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NEW BOOE.

The Materials of Engineering. Part II, ¢ Iron and Steel,”
by Robert H. Thumston, AM.,C.E, (New York, John
Wiley & Sons, 1883.)

I Tho second part of Mr. Thurston's ‘¢ Materials of En,ineer.

ing " proves to be, as the first led ua to expect, a work of the
greatest value to all engincers and students busied in this de.
partment of science. It is clearly printed and fully illastrated
with cuts of different processes, machines, &¢. The work
serves as an admirable compendiam of information upon this
branch of the materials of engineers. Thus after an opening
chapter upon the qualities of metals of somewhat an elementary
character, and a sketch of the history and principles of metal.

| lurgic work, thestudent is led on to iron and steel in manufac.

ture, and to snggestive remarks upon the effects of time and
temperature upon the metals. The work concludes with a
practical chapter upon Specification, Tests and Inspection.
This is in every way & good book, and we are glad to be able to
recommend it highly to the public. The suthor not only
makes constant references to the works of recognized anthoritiss
like Weyrauch, Rankine, Moleaworth, Fgloston, &o., but has
made excellent use of the Transactions of different engineering
and scientific societies, chiely American and Frenck. This we
consider to be an excellent point. Nowhere is improvement in
detail and manipulation more constant than smong engineers,
and to keep abresst of the times it is necessary to read widely
among the miscellaneous periodicals, registering recent results
that have not yet found their way into the works of recognized
sutherities. "With regard to iron and steel, this task has hsen
admirably done by Mr. Thurston,

Upon Factors of Safety, p. 840, &c., Mr, Thurston has soms
capital remarks to which we would refer our readers. By way

B of illustration, we quote the following paragraph from them :

“The factors of safety adopted for iron and steel ars lower than
those usnally admissible for construction in other materials, in

e ——

consequence of the fact that the elastic limit and the elastic
resiliencs, or shock-resisting power of the former geem to in.
crease, up to a limit, with strain; while the latter gradually
yield under comparatively low atresses, as will be seen here.
after. Incommon practice, the factor of safety coversnot only
risks of injury by accidental excessive stresses, but deterioration
with time, uncertainty as the character of uninspected material
and sometimes equally great uncertainty as to the absolute
correctness of the formulas and the constants used in the cal
culations, As inspection becomes more efficient and trust.
worthy ; as our knowledge of the effect of prolonged and of
intermitted stress becomes more certain and complels ; a8 our
formulas are improved and rationalized, and as their erapirically
determinod constants are more exactly obtsinced, the factor of
safety is gradually reduced, and will finally become a minimam
when the engineer acquires the sbility to assume with con.
fidence the conditions to be estimated upon, and to say with
yrecision how his materials will continuously carry their loads.”

‘We reserve some thoughts and criticisms suggested by the
work before us to a future Number. ‘
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THE HEAT OF THE SUN.
BY FRNEST H. 000K, B.S¢, (1OND.), F.C.8.
(Concluded from page 191.)

‘With such a preliminary assertion Dr. Siemens pro-
ceeds to formulate the fundamental assumption thae all
space is filled with highly rarefied gaseous bodies, in-
cluding hydrogen, oxygen, nitrogen, carbon, and their
compounds, The planetary bodies scattered in sych an
atmosphere would attract to themselves atmospheres
varying in density, according to the varying density
of the planet. But this attraction would be, to & cer
tain extent, selective, and conssquently, such atmos-
pheres would consist of the heavier and, therefore,
1ess diffusible gases, while the lighter would remain in |
space. In apace, therefore, there would be a vast |
preponderance of hydrogen, and the higher hydro-
carbons, But again, the planetary system as a whole,
will atiract the ravefied gases existing in stellar space,
thus we shall have existing in space what msay be
called three classes of atmospheres : inter-stellar, inter-
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planetary, and planetary. Each of these will vary in
density, tho first according to tho distances of the stars,
the second according to the massof the particular
system as & whole, and the third according to the mass
of the attracting planet. In support of this view, tue
molecular theory of gases is brought in, the evidence
afforded by the analysis of gases occluded by metecro-
lites, which have fallen upon the earth, and the teach-
ings of spectrum anaylsis. Each of these is in itself a
perfectly sound and practically unanswerable argument
in favor of the existenco of a umversal atmosphere,

In regard to the ides that if such atmospheres did
exist, the central body of each system would attract to
itself the heavier gnses, whereas the revelations of
spectrum analysis shows a prevalence of Hydrogen ,
Dr. Siemens romarks thay it can be shown that at such
& temperature as the sun possesses, no Carbon Dijoxide
or Carbon Monoxide could exist, and, in fact, supposes
with Lockyer, that the metallotds can also have no
existence. But he zays that  outside the photosphere,
there must be regions where thess gases would accu-
mulate, were it not for a certain counter-balancing
action.”

