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NEW BOOKS.

The Student’s Mechanics. B W. R, Browxe, MJIM.E,
}l (Loxpox : Caas. GRipFIN & Co.)

i Tbe object of this well written hittle book is to exhibit the
y Foundations on which the Science of Mechanices rests in such a
; manner as to enable the student to comprebead more fully the
j pnnciples of mechanics as applied to practical construction.
The author iu his preface makes the following pertinent re-
marks :—

“The successful prosccution of Mechanics, especially as
applied to practical construction, chicfly depends on the ob-
taining a clear and thorongh mastery of a few leading priuciples
\¢.g., the Composition of Forces, the Principle of Muments,
the Doctrine of Energy) which are alone necessary for the solu-
tion of almost all the problems of ordinary practice. It is, of
| course, easy to learn such propositions sufficiently” for the pur-
poses of an examination . it is by no means casy to know and
understand them so thoroughly as to be able to use them freely
snd confidently in attacking questions of practical 1nportance,”

That the author has Jargely succeeded 1n hus aim to facilitate
such a study will be granted by all who may read his work,
and 1t may be of interest to give a brief notice of his method
of treating the subject.

Part I is dovoted to First Prunciples, and commences by
pownting out the deductive character of mechanics. Motion,
force, and their measurewment, roatter (the meaning of which
13 usually left to the imagination of the student), and its mea-
surement, are explained clearly and simply. The sta.cmeant
of the laws of motion and their resulting equations is novel
and interesting, while the exposition is clear and easily un-
derstood by readers of very ordinary mathematical atta:nments.
This 18 followed by the Composition of Forces, and Part I con-
c.udes with a concise explanation of the laws of enorgy, a study
of which will render easy of solation many questions involving
caergy and work, and of great prsctical importance,

Parts 11, 111 and IV deal respectively, with statics, kinemas
tics, and dynamics. In the last, after describing the effect of
impulsive forces, the motion of a particle in a curved line,
etc., the author discusses very fully the subject of elasticity
and deduces certain definitions and laws, concluding the chap.
ter by a further development of the principles of energy and
work.

Wo feel sure that the Student’s Mechanics will realise the
expectations of its author and prove a most useful text.book.

Praclical Carpentry ; By Fren. . Hovcsox. (Tue INpus-

TRIAL PuBLicaTioN Co,, NEw YoRK.)

This useful littlo Landbook makes no pretentions to original-
ity but gives, in small compass, the gist of larger and mors
expensive publications, which will probakly be beyond the poce
ket of most of those for whom this is intended.

It aims at comprehensiveness and boginning with practical
geometry goes on to describe arch centreing ; window tracery,
various descriptions of roofs, mitreing of mouldings, dovetaile
ing, mortising and tenoning, door hinging, etc., and concludes
with quite a bewillering varicty of subjects, mote or less con-
nected with practical carpentry, such as estiwating cost of
work, strength and resistauce of timber of various kinds,
mensuration of superficies, elements of drawing, weights and
measures and & form of building contract,

One would like to have seen the important subject of stair
making receive greater attention in a work on practical car.
pentry but as Mr. Hodgson promises us shortly a soparate
work to be devoted entirely to thiy subject we will look with
intercst for it.

We should have liked also if one or two of the subjects
touched upon had been pursued a little further, even though it
had been at the cost of leaving out other less germaue subjects,
but taking it as a whole we think Mr. Hodgson is to be con.
gratalated on having compiled a small book which we feel sure
will be helpfal to every intelligeut workman and for which
overy carpeuter’s tool chest should have a niche.

The Storage of Elcctricily, By Hexny Greer, (New
York . N. Y. Avext CuLifok oF ELecTnicaL ENGINESRING,)

The storage of electricity furms part of one of the most in-
terestiog branches of electrical engineering, and for some time
past has been gradually assuming increased importance. Mr,
Gereer, in his pamphlet on the subject, leads up to the vations
storago systems by a preliminary discussion of electrical action

.
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and reaction, the laws of polarization, the effuct of heat, current
donsity, the state of the surface, etc., upon storage porer.

The Plantd, Kabath, Houston and 'hemson, and Sutton
batteries ave briefly sketched, anid the salient points of many
others are also touched upon, but the chief attention is di.
rected to the Brush storage system, the advantages of which
are set forth in such a manner as to impress the reader with
the opinion that this systemis the best.

TLe descriptions are popular and readable, and much inform.
ation is given iu a compact form.

Winds and Occan Currents, By C. A, M. Taser. (Bos,
TON: A. WiLntans & Co.)

In this work, Mr. Taber propounds a theory explaining the
principal causes which produce the great prevailing winds and
ocean currents,

———

N. B.~11 should have been stated in the last number that
the illustration on page 113, viz.,, ** Mountain Homes,” was
taken from ¢ Building,” edited by W.T. Comstock, New
York,—Ed. .

Enginecering, IMetallurgy, L.
ENGINEERING EDUCATION,

BY PROF, C. H. MCLEOD, MA.E.

(An address to the Graduating Cluss of 1888, Faculty of
Applied Scicnce, McGill University).

Gentlemen, Bachelors of Applied Science :

1t is my pleasing duty to address you this day on
behalf of the Faculty of Applied Scienco as Graduates
of the University.

It is unnecessary for me to state to you that you
have the best wishes of your Professors for your future
welfare, and I do not proposs to offer you any of the
stereotyped advice so common on occasions like this,
The best of advice or assistance that we can give is
always at your command. Your progress and advance-
ment in life is one with the progress and auvance of
our practical science schooi. You have, with us,
deeply 2t heart, I feel assured, the development and
perfection of engineering education in Cunada. It is
to this I would refer, and I trust that the friends of
the University assembled here to-day to honor you
and your fellow-graduates in Arts will pardon me if I
depart somewhat from the usual practice-and address
you us gentlemen who, in graduating from the Univer-
sity, have taken upon yourselves responsibilities which
involve not only the honor and fame of the profession
to which you are about to unite yourselves, but also
the adequate provision for the education of those who
are to come after you in the astudy of emgineering.
We, of McGill, are of course chiefly interested in the
perfection of our own methods and appliances of
education, In order that we may more clearly under-
stand our present position, let us briefly trace the
development of modern engineering education.

Our early Engineers, both in America and the
mother country, were largely self-tuught men ; men
who rose from the ranks—carpenters, masons, brick-
layers, blacksmiths—men having little of what is now
called education, but men of courage and patiencs ;
men possessing judgments well trained in the observa-
tion of nature's laws ; these were the men who, by
years of persistent toil, founded the profession of
enginevring. We must always bear in mind that they
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weore men who had to feel their way cautiously through
unknown paths, and who only mastered some of the
facts and principlos which are now familiae to every
student of engineering, after much labor atd loss of
time. There was mo such thing as a school of en-
gineering in those days ; it was the dawn time of the
science of engineering. As public works became
more numerous and the demand for Engineers became
greater, young men of a practical turn of mind were
drawn to the craft—it had not then the rank of a pro.
fession—and found occupation as assistants to the older
Enginocers, In this way the system of apprenticeship
arose, under which a young man upon payment of a
premium or otherwise entered an Engineer's office to
..arn what he could. No attempt was made to teach
him. He—the engincer of the future—had even yet
to rise by self-teaching, but he was given an opportunis
ty to see work being done ; to acquire knowledge by
observation,

Engineering literature presontly began to appear
and the apprentics had access to such works as, Pam-
bour on Locomotives, Vicat on Cements, Wood on
Railroads ; books which were valuable because they
had chiefly reference to actual works, being mainly
descriptive, This was a tiwme of fact, not of theory, &
time when it had not yet bugun to be fully understood
that theory and practice are one,

While in England the system of apprenticeship
continued to be ths mational school of engineering,
the French people set about the education of their
engineers in a different way. They established a
polytechuic school. In this school, says Professor
Vose, it was recognized that civil engineering was
largely o mathematical business, and it seemed to be
assumed at the start, that if a little mathematics was
gond, more mathemstics was better, and the most
mathematics was the best ; many leading minds in
that eminently mathematical nation, set to work to
reduce engineering to a mathematical science, and
volume after volume, upon the location of roads, the
stability of retaining walls, the transportation of earth,
the application of descriptive geometry to the con-
struction of masonry, and other like matters appeared,
in which all' the resources of the higher mathematics
were exhausted, and which showed the authors to
possess every accomplishment except, perhaps, a little
common sense.” But this statement, though-zo doubt
true, is not the whole truth ; the discussion of applied
mechanics soon fell into the hands of men having
practical as well as scientific skill, and finally the har-
mony of theory and practice in mechanics was reached
and the science of engineering established by such men
as Rankine, Weisbach, Willis, Reuleaux. -

Professor Vose also informs us that the early Ameri-
can engineering schools were hased on the model of
the French echool which he describes, and intimates
that the ideal school was the one which could stuff into
its students a maximum of mechanics, practical or un-
practical. Here we find the other extreme in en-
gineering education. Too much theory, too little
observation and practice,

- It is to-day recognized on all hands that mathema-
tical skill must be tempered with & good deal of judg-
ment and practical knowledge before it can be of any
great use, But it is equally true that ever so sound
s judgment, ever so much common sense, is quite at
ses in ao atlempt to overcome eoyen the simplest
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engincering problems without a sound scientific train-
wg in applied mathematics.  Such a statoment as this
instantly calle to mind works of stability, works which
have porhaps won renown for desiguers who were not
sciontifically trained mon. There may be excoptions,
but in general thoe designs of such men make up in
massiveness—which implies unnecessary expenditure
of labour and material—what they are unable to provide
for by a skillful arrangement of the parts of the
structure.  There is a poerversion of public taste in
regard to wmassivo structures, which, as P’rofessor Ran-
Kkine has observed, ¢ causes works to bo admired, not
in proportion to their fitness for their purposes, or the
the skill evinced in attaining that fitness, but in pro-
portion to their sizo and cost.” At least one of our
ablest Canadian engineers and designers does not
scruple to confess that e is hampered at every turn
by lack of mathematical knowledge, We know that
you, in the practice of your profession, will not have
cause for such regret, for we have reason to be proud
of the training given in MecGill, in the subject of
applied mathematics, We also knew that you have
tho ability to apply it—to this, any one who has
inspected your desigus will bear testimony, and I may
add, with regard to one of these designs in particular,
tha it has called forth the warmest adwiration of one of
our most distinguished engineors, to whom it was
exhibited. I mention these facts because I wish those
who are here today to know that we have done and
are doing goud work, and also because I am going to
puint out presently certain defects in our instruction,
defects which, with our present appliances are un-
avoidable.

We have seen that the competent Lngineer must
possess & soumd judgment, and we huow that te grapple
suceessfully with any problem in engineering science,
he must abuve all thiogs have an intimate knowledge
of the nature of the materials he is to employ and kis
huvwledge must not be the knowledge that comes from
hearsay, or from bouks alune, it must be the knowledge
that comes of seeiny, hundling, analyzing and testing.
He must know the action uf his materials under the
varwous conditions in whick they are to be employed.
Further than this, he should kuow how to set abuut
testing his materials, be they irom, steel, sulphar-
Lronze, delta, stoue, timber, cement or brick. Ile
should be able tu learn all about them, and to know
what to expect of them. 7o discover the precise
value of a material for constructive purposes, its limit
of elasticity is of mach greater moment than its limit
ol rupture. To det.rmine the limit of elasticity of a
material, involves the power to make very minute
measurements.  Lov determine the value of many
materials, 2 chemical analysis is necessary. To under-
stand thurough'y the properties of steam , the values
of the different methods of jacketing ; the most
cconomical steam pressure, speed or point of cut off’
fur given conditions ; the relative merits of wet, dry
and superheated steam ; and the innumerable other
details conuvected with the management of steam ;
the engineer .ust have the opportunity to study them
beside an ongine which can be converted at will into
any required condition—un experimental engine, in
fact—or else he must slowly learn from different forms
of engines as he may chance to meet them in his
ypractice. Now, to wake these investigations constitutes
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the work of the mechanical laboratory, and this is just
the kind of experience which is best fitted to educate
the judgment, to ripen the discerning powers. o
have the testimony of no less an authority than Mr.
Faraday, that judgment is largely a matter of education.

Lt is tha realization of these facts which has caused
what we may perhaps call a reform in engineering
education during the last fow years. In all the leading
schuols of Lngland and the United States, we find
that oxtensive mechanical and physical laboratories
have boon established ; not show establishments, bat
places where every student has to do the work set
before him with he own hands—where he learns to
make fingers out of thumbs—and where, to the great-
ost possible extent, he draws his own conclusions.
One of the great results of such an institution as this,
is to impart to its students a love for original investiga-
tion and a knowledge of the methods of conducting
such work, which will, in after years, prove of
inestimable value, not only to the student, but also to
the country to which he helongs. That such an
institution has not heen cstablished in McGill is not
our fault, nor the fault of the Governors of the uni-
versity, 'We have not the means.

A beginning has at least been made. The students
of the first year have for the past two years been doing
practical work in the chemical laboratory, and the fact
that we require our students to employ themselves on
practical engineering work during the summer vaca-
tion, and to make a report thereon, and that in addition
thereto, we have a six weeks course of field work in
the autumn, will serve to show that we are not
unmindful of the practical side of education here.
But we look forward—and that in the very neax
future—to mach greater things than these. Professor
Bovey has already obtained estimates for an experi-
mental engine, a testing machine, a dynamo, and
several other important and desirable implements—the
two first mentioned instruments would cost $8,000—
and now we are auxiously seeking for the man who
is to pay the bill, and we shall find Lim soon we hope,
We are hare, in the commercial metropolis of Canada,
in the very centre of the manufacturing industries of
our country, in a town where more wealth has been
acquired during the last year than would endow a
dozen universities, Should there, amidst such sur-
roundings, be much difficulty in finding the few thou-
sand dollars—say £20,000, which we requira to
establish a mechan:cal laboratory 1

I think not. Not at least if our men of wealth
would for a moment give the subject the attention it
deserves, e all have a common object, the develop-
ment of the resources of our country, the improvement
of the condition of our counirymen. It is our part in
this work to educate those who will be the leaders, the
moulders, of the Canada of the future ; it is theirs to
provide the capital necessary for our proper equipment
for this work, just as much as it is to provide plant
for their mills and factories. The investment in pro-
porly directed educational work will, in the long run,
yield the much larger return. Fortunately, we are not
looking for support to men who have not already
shown that they fuily appreciate the necessity of
meeting with a liberal hand the requirements of higher
education. To the honour of the merchants and the
manufacturers of Montreal, be it said, McGill is an
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institution of their creation, and she need not fear but
that by thom she will be amply ~»stained,

My romarks have only beo. directed towards
pointing out one of our most pressing needs—a need,
to meet which would vastly increaso our usefulness,
and one which does not require any very largo sum of
money to supply. The larger wants of our school hven
rocently been pointed out by Dr. Dawson and [ need
not refor to them here. Thero remains, however, ono
further development of our work which should not be
long delayed, and which has not beon publicty referred
to.

If we are to keop abreast of the requirements of our
time, wo should very soon establish a course in Elac-
trical lingineering. Such work is being taken up all
around us. Cornell and the Massachussits Institute
of Techuology have completely equipped schools. The
Stovens’ Institute is just about establishing oue,

Our Faculty of Arts possesses a valuable collection of
electrical and other physical apparatus, and is no doubt
aliva to tho necessity of founding a physical laboratory.
If this were done, and our mechanical laboratory pro-
perly equiped, a course in I'lectrical agincering could
readily be provided for.

Our school of Ingineering was the first of its kind
to be established in Canada ; for a time it stood with-
out a rival, but during the last few years it has not
been without competition, It is no boast to say that
at present wo are head and shoulders above our com-
petitors, but if we would retain so honorable a position,
it behooves us to study earncstly the educational
requirements of our country, and to make fitting pro-
vision therefore. We have many advantages, and,
we must not conceal it, we have some disadvantages.
Amongst our advantages, we count it not the least that
we have the wise counsel, the never-failing watchful-
ness of one to whom we all owe much ; he to whom
our school owes its birth, whose fostering care has
brought it through the period of infancy, and who
now, in the days of its youth, spares neither his time
nor lus money to forward its objects—our IP’rincipal,
Dr. Dawson. May we, be it at ever so great a distance,
follow his example.

Gentlemen, farewell '

CedBem e - =

CHARCOAL AS A FUEL FOR METALLUGICAL
PROCESSES.*

BY JOHN BIRRINBINE,
(Coneluded from Page 10..)

Comparisons of the operation of blast furnaces show that
not only 1s the fuel cousumption per ton of pig iron less
with charcoal than with mineral fuels, but that the output
is greater per cubuc foot of capacity, although the bulkiness of
charcoal prevents as much ore being in the furnace at a given
time as is possible with mineral fuel.

Having considered the quantity of this fuel now used and
its quahty, the methods of manufacturo inay receive attention.
Formerly all charcoal was made 1n heaps or meilers. lo Ame-
rican practice kilns are rapidly superseding the more wasteful
method, and retorts are now taking the place of kilns and
meilers in many cases.

Meiler charring should not be employed except under pecu-
liar conditions, and it has been fully 3escribed m the JHawl-
book for Charcoal Burners, by Svedelien.

Professor Egleston presonted to the Institute, at the Pitts.
burgh meeting, in May, 1879, a very complete pa}mcr on * The
Manufacture of Charcoal in Kilns.” It is, theretore, only ne.

¢ A papor read before the American Institution of Civil Engincers.
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cessary at present to consider tho systemn of carbonization in
retorts and compare it with the other processes. f

At tho Lake Georgo meeting of the Institute, in October,
1878, 1 presented a paper ¢ On the Production of Charcoal for
iron Works,” in which thesubject of carbonising tho wocd in
closed vessels was consideted and reasons were advanced for
the more general adoption of this mothod, During the dis.
cussion which followed it was claimed that the collection of
acetates was not practicable when charcoal was manufactured
for commercial purposes. 1t i3 now my privilege to state that
tho production of charcoal is successfn‘ly carried on both in
kilus aud retorts, and the ‘acetic vapors arising from the car-
bonizatiou are condensed and made 1nto comwnercial products,

There are now 1 operation at the Bangor Furnace, Michi.
gan, fourteen kilns of eighty cords capacity, in which 16,000
cords of wood are aunually catbonized, aud the Elk Rapids
Furnace, Michigan, also has 22 one hundred cord kilus in
which 40,000 cords of wood are each year converted into char.
coal ; the acetic vapors being exhausted from all of these kilns
by Peirce’s patent method ard converted into acetate of lime
and methylic alcohol. The two plants produce daily 17,000
pounds of acetate of lime and 250 gallons of alcohol. In addi-
tion, the F1k Rapids furnace has 3 one hundred cord kilns and
10 sixty cord kilns which are not coustantly in use.

That the charcoal iy not deteriorated by the collection of the
acetic vapors is proven by the reports of the managors of these
plants and by the remarkable records made by both these fur-
naces. It is doubtful if any other charcoal blast furnace in
the country can show as good work for four consecutive years
as that at Bangor. Concerning the discussion above referred
to, Major Pickands, the manager, says: * We do not extract
acotic vapors, nature throws them off from the wood iu process
of carbonization, whether that process takes place in a kilu,
rlctorl,’ or dirt pit, and we capture the vapours and utilize
them.”’

'The financial success of the chemical department at Bangor
encoutagod the more pretentious venture at Elk Rapids, and
late reports from the latter furnace place it in the front rank
for cconomical {uel consumption and largoe output.

A number of retorts arc scattered throughout the country.
The Baltimore Iron Company have sixteen horizontal retorts,
tho Port Leyden Iron Company have twenty-four Mathieu
retorts, and & number of iron works now have or are erecting
the latter. The Mathien retort has met with most favor, and
at present is boing more rapidly adopted than others, becauss
of 1ts formn and setting, and on account of the inventor's mak.
ing the quality of his charcoal the first claim, and the quantity
of acetates collected a secondary consideration. The Jorms of
retorts in use in this country are generally iron cylinders, set
cither horizontally in nests over fire places, or vertically with
flues surrounded them. Departures from this plan are the
retorts at Coloma, Michigan, where a semi cylindrical iron
bottom i3 covered by a fire brick arch, these forming a com-

lete cylinder, and the Missau still, in which the carbonization
15 carnted on by the use of superheated steam. This, however,
is principally employed with resinoas woods.

'he Baltimore Iron Company report as the average yield of
the horizontal retorts fifty bushels per cord. The Port Leyden
1ron Company have been obtaining sixty.six bushels per cord,
Part of this dilference may be accounted for by the age and
character of the wood used, but it is probable that a less uni-
form carhonization in the horizontal cylinders is obtained than
in the Mathien retorts.

