvice
w a s  e m p h a sizing  t h e  s u bjec tivity of t h e  p h e no m e n a.  
Withou t  a ny con n e c tion  wi th  him,  a n d  ye t  by  following
ou t  al mos t  ex ac tly t h e  s a m e  exp e ri m e n t s,  P rofe sso r
H eid e n h ain  r e a c h e d  hi s  p hysiological expla n a tions.  
A t hi r d  division  is b a s e d  u po n  t h e  discove ry of t h e
hyp no tic  con di tion  in  a ni m als,  a n d  con n ec t s  its elf
to  t h e  e x p eri m e n t u m  m irabile .  In  1 8 7 2  t h e
firs t  w ri tings  on  t his  s u bjec t  a p p e a r  fro m  t h e  p e n
of t h e  p hysiologis t  Cze r m a k; a n d  sinc e  t h e n  t h e  inves tig a tions
h ave  b e e n  co n tin u e d,  p a r ticul a rly by  P rofesso r  P r eyer.
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While  E n gla n d  a n d  Ger m a ny w e r e  led  q ui t e  ind e p e n d e n tly
to  t h e  s t u dy of t h e  s a m e  p h e no m e n a,  F r a n c e  exp e ri e nc e d
a  s t r a n g e  d evelop m e n t ,  w hic h  s ho ws, a s  no t hin g  els e
could,  ho w  t r u t h  eve ryw h e r e  co m e s  to  t h e  s u rfac e ,
a n d  fro m  s m all b e gin nin gs  s w ells  to  a  flood  w hich  c a r rie s
ir r e sis tibly all opposi tion  wi th  it.   This  fou r t h
division  of t h e  his to ry of hyp no tis m  is t h e  m o r e  impo r t a n t ,
b ec a u s e  it  for m s  t h e  foun d a tion  of a  t r a n s c e n d e n t al
p sychology, a n d  will exe r t  a  g r e a t  influe nc e  u po n
ou r  fu tu r e  cul tu r e ;  a n d  it  is t his  division  to  w hich
w e  wis h  to  t u r n  ou r  a t t e n tion.   We h ave  in t e n tion ally
limit e d  ou r s elves  to  a  c h ro nologic al a r r a n g e m e n t ,
since  a  sys t e m a tic  a c co u n t  wo uld  n e c e s s a rily fall
in to  t h e  s t u dy of single  p h e no m e n a ,  a n d  would  fa r
exc e e d  t h e  s p a c e  offe r e d  to  u s .

117



Page 59

Jam e s  Braid’s w ri tings,  a l t hou g h  t h ey w e r e  disc uss e d
in d e t ail in Lit t r e  a n d  Robin’s “Lexicon,”
w e r e  no t  a t  a ll t h e  c a us e  of Dr. P hilips’ fir s t
books,  w ho  t h e r efo r e  c a m e  m o r e  ind e p e n d e n tly to  t h e
s t u dy of t h e  s a m e  p h e no m e n a.   Braid’s t h eo ri es
b ec a m e  know n  to  hi m  la t e r  by  t h e  obs e rv a tions  m a d e
u po n  t h e m  in Be r a u d’s “Ele m e n t s  of P hysiology”
a n d  in Lit t r e’s no t e s  in t h e  t r a n sl a tion  of M u elle r’s
“H a n d book of P hysiology;” a n d  h e  t h e n  w ro t e
a  s eco n d  b roc h u r e ,  in  w hic h  h e  g ave  in his  allegi anc e
to  b r aidis m.   His  p rincip al effo r t  w a s  di r ec t e d
to  wi th d r a win g  t h e  veil of mys t e ry  fro m  t h e  occ u r r e nc e s ,
a n d  by a  n a t u r al  expla n a tion  r el e g a tin g  t h e m  to  t h e
r e al m  of t h e  know n.   The  t r a n c e  c a u s e d  by r e g a r din g
fixedly a  gl e a min g  poin t  p rod uc e s  in t h e  b r ain,  in
his  opinion,  a n  a cc u m ul a tion  of a  p e c ulia r  n e rvous
pow er, w hich  h e  c alls  “elec t rodyn a mis m.” 
If t his  is di r ec t e d  in a  skillful m a n n e r  by  t h e  op e r a to r
u po n  c e r t ain  poin t s,  it  m a nifes t s  it s elf in  c e r t ain
si tu a tions  a n d  a c tions  t h a t  w e  c all hyp no tic. 
Beyon d  t his  so m e w h a t  q u e s tion a ble  t h eo ry, bo t h  books
con t ain e d  a  d e t aile d  d e s c rip tion  of so m e  of t h e  m os t
impor t a n t  p h e no m e n a;  b u t  wi th  t h e  p r a c tic al m e a ning
of t h e  p h e no m e n a,  a n d  e s p e cially wi th  t h ei r  t h e r a p e u tic
value,  t h e  a u t ho r  co nc e r n e d  hi ms elf b u t  sligh tly. 
Jus t  on  a ccou n t  of t his  p a t hological side,  how ever,
a  c e r t ain  a t t e n tion  h a s  b e e n  p aid  to  hyp no tis m  u p
to  t h e  p r e s e n t  ti m e.

In  t h e  yea r  1 8 4 7  t wo  s u r g eo ns  in  Poic tie r s,  Dr s.  Riba u t
a n d  Kia ros,  e m ploye d  hyp no tis m  with  g r e a t  s ucc e ss
in o r d e r  to  m a k e  a n  op e r a t ion  p ainle s s .   “This
long  a n d  ho r rible  work,” s ays  a  jou r n al  of t h e
d ay, “w as  m u c h  m o r e  like  a  d e m o ns t r a tion  in
a  diss ec ting  roo m  t h a n  a n  op e r a tion  p e rfo r m e d  u po n
a  living  b ein g.”  Althoug h  t his  op e r a tion
p ro d uc e d  s uc h  a n  excit e m e n t ,  ye t  it w a s  t w elve  yea r s
la t e r  b efo r e  d e ci sive  a n d  posi tive  official in t ellige nc e
w a s  give n  of t h e s e  fac t s  by  Broc a,  Follin, Velpe a u,
a n d  Gue rin a u.   Bu t  t h e s e  a cco u n t s,  a s  w ell a s
t h e  exc ellen t  lit tl e  book by Dr. Aza m, s h a r e d  t h e  fa t e
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of t h ei r  p r e d ec e s so r s.   They w e r e  looke d  u po n
by s t u d e n t s  wit h  dis t r u s t ,  a n d  by t h e  disciples  of
M e s m e r  wi th  sco r nful con t e m p t.

The  wo rk  of De m a r q u ay a n d  Gir a u d  Teulon  s how e d  co nsid e r a ble
a dva nc e  in t hi s  di r ec tion.   The  a u t ho r s ,  ind e e d,
fell b a ck  u po n  t h e  t h eo ry of Jam e s  Br aid,  w hich  t h ey
c alle d  s tillbor n,  a n d  of w hich  t h ey  s aid,  “Elle
e s t  r e s t e e  accroch e e  e n  rou t e ;” b u t  t h ey
did  no t  s a tisfy t h e m s elves  wi t h  a  si m ple  s t a t e m e n t
of fac t s ,  a s  did  Gigo t  S u a r d  in his  wo rk  t h a t  a p p e a r e d
a bo u t  t h e  s a m e  tim e.   Throu g h  sys t e m a tic  exp e ri m e n t s
t h ey t ri e d  to  find  ou t  w h e r e  t h e  line  of hyp no tic  p h e no m e n a
int e r s ec t e d  t h e  line  of t h e  r e al m  of t h e  know n.  
They jus tly r e cog nize d  t h a t  hyp no tis m  a n d  hys t e ri a
h ave  m a ny  poin t s  of like n e s s,  a n d  in t his  w ay w e r e
t h e  p r e c u r so r s  of t h e  p r e s e n t  Pa risia n  sc hool. 
They s ay  t h a t  fro m  m a g n e tic  sle e p  to  t h e  hyp no tic
con di tion  a n  iron  c h ain  c a n  b e  e a sily for m e d  fro m
t h e  ve ry s a m e  o r g a nic  el e m e n t s  t h a t  w e  find  in his to ric al
con di tions .
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At t h e  s a m e  tim e,  a s  if to  b rin g  a n  exp e ri m e n t al p roof
of t his  a s s e r tion,  Lasigu e  p u blish e d  a  r e po r t  on  c a t ale psy
in p e r son s  of hys t e rical t e n d e n cies,  w hich  b e  af t e r w a r d
inco r po r a t e d  in to  hi s  la r g e r  wo rk.   Amon g  his
p a ti e n t s ,  t hos e  w ho  w e r e  of a  q uie t  a n d  le t h a r gic
t e m p e r a m e n t ,  by si m ply p r e s sin g  dow n  t h e  eyelids,  w e r e
m a d e  to  e n t e r  in to  a  p ec ulia r  s t a t e  of lang uor, in
w hich  c a t ale p tic  con t r a c tions  w e r e  e a sily p ro d uc e d,
a n d  w hich  forcibly r e c alled  hyp no tic  p h e no m e n a.  
“On e  c a n  sc a r c ely im a gin e,” s ays  t h e  a u t hor,
“a  m o r e  r e m a rk a ble  s p ec t acle  t h a n  t h a t  of a
sick p e r so n  s u nk  in d e e p  sle e p,  a n d  ins e n sible  to
all effor t s  to  a ro us e  hi m,  w ho  r e t ains  eve ry posi tion
in w hich  h e  is pl ac e d,  a n d  in it p r e s e rves  t h e  im mo bility
a n d  rigidi ty of a  s t a t u e.”  Bu t  t hi s  imp uls e
al so  w a s  in vain,  a n d  in only a  few c a s e s  w e r e  t h e
p r a c tic al t e s t s  follow e d  u p  wi th  t h eo r e tical explan a tions.

U n bo u n d e d  e n t h u si as m  a n d  u njus t  bla m e  alike  s u b side d
into  a  sile nc e  t h a t  w a s  no t  b rok e n  for  t e n  ye a r s .  
The n  Ch a rle s  Rich e t ,  a  r e no w n e d  s cie n tis t ,  c a m e  forw a r d
in 1 8 7 5,  imp elled  by t h e  d u ty h e  fel t  h e  ow e d  a s  a
p ri e s t  of t r u t h ,  a n d  m a d e  so m e  a n no u n c e m e n t s  conc e r ning
t h e  p h e no m e n a  of so m n a m b ulis m; a n d  in  cou n tl e s s  books,
all of w hic h  a r e  wo r t hy of a t t e n tion,  h e  h a s  sinc e
t h e n  conside r e d  t h e  p ro ble m  fro m  its  va rious  sid es .

H e  s e p a r a t e s  so m n a m b ulis m  in to  t h r e e  p e riods.  
The  wo r d  h e r e  is u s e d  for  t his  w hole  cla s s  of s u bjec t s
a s  Rich e t  hi m s elf u s e s  it,  viz ., tor p e ur ,
e x ci ta tion , a n d  s t u p e ur .  In  t h e
fir s t ,  w hich  is p ro d uc e d  by t h e  so-c alle d  m a g n e tic
p a s s e s  a n d  t h e  fixing  of t h e  eyes ,  silenc e  a n d  lang uo r
co m e  ove r  t h e  s u bjec t .   The  s eco n d  p e riod,  u s u ally
p ro d uc e d  by cons t a n t  r e p e ti tion  of t h e  exp e ri m e n t ,
is c h a r a c t e rize d  chiefly by s e n sibility to  h allucin a tion
a n d  s u g g e s tion.   The  t hi r d  p e riod  h a s  a s  it s  p rincip al
c h a r a c t e ris tics  s u p e r s e n sibility of t h e  m u s cles  a n d
lack  of s e n s a tion.   Yet le t  it  b e  no tice d  t h a t
t h e s e  divisions  w e r e  no t  exp r e s s e d  in t h ei r  p r e s e n t
cle a r n e s s  u n til 1 8 8 0;  w hile  in t h e  ye a r s  b e t w e e n  1 8 7 2
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a n d  1 8 8 0,  fro m  a n  e n ti r ely diffe r e n t  q u a r t er, a  si mila r
hypo t h e sis  w a s  m a d e  ou t  for  hyp no tic  p h e no m e n a.

Jea n  M a r tin  Ch a r co t ,  t h e  r e now n e d  n e u rologis t  of t h e
Pa risia n  S alp e t rie r e ,  wi thou t  exac tly d e si ring  it,
w a s  led  in to  t h e  s t u dy of a r tificial so m n a m b ulis m
by his  c a r eful exp e ri m e n t s  in r ef e r e nc e  to  hys t e ria ,
a n d  e s p e ci ally by t h e  q u e s tion  of m e t allo th erapie ,
a n d  in t h e  ye a r  1 8 7 9  h a d  p r e p a r e d  s ui t a ble  d e m o ns t r a tions,
w hich  w e r e  given  in  p u blic lec t u r e s  a t  t h e  S alpe t ri e r e .  
In  t h e  following  ye a r s  h e  d evo t e d  hi m s elf to  close r
inves tig a tion  of t hi s  s u bjec t,  a n d  w a s  h a p pily a n d
skillfully a s sis t e d  by Dr. Pa ul Richer, wi t h  w ho m  w e r e
a s socia t e d  m a ny o t h e r  p hysicians ,  s uc h  a s  Bou r n eville,
Re g n a r d ,  Fe r e,  a n d  Bine t .   The  inves tig a tions
of t h e s e  m e n  p r e s e n t  t h e  p e c ulia ri ty t h a t  t h ey obs e rve
hyp no tis m  fro m  its  clinic al a n d  nosog r a p hic al sid e,
w hich  side  h a d  u n til no w  b e e n  e n ti r ely n e glec t e d ,  a n d
t h a t  t h ey obs e rve  p a tie n t s  of t h e  s t ro n g e s t  hys t e ric al
t e m p e r a m e n t s .   “If w e  c a n  r e a so n a bly a s s e r t
t h a t  t h e  hyp no tic  p h e no m e n a  w hich  d e p e n d  u po n  t h e
dis t u r b a n c e  of a  r e g ul a r  func tion  of t h e  o r g a nis m  d e m a n d
for  t h ei r  d evelop m e n t  a  p ec ulia r  t e m p e r a m e n t ,  t h e n
w e  s h all find  t h e  m os t  m a rk e d  p h e no m e n a  w h e n  w e  t u r n
to  a n  hys t e ric al p e r son.”
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The  infe r e n c e s  of t h e  Pa risia n  s chool u p  to  t his  ti m e
a r e  so m e w h a t  t h e  following,  b u t  t h ei r  r e s ul t s ,  b elonging
al mos t  e n ti r ely to  t h e  m e dic al side  of t h e  q u e s tion,
c a n  h ave  no  plac e  in t his  discus sion.   They divide
t h e  p h e no m e n a  of hys t e ro-hyp no tis m,  w hich  t h ey al so
c all gran d e  h y s t erie , in to  t h r e e  pl ainly s e p a r a ble
cla s s e s,  w hich  Ch a rco t  d e sig n a t e s  c a t al e psy, le th a r gy,
a n d  so m n a m b ulis m.