This counter-balancing action is provided for by the
high rotative velocity of the sun, which is equal to
about 125 miles per second, or, at the sun’s equator,
nearly 4} times that of the earth, Such a movement
must cause an equatorial rise of the solar atmosphere.
La Place has, however, calculated that owing to this
cause, the height of the solar equatorial atmosphere
could not possibly exceed F5ths of the distance of
Mercury. This calculation is, however, vitiated by
his assumption of the emptiness of stellar space. If
we suppose this action to go on in an unlimited
medium, then a fan-like effect 1s exercised upon that
medium, resulting in & movement outwards at the
the equatuz, and a drawing in towards the poles.

The sun, therefore, upon this hypothesis is supposed
to bave around his equator, a disc of matter rapidly
leaving him, and at the poles matter approaching
him,

In this way, Dr. Siemens says enermous quantities
of bydrogen, hydro-carbon, and oxygens are supposed
to be drawn towards the polar surfaces of the sun,
Duripg their gradual approach, they will pass from
their condition of extreme attenuation and extreme
cold, to that of compression accompanied with 1ise of
temperature, until on approaching the photosphers,
they burst into flame, giving rise to a great develop-
ment of heat, and & temperature commensurate with
their point of dissociation at the solar demsity. The
result of their combustion will be agueous-vapor and
carbonic anhydride or oxide, according to the sufficien-
cy or insufliciency of oxygen present. These products
of combustion will come under the influence of centr:-
frgal force, and move towards the equator, whore they
will be projected into space. As they recede from the
sun, they gradually lose their heat, and become more
and more rarefied, until they obtain tho extreme state
of rarefaction, which they possess in interplanetary
spaco. Here, it is supposed the inverse action to that
which occurs in the sun, takes place, The now highly
rarefied aqueous-vapor and carbonic anhydride absorbs
some of the radiations which the sun is constantly

pouring out, and it is supposed that at the extremely
low pressure to whish they are aubjected, they are
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disscciated—exygon, hydrogen and hydro-carbons
being produced. These aie in turn again drawn into
the polar surfaces by the fan-like action produced by
the solar rotation. Thus, wo see that a continuous
circulation of matter occurs, the same element alter
natoly forming a portion of the .coldest portion of
interplanetary space, and the hottest portion of the
central luminary.

Such in outline are the chief points of this latest
theory of solar action. Thore are some other secondary
points, which are rendered necessary in consequence
of the known constitution of the sun. For example,
we know that the solar atmosphere contains large
guantities of the vapor of certain metallic bodies,
These are supposed to constitute an inner atmospheric
shell which is not aftected, in consequence of its
density by the centrifugal force caused by rotation.
This force, in fact, only affects the higher materials,
chiefly hydrogen constituting the circulating atmos.
phere. At the surface of contact between the two,
however, “intermixture induced by friction may some-
times occur, giving rise to those vortices and explosive
offects which ave revealed to ue by the telescope....
Some of the denser vapors would probably get inter
mixed and earried away mechanically by the lighter
geses, and give rise to that cosmic dust, which is
observed to fall upon our earth in not inappreciable
quantities.” Then again solar observation has revealed
to us the undoubted fact that the quantity of solar heat
varies from time tu time, and that the condition of the
photosphers, as indicated to us by the sun-spots, also
varies, Theso are supposed to be accounted for by the
circumstance that as the whole solar system is moving
through space at a veloclty of 150,000,000 annually.
1t appeara possible that the condition of the gaseous
fuel supplying the sun, may vary according to its state
of previous decomposition, in which other heavenly
bodies may have taken part.

Since its first publication, this theory has been
subjected to 2 considerable amount of criticism, chiefly
by French philosophers, Some of this may be consi-
dered as favorable, while some is decidedly hostile.