Theso latter are¥made nearly crescent shape to give a practi-
cally uniforin thickuness of wood, and are set inclined over fire
places. This method of setting is advantageous on account of
the convenience of filling and discnarging, and of its permnit-
ting any condensed acid to drain from the retorts when cold,
thus preserving the life of the retorts. It is claimed that
while in operation there is little danger of the iron in the re-
torts being attacked by acetic acid, becavse the heat meintain-
ev is sufficient for volatilization. Some two hundred of the
Mathieu retorts are in place or in process of erection at various
works located in difierent sections of the country. They are
constructed of a bottom plate of one-half inch wrought iron,
which is protected by an arch of fire brick, the upper portion
being formed of one-cighth inch wrought iron connected to the
bottom by angle irons. A suitable vast-iron head, with re-
morvable door, is placed on either end, to which a nozzle for
conveying the vapors from the retort is secured. Each retort
is about fourteen feet long. Tbe capacity is one cord of wood
ordinarily cut sixteen inches long. With air dried wood, as
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commonly used, the retorts requiro about sixteen hours for
carbonization.

There are so many commercisl uges to which acetates and
arctic acid can be applied, and such possibilities open to any
process which cheapens them, that it is strange so hittle atten-
tion has been bestowed upon collecting the immense quantitics
now wasted in charcoal production, while large works for dis.
tilling these products from waod have been erected at, or near
to, our eitied for supplying print works, ete.

But the importanee of carbonizing tn closed vessels 1s not
hased alone on the value of acetic vapors collected, and the
warket for them may be a matter of secondary counsideration.
It is the possibility of obtaining a greater yield from a given
amount of wood which makes retorts valuable to thoso using
charcoal as a fuel for metallurgical processes. Liberal averages
for the various methods of praducing charceal from ordinary
air dried woad of medinm age aund size are, for meiler charring,
30 bushels per cord ; for kiln charring, 46 bushels per cord ;
for rotort charring, 66 bushels per cord. A cord of wood will,
therefore, produce as much charcoal in retorts as one and one-
third cords in kilns, or as two cords in meilers. 'The reason
for this is, that, as the heat 18 applied extraneously, none of
the wood in thoe retort is consnmed, while in the kiln part of
its content are burned to carhonize the balance, and the meiler,
being more vpen, less controllable, and of smaller content,
wastes more wood than the kiln,

The saving of a large percentage of the wood required (parti.
cularly in some of the Western States where charceal sillls are
as high as thirty cents per bushel), wonld soon pay for & plant
of retorts, even if all the acetic vapors were waste(i

The first cost of a battery of retorts is considerable, but,
* based on the outlay per bushel of charcoal raade, it compares
favorably with the expense of kilns, Vher placed in nests,
fuel for hicating the retorts is seldom required, for the uncon-
densable gases resulting from the carbomzation are generally
sullicient to maintain the temperature of the retorts at the
pomnt desired. The amount of these gases available is insufli
cient in some parts of the process, and in others abundant,
but where & nnmber of retorts are operated together the defi-
ciency of one is made up by the others. The vonvenience of
filling and emptying retorts as compared with kilns compen-
sates for the cost of cutting the wood.

‘The census statistics of 1850 show that eighteen billion feet
of boards were cut in that year. Of this amount there was
probably & waste of one-halt cord in tops and branches left to
rot in the cleorings, or in slabs burned at the mills, tor each
thousand feet of boards saved, or 9,000,000 cords. This would
have produced by improved wethods probably 56,000,000
bushels of charcoal, or two and onc-halt times the quantity
annually consumed in the country. There 1s, therefore, an
opportunity to produce, from what is now wasted, tuel to do
. much to advance the industries of our country, and this papet
has been prepared to indicate the pos«ibilities of manufacturing
charcoal economically in locations where, if it received consi-
deration, most satistactory results might follow.

If the expensive and wasteful process of producing charcoal
in lieaps or meilers is persisted in, the practical abandomment
of this fuel may casily be prophesied. But if the economies of
wmanufacture ate caretully considered, charcoal will be found
to be in many locations the cheap <t fuel accessible for metal.
lurgical purposes. A number of Pennsylvania charcoal fur-
naces produce pig iren with no greater money expenditure for
fuel per ton of metal, than their near neighbors who use
mineral fuels, and in that State the more modern methods of
producing charcoal are not generally adopted.

Generally where wouds are felled to produce charcoal, it is
considered as sacrificing timbered arcas. Such is not, or should
not be the case ; for it 1s compatible with successful operations
to carry on the production of charcoal in connection with lume
benng, or other kindred industries. There is less merchant.
able timber consumed to-day, in the mavufacture of charcoal,
than 1s left 1 the woods by thoese who strip bark for tanneries,
or cut railway sills and telegraph poles. The waste of the
saw mills has been referred to above and needs no further
comment.

An ndustry dependent upon charcoal as fuel must, to be
permaneut, maintain large forest areas, thus benemini the
surrounding country ; aud muchof the growing timber, being
smtable for other purposes than charcoal making, wll be so
used whenever the compensation is greater.  Anomalous as it
may at first appear, the probabilities are that, in the near fu.
ture, the large consumers of charcoal will be among the most
enthusiastic patrons of forest cultivation and preservation.
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THE MAN''SACTURE AND APPLICATION OF ARTIFI-
CIAL MANURES.—By Mg. Surmita.
(4 paper read before the Liverpool Polylechnic Sociely.)

The manufacture of artificial manures wcay be Jaoked unon
as a modern industry. For many generations it hos been
known that to produco satisfictoty results in the field it was
necessary for the farmer to apply to the land manures, 1. e,
plant food, to supply the loss which had been sustained by the
removal of varicus elements from the svil. But in those former
times, the knowledge was such as was ~htained b xperience
only, and absolutely nothing was known . the means wherehy
crops obtained their nounshment. With the extension of
knowledgo m vegetable phiysiology and chemistry, the barriers
which had blocked the way to a rational methud of manuring
were one by one broken down, and with this sndvance, in which
the name of Liobig stands pre-eminent, the way w21 opened to
artificinl manuring, and consequently to the manufucture of
artificial manure.

Before treating of the methods of manufacture now in vogue,
it will be necessary to give a rapid glance at the general rrin-
ci}\lcs which govern the growth of plants, and the methods by
which they are able to sssinnlate the food which is pluced
within their reach : ofherntse a just conception of the advan-
tages of the present proce sses will be iinpovsible.

[t must be clear to ecery one, that plants in order to grovw,
stand as much in need of food as animals or man. Whence
then does the plant obtain this food ? In the first place it ob.
tamns whatever water it reqnires to bnild up its structure—
principally from the soil. The carbon, the element next in
importance, is obtained from the carbonic acid of the air, which
is decomposed by the green colouring matter of plauts (chloro.
phyll) and is thus assimilated. Since, in this climate at all
events, there is an abundant supply of water and carbouic acid
it is clear that it is quite unnecessary to artificially supply
eithier of these. But when we como to the other elements
which go to build up the structure of plants, the matter is far
different. Of these nitrogen is an important clement, It is
absorbed by the crop chiclly in the form of smmonis or mtric
ueid, and it is found that although nitrogen in both these cons
ditions exists, the quamit{ is by no means sufilcient to sup-
ply the requirements of cultivated crop ; and as piants have not
the power of assimilating the freo nitrogen of the air, it be.
comes necessary to supply nitrogen to our soils if we would
obtain remunerative results.  lu the remaining part of plants,
tho mineralmatters or ash, there are u great variety of elements,
The priucipai of these are :—lime, magnesia, phasphoric acid,
stlphurie acid, potash, silica, and chlorine.  Soils, almost
without exception, contain these these elements in greater or
less extent, but few soils, in lands which have been long culti-
vated, contain the whole of those constituents in sufficient
quantities to supply the want of our crops. It is not necessary,
however, to uso the whole of the foregoing list of elements in
an artificial manure, sinee it is found, both by practice and by
the analysis of various suils, that the majority of these are al-
ready there in sufficient quantities and in an available form.
In the majority of cascs it is therefore found that, of the min.
eral constituents the only two which are required are phos.
phoric acid and potash, aud this latter is moreover only re-
quited in certain classes of soils.

For artficial manuring, therefore, the matter resolves itself
into the manufacture of manures which shall contain phos.
phoric acid, nitrogen, and in some instauces, potash.

Fortunately there cxist in nature large deposits of minera)
phosphates, chiefly in the form of tribasic phosphate of lime,
combined with a greater or less quantity of extraneons mattet_.
The forms are various and found in almost every country—
the most jmportant frem a con:mercial point of vicw, being
Carolina phosphats, Apatite (Norwegian and Canadian), Es-
tramadura phosphate, coprolites, and a considerablo variety of
so-called phosphatic guanos.  Besidns these mincral sources
we derive & cone:derable quautity of the phosphate required
for agricultural rurposvs trom the bones of various snimals,
guano and such like animal products.

But, althongh phosphates are compvaratively widely distri-
buted in nature, it has been found that in the condition in
which they exist they are, in the case of mincral phosphates, of
Jittle vaine as plant food on account of their practical insolu.
bility in water.  Belore plants can avail theniselves of the
mineral constituents of the sol, it is necessary that these sub.
stances should be rendered soluble in water, so that they may
pass by the rootlets into the plant. Sotwe of the mineral phos-

- phates aro almost insoluble in water, and are only very slowly
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acted upon by the organic matter and carbonic acid, which
cummes into contact with theman the soil when they are used in
the raw state us manure , and it is found that unless ground
to an unpalj able powder, tne solubutity is not suflicient to sup-
ply the requirements of a growing crop.

‘I'o Licbig is due the credit of first devining a means of con-
verting the ansoluble phosphate of bone into a soluble and
readily available form, and the process was subsequently
adopted for mineral phosphate by lawes. This consists in
treating the finely ground mineral phosphate with sulphune
aad, by which means the tribasic phosphate of lime is con-
verted into monobasic phosphate of lime und gypsum, both of
which are soluble in water. It is this substance, known in
commerce as superphusphate of lime, which forms the basis of
the great majority of artificial manures fonnd in the market.

It will, therefore, be my endeavour to place before you the
principles on which the manuficture of superphosphate is
Lased and the methods by which t1s accomplished, and after-
wards to sketch theway in which the various manuresaro con-
pounded trom it. The capital invested in the manufacture of
superpl.osphate and manuges is enormous, and the industry is of
such great commercial importance, that it is not to be wondered
at that many forms of apparatus and modifications of processes
have from tunce to time Leen devised to effect this object, but I
shall restrict myself to the wnethods generally practised, without
attempting to cover the whole grou 1. With this end in view
1 shall describe the processes fulloned 1n one of the largest and
most wmodern of our manure works, and endeasour, as I proceed,
to describe the principles which should regulate the successful
working of the processes.

In all large manure works the manufacture of sulphuric acid
is carricd on, and for this purpose large chamber capacity has
often to be provided. The purity of the acid is imnmaterial,
and pyrites 15, therefore, almost invariably used as the source
of the sulphur.  The methods by which the acid is formed are
so well known, and have been described in so many books,
that any description from me would be out of place, more
es] ccially ss the manufacture of it is only a2 means to an end
and not an essential part of the manufacture of manure proper-
1y so-called.

The mineral pliosphate, if in the rock state, is first reduced in
a Bluke's crusher to a moderately fine condition. This reduction
is brought about Ly a biting action of the machine, which an-
swers its putpose admirably. Auy other form of crusher which
will reduce the rock to asufliciently fine condition for the mill
stones, through which it has next to be passed, may be used.

The phosphate s then ground between mill-stones until it
will pass through sieves of forty meshes to an inch. The pro-
cess so far, is entirely mechanical, and presents no difficulties
to those accustomed to the usc of such machinery, but the
proper conducting of this part of the operation 1s o the utmost
importance in successful working, A glance at the chermatry
of the next operation will make this apparent. To convert the
insoluble monocalcic phosphate, it is treated with sulphuric
acid of about 1°535 specific gravity.  The changes which take
place are represeuted by the following cquation :—

(" Pg Os + 2 ("2 S“‘ +~ 92 }Ig 0) =
Cal, P08 + 2(CaS0,2H:20).

This, deubtless, is only generally truc, as on the manufac-
turing scale the decomposition is not absolutely complete, und
other reactions in a minor degree take place ; Lut the reaction
given above is the one which should be sumed at by the man-
ufacturers. HBut if the raw phosphate has not been ground
sufficiently fine 1t must be evident hat, as the acid is only
used to conform with the equation given, the sulphuric acid
will be duninished in quantity as the reaction proceeds, and
the inner portions of the larger picces of rock will remain un.
attacked, and consequently the process will be only partully
comydete, and a part of the phospliate will remain an an inso-
luble condition to the proportionate detrinuent of the manure.
Ove of the great sccrets of success is, therefore, to grind finely,
and the finer tho better.

The addatzon of the acid to the finely ground phosphate is
made in what is known asa *“horizontal mixer.”  The acid 13
contained in a tank with a gauge attached to it for the purpose
of measuremient, and is allowed to run into the mixer by re-
moving a plug, and is then intimately mixed with the raw
phospbates by means of revolving blades. The mixerisslightly
wchned to admit of the nuxture, which, directly after mixing,
is fluid, being run of, when a plug, placed at the lower end for

iemical action which takes

T —

* this purpose, is removed. The ¢!

place on the addition of the acid causes the temperature to
rise very considerably, and it is, therefore, allowed to run into
a reservoir placed below, which is technically called a *¢ den,”
for the purpose of setthing and cooling. A good sized **den"
will hold forty tons, and may be filled in a day. After the
superphosphate has been allowed to remain for a day it will
have set and may be dug out and stored for further use. When
properly munufactured superphosphate should be in a dry and
almost friable condition, as, :f at all wet or lumpy, it makes
the process of sowing both diflicult and unsatisfactory.

‘Ihe proportions in which the acid and raw phosphate ere
mixed will depend upon the mature and composition of the
phosphate and upon the strength of acid. The most convenient
strength of the latter for ordinary purposes is 110° T {1'55
specific gravity).

None of the phosphatic materials.are pure, or approximately
ure tricalcic phosphate, and consideration has, therefore, to
e taken of the action of the sulphuric acid upon these ex-

trancous substances. The principal of these, for inatters of
calculation, is carbonate of hne. ~ This will be acted upon be-
fore the acid attacks the phosphate, but its presence in raw
phosphate in moderate proportions is by no nieans an un.sixed
evil, as the liberated carbonic acid tends to assist the intimate
mixing of the materials, aud the gyvpsum formed by the re-
action helps to dry the manure. In Sarge quantities it is Yro-
judicial and renders certain phosphates practically nseless
except for mixing with other materials which contain but little
or no carbonate of limte. The following table shows the quanti.
ties of acid of 100 ©°F which are required by 100 parts of the
given substances :—

100 parts require Sulphurio Acid 110°F.

Tricaleic Plosphate . A 100
Calcic Carbonate . . . . + 156
Ferric Oxide . . . . . 97
Alunina . . . . . . 151
Calcic Fluoride - - . . < 200

In practice, however, it isadvisable to use a somewhat greatar
quantity of acid than is indicated in this table. In the major.
ity of cases equal proportions of sulphuric acid and phosphate
are found to yield satisfactory results.

Large quantities of superphosphate are sold without any
further mixing, the {armer asing his own judgement as to what
he should apply with it. This is undoubtedly a good plan
when there is the requisite knowledge, but it requires an
amonnt of skill which is possessed by ouly a comparatively few
of our agriculturists, aud it is, thorefore, better for the man.
ufacturer to send out a prepared manure. When, however,
the superphosphate is sold assuch it should not be bagged until
wanted, s it apt to cake and to destroy the bags.

From the description which 1 have already given of the
various kinds of plaut foad it will be evident that sunerphos-
phate is valuable only on account of the soluble phosphate
which it contains, the other constituents being of practical’y
little value on the majority of seils. It is customary, there-
fore, to scll it on the basis of the “soluble phosphate™ which
1t yields.  This term has no strictly scientific meaning, but
Tepresents the quantity of tribasic phosphate of lime which
would have to be rendered soluble in order to yield the quan-
uty stated.  So long as the custom is universal it is as con-
venient a3 any other basis and faitly represents the true value
o! the maunure. Before leaving the manufactrre of superphos-
phate it is necessary to point out soimne of the conditions which
affect the stability of the compound. It has been long kuown
thit cortan manures after having been kept for some time
yiela n less percentage of soluble phospliate than when first
mannl‘ncums(i).c This iy what 1s technically known as ¢ goiny
bzck,” and the phosphates are said to be “‘reverted™ or ** pre-
apitated.” The prinsipal cause of tlus detenoration is un.
doubtedly the presenct of oxide of iron and alumina n the
raw matenal from whici the superphiosphate 1s manufactured.

The phosphate of iron and slumina which are first formed re-

act aftera time upon the monocalcic phosphate and form caleic
sulphate and ferric and aluminic phosphate, substauces insolu-
ble in water. It is, therefore, advisable in the choice of & raw
material to obtain onc which s as fres as possible from oxide
of iron and alumina.

It hay been argued, howerver, by some intetested in the mat.
ter that these precipitated phosphates are as valuable as the
soluble phosphate, aud that the manufacturer ought, therefore,
to be paid for the phosphates which have been precipitated in
the manure on the same basis at which the soluble phosphate
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jo estimated The reason given is this. When superphosphate
is sown on the field tho first shower of ram dissolves out the
soluble phosphate which was contained it at. The solutien
then imnmedintely comes into contact with the carbonate of
lime and oxide of iron of the soil and 1s at once precyntated
either entirely as {)hosrhnte of hune and phosphate of iron. By
this means tho phosphorus acid is very finely divided in the
soil, and by the action of water contammmg carbomic amd 1y
gradually rendered soluble to supply the needs of the growing
crop. 1 it were not for this precipitation which takes place
on the soil it is ovident that with a heavy fall of rain the
phosphoric acid would be washed into the subseil and lost for
all practical purposes.

But it can scarcely be said that phosphate which i3 precip.
tated in the manure entirely in the form of ferric and alumme
phosphates which are insoluble in distilled water, are of equal
value ta the soluble phosphate which in any case must be pre.
cipitated partly as phosphato of lime, even in a soil deficient
in lime. No doubt the precipitated phosphate 1s more valuable
th the unattacked phosphates ;: but even this latter is of cer-
tain value as a wanure, But oue of the great ais of manurning
should be to apply to the crop the ]l)l:mt food which 1s rcqmrc«'i
by 1t at precisely the time at which it requires 1t most, and
this can be done with far greater certamnty by the use of a
soluble manure like superphosphate than by av insoluble form
of phosphate. [t is for-this reason that superphosphate, or
manures containing it, have found such general favour.

On the Contivent and in the United States the practice of
allowing for the value of precipitated phosphates 1s w vozue ;
but 1 would here insert a word of caution to our large manu.
facturers. Like every other trade the price of manure is regu-
lated by the laws of supply and demand. ILet it be granted
that if the practice of estimating the precipitated phosphates
were to become a general custom the manufacturers would be
the gainers to the extent of the valucof these phosphates,
This would only last so long as the farmers, the consumers,
were ignorant of the value, but when it became evident that
the effect iu the field was not increased a consequent reduction
in the price of soluble phosphates would have to be made,
and the chjectionable practice ot having to sell on two deter-
minations instead of one would have becomno general. But
the evil would not stop here. Small manufacturers would uso
inferior raw materials such as redonda or navassa phosphate,
which, when treated with acid would give comparatively small
quantities of soluble phosphate, but would show larze quanti-
ties of precipitated phosphate.  The best makers, who use the
better cluss of materials aud who turn out manures i which
the great bulk of the phosphoric acid iy soluble, would thus
have to compete with inferior articles on more nearly cqual
terms than at present.  Any such change as the one proposed
appears to me, therefore, to be fraught with dauger to both the
manufacturer and to the farmer, neither of whom wonld denive
any substantial benefit and cach of whom would be saddied
with more complicated wmethads of doing business.

1 pointed out in theearly partof my paper that an important

element of plaut food was nitrogen in a combined state. In
mixing up manures, therefore, for the market it is necessary
to add some compound containing nitrogen to the manure.
The quantity of the nitrogen (or its equivalent quantity of
ammonin—this being the basis on which it is usnally caleu.
lated) whick will be required in a mavure, will depend larzely
upon the crop for which it is intended ;5 and the same consid-
eration will also influence the choice ot the particular form in
which it is applied. For instauce, for swedes only a small
wrcentage of nitrogen is required and this can be :ll»plied part-
v in a compartively insoluble condition as shoddy, dried biond,
ele., but for wheat it is found uecessary to apply a manure
containing considerable quantities of nitrogen in order to
stimulate the plaut in the carlier stages of growth. As the
wanure must be in & solid condition, the form in which the
nitrogen is added must be solid also. The forms in which it
is used are various—crystallized sulphate of ammonia, pro-
duced principally from the ammonia liquor of gas works, 13 a
commun and exceedingly valuable manuring agent. It con-
tawns, when absolutely pure, 21.217°7 uitrogen, and, as ususlly
found in the market, about 20 to 214 of nitrogen.