Ca t al e psy is p ro d uc e d  by a  s u d d e n  s h a r p  nois e,  o r
by t h e  sigh t  of a  b rig h tly gl e a ming  objec t .   I t
a l so  p ro d uc e s  it s elf in  a  p e r so n  w ho  is in a  s t a t e
of le t h a r gy, a n d  w hos e  eyes  a r e  op e n e d.   The  m o s t
s t riking  c h a r a c t e ris tic  of t h e  c a t al ep tic  con di tion
is im mo bility.  The  s u bjec t  r e t ains  eve ry  posi tion
in w hich  h e  is pl ac e d,  eve n  if it  is a n  u n n a t u r al
on e,  a n d  is only a ro u s e d  by t h e  a c tion  of s u g g e s tion
fro m  t h e  rigo r  of a  s t a t u e  to  t h e  h alf life of a n
a u to m a to n.   The  face  is exp r e s sionle ss  a n d  t h e
eye s  wide  op e n.   If t h ey a r e  clos e d,  t h e  p a ti e n t
falls  in to  a  le th a r gy.

In  t his  s econ d  con di tion,  b e hind  t h e  tigh tly clos e d
lids,  t h e  p u pils  of t h e  eye s  a r e  convulsively t u r n e d
u p w a r d.   The  bo dy is al mos t  e n ti r ely wi thou t  s e n s a tion
o r  pow e r  of t hou g h t .   Es p ecially c h a r a c t e ris tic
of le t h a r gy is t h e  hyp e r-excit a bili ty of t h e  n e rves
a n d  m u s cle s  (h y p er exci tabilit e  n e uro m u sc ulaire ),
w hich  m a nife s t s  i ts elf a t  t h e  sligh t e s t  to uc h  of a ny
objec t .   Fo r  ins t a n c e ,  if t h e  ex t e n so r  m u s cle s
of t h e  a r m  a r e  ligh tly to uc h e d,  t h e  a r m  s tiffens  im m e dia t ely,
a n d  is only m a d e  flexible  a g ain  by a  h a r d  r u b bing  of
t h e  s a m e  m u s cle s.   The  n e rve s  al so  r e a c t  in a
si mila r  m a n n er.  The  ir ri t a tion  of a  n e rve  t r u nk
no t  only con t r a c t s  all t h e  s m all n e rves  in to  w hich
it  b r a n c h e s ,  b u t  al so  all t hos e  m u s cle s  t h ro u g h  w hich
it  r u n s.

Fin ally, t h e  so m n a m b ulis tic  con di tion  p roc e e ds  fro m
c a t al epsy o r  fro m  le t h a r gy by m e a n s  of a  sligh t  p r e s s u r e
u po n  t h e  v er t ex , a n d  is p a r ticula rly s e nsi tive
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to  eve ry p sychical influe nc e.   In  so m e  s u bjec t s
t h e  eyes  a r e  op e n,  in o th e r s  clos e d.   H e r e ,  a l so,
a  sligh t  ir ri t a tion  p ro d u c e s  a  ce r t ain  a m o u n t  of r i go r
in t h e  m u s cle  t h a t  h a s  b e e n  to uc h e d,  b u t  i t do e s  no t
w e a k e n  t h e  a n t a go nis tic  m u s cle,  a s  in  le t h a r gy, no r
do es  it  vanis h  u n d e r  t h e  influe nc e  of t h e  s a m e  excit e m e n t
t h a t  h a s  p ro d uc e d  it.  In  o rd e r  to  p u t  a n  e n d  to
t h e  so m n a m b ulis tic  con dition,  on e  m u s t  p r e s s  sof tly
u po n  t h e  p u pil of t h e  eye,  u po n  w hich  t h e  s u bjec t
b eco m e s  le th a r gic, a n d  is e a sily ro u s e d  by b r e a t hing
u po n  hi m.   In  t his  e a r ly s t a g e ,  so m n a m b ulis m  a p p e a r s
ve ry infr e q u e n tly.

Ch a rco t’s sc hool al so  r e co g nize  t h e  exis t e nc e
of co m po u n d  con di tions,  t h e  his to ry of w hos e  sy m pto m s
w e  m u s t  no t  follow h e r e .   Thes e  sligh tly sk e t c h e d
r e s ul t s ,  a s  w ell a s  a  n u m b e r  of o t h e r  fac t s ,  w e r e  only
ob t ain e d  in  t h e  cou r s e  of s eve r al  ye a r s;  ye t  in 1 8 8 2
t h e  fund a m e n t al  inves tig a tions  of t his  sc hool w e r e
con sid e r e d  vi r t u ally conclud e d.   The n  Du mo n t-Pallier,
t h e  h e a d  of t h e  Pa risi an  H os pi t al  Pi tie,  c a m e  forw a r d
wi th  a  n u m b e r  of obs e rva tions,  d r a w n  al so  exclusively
fro m  t h e  s t u dy of hys t e ro-hyp notis m,  a n d  ye t  diffe ring
wid ely fro m  t hos e  r e a c h e d  by t h e  p hysicia ns  of t h e
S alp e t rie r e.   In  a  long  s e ri e s  of co m m u nica tions,
h e  h a s  give n  his  views,  w hich  h ave  in  t h ei r  t u r n  b e e n
violen tly a t t a ck e d,  e s p ecially by  M a g nin  a n d  Be rillon.  
I give  only t h e  m o s t  im po r t a n t  poin t s.
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Accor din g  to  t h e s e  m e n,  t h e  hyp e r-excit a bili ty of
t h e  n e rve s  a n d  m u s cle s  is p r e s e n t  no t  only in  t h e
le t h a r gic  con di tion,  b u t  in all t h r e e  p e riods; a n d
in o r d e r  to  p rove  t his,  w e  n e e d  only a p ply t h e  s ui t a bl e
r e m e dy, w hich  m u s t  b e  c h a n g e d  for  e a c h  p e riod  a n d  eve ry
s u bjec t.   Sligh t  ir ri t a tions  of t h e  skin  p rove
t his  m o s t  po w e rfully.  A d ro p  of w a r m  w a t e r  o r
a  r ay  of s u n s hin e  p ro d uc e s  con t r a c tions  of a  m u s cle
w hos e  skin  cove ring  t h ey touc h.

Du mo n t-Pallie r  a n d  M a g nin  a cc e d e  to  t h e  t h eo ry of
in t e r m e dia t e  s t a g e s ,  a n d  h ave  t r i ed  to  lay dow n  r ule s
for  t h e m  with  a s  g r e a t  exa c t n e s s  a s  Ch a rco t’s
sc hool.  They al so  a r e  ve ry d ecide d  a bo u t  t h e  t h r e e
p e riods,  w hos e  s ucc es sion  do es  no t  a p p e a r  to  t h e m
a s  fixed; b u t  t h ey di scove r e d  a  n e w  fund a m e n t al  law
w hich  r e g ula t e s  t h e  p ro d u c tion  a s  w ell a s  t h e  c e s s a tion
of t h e  con di tion—La caus e  q ui fai t,  d e fai t ;
t h a t  is, t h e  s tim ulus  w hich  p ro d uc e s  on e  of t h e  t h r e e
p e riods  n e e d s  only to  b e  r e p e a t e d  in o rd e r  to  do  a w ay
wi th  t h a t  con di tion.   F ro m  t his  t h e  following
dia g r a m  of hyp no tic  con di tions  is evolved:  

[Illus t r a tion]

And, fu r t h e r m o r e ,  Du mo n t-Pallie r  s hould  b e  conside r e d
a s  t h e  foun d e r  of a  s e ri e s  of exp e ri m e n t s ,  for  h e
w a s  t h e  fir s t  on e  to  s how  in a  d e cisive  m a n n e r  t h a t
t h e  d u ali ty of t h e  c e r e b r al  sys t e m  w a s  p rove d  by t h es e
hyp no tic  p h e no m e n a;  a n d  hi s  wo rks,  a s  w ell a s  t hos e
of M e s s r s.  Be rillon  a n d  Desco u r tis,  h ave  b ro u g h t  to
ligh t  t h e  following  fac t s:   U n d e r  hyp no tic  co n di tions,
t h e  p sychical a c tivi ty of a  b r ain  h e mis p h e r e  m ay b e
s u p p r e s s e d  wi tho u t  n ullifying  t h e  in t ellec t u al  a c tivity
o r  conscious n e s s .   Bot h  h e misp h e r e s  m ay  b e  s t a r t e d
a t  t h e  s a m e  ti m e  in diffe r e n t  d e g r e e s  of a c tivi ty;
a n d  also,  w h e n  t h e  g r a d e  is t h e  s a m e,  t h ey  m ay  b e
ind e p e n d e n tly t h e  s e a t  of p sychic al m a nife s t a tions
w hich  a r e  in t h ei r  n a t u r e s  e n ti r ely diffe r e n t .  
In  clos e  con n e c tion  wi th  t his  a n d  wi t h  t h e  w hole  doc t rin e
of h e mi-hyp no tis m,  w hich  is foun d e d  u po n  t h e s e  fac t s ,
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s t a n d  t h e  p h e no m e n a  of t ho u g h t  t r a n sfe r e n c e ,  w hich
w e  m u s t  consid e r  la t er.

As a n  a d di tion  to  t h e  inves tig a tions  of Ch a rco t  a n d
Du mo n t-Pallier, Br e m a u d,  in 1 8 8 4,  m a d e  t h e  discove ry
t h a t  t h e r e  w a s  a  fou r t h  hyp no tic  s t a t e ,  “fascin a tion,”
w hich  p r e c e d e d  t h e  t h r e e  o th e r s ,  a n d  m a nifes t e d  it s elf
by  a  t e n d e n cy to  m u s c ula r  con t r a c tions,  a s  w ell a s
t h ro u g h  s e n si tiven e s s  to  h allucina tion  a n d  s u g g e s tion,
b u t  a t  t h e  s a m e  tim e  left  to  t h e  s u bjec t  a  full conscious n e s s
of his  s u r ro u n dings  a n d  r e m e m b r a nc e  of w h a t  h a d  t ak e n
plac e.   Descou r tis,  in a d di tion,  p e r c eived  a  simila r
con di tion  in t h e  t r a n si tion  fro m  hyp notic  sle e p  to
w aking,  w hich  h e  c alled  d elire  pos t h y p no tiqu e ,
a n d ,  ins t e a d  of u sing  t h e  wo r d  “fascin a tion”
to  exp r e s s  t h e  op e ning  s t a g e ,  h e  s u b s ti t u t e d  “c ap t a tion.” 
Accor din g  to  hi m,  t h e  di a g r a m  would  b e  t h e  following:  

[Illus t r a tion]

This  w hole  m ove m e n t,  w hich  I h ave  t r i e d  to  ske t c h,
a n d  w hos e  c hief p e c ulia ri ty is t h a t  it  conside r s  hyp no tis m
a  n e rvous  m al a dy, a n d  on e  t h a t  m u s t  b e  t r e a t e d  clinically
a n d  nosog r a p hically, w a s  op pos e d  in 1 8 8 0  in two  di r ec tions—on e
so u rc e  of op posi tion  p ro d ucing  g r e a t  r e s ul t s,  w hile
t h e  o t h e r  fell to  t h e  g ro u n d.   The  la t t e r  joine d
its elf to  t h e  t h eo ry of t h e  m e s m e ris t s ,  a n d  t r i e d,
by  m e a n s  of exa c t  exp e ri m e n t s,  to  m e a s u r e  t h e  fluid
e m a n a tin g  fro m  t h e  h u m a n  body—a n  u n d e r t a king
w hich  g ave  sligh t  p ro mis e  of a ny s a ti sfac to ry r e s ul t .
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Baillif in his  t h e sis  (187 8) a n d  Ch evilla r d  in  his
(for  s pi ri t u alis t s)  ve ry in t e r e s ting  books,  t ri ed,
by  m e a n s  of va rious  a r g u m e n t s ,  to  u p hold  t h e  fluidic
expla n a tion.   Des pine  al so  t ho u g h t  t h a t  by its
h elp  h e  h a d  b e e n  a ble  to  explain  t h e  p h e no m e n a;  b u t
it  w a s  Ba r e ty w ho,  in t h e  ye a r  1 8 8 1,  fir s t  t u r n e d
g e n e r al  a t t e n tion  in t his  di r e c tion.   Acco rding
to  hi m,  m a nkind  poss e s s e s  a  n e rv e  forc e  w hich  e m a n a t e s
fro m  hi m  in diffe r e n t  kinds  of s t r e a m s.   Thos e
co ming  fro m  t h e  eyes  a n d  fing e r s  p rod uc e  ins e n sibili ty
to  p ain,  w hile  t hos e  g e n e r a t e d  by  t h e  b r e a t h  c a u s e
hyp no tic  con di tions.   This n e rve  forc e  go e s  ou t
in to  t h e  e t h er, a n d  t h e r e  ob eys  t h e  laws  t h a t  gove r n
ligh t ,  b eing  b rok e n  in to  s p e c t r a ,  e t c .

Cla u d e  Pe r ro n n e t  h a s  m o r e  la t ely a dva nc e d  simila r
views,  a n d  hi s  g r e a t e s t  wo rk  is no w  in p r e s s .  
F r e d e rick  W.H.  Mye r s  a n d  Ed m u n d  Gur n ey sy m p a t hize
wi th  t h e s e  views, a n d  t ry to  u ni t e  t h e m  wit h  t h e  m e s m e ri s t
doc t rine  of p e r so n al  influe nc e  a n d  t h ei r  t h eo ry of
t ele p a t hy.  The  t hi rd  ch a m pion  in E n gla n d  of hyp no tis m,
P rof.  H a ck  Tuke,  on  t h e  con t r a ry, sy m p a t hize s
e n ti r ely wi th  t h e  Pa risian  sc hool, only diffe ring
fro m  t h e m  in t h a t  h e  h a s  exp e ri m e n t e d  wi th  s a tisfac to ry
r e s ul t s  u po n  h e al t hy s u bjec t s.   In  F r a n c e  t his
view h a s  la t ely b e e n  a c c e p t e d  by  Dr. Bot t ey, w ho  r e cog nizes
t h e  t h r e e  hyp no tic  s t a g e s  in h e al thy p e r so ns,  b u t
h a s  obs e rve d  o t h e r  p h e no m e n a  in t h e m,  a n d  veh e m e n tly
oppos es  t h e  conc e p tion  of hyp no tis m  a s  a  m ala dy. 
His  exc elle n tly w ri t t e n  book is p a r ticul a rly co m m e n d e d
to  t hos e  w ho  wis h  to  exp e ri m e n t  in t h e  s a m e  m a n n e r
a s  t h e  F r e nc h  inves tiga tor, wi thou t  u sing  hys t e ric al
s u bjec t s .