Most, however, of the notices which I have seen,
agree with Dr. Siemens on some puints, and disagres
on others, To this class, the present writer feels com-
pelled to ally himself.The idea of a universal atmosphere
dating, as Dr. Sterry Hunt has shown, as far back as
Newton, seems perfectly reasonable and probablé, and
there are other considerations than those Dr. Siemens
has brought forward, which strongly support it.
Moreover the constitution of such an atmosphere would
be such as we require for the purposes of this theory.
1t 18 1 the subsequent portions of the arguments that
we are inclined to differ.

Firetly, there is the question of dissociation. The
hydrogen and carbon compounds, combine, we are
told, with oxygen, producing intense heat, and the
products of combustion move towards the solar equator
and aro projected into space. The point here is, is it
not at variance with all terrestrial teaching, that euck
compounds can exist at such temperatures ? Assuming
that combination such as supposed really does tako
place, it seems to me, that subsequent dissociation
must occur.  This, it will be noticed, is just what Dr.
Siemens requires, but he supposes it to occur far outin
apace, and if instead of this, it occurs close up to the

T
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sun, a8 here supposed, his argument about the conder
. vation of the solar rays by thisabsorption, is untenable,
In fuct, the author of the theory himself says this, for
ke quotes Lockyer's idea, that at solar tomperatures no
metalloid can exist, and yet further on, he supposes
tle energy kept up by the production of carbonic
anhy-Iride and carboni¢ oxide, which can be demons-
trably shown incapable of existence.
The prime cause of the movemeont of the atmosphere
is the rotation of the sun upou its axes, But all the
_ planets rotate also, and as they are all immersed in the
" atmosphere, we shall have the same action occuring
" in their case. Thus we ought to find an acrial current
" flowing constantly in the northern hewisphere from the
. north-cast ( allowing for the gradually increasing
" welocity of rotation), and in the Southern hemisphero
from the south-east. Tn short, exactly in the same
direction as the ¢ Trade Winds.,” But these currents
would occur in the higher regions of the atmosphere
whero the ¢ Return Trades” are prevalent, and to
" these they would be exactly opposed.

The inner atmosphere of the sun is supposed to
contain the metallic vapours. Supposing that disso-
ciation does not occur and that combination does, we
are still in a difficuity, for we have, at the bounding
surfaces at any rate, a 1irge mass of oxygen, in contact
with hydrogen and vapors of the metals. Now, with
which of these will this oxygen combine 9 The whole
of the teachings of Chemistry tell us, not with the
Lydrogen, but with the metals for, as is well known,
all the metals (with one or two exceptions) decompose
water. It thereforo seems, that instead of water being
a product of the combination, metallic oxides, especially
those of sodium and potassium, which have the most
powerful affinity for Oxygen will be produced. Thus,
owing to the action of chemical affinity, supposing it to
occur, we should have produced not water and car-
bonic dioxide, but metallic oxides, either entirely or in
combination with these.

Again it is supposed, that in consequence of the
weight of the wmaterials composing the inner atmos-
pliere, they are not aflected by the fan-like action, but
" anly by that of gravitation. Now, this assumption of
. it-elf is difficult of acceptance, inasmuch as any force
wluch atfects one body, must also effect the other, even
though they may differ in density. It is simply a
question of «degree, and if owing 10 centrifugal foree
Lz drugen is projected « miles into space, then sodium
vapur, which is 23 times as heary, will be projected 5
. umles. And here snother consideration comes in, We
, e told carbon dioxide and water are produced, drawn
. towards the equatorial regions, and there expelled into
; space.  Also wo know that large quantities of sodium,
potassium, magnesium and lithium exist in the sun,
forming, let us suppose with Dr. Siemens, the inner
atmosphore. They, we are told, are not projected into
space, because they are of greater density. But this is
not the case. The specific gravity of carbon dioxide
and of water, compared to hydrogen, is 22 and 9 res-
pectively, while lithium vapour has a demsity of 7,
magnesium of 24, and sodium of 23, Whilo if we can
- mmagine these metals to combine with oxygen, the
~ density of lithic oxide is 15, of maguesic oxide 20, and

of sodic oxide 31. According then to this view, the
, vorivus products of combustion would be projected to
_ the following proportionate distances:
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Aqucous Vapor 3%
Lithic Oxide 29
Magnesic Oxido 14}
Calcic Oxide 1.8
Sodic Oxide 1

Sumlar reasoning will apply if we assume dissocia-
tion to occur, and consequently the composition of the
stellar atmosphere must be far more complicated than
Dr. Siemens supposes, and the existence of this inner
metallic atmosphore 18 very problematical. 1 will only
refer to one other point. The researches of spectros-
copy and the revslations of the telescope have revealed
to us undoubtedly the fa:t that our sun is only one of
an innumerable number, .\ theory to be complete must
thus account for the action of all. Morcover, Dr.
Huggins has shown that the fixed stars may be divided
into classes, according to the spectra which they
emit.