Next in importance is nitrate of soda.  This is often wsed
for mixing with manures, but is not so well adapted to the
purpose as sulphate of ammonia. If there is an excess of acid
1 the manure it is apt to decompose the nitmte, and the val.
uable element will he lost, bcsisgss often doiug considerabls
damage by the evolution of uitrous fumes. It 13 oftener used

Besides these two sources of nitrogen, there are a variety of
forms 1n which the nmitrogen exists, prineipally in the form of
organte compounds. Dried bloud, shoddy, pround leather and
similar compounds may be taken as examples. It i3 often
Letter to mix these with the phosphate previous to the troat-
m(-xit with acid ; but nitrate of soda must on no account be so
used.

For reducing to a fine condition and mixing, Carr's disinte-
grator 1s used—and 1w conyuuction with this an ingenious ar-
rangement is adopted.

The material to be disintegrated is shovelled into pite, in
which a Jacob’s ladder picks it up and carries it to the Hoor
above, where it is thrown upon a sieve which is kept in con.
stant agitition by a lateral motion. What goes through the
steve passes down a shoot, constructed for the purpose, and is
collected in bags at the bottom.  The lumps, however, pasy
off tho sieve and are conducted by another shioot to the disinte-
grater, where they are broken up, and conveyed again by the
Jacob’s ladder to the sieve on the fluor above. The process is,
therefore, continuous.

The Carr's diantegrator, which is manufactured by the Bris-
tol Wagzen Works U v, Limited, al the arrangement just do-
scribed, ate exceedingly useful and answer for a variety of pur-
poses, espeetally for mixtures of dry materials.

Another form of disintegrator which is littlo known in
thns country is Vapart's. It will, 1 am informed, grind the
hardest matenials to a fine dast.  The principal on which it
works 15 centnlugal force. The materal to be ground is dropped
upon a revolving plate of irun, and 1s, of course, instantly pro-
Jected agawnst the side of a drum 1 which the plate revolves.
The material then falls in a plate below revolving on the same
rod, and here receives a repetition of the smashing action, and
$0 on, as many times as there are revolving plates.

The other valuable mavuring element, which is used in the
manvfacture of artificial manures, is potash. Thisisintroduced
cither as Kainite, so.called potash Salts, or muriate of potash.
Whatever the form used it is mixed in with the manure to-
gether with the sulphate of anunonia and, if the manure is at
all damp, dryers in the form of Gypsum are used.

There are other subistanuces, such as bones, guauo, ete., whick
must be included under the head of artifizial manures which
require no chemical treatment before use.

Bones are gradually rendered soluble by the decomposition
of the gelutine which they contan, and are exceedingly useful
where rapidity of action 1s not a desuderatum, They are some-
tunes treated with sulphuric acid and sold as pure dissolved
bones. 1t oftencr happens, however, that the boues are mixed
with varying quantities of ground phusphate previous to treat.
went, but whether teeated separately, or in comnbii ation with
mneral phosphiate, 1t 1~ not desirable to grind the bone fine.
There 1 sure to be a sufficient quantity ol phosphate rendered
soluble to sup}nly the immediate requirements of the growing
erop, and the larger, partially attached portions, arv gradually
reudered soluble in the soil to givea subsequent supply.

(To he comtinued.)
—— e -
On the Application of Variable Expansion
Yalves to High-Pressure Coundensing
Engines in Tug-Boats,

By AW Romivsox, M. Ax. Soc. M. E.

The prevailing type of engine, generally to be found
in the smaller class of screw tug-boats on our rivers,
likes and harbours, is the single cylinder, high-pres-
sure, non condensing engine. The building of tug-
engines, however, has not kept pace with the grest
advances made in manne enginecering of late years,
many examples of the kind referred to exhibiting
crudity of design, and tho power devcloped being very
dispropottionate to the fuel consumed.

The engine, of which illustrations are presented, was
origivally a high-pressure, non condensing with a
cylinder 16 juches diameter and 20 inches stroke, and
a valve of the long D slide description ecffected the
distribution of steam in a particularly defective manner
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a8 will be socn by reference to the indicator diagram
above No. 1 taken from this engine, where tho ad-
mission of steam takes placo throughout the whole
stroke and the exhaust is choked to a back-pres ure of
25 1bs. This diagram shows a development of 126
horse-power, which m1y be taken as a fair average of
the engine, although it varies greatly on account of the
blast of the exhaust in the snvke-stack being used
intermittently causing the steam pressure to vary with
the activity of combustion. The diagram also shows a
consumption of stcam of 2:32 cabic feet per stroke,
which reduced to its cquivalent weight is equal to
492 Ibs. per stroke or 7440 1bs. per hour. Adding
15 per cent to these calculated weights for condensa-
tion and other losses aund dividing by tho number of
horse-power gives us 67-9 1bs. of feed-water per horse-
power per hour. Assuming that the boiler will eva-
porate 7 1lbw of water per 1b. of coal, which is an
ordinarily good boiler, we get a consumption of 97
1bs. of coal per horse-power per hour. In view of tho
fact that the best medern engines, both land and
marine, will develop an indicated horse-power on 2
1bs, of coal per hour, the contrast is at once manifest,

In order to improve this state of aflaiss tho engine
was rebuilt and converted into a condensing engine
with variable expansion valves us shown on the draw-
ings presentcd and a condenser and vacuum pump
added.

The val—es are designed fur 2 ranze of cut-off from
one-eighth te seven-cighths of tho stroke, the ordinary
point when on a steady run being from one-fourth to
one-third, tie distribution of steam being then siwilar

Liagram Ny, 2.
Grl. 2 die. x 20 atroke.

‘5233

Initial pr. 8%-1be, ahe
,c:.n .. ’- kY] X

g

Terminal pr. M-1be, abs,
Revols per min. 1.

TNC | ur w. ")

to that represented in the diagram No. 2. The

o 3
T

3
.-

steam velumes calealated from: this disgram in 3 sim-
ilar manncr to the forraer and rediced io Au equivalent
weight of feed water gives 19.80 Iz per horse-power
por hour, or equal to a saving of 70 per cent. in the
consumption of steam by tho improved form of em-
ine.
s It will bo scen on vefvrence to Fig. 3 that the T A. W. ROnINSON, Delt.”
vaive gear is of the kind somelimes known as the
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Meyer and consists of a main slide-valve on the back
of which are double cut-off plates, operated by a separ-
ate eccentric, and controlling the adwmission of the
steam through the main valve, The relative position
of the cut-off valves ie variable on the spindle by
means of a right and left screw working in brass nuts
which are fitted to the valves, and they can be adjusted
while in motion to any desired point of cut-off, by the
regulator shown in Figs. 9 and 10. This regulator is
arranged with an index showing the point at which the
valves are cutting off.

The details of vacuum pump are shown in Figs. 7 to
10: it is of the horizontal plunger kind, heing driven
from an eccentric on the shaft ; it is single-acting and the
plunger is 10 inches diameter and 8 incles stroke,
There are 34 small rubber valves, 17 delivery and 17
suction, both arranged with their spindles upward and
inserted from above, 50 as to be readily accessible on
removal of the cover. The top part of the pump
chamber forming the seat of the suction valves is in-
clined to facilitate the exit of air thiough the delivery
valves, The condenser is made of one-quarter inch
boiler-plate and receives the cold water injection over
s perforated plate in the top.

It may be mentioned that the veasel for which this
engine was designed is 76 feet long over all, 17 feet
beam and 9 feet depth of hold.

Engincexing Notes.

LIFTING APPARATUS FOR STONES, BRICK, E1C.~The princi.
pal object of this invention is to the t of 1
labour required in taking building material up to the seaffolding
for the purpose of erecting buildiugs. For this purpese a ladder
is placed in a perpendicular position, and atany suitable height
up this Jadder to suit the scaffolding is placed suitable frame.
work carrying throe or other number of pulleys. A ropeor
chuin is passed over these pulleys, and at each end of the rope
or chain is a cage or basket, into which the building msterial
is placed. When this apparatus is in use the bottom cage is
filled with building material, leaving the upper cage on a level
with the scaffold, the labourer then carries his usual weight of
material up an ordinary ladder, and after rewoving his own
loxd of material on to the scaflolding, he gets into the empty
cage, the weight of his body counterbalancing the loaded cage,
by witich means he descends to the ground and lifts the loaded
cage up to the scaflold.  This operation is then repeated. the
empty cage being refilled, and the Iabourer xgain ascends the
ordinary Jadder and descends by the cage, so that he utilizes
the weight of his body in lifting up the waterial. By this
method considereble more building material can be taken to
the scaflold by one man than can uow Le accomplished. As
the scaffolding is from time to time remnoved higher to suit
the height of the building, the framework carrying the pulleys
is raised bigher up the perpendicular ladder, and the rope or
chain acconding lengthened accordingly.

WesTINGUOUSE Co. BrakEs.—Accordingto a circalar issued
hy the Westinghouse Air Brake Company, the number of their
brakes now in use thoughout the world is as follows :—-In Eug-
1and 15 railroads are supplied with them on 1,312 engines and
9,865 cars ; France, 10 roads, 1,443 engiues and 8,369 cams;
Belgium, 1 road, 359 engines and 2,006 cars; Germany, 4
roads, 65 en{ilm and 143 cars; Austriau, Rassian, Hollaud,
Ttalian, Swodish, Judian, New South Wales (Australian) and
Victorian reads have adopted the brake. In the United States
241 voads use it on 3,534 engines aud 15,347 cars, Theincrease
in the last two years is 4672 engine and 22,716 car brakes.
Total numier in use, 10,697 engine aud 47,465 car brakex.

To Portsit Strrl.—Mix half a pound of fine emery powder
with the mme quantity of toft soap, and add a small piece of
xoda. Simmer this over a slow fire for two hours, to extract
all the moisture.  Rub on with flannel, and tinish with plenty
of diy whiting.
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FACULTY OF APPLIED SCIENCE, McGILL UNIVER-
SITY. PRIZES AND EXHIBITIONS OFFERED
FOR SESSION 1883-84.

A Medal or Faculty Prize is open for eonurtizion to Fourth
Yeoar Students of the three courses of Civil, M ical and
Miuing KEngineering. Candidates must take s first-class
neral standing in their Ordinary course, and the Meodal or
‘rize will be awaeded to the Student who stands first in the

H;rdnnliel aud Steam of the Advanced Course.
he following will be offered for competition at the opening

of Session 1883-84 :—

(1.)—The Scott Exhibition of $66 (founded by the Caledo-
nian Society of Moutreal in commemoration of the Centenary
of Sir Walter Scott), to studeuts entering the Third Year, the
subjects af examination being :—

(@.)—The Summer Report. (b.)—Macaulay's History of
Euglaud, Vol. L, Cap. L; Sir Walter Scott’s Lady of the

lake. (c.)—-Mechanism.
(2.)—An Exhibition of 850, presented by A. T. Drammond,

Esq., to Students entering the Fourth Year, the subjects of i

examination being :— .
(@.).2-The Summer Report. (b.)—Applied Mechanics,
(3.)—A Prize in books, to the value of $25, presented

L. Skelton Esq., to Students enteriug the ZAird and

Years, for the Summer Report. . .
(4.)—Two Prizes of $25 each, one to Students ontenn{’ the

Fourth Year, the other to Students entering the Third Year,

the subjects of Examination beiug the Trigonometry, Analyti-

cal Geomctry, sud Calculus of the previous years.

(5.)—A Prize of $25, presented by S. Greenshields, B.A., for
the Mathemutical subjects of the Sccond Year Matriculation,
and open to all Students entering the Second Year.

(6.)—An Exbibition of $100, presented by J. H. Burland,
B.A.Sc., to Students entering the Second Year, the subjects of
examination being :— A

(a.)—Inorganic Chemistry. (i.)~Elements of Organic Che-
mistry. (¢.)—Practical Chemistry.

——— PO

COMTARATIVE DURABILITY oF IroN AND SteeL Rairs.—
The Bulletin of the Comité des Forges de France gives the
following table showing the comparative durability of steel
and iron rails on Belgian railways :—

¥ of Railx replaced
Yenrof Laying.  Duration. Iron. Steel.
1869 .. 12years .. 6574 .. 0.89
1870 .. 11 ¢ .. 8434 . -—
1871 .. 10 ¢ . 951 .. o~
1872 .. 9 e 7241 .. 044
1873 .. - B .. 4141 .. —
1874 .. 7 . 1744 .. -
1875 .. 6 ¢ .. 2666 .. -—
1876 .. 5 ¢ o 1498 .. -
1877 .. 4 @ . £19 .. -—
1878 .. 3 ¢ . — . —
1879 .. 2 ¢ .. 023 .. —
1880 .. 1 . —_— . —_
STEEL WATER Pires.—The Chameroy Company make p}[:l
of steel plate for couveying water under high pressare. e

steel plates are coated with lead on both sides by imwmersion or
otherwise, aud rolled to form, rivetted and soldered the whole
length, and covered with pitch. The first cost of the steel in
notmnchrumthn that of irom ; and the stoel pives pos-
sess considerable advantages over those of iron. The Jead
coating is superior on tof the fi of grain in the
steel ; the resistance to tensile strain and internal pressure is
50 to 6O times and the resistauce to deformation longitudinally
from 30 to 40 times greater, while the superior elasticity of
the steel plate permits of the pipes receiving tolerably herd
knocks without being permanently deformed. For equal thick-
Tress, the steel tubes stand twice the intermal pressave of the
iron, and being both light and str dmirabl

%, they are
adapted for laying down temporarily aud taking up again.

CHARCOAL.—The Lest quality of charcoal is made from.oak, f

maple, beech and chestaut.  Wood will faraish, whea
charred, about 20 per ceut. of ceal. A bushel of coal fror
weighs 29 pounds ; a bushel of cval from hardwood
nds; 100 parts of oak wmake nearly 23 of charcoal ;
.10 ; white pive, 23.

pive,

properly §
mpi;;
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Propreriox oF STEEL—It appears from statistics recontly
. publshed i Le Howille, that Groat Britun has, at present,
twenty-three metallurgical works producing steel, with 115
converters, and & productive capacity of 1,460,000 tons por
cammm 3 Belgium has four steel-works with eighteen cone
vetters, amd a productive capacity of 380,000 tons; Austria,
tourteen works, thirty-six converters, 632,000 tons ; Germany,
twenty-three works, eighty canverters, 1,300,000 tons ; Knssin,
U live works, ten couverters, 160,000 tons ; Sweden, thirty-five
converters, $0,000 tons; the Uuted States, thirty-four con-
verters, 1,500,000 tons, ‘T'his applies to Bessemer steel.  As
regards the Thomas-Gilehrist mothad, there wus produced by
it Octobier last, in Germany, 25,170 tons of stoes from eight
lirms ; in England, tho works of Bolckow, Vaughan & Co.,
the only one using this process produced 2,500 tons ; Belgium
prodireed 1,657 tons ; Russia, 1,270 tons; France, 1,210 tons
sthe last three have each, like Eogland, only one steelworks
usng the process) This gives a total, for October, of 46,537
tons of basic steel produced in fifteen works,

RAILIOAD ACCIDENTS, AND THE EARTI’S ROTATION. — R,
Randolph shows that the deflective force arising from -he
eartl’s rotation 1s entirely too small to determine derailments,
and also, that, a3 an excess of right-handed deralments has
been credited solely to north and south tracks, thisprovesit to
be wholly imaginary ; for the deflective foree at any latitude is
the same for all directions { Van Nostraad's engin. may., 1833,
1171 The numerical results given are but half their true
value, as two elements of the deflective force are omitted
(Sctence, p. 98] ; but this does not attect the author’s conclu-
stons, as the deflective force is still insignificaut, and, for a
fast train in this latitade, amounts to but about 1-5000 of the
weight.~=w. M. D, in Se.

Electricity, Astvowonry, Botany,
lysiology, S,

Eukctric Ratbway.— A Com[l)any has been formed for the
construction and working of an clectric railway from Charing
Cross to Waterloo, a Bill for which was recently obtained. The
hue will pass under the Thames through iron caissons. The work
of construction will commence near the northern end of North.
umberiand Avenue, opposite the Grand Hotel, and be continued
through an arch under that avenue and the Victoria Embank-
ment. Of that arch sixty feet uader the Ewbankment have al-
ready been constructed. “The railway will pasgunderthe Thames,
awl agawn through an arch under College Street and Vine Street,
aud terminate at Waterloo Station, where 1t will be directly
counected with the platforms of the London and South-West-
ern Rabway, with a separate approach from the York Roud.
The line will be double, and worked by means of a stationary
engine at Waterloo, transimitting tho power to the carriages,
winel will run_separately, start as ﬁl‘cd, and occupy abont
three and a half minutes in the journey. A tender Las been
accepted for the construction of the railway, to be ready for
opening within cighteen months from the commencement of
the work. A contract hasalso been made with Messrs. Sie-
- mens Bros, and Company to provide and crect all requisite
clectrical machinery, rolling stock, and apparatus not included
: in the before-mentioned tender.

' ——— P

SOME POINTS IN ELECTRIC LIGHTING.

The fourth of the series of Six Lectures on the Applications
- of Electricity was delivered ut the Institution of Ciwil Engi-
neerse (Eng.)y, on Thursday Eveniug, the 5th of April, by Dr.
John Hopkinson, F.R.S., M. Inst. C. I. The subject was
“Some Points in Eleetric Lighting.” The following is an
abstract of the lecture :—

The scence of lighting by electricily was divided by the
Lecturer imto two principal pavts—the methods of production
of clectric currents, and of conversion of the energy of those
currents wto heat at such a temperature as Lo be given off in
radiations to which the eye was sensible. The laws known to
conncet together those phenomena called electrical, weso
essentially mechanical in form, closely correlated with me-
chameal laws, and might be most aptly illustrated by me-
chameal aualogues. For example, the terms * potc{xti:\l."
“‘eurrent,” and “resistance,” had close analogues respectively
in “head,” “rate of fluw,” and “‘co-eflicient of friction” in the
hydraulic trausmission of power. Exactly as in hydrauhes
head multiplied by velocity of Row was power measured in
foot-pounds per second or in 1.7, so potential multiplied by
i cuitent was power and was measurable in the same units.

a—

Py

Again, just as water flowing iu a pipe had inertia and required
an expenditure of work to set it in motion, and was eapabe of
producing disruptive effects if that metion ware too suddenly
arrested, 8o a currout of eleciricity in a wiro had inertia , to set
it moving electromotive force must work for a fimte time, and
if arrested suddenly by breaking the circuit the elvctricity
forced its way neross the interval as a spark. Corresponding to
mass and moments of inertin in mechanies there existed in
electricity co-cfficionts of self-mduction. Tucre was, however,
this ditference betweon tho mertia of water in a pipe aund the
inertin of un electric current—the inortia ol the water was con.
fined to the water, whereas the inertia of the elcctric curcent
resided in the surrounding medwmm. IHence arose the pheno-
mena of induction of currents upon currents, and of magnets
upon moving conductors—phenomena which had no immedeate
analogues in hydraulics,

The Laws of induction were then illustrated by means of a
mechanical model devised by the late Professor Clork Maxwell.