The  s e con d  cou n t e r  c u r r e n t  t h a t  op pos e d  it self to
t h e  F r e n c h  n e u ro p a t hologis t s ,  a n d  p rod uc e d  t h e  m o s t
las ting  im p r e s sion,  is exp r e s s e d  by t h e  m a gic  wor d
“sug g e s tion.”  A g e n e r a tion  a go,  Dr.
Lieb a ul t ,  t h e  p a ti e n t  inves tiga to r  a n d  skillful p hysicia n,
h a d  e n d e avo r e d  to  m a k e  a  r e m e di al u s e  of s u g g e s tion
in hi s  clinic  a t  N a n cy.  Ch a rl es  Rich e t  a n d  o t h e r s
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h ave  since  r efe r r e d  to  it,  b u t  P rofe sso r  Be r n h ei m
w a s  t h e  fir s t  on e  to  d e m o n s t r a t e  it s  full significa nc e
in t h e  r e al m  of hyp no tis m.   According  to  hi m,
s u g g e s tion—t h a t  is, t h e  influe nc e  of a ny
ide a,  w h e t h e r  r e c eive d  t h ro u g h  t h e  s e n s e s  o r  in a
hyp e r s e n sible  m a n n e r  (s u g g e s tion  m e n tale )—is
t h e  key to  all hyp no tic  p h e no m e n a.   H e  h a s  no t
b e e n  a ble  in a  single  c a s e  to  ve rify t h e  bo dily p h e no m e n a
of gran d e h y p notis m e  wi thou t  finding  s u g g e s tion
t h e  p ri m a ry  c a u s e ,  a n d  on  t his  a ccou n t  d e nies  t h e
t r u t h  of t h e  a s s e r t e d  p hysical c a us e s .   Be r n h ei m
s ays  t h a t  w h e n  t h e  in t e n s e  exp e c t a n c e  of t h e  s u bjec t
h a s  p ro d uc e d  a  co m plian t  con di tion,  a  p e c ulia r  c a p a city
is d evelop e d  to  c h a n g e  t h e  ide a  t h a t  h a s  b e e n  r e c eive d
into  a n  a c tion  a s  w ell a s  a  g r e a t  a c u t e n e s s  of a cc e p t a tion,
w hich  tog e t h e r  will p ro d uc e  all t hos e  p h e no m e n a  t h a t
w e  s ho uld  c all by t h e  n a m e  of “p a t hological
sle e p,” sinc e  t h ey  a r e  only s e p a r a ble  in  a  g r a d u al
w ay fro m  t h e  o r din a ry sle e p  a n d  d r e a m  con di tions.  
Be r n h ei m  is p a r tic ula rly s t r e n uo u s  t h a t  p sychology
s ho uld  a p p e a r  in t h e  for e g ro u n d  of hyp no tis m,  a n d
on  t hi s  poin t  h a s  b e e n  s t ron gly u p h eld  by  m e n  like
P rofes so r s  Be a u nis  a n d  Rich e t .
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The  possibility of s u g g e s tion  in  w aking  con di tions,
a n d  also  a  long  tim e  af t e r  t h e  sl ee p  h a s  p a s s e d  off
(s u g g e s tions  pos t h y p no tiqu e s  ou  s u g g e s tions  a (long u e)
e c h ea nc e ), a s  w ell a s  t h e  r e m a rk a ble  c a p a city
of s u bjec t s  to  c h a n g e  t h ei r  p e r so n ali ty (c ha n g e m e n t
d e  la p erson nali t e  objec tiva tion  d e s  t y p e s ), h ave
b e e n  m a d e  t h e  s u bjec t  of c a r eful inves tig a tion.  
The  volun t a ry  p ro d uc tion  of bl e e din g  a n d  s tig m a t a
t h ro u g h  s pi ri t u al  influe nc e  h a s  b e e n  a s s e r t e d ,  p a r ticula rly
by M e s s r s.  Tocac hon,  Bour r u,  a n d  Buro t .   The  judicial
significa nc e  of s u g g e s tion  h a s  b e e n  disc uss e d  by P rofe sso r
Lieg eois  a n d  Dr. Lad a m e.   P rofes so r  Pi t r e s  in
Bord e a ux is on e  of t h e  s u g g e s tionis t s ,  t hou g h  diffe ring
in m a ny  poin t s  fro m  t h e  N a n cy sc hool.

This  w hole  t e n d e ncy b ring s  in to  p ro min e n c e  t h e  p syc hical
influe nc e ,  w hile  it d e nie s  t h e  p ro d u c tion  of t h e s e
r e s ul t s  fro m  p u r ely p hysical p h e no m e n a,  e n d e avo ring
to  explain  t h e m  in a  diffe r e n t  m a n n er.  Thes e
expla n a tions  c a r ry  u s  in to  t wo  r e al m s,  t h e  fir s t  of
w hich  h a s  b e e n  la t ely op e n e d,  a n d  a t  p r e s e n t  s e e m s
to  a bo u n d  m o r e  in e nig m a s  t h a n  in solu tions.

M e tallot h erapie , w hich  w a s  c alled  in to  exis t e nc e
by Dr. Bu r g,  a n d  fu r t h e r  ext e n d e d  by Dr. Gelle, con t ains
a  s p e cial poin t  of in t e r e s t—t h e  so-c alled
t r a n sfe r e nc e  in t h e  c a s e  of hys t e ric ally o r  hyp no tic ally
affec t e d  p e r sons.   Tra n sfe r e nc e  is c a us e d  by el ec t ro-m a g n e tis m,
w hich  h a s  t his  p ec ulia ri ty—t h a t  in t h e  c a s e
of s p eci ally s e n si tive  p e r sons  it c a n  t r a n sfe r  t h e
bodily affec tion  fro m  left  to  r ig h t ,  a n d  vice  v ersa . 
The  t r a n sfe r e n c e  of p a r alysis, t h e  c u r e s  a t t e m p t e d
on  t hi s  pl a n,  a n d  t h e  so-c alled  “psychical t r a n sfe r e nc e ,”
w hich  con t ain s  s p e ci al in t e r e s t  for  g r a p hologis t s ,
a r e  a t  t h e  p r e s e n t  t im e  s till op e n  q u e s tions,  a s  w ell
a s  t h e  clos ely con n e c t e d  t h eo ry of h u m a n  pola ri ty;
a n d  t h e  odic exp e ri m e n t s  of Dr. Ch aza r ain  a r e  yet
w ai ting  for  t h ei r  confi r m a tion.   At p r e s e n t  t h e
p ro ble m  of t h e  co n n e c tion  b e t w e e n  m a g n e tis m  a n d  hyp no tis m
is u n d e r  inves tig a tion,  a n d  in s uc h  a  m a n n e r  t h a t
w e  m ay ho p e  for  a  s p e e dy solu tion.
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S till s t r a n g e r  t h a n  t h e s e  r e po r t s  a r e  t h e  a cco u n t s
of t h e  dis t a n t  op e r a tion  of c e r t ain  bodie s;  a t  lea s t ,
t h ey  s e e m  s t r a n g e  to  t hos e  u n a c q u ain t e d  wi t h  p syc ho m e t ry
a n d  t h e  lit e r a t u r e  of t h e  p a s t  ce n t u ry  r el a tin g  to
t his  s u bjec t .   Two p hysician s  in Roc h efor t ,  P rofes so r s
Bour r u  a n d  Buro t ,  in t r e a tin g  a  hys t e ro-e pilep tic  p e r so n,
foun d  t h a t  gold,  eve n  w h e n  a t  a  dis t a nc e  of fift ee n
c e n ti m e t e r s ,  p ro d u c e d  in hi m  a  feeling  of u n b e a r a ble
h e a t .   They con tinu e d  t h e s e  exp e ri m e n t s  wit h  g r e a t
c a r e ,  a n d,  af t e r  a  n u m b e r  of t r i als, c a m e  to  t his
conclusion—t h a t  in so m e  p e r so ns  c e r t ain
s u b s t a n c e s,  eve n  w h e n  c a r efully s e p a r a t e d  fro m  t h e m
by long  dis t a n c e ,  exe rcis e  exac tly t h e  s a m e  p hysiological
influe nc e  a s  if in t ro d uc e d  in to  t h ei r  o r g a nis m.  
In  o r d e r  to  explain  t h e s e  p h e no m e n a,  t h ey r efe r  to
t h e  r a di a ting  forc e  of Ba r e ty, a n  expla n a tion  n ei t h e r
s a tisfac to ry to  t h e m s elves  no r  to  o t h e r s.   La t ely
t h e  dis ting uis h e d  Pa risia n  p hysicia n,  Dr. Luys,  h a s
confi r m e d  by his  exp e ri m e n t s  t h e  exis t e nc e  of t h e s e
p h e no m e n a,  b u t  h e  t hinks  t h e  expla n a tion  r ef e r a ble
to  hyp e r-s e n si tiven es s  of t h e  “regions  e m o tive s
e t  in t ellec t u elle s  d e  l’ence p hale ”
ye t  eve n  h e  h a s  no t  r e ac h e d  t h e  ke r n el of t h e  difficul ty.
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In  clos e  con n e c tion  wi th  a c tion  a t  a  dis t a nc e  is t h e
q u e s tion  of dis t a n t  p ro d u c tion  of hyp no tic  sl ee p.  
For  a n  a n s w e r  to  t his  p ro ble m,  t h ey  a r e  exp e ri m e n tin g
in bo t h  F r a nc e  a n d  E n gla n d;  a n d  F r e d e rick  W.H. 
Mye r s  h a s  t h row n  a n  e n ti r ely n e w  ligh t  u po n  t h e  s u bjec t
by  t h e  inves tig a tions  h e  is m a kin g  u po n  a  p u r ely exp e ri m e n t al
b a sis .  In  It aly t h ey  h ave  limi te d  t h e m s elves
to  t h e  s t u dy of isola t e d  c a s e s  of hys t e ro-hyp notis m,
exc e p t  a s  t h e  p h e no m e n a  of m a g n e tic  fascina tion  inves tig a t e d
by Don a to  h ave  give n  ri s e  to  fu r t h e r  r e s e a r c h;  b u t
all t h e  books  I h ave  s e e n  u po n  t hi s  s u bjec t,  a s  w ell
a s  m a ny by F r e n c h  a u t ho r s ,  s uffe r  fro m  igno r a nc e  of
t h e  la t e s t  E n glish  di scove rie s.

With  t hi s  I t hink  t h a t  I h ave  give n  a  sligh t  ou tline
of t h e  his to ry of hyp no tic  inves tig a tion  to  t h e  e n d
of t h e  yea r  1 8 8 6.   I s h all a t t e m p t  a  c ri ticis m
of t his  w hole  m ove m e n t  a t  so m e  ot h e r  ti m e,  a s  s p a c e
is no t  affor d e d  to  m e  h e r e ;  b u t  I s hould  like  to  m a k e
t his  s t a t e m e n t  now, t h a t  two  of t h e  ch a r ac t e ri s tic
indica tions  of t his  p e riod  a r e  of t h e  g r av es t  impor t—firs t
t h e  m e t ho d  ("Our  wo rk,” s ays  Rich e t ,  “is
t h a t  of s t ric tly scie n tific t e s ting , obs ervation ,
a n d  arrang e m e n t "); a n d,  s e con dly, t h e  r e s ul t.  
Hyp notis m  h a s  b e e n  r e c eived  in to  t h e  r e al m  of scie n tific
inves tig a tion,  a n d  wi th  t his  t h e  foun d a tion  of a  t r u e
exp e ri m e n t al  p sychology h a s  b e e n  laid.

MAX DESSOIR.

*       *       *       *  
    *

THE DUODENUM:  A SIPHON TRAP.

By MAYO COLLIER, M.S.  Lond., F.R.C.S.  En g.;
S e nio r  Assis t a n t  S u r g eo n,  No r t h-West  London  Hos pi t al;
Assis t a n t  De mo ns t r a to r  of Anato my, London  H os pi t al
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M e dic al Colleg e.

We m ay  t ak e  it  for  g r a n t e d  t h a t  all g a s e s  g e n e r a t e d
in t h e  jejun u m,  ileu m,  a n d  la r g e  in t e s tine s  p a s s  onw a r d
tow a r d  t h e  a n u s,  a n d  t h e r e  soon e r  o r  la t e r  e s c a p e.  
Fe tid  g a s e s—exc e p t  t hos e  g e n e r a t e d  in t h e
s to m a c h  a n d  d uod e n u m—n eve r  p a s s  u p w a r d ,
no t  ev e n  d u rin g  vomiting  d u e  to  h e r ni a,  obs t r u c tion,
a n d  o th e r  c a u s e s .   P hysiologis t s ,  it wo uld  a p p e ar,
h ave  n eve r  b u sie d  t h e m s elves  to  find  a n  expla n a tion
for  t his  a p p a r e n t  b r e a c h  of t h e  laws  of g r avity. 
The  in t e s tin al c a n al  is a  t u b e  wi th  va rious  dila t a tions
a n d  cons t ric tions,  b u t  a t  no  s po t  exc e p t  t h e  pylo r us
do es  t h e  cons t ric tion  co m ple t ely oblit e r a t e  t h e  lu m e n
of t h e  t u b e ,  a n d  h e r e  only p e riodically.  I t  is
p e rfec tly evide n t ,  t h e n ,  t h a t ,  u nl e s s  so m e  sys t e m
of t r a p  exis t s  in  t h e  c a n al, g a s e s  a r e  fre e  to  t r avel
fro m  b elow u p w a r d  in ob e die nc e  to  t h e  law s  of g r avi ty,
a n d  would,  a s  a  m a t t e r  of fac t,  soon e r  o r  la t e r  do
so.  F ro m  t h e  s t r aigh t ,  cou r s e  a n d  ve r tical posi tion
of t h e  oesop h a g u s,  a  ve ry sligh t  p r e s s u r e  of g a s  in
t h e  s to m a c h  e a sily ove rco m e s  t h e  closu r e  of it s  c a r di ac
s p hinc t e r  a n d  allows  of e sc a p e.   Wh e n  t h e  s to m a c h
h a s  dige s t e d  it s  con t e n t s  a n d  t h e  pylo rus  is r el axe d,
g a s e s  g e n e r a t e d  in t h e  d uo d e n u m  c a n  a n d  do  a sc e n d
into  t h e  s to m a c h  a n d  so  e sc a p e.   N o r m ally, no
fe tid  g a s e s  a r e  g e n e r a t e d  in t h e  s to m a c h  o r  d uo d e n u m.  
If w e  follow t h e  cou r s e  of t h e  in t e s tin e s  dow n,  w e
find  t h a t  t h e  d uo d e n u m  p r e s e n t s  a  r e m a rk a ble  c u rve.
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N ow, t h e r e  a r e  so m e  poin t s  of g r e a t  in t e r e s t  in  con n e c tion
wi th  t his  r e m a rk a ble,  al mos t  ci rcul ar, cu rve  of t h e
d uod e n u m.   In  t h e  fi r s t  plac e ,  t his  cu rve  is a
con s t a n t  fea t u r e  in  all m a m m alia ns.   Mr. Treves
s ays  i t is on e  of t h e  m os t  cons t a n t  fea t u r e s  in t h e
a n a to my of t h e  in t e s tine s  in m a n,  a n d,  s p e a king  of
m a m m alia ns  in g e n e r al, t h a t  t h e  c u rve  of t h e  d uod e n u m
va rie s  in  s h a p e,  b u t  is n eve r  a b s e n t ,  b e co ming  m o r e
co m plex in so m e  of t h e  high e r  p ri m a t e s ,  b u t  s eldo m
less  dis tinc t  t h a n  in  m a n.   In  bi rd s  t h e  d uo d e n u m
alw ays  for m s  a  long  loop  e m b r a cing  t h e  p a n c r e a s .

A s eco n d  poin t  of g r e a t  in t e r e s t  is t h e  a b solu t e  cons t a ncy
a n d  fixation  of it s  t e r min al po r tion  a t  t h e  poin t
of junc tion  wi t h  t h e  jejun u m,  m o r e  co r r e c tly t e r m e d
s eco n d  a sc e n din g  o r  fou r t h  po r tion.   Mr. Treves
s ays  t h a t  t his  fou r t h  po r tion  is n eve r  less  t h a n  a n
inch,  a n d  is p r a c tically cons t a n t .   I t  ex t e n d s
alon g  t h e  side  of t h e  left  c r u s  of t h e  di a p h r a g m  op posi t e
t h e  s econ d  lum b a r  ve r t e b r a ,  a n d  is t h e r e  firmly fixed
to  t h e  fron t  of t h e  ao r t a  a n d  c r u s  of t h e  dia p h r a g m
by a  s t ro n g  fib ro-m u s c ula r  b a n d,  slinging  it  u p  a n d
a b solu t ely r e t aining  it in posi tion.   This  b a n d
h a s  b e e n  t e r m e d  t h e  “m usc ulus  s u s p e n so riu s  d uo d e ni,”
b u t  is c hiefly co m pos e d  of w hi t e  fib rous  t i s s u e ,  a n d
is m o r e  of t h e  n a tive  of a  liga m e n t  t h a n  a  m u s cle.  
This  liga m e n t  is alw ays  p r e s e n t ,  a n d  it s  posi tion
is n eve r  al t e r e d .   The  c u rve  of t h e  d uo d e n u m  m ay
d e sc e n d  a s  fa r  a s  t h e  iliac  foss a ,  b u t  t h e  t e r min al
po r tion  is alw ays  m ain t ain e d  by t his  b a n d  in it s  no r m al
posi tion.