Thus we have all gradations, from the spectrum of a
white or bluish-white star, like Sirius, up to that of a
reddish star, like Arcturus. Now, if we have the same
atmosphere supplying all, and the same cause produ-
cing motion, it is difticult to ses how these differences are
to be accounted for. For, it must be remembered
that Dr. Hugginy' idea of different ages will not apply,
the supposed cause producing their onergy being
independent of time,

I the foregoing, I have endeavord to bresent unpre-
judiced, if brief, views of the chief theories which have
been proposed fiom time to time, to account for solar
energy. The subject is a very fascinating one, requiring
strict attention in order to prevent the imagination
running wild when dealing with such actions and
magnitudes, If 1t is the reader’s opinion that it has
thus sun wild, I must respectfully ask his indulgence,
and plead the rature of the subject as an excuse,

———— S e

IMPROVED CALORIC ENGINE.
(See page 196.)

The Caloric Engine and Siren Fog Signals Company, of
London, have been occipied 10 producing caloric engines suit-
able for general purposes, and our illustration, which we fiud in
Engincerimg, shows the most recent design. This engine is of
two horse power nomninal, or 3} actual horse power.

It consists essentinlly of three par s, viz,, a pump for sup-
plying compressed atmospheric air ; a generator or retort into
which the air 18 forced and there heated , and a cylinder intg
which the heated air is expanded for the purpose of operating
the piston. The generator comprises a cylindrical firebrick li-
mng of smaller diameter than the casing, so that an annular
space 1s left between the two, and aset of grate bars upon
which the fuel is burned.

After a fire has been lighted in the gonerator, the airis, in
the first instance, supplied by a hand pump or (in the case of
small engines) by turning the fly wheel until the necessary
pressure 1s created, when the cugine commences to work, and
the air pump at the top delivers at each upstroke of the piston
a charge of air mto a valve casing, where, by meens of a hol-
low cylindrical valve, itis divided into two streams, one ente-
ring 1nto the annular space above referred to, whence it des.
cends and passes through the grate bars and the fuel, the other
stream being delivered directly into the spaces above the fire,
The air passing through the incaudescent fuel forms, in the
first instance, carbonic acid and ultimately carbonic oxide, so
th: t the sia)ace abovo the fire may be considered as # combus.
‘301 chamber, containing carbonic oxido and nitrogen. The
ozygen ol the awr delivered 1nto this space enters into imme.
diate combination with the carbonic oxide, and produces an
intense heat with a cousequent increase of pressure,

.
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The governor alters the position of the cylindrical valve ac.
cording to the load on the engine, so that the proportion of air
sent through the fire and into the space above is varied, and
also the consumption of fuel, according to the amount of work
being done by tho engine.

In engiues of larger size than the one we illustrate the go
veruor is made to perform four functions, viz . 1, it detormines
what quantity of air s to be deltvered to tho bottom of the
firo ; 2, what quantity above fire ; 3, what quantity of air s to
be rejected altogether, and 4, at what point of the piston's
stroke the supply of motive fluid is to be “*cutoff.”  Ouc great
impediment to the successful operation of a caloric engine,
working at such a high temperature, hus been the undue
heating of the connections and seating of the valve, which
commands the communication between the generator and the
working cylinder. This difficulty is now overcome by sur-
rounding the parts with an air chamber, which fortms pratical.
ly a part of the main pipe for conveying the compressed air
from the pump to the generator, so that for overy stroke of
the pump there 18 a current of cold air around the valve.
The piston, which, as is usual in caloric engines, is provided
with a shield or guard, has rings of the Ramsbottom kind,
which are found to answer well.

‘The illustration shows a sngle cylinder engine, which is
very satisfactory for ordinary purposes, but where great regu-
larity and steadiness of working is essential, thess engines are
constructed with two cylinders, the cranks being placed at
right angles. From a test made with a twolva horse power
double cylinder ealoric engme the following results are stated
to have been obtained. Indicated horse power of cylinders,
41-24 , power of air pumps, 21-04, net indicated horse povwer,
20 2. Tested by the dynamoumeter the eflective horse power
was 14-39.  The consumption of ordinary gas coke was 386:56
pounds per hour, which equals 18 pounds per 1ndicated horse
power, and 2 54 pounds per effective horse power. The diffe.
rence between the indicated and effective power shows a cun-
siderable margin for friction, but it must be remombered that
the cylinders are necessarily larger than those of a steam
engine of same povwer.