In the widest sense, tha dynamo-electric machine might be
defined as an apparatus for converting mechanical energy into
the energy of au clectro-static charge, or mechanical power into
its equivalent electric current through a conductor. Under
this definition would be ancluded the electrophorus and all
frictional machines ; but the term was used in a more restricted
sense, for those machines, which produced clectric currents by
the motion of conductors in a magnetic field, or by th motion
of a magnetic field in tho neighbourhood of & conductor. The
laws on which thoe action of such machine was bas-d had been
the subject of a series of discoveries. Qersted discovered that
an electric current 1n a conduetor exerted force upon a magne: ;
Ampere that two conductors couveying cutrents generally ex-
erted a mechamenl force upon each other : Faraday d scovered
—what Helmholtz and Thomson subsequently proved to b the
necessary cousequence of the mechanical reavtions between
conductors conveying currents and magnets—naimnely, that it
a closed conductor moved in a maguetic ficld, thero would be
a current induced in that conductor in one direction, if the
number of lines of magnetic force passed through the conductor
was increased by the movement, in the other direction if di-
minished. Now all dynamo-electric machines were based upon
Faraday's discovery. Not only so; but however elaborate it
might be desired to make the analysis of the action of a dyna.
mo-machine, Faraday's way of presenting the phenomena of
clectro-maguetism to the mind was in goneral the best point
of departure. The dynamo-machine, then, essentially consisted
of a conductor made to move in n magnetic firld. This con.
ductor, with the external cireuit, formed a closed circuit in
which electric currents were induced as the number of lines of
magnetic force passing through the closed cirenit varied, Since,
then, if the current in a closed circuit was in one direction
when the number of lines of force was increasing, it was clear
that the current in each part of such cirenit which passed
through the magnetic tield must be alternating in direction,
unless indeed the circuit was such that it was continually cut-
ting more and moro lines of force, always in the same ditec-
tion. Since the current ju the wire of the machine was alter.
nating, so also must be the current outside the machine, unless
ssmething in the nature of a cowmniutator was employed to
reverse the connections of the internal wires in which the cur.
rent was induced, and of the external circuit. There were then
broadly two classes of dypamo-electric machines ; the simplest,
tho alternating current machine, where no commutatsr was
used ; and the continuouns-current machine, in which a com.
wnutator was used to change the connection with the external
ciremit just at the moment when the direction of the current
would change. The theory of the alternate-current machine
was then explaived, and it was proved that two independemly
driven alternate-current machines could not be worked
serics, but that they might be worked in parallel circuit, and
hence were quite suitable for distribution of clectuicity for
lighting without the necessity of providing a separate circut
far eacht machine.

It was casy to see that, by introducing a commutator revolv-
ing with the armature, in an alternate-current mnachine, aund
so armanged as to reverse the connection between the armature
and the external circuit just at the time when the current
would reverse, it was possible to obtain a current constantalways
in direction ; but such a current woald be far from constant w
inteasity, and would certainly not accomplish all the results
obtamned in modern continuous-current machines. This irre-
gularity might, however, bo reduced to any extent by multi.
plying tho wires of the armature, giving each its own conure.
tiou to thoe outer circuit, aud so placing thew that the electro.

——— ———
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VERTICAL CONDENSING ENGINE WITH VARIABLE CUT-OFT
(V. B For descriplion see page 139.)

DETAILS OF VACUUM PUMP.
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motive force at‘sined a maximum successively in the several
. coils, A practically uniforms electric cutrent was first commer~
| cially produccd with the ring armature of Pacinotti, as perfected
by Gramme. A dynamo.mechinewas not a perfect natruwent for
converting mechanical into the energy of eleet:ic curre 1. Cere
tain losses inevitably occured. There was tlie loss fue co fiiction
of bearings, and of the collecting-brushes upov the conmu.
tator ; there was also tho loss due to the production of ol ctric
currents in the iron of tho smuchine. ‘)Vhen these were ses
counted for, there remained the actual clectrical effect of the
machiue iu the conducting wire ; hat all of this was not avail-
able for external wourk. The current had to cireulate through
the armature, which inevitably had clectrical resistance 3
electrical epergy must, therefore, be converted into keat in the
armature of the machine, Energy mnst also be expended in
the wire of the electra.magnet which produced the field, as the
resistance of this alse could not bu reduced beyond a certain
limit, The loss by the resistance of the wires of the urmituro
antd of the maguets greatly depended on the dimensions of the
machine. To know the propertics of any machine thorouglily,
it was not enough to Kuow its efliciency und the amount of
work it was eapable of doing ; it was necessary to knov what
it would do under all circumstinces of varying resistanve or
varying eleetromotive force ; aud, under any given condstions,
what would be the electromotive force of the armature ¢ Now
this clect-omotive force depended on the intensity of the ma-
guetic field, aud the intensity of the magnetic field depended
on the current passing round the electro-m -guet and the cur-
rent in the aumature, The current then in the machine was
the proper independent variable in torms of which to express
the electromotive force. The simplest case was that of the
scrics-dynamo, in which the current in the electro-magnet and
in the armature was the same, for then there was only one
iudependent varinble. The relation between electromotive
force and current might be most conveniently expressed by a
curve,

When four years ago the Icctarer first used such a curve
(siuce naed by Deprez the *chmacteristic curve”) Jor the
purpose of expressing the vesults of his experiments on the
Siemens® dynuwo-machiue, he pointed out that it was capable
of solving almost any problem relating to a particular mm:{)ﬁno,
atid that it was also capable of giving good indications of the
results of changes in the winding of the magnets, or of the
armatures of such machines. The use of the characteristic
curve was illnstrated with reference to charging accumulators
stid Jucodi's law of electric transmission of power.

When the dynawo-machine was not a series-ynamo, but
the current in the armature and in the electro.magnet, though
possibly dependent upon each other were not necessarily equal,
the problem was not so simple, In that case thers were two
vaniables, the current in the clectro-magnet and the current in
the armature 3 and the proper rpresinzation of the properties
of the machine would be by a characteristic surface, of which
a model was exhibited. By the aid of such a surface any pro-
blem relating to a dynamo-machine could bo dealt with, no
matter how its :lectro.maguets and its armature were conected
together. Of course in actual practice the model of the surface
would nat be vsed, but the projections of its sections,

. The properties of « machine depended much upon its dimen-
sions. Suppose two machiues alike in every particular, except-
ing that the one had all its linear dimensions double that of
the other. Tho clectrical resistances in the larger machine
would be one-half those of the smaller. The current required
to produce a given intensity of magnets field would be twice as
great in the larger machine as in the smaller. The comparative
characteristic curves of the 1wo machines, when driven at the
same speed, were shown in a diagram.  The two carves were
ou~ the projection of the other, having correspond ng points
with abscissz in the ratio of one to two, and the ordinates in
tho ratio of one to four. At first sight it would seem that the
work done by the larger machine should be thirty.two times
as much as that which would be done by the smaller. Practi-
cally, however, no such result could possibly be attained for
many reasons. First, the iron of the magnets became saturated,
and consequently instead of eight timesthe electromotive force,
there would only be four times the electromotive force, Second-
ly, the current which the armature could carry was limited by
the rate at which the beat generated in the armature could
cscape. Again, the larger machine could not run at so great
an angular velocity as the smaller one. And lastly, siuce in
the larger machine the current in the armature was greater in
proportion to the saturated magnetic field thay in the smaller
oue, the displacement of the point of contact of the brushes

| IO —
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with the commutator would be greater. Shortly, the capacity
of similar dynamo.machines was pretty nearly proportionute
to their weight, that was to the cube of their linear dimen-
sions ; the work wasted in producing the magnetic field was
directly as the linear dimensions; and the work wasted in
heating \he wires of the armature was as the square of the
linear dimensions.

A consid ration of the properties of stmilar machines 5.d
another important prnctim\ use. Mr. Froude was able to con.
trol the disign of ironclad ships by experizuents upon molels
made in pamflin-wax. {t was a much easier thing to predict
what tho performanco of a large dynwmo-machino would ha,
fram lAboratory experiments made up u a model of & very siall
fiaction of its ditmensions. As a proof of the qractical utiiity of
such methods, the Lecturcr stated that by laboratory experi-
ments he had succreded in greatly increasing the capacity of
the Edison machincs, without increasing their cost, and with
a small jucrease of their percentige of efficiency, remarkably
high ay that e(Beiency alrexdy was.

The clectric properties of the electric arc were experimentally
illusteated ; in particular it was shown that the difference of
potential between the carbous ws nearly independeut of the
current,

When n current of efactricity passed through a continuous
conductor, .t ancountered resistance, aud heat was gencrated,
ag shown by Joulo, at a rate represented by the resistance mul-
tiplied by the squire of the current. If the current was suffi.
ciently great, heat would be generated at such a rate that the
conductor would become incandescont and radiate light.  At.
tempts had been made to use platinum and platinum iridium
a8 the incandescent conductor.  But these bodies were too ex-
pensive for goneral use, and besides that, refractosy though
they were, they were not refzactory enough to stand tho high
temperature required for incandescent lighting, which should be
econamical of power. Commercial success was not realised until
very thin and very uniform threads or filamentsof carbon wers
produced and enclosed in resorvoirs of glass, from which the
air was exhausted to the utmost possible limit. Such were the
lamps mado Ly Mr. Edison with which the Institution was
tewporarily lighted, The elcctrical properties of such a lamp
were examincd, and in particular 1t was showa that its effi
ciency increased and its resistance diminished with increase of
current,

The building was lighted by about 230 lamps, each giving
sixtecn candles light, produced exch by 75 Watts of power de.
veloped in the lamp. To produce the same sixteen candles’
light in ordinary good flat-flame gas-burners, would renuire
between 7 and 8 cubic feet of gas per hour, contributing heat
to the atmosphere at the rate of 8,400,000 ft..1bs. per hour,
equivalent to 1,250 Watts, or nearly seventeen times as much
heat as the incandescence-1amp of equal power.

At the present time, lighting by electricity in London must
cost something more than lighting by g3, Whit were the
prospects of reduction of this cost # Beginning with thae engine
and boiler, the electrician had no right to look forward to any
marked aad exceptional advance in their economy. Next came
the dynamo, the best of these wera so good, that there was
littla room for economy in the conversion of mechanical into
electrical energy ; but the prime cost of the dynamo.machine
was sute to bo greatly reduced. Hope of considerably increased
economy must%;'s mainly based upon probable improvements
in the incandescence-lamp, and to this the greatest atteation
ought to be directed. It had been shown that marked economy
of power could be obtained by working the lamps at high.
pressure, but, tuen they soon broke down. In ordinary prac.
tice, from 140 to 200 candles were obtained from 1 H.P., de.
veloped in the lamps, but for a short time he had seea over
1,000 candles per H.T. from incandesconce-lamps. The problem,
then, was so to improve the lamp in details, that it would last
a reasounable; time when pressed to that degree of euficiency.
There was no theoretical bar to such improvements, and it
must be remembered that incandescence-lamps had only been
articles of comimerce for about three years, and alresdy much
had been done. If such an improvement were realized, it would
mean that it would be possible to get five times as much light
for a sovereiga as could be done now. At present electric light.
ing would succeed commercially where other considerations
than cost had weight. lmgtove:nents in the lamps were cere
tain, and there was a probability that these impeovements
might go so far as to reduce the cost to one.fifth of what it now
was, He left the meeting to judge whether or not it was pro.
bable, nay. almost certain, that lighting by electricity was to
be lighting of the future.
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THE HEAT OF THE SUN.
BY ERNEST il COOR, B.SC. (LOND.), F.C.8,
{Centinved from page 115.)

Tor Mereorio ‘THEORY.

Born iv the little town of Ileilbronn, Wurtomburg,
tha illustrious originater of this theory, would have
lived snd died a respected German physician had he
not possessed a strong mentil bias in favour of phy-
gical specualations.

In sach a caso the strong influence which his writ-
ings have made upon the thought of the present day
would have heen wanting and the world would have
been ignorant of the name of Robert Julius Mayor.
Buat here wo must guard ourselves against falling into
the opposite extreme, and giving all the credit to one,
1 have called Mayer the onginator of the theory, and
80 in truth he was, having published his ¢ Escay on
Celestial Dynamics " in 1348, Bat, as is generally the
case, other minds were at thy same time actively en-
gaged upon a similar subject. It was not however
until the t1uie Meoting of the British Association in
1853 that Waterston sketched the same theory, being
at the time quite ignorant of Mayer's previous writ-
ings. Waterston’s naver attracted the attention of the
celebrated mathematician and physicist dir William
Thompson, and in a beautiful memoir published in the
Transactions of the Roval Nociety of Edinburgh for
1834, the whole theory is exhaustively worked out
and developed.

With the help of these writings wo will new endea-
vour to give as briefly as possible an outline of this
interesting theory.

It is neceseary howover, to a proper appreciation of
the subject, to acquire a hittla preliminury kuowledge,
Suppose a body to bs moving, and we stop that body’s
motion, wa know that wa have to exert force to do so.
Morcover the heavier tho body the greater force is re-
quired, or with the same weight, the faster it goes the
more force is required, Given the weight and the
volocity of motion, we can calculate the works required
to be dune to bring the body to rest. Agun, it has
been proved that werk of cuergy and heat are mutual.
1y couvertible, 7.»., that a certyin amount of heat can
ba produced by tha expenditare of a re2t in amount
of work. and also that a certain amount of work will
heat a given body to 2 eartain degreo.  This has been
colled the moechanical equivalent of heat, and wo may
stute it thus:—

1f the wurk required to raise 1390 1bs. one foot high
be dou - upon ons pound of water the temperature of
that water will be rised 1°C. Now as was said
above, we can calculate tho amount of work which
nust be done in order to stop tho motion of a moving
body and therafore i€ this work Lo transformed into
heat we can find how much the tempiriture of the
body will be increa-ed. Thus we find that the heat
aiven out by stopping ths motion of a leaden bullet
moving at the rate of 1300 feet a second would raise
its tenperature about 60U 2 C, if all the heat wero ro-
tained by ths bullet,

To the imngiuation it is an easy matter to riso from
the censideration of the impact of a rifls bullet to con-
sider the impact of worlde. In effect this is what the
Metreoric Theory dues, only inst ad of werlds it con-

siders the collision to occur betwoeen the sun meteors,
and comets. In oar solar system thore exists & numaer-
ous clss of small bodies cailed asteroids. These small
bodies like tho larger ones are subjected to the law of
gravitation and aro attracted by the sun. Any medium
which oxists in space, however rare it may be, would
oxert a comparatively greater action on small bodies,
than upon large ones such as the planets*., Thus al-
though these lattor may not have their motions affected,
the former may bo rapidly caused to approach the sun.
It is thus supposed that the sun is constantly subject
to a cannonade of small bodies upon its surface., But
if such a rain of these small bodies is constantly fali-
ing from the outermost limits of our system upoa the
sun, it is evident that as they approach near him they
become condensed.  We onght thorefore to be enabled
to see such a crowd of metcors before they fall into the
sun, This is supposed to be proved by the existence
of the mass of hazy matter which surrounds the sun
known as the Zodiacal light. Whether or not this
consists of an assemblage of meteors, it is, of course,
impossible to say. But the matter composing it has
heon shown to obey the ordinary laws of planetary
rotation and thus to bohave exactly as meteors would.

There are two wiys in which a body may fall into
the sun : it may fall directly upon it, or it may revolve
around it in gradually diminishing orbits until it is at
last abzorbed. The final velocity which it could have,
is very different in tho two ¢ises; in the first, suppos
ing it to fall from an infinite distance it would have
the greatest velocity possible, viz., 390 miles a second.
In the second case where the velocity may bo supposed
a minimum it would be cqual to 276 miles a second.
Striking the sun with its maximum velocity, the body
would generate ¢ more than 9000 times the heat
gonerated by the combustion of an equal amount of
coal,” striking with its minimum velocity it would
produce 4000 times as much heat. “Mere then we
have an agency competent to restore his lost energy to
the sum, and {o maintain a temperature which far
transcends all terrestrial combustion. . . . 1t may be
contended that this showering down of matter necessi-
tates the growth of the sun ; it does so, but the quan-
1ity necessary to maintain the observed calorific emis-
sion for 4000 years would defeat the scrutiny of our
best instruments.” (Tyndall). The amount of heat
generated by the fall of these meteors is thus undoubt-
cdly sufficient to produce the temperature wo find, and
there can also be no doubt as to the number of these
bodies existing in the solir system. When we re-
member the large number of meteors which are seen
by observers, also that the vast majority can only be
seen at night, and the small balk which the earth
occupits in space, we cannot bnt admit the sufficiency
of the cause in regard to quantity. Thus during one
observation at DBoston thero were observed in nine
hours, no less than 24,000 meteors, and thus in a year
we may conclude that hundreds, perhaps thousands, of
millions fall into th: earth’s atmosphere.

Sir William Thowpson in developing this theory in
the paper before mentinned has modified it somewhat,
His first idea was similwr to that of Mayer that the
meteor'c matter raining down on the sun circulated
closo to him. But if there bo this matter exi-ting
round the sun, it is diflicult to account for the fact

——

*It i3 interesting to note here thit tho idea of tho universal exis-
tence of tho atmosplicre to iutraduced in tho meteorie theory,
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that comets are obeerved to pass quite clese to him,
and therefore through this matter without suffering
any loss of energy. Thompson has therefore come to
the conclusion that the heat of the sun was produced
in this way but is not thus maintained. He considers
# the low rate of cooling and consequent constancy of
the emission is due to the high specific heat of the
matorials of which the sun is composed” —Tyndall.
Thus in effect the sun is cooling down but at the en-
onnous rate at which ho gives out heat ; according to
i our knowledge of terrestrial things we should imagine
he would soon be burnt out. But this notion, if it
exists must be dispelled, as Thompson proves that the
heat thus originally produced isable to supply the sun
with sufficient to 1gst him for no less than 20,000,000
6aTS,
d But although dealing with small masses of matter,
this theory is not confined to them. The heat may be
produced by larger masses striking the sun. ln the
history of astronomical observations we have it set
down that occasionally stars are observed to suddenly
increase in brilliancy until they reach a maximum and
then to decline until they reach their former brightness.
Thus, in 1572, an entirely new atar suddenly “appeared
in the constellation of Cassiopeia, and gradually in-
creased-in brilliancy until it surpassed all the other
stars. It could bo plainly seen in the day-time. On
a sudden, Nov. 11th, it was as bright as Venus at her
brightest. In the following March it was of the first
magnitude. It exhibited various hues of colour in a
few months and disappeared in March 1574.”-~Draper.
Since then many similar occurrences have been noted.
These can only be satisfactorily explained by sup-
posing a collision between two bodies to have occurred.
Acting upon this idea Sir W. Thompson has calculated
the heat which would be given out by the vatious
bodies composing the planetary aystem falling into the
sun. The table is as follows, the heat being expressed
as able to sustain the eolar emission for the stated
times :—

Mercury . . . 6 years 214 days
Venus . . . 83 ¢¢ 227 **
Earth . . . 94 ¢ 303 ¢
Mars . . . 12 ¢ 253 ¢

; Jupiter . . . 82,240 ¢

! Saturn 9659 ¢

| Uranus 1610 ¢

H Neptune 1890 ¢

|

Thus if the earth were to fall into thesun the heat which
would be given out by the sudden stoppage of the
motion would be sufficient to keep up the present rate
of solar emission for a period of 94 years 303 days,
In addition to the amounts given in the table there
nust be added the heat which would be produced by
the rotation of the planet on its axis, which in the case
of the earth would supply the sun for 81 days. “Tka
heat of rotation of the sun and planets, taken together,
would cover the solar emission for 134 years, while
the total heat of gravitation—that produced by the
planets falling into the sun—would cover the emission
for 45,589 years.”—.Tyndall.,

In the foregoing sketch of a theory which has in-
fluenced so mightily the progress of solar physies, I
have endeavoured to confine myself as much as possi-
ble to the words of its authors and supporters. In
taking a survey of it in its entivety, we cannot but be
struck by the really beautiful way in which everything

Given the existence of matler
and the law of gravitation, the theory shows how ths

that of gravitation,

universe may have been produced, The same force
which causes the apple to fall to the ground acting
through distant ages gave ue the light and heat of the
sun which caused the apple to ascend on the tree.
Unity and design pervades the whole, and thisaif I
may be allowed to say so, is what we find everywhere
in nature, Again, throughout the whole of the theory,
there is no assumption of either hypothetical sub-
stances or hypothetical forcese. No luminiferous ather
with its Protean propertics, the single blot on the Un-
dulatory theory of light ; no attractive and repulsive
zones as in the Corpuscular theory. Starting with
matter as we find it on the earth, it works out its re-
sults according to the operation of known and thor-
oughly established laws,

This is an important point, for the theory was pro-
pounded and worked out lomg before Kirchofl
had given to the world his immortal discovery,
of terrestrial matter in the sun. Subsequent dis-
covery proves that the universe contains no matter
not existing on the earth amd the Meteoric Theory calls
for no other. . What I may call the essential
elements of a theory are therefore here present, its
ultimate fate must therefore depend upon some more
probable explanation being proposed. Werightly con-
sider the prediction of an hitherto unknown phenomen-
on, which is afterwards proved to be true asa triumph
of theory. Thus, the discovery of Neptune, and that
of Conical Refraction, are considered as having fixed,
tho Gravitation and Undulatory Theories, respectively,
on a firm basis. It happens that the Meteoric Theory
has also its prediction. Owing, however to its natere,
we are and shall be, unfortunately, unable to verify .t.
The prediction is nothing more nor less than that of
the end of our planctary system, and in fact of the
universe, Moons will fall into planets, planets into
suns and suns, into other suns, and at the last only one
mighty sun will remain. This is the end to which all
wust come. In taking leave of this theory I cannot
omit to mention one important point which I do not
think has been raised before and which so far as I am
aware has not attracted the notice of its supporters. It
will be seen that one of its assumptions is that the
central body is gradually although veryslowly attract-
ing the revolving bodies nearer to itself. Extending
this idea very slightly we have that the planets acting
as central bodies ought to be gradually attracting their
satellites. This point has been ably and fully worked
out by Mr. G. H. Darwin and he has come to the con-
clusion that the moon has been and still is gradually
receding from the earth. Upon this point therefors

theory and observation seem to be opposed to esch |

other and we shall be glad to. see the explanation of
the supporters upon it.