Anot h e r  poin t  of g r e a t  cons t a ncy is t h e  posi tion  of
t h e  p a nc r e a s  a n d  its  r el a tion  to  t h e  cu rve  of t h e
d uod e n u m.   The  d uo d e n u m  alw ays  c u rve s  ro u n d  t h e
h e a d  of t h e  p a nc r e a s  a n d  is, a s  it w e r e ,  m o uld e d  on
it  a n d  r e t ain e d  in posi tion  by  it.   In  bi r d s  t h e
d uod e n u m  alw ays  for m s  a  long  loop  e m b r a cin g  t h e  p a nc r e a s .  
F u r t h er, t h e  d uc t s  of t h e  live r  a n d  p a nc r e a s  alw ays
op e n  in to  t h e  ce n t e r  Of t h e  d uo d e n u m,  ei t h e r  s e p a r a t ely
o r  by  a  co m m o n  op e ning.

132



[Illus t r a tion]

N ow, t h e  a b solu t e  cons t a n cy of t h e  c u rve  of t h e  d uo d e n u m,
t h e  co m ple t e  fixa tion  of it s  fou r t h  po r tion,  t h e  posi tion
of t h e  p a nc r e a s ,  a n d  t h e  pl ac e  of e n t ry  of t h e  d u c t s
of t h e  p a nc r e a s  a n d  liver, a r e  all co m po n e n t  p a r t s
of a  sipho n  t r a p ,  w h e r e by g a s e s  g e n e r a t e d  b elow t h e
d uod e n u m  a r e  p r eve n t e d  fro m  p a s sing  u p w a r d.   A
r efe r e n c e  to  t h e  a cco m p a nying  di a g r a m s  will m a k e  t his
q ui t e  cle ar.  A is a  dia g r a m  of a  sipho n  t r a p
copied  fro m  Pa rk es’ hygie n e .   B is a  ve ry
dia g r a m m a tic  ou tline  of t h e  s to m a c h  a n d  d uod e n u m,
a  is in t e n d e d  to  m a rk  t h e  posi tion  of t h e  fib rous
b a n d,  o r  m u s c ulus  s u s p e n so rius  d uo d e ni; a n d  b
t h e  posi tion  of e n t ry  of t h e  d uc t s  of t h e  live r  a n d
p a n c r e a s.   The  d uo d e n u m,  t h e n,  is a  siphon  t r a p,
a n d  a  m o s t  efficien t  on e .   N ow, t h e  efficiency
of a  sipho n  t r a p  d e p e n d s  no t  only on  it s  s h a p e,  b u t
w h a t  is a b solu t ely e s s e n ti al is t h a t  t h e  cu rve  m u s t
b e  ke p t  cons t a n tly full of fluid, wi tho u t  w hich  it
c e a s e s  to  b e  a  t r a p,  a n d  wo uld  allow g a s e s  to  a s c e n d
fre ely.  The  posi tion  of t h e  pl ac e  of e n t ry  of
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t h e  d uc t s  of t h e  p a nc r e a s  a n d  live r  a s s u r e s  t h a t  t his
sin e  q ua  no n  s h all b e  p r e s e n t .   The  disc h a r g e
of t h e  s e c r e tions  of t h e  p a n c r e a s  a n d  liver, al t hou g h
m o r e  a c tive  d u ring  a n d  af t e r  fee ding,  is p r a c tic ally
con s t a n t ,  a n d  so  insu r e s  in a n  a d mi r a ble  m a n n e r  t h a t
t h e  cu rve  on  w hich  t h e  efficie ncy of t h e  t r a p  d e p e n d s
s h all b e  cons t a n tly ke p t  full no t  only wi t h  fluid,
b u t ,  a s  I wo uld  s u g g e s t ,  a n ti se p tic  fluid.   The r e
is no  o th e r  t r a p  in t h e  in t e s tin al c a n al, b u t  t h e
p ec ulia r  posi tion  of t h e  colon  wo uld  no  do u b t  h av e
m o r e  o r  less  effec t  in p r eve n ting  g a s e s  a s c e n din g  t h ro u g h
t h e  ileo-c a e c al  valve.—Lanc e t .
*       *       *       *  
    *

WISCONSIN CRANBERRY CULTURE.

Among  t h e  m a ny t hou s a n d s  of w ell info r m e d  p e r so ns
wi th  w ho m  t h e  c r a n b e r ry  is a  s t a ple  a r ticle  of food
t h ro u g ho u t  t h e  a u t u m n  a n d  win t er, a n d  w ho  e s p eci ally
d e rive  fro m  its  p u n g e n t  flavor  s h a r p  r elish  for  t h ei r
Tha nks giving  a n d  Ch ris t m a s  t u rk ey, no t  on e  in t e n  h a s
a ny d efini t e  ide a  a s  to  w h e r e  t h e  d elicious  frui t
co m e s  fro m, o r  of t h e  m e t ho d  of g ro wing  a n d  h a rves ting
it.  Mos t  p eople  a r e ,  how ever, a w a r e  t h a t  it is
r ais e d  on  lit tle  “t r uck  p a t c h e s” so m e w h e r e
dow n  in N e w  Jer s ey o r  a bo u t  Ca p e  Cod,  a n d  so m e  h av e
h e a r d  t h a t  it  is gl e a n e d  fro m  t h e  s w a m p s  in t h e  Fa r
West  by  India n s  a n d  s hipp e d  to  m a rk e t  by w hi t e  t r a d e r s .  
Bu t  to  t h e  g r e a t  m ajo ri ty i t s  r e al  hi s to ry is u nk now n.

Yet t h e  c r a n b e r ry  c ul tu r e  is a n  indus t ry  in  w hic h
millions  of dolla r s  a r e  inves t e d  in t his  cou n t ry,
a n d  it  gives  e m ploym e n t,  for  a t  le a s t  a  po r tion  of
e a c h  ye ar, to  m a ny t ho us a n d s  of p e ople.   In  t h e
E a s t ,  w h e r e  t h e  value  of a n  a c r e  of eve n  s w a m p  land
m ay r u n  u p  in to  t h e  t ho us a n d s  of dolla r s ,  a  c r a n b e r ry
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m a r s h  of five o r  t e n  a c r e s  is conside r e d  a  la r g e  on e,
a n d,  c ul tiva t e d  in t h e  c a r eful, fru g al s tyle  in vogu e
t h e r e ,  m ay  yield  it s  ow n e r  a  h a n d so m e  yea rly inco m e.  
But  in t h e  g r e a t ,  bo u n dle ss  Wes t,  w h e r e  land,  a n d
m o r e  e s p ecially s w a m p  land,  m ay b e  h a d  for  fro m  $ 1
to  $ 5  a n  a c r e ,  w e  do  t h e s e  t hings  diffe r e n tly, if no t
b e t t er.

The  S t a t e  of Wisconsin  p ro d uc e s  n e a rly on e-h alf of
t h e  c r a n b e r ri e s  a n n u ally g row n  in t h e  U ni t e d  S t a t e s .  
The r e  a r e  m a r s h e s  t h e r e  cove ring  t ho us a n d s  of a c r e s ,
w h e r eo n  t his  frui t  g ro w s  wild, h aving  do n e  so  eve n
a s  fa r  b ack  a s  t h e  old es t  t r a di tion  of t h e  n a tive  r e d
m a n  ext e n d s.   In  m a ny c as es  t h e  land  on  w hich
t h e  b e r ri es  g ro w  h a s  b e e n  bo u g h t  fro m  t h e  gove r n m e n t
by individu als  o r  fi rm s,  in vas t  t r ac t s ,  a n d  t h e  g ro wt h
of t h e  frui t  p ro mot e d  a n d  e ncou r a g e d  by a  sys t e m  of
dikes  a n d  d a m s  w h e r e by t h e  effec t s  of d ro u g h t s,  fros t,
a n d  h e avy r ainfalls  a r e  cou n t e r a c t e d  to  al mos t  a ny
ex t e n t  d e si r e d .   So m e  of t h e s e  holdings  a g g r e g a t e
m a ny  t ho us a n d s  of a c r e s  u n d e r  a  single  ow n e r s hip; a n d
af t e r  a  m a r s h  of t his  vas t  ex t e n t  h a s  b e e n  t ho rou g hly
di tc h e d  a n d  good  b uildings,  w a t e r  wo rks,  e t c .,
a r e  e r e c t e d  on  it,  it s  value  m ay  r e a c h  m a ny  t ho us a n d s
of dolla r s,  w hile  t h e  o rigin al cos t  of t h e  land  m ay
h ave  b e e n  m e r ely no min al.
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Lar g e  po r tions  of Jackson,  Wood, Mon ro e,  M a rin e t t e ,
Jun e a u,  a n d  Gre e n  co u n ti es  a r e  n a t u r al  c r a n b e r ry m a r s h e s.  
The  Wisconsin  Valley division  of t h e  Chic a go, Milw a uk e e
& S t .  Pa ul Railw ay r u n s  t h ro u g h  a  clos ely con tinuo us
m a r s h,  for ty miles  long  a n d  n e a rly a s  wid e,  a s  level
a s  a  floor, w hich  is a n  al mos t  u n b rok e n  s e ri e s  of
c r a n b e r ry  fa r m s.   The  India n s,  w ho  inh a bi t e d  t his
cou n t ry  b efor e  t h e  w hi t e  m a n  c a m e,  u s e d  to  co n g r e g a t e
h e r e  eve ry fall, m a ny  of t h e m  t r av eling  s eve r al  h u n d r e d
miles,  to  lay in t h ei r  win t e r  s u p ply of b e r ri e s.  
M a ny t ho us a n d s  of b a r r el s  a r e  now  a n n u ally s hip p e d
fro m  t his  r e gion; a n d  t h u s  t his  va s t  a r e a ,  w hic h  to
t h e  s t r a n g e r  looking  u po n  it would  a p p e a r  u t t e rly
wo r t hl e s s,  is a s  valu a ble  a s  t h e  ric h e s t  fa r min g  lan ds
in t h e  S t a t e .

In  a  few ins t a nc es ,  ho w ever, t his  frui t  is c ul tiva t e d
in Wisconsin  in a  s tyle  simila r  to  t h a t  p r a c tic e d
in t h e  E a s t;  t h a t  is, by  p a ring  t h e  n a t u r al  sod  fro m
t h e  bo g,  cove rin g  t h e  e a r t h  to  a  d e p t h  of t wo  o r  t h r e e
inch es  wi th  s a n d,  a n d  t h e n  t r a n s pla n tin g  t h e  vines
in to  soil t h u s  p r e p a r e d .   The  w e e d s  a r e  t h e n  ke p t
dow n  for  a  ye a r  o r  t wo,  w h e n  t h e  vines  t ak e  full poss e s sion
of t h e  soil, a n d  fu r t h e r  a t t e n tion  is u n n e c e s s a ry. 
The  n a t u r al  “s t a n d” of t h e  vines  in t h e
sod  is so  p ro d uc tive,  ho w ever, a n d  t h e  ex t e n t  of cou n t ry
ove r  w hic h  bo u n tiful n a t u r e  h a s  dis t r ibu t e d  t h e m  so
vas t ,  t h a t  few op e r a to r s  h ave  t hou g h t  it n e c e s s a ry
to  incu r  t h e  exp e n s e  of s p e ci al c ul tu r e .

On e  of t h e  b e s t  a n d  m os t  p e rfec tly e q uipp e d  m a r s h e s
in Wisconsin  is ow n e d  by Mr. G.B.  S ack e t t ,  of
Be rlin.  I t  is si t u a t e d  fou r  miles  no r t h  of t h a t
villag e ,  a n d  co m p ris e s  1,6 0 0  a c r e s ,  n e a rly all of w hic h
is a  ve ri t a ble  bog,  a n d  is cove r e d  wi th  a  n a t u r al
a n d  luxu ria n t  g ro wt h  of c r a n b e r ry  vines .   A c a n al
h a s  b e e n  c u t  fro m  t h e  Fox Rive r  to  t h e  sou t h e r n  limit
of t h e  m a r s h ,  a  di s t a nc e  of 4 ,40 0  ft.  I t  is 4 5
ft. wid e,  a n d  t h e  w a t e r  s t a n ds  in it  to  a  d e p t h  of
nin e  fee t ,  s ufficien t  to  floa t  fai r  size d  s t e a m bo a t s.  
At t h e  in t e r s e c tion  of t h e  c a n al  wi th  t h e  m a r s h  s t e a m
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w a t e r  wo rks  h ave  b e e n  e r ec t e d,  wit h  flood  g a t e s  a n d
d a m s  by m e a n s  of w hich  t h e  e n ti r e  m a r s h  m ay  b e  floode d
to  a  d e p t h  of a  foot  o r  m o r e  w h e n  d e si r e d.   The r e
a r e  t wo  e n gin e s  of 1 5 0  ho r s e  po w e r  e ac h,  a n d  t wo  p u m p s
t h a t  a r e  c a p a ble  of r aising  8 0,00 0  g allons  p e r  mi n u t e.

Whe n,  in e a r ly a u t u m n,  t h e  m e t eo rologic al con di tions
indica t e  t h e  a p p ro a c h  of fros t,  t h e  p u m p s  m ay h e  p u t
to  wo rk  in t h e  af t e r noon  a n d  t h e  b e r ri e s  b e  effec t u ally
cove r e d  by w a t e r  a n d  t h u s  p ro t ec t e d  b efor e  nigh tfall. 
At s u n ri s e  t h e  g a t e s  a r e  op e n e d  a n d  t h e  w a t e r  allow e d
to  r u n  off a g ain,  so  t h a t  t h e  picke r s  m ay  p roc e e d
wi th  t h ei r  wo rk.   The  m a r s h  is flood e d  to  a  d e p t h
of a bo u t  t wo  fee t  a t  t h e  b e gin ning  of e a c h  win t e r
a n d  allow e d  to  r e m ain  so  u n til s p ring,  t h e  h e avy body
of ice  t h a t  for m s  p r eve n ting  t h e  u p h e av al t h a t  wo uld
r e s ul t  fro m  fre ezing  a n d  t h a wing—a  n a t u r al
p roc e s s  w hich,  if p e r mi t t e d ,  wo rks  inju ry to  t h e  vines.