Scientific American.

THE ROCKLAND SLATE QUARRY,
MELBOURNE, P.Q.*
By Euxesi McC. Macy, MeGil University.

This quarry is situated in the township of Mel
bourne (Eastern Townships), about seven miles and a
half from the village of Melbourne, and a few rods
away from a large ereek runmmng from Bromwton Lake
to the St. Francis river. This creek, which aflords
excellent water-power for the machinery at the quarry,
and also for mills lower down, runs through a deop
gulley with protty steep banks, and the quarry is
opened on the top of the right bank. The vein of
slate lies next to the Serpentme rock, on the east of
it, and in a nearly perpendicular position, running in
the direction north-east and south-west.  All these
strata on the east of the Green Mountains lean to the
souths east, and those on the other side (west) lean to
the opposite direction. The vein extends a long dis-
tance, quarries being opened ou it in this provinee, at
Melbourne (on Mr Wualton's estate), on Mr. Sieele’s
place and at Danville , and in Vermont, at Montpelier,
Norfield and Brattleborough.

The Danville quarty produces school-slates tor
which the Rockland stuff is too hard, and it has
lately been much improved, and opened upon a larger
scale than formerly. The supply of slate there is
very laige and of the best quality, colour, aud tex-
ture, for wrnting-slates and the finer usas to which
slate is put. The colour of the Rockland slate is a

* Sumuwer Keport w the Engmeering Departinent, Mctill
University.
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blue black, and its strength is unsurpassed. Lying
to the oast of it, thore is a vein of greon slate on
which & quarry was partially opened some yoars
ago, but there is no other colour known te be in
this locality. At Acton, about twenty miles to the
west, red and purple slates have been found; hut
this kinds are not well adapted for roofing, as thoy do
not split.thin enough, but they are used for tiles and
mantels.  Another deposit has been found to the east
near Sherbrooke, but it is not good enough to warrant
its working well. The Rockland vein is the largoest
aud thickest deposit of good workablejslato that has
been found on this continent. It consists of thres
strata of slate, separated by beds of flint from ton to
fifteon fast in thickness, and the three veinscombined
are ahout three hundred feot thick. The stratum fur-
thost to the west, Iying next to the Serpentine rock,
has been worked right through and the second, which
is a rather better quality, has been opened up. The
slate probably extends to a depth of three or four
thousund feet below the surface, and as the Company
own a mile of the vein, the supply may he said to be
practically inexhaustible. It is worked in benches
made by natural joints in the rock, and the depth is
about one hundred and twenty-five feot to the first,
and about fifty feet moro to the second bench, making
a total depth of about a hundred and seventy-five feet.