THE COXNTRACTION THEORY.

In the above statement of the meteoric theory it is
pointed out how comparatively small an addition to

e e e o
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the bulk of the sun is able to support the loss of ener- |

gy which he suffers. But although undoubtedly the
amount which has fallen during historic times is small
compared to the immense bulk of the sun, yet when
wo considor geologic times the cage is different.

is derived from an original and all pervading law ; (To be continued.)
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THE APPROACHING ECLIPSE

"I‘ HE accompanying illustration from La Nature shows

the instruments to be used at the total cclipse of
May 6, by M. Janssen, who has command of the French
expelition. The illustration is after a photograph taken
at M. Janssen’s Observatory ai Meulon. The French
exredition, which has probably reached its destination,
will be located on Sable Islaud, near Caroline Island, in
the Marguesas Archipelago. DBefore quitting Paris, M.
Janssen had all his inst.uments and tents erected in order
to sec that all worked well. Thne frame surrounding the

Apparatus for French Eclipse Expedition.

apparatus isarranged to receive a large awning to protect
them. The tent on the right 1s intended for the astro-
nomers, the furniture consisting of a work-table, several
camp-stools, and three beds. The little tent on the left
is for photography. The instruments of the French expe-
dition comprise—1. A telescopc of short focus for spectro-
scopic work. 2. An equatorial on which will be arranged
a photographic apparatus, containing five cameras which
act together. The plates are o™+40 by o™'50; they will
require an exposure of five minutes. This apparatus is
intended for intra-Mercurial pianets. 3. A telescope of
6 inches, with a lens of 3 inches, with photographic appa-
ratus acting by means of three cameras at once. This.
apparatus is intended for the solar corona. 4..A
fourth telescope, specially reserved for M. Trouvelot
ﬁi; drawings of the corona and search for intra-Mercurial
planets.

THE GREAT INTERNATIONAL FISHERIES EXHI-
BITION.—~(Nature.)

The idea of an infernational Fisheries Exhibition aroso out
of the suceess of tho shiow of British fishery held at Norwich a
short time ago : and the president and exccutive of the latter
furmed the nucleus of the far more powerfnl body by whow
the present enterprise has been brought about.

‘The buildings are well advanced towards completion, and
will be finished lung before the opening duy ; the exhibitors
will, it is hoped, support the exccutive ly sending in their
goods in time, and t‘lms all will be ready for the 12th proximo.

The plan of the buildings embraces the whole of the twenty.
two acres of the Horticultural Gardens: the upper hall, left
in its ustial state of cultivation, will formn a pleasant lounge
and resting-place for visitors in the intervals of their study
of the collections, This element of gardon accommodation was
on; of tho most attractive features at tho Paris Exhibition of
1878.

As the plan of the buildings is straggling and extended, and
widely separates the classes, the most conveniont mode of
seeing the show will probably be found in going through the
surrounding buildings first, and then taking the annexes as
they oceur.

On entering the main doors in the Exhilition Road, we pass
through the Vestibule to the Conucil Ruom of the Royal Hor-
ticnltural Society, which has been decorated for the reception
of marine paintinge, river sutjects, and fish pictures of all sorts,
by modern artists.

Leaving the Fine Ane behind, tho principal building of the
Exhibition is beforo us—that devated to the deep sea fisherirs
of Great Britain. It iz a handsome wooden structure 750 ft.
in length, 50 ft. wide, and 30 ft. at its greatest height, The
model of this, as well as of the other temporary wooden build.
ings, is the same as that of the anuexes of the great Exlubition
of 1362,

Ou our left are the Dining Rooms with the Kitchens in the
reav.  The third room, set apart for cheap fish dinners (one of
the features of the Fxhibition), is to be decorated at the ex.
rcnso of the BB roness Bardett Coutts, and its walls are to be
hung with pietures leut by the Fishmonger's Company, who
have also furnished the requisite chairs and tables, and have
madearrangements for a daily supply of cheap fish,while almost
everything necessary to its maintenance (forks, spoons, table.
linen, &c.), will be lent by various firms,

‘The apsidal building attached is to be dovoted to lectures on
the cooking of fish,

Having crossed the British Section, and turning to the right
and passing by another entrance, we come upon what will be
to all one of the most interesting features of the Exhibition,
and to the scientific stullent of ichthyology a collection of pa«
ramount importance, We allude to tne Western Arcade, in
which are placed the Aquaria, which have in their construction
given rise to more thoughtful care and deliberation than any
other part of the works. On the right, in the bays, are the
twenty large asphalt tanks, about 12 ft, long, 8 ft. wide, and
S ft. deos. These are the largest dimensions that the space at
commaud will allow, but it is feared by some that they will be
found somewhat confined for fast going fish. Along the wall
on the left are ranged twenty smaller, or table-tanks of slate,
which vary somewhat in size : the ten largest are about 5 ft.
8 in. loug, 2 ft. 9 in. wad~, and 1 ft, 9 in. deep.

In this Western Arcade will be found all the new inventions
in fish culture—models of hatching, breeding and rearing
establishments, apparatus for the trusporting of fish, ova,
models, and drawinfs of fish-passes and ladders, and represen.
tations of the development and growth of fish, The chicf
exhibitors are specialiste, and are already well known to our
readers. Sir James Gibson Maitland has taken an active part
in the arrangement of this branch, and is himself one of the
prineipal contributors,

In tho north of the Arcade where it curves towards the Cons
servatory, will be shown an enormous collection of examples
of stuffed fish, contiibuted by many of the prominent anglin
societics. In front of these on the counter will be range
microscopic preparations of parasites, &c., and a stand from
%)l_xed Norwich Exhibition of a fauna of fish and fish-eating

irds,

Passing behind the Conservatory and down the Eastern
Arcade—~in which will be arranged Algx, Sponges, Molluscs,
Star-fish, worms used for bait, insccts which destroy spawn or
which serve as food for fish, &c,~on turning to tha left, we
find oursclves in the Fish Market, which will probably vie
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with the Aquaria on the other side in attracting popular at.
tention. is model Billingsgate is to be (livige into two
pa)rls, the one for the sale of fresh, the other of dried and cured
Sgh.

Next in arder come the two long iron sheds appropriated
reapectively to Life-boats and Machinery in motion. Then past
the Royal Pavilion (tho idea of which was doubtless takon
from its prototype at the Paris Exhibition) to the southern
end of tho central block, which is shared Ly the Netherlands
end Newfoundland ; just to the noith of the former Belgium
has a place.

Whilo the Committee of the Netherlands was one of the

N
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earliest formed, Bolgium only came in at the eloventh hour;
she will, however, owing to the zealous activity of Mr. Lenders,
the Consul in Loudon, send an important contribution viorthy
of her interest in tho North Sea tisheries. Wo ought also to
mention that Newfoundland is among those colonies which
have shiown great energy, and she may be expected to send a
largo collection.

Passing northward we came to Sweden aud Norwa{i with
Chili between them, Theso two conntries were, like the Nether-
lands, early iu preparing to participate in the Exhibition, Each
has had its own Committee, which has beon working hard since
eatly in 1882,
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Parallel to the Scandinavian seclion is that devoted to Ca-
nada and the United States., While the American Govern-
ment has freighted a ship with specimens expected daily, the
forimer has entered heart and soul into the friendly nvalry,
aud will occupy an equal space —ten thousand square fect.

In the Northern Transept will be placed the inland fisheries
of the United Kingdom, At each ond of the building 1s aptly
inclosed & basin formerly standing in the gardens - and over
the eastern one will be erceted the dais from which the Queen
will foriually declare 1he Exhibition open.

Shooting out at right angles are the Spanish annexe, and
the building shared by India and Ceylon, China and Japan,
and New South Wales ¢ while corresponding to these at the
western end are the Russian aunexe and a shed allotted to
several countries and colonies. The Isle of Man, the Bahamas,
Switzerland, Germany, Hawaii, Italy, and Greece —all find
their space under its roof.

After all the buildings were planned, the Governments of
Russia and Spain declared their intention of participating ; and
accordingly for each the conntries a commodious iron building
has been specially erected.

The Spanish collection will be of peculiar interest ; it has
been gathered together by a Governtent vessel ordered Tound
the coast for the purpuse, and taking up contributions at all
the seaports as it passed.

Of the countries whose Governments tor mscrutable reasons
of state show disfavour and lack of svipathy, Germany s
promiuuent ; although by the active iutative of the London
Committee some iwportant contributions have been secured
from private iudividnals - among them, we are happy to say,
is Mr. Max von der Borne, who will send his celebrated
incubators, which the Euglish Committee have arranged to
exhibit in operation at their own expeunse.

Although the Italian Government, like that of Germany,
holds aloof, individuals; especially Dr. Dohrn of the Naples
Zoolegical Station, will send contributious of great scientific
value.

France, the other day only, consented to the official ap-
pointment of her Consul to look after the interests of the oyster
cultiva® »rs who are contributing an important feature.

In th- Chinese and Japaness anncxe, on the east, will be
teen a lurge collection of specimens tinclading the gigantic
crabs) which has been collected, to a great extent, at the sug-
gestion of Dr. Gunther of the British Museum.

It1s at the sume time fortunate and nufortunate that a similar
Fisheries Exhibition is now being held at Yokohama, as many
specimens which have been collected specially for their own
use wounld otherwise be wanting ; and on theother hand, many
are held back for their oun show.

China, of all foreign countries, was the first to send her
goods, which arrived at the building on the 3uth ultimo, ac.
companied by native workmen, who are preparing toerect over
a basin contiguons to their annexe modeis of the summer-
house and bridge with which the willow-pattern plate hasnade
us f:}:miliar; while on the busin will float models of Chinese

unks.
! Of British colonies, New South Wales will contribute a very
interesting collection placed under the care of the Curator of
the Sydney Museum ; aud from the lodian Empire will come
a large gathering of specimens in spirits under the suncrin.
tendence of D1. Francis Day.

Of great scientific interest are the exhibits, to be placed in
two neighbouring sheds, of the Native Gnano Company at the
Millowners® Association. The former will show all the patents
used for the purification of rivers from sewage, and the latter
will display in action their method of rendering innocuous the
chemical pollutions which factories pour into rivers.

In the large piece of water in the northern part of the gar.
dens, which has been decpened on purpose, apparatus in con-
nection with diving will be sccn s and hard by, in a shed,
Messrs,  Siebe, Gorman & Co. will show a selection of beauti.
ful minute shells dredged from the bottom of the Mediter.
ranean.

In the open basing in the gardens will be seen beavers, seals,
sea-liony, waders, and other aquatic hirds.

From this preliminary walk round enough has, we think,
heen secn to show that the Grest Internmational Fisheries Ex-
hibitien will prove of interest alike,to the ordinary visitor, to
those anxions for the well-being of fishermen, to fishermen
themselves of cvery degrer, and to the scientific student of
ichthyology in all its branches.

The cconomic question of the undertaking we have left un-
touched.
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ELFCTRICITY APPLIED TO EXPLOSIVE PURPOSES.

The fifth of tho series of Six Lectures on the Applications
of Electricity, was delivered at the lustitution of Civil Ean-
gineers, on Tnursday Evening, the 19th of April 1888, by
Professor ' A, Abel, C.B., F.R.S., Hon. M. Inst. C.E. The
following '3 #an abstract of the lecture :—

Tu int:oducing the sulject, the Lecturer indicated the prin-
cipal advantages which it had been early observed wounld
re_alt {rom a certain mode of firing explosivo charges by elec-
tric current instead of by the ordinary fuzes, the hest of
which had ivherent defects, greatly limiting their use for any
but the simplest operations. He ‘traced the history ar 1 de-
velopment of electrig firing from the crude experime.ts of
Benjawin Franklin, about the year 1751, through the various
stages in which frictional electricity, volta.induction appara-
tus, and magneto electric machines had supplied the means of
generating the current, the tendency of late years being to
revert to 2 modified form of voltaic battery for ono class of
work, and to employ dynamo-electric machines for another
class. ‘The listory and development of the low tension, or
wire fuze, and of the various fuzes empioyed with electric
currents of high tension, were also discussed, and their rela-
tive advantages, defeets and perforinances were described.

The only sources of clectricity which at present thoroughly
fullilled the conditions essential in the exploding agent for
submarine miues, were constant voltaic battertes. They were
simple of coustruction, comparatively imxpensive, required
but httle skill or labour in their productivn and repair, and
very little attention to keep them in constant good working
order for long peniods, and their action might be made quite
independent of any operation to be performed at the last mo-
ment.

When first arrangements were devised for the applicati-= of
electricity in the naval service to the firing of guns auu so
called outrigger charges, the voltaic pile recommended 1csolf
for i*, sunplicity, the readiness with which it conld be put to-
gether aud kept in order by sailors, and the considerable power
presented and maintained by it for 2 number of hours, Dif-
terent forms of pile were devised at Woolwich for boat and
ship use, the latter being of suflicient power to fire heavy
broadsides by branch circuits, and to continue in a serviceable
condition tor twenty four hours, when they could be replaced
by fresh batteries, which bad in the meantime been cl,eaned
and built up by «ailors.

The Daniell and sand batterics first used in conjunction
with the high tension fuze for subwmavine mining service were
speedily replaced by 2 modification of the battery known as
Walker's, which was after some time converted into = modified
forin of the Leclanché hattery. .

The importance of being :{le to ascertain by tests that the
circuits leading to a mine, as well as the fuzes introduced into
that circuit, were in proper order, very soon became manifest ;
aud many instances were on record in the earlier days of sub-
marine miniug of the disa]mointing results attending the acci-
dental disturbauce of electric firing arrangements, when
proper means had not been known or provided for ascertaining
whether the civenit was complete, or for localising any defect
when discovered.

The testing of the Abel fuze, in which the bridge, or igniting
and conductiny composition, was a mixture of the copper
phosphide and sulphide with potassium chloride, was easy of
accomplishment (by means of feeble currents of high tension),

in proportion as the sulphide of copper predominated over the !

phosphide. Even the most sensitive might be thus tested
with safety ; but when the necessity for repeated testing, or
even for the passing of a sigual through tho fuze, arose, as in
a permanent system of submarino mines, the case was diffe-
rent, this faze being susceptible of considerable alteratious in
conductivity on being frequently subimitted to even very feeble
test currents, and its accidentsl ignition, by such corpara-
tvely powerful test or signal currents, 23 might have 1o be
cmployed, became so far passibic as to create an uncertainty
which was most undesirable.

Hence, and also because the priming in these fuzes was
liable tesome chemical change detrimuntal to its sensitive-
ess, unless thoroughly protected from sceess of moisture,
another form of high tension faze, specislly adapted for sub.
marine mining scrvice, was devised at Wouolwich. This,
though much leas sensitive than the original Abel fuze, was
sufficiently so for service requirements, whiloit presented great
superiority over the latter in stability and uniformity of elec.
tric resistance ; and, though aot altogether unaffected by the
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the efliciency of the fuze was not affected thereby.
Abthough ligh tension fuzca presented decided advantages
n point of convenienco und efliciency over the earlier form of
! phatinnm wire fuze, the requiremonts which arose, in elabor.
ating thoroughly cffictent permauent systems af defence by
submanne mines, and the demand for abattery foruse in ships
i wihieh would remain practiclaly constant for long periods,
i emyrd a very earcful consideration of the relative advantages
b of the Ingh and low tension systetns of firing to result in fa-
I vour of the cinplayment of wire fuzes for these services. In
i addition 0 the disadvantages poinred ont there was an ¢le-
! ment of uneertainty, or posstblo danger, in the employment
o of lnch tension fuzes, which, theugh fully climinated by the
i adaption of voltate batteries, in place of generators of hish
i tension electrieity, might still occasionally constitute a svurce
¢ ol danger, namely, the possailnlity of high tension fuzes being
" wendintally exploded by currents induced in cables, with

, wineh they were connected, during the occurrence of thunder
I atormng, or of less violent atmospheric electrical disturbanees.
| Expeniment, and the tesults obtained in military service
i operations, had demonstrated that if insulated wirey, in-
| mersed in water, buried in the earth, or even extended ou the
i ground, were in sufficient proximity to ouc another, each
! wable being in erremat with a lugh tension fuze and the earth,
¢ the explovion of any of the fuzes by a charge froma Leyden
. jar, or from a dynamo-electric machine of considerable pawer,
! acyght be attended by the simaltaneous ignition of fuzes at-
* tached to adjacent cables, which were not coynceted with the
srurce of electricity, but which becomo sufficiently charged
' by the mmductive action of the transmitted current. ~ It there-
fore appeared very possible that insulated cables extending to
" land or submarine tines, in which high tension fuzes were
© encloged, mught become charged inductively during violent
atmospheric electrical disturbances to such an exteut as to lead
- to the accidental explosion of tmuines with which they were
_connected.  In a Report by von Ebner on the defence of Ve-
niee, Pola, and Lissa, by submanine mines, in 1566, he refers
to the aceidental exploston of one of a group of sixteen tuines
_dunng a heavy thunderstorm, as well as to the explosion of
 some mines, by the direct charging of the cables, thirough the
- finng station having been struck by lightuing. ‘I'wo instances
©of tho accdental explosion of tension fuzes by the direct
* charging of overhead wires during hightning discharges oce
' curred 1n 1573 at Woolwich.
Subsequently an elestric cable was laid out at Woolwich
« alony the niver bank below law water mark, and a tension fuze
- was attached to one extrenmuty, the other being baried. About
' cleven months afterwards the fuze was exploded by a charge
s induced in the conductor during & very heavy thunder-
storm,
f In consequence of such difficulties as these experienced in
b the special application of the high-teasion fuzes to submarine
purposes, the production of comparatively sensitive low.tension
fuzes, of much greater usiformuty of resistance than these cm-
ploged in former years, was made the subjeot of an elaborate
experimental {nvestigation by the lecturer.  Different samples
+ of comparatively thin wires, made from commercial platinum,
showed very great variatoins in electrical conductivity. Very
¢ vonstlerable ditferences in the amount of foraing to which the
- wetal, iu the form of sponge, had been subjected, did not im-
pertantly affect mther us specific gravity or its conductivity,
and the tused metal had only a very slightly higher degree of
. conductivity thau the same tnetal forged from the spoage.
( To b« continued. )
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THE SHEAPES OF LEAVES. *“Nature."

]

i BY GRANT ALLEN.

i I.—Crigin of Types.

. 'The two most general and distinetive types of foliage among
! anmosperms are those characteristic of monom!_vloﬁons and

© dreotylodons respectively. They owe their principal traits of
« shape aud venation to the manner in which these two great
¢ fandamental classes have been separately evolved from lower
TANrPSIoS.

' Mr. Herbert Spencer has shown that there are two chief ways
i in which a central axis or caulome may conceivably be deve.
© loped from an integratel series of primitive stalkless creeping
' fronds.  The first way is by the in-rolling or folding of the
" fronds 50 as to form a complete tabe, often with adnate cdges,

AND THOE INDUSTRIAL ARTS.

i long continued triasmiscion of test curreuts through them, | as represented in the accampanying disgram (Fig. 20) modifiod

——————

by Mr. Spencer's kind pirndssion from the ¢ Principles of
Biology,”  For details of the explanation, the reader must be
referred to that work (vol. i1, wpart iv, chap. iii.); it must
suflice here to note that as in such case each frond must enve-
lop the younger f1ouds within it, the process is theve shown to
eventuate in an endogenous stem and a mopacotvledonaps sved
—two charactersstics found as & watter of fact constantly to
accompany one ayothel 1 actual nature, Lha seeond way is
by the thickemug and lintdening of a fixed series of midnibs,
as shown in the noxt dmgram (Fig. 21), alsa wmodified after
Me. Spencer 3 aud this wethod must necessanly result in an
exogenans stet and a dicotyledonaus seed.  The diagramsa in
Fige, 22 and 23, whieh reprosent accorimg to Mr Spencer
(Mightly altered) the developmeat ol the wmonoestyicdstious
and dicotvledonons «vedbin: yespectively, waitl help further to
illustrate the primitive ehiaractoritiey 01 the two types,

The mepocotyledorons tepe of foliage is fHr the most part
extremely nnifory wid consstent, m temperato chimates at
least, for in the tropcs the presence of large aiborescent forms,
such as palme« and cerew-prues, as well as of gigautic lilies,
amaryllids, and grasses, siely as the bananas, yuccas, agaves,
and bamboos, wives & very Jistinctive aspect to the ensenble
of the class.  Being in priuciple a more or less in-rolled aund
folded frond, every part of wizzeh equally aids in formng the
caulome or stem, the monocatyledonons feaf tends as a rule to
shaw li'tle distinetion Hetween blade and leuf-stalk, lamina
and petiole.  For the same reason, the free and alzo tends to
asstme o lanceolate or inear shape, whule the lower part usnally
becomes more or less tubular or sheathing in arrangement.
Again, far two reacons, it gen-rally has a paralld venation.
1u the ftirst place, since the leaves or terminal expausions are
were prolonytions or Lips to the stem-forming portion, it will
follow that the vaseular tixsues will tend to run ou continuous.
Iy over every past, justead of rudiating from a centie which
mast in such a case be purelv aruli wl. Iu the seesnd place
it is clear that parallel venation is the most conveunient tyne
for Jong nureaw loaves, as s plaaly shown even awmong dico-
tyledons by such {ohage, as that of the plantaius, descended
from netted-venrd ancestors, but with chief ribs now parallel.
Sull better are both these principles illust-ated in those
cases among dicotviedons where the lamina is suppressed alto-
gether, and, the flattened petiole assumes foliar fuuctious, as
m Oxabs bupleurdohra and Acacia melanocylon (Fig 24).
These phyllodes thus resembling in therr mode of develop-
ment the monocotyledonous type, and continuous throughout
with the caulame.portion of the primitive leaf, exhibit both in
shape and venation the chief monocotyledanous characteristics.
A typical monocotyledon in shape and venation is repressnted
in Fig. 25.