The r e  is a  t h r e e-s to ry w a r e ho us e  on  t h e  m a r s h,  wi th
a  c a p a ci ty of 2 0,00 0  b a r r els  of b e r ri es ,  a n d  fou r
la rg e  t wo-s to ry ho u s e s  c a p a ble  of fu r nis hing  s h el t e r
for  1 ,50 0  picke r s.   The  s u p e rin t e n d e n t’s
r e sid e nc e  is a  co mfo r t a bl e  co t t a g e  ho u s e ,  s u r ro u n d e d
by gi a n t  oaks  a n d  elm s,  a n d  s t a n d s  n e a r  t h e  w a r e ho u s e
on  a n  “isla n d,” o r  s m all t r a c t  of high,
d ry  lan d  n e a r  t h e  c e n t e r  of t h e  g r e a t  m a r s h.  
The  picke r s’ q u a r t e r s  s t a n d  on  a no t h e r  isla n d
a bo u t  2 0 0  ya r ds  a w ay.
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A pla nk  ro a d w ay, b uil t  on  piles,  a bo u t  t wo  fee t  a bove
t h e  level of t h e  g ro u n d,  le a ds  fro m  t h e  m ai nla n d  to
t h e  w a r e ho u s e  a n d  o t h e r  b uildings,  a  dis t a nc e  of m o r e
t h a n  h alf a  mile.   S eve r al  wood e n  r ailw ays  dive r g e
fro m  t h e  w a r e ho u s e  to  all p a r t s  of t h e  m a r s h ,  a n d  on
t h e m  fla t  c a r s ,  p ro p elled  by h a n d,  a r e  s e n t  ou t  a t
in t e rvals  d u ring  t h e  picking  s e a so n  to  b rin g  in t h e
b e r ri e s  fro m  t h e  h a n d s  of t h e  picke r s .   E a c h  pick e r
is p rovide d  wi th  a  c r a t e ,  holding  jus t  a  b us h el, w hich
is k e p t  clos e  a t  h a n d.   The  b e r ri e s  a r e  fi r s t
picke d  in to  tin  p a n s  a n d  p ails, a n d  fro m  t h es e  e m p ti e d
in to  t h e  c r a t e s,  in w hich  t h ey  a r e  c a r ri e d  to  t h e
w a r e ho u s e ,  w h e r e  a n  e m p ty  c r a t e  is given  t h e  picke r
in exc h a n g e  for  a  full on e .   Thus  e q uipp e d  a n d
imp rove d,  t h e  S a ck e t t  m a r s h  is valu e d  a t  $ 1 5 0,00 0.  
Thir t e e n  t ho us a n d  b a r r els  h av e  b e e n  h a rves t e d  fro m
t his  g r e a t  fa r m  in a  sin gle  s e a so n.   The  s elling
p ric e  in t h e  Chica go  m a r k e t  va ri es,  in diffe r e n t  s e a son s,
fro m  $ 8  to  $ 1 6  p e r  b a r r el.   The r e  a r e  s eve r al
o th e r  m a r s h e s  of va rious  size s  in t h e  vicini ty.

The  picking  s e a so n  u s u ally b e gin s  a bo u t  S e p t .  1 ,  a n d
fro m  t h a t  ti m e  u n til Oc t .  1  t h e  m a r s h e s  s w a r m  with
m e n,  wo m e n,  a n d  child r e n ,  r a n ging  in a g e  fro m  six
to  eigh t  ye a r s ,  m a d e  u p  fro m  al mos t  eve ry n a tion ali ty
u n d e r  t h e  s u n.   Boh e mi a ns  a n d  Poles  fu rnish  t h e
m ajo ri ty of t h e  wo rking  force ,  w hile  Ger m a n s,  I ris h,
S w e d e s,  N o r w e gia n s,  Da n e s ,  n e g ro e s ,  India ns,  a n d  Ame rica n s
con t ribu t e  to  t h e  m o tl ey con ting e n t .   They co m e
fro m  ev e ry di r ec tion  a n d  fro m  va rious  di s t a nc es ,  so m e
of t h e m  t r aveling  a  h u n d r e d  miles  o r  m o r e  to  s e c u r e
a  few d ays’ o r  w e e ks’ wo rk.   Almos t
eve ry fa r m e r  o r  woods m a n  living  a nyw h e r e  in t h e  r e gion
of t h e  m a r s h e s  t u r n s  ou t  wi th  his  e n ti r e  fa mily; a n d
t h e  fa milies  of all t h e  labo ring  m e n  a n d  m e c h a nic s
of t h e  s u r ro u n din g  tow ns  a n d  ci ties  join in  t h e  g e n e r al
h e gi r a  to  t h e  bogs,  a n d  h elp  to  h a rv es t  t h e  frui t.  
Thos e  living  wi thin  a  few mile s  go  ou t  in  t h e  m o r nin g
a n d  r e t u r n  ho m e  a t  nig h t ,  t aking  t h ei r  noo n-d ay m e al
wi th  t h e m,  w hile  t hos e  fro m  a  dis t a nc e  t ak e  p rovisions
a n d  b e d ding  wit h  t h e m  a n d  c a m p  in t h e  b uildings  p rovide d
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for  t h a t  p u r pos e  by  t h e  m a r s h  ow n e r s,  doing  t h ei r
ow n  cooking  on  t h e  s toves  a n d  wi th  t h e  fuel fu r nis h e d
t h e m.

The  w a g e s  va ry fro m  fifty ce n t s  to  a  dolla r  a  b u s h el,
owing  to  t h e  a b u n d a n c e  o r  sc a r ci ty of t h e  frui t.  
A good  picke r  will g a t h e r  fro m  t h r e e  to  fou r  b u s h els
a  d ay w h e r e  t h e  yield  is ligh t,  a n d  five to  six b u s h els
w h e r e  it is good.   The  m o s t  m o n ey is m a d e  by fa milies
n u m b e ring  fro m  h alf a  doze n  to  a  doze n  m e m b e r s .  
Eve ry c hick  a n d  c hild  in s uc h  fa milies  ove r  six ye a r s
old  is r e q ui r e d  to  t u r n  ou t  a n d  h elp  sw ell t h e  r eve n u e
of t h e  lit tle  ho u s e hold,  a n d  t h e  fru g al fa t h e r  oft e n
pocke t s  t e n  to  tw e n ty dolla r s  a  d ay  a s  t h e  frui t s
of t h e  co m bin e d  labo rs .   The  picke r s  w a d e  in to
t h e  g r a s s ,  w e e d s,  a n d  vines,  ho w eve r  w e t  wi th  d e w  o r
r ain,  o r  ho w eve r  d e e ply floode d  u n d e r n e a t h,  m a king
no t  t h e  sligh t e s t  effo r t  to  ke e p  eve n  t h ei r  fee t  d ry,
a n d  af t e r  a n  ho u r’s  wo rk  in  t h e  m o r nin g  a r e
al mos t  a s  w e t  a s  if t h ey h a d  s w u m  a  river.  M a ny
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of t h e m  w a d e  in b a r efoo te d,  o t h e r s  w e a rin g  low cow hid e
s ho es ,  a n d  t h ei r  fee t ,  a t  le as t ,  a r e  n e c e s s a rily w e t
all d ay  long.  In  m a ny  c a s e s  t h ei r  bodie s  a r e
t hinly cl ad,  a n d  t h ey m u s t  inevit a bly s uffe r  in fros ty
m o r nin gs  a n d  eve nings  a n d  on  t h e  r aw, cold,  r ainy
d ays  t h a t  a r e  fre q u e n t  in t h e  a u t u m n  m o n t h s  in  t hi s
la ti t u d e;  ye t  t h ey go  a bo u t  t h ei r  wo rk  singing,  s ho u ting,
a n d  jabb e rin g  a s  m e r r ily a s  a  p a r ty of co mfo r t a bly
cla d  s chool child r e n  a t  pl ay.  Ho w  a ny of t h e m
avoid  colds,  r h e u m a ti s m, a n d  a  doze n  o t h e r  dis e a s e s
is a  mys t e ry; a n d  ye t  i t is r a r ely t h a t  on e  of t h e m
is ill fro m  t h e  effec t s  of t his  expos u r e .   As m a ny
a s  3 0 0 0  o r  4 0 0 0  picke r s  a r e  so m e ti m e s  e m ploye d  on
a  single  m a r s h  w h e n  t h e r e  is a  h e avy c rop,  a n d  a n
a r my of s uc h  r a g a m uffins  a s  g e t  tog e t h e r  for  t his
p u r pos e,  sc a t t e r e d  ove r  a  bog  in confusion  a n d  diso r d er,
p r e s e n t s  a  s t r a n g e  a n d  pic tu r e s q u e  a p p e a r a n c e .

India n s  a r e  no t  u s u ally a s  good  picke r s  a s  w hi t e  p eo ple,
b u t  in t h e  s p a r s ely s e t tl ed  dis t ric t s ,  w h e r e  m a ny
of t h e  b e r ry  fa r m s  a r e  si t u a t e d ,  it is impos sible
to  g e t  w hi t e  h elp  e no u g h  to  t ak e  c a r e  of t h e  c ro p
in t h e  s ho r t  tim e  available  for  t h e  wo rk,  a n d  ow n e r s
a r e  co m p elled  to  e m ploy t h e  a bo rigin es.   A r a k e ,
wi th  t h e  p ro n gs  s h a p e d  like  t h e  le t t e r  V, is u s e d
for  picking  in so m e  c a s e s ,  b u t  owing  to  t h e  la r g e
a m o u n t  of g r a s s  a n d  w e e d s  t h a t  g row  a mo n g  t h e  vine s
on  t h e s e  wild  m a r s h e s ,  t his  ins t r u m e n t  is r a r ely available.  
Afte r  b ein g  picke d  t h e  b e r r ie s  a r e  s to r e d  in w a r e ho us e s
for  a  p e riod  va rying  fro m  on e  to  t h r e e  w e eks.  
They a r e  w a s h e d  a n d  d ri ed  by  b ein g  p a s s e d  t h rou g h  a
fan nin g  mill m a d e  for  t h e  p u r pos e ,  a n d  a r e  t h e n  allow e d
to  c u r e  a n d  rip e n  t ho rou g hly b efor e  t h ey a r e  s hip p e d
to  m a rk e t .

F ro m  s t a tis tics  g a t h e r e d  by t h e  Ame rica n  Cr a n b e r ry
Grow e r s’ Associa tion  it is le a r n e d  t h a t  in 1 8 8 3
Wisconsin  p ro d u c e d  1 3 5,5 07  b u s h els,  in  1 8 8 4  2 4,73 8
b u s h els, in 1 8 8 5  2 6 4,43 2  b u s h els,  a n d  in 1 8 8 6  7 0,6 86
b u s h els  of t his  frui t.   By t h e s e  figu r e s  i t will
b e  s e e n  t h a t  t h e  yield  is ve ry ir r e g ular.  This
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is owing,  p rincip ally, to  t h e  fac t  t h a t  m a ny of t h e
m a r s h e s  a r e  no t  ye t  p rovide d  wit h  t h e  m e a n s  of flooding,
a n d  of cou r s e  s uffe r  fro m  wo r m s,  d ro u g h t s ,  la t e  s p rin g
o r  e a rly a u t u m n  fros t s ,  a n d  ex t e n sive  fir e s  s t a r t e d
by s p a rks  fro m  t h e  e n gin es  on  r ail ro a ds  r u n nin g  t h ro u g h
t h e  m a r s h e s .   Thes e  a n d  va rious  o t h e r  evils a r e
av e r t e d  on  t h e  m o r e  imp roved  fa r m s.   So  t h a t ,  w hile
h a n d so m e  for tu n e s  h av e  in m a ny  c a s e s  b e e n  m a d e  in c r a n b e r ry
g rowing,  m a ny  t ho us a n d s  of dolla r s  h ave,  on  t h e  o t h e r
h a n d,  b e e n  s u nk  in t h e  s a m e  indus t ry.  Only t h e
w e al thie r  ow n e r s ,  w ho  h av e  exp e n d e d  vas t  s u m s  of m o n ey
in imp roving  a n d  e q uip ping  t h ei r  p ro p e r ty, c a n  c alcula t e
wi th  a ny d e g r e e  of c e r t ain ty on  a  p aying  c ro p  of frui t
eve ry ye ar.

Chic a go  is t h e  g r e a t  dis t r ibu ting  poin t  for  t h e  b e r ri e s
p ro d uc e d  in Wisconsin,  s hip m e n t s  b ein g  m a d e  t h e nc e
to  n e a rly eve ry  S t a t e  a n d  Ter ri to ry in t h e  U nion,
to  Ca n a d a ,  to  M exico, a n d  to  s eve r al  E u ro p e a n  cou n t rie s.  
Be r ri e s  s e n t  to  t h e  So u t h e r n  m a rk e t s  a r e  p u t  u p  in
w a t e r ti gh t  p ack a g e s,  a n d  t h e  c a sks  a r e  t h e n  filled
wi th  w a t er, t his  b eing  t h e  only m e a n s  by  w hich  t h ey
c a n  b e  ke p t  in ho t  w e a t h er.  Eve n  in t his  con di tion
t h ey c a n  only b e  ke p t  a  few d ays  af t e r  r e ac hin g  ho t
clim a t e s.—A m erican  M a ga zin e.
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*       *       *       *  
    *

SOUDAN COFFEE.

(Parkia biglobosa. )

The r e  a r e  valu a ble  pl a n t s  on  eve ry con tin e n t .  
Civilize d  E u rop e  no  long e r  cou n t s  t h e m.   Myst e rious
Africa  is no  less  la r g ely a n d  s po n t a n eo u sly favor e d
wi th  t h e m  t h a n  youn g  Americ a  a n d  t h e  a n cie n t  t e r ri to ry
of Asia.

The  la t t e r  h a s  give n  u s  t h e  m ajo ri ty of t h e  b e s t  frui ts
of ou r  g a r d e n s.   We h ave  al r e a dy s how n  ho w  u s eful
t h e  b u t t e r  t r e e  (B ut yros p er m u m  Parkii) is in
t ropical Africa,  a n d  w e  also  know how  t h e  go urou
(S t e rc ulia acu mina ta ) is cul tiva t e d  in t h e  s a m e
r e gions.   Bu t  t h a t  is no t  all, for  t h e  g r e a t  fa mily
of Leg u minos a e ,  w hos e  n u m e ro us  r e p r e s e n t a tives  e nc u m b e r
t his  con tine n t ,  likewise  fu r nish e s  t h e  n e g ro  n a tives
a  food  t h a t  is n e a rly a s  indisp e n s a ble  to  t h e m  a s
t h e  go urou  o r  t h e  p ro d u c t s  of t h e  b ao b a b—a no t h e r
valu a ble  t r e e  a n d  c e r t ainly t h e  m os t  wid ely di s t rib u t e d
on e  in  to r rid  Africa.   This  legu mino us  t r e e ,  w hich
is a s  yet  b u t  lit tle  know n  in t h e  civilized  wo rld,
h a s  b e e n  n a m e d  scie n tifically Parkia biglobosa
by Ben t h a m.   The  n e g ro e s  give  it  va rious  n a m e s,
a c co r din g  to  t h e  t rib e;  a m o n g  t h e  Ouloffs, it is t h e
ho ulle ; a m o n g  t h e  M a n dig u e s,  nay tay ;
in  Caza m a n c e  (N alon  lan g u a g e),  it is nayray ;
in  Borno u,  rou n uo ; in  H a o u ss a ,  doroa ;
in  H a n t-fleu r e  (S en e g al), nayray tou .  On
t h e  old  mys t e rious  con tin e n t  it  pl ays  t h e  s a m e  role
t h a t  t h e  alg a rob a s  do  in  you n g  Ame rica.   Ho w ever,
it  is q ui t e  a  co m m o n  r ul e  to  find  in t h e  o rd e r  Leg u minos a e ,
a n d  e s p e ci ally in t h e  s ec tion  Mi mos a e,  pl a n t s  w hos e
pod s  a r e  e dibl e.   Exa m ples  of t his  fac t  a r e  n u m e ro u s.  
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As r e g a r d s  t h e  M e di t e r r a n e a n  r e gion, it  s uffice s  to
ci t e  t h e  clas sic  c a rob  t r e e  (Cera tonia siliqua ),
w hich  also  is of Africa n  n a tion ali ty, b u t  w hich  is
w a n ting  in t h e  w a r m  r e gion  of t his  con tin e n t .