‘The pit is about four hundred feet long, and of a
rectangular oblong shape. There are two tunnels, one
at each bench, running through the bank, the one at
the first bench having been intended for taking out the
rubbish, but it was found to be more economical to
raise it to the surface with derricks and durmp it down
the outside, as the bank is almost perpendicular. For
this purpose shurt tramways are laid, slightly inclined,
from the pit to the dump so that the trucks, which are
pushed by men, run down casily to the dump when
loaded and are pushed up again without much diffi-
culty whon empty. The tunnel at the second bench
was made for the purpose of drainage. The slate-mill
and derricks are worked by a water wheel about forty
rods from the mill, the power being conveyed by
means of a wire rope, and it therefore costs nothing
except keoping the machinery in running order. In
the mill they make tiles, billiard-beds, mantels, wash-
tubs, sinks, cisterns, paste-boards, and evorything that
slate is used for, and a fow years ago they made a
number of large slabs for lining the 1uterior of burial-
vaults. The mantel stuff 1s sold to manufacturers who
finish, and marbleize it, imitating all kinds of marble
to such perfection, that it can scarcely be distinguished
from the original marble, and the various kinds of
wood are imitated 1n the same manner. The slate for
mantels, tubs, ete., i3 sawed to the proper size by cir-
cular saws, then planed to the required thickness, and
finally polished with wet sand. The slabs, that have
to be joined, are grooved, bolted with iron boits, and
cemented. There ave, 1 think, about fifty or sixty
men employed in the pit and slate mill, and at the
derricks, and also at making the roofing slates. Those
who work at making slates, etc., are paid by the piece,
and get more or less according to the amount of good
slate which is brought up in the day, while those who
work in the pit, and on the derricks, are paid of course
by the day. 'The roofing slates are made of oighteen
difforent sizes, from twelve to twenty four inches in
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length, and are sold by the square, or the amount ne-
cessary to cover ten square fest om a roof, weighing
about fivo hundred and fifty pounds. Up to the pre-
sent time the slato has been drawn by teams to the
Grand Trunk railway station at Richmond, a distance
of about seven and a hatf, or eight miles, and they
draw from seven to thirteen square at a load, according
' to the state of the roads ; but the Missisquoi valley
i tarlway 18 likely to be comploted noxt year and, as it
! will run close to the quarry, the slate can be ghipped
| directly, without the trouble and expense of drawing,
| which is very heavy work, The men have been get-
ting from tweunty-five to forty cents a square for draw-
| ing, but the distance is too great to draw more than
| one load in tho day, The pit is getting so wide that
the old boom-derricks will not reach far enough now,
so they are going to introduce travelling derricks,
which consist of 2 wire rope two inches in diameter,
stretching across the pit, with a carriage travelling on
it. The carriage can be run out to any distance from
the bank, and the rope let down, and the carriage
drawn back to the bank, when the slate or rubbish is
raised up to the top of the pit. They have also lately
introduced steam-drills, and other improvements, The
slate is shupped to England, Australia, the West Indies,
and the UTmted States, but the demand for it in Cana-
da is very small, and the Rockland quarry alone could
more than supply the Dominion. The very many uses
which are now being made of slate, make the quarrying
and finishing of 1t a most 1mportant industry, and one
which ought to excite interest and attention from
everybody. Letting alone its great importance as a
roofing material there are dozens of other uses for
which it is admirably adapted and for which it would
he far more durable and convenient, thar the materials
which are more commonly used, and therefore cheaper
in the long run.

e —we———

e e G S

UNDERGROUND SIGNALLING IN MINES.

The necessity for a good system of signals in mines, says

the Mining Journal, now engages attention. The old method
of signalling with knocker line or bells is considered inapplica-
ble for great depth and extensive works. The telephone has
been tried but given up, and signalling by electricity is being
recousidered, and although at first the arrengements were
found defective in detail one eminent mining engincer now
states that he has found no difliculty in arranging signals for
an indefinite number of roads, by having a pointer attached to
them or a pendulum to show which bell was sounded. In some
wstances it has been fonnd advantageous to have one battery
and two separate wires where there has been a number of sta-
tions, and one bell has been found sufficient for any number of
off-shoots. It has been suggested that the wires might be in-
Jured by a fall of stone or mineral, but the wires are generally
rlaccd ic the roads, so that the stone, etc., would be hardly
1kely to touch them, and therefore there is no danger to be
apprebended in that direction ; but even were the wire dam-
aged it could be easily repaired. The Sax system has also been
adopted in the North of England, and s similer arrangement
has long been in use at the hfickley mines in Northumberland.
In the early introduction of electric signals, and in thoss no-
ticed, difficulties were met with, but these have now disap-
' peaved, and electric signal bells are admitted to be the best and
cheapest that can be adopted for underground werking,

AX American paper gives the following :—~The United States
burns about 822,000,000 dols. worth of wood every year. Raile
roads burn 5,000,000 dols. worth. Brick and tile factories
Il bura 4,000,000 dols. Mining eperations cousume, ss fuel,
3,50(1),000 dols. worth., Steamboats burn about 2,000,000 dols,
worth
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ON THE ST. GOTHARD TUNNBL.
BY NERR K. WENDELSTEIN, OF LUCERNE.
(Concluded from Yage 171.)
4. BORING MACHINES,

Several different types of rock drill were emyloyed more or
less at the St. Gothard Tunnel. Amongst these may be men.-
tioned tbe Ferroux, tho Mackean and Sequin, the Dubois and
mefois. the Turrettini, the Burleigh, ete. The Ferroux drill
was the first to bo employed, having been invented in 1878
specially to work in this tunr.el. In 1875 the original was au-

rseded by a simpler form devised by the inventor, and this
mproved drill did the greater part of the wotk from hencofor-
ward, As space will not allow of a description of all the va.
rieties used, attention will be confined to this drill as the most
auccesaful example.