The dicatyledonouns type, though far more varied, is equally
due in its shape and venaton to the original chamcteristics
implied by its origin.  Only the midnd 1nstead of the whole
leaf being hews concerned 1n the production of the stem, there
is a far greater tendeney to distiuctness between petiole and
Iawina, and a marked preference for the netted veuation, The
foliar expausion is not here & mere tip; it becomes a more
separate and decided clement in the entire leall  And as the
prtiole joins the lamina at a distinet and noticeable point,
there is a natueal tendency for the vascular bundles to diverge
there, making the venation palmate or radiating, so as to dis-
tribute it equally to all parts of the expanded sntface. Fig.
25 shows the resulting chasacteristic form of dicotyledonous
leal. lts variations of pinnate or other venation will be con-
sidered a hittle Iater on.

Among monocotyledons, the central type is perhaps lLest
found in the mainly tuberous ar bulbous orders, such as the
orchids, lillies, and amaryllids.  These ondere, having rich
reservoirs of food laid by underground, seud up relatively thick
ard sturdy Jeaves ; but their shape is dezided by the ancestral
tvpe, and by their strict suborsination to the central axis.
Hence they are usually long, narrow and rather leshy. Fa.
milisr examples are the talipe, hyaciaths, snnwdraps, dadadils,
croeases, &3, Those which have small bulbs, ot nune, or grow
much nmong grasy, like Sisyrinchinm, are nearly or quite
lnear ; those whick raise their lieads higher into the open,
like Listera, are often qnite ovate. Exotic forins (bromelias,
yucers, agaves) frequentiy have the poiots sharp and piercing,
as & protection agunst herbivores.  In the grasses there is ge-
uerally no large reservoir of food, and their leaves accordingly
show the central type in a stnngy deawn-up cendition. So also
in sedges, woodrushes, and mauvy others. But where the gene-
sl monocotyledouous hahit has been more last, and somethinyg
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like the dicotyledonous habit acquired, the leaves become
more like those of the opposite class. Thus the Arums,
witk. their very unlilylike mode of growth, and their jong
pcaoles nsing high into the open air, have usually a very
distinct broad lamina, and have the veins accordingly
branched or netted, almost as in dicotyledons. Very much

the same type vecurs under similar circnmstances in
Sagitlaria sagitlifolia (Fig. 27). Still mu.2 markedly
dicotyledonous-looking are the leaves of certain very
aberrant Amaryllids, such as 7'amus and the other Diosco-
rideze, which have taken to climbing, and have therefore
acquired broader leaves with netted veins between the

-

F1G. 20 —Developmen of Monocoty'cdonous stem.

ribs. Compare with these the like result in Swrlax;
and then look at both side by side with such dicotyledons
as Convolvielus. The influence of the ancestral type is
here seen in the arrangement of the main ribs; the in-
fluence of environment is shows both in the approxima-
tion of general shape, and in the netting of the minor veins.
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Once more, the ovate type of Listera leads on readily
enough to the whorlrd leaves of Pasis and Trillium,
where the venation has be:ome sinularly netted, A
bushy type, like Ruscus, develops broad leaf.like ped-
uncles, whicn closely sunulate the true leaves of dicotyle-
donous bushes with Uke habit, such as box or privet.
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| ¥i16. 21.—Developmer.t of Dicotyledonou: stenr

But the widest departure of all from the central mono-
cotyledonous type is found in leaves like those of the
tropical arborescent forms—the palms, screw-pires, &c.
Most *of these have long pinnate foliage, whose origin
may best be considered when we come to cxamine the

Fi16. 22 —Development of Monacotyledonss seedling

Chief dicotyledonous types ; measiwhile such forms as the
cocoanut or the date-palm may be advaatageously com-
pared, as to conditions and general shape, with the tree-
ferns in one direction, and the cvcads in another. The

bananas cast much analogons licht upon the origin of
these tropical pinnate fonne. \Where the plant is less
arborescent, as in Chamarops, the Jeal assumnes rather a
fan-shaped than a pinnate develogment.

Among dicotyledons it may Le fairly assumced that the
carliest form of leaf was simple, ovate, and nearly ribless,
or with faint digitate venation. ‘This 15 shown both by
the nature of the earliest leaves i most seedlings, and
the constant rccurrence to such a type wherever circum-
stances arc favourable for its reproduction. Hence, as a
whole, digitate venation seems the commonest in most
humble dicotyledons; and the only problem is how
pinnate venation camne to be substituted for it in certain
cases. The answer scemis to Le that wherever circum-
stances have causcd leaves to lengthen faster than they
broadened, and so te assume a jancenlate rather than an
ovate shape, the tendency has been for the main ribs to
be given off, not from the same point, but a little in front
of ane another. 1f the techniczl Lotanists will pardon
such a phrase, the internodes of the iniderb, usually sup-
pressed, sec here to have becn fully develnped. Figs.

28, 29, and 30 show the stages by which such a change
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may be brought about, Figs. 31, 32, and 33 exhibit a
shightly different forn of the same {endency.

That this is the real origin of pinnate venation scems
aretty clear on a comparison of a good many otherwise
rlusely related forms. Look for example first at the rounded,
almost orbicular leaf of Geranium molle and its allies,

¥

Fic. 23.—Development cf Dicotyledonous seedling.

with palmate ribs ; and then look at the long, narrower,
doubly pinnate, and vinnately-ribbed leaves of Lredium
steutarium, Or again, Jook at the common cinquefoil,
erect and palmate; and then at silver-weed, long, creep-
ing, closely pressed to the ground, and with numerous
pinnate leafiets. Once more, compare 1lchemilla with

4

7
=

San,

R

RS 42

ey

€16, ag.—Acacis melanpxylon.

LPolerism and Sanguisoréa. As a still simpler instance,
where we get the difference in its first beginning, contrast
Ranunculus acris with R. repens, or the least compound
leaves of the blackberry bramble with its own most cam-
pound foliage. As a rule the most pinnate groups, such

Tyc, -5 -~Typica: Mas. ety led shons leaves 2ad venation.

as the lesser crucilers, the peaflowers, &c., have very
long leaves.

This suggested origin of pinnate venation in dicotyle-
dons becomes even more probable whea we look at the
pinnate members of other classes. Among monccotyle-
dons the Jong-leaved arums, though their venation is
fundamentally paralls! in type, have yet acquired a

branching and practically pinnate set of ribs. The
plantains and bananas, with very long and broad foliage,
carry the same tendency yet further; for their leaves are
pinnately nibbed from a stout midrib. The lower shrubby
or bushy palms, like Chamzerops, have fan-shaped leaves,
with veins diverging in rough parallelism from a cominon
centre ; that is to say, they arc in fact palmate: butin
the taller arborescent palms, with- their long leaves, the
internodes of the midrib (to use the same convenient

#16. 2.~=Typeal Dicotyled leafand v

phrase once more) arc fully developed, so that the leaf
becomes pinnatifid. In this cace the subdivision into
leaflets 1s probably protective against tropical storms.
The broad-leaved plantains and the Chamarops, though
so much shorter than the pinnate palms, are often torn
by the wind, and a plantain leaf so torn into ribbons
closely tesembles a cocoanut leaf: in the taller palms
this disruption between the ribs becomes normil. Com-
pare Zamia and wne other cycads among gymnosperms.

Fi6. 27 —Sazitiaria sagitiifolie,

Once more, the ferns are a class with long lanceolate
fronds as a rule, and their venation is almost atways
pinnate; the orly ferns that vary much from the central
typt being some like the Maidenhairs, which are tufty
and rather ovate in general form, and have so modified
their venation as cioscly to approach the herb Robests
and other hedgerow plants in the outer effect. We may
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furly conclude, therefore, that piunate venation is best adapted
to very long leavey, buth becanse of the support it gives to the
cellllar mass and beeause of the easy mauner in which it dus.
tributes sap to every part ahke,

It scems also probable that pinnate ribg are ecpecially adapt-
ed to furest trees. Most of these indeed have ther leaves ratner
long in outhine~like the ash, the oak, the chestnut, the wal-
nut, the mouatain ash, the laurels, the hornbeam, and the
willow —ulitle others in whi h the primary nibg are palmate—
like the hoise.chestnut and the plane—have their secondary
ribs prunte and their lobes or leatlets very long, so that the
total el ot ts tu the end pretty much the same. But even when
the leaf 1 rather shortened i general outhne, as 1 the elm,
the beech, the alder, aud the poplar, the veaation 1s stdl pin-
nate.  Doubtless this form of ground plan protects the leaves
of these exposed trees best agawnst the wind ;) and where the
leailets are much subdivided, as w the acadias, the subdivision
may be regarded as a protection agiinst severe storms.

The shapes of leaves 1n cach pa ¢ cular speci=s of plant thus
depend 1 ultimate analysis upon two factors . first, the ances-
trally-inlv rited peculiarities of type and venation ; and second,
the actual com‘mons to which the species is now habitually
exposed.  Accordingly, under the same conditions, .« monoco-
tvledon and a dicotyledon will tend to assume approximately
stimtlar general external forms ; but their underlying ancestral
prealiarties may generally be preaseld throngh the mere
anadogacal resemblansece produced Ty an identiesl environment.
By the mteraction of the two factors we must endevour to ex-
plain every partienlar forin of leal.  T'o do this throughout the
whole vegetable kingdom wonld be of course an endless task,
tut to do 1t in a few selected groups is both a practicable and
a useful botameal stwldy. The ground-plan will always depend
upon the ancestral type, the outhne, degree of <egmentation,
and mmuteness of entiang, will alvays depend upon the
average supply of carbome acid aud sunhght.

SPECIAL TYPES IN APECIAL ENVIRONMENTS,

From the previous papers it will be clear that (degree of
subordination to the stem accounts in large measure for the
extent to which leaves vary from the primitive ovate-lanceolate
type.  Where they are still so most subordinated, there wiil
le a strong tendency towards the loug pointel ribbon.like
form, and also a marked inclinavion towards decurrence. ‘This
combination of peculiarities is well seen in several thistles,
and 1n comfrey, as abso to a less extent in many epilobes and
stellarias. Compare 'erbascum thapsus, and other mulleins.
From these extreme cases, i which leaf and stemn are not fully
diferentiated {rom one suother, one can trace several grada-
tions, through square stems with sessile leaves (as in certamn
St. Johu's worts) up to merely sessile stem-leaves, or leaves
that clasp the stem with pointed or rounded auricles.  Wher-
ever lines exist along the stem, they may be observed 1n
pairs up to « pout where a leaf is given off, and they are
undoubtedly surviving marks of the primitive unity of stem
aud leaf. The sawo may be said of rows of hairs, like those
of Stellarie sncha aud of Feroaiaa chamrdras, There can be
little doubt that selective causes (protection against creeping
msects &c.) have often conre 1uto play in preserving or modi-
fying such decurrent wings, stem-lines, auricles, clasping
stipuley, and rows of hairs; but as a whole they nevertheless
point back distnctly to the origin of dicotyledonous stems
from superposition of leaves and mudribs upon one another.
They are rudunentary forms of stem-lamina.

Sessile leaves are particularly apt to be lauceolate. They
approach nearest among dicotyledons to the monacotyledonous
type. The botanist will readily il in examples for himself.

On the other haud, it is clear that the conditions under
which leaves assume the orbicular and peltate types can only
occur where there 1s least subordination to a central stem.
Aud these conditions must have occurred for immense nutnbers
of generations order to overcome the ancestral tendency
towards the lanceolate or ovate form. For a leaf must first
pass through a cordate or remiforn: stage, hke that of the
colt~foots, before 1t can reach an orbicular shape, like that of
vur common watethly, and even when it becomes completely
circular, hike tae Vicloria regua, 1t may stifl retain & mack of
Junction where the overlapping cdges have met without
becoming connate.  Iu the case of Ilicloria regic the trans.
formation has heen teaced during gersmuvation.  The first

leaves produced by the young plant are linear and subinerged ;
the next are sagittate and hastate; the latter oucs become
rounded, cordate, and orbicular; and even when they assume
the peltute form, the hine still marks the point of union. Thus

sufficiently accounts for the rarity of perfectly peltate leaves,
such as those of Tropwelum, Hydrocotyle, and Podophyllum,
Itudical leaves growing on long foststalks will be oftenest
orbicular cordate ; stem-leaves on the same plant may pass
from ovate.cordate to ovate, lanceolate, and linear. Large
cordato radical leaves will be most frequently produced from
porennials with richly stored roatstocks. 'The sagittate and
poiuted leaves of Arum and Segnttaria show the furthest step
attained in the same direstion of monocotyledonous foliage,
starting from the liliaceous form,

Where thoe stem, or, what comes practically to the same
thinz, solitary ascending brauches, rise high into the air, espe-
cially with opposite leaves, we get a common type which may
be well represented by the white deaduettle (Fig. 34). Hedge-
row plants with perennial stocks frequently assume this type.
It reappears alinost identically, uuder the same conditions, in
30 distant a group as the true nettles; and though 1t is possible
that the causes which produce mimicry in the animal world
may here have come somewhat into play, so as to modify sundry
Jamums into the sinulitude of the protected Urlica, yet the
aunalogy of other Labiates shows that the circumstances alone
have much to do with producing the resemblance. For a
great many tall.stommed hedgerow Labiates closely apnroxi-
mate to the same type; for example. Lamium galcobdolon,
Ballota nigra, Golropnis tetrahut, Stachus silvatica, and S,
palastris,  Compare, mulates mutan-lis lor auncestral pecali-
anties, the other hedgerow plauts, S.rophalaric nodost, and
Alliaria officinalis.  On the other haund, notice the orbicular
long-stalked lower leaves of tho latter (especially when bien.
nial) side by side with the lower leaves of some Labiates, such
as Nepela glechoma,  Indecd, the Labiates as a whole present
an excellent study of local modification 1 an ancestral type,
according to habit and habitat. Take as uther gronps of this
famdy the following . first Mentha a .1 Lycopus, then, Salvia
pratensis, Prunclla, Marrubiun, radical leaves of Ajugn
replans, and lower leaves of Nipela glechoma ; finally, the
typreal forin dwarfed in little prostrate retrograde types, such
as Thymus serpgtlum and Mentha pulegivm. Compare these
last with other prostrate or dwarfed types elsewhere, like
Ve.uniea scrpullifo'ic, Peplis portula, Hypericwm humifusum,
Montia funtane, aud drenria serpyll folic.

-\s grassy types, the best familiar examples are those of the
tlaxes, Stellaria gramines, Toadflax, Bastard Toadflux, &c. ;
atl of which have been largely influenced by monocotyledo-
nous competition. Even a pea, Lathyras nissolia, has got rid
under such circumstances of its leaflets, and has flattened its
gouolo iuto a grass like blade. Intermediate forms occur in

outhern Earope, The peas, indeed, are papilionaceous plants
which have largely cast off their ancestral leaf-type, in order to
avail themselves of new conditions, L. anfaca has lost its
Ieaflets, and flattened and enlarged its stipules so as to resembie
simple opposite leaves ; and L. hirsutus and pratensis have re-
duced the leallets to one long most linear prir.  Marshy plants
have also often been jorced into adopting grass-like forms.
The great spearwort is a swampy buttercup, whose ancestral
leaf has been lengthencd out into a long ribbou, with almost
parallel ribs , the lesser spearwort shows the same tendency to
a less degree, still retaining ovata lower leaves, with lanceolate
upper ones 3 and Perandea scatellate 13 a similar marshy case
among the Scrophularinew,

Whea the treedike form is attained, or frec access to air is
otherwise gained (as by climbers), the supply of carbon, being
practically unlimited becomes relatively little important, and
the sup;lnly of sunlight assumes the first place in the cconomy
of the plant.  Under such conditions, the great object must
he to prevent the leaves from overshadowing one another.
Now this result may bo obtained in & great numter of ways,
and we must not expect that every tree or shrub will solve the
prohlem for itself in exactly the same fashiou, Itis enough
that the shape into which the aucestral form is funally modi-
fied should suficiently answer the purpose in view. As a
matter of fact, the suitability of the actual forms and arrange-
wents of trec-leaves to the functions they have to perform can
be realily tested by obsarving auy tree in bright sunshive.
On the one hand, almost every leaf is in full illumination, no
leal unaccessarily shading its neighbour; and on the other
hand, there is handly any interspace between the leaves, as
may be scen by the fxct that tho shadow thrown by the tree
as a wholo is almost perfectly continuous. In shor:, there is
u0 wasto of chlorophyll, and thero is no waste of sunshine.

Mr. Herbert Spencer has called attention to tho results of
vatying cxposure to light in the various parts of the same
leaves, which often canses them to became unequally deve.
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loped. In tho lime (Fig. 35) such obliquity is normal. In
the various Begonias (Figs. 36 and 37) the resulting asvimmetry
1y very noticeable. In the cow-parspip (Fig. 38) it 19 the
Teallety of the same leaf which aro asymmetrieally developed,
s0 as not to overshadow one another. In more symmetrical
leaves, there is an equal provision for preveuting overshadow.
g, only here it takes the form of indentation of the edye,
as 1 the aak, or of subdivision into leatlets, ay m the horse.
cheston:., In the latter case, indeed, the two ontermost
leatlets are habitually asymmetrical.  Ou the whole, however,
tho wass of forest trees in temperate climates have alinost
entire leaves 3 and full exposure to sunlight 18 secured rather
by thetr special specific arrangement at the end ot the mitior
branches, Most often they ure more or less ovate, a4 in the
elum, beech, alder, birch, and poplar. Where the leaves are
divided, the separate leaflets assume the appearance of almost
entire leaves; compare the leatlet of tho horse chestnut with
the leaf of the true chestnut; the leatlet of the ush with the
: leaf of the horubeam , theleatlet of the walnut with the leaf
* of the beech ; and the leatlet of the mountain ash with the leaf
of the blackthorn. In all these caswes, uitmost wentical results
are practically produced in the end by sumlar circumstances
acting upon wholly unlike original types.

Sotne minor typieal formng exist in certain groups of climbers,
which are worth 2 moment’s noteje, ‘T'ake us au example the
creeping leaves of ivy. Aslong as this plant wrows, close to
a wallor the trauk of 8 tree it assumes the well known shape
shown in Fig. 39. But as soon as it branches out 1ts flower.
g sprays iuto the open, acquiring a tree-iike habit, wiich it
often does on the top of i wall, it takes a simpler and totally
dufferent form of leaf, ag shown in Fig. 4u, growing on the
same plant.  This last type is quite comparable to that of the
pomegranate. That both types admirably smt thar partienlar
utuation can easily be seen by noting how well they it n
with ano another without ovenhadowing. It would be difli.
cult to point ont the geometrical grounds for this relatiou,
but the relation itself becomes obrious on watching anivy-plant
in broad sunshine. Motcover, the first or truly ivy-like form
of leaf tends to recur in many plants swhich similarly pres
close toa flut surface. In Fevonica hederafolia we get it ina
wedd that climbs over banks of earth ; Lenarie cymlaleria
we get it in a trailer hanging upon stone walls ; in Cwmpanule
hederacca and Sanunculus iederacrus we get it in a creeper
along the edge of rills or over soft mud. Compare iu each
case other forms of the typical gencric leaf, as seen in german-
der, speedwell, toadflax, harebell and meadow buttercup.