Th ro u g ho u t  t h e  t ropical r e gion  of Africa,  t h e  a bo rigin es
love  to  cons u m e  t h e  s a cc h a rin e  p ulp  a n d  t h e  s e e d  con t ain e d
in t h e  po d  of t h e  ho ulle .  P r e p a r e d  in
diffe r e n t  w ays,  a cco r din g  to  t ribe  a n d  la ti t u d e ,  t h e s e
t wo  p ro d uc t s  cons ti t u t e  a  valua ble  alim e n t .   The
p ulp  is cons u m e d  ei t h e r  jus t  a s  it  is o r  a s  a  fe r m e n t e d
b eve r a g e.   As for  t h e  s e e d s,  t h ey s e rve,  r a w  o r
ro a s t e d ,  for  t h e  p ro d uc tion  of a  t e a-like  infusion
(w h e n c e  t h e  n a m e  “Sou d a n  coffe e"), or, af t e r
fe r m e n t a tion  in w a t er, for  m a king  a  n a tion al con di m e n t,
w hich  in c e r t ain  pl ac es  is c alle d  kin da , a n d
w hich  is mixed  wi t h  boiled  rice  o r  p r e p a r e d  m e a t s .  
This  p r e p a r a tion  h a s  in m o s t  c a s e s  a  p a s ty for m  o r
t h e  consis t e ncy of coh e sive  flou r;  b u t  in o rd e r  to
r e n d e r  it s  c a r ri a g e  e a sie r  in  c e r t ain  of t h e  Africa n
c e n t e r s  w h e r e  t h e  t r a d e  in it  is b risk, i t is co m p r e s s e d
in to  t a bl e t s  si mila r  to  t hos e  of ou r  c hocola t e .  
As t h e s e  t wo  p ro d uc t s  a r e  ve ry lit tle  know n  in E u ro p e,
it  h a s  s e e m e d  to  u s  t h a t  it  would  b e  of in t e r e s t  to
give  a  d e sc rip tion  a n d  c h e mic al a n alysis  of t h e m.  
We s h all s ay b u t  li t tle  of t h e  pl a n t ,  w hich  h a s  s ufficien tly
occ u pie d  bo t a nis t s .

143



Page 72

[Illus t r a tion:  Figs.  1  TO 6.—PODS
OF THE HOULLE AND MICROSCOPIC DETAILS.]

The  ho ulle  (Parkia biglobosa ) is a  la rg e  t r e e
fro m  3 5  to  5 0  fee t  in h eig h t ,  wi th  a  g r ay  b a rk,  m a ny
b r a nc h e s ,  a n d  la r g e ,  el e g a n t  leaves.   The  la t t e r
a r e  co m po u n d,  bipin n a t e  (Fig.  7), a n d  h ave  fifty p ai r s
of leafle t s ,  w hich  a r e  line a r  a n d  ob t u s e  a n d  of a
g r ayish  g r e e n.   The  inflor e sc e nc e  is ve ry pl e a sin g
to  t h e  eye .   The  flow e r s,  s ay t h e  a u t ho r s  of t h e
Florae  S e n e ga m biae  Ten ta m e n , for m  b alls  of a
d azzling  r e d ,  con t r a c t e d  a t  t h e  b a s e ,  a n d  r e s e m bling
t h e  po m po ns  of ou r  g r e n a die r s  (Fig.  8).  The  s u p po r t
of t his  la t t e r  consis t s  only of m ale  flow e r s.  
The  frui t  t h a t  s ucc e e d s  t h e s e  flowe r s  is s u p po r t e d
by a  club-s h a p e d  r ec e p t a cl e.   I t  consis t s  of a
la rg e  po d,  w hic h  a t  m a t u ri ty is 1 3  inc h e s  in leng t h
by 1 0  in  wid t h  (Fig.  1).  This  pod  is c hocola t e
b row n,  q ui t e  s moot h  o r  sligh tly t u b e rc ular, a n d  is
s wollen  a t  t h e  poin t s  w h e r e  t h e  s e e d s  a r e  si t u a t e d .  
The  po ds  a r e  s t r aig h t  o r  sligh tly c u rve d.   The
a bo rigine s  of Rio N u n ez  u s e  t h e  po ds  for  poisoning
t h e  fish es  t h a t  a bo u n d  in t h e  w a t e r cou r s e s .   We
do  no t  know  w h a t  t h e  n a t u r e  of t h e  toxic p rinciple
is t h a t  is con t ain e d  in t h e s e  h a r d  po ds,  b u t  w e  w ell
know t h e  n a t u r e  of t h e  yellowish  p ulp  a n d  of t h e  s e e d s
t h a t  e n ti r ely fill t h e  po ds.

[Illus t r a tion:  Fig.  7 .—PARKIA BIGLOBOSA.]

Althou g h  t h e  p ulp  for m s  a  con tinuo us  w hole,  e a c h  s e e d
e a sily s e p a r a t e s  fro m  t h e  following  a n d  c a r ri e s  wit h
it  a  p a r t  of t h e  p ulp  t h a t  s u r ro u n d s  it a n d  t h a t  cons ti t u t e s
a n  ind e p e n d e n t  m a s s  (Fig.  2).  This  p ulpy s u b s t a n c e ,
for m e d  e n ti r ely of oval c ells  filled  wi th  al e u ro n e,
con sis t s  of t wo  dis tinc t  laye r s.   The  fir s t ,  a n
ex t e r n al  on e  of a  b e a u tiful yellow, is fro m  1 0  to
1 5  ti m es  b ulkie r  t h a n  t h e  in t e r n al on e,  w hich  likewis e
is of a  b e a u tiful yellow.

[Illus t r a tion:  Fig.  8—FLOWERS OF PARKIA.]
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It  d e t a c h e s  it s elf e a sily fro m  t h e  s e e d ,  w hile  t h e
in t e r n al  layer, w hich  a d h e r e s  fir mly to  t h e  ex t e rio r
of t h e  s e e d,  c a n  b e  d e t a c h e d  only by m a c e r a tion  in
w a t er.  This  fr e s h  p ulp  h a s  a  s w e e t  a n d  a g r e e a ble
al tho u g h  sligh tly insipid  t a s t e .   U pon  g rowin g
old  a n d  b e co ming  d ry, it  t ak e s  on  a  s till m o r e  a g r e e a ble
t a s t e ,  for  i t p r e s e rve s  it s  s w e e t n e s s  a n d  g e t s  a  p e rfu m e
like  t h a t  of t h e  viole t.

As for  t h e  s e e d,  w hich  is of a  b row n  colo r  a n d  p rovide d
wi th  a  h a r d ,  s hining  skin,  t h a t  is 0 . 4  inch  long,
0.3  inch  wid e,  a n d  0.2  inch  t hick.   I t  is oval
in  for m, wi t h  q ui t e  a  p ro min e n t  b e a k  a t  t h e  hilu m
(Fig.  4).  The  m a r gin  is blun t  a n d  t h e  t wo  convex
sides  a r e  p rovide d  in t h e  c e n t e r  wi t h  a  gibbosi ty
limit e d  by a  line  p a r allel wi t h  t h e  m a r gin,  a n d  t his
h a s  give n  t h e  pl a n t  its  s p e cific n a m e  of biglobosa . 
The  m e a n  w eig h t  of e a c h  s e e d  is 4 1/2  g r ain s.   The
skin,  t ho u g h  t hick,  is no t  ve ry s t ro n g.   I t  consis t s ,
a n a to mically, of fou r  laye r s  (Fig.  5) of a  t hick  cu ticle,
c ; of a  zon e  of p aliss a d e  c ells, z  p ;
of a  zon e  of c ells  wi t h  t hick  t a n g e n ti al w alls  a r r a n g e d
in a  single  ro w; a n d  of a  zon e  tou g h e r  t h a n  t h e  o t h e r s ,
for m e d  of n u m e ro u s  c ells  wi t h  t hick  w alls, wit ho u t
d efini t e  for m,  a n d  filled  wi th  a  bl ackish  r e d  colo ring
m a t t er, cs .  This  p e r is p e r m  cove r s  a n  ex albu minous
e m b ryo for m e d  al mos t  e n ti r ely of t wo  t hick, g r e e nish
yellow co tyledo ns  h aving  a  s t ro n g  t a s t e  of legu min e.
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Whe n  exa min e d  u n d e r  t h e  mic ros cop e,  t h e s e  co tyle do ns,
t h e  alim e n t a ry p a r t  of t h e  s e e d ,  h ave  t h e  a p p e a r a n c e
r e p r e s e n t e d  in  Fig.  6 ,  w h e r e  e p  is t h e  e pide r mic
laye r  a n d  c p  co ns ti t u t e s  t h e  u nifor m  p a r e n c hy m a
of t h e  co tyledo n a ry  leaf.  This  p a r e n c hy m a tou s
m a s s  consis t s  of oval c ells  filled  wi th  fa t ty m a t t e r
a n d  g r a n ule s  of al e u ro n e.

Accor din g  to  so m e  ch e mic al r e s e a r c h e s  m a d e  by P rofesso r
Sc hla g d e n h a uffen,  t h e  p ulp  h a s  t h e  following  co m position
p e r  1 0 0  p a r t s:  

    Fa t ty  m a t t e r              
       2 . 40 7
    Glucos e                   
      3 3 .92
    Inve r t e d  s u g a r            
       7 . 82 5
    Colo ring  m a t t e r  a n d  fre e  a cids
  1 .30 0
    Albu mino us  m a t t e r         
       5 . 24 0
    Gu m my m a t t e r              
      1 9 .10 9
    Cellulos e                 
       8 . 92 1
    Lignos e                   
      1 7 .19 5
    S al t s                     
       4 . 08 0
                                   -------
    Total                    
     1 0 0.00 0

The  s alie n t  poin t  of t h e s e  a n aly tic al r e s ul t s  is t h e
e no r m o us  q u a n ti ty of m a t t e r  (ne a rly 6 0  p e r  c e n t .)
for m e d  al mos t  exclusively by s u g ar.  I t  is no t
s u r p rising,  fro m  t his  t h a t  t his  p rod uc t  cons ti t u t e s
a  food  bo t h  a g r e e a ble  a n d  u s eful.

An a n alysis  of t h e  e n ti r e  s e e d,  m a d e  by t h e  s a m e  c h e mis t,
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h a s  give n  t h e  following  r e s ul t s:  

Solid fa t ty m a t t e r             
        2 1.1 45
U n r e d uc e d  s u g a r                          6 .1 8 3
U n d e t e r min e d  m a t t e r s                     5 .51 0
Gu m my          "                       1 0.27 2
Albu minoid      "                       2 4 .62 6
Cellulosic      "                        5 .7 5 2
Lignos e  a n d  loss e s                      2 0 .97 8
S al t s                                    5 .5 3 4
-------
Total                                 1 0 0.00 0

The  p r e s e n c e  in t h e s e  s e e d s  of a  la rg e  q u a n ti ty of
fa t ty  m a t t e r s  a n d  s u g ar, a n d  e s p e ci ally of albu minoid
m a t t e r s  (ve ry n u t ri tive), la r g ely jus tifies  t h e  u s e
m a d e  of t h e m  a s  a  food.  The  inn a t e  ins tinc t  of
t h e  s av a g e  p eople s  of Africa  h a s  t h u s  a n ticip a t e d
t h e  d a t a  of scie nc e.—La N a t ur e .
*       *       *       *  
    *

THE HEIGHT OF SUMMER CLOUDS.

A knowled g e  of t h e  h eig h t s  a n d  m ove m e n t s  of t h e  clouds
is of m u c h  in t e r e s t  to  scienc e,  a n d  of e s p e ci al impo r t a n c e
in t h e  p r e dic tion  of w e a t h er.  The  s u bjec t  h a s
t h e r efo r e  r ec eive d  m u c h  a t t e n tion  d u ring  r e c e n t  ye a r s
fro m  m e t eo rologis t s ,  c hiefly in t his  cou n t ry a n d  in
S w e d e n.   In  t h e  las t  p u blish e d  r e po r t  of t h e  M e t eo rologic al
Cou ncil for  1 8 8 5-8 6  will b e  foun d  a n  a c cou n t  of t h e
s t e p s  t ak e n  by t h a t  body to  ob t ain  clou d  p ho tog r a p h s;
a n d  in t h e  M e t eorologisch e  Z ei t sc hrif t  for
M a rc h  las t ,  M.M.  Ekholm  a n d  H a g s t ro m  h av e  p u blish e d
a n  in t e r e s ting  s u m m a ry of t h e  r e s ul t s  of obs e rva tions
m a d e  a t  U ps al a  d u ring  t h e  s u m m e r s  of 1 8 8 4-8 5.  
They d e t e r min e d  t h e  p a r allax of t h e  clouds  by a n g ul a r
m e a s u r e m e n t s  m a d e  fro m  t wo  s t a tions  a t  t h e  ex t r e mi ties
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of a  b a s e  of conve nie n t  leng t h  a n d  h aving  t ele p honic
con n e c tion.   The  ins t r u m e n t s  u s e d  w e r e  al t azim u t hs ,
con s t r u c t e d  u n d e r  t h e  di r e c tion  of P rof.  Mo h n,
s p eci ally for  m e a s u ring  t h e  p a r allax of t h e  a u ro r a
bo r e alis.  A full d e s c rip tion  of t h e s e  ins t r u m e n t s
a n d  of t h e  c alcula tions  will b e  foun d  in t h e  Ac ta
R e g  S oc.   S c .   U ps. , 1 8 8 4.   The  r e s ul t s
now  in q u e s tion  a r e  b a s e d  u po n  n e a rly 1,5 00  m e a s u r e m e n t s
of h eig h t s ; t h e  m o tions  will for m  t h e
s u bjec t  of a  fu tu r e  p a p er.  I t  w a s  foun d  t h a t
clou ds  a r e  for m e d  a t  all levels, b u t  t h a t  t h ey occ u r
m os t  fr e q u e n tly a t  c e r t ain  el eva tions  o r  s t a g e s .  
The  following  a r e ,  a p p roxim a t ely, t h e  m e a n  h eigh t s,
in  fee t,  of t h e  p rincip al for m s:   S t r a t u s ,  2 ,0 00;
ni m b u s,  5 ,00 0;  c u m ulus  (ba s e)  4 ,50 0,  (su m mit) 6 ,0 0 0;
c u m ulo-s t r a t u s  (bas e), 4 ,6 00;  “false-ci r r u s”
(a  for m  w hich  oft e n  a cco m p a nie s  t h e  cu m ulo-s t r a t u s),
1 2 ,80 0;  ci r ro  c u m ulus ,  2 1,00 0;  ci r r u s ,  2 9 ,00 0  (th e
hig h e s t  b ein g  4 1,0 00).  The  m axim u m  of clou d  fr eq u e n cy
w a s  foun d  to  b e  a t  levels  of 2 ,30 0  a n d  5,5 00  fee t .