Another special climbing type, proper to more open hibits
of twining ronnd alien stems, is that of thy common bindweed.
This, the ordinaty conv. culus form, reappears exactly in so
distant a plant as Polugonun convolvnlus, whose halnts are
exactly similar. Even among monocotyledons we get it
closely simulated by Smilux, with precisely hke condition,
std somewhat less clasely by Zamus. Indeed, this form of
Jeal may be said to be almost nniversal among lithe twining
creepers.

The hop type Lelongs rather to mantling than to mwere
twining climbers, It reappears uuder wdentical conditions
in the vine, and less closely in tre bryony. More subdivided
into leaflets it produces the Virginia creeper, and mauy forms
of clematis.

Among ground plants it is only possible very briefly to refer
to the succalent types which abound i dry situations. A
regalar gradation may hero be traced from nch forms with
rather thin, flat, ovate leaves, growingn favourzble situations,
like Sedum telephinm, through dwarfish forme, with oblong
deaves, Sedum album, to forms with kuobby, clobular leaves,
growing in very dry spots, like Sedi. aughcum. Whero
the stem heromes very succulent, the leaves may bo dwarfed
out of exist: nee altogether, or reduced to prickles, as in those
dry desert plants, the cactuses. Compare some tropical
Euphiarbirs. ~ Miscellaneous examples of these dry types are
als+ fortud among Mesrmbryanthemums aud other Ficordez,
uatives of hot, sandy plains in South Africa. The suceu
leace here acts as a vescrvoir for water. Special precau-
tions atc taken against evaporation. We see the first sym-
toms of such & habit in some Enghsh dry-soil saxifrages.

Proximity to the sea, whether the plant urows wn sand or
mud, also tends to produce sucenlence. This effect i3 seen
casually in many seaside weeds, and habitually i such cases
ay samphire, Inula crithmnides, Sperqularig rubra, Cakile
maralima, and common scurvy-grass, Sudda maridinais in
this group the exact analogue of Sedum anglicum, wiile Sali-
cornia is similazly the analogue of the lealless cactuses.  Coine
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pare also Salsla kali, There is 8 somewhat similar tendeney ’

to {leshiness 1 certain freshwater weeds of moist spots, such
as Chryssplenzum, aud wany saxifrages.

1a such a boef sketch as the present it is imposaible to do
more than allnde in passing to sundry more special develop.
menty of leaves, for protective or other purposes.  One deve.
Yupinent of this chatacter is seen in the growth of prickly tips
(Aguae, Aloe, Salsola, Joaus acntus, bromelia paquan, or
of prrekly edges thustles, Cerlina, holly, Stratiotes. Dipsacus,
Kedna peregring),  Sach prickles may be parely defensive, or
they may assist the plaut in clamberivg (Stellate, Smilar,
hopr.  Auain, the leal as a whola may be reduced to s prickle,
u8 46t garse, where the very voung seedling bas tretodd lenves
ltke 1ts allies, but these give way gradunlly to entire lance-
olute bludes, and finally to were thamnbike spines.  Another
very dillerent development is that of the insect-eating plants,
which grow m very boggy spots, and so require animal
matter not yrelded them by the roots.  Our Enghsh sundew
tIig. 419 13 an enample of the first step 1 such a process;
cssentially its leaves belung to the obovate tufted or rosetted
type representd by the daisv, ouly a little exaggerated : but
they have been specialiv-d for the insect-eating function by
the evolution of the little glandular Jnirs, Even sumpler 19
the type of the butteewort, whi:h belongs to the same foliar
class as the London Pride, [1rala aizoides, Samolus Pulergmds,
Sempercecum tectoruny, £, but with the edges folded over so
as to fncloge its mseet prey  From these simple forins we
progress at last to highly speciatized types like Diwonea (Fig,
32), Sarracema, Darlinatanin, Nepenth s, and Cephalotu,.
Unce more, the connate furt in opposite leaves (l)tpsacu_,,
Chlsray or the portfuliate in alternate ones (Bupleurum) mu'y
be due, as has been sugoested, to the furilities these arange -
ments afford for storing a little reservoir of water, which acts
ay 2 moat to protect the tlowers from climbing ants. But
such tmuor selective actions are too numerous and too diversi-
fied to be noticed in full here ; it ust suffice to point out the
general principles upon which the forms of leaves usually
depend, leaving the reader to fill in the detarls i every case
from Lis own special observations.

P D

OUR BODIES:" (Rl dyr).
THE PEROVESSES Ok FUNCTIoNS OF TUE BODY
BY Dk, Axprew Wihisox, F.RS.E, &e.
HOW THE RODA's DUTIES ARE PERFORMED,

Tu our last paper we saw that the body was a complex ma.
chine, within which contimnal wctions were being executed
and pertoraed.  Life, in one sense, is merely the sum tota) of
these actions.  Qur existence in the resuit of their exact and
continous perforinunce. It remains, however, that we shonld
look a httle more closely at these hodily processes. \We must
endeawvonr to ascertain how they are performed, and 1 what
fa<hion they relate themselves to our daly life.

The world “‘secretion” is oue in constant use in the mouths
of physiologists. Thev speak of the liver “‘secreting” bile, of
the salivary glands “secreting™ saliva, or the *“water” of the
mouth, aurd of the stomach “<eereting'’ gastric jumce. What
is meant, then, by this word “seeretion’’? and what isthe u e
or purport ol the function which bears s name ¥ To answer
these queries we must nfleet a littde upon the demands which
Jife makes upon the bLody's belongiugs. In the digestion of
foud, for example, a consnlerabic number of flnads are poured
at intervals upon the fool  The digestive system, 1t will be
remembered, is merely a tube, opemng wto which we find cor-
tiin orgamy, sucn as <alivary glands, hver, sweet-bread, &,
Now, shgestion is largely = chemical pracess.  Certawn food-
elements are breken down, combined with other clements,
and wade 1o asume new forms, in warch they can be readily
comhined with the blood. Hence upon the fool there are
the tluids already mentioned, which alter aud change the food-
constituents as natnre dueets, Take, 15 an example, the fond-
changes which occur in the mouth, Saliva—the “water” of
the mouth—is poured upon the food at tins stage of drgestion.
This fluid is furnished by theee pare of organs ealled salweary
alands, each gland opening into the mouth by a “duct” or
tabe of its own. When saliva comesin contact with any starchy
faads, the latter are transformed by the chenneal action of this
fland into dextrin and grape-sgar.  When saliva is analysed,
it is fouud to consint of water, certam miuera’s, aud a sube
stance (found nowhera in the body save m tins fmd) called
ptualin. 1t is this latter substance which appears to be instru-
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mental in changiug starch into dextrin and grape-sugar—in
which Intter forms starch, itself indigestible, becomes mare
readily absorbed into tho blood. Hence this substance, plyalin,
ig gaid to bo one of the digostive “furments”—a name applied
to certain bodies which are found chiefly in the digestive fuids,
and which produce chemical changes in the foods submitted to
their action. .

In tho stomach, another “‘ferment,” pepsin, cxists in the
“gastric juive,” ‘Tho latter fluid is “‘secreted’’ by the little
glands that exist in the substance of Lhe stomach itself. 'This
ferment has the power of chauging nitrogenous foods or “albu.

_ minoids" into substances and called peptones. In a word, in
the latter fori theso foods are diffusibly, and readily pass into
the blood, The liver, as overy one knows, is a manufactory of
bile, which is, perhapy, the inost complex fluid in the body,
Bile is of a greenish-yollow colour, aud when analysed is found
to consist of water and solids, amongst the latter being bilin,
fut, cholesterin, &c. ‘There scems little doubt that bile when

{ . Ascendiog | ¢ added to the food (as it is added after the foed has left the

FiG 4o.—Ascending leaves olivy. stomach) acts specially on tho faity parts of the food, whilst
discharging other functions. The pancreas or “‘sweatbread"
throws pancreatic juice on the food, when bile from the liver is
also poured upon it. In the sweetbread’s secretion we find
water, miucrals, and a substanco called pancreatin, Starch is
certainly acted upon by this substance, and such starchy foods
as may have escaped digestion in the mouth, aro charged into
dextrin and grape.sugar after leaving the stomach. ‘The sweet.
bread’s ““juice’® also assists in the digestion of fate, and must
in this way aid bile in its work; whilst jt is also belicved to
possess some action upon the albumineus parts of the food, an
effect accessory to that produced by the gastric juico of the
stomach.

When the Sod is passing along the tube which suceeeds the
stomach, and which 1s called the infestine (or bowel), it is thus
mixed with bile and pancreatic juice. These fluids are poured
upon the food in the first pact of the intestine. In total length,
the intestine in man measures 26 ft.; tho small intestine
wmaking up 20 ft. of this length, and the large intestine about
6 ft. As the food travels along the small intestine, it has also

oured upon it the Auids furnisked by the glauds of the bowel.
he glands are of various kinds, and some at Jeast appear to
exercise a digestive action ou the foodl.

To sum up our notes on digestion, then, we discover that
the food is attacked, so to speak, at various stages of its pro-
gress along the digestive tabe by the HNuids or *¢ secretions™
that are poured upon it ; that, sccondly, theso secretions exert
each a chemical action on the food ; thirdly, that their effeet
Fia. 41 Supdew. is to convert the food into a milk-liko fluid (called chyle) which
contains the concentrated nourishment of the food, and which
will be added in due courss to the blood ; and, lastly, that the
fluids which thus accomplish digestion are provided each by
an organ or organs called, generally, glands. That which
remains for us is to erquire, how or by what means the glanis
produce and manufacture the secretions of which we have just
spoken.

In a manufactory thete are threo chief clements which de
mand consideration at the hands of the economist. T'he fust
is the raw yoaterial, the sucond is the workman or workmen,
and the third is the manufactured article. Each “gland" in
» human body isa manufactory which turnsout a manufacinred
article (bile, gastric juice, saliva, &¢.) from raw material. The
raw material in the physiolugienl factories is dload. Here,
however, we come face to faco with a very deep phyciological
problem. From one and the same raw m.nx«-rial--lSood—which
is supplicd to the *glands,” each fuctory proditces « special
product, differing widely fiom that of other “glands.”  Bile
and panereatic juice, the ‘‘tears” of the eyes, the mucoa
secretion of thes nase, and the saliva, are widely ditlirent
glands ; yet they are mannfactured fram the sune taw material,
But what of the workmen which perform tie work 7 Here we
come face to face with the roicroscopic clenients of our badieg
known as cells.  In our last paper I spoke of protoplasm, the
*¢ physical basis of life,” as seen iu the ~Litda, or ¢ Piatus.
animacule.” Now the cells of our bodiey, when in an active,
i living state, cousist of protoplasm. The liver is, pra-tically,
¢ an ag_glomemnon of hepatic cclls, each about the 34'55th of an
) i inch jv diameter. It is ‘* cells” of other kinds that make up
FiG. 42 =D.onxa. the essentinl parts of the salivary glands; it is ““colls™ that
- compose tho secreting part of the sweetbread ; it is ¢ cells”

that muke the gastric juice in the glands of the stomsch. I,
as is certainly the case, the cell 142 mass of living * proto.
plasm;”" then it is clear that we have at last tracked the pro.
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blem of secretion as far as we may. Supply a liver cell with
blood, and it makes bile ; supply a cell of thestomach’s glands
with blood, and 1t makes or ‘“secretes ™ gastric juice, The
‘¢ properties of protoplasm ” is a phrase that means much or
litile, according as we are wise or heedless of life's acts and
wonders, He who is heedless will be apt to say there is no
mystery after all ; he will urgo that living protoplasm, beeause
it lives, discharges these functions, and that there is an end of
the matter. But he who is wise will not rest here. He will
seck to know tehy one bit of protoplasm makes bile, and why
another makes saliva. He will regard with wonder the fart
that all forms of protoplasm appear essentially similar to all
scientific tests, He will look lelow thue surface, and sce in
the adaptatious of this one substance to many amdl varied ends,
another proof of the great contention of modern science—that,
after ali, the evolution of life's ways and works is as discernible
in a study of *“secretion,’’ and *‘cells,” as in the growth of the
complex animal from the simple ege, or of the Hower and its
varety from the primitive germ that precedes fraition.

THE BLOOD.

When the voico of ancient authority declarcd the bloud of
the body to be its ¢ life,”” the statement was one which the ex.
perience of everyday life seemed fully to support. The phy.
siologist of to.day will not quarrel seriously with the ancient
rendering. He kuows the impossibility of defining this mystic
“life" of ours, which appears now as diversity in unit{, antl
then as unity amidst variety of the most complex kind., He
also kitows that many other parts or components of the body
might with equal justice be named the ¢ life”’ —at least, in the
sense in which the blood has Leen so termed. The top of the
spinal cord (or medulla oblungata, as this part of the nervous
axis Lias heen named) might, perhaps, with greater force than
the blord, be named the **life,” sinee we ean lose a pint or two
of blood and recover parfectly from the depletion, while a prick
witha pin in the m dulla would ¢ use instant death, Similar-
1y, the heart might quite approprniateiy be named the ** life,’.
in the sense of the absolute necessity of its action for the cou.
tinuance of the cirenlation.  The ** breath,” also, is the “life”
in a very plain and unnustakealle sense, since intetference
with the breathing fuuction means primanly death to the blool
itself. But when we cousider that the blood.flow is incessant,
that it travels to all parts of the body, and that its failure
means deprivation of food to the tissues, as well as the waunt of
hieat-production, we can readily enough find ample justification
for the words of ancient wisdom with which we open this

aper.

What isblood ! Au important question this, and one which
may he answered in at least thre ways—tirstly, physically ;
sccondly, chemically ; and thardly, microscopically.  Let us,
firstly, endeavour to ascertun the plysical characters of blood,
or those which blood exlubits when regarded merely as a par-
ticular kind of flud. To the naked eye, blood appears of a
bright red colour «s it flows in the artenes—that iy, when it is
pure 3 whilst it is of a purple colour when, in an impure state,
1t circulates through the veins. Microscopically, as we shall
preseutly see, blood is not really red in hue, but owes its
colour to the numerous red bodies (or corpuscles) which float
in it. Blood is feebly alkaline in its reaction, and this atkaline
chara ter decreases from the time of the removal of the blood
from the bady, and uitil 1t clots or *coagulates.”

When diawn from the body, blood ¢ clots.” From two to
five or six minutes saffice for this actien. At first, the blood
appears as a red jelly ; but ultimately, the clot siuks to the
bottom of the vessel, leaviug a straw-coloured liqud above,
Blood thus practically anadyses itselt before our eyes, into «
solid part, the clot, and a liquid part, the scrum or plasma.
‘The clot conststs of the corpuscles or glakules of the blood unost
of them red, hence the character of the clot) entangled in o
substance ealled fibrin.  The liquid, or plasina, is the norml
liquid or thud part of the blood 1tse . “Thas fluid, the micro.
scope shows us, is as clear as water, and owes its apparently
1ed colour, as already remarked, to the red globules that float
mat. It isowing o a few of these md corpuseles rematming
supended in the plasina, that the liquid part of the blood m
the ¢ ¢clot™ sees to be straw.colonred  If we whip up or switch
the bload with a bundle of twiws, just after 1t hay been shed,
no clotting tikes I')Inc(-. In such a case, we whip out from the
blood the ibrig which entangles the red corpuscies, and which
adheres 11 s rings or shreds to the twigs.

- The chemival compositon of the blood may be very shortly
dealt with, A fluid which is supplied to every part of the
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bady, and from which each organ or tissue derives the materials
wherewith to renovate and repair its substance, might reason.
ably enough e expected to present us with a fluid epitome of
the cutire frame. ~And so, in ‘trath, do we find blood to ex.
hilnt a composition of wilde and gencralised character. Wa
discover, for instanee, that blood contains about 734 parts of
water per 1,000; it is ric! in «wlbumen ; it contoins fatly
mutlers ; it has a complex list of miterals, such as common
salt, chloride of potass, phosphates of lime and maguesium,
carbonate of sodium, ete., and it shows on analysis, colouring
matter, gases, and a number of substances derived from the
waste of the body, Another fashiou of showing the chemical
composition of blood, brings out its elsmentary constitution as
follows : Carbon, 579 ; hydrogen, 7°1; nitroges, 17°4; oxy.
gen, 19:2; ashes, 4°4, From such an eetimate, we see that
blood coutains material adapted for supplying all the tissues
of the body 11 the reparative work which is incessautly being
pei formed.

Under the microscope, a thin film of human blood is seen to
consist of a clear liyuid—the plasma—in which float two kinds
of bodies. These are the red and white corpuscles or **globulss,”
as thoy are often popularly named. The blood derives its red
colour from the imweuse number of corpuscles which float in
its hquid  The whitu globules aro less numerous; about one
white corpuscle existing to 400 or 500 red ones. The micro-
scope enables us to see in between the globules, and thus to
percerve the clear hquid, To the naked eyz, conversely, the
blood appenrs uniformly red, because the globules are so numer-
ous, and becanss we cannot perceiverhe liquid in which they
float. Each red corpuscle of man theasures in breadth about
}-320001 of an inch, and in thickness about 1.10,000th of an
inch. In shapo it is biconcave, or hollowed on either sids,
and is coloured red by a substance called hcmoglodin. It is
tins substance which is affected by the oxygen we breathe into
the blood, and by the carbonic acid gas the body and tissues at
large excreto into the blood. The wwhkile corpuscles of man's
blood measure in diameter, each, about the 1-2500th of an
inch,  Each contams a central particle, the nuclews. 1t ap-
pears to be this nucleus which, when liberated from the outer
part of the white corpuscle aud coloured red, becomes a red eor-
puscle.  The red corpuscles of the blood are thus derived from
the white ones.

The white corpuscles of the blood aro known to possess the
carious property of exhibiting movements similar to those seen
in the amcba-avimalcule, These corpuscles (like the ameba)
e also absorb particles of solid matter, as the animalcule in
question takes its food, The white corpuscle is, thercfore, a
puticle of livinyg protoplasm, posscssing a vitality indeprndent,
M a measure at leaat, of that seen in the body of which it forms
part. It iy, indeed, & curions fact to ponder over, that relling
about in our veins and arteries ; now worming through the
walls of blood-vessels into our tissues, and now countracting and
expandmg their substance, are myriads of minute living specks
which, although, part aud parcel of our composition, are
closl-:ly related in structure and hfe to the animalcules of the
pool.

Miscellanows Ioics.

Ar A MeeTING oF TiE Puvysicat. SocigTy Berlin, Dr.
Komg reported ou two optico-physiological researches, which
he had carried out in consequence of his optical srudies
with the leucoscope. In the first he has, with the aid
of a special apparatus, examined a number of colour blind
yersous as to the position ju the spectrum of their so
calied ““ nentral  point.  According to the Youug-Helmholtz
theory, it is known, there are three primary colours (red,
green, and violet), cach of which produces its speciul colour
sengation, while all combined give the impression of white,
The sons:bality for the three primary colours is so distributed
over the spectrum that their curves in great part coincide on
the abscisia of wave lengths, and therelore mixed colonr sen-
sations oceur everywhere, while the maxima of the separate
curves occur at the places of brightest red, greep, and violet
respectively.  Tu the case of the colour blind one curve is
wanting, and the two remaining ones have therefore a point of
section where their ordinates are the same. Hence the eye
must at this part llave the impression of white or grey, For
finding this neutral point in the spectrum, an apparatus serv-
ed, iu which the telescope of a spectroscope was so arranged
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with regard to the non refringent angle of the prism that the
<pectrnm took up only half of the field of vision, while the
other half was occupied with the image of the white painted
ground surface of the prism. Instesd of the eyepiece there
wus atother slit in the telescope, in which one saw onlya
amall section of the spectrum ; by micrometric displacement of
the collimator of the spectral apparatus any part of the spec-
tiumn the colour blind person saw both halves of the field of
vision white, while the person with normal vision saw the part
of the spectrum in question in its normal colour, and so ceuld
determine the wave length at which the neuatral point of the
colour blind person occurred. Changes of light intensity dis-
placed the neutral point ; hence in comparative measurements
care must be taken to have the same intensity in the source of
light. Such measurements wero made by Dr. Konig with
great precision on nine colour blind persous, and it appeared
that the neutral points are situated between about 491 and 500
millionths of a millimetre, and (what is of special interest
theoretically) that the mean values of the separate observations
with dilferent colour blind persons were not equal, but varied

in A pretty refu!ar series between the two terminal values.

According to the common view that colour blindness depends
ou the disappcarance of one of the normal three curves of
colour perception, the position of the neutral point as point of
section of the two curves present must be always the same,
aud for the red and the green blind must beat two quite de-
terminate points of the spectrum. As the experiments have
yrelded a ditferent result in persons, two of whom were red
blind, and seven green blind, Dr. Konig believes that the es-
sence of colour blindness consists not in the absence of one
curve, but in the displacement of two curves on one another,
which may be more or less complete, and 8o produces the dif-
ferent degrees of colour blindness observed. Inthe second
investigation Dr. Kioaig sought to determine the two remark-
able points of section of the three curves that occur, according
to the Young-Helmholtz theory, in normal colour perception.
From the researches of Prof. von Helmholtz on the wave
lengths of the complementary colours, and from those of Clerk
Maxwell on colour mixtures, appear values for these points of
stetion which agree pretty w Sl. The same values, approxi-
mately, are reached by the researches of several ophthulmolo.
gists on the places of quickest change of colour in the spectrum.
Dr. Kinig tried to determine the first section point by making
the violet curve disappear through the taking of santonin, and
when he Lad thus made himself temporarily violet-blind, he
determined his neutral point, the point of section of the red
and the green curve. All these determinations and theoretical
considerations led to Yretty much the same values fur the
points of section, and the first point i3 situated not, as is often
supposed, in the yellow, but in the blue, between the Fraun-
hofer lides K and &, and nearer the latter,

Avr o MeeTiNe or THE Rovar Soctery, Fdinburgh, Mr,
Buchan read a paper on the variation of temperature with sun.
spots. The comparison was not adirect one, but was based upon
the well known phenomenan of the diurnal harometric oscilla.
tion viewed in relation to the amount of water vapour in the air.
From the observations of the Challenger Expedition, Mr. Buchan
bad concluded that this diurnal variation over the open sea
was not the result of chauges of surface temperature (for these
were very small), but was to be referred to the direct heating
effect of the sun open the air, or more strictly upon the water
vapour in the air, This view was supported by the fact that
over the sea the diurnal variation of preesure was greatest where
most vapour was; whereas the contrary held over the land, the
temperature of which varied greatly during the day, and the
more 30 when the air above was drier, as more heat then reach.
ed the earth, In other words, the increase of woisturs in the
air increases the barometric oscillation over the sea and
diminishes it over the land ; and hence itseemed probable that
the discussion of these daily oscillations in sun-spot cycles

' might lead to some definite result. The long continued ob-

servations at Caleutta, Madras, snd Bombay were combined
ir this way, aud yielded a remarkable resnlt — there being a
well marked maximum of barometric diurnal oscillation half
way between the minimuimn and maximum sun spot years, and
a minimum balf way between the maximum snd minimum
The averages were taken for the five dry winter
months. and the effocts were explaived as due to the accumu.
lated water vapour iu the upper southerly winds that exist
over India during these montha. When the rainfall on the
southern slopes of the «imalayas was similarly treated—which

rainfall is of course due to the arresting of these upper moist :
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currents—the analogous fact was brought ont, viz. minimum
nin()‘all at times of maximum barometric oscillation and vice
versd,

Respiratons ror Mines.~—Mr. Dickinson, H. M. Chief
Tnspector of Mines, made an important communication to the !
members of the Mauchester ueological Society at their meeting
on Tuesday. His attention, he said, had been requested to
the subject of & reugimtor and a lam)p for penetrating noxious
gases in miines ; and, after detailing the various effort which (
had been made in this direction, he gave a description of the
Fleuss ex»loriug respirator, to which, he said, the attention of
the Secretary of State had been drawn ; and the Government
were anxious that the inspectors of mines should make it well
known, and that the various colliery districts should paitici-
pate iu its benefits. It was suggested that stations should be
organized in mining districts, where the apparatus shonld be ‘
stored in sufficient numbers, and maintained in readiness for |
immediate use, and where the instruction of the men from the
surrounding cosl-mines in its use should be s{stematica))y
carried out, in order that a rescuing party could thus be speed.
ily on the spot after the occurrence of an accident. Satisfact.
ory resuits had been secured with the :sparntus, but with it
organisation was re«iuired ; oxygen gas had to be provided, and
men instructed in the use of the apparatus. The diving-iivss
in connection with the apparatus was acknowledged, and
practised now and then in pumping pits; and it was put on
when u(rwards of 200 men were shut up in the Hartly Colliety,
and had been proposcd for other occasions without, however,
much useful effect, ‘The question of safety-lainps was also
before the meeting, and it was urged by Mr. Purdy, of Not.
tingham, that, as it was well known many explosions hab been
caused by the faulty construction of lamps, every lamp.maker
ought to be made respousible for each lamp he sent out,

‘I'0 RENDER LINEN AND OTHER FABRICS IMPERMEABLE.—
Mr. Janin has discovered that by putting a layer of cellulose
on the surface of any kind of fabric, and particularly linen
sud stuffs, it will become impermeable. The mixture is pre-
pared with pyroxyline, which is obtained by disaggregating
some cellulose with paper or with rags, in s mixture of sul-
phuric acid and azotic acid. This pulpous mass is put in cam-
phorated alcohol, to which is afterwards added a mixture of
alcohol and ether. The compound is applied on hard ohjects
with a brush, but stulfs are dipped into a bath of the mixture.
It does not, in fact, consist of & new product, but of a new
application of a known product. Mr. Janin’s mixture is simply
celluloid dissolved. The cloth thus obtained, to which Mr.
Janin gives the name of linge parisien (Parisian linen), ditfers
from tﬁe American in the fact that the latter is applied dry.

Weicnt or SkasoNgp Tixerr.—The following is the
weight of seasoned timber per cubic foot, in lbs. : Apple tree,
49 ; ash, 50 ; bay tree, 50; beech, 51; birch, 48 ; box, 60 :
eedar, American, 30, Lebanon, 35 ; cherry tree, 42 ; chestuut,
40 ; cork, 15; ebony, Inaiaw, 70, Amerigan, 80; elder, 42 ;
elm, 39; fir, Dantzic, 35, Meme), 88 ; hazel, 40; hornbeam,
48 ; larch, 35; lignum.vitee, 70; logwood, 55 ; mahogany,
Honduras, 40, Spanish, 55; meple, 47; ork, English, 50,
American, 47, Baltic, 46 ; pine, red, 40, yellow, 33; poplar,
white Spanish, 82; sycamore, 37 ; teak, Indian, 41, Moul-
mein, 45, Johore, 70, African, 60; wainscot, Riga, 88; wal-
nut, Awerican, 35, Spanish, 43 ; willow, 30 ; yew, 50,

IN the last report of the French Society [for Preventing Ac.
cidents from Machines—a society founded under the aunspices
of the Société Industrielle de Mulhuse—an recommendation is
made for the avoidauce of the use of circular saws in all work-
shops where practicable. The following are the reasuns fur
this recommendation :—1st, circular saws are dangerous to
workmnien ; 2nd, they require more power than other saws;
and 3rd, they cut a broader line and are consequently more
wasteful.

—————— PO e

PROCEEDINGS OF SOCIETIES.

. Tux Instirprioy oF Civi, ExaiNkrrs.—Mr. Brunlees, President
in the Chair. the Paper read was “ On the Summit-level Tunnel of
the Bettws and Festiniog Raiiway,” by Mr. William Swith, M. Inst.

The Author stated that thp ohicot of this railway was toafford more
direct communication between the slate-producing district of Feati-
niog and the hone markets. Tho line commenced at Bettws.y-Coed,
traversed the valley of the river Conway for about 1 mile, and then
followed the valicy of the river Licdr. It next passed under the
mountainous ridge between Carnarvonshire and Merionethshirein a
long tunnel, ran along the Dinas branch of the Festiniog narrow-
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gauge line, and terminated at Blaonnu Fqstiniog. The total length
was about 12 miles, and, except at tho stations, the line was 1aid with
a singlo way. [he summit-lovel tunnel was 3,860 yards in longth, It
waus eurried out by the staff of the London und North-Western Rail-
way Company, the greator purt of the remninder of the works being
exccuted by contruet, The tunncl-works comprised the sinkwg of
hree shufts, the driving of. eifht Leadings, and opening them out to
ho full sizo of the tunnel. The rocks perfornted consisted of very
A bers of tho met phic system : nud 1t wae stated that at
he south end, in pussing under the Welsh Slate Cumpny'’s works

gront cure was necessary, and a strong cnsing for lining was require

to sustain the henvy weights above und uround, The tunnel had nn
ascending gradient from the north end of 1in 660 for a distance of 1
milo und 58°4_chains, followed by a level portion at the cuunit of
0%75 chain, and then a dessending graudient of 1 in 660 for a distaucs of
36 ch 1t was 18 feet 6 inches in hcxfht. and 16

nins to tho south end. 1
feot 6 inches in width. The decpest of the three shafts slightly ex-
coeded 143 yards, and all were rectungular, 12 feot by 6 feet, with the
longer side in the dircction of the line of the tunnel. The winding-
mnchinery comprised, at each shaft, 8 boiler of the locomotive type,
two small high-pressure engines, with spur-whecl and pinton an
winding-drums: the latter were 6 feet in dinmeter, and the whole
could raise a gross luad of 30 cwt. at 8 feet per second. ‘The timbor
head-genring carried two pulloys, cuch 8 feet in dinmeter,and was
fitted with Walker’s detaching huok to prevent over~wnufu_1.x. The
ropes were of steel wire, the brenkmng-strain being 20 tons, - Five air-
conipregsors were constructed to comprese, to & pressure of 50lbs. por
square i nch, sufficient air to supply six rock-boring machines at ench
.The compressor gtea tors were s I-hand boilers,
The pipes for corveying the compressed air to the workings were of
wrought-iron, of 34 Inches bore to the bottom of the shutts and of 2}
inches bore from thence to the fuce of the workings. Superfluous
water was raised to the surfuce, from a sump a the hottom : frum two
of tho shafls by » wrought-iren vessel, attached to the under side of
the , which filled and cmptied itself automatically : but at the
other shaft water was incxcess,and a tureo pumF had to be employed.
The shafts were mnml{ sunk by hand labour. The Author then pro-
ceeded to dexcribe at length the dnill-carnages for suppurting_ the
the drillg-mach thewselves, and the mades of ne-
tuating them. At the nurth end of the tunnel an experymental drifl-
carriage was employed, in_conjunction with eleetrie-firing with the
view of taking out, as anc large heading, the full section of the tun-
nel ; but for want of success in electric-firing it was eventually aban-
doned, and the St. Gothard typo of carriage and machine was sub-
stituted, . It was cquipped wath sx Ingersoll Jrills, fitted with
automatic feed, At the routh enda swall drli-carringe was con-
structed. smitable for an advanced headug only, and provided, with
six Burl drilling 1 with hand-feed, At the six inter
mediate faces the carringes were of tho type adopted at the St
Gothard Tounel, with Mackean drilling-machines, fourat each face,
driven by compressed ur.  Two forms of drul ponts were used, the
chisel single-cutting cdge for sulid ruck, and the cnm-’pomt fur joint-
ed rock __ With regard to the workings at the buttom of each shait, a
top heading was driven in the first instance. Driving the advanced
heading compriscd three distinct operations, namely, boring the holes
at the “ace, charging and firmg, and removing the délix. Of the
various explosives used. coiton_ powder or tonite answered well for
the removal of rocks in unconfined places: but di,;n:m)ue and litho-
racteur were the most effectnal in the advanced beadings. The ad-
vanced heading was 8 feet square, aud usually required from 15 to 30
holes 3; feet deep, and from 1 meh to2 iuches in Jmmgtgr, to remove
a complete slice off the fuce. The operation of the drilling-machines
mounted on the carrisges was then deseribed, a speed of 300 to 500
strokes per minute being attmned : also the method of charging the
holes and firing by haud. which was sowewhat different to that
ordinarily pursued. Following in the wake ot the advanced heading
in the top of the tunmnel was the removal of the two <ides.

This was
done principally by band lubour, and chauged the seetiun of the open-
ng from & square to a semi-circle. The excavation of the lower por-
tion was effected by driving a gullet along one side of about half the
width of the tunncl to the full depth, leaving the other half fora
rondway. The remaining portion was thea attacked partly by hand
partly by machine-dnlls at various points, The Author next rofen;ed
to the progress made at each of tho shafts and headings, from which
it appeared that the average upon the whole of the eight fuces
amounted to 1309 fect per week. The total quantity of water finding
its way into the tunnel was about 100,000 gallons per day. The total
cost of the tunnel und three shafts complcte, including labour, plant,
materials and sundrics was £402,850, divided as follows, viz., tabour
,000, plant 25,630, and materials and sundries £74,220. = Allowing

as a credit the half-cost of the {)lnnt of the plant, which it was as-
sumed might eventually be renlized, the 1educed cost would be £75
per lineal yard, and taking the whole cubical coutents of rock and
other substances actually removed. the cost per cobic yard was £2 8s,
10d. The tunnel was opened for public traffle on the 22nd of July,

Je

AuERICAN Soctery ar Crvi, ExGiNEERs.—Regular meeting, Avril
18th, 1833, Vice-President Perine in_the Chair. The deaths of
Messrs. John C. James, M. Am. Soc. C. E., of Winnipeg, Manitobu,
3no§:lmegn Sheldon, M. Am. Soe. C. E., of Cloveland, Ohio, were

ced.

The Secretary stated that arrangements were well advanced for the
Convention of the Society to be held at St. Paul and Minueagolis be-
ginning June 20th, The ordinary mectings to bo held at St, Paul.
One meeting at which the President’s address will be delivered to be
held at Minneapolis. Members of the Society and theiwr funnlics will
accommodated at the Hotel Lafayette, Lake Minnetonka, and

ial arrangements have been made_ for tramns to and from that
with reference to the meetings of the Convention. A banguct
be tendered by the Citizens of the two Citics at that hotel. 1t i3
80 to make arra s for a visit to the exposition of
Railway Ans’hmees at Chicago during the week previous to the Con-
vention, and the Members of the Socicty wall lenve Chicago for St.
Paul at a time to be announced on either June 18th or 19th. The at-

tendance at the Convention will probably be very large.

A Javerby tholate “é“'ifn'zmﬁf”'}""?‘mé.gg;ﬁ mas read by
Ty tipon the Hubjcct o C X'roper mpensation for il-

road Curves upon Grades. Mr. Morley expresses me opi:ion thunllw
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Teidd

resistance duo to curvature is measured not by the longth of radiad.,
but by tho length of train, or what is the same, by the ruling grade
and that while there may besom duo to radius,
that may bo largely overcome by the elovation of the outer. rail, and:
that in the location of # railrond, the leugth of train, or ruling grade:
hould be made the basis ot Compensation, and not tho radius ot Cur-
vature, . . :
He gives examples in his experience whero the practice of Comy:n.;

sntion with reference to the radius resulted upon steep grades
decided excess of Compensation, and in a noticenblo increase of

of the train unﬁ)n curves, Healso gives tho rules adopted by him ia
his practice which were as follows:

Rate of max grade 00 to -70 per 100 feet .05 per 100 feet per degree Compensation.
" “" '70t0 1060 “ “" ‘us " “ " ;
" " I-w wsm “" “ ﬂ 0 " "

The paver was discussed by Messrs,

Emery Forney, Macdonuld, North, W, H. Paine, D.
B. Ward

In the discussion Mr. Chanute referred particularly to the paper by |
8. Whinery M, Am. Sog. U, E.. publis n the Transactions of the .

=
3
=

Socicty in 1878 on the Kesistance of Curves, and the discussion upon-§-

that paper, stating that tho theoretical resistances determined by Mv, -
Whinery agreed very closely with the practioal results obtained by:
experiments upon ordinury whecls at low spced, and that the result.
was an addition of about one Lalf pound per ton, yor degres, to the .

resistance on straight lines, and that the equation for curvature re-

sulting {rom this was about half of whut Mr. Morley has adopted for'§.

hig lighter grades,
l"flhlg , l»]xf{’mg ilt bo published in an early number of the Transaotions,
and wi

Members,, Thonas Appleton, Council Grove, Kan,, 0. H, P. Cornell
Scheuecta:l‘}. N. Y., }}?lll‘ Elliott, Norfolk, Vi, Orville, Qdrove, House
ton, Tex., W. G. Villiamson, Martinsville, Va.: As Juniors, F.
Fuller, Boston. Mass., A. McDouald, Nashville, Tenn.

The preluninary

rt, Chnnutew'l’. 0.. .Clnl‘lrk :

o discussed with others at the approsching Convention. '§.
Meeting of Aprildth, 1883: Geo. S. Greene,jr. in the Chair. As i

y arrangements for the Convention were re‘portad 3
the Secretarv.  The Convention is to bo held at the Cities of St, Pa
and Minneapohig, Minn. | l‘he_‘mrly will arrive at St. Paul about noon
on June 19th, Full details will saon be snnounced. It is iutended
also to mm"ﬁ‘ for a visit to the National Exgo;amon of Railway A
gllamces at Chicago before pruceeding to St. Pual. The death of M

eter Couper on the morning of the mceting was announced,

(3
d, and
after remarks by Mr. Macdouald, it was orderced that an appropriate
notice should be sxrcu( upyn the minutes ot the Society. A paper by |
G. Y. Wisner M. Am, Soe. C. E. on ticudetic Field Work was read by
the Sccretary i the absence of the Author and was discussed by -
Messrs, Haight, Prindle. Orves, and Geo. §. Greene, Jr. :

Exgixeres’ CLuB oF PHILaLiL: lita.~Record of rezular meeting. .§
March 17th, 1883, President Meniy 5. Morng in the Chair; Mr. §
Chag. A, Ashburnpr read # paper on * A New Method of Estimating
the Contents of Highly Plicated Conl Bede as Ap{xhcd to the Anthra- §
cite Fiolds of Pennsylvania,” The (iuesnuns of the future production -
and ultimute exhaustion of these fic
In 1860 the population of the United States was 31,413,321, and 8,513,
123 ton of coal were produced, i, e, actunlly shivped to market; in
1830 the population had increased 22 per cent (38,558.371) and the pro-
duction of anthracite was nearly doubled, bemng 16,182,191 tens, For
thcé}ea.r 1850, with a population of over 56 willions, the product was
23,437,242 tone. In 1882 the actual production was over 30,000,000 tons.
Tt has been variously estimated that the 470 square miles containing
this coal in Pennsylvanin, will bo cutirely cxhuusted in from 140 to

1 years, . While Mr, Ashburner duey not estinato the ultimate ex
haustion, he has devised n methud for estunating the contents of

ils, are of the greatest importance,

thesc fields, from data now being obtained by the careful and praoti- i

cal geological and mining eaaminations of the State Survey. The
exact position and detailed structurad shape of the conl beds are first §
mapped by 50 fect contour lines along the floor of the beds, giving.

completely and satisfactorily, the geometrical construction and shupe. §
These suriaces are then developed into planes, by the development
into straight lines of the line of the hed as cut by parallelled scction
plancs 1600 feet apart.  This graphical method is attended with errors
which are mathematically diseussed, and which have been formulated
by Mr. Arthur Winslow, Mewmber of the Club. This method does not

give the true area of the surfuce of n sphere, cone or t.

trough. In the case of a sphere, it gives ry of the true arca; in » |}

cone, the crror increases directly as the sccant of the angle which the
pitch of the cone mnkes with its axis: and in a trinngulnr trough,
which more nearly represents ihe shupe of the anthracite basins, the
error iz very much less. A practical test has been made of thismethod
in tha Panther Creek basi, between Mauch Chunk and Trmaqus,
and the maximum possinle ervor in estimaiing the surface area of the §
coal heds was foand to be 005 of 1 per cent.  After the arcas are thus §
found, the contents are obtaned by cuarcful measurements made in f
the mines to ascertain the actual number of tons of coul which are
contained in 2 unit (1 ucre) of bed area.  In thisway it hasboen esti-
mated that. the above basin originally contained 1,032,000.000 tous;
that the aren under development originally contained 92,000,000 tons,
out of which latter area 54,000,000 tons have been taken,
The Sceretary presented, for Mr. John Marston, an illustrated set
of formulie for railrond turnouts and erossings.

Mz, John T. Bovd oxhibited ribbong of phospho= bronze with which
he had experimented with a view to its uso for tape lines, in mine,
sliop nud other work, where the danger of breaking the ordinary steel
lines is very great, and where the contact of the tapo with substances, i
in themselves injurious to it, renders frequent wiping, and consequent
scouring off of the figures, neceasary. The phosphor bronge ribbon |
was found to he extremcly tough, but, in addition to the dificulty in
its anufacture into this shapo, it was found that after it was
ata sharp avgle, it would not straighten out, thus decreasi ]
length of tho line.  As using the hammer to straighten: it wo:a‘fd in-
cmx’se the length, the experiment was not prosecuted further,

‘The Secretary presented a system of reduction tables which he had
made to fucilitate long and and divisi

—