Ge n e r ally s p e aking,  all t h e  for m s  of clou d  h ave  a
t e n d e n cy to  ris e  d u ring  t h e  cou r s e  of t h e  d ay; t h e
c h a n g e,  exc e p tin g  for  t h e  c u m ulus  for m,  a m o u n ting
to  n e a rly 6,50 0  fee t .   In  t h e  m o r ning,  w h e n  t h e
ci r r u s  clou ds  a r e  a t  t h ei r  low es t  level, t h e  fre q u e n cy
of t h ei r  lowe s t  for m s—t h e  ci r ro-c u m ulus—is
g r e a t e s t ;  a n d  in t h e  eve ning,  w h e n  t h e  h eig h t  of t h e
ci r r u s  is g r e a t e s t ,  t h e  fr eq u e n cy of it s  high es t  for m s—t h e
ci r ro-s t r a t u s—is al so  g r e a t e s t .   With
r e g a r d  to  t h e  con n e c tion  b e t w e e n  t h e  c h a r a c t e r  of
t h e  w e a t h e r  a n d  t h e  h eig h t  of t h e  clou ds,  t h e  h eig h t s
of t h e  b a s e s  of t h e  c u m ulus  a r e  n e a rly cons t a n t  in
all con di tions.   The  s u m mit s,  how ever, a r e  low es t
in  t h e  vicini ty of a  b a ro m e t ric  m axim u m.   They
inc r e a s e  in t h e  r e gion  of a  d e p r e s sion,  a n d  a t t ain
t h ei r  g r e a t e s t  h eigh t  in  t h u n d e r s to r m s,  t h e  t hickn e s s
of t h e  cu m ulo s t r a t u s  s t r e t c hin g  so m e ti m es  for  s eve r al
miles.   The  high e s t  for m s  of clou ds  a p p e a r  to
floa t  a t  t h ei r  low es t  levels  in t h e  r e gion  of a  d e p r e s sion.  
The  for m s  of cloud s  a r e  ide n tic al in all p a r t s  of t h e
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wo rld,  a s  h a s  b e e n  s how n  in p a p e r s  la t ely r e a d  by t h e
H o n.  R. Abe rc ro m by b efo r e  t h e  E n glish  a n d  Sco t tis h
M e t eo rologic al Socie ties.—N a t ur e .

*       *       *       *  
    *

ON THE CAUSE OF IRIDESCENCE IN CLOUDS.

By G. JOH NSTON E STO NEY.

Whe n  t h e  sky is occ u pie d  by ligh t  ci r ro-c u m ulus  clou d,
a n  op tical p h e no m e no n  of t h e  m os t  d elic a t e  b e a u ty
so m e ti m e s  p r e s e n t s  it s elf, in  w hich  t h e  bo r d e r s  of
t h e  clouds  a n d  t h ei r  ligh t e r  po r tions  a r e  s uffus e d
wi th  soft  s h a d e s  of colo r  like  t hos e  of m o t h e r-of-p e a rl,
a m o n g  w hich  lovely pinks  a n d  g r e e n s  a r e  t h e  m o s t  cons picuo us.  
U s u ally t h e s e  colo r s  a r e  dis t ribu t e d  in i r r e g ula r
p a t c h e s ,  jus t  a s  in m o t h e r-of-p e a rl; b u t  occ asion ally
t h ey a r e  s e e n  to  for m  ro u n d  t h e  d e n s e r  p a t c h e s  of
clou d  a  r e g ul a r  colo r e d  fring e,  in w hich  t h e  s eve r al
tin t s  a r e  a r r a n g e d  in s t rip e s  following  t h e  sinuosi tie s
of t h e  ou tline  of t h e  clou d.
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I c a n no t  find  in  a ny of t h e  books  a n  expla n a tion  of
t his  b e a u tiful s p ec t acle,  a ll t h e  m o r e  ple a sing  b e c a u s e
it  g e n e r ally p r e s e n t s  it s elf in d eligh tful s u m m e r
w e a t h er.  I t  is no t  m e n tion e d  in t h e  p a r t  of Moigno’s
g r e a t  R e p er toire  d’Optiq u e  w hich  t r e a t s
of m e t eo rological op tics,  no r  in a ny o t h e r  wo rk  w hich
I h ave  cons ul t e d.   I t  s e e m s  d e si r a bl e,  t h e r efo r e,
to  m a k e  a n  a t t e m p t  to  s e a r c h  ou t  w h a t  a p p e a r s  to  b e
its  explan a tion.

At t h e  el eva tion  in  ou r  a t mos p h e r e  a t  w hich  t h e s e
d elica t e  clouds  a r e  for m e d  t h e  t e m p e r a t u r e  is too
low, eve n  in  mids u m m er, for  w a t e r  to  exis t  in t h e
liquid  s t a t e;  a n d  a cco r dingly, t h e  a t t e n u a t e d  vapo r
fro m  w hich  t h ey  w e r e  con d e n s e d  p a s s e d  a t  onc e  in to
a  solid  for m.   They consis t ,  in fac t,  of tiny
c rys t als  of ice,  no t  of li t tl e  d ro ps  of w a t er. 
If t h e  p r e cipi t a tion  h a s  b e e n  h a s ty, t h e  c rys t al s  will,
t hou g h  all s m all, b e  of m a ny sizes  ju m bled  tog e t h er,
a n d  in t h a t  c a s e  t h e  b e a u tiful op tical p h e no m e no n
wi th  w hich  w e  a r e  now  d e aling  will no t  occur. 
Bu t  if t h e  op posi t e  co n di tions  p r ev ail (which  t h ey
do  on  r a r e  occ asions), if t h e  vapo r  h a d  b e e n  eve nly
dis t rib u t e d ,  a n d  if t h e  p r ecipi t a tion  took plac e  slowly,
t h e n  will t h e  c rys t als  in  a ny on e  n eig h bo r hood  b e
lit tle  ice  c rys t als  of n e a rly t h e  s a m e  for m  a n d  size,
a n d  fro m  on e  n eigh bo r hood  to  a no t h e r  t h ey  will diffe r
c hiefly in  n u m b e r  a n d  size,  owing  to  t h e  p roc e s s  h aving
go n e  on  long e r  o r  t ak e n  pl ac e  so m e w h a t  fas t er, o r
t h ro u g h  a  g r e a t e r  d e p t h ,  in so m e  n eig h bo r hoods  t h a n
o th e r s .   This  will give  ri s e  to  t h e  p a t c h e d  a p p e a r a n c e
of t h e  clouds  w hich  p r ev ails  w h e n  t his  p h e no m e no n  p r e s e n t s
it s elf.  It  a l so  c a u s e s  t h e  t iny c rys t al s, of w hich
t h e  cloud  consis t s ,  to  g row  la r g e r  in  so m e  pl ac e s
t h a n  o t h e r s.

Ca p t ain  S co r e s by, in his  “Accou n t  of t h e  Arctic
Re gions,” gives  t h e  b e s t  d e s c rip tion  of s now
c rys t als  for m e d  a t  low t e m p e r a t u r e s  wi th  w hic h  I a m
a c q u ain t e d.   F ro m  his  obs e rv a tions  it  a p p e a r s—(a)
t h a t  w h e n  for m e d  a t  t e m p e r a t u r e s  s eve r al  d e g r e e s  b elow
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t h e  fre ezing  poin t,  t h e  c rys t al s,  w h e t h e r  si m ple  o r
co m po u n d,  a r e  n e a rly all of sy m m e t ric al for m s;  (b)
t h a t  t hin  t a b ula r  c rys t als  a r e  ex t r e m ely n u m e ro us,
con sis ting  ei t h e r  of sim ple  t r a n sve r s e  slices  of t h e
fund a m e n t al  h ex a go n  or, m o r e  fre q u e n tly, of a g g r e g a tions
of t h e s e  a t t ac h e d  e d g e wis e  a n d  lying  in on e  pl a n e;
a n d  (c) t h a t ,  a c co r ding  a s  a t mo s p h e ric  con di tions
va ry, on e  for m  of c rys t al  o r  a no t h e r  la r g ely p r e po n d e r a t e s.  
A fulle r  a c co u n t  of t h e s e  m os t  significa n t  obs e rva tions
is give n  in  t h e  a p p e n dix to  t his  p a p er.

Le t  u s  t h e n  consid e r  t h e  c rys t als  in  a ny on e  n eig h bo r hood
in t h e  sky, w h e r e  t h e  con di tions  t h a t  p r evail a r e
s uc h  a s  to  p ro d uc e  la m ella r  c rys t als  of n e a rly t h e
s a m e  t hickn es s.   The  t a b ula r  pla t e s  a r e  s u b siding
t h ro u g h  t h e  a t m os p h e r e—in fac t ,  falling
tow a r d  t h e  e a r t h.   And al thou g h  t h ei r  d e s c e n t
is ve ry slow, owing  to  t h ei r  mi n u t e  size,  t h e  r e sis t a nc e
of t h e  ai r  will a c t  u po n  t h e m  a s  it  do es  u po n  a  falling
fea t h er.  I t  will c a u s e  t h e m,  if dis tu r b e d,  to
oscilla t e  b efo r e  t h ey  s e t tl e  in to  t h a t  ho rizon t al
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posi tion  w hic h  fla t  pla t e s  finally a s s u m e  w h e n  falling
t h ro u g h  q uies c e n t  air.  We s h all p r e s e n tly consid e r
w h a t  t h e  con di tions  m u s t  b e ,  in  o rd e r  t h a t  t h e  c rys t als
m ay b e  liable  to  b e  now  a n d  t h e n  di s t u r b e d  fro m  t h e
ho rizon t al  posi tion.   If t his  occ a sion ally h a p p e n s,
t h e  c rys t als  will ke e p  flu t t e rin g,  a n d  a t  a ny on e
m o m e n t  so m e  of t h e m  will b e  t u r n e d  so  a s  to  r eflec t
a  r ay  fro m  t h e  s u n  to  t h e  eye  of t h e  obs e rve r  fro m
t h e  fla t  s u rf ac e  of t h e  c rys t al  w hich  is n ext  hi m.  
N ow, if t h e  con di tions  a r e  s uc h  a s  to  p ro d u c e  c rys t als
w hich  a r e  pl a t e s  wi t h  p a r allel face s,  a n d  a s  t h ey a r e
al so  t r a n s p a r e n t ,  p a r t  only of t h e  s u n’s r ay
t h a t  r e a c h e s  t h e  fron t  fac e  of t h e  c rys t al  will b e
r eflec t e d  fro m  it; t h e  r e s t  will e n t e r  t h e  c rys t al,
a n d,  falling  on  t h e  p a r allel s u rfac e  b e hind,  a  po r tion
will b e  t h e r e  r eflec t e d ,  a n d  p a s sin g  ou t  t h ro u g h  t h e
fron t  face,  will a lso  r e a c h  t h e  eye  of t h e  obs e rver.

The s e  t wo  po r tions  of t h e  r ay—t h a t  r eflec t e d
fro m  t h e  fron t  face  a n d  t h a t  r eflec t e d  fro m  t h e  b a ck—a r e
p r e cis ely in t h e  con di tion  in w hich  t h ey  c a n  in t e rfe r e
wi th  on e  a no t h er, so  a s  to  p ro d uc e  t h e  s pl e n did  colo r s
wi th  w hich  w e  a r e  familia r  in  so a p  b u b ble s.   If
t h e  c rys t als  a r e  of dive r s e  t hickn e s s e s ,  t h e  colo r s
fro m  t h e  individu al c rys t al s  will b e  diffe r e n t ,  a n d
t h e  mixtu r e  of t h e m  all will p ro d uc e  m e r ely w hit e
ligh t;  b u t  if all a r e  n e a rly of t h e  s a m e  t hickn e s s,
t h ey  will t r a n s mit  t h e  s a m e  colo r  tow a r d  t h e  obs e rver,
w ho  will a cco r dingly s e e  t his  colo r  in  t h e  p a r t  of
t h e  cloud  occu pied  by  t h e s e  c rys t als.   The  colo r
will, of co u r s e ,  no t  b e  u n dilu t e d;  for  o t h e r  c rys t als
will s e n d  forw a r d  w hi t e  ligh t ,  a n d  t his,  ble n d e d  wi t h
t h e  colo r e d  ligh t ,  will p rod uc e  d elica t e  s h a d e s  in
c a s e s  w h e r e  t h e  co r r e s po n ding  colo r s  of a  so a p  b u b ble
wo uld  b e  vivid.

We h ave  no w  only to  explain  how  it h a p p e n s  t h a t  on
ve ry r a r e  occ a sions  t h e  colo r s,  ins t e a d  of lying  in
ir r e g ula r  p a t c h e s ,  for m  d efini t e  fring e s  ro u n d  t h e
bo r d e r s  of t h e  cloudle t s .   The  ci rc u m s t a n c e s  t h a t
give  ris e  to  t his  s p e ci al for m  of t h e  p h e no m e no n  a p p e a r
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to  b e  t h e  following:   While  t h e  clou d  is in  t h e
p roc e s s  of g row t h  (th a t  is, so  long  a s  t h e  p r e cipi t a tion
of vapo r  in to  t h e  c rys t alline  s t a t e  con tinu e s  to  t ak e
plac e), so  long  will t h e  c rys t als  ke e p  a u g m e n tin g.  
If, t h e n,  a  cloudle t  is in  t h e  p roc e ss  of for m a tion,
no t  only by  t h e  s p ringing  u p  of fr es h  c rys t als  a ro u n d,
b u t  also  by t h e  con tinu e d  g row t h  of t h e  c rys t al s  wi t hin
it, t h e n  will t h a t  p a t c h  of cloud  consis t  of c rys t als
w hich  a r e  la r g e s t  in it s  c e n t r al  p a r t ,  a n d  g r a d u ally
s m alle r  a s  t h ei r  si t u a tion  a p p ro a c h e s  t h e  ou t side .  
H e r e ,  t h e n ,  a r e  con ditions  w hich  will p ro d uc e  on e
colo r  ro u n d  t h e  m a r gin  of t h e  clou d,  a n d  t h a t  colo r
mixed  wi th  o t h e r s ,  a n d  so  giving  ris e  to  o t h e r  tin t s ,
fa r t h e r  in.  In  t his  w ay t h e r e  co m e s  in to  exis t e nc e
t h a t  iris-like  bo r d e r  w hich  is no w  a n d  t h e n  s e e n.
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The  occ asion al u p s e t tin g  of t h e  c rys t als,  w hich  is
r e q ui r e d  to  ke e p  t h e m  flu t t e rin g,  m ay b e  p ro d uc e d
in a ny of t h r e e  w ays.   The  clou dle t s  m ay  h ave
b e e n  for m e d  fro m  t h e  ble n ding  to g e t h e r  of t wo  laye r s
of ai r  s a t u r a t e d  a t  diffe r e n t  t e m p e r a t u r e s,  a n d  m oving
wi th  diffe r e n t  veloci tie s  o r  in diffe r e n t  di r e c tions.  
Whe r e  t h e s e  c u r r e n t s  in t e r mix, a  c e r t ain  a m o u n t  of
dis t u r b a n c e  will p r ev ail, w hich,  if s ufficie n tly sligh t ,
wo uld  no t  m u c h  in t e rfe r e  wi th  t h e  r e g ul a ri ty of t h e
c rys t als , a n d  mig h t  ye t  b e  s ufficie n t  to  occ asion
lit tle  d r a u g h t s,  w hich  wo uld  blow t h e m  a bo u t  w h e n
for m e d.   Or, if t h e  cold  laye r  is a bove,  a n d  if
it  is in a  s ufficien t  d e g r e e  cold er, t h e r e  n e e d  no t
b e  a ny p r evious  r el a tive  m o tion  of t h e  t wo  laye r s;
t h e  inevit a ble  convec tion  c u r r e n t s  will s uffice.  
Anot h er, a n d  p ro b a bly t h e  m os t  fr e q u e n t ,  c a u s e  for
li t tle  b r e eze s  in t h e  n eig h bo r hood  of t h e  clou dle t s
is t h a t  w h e n  t h e  cloudle t s  a r e  for m e d  t h ey im m e dia t ely
a b so r b  t h e  h e a t  of t h e  s u n  in a  w ay t h a t  t h e  p r eviously
cle a r  ai r  h a d  no t  do n e.   If t h ey a b so r b  e no u g h,
t h ey will r i s e  like  fee ble  b alloons,  a n d  sligh t  r e t u r n
c u r r e n t s  will t r avel dow n w a r d  ro u n d  t h ei r  m a r gin s,
t h rowing  all c rys t al s  in t h a t  si t u a tion  in to  di so r d er.

I do  no t  includ e  a m o n g  t h e  c a u s es  w hich  m ay  a gi t a t e
t h e  c rys t als  a no t h e r  c a u s e  w hich  m u s t  p ro d uc e  exce ssively
sligh t  c u r r e n t s  of air, n a m ely, t h a t  a ri sing  fro m
t h e  s u bsid e nc e  of t h e  clou dle t s  owing  to  t h ei r  w eigh t .  
The  c rys t al s  will fall fas t e r  w h e r ein  clou d  m a s s es
t h a n  in t h e  in t e rve nin g  po r tions  w h e r e  t h e  cloud  is
t hin n er.  Bu t  t h e  s u b side nc e  it s elf is so  slow
t h a t  a ny r ela tive  m o tions  to  w hich  diffe r e nc e s  in
t h e  r a t e  of s u b sid e nc e  c a n  give  ris e  a r e  p rob a bly too
fee ble  to  p ro d uc e  a n  a p p r e cia ble  effec t .   Of cou r s e ,
in  g e n e r al, m o r e  t h a n  on e  of t h e  a bove  c a u s e s  will
conc u r;  a n d  it is t h e  r e s ul t a n t  of t h e  effec t s  w hich
t h ey wo uld  h ave  s e p a r a t ely p ro d uc e d  t h a t  will b e  fel t
by  t h e  c rys t als.

If t h e  p r e cipi t a tion  h a d  t ak e n  pl ac e  so  ve ry eve nly
ove r  t h e  sky t h a t  t h e r e  w e r e  no  clou dle t s  for m e d,
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b u t  only on e  u nifor m  veil of h az e,  t h e n  t h e  c u r r e n t s
w hich  wo uld  flu t t e r  t h e  c rys t al s  m ay  b e  so  e n ti r ely
a b s e n t  t h a t  t h e  lit tl e  pl a t e s  of c rys t al s  c a n  fixedly
a s s u m e  t h e  ho rizon t al posi tion  w hic h  is n a t u r al  to
t h e m.   In  t his  eve n t  t h e  cloud  will exhibi t  no
iridesc e n c e ,  b u t ,  ins t e a d  of it, a  ve r tical ci rcle
t h ro u g h  t h e  s u n  will p r e s e n t  i t s elf.  This, on
so m e  r a r e  occ a sions,  is a  fea t u r e  of t h e  p h e no m e no n
of p a r h elia.

I t  t h u s  a p p e a r s  t h a t  t h e  occ asion al iride s c e nc e  of
ci r r u s  clou ds  is s a tisfac to rily a ccou n t e d  for  by t h e
conc u r r e nc e  of con di tions,  e a c h  of w hich  is know n
to  h ave  a  r e al  exis t e nc e  in n a t u r e . ...—Phil. 
M a g.,  July 1 8 8 7.
*       *       *       *  
    *

THE SCIENTIFIC AMERICAN

ARCHITECTS AND BUILDERS EDITION.

$ 2.50  a  Year.  Single  Copies ,  2 5  c t s .

This  is a  S p e cial E di tion  of t h e  SCIE NTIFIC AMERICAN,
issu e d  m o n t hly—on  t h e  fir s t  d ay  of t h e
m o n t h .   E ac h  n u m b e r  con t ains  a bo u t  for ty la r g e
q u a r to  p a g e s,  e q u al  to  a bo u t  t wo  h u n d r e d  o rdin a ry  book
p a g e s ,  for min g,  p r a c tically, a  la rg e  a n d  s ple n did  MAGAZINE
OF ARCHITECTURE, richly a do r n e d  wi th  el e gan t  pla t e s
in colors  a n d  wi t h  fine  e n g r avings,  illus t r a ting
t h e  m o s t  in t e r e s ting  ex a m ples  of m o d e r n  Archit ec t u r al
Cons t r u c tion  a n d  allied  s u bjec t s .
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A s p e cial fea t u r e  is t h e  p r e s e n t a tion  in e a c h  n u m b e r
of a  va ri e ty of t h e  la t e s t  a n d  b e s t  pla ns  for  p riva t e
r e sid e nc e s,  ci ty a n d  co u n t ry, includin g  t hos e  of ve ry
m o d e r a t e  cos t  a s  w ell a s  t h e  m o r e  exp e n sive.  
Dr a wings  in p e r s p e c tive  a n d  in colo r  a r e  give n,  tog e t h e r
wi th  full Pla ns ,  S p e cifica tions,  Cos t s,  Bills  of Es ti m a t e ,
a n d  S h e e t s  of Det ails.

N o  ot h e r  b uilding  p a p e r  con t ain s  so  m a ny pla ns,  d e t ails,
a n d  s p e cifica tions  r e g ula rly p r e s e n t e d  a s  t h e  SCIE NTIFIC
AMERICAN.  H u n d r e d s  of d w ellings  h ave  al r e a dy
b e e n  e r e c t e d  on  t h e  va rious  pl a n s  w e  h ave  issu e d  d u rin g
t h e  p a s t  ye ar, a n d  m a ny  ot h e r s  a r e  in p roc e s s  of cons t r u c tion.

Archit ec t s ,  Builde r s ,  a n d  Ow n e r s  will find  t his  wo rk
valu a ble  in fu rnishin g  fr es h  a n d  u s eful s u g g e s tions.  
All w ho  co n t e m pl a t e  b uilding  o r  imp roving  ho m e s,  o r
e r e c ting  s t r u c t u r e s  of a ny kind,  h ave  b efo r e  t h e m
in t his  wo rk  a n  al mos t  e n dles s  s erie s  of  t h e  late s t
and  b e s t  e xa m ples  fro m  w hic h  to  m a k e  s el ec tions,
t h u s  s aving  tim e  a n d  m o n ey.

M a ny ot h e r  s u bjec t s,  including  S e w e r a g e,  Piping,  Ligh ting,
War min g,  Ventila ting,  Deco r a ting,  Laying  ou t  of Grou n d s,
e t c ., a r e  illus t r a t e d.   An ex t e n sive  Co m p e n diu m
of M a n ufac t u r e r s’ Annou nc e m e n t s  is al so  given,
in  w hich  t h e  m o s t  r eli able  a n d  a p p rove d  Building  M a t e ri als,
Goods,  M a c hine s ,  Tools, a n d  Applia nc e s  a r e  d e sc rib e d
a n d  illus t r a t e d ,  wi th  a d d r e s s e s  of t h e  m a k e r s ,  e t c .

The  fullnes s,  r ich n e s s ,  ch e a p n e s s ,  a n d  conve nie nc e
of t his  wo rk  h ave  wo n  for  it  t h e  LARGEST CIRCULATION
of a ny Archit ec t u r al p u blica tion  in t h e  world.

  M U N N  & CO., PUBLIS HERS,
  3 6 1  BROADWAY, N EW YORK.

*       *       *       *  
    *

A Ca t alog u e  of valua ble  books  on  Archi t ec t u r e ,  Building,
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Ca r p e n t ry, M a son ry, H e a ting,  War min g,  Ligh ting,  Ventila tion,
a n d  all b r a n c h e s  of ind us t ry p e r t aining  to  t h e  a r t
of Building,  is s u p plied  fre e  of c h a r g e ,  s e n t  to  a ny
a d d r e s s.

*       *       *       *  
    *

BUILDING PLANS AND SPECIFICATIONS.

In  con n e c tion  wi th  t h e  p u blic a tion  of t h e  BUILDING
EDITION of t h e  SCIE NTIFIC AMERICAN, M e s s r s.  M u n n  &
Co. fu rnis h  pl a n s  a n d  s p e cifica tions  for  b uildings
of eve ry kind,  including  Ch u rc h e s,  Sc hools, S to r e s ,
Dwellings,  Ca r ria g e  H o us e s ,  Ba r n s,  e t c .

In  t his  wo rk  t h ey a r e  a s sis t e d  by a ble  a n d  exp e ri e nc e d
a r c hi t ec t s .   F ull pl a ns ,  d e t ails,  a n d  s p e cifica tions
for  t h e  va rious  b uildings  illus t r a t e d  in  t his  p a p e r
c a n  b e  s u p plie d.

Thos e  w ho  con t e m pla t e  b uilding,  o r  w ho  wish  to  al t er,
imp rove,  ex t e n d,  o r  a d d  to  exis ting  b uildings,  w h e t h e r
wings,  po rc h e s ,  b ay window s,  o r  a t tic  r oo m s,  a r e  invit e d
to  co m m u nic a t e  wi th  t h e  u n d e r sign e d.   Ou r  wo rk
ex t e n d s  to  all p a r t s  of t h e  cou n t ry.  Es tim a t e s ,
pl a n s,  a n d  d r a wings  p ro m p tly p r e p a r e d.   Ter m s
m o d e r a t e .   Addr es s

M U N N  & CO., 3 6 1  BROADWAY, N EW YORK.

*       *       *       *  
    *

THE
SCIE NTIFIC AMERICAN SU PPLEME NT.
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PUBLISH ED WEEKLY.

Ter m s  of S u b sc rip tion,  $ 5  a  ye ar.

S e n t  by  m ail, pos t a g e  p r e p aid,  to  s u b sc rib e r s  in  a ny
p a r t  of t h e  U ni t e d  S t a t e s  o r  Ca n a d a.   Six dolla r s
a  ye ar, s e n t ,  p r e p aid,  to  a ny for eign  cou n t ry.

All t h e  b a ck  n u m b e r s  of THE SUPPLEME NT, fro m  t h e  co m m e n c e m e n t ,
Jan u a ry 1,  1 8 7 6,  c a n  b e  h a d.   P ric e,  1 0  c e n t s
e a c h.

All t h e  b a ck  volu m e s  of THE SUPPLEM E NT c a n  likewis e
b e  s u p plied.   Two volu m e s  a r e  issu e d  yea rly. 
P rice  of e a c h  volu m e,  $ 2.50  s ti t ch e d  in p a p er, o r
$ 3.50  bo u n d  in s tiff cove r s.

COMBINED RATES.—On e  copy of SCIE NTIFIC
AMERICAN a n d  on e  copy of SCIE NTIFIC AMERICAN S UPPLEM E NT,
on e  ye ar, pos t p aid,  $ 7.0 0.

A libe r al  di scou n t  to  books elle r s,  n e w s  a g e n t s,  a n d
c a nvas s e r s .

M U N N  & CO., PUBLIS HERS, 3 6 1  BROADWAY, N EW YORK, N.Y.

*       *       *       *  
    *

PATENTS.

In  con n e c tion  wi th  t h e  SCIE NTIFIC AMERICAN, M e s s r s .
M U N N  & Co. a r e  solici to r s  of America n  a n d  For eig n
Pa t e n t s ,  h ave  h a d  4 2  ye a r s’ exp e ri e nc e,  a n d
now  h ave  t h e  la rg e s t  e s t a blish m e n t  in t h e  wo rld.  
Pa t e n t s  a r e  ob t ain e d  on  t h e  b e s t  t e r m s .

A s p e ci al no tice  is m a d e  in  t h e  SCIE NTIFIC AMERICAN
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of all inve n tions  p a t e n t e d  t h ro u g h  t his  Agency, wi th
t h e  n a m e  a n d  r e sid e nc e  of t h e  Pa t e n t e e .   By t h e
im m e n s e  ci rc ul a tion  t h us  give n,  p u blic  a t t e n tion  is
di r e c t e d  to  t h e  m e ri t s  of t h e  n e w  p a t e n t ,  a n d  s ale s
o r  int rod uc tion  of t e n  e a sily effec t e d.

Any p e r son  w ho  h a s  m a d e  a  n e w  discove ry o r  inven tion
c a n  a s c e r t ain,  fr e e  of c h a r g e ,  w h e t h e r  a  p a t e n t  c a n
p ro b a bly b e  ob t aine d,  by  w ri ting  to  M U N N  & CO.

We al so  s e n d  fre e  ou r  H a n d  Book a bo u t  t h e  Pa t e n t  Laws,
Pa t e n t s ,  Cave a t s ,  Tra d e  M a rks,  t h ei r  cos t s ,  a n d  ho w
p roc u r e d.   Addr es s

    M U N N  & CO.,
    3 6 1  Bro a d w ay, N e w  York. 
    Br a nc h  Office,  6 2 2  a n d  6 2 4
F  S t .,  Washing ton,  D.C.     

159


	Scientific American Supplement, No. 613, October 1, 1887 eBook
	Scientific American Supplement, No. 613, October 1, 1887

	Contents
	Table of Contents
	Page 1
	THE BRITISH ASSOCIATION.
	PROGRESS OF CHEMISTRY.
	SIZE OF THE ATOM.

	Page 2
	ATOMIC MOTION.
	ATOMIC COMBINATION.

	Page 3
	SYNTHESIS.

	Page 4
	CHEMISTRY OF VITAL FUNCTIONS.

	Page 5
	Page 6
	CHEMISTRY OF VEGETATION.
	CHEMICAL PATHOLOGY.

	Page 7
	Page 8
	THE CRIMSON LINE OF PHOSPHORESCENT ALUMINA.

	Page 9
	CARBONIC ACID IN THE AIR.

	Page 10
	Page 11
	ANALYSIS OF KOLA NUT.

	Page 12
	CHAPIN WROUGHT IRON.

	Page 13
	Page 14
	CELLULOID.

	Page 15
	APPARATUS FOR TESTING CHAMPAGNE BOTTLES AND CORKS.

	Page 16
	Page 17
	Page 18
	Page 19
	IMPROVED BISCUIT MACHINE.

	Page 20
	IMPROVED CREAM SEPARATOR.

	Page 21
	GAS FROM OIL.

	Page 22
	Page 23
	Page 24
	THE MANUFACTURE OF SALT NEAR MIDDLESBROUGH.[1]

	Page 25
	Page 26
	Page 27
	COTTON INDUSTRIES OF JAPAN.

	Page 28
	Page 29
	Page 30
	CENTRIFUGAL EXTRACTORS.

	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	A NEW TYPE OF RAILWAY CAR.

	Page 43
	FOUNDATIONS OF THE CENTRAL VIADUCT OF CLEVELAND, O.

	Page 44
	Page 45
	CENTRIFUGAL PUMPS AT MARE ISLAND NAVY YARD, CALIFORNIA.[1]

	Page 46
	Page 47
	Page 48
	THE PART THAT ELECTRICITY PLAYS IN CRYSTALLIZATION.

	Page 49
	Page 50
	Page 51
	Page 52
	ELECTRIC TIME.

	Page 53
	Page 54
	Page 55
	NEW METHOD OF MAINTAINING THE VIBRATION OF A PENDULUM.

	Page 56
	DR. MORELL MACKENZIE.

	Page 57
	HYPNOTISM IN FRANCE.[1]

	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	THE DUODENUM:  A SIPHON TRAP.

	Page 66
	Page 67
	WISCONSIN CRANBERRY CULTURE.

	Page 68
	Page 69
	Page 70
	Page 71
	SOUDAN COFFEE.

	Page 72
	Page 73
	THE HEIGHT OF SUMMER CLOUDS.

	Page 74
	ON THE CAUSE OF IRIDESCENCE IN CLOUDS.

	Page 75
	Page 76
	Page 77
	THE SCIENTIFIC AMERICAN

	Page 78
	BUILDING PLANS AND SPECIFICATIONS.

	Page 79
	PATENTS.