The improved Ferroux drill is shown in Figs. 7 and 8,

197, with details enlarged in Figs. 9 to 12, It is about Tﬁ?
the weight of the older form, and less expensive. L, Fig.7,
is the main feeding cylinder, in which otk the piston M, fixed
to & hollow piston-rod N. The outer end of this rod is con-
nected to the larger or working cylinder T. In the latter, en-
.arged in Fig, 10, works the striking piston O, which is prolen-
ged into the piston-rod Q, carrying at its further end tke chisel
or bit. The piston O is conical at each end. At either end
of the cylinder T are sockets at right angles to it, and in these
work the small plug-valves aa, which operate the entrance and
exhauat of thesir. These plugs are rised and lowered by the
piston O, which as it reciprocates brings its conical ends under
each of the plugs alternately, and so lifts it, The plug which
is raised acts through the lever Bto depress the other, and
thus opens the other end of the cylinder to the outer air, whilst
itself opening & passage from the compressed air in the cham-
ber P to its own end of the cylinder, The piston is thus dri-
ven back to tiie other end, where the same operation recurs,
and thus the reoiprocation 18 carried on.  The compressed air
enters the feeding cylinder I, Fig. 9, from the supply-pipe
through the stop.cock I, and Xiasses to theair.chest P, Fig, 10,
through tho interior of the hollow piston-rod N. At the same
time, by pressing againat the end of the piston M, Fig. 9, the
air forces the rod N, with the working cglinder T attached to
it, forwards towards the rock to be drilled. Along the top of
the bearers A, Fig. 10, which carry the machine, is a rack R.
‘When the hole has been deepened by = distance equal to the
interval of the teeth of this rack, the conical shoulder C of
the rod Q has advanced so far as to raise the fork D, which has
two pawls engaiing in the teeth of the rack. When these are
raised clear of the rack, the striking cylinder T advances by the
length of one tooth ; and this goes on until the cylinder has
advanced the whole length of the rack. A plug Z, having the
compressed air below it, operates to keep the fork D down
upon the rack, and to bring it down again the moment it is
released by the piston.rod.

To provent the striking cylinder from moving backwards in
the opposite direction, a small cylinder X, Fig. 10, is provided
atits rear end, and is open to the compressed air. In this cy-
linder is a plug, which presses upwards against a stirrup, car-
rying at its lower part the cross-piece H, Fig. 11. This cross-
piece eniages with two racks on the under side of the bearers
A, and having their teeth in the opposite direction to that of
the racks on the upper side. Whilst this piece H is engaged
with the rack, no backward motion is possible ; but it cun be
released at any time, to bring back the drill, by pushing down
the stirmp.

The rotation of the rod Q, which carries the drill, is given by
an inclined groove in the enlarged part of the rod. Into this
groove, shown in section in Fig. 12, fitsa projection ¢ from the
ratchet-wheel d.  As the striking rod Q advances towards the
rock, the groove in it compels the whee) d to turn in the di-
rection of the teeth. When the rod comes back for another
stroke, the wheel is prevented from retnmix:s by the pawl F,
and therefore the pistou-rod itself is compelled to turn.

To bring the machine back when the hole is finished, the
cock I is closed and the cock J is opened, Fig. 9. The air then
escapes from behind the piston M through the chamber P into
the atmosphere, while it enters through the pipe K into the
anpular spsce on the front of the piston M, and pushes it,
with the striking cylinder and piston, back to the rear end of
the cylinder L.

The weight of the machine is about 180 kilograms, or 397 Ibs.
and the gross quantity of compressed air used per stroke is
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1-40 litres (85 cub. in.). Tho advantages claimed for it are
diminished weight and cost, reduction in the number of parts,
easc of maintenance, and durability.

Tho drill is connected with the carriage by means of a pin
passing through the plate Y, Figs.7 and 8. This carriage,
which weighsabout 2,400 kilograms (24 tons), is shown in
Figs. 13 to 15, pp. 200-4. It is so arranged that, in a headin
only 260 metres wide (34 11), the débris can be remove
without shifting the carriage, as there is room for a small tram-
way, 0°30 metre gauge (11°8 in.), to be laid beside the carriage.
The débris is filled into small trucks running on the tramway,
and from these into the tip&)ing wagons belund the carriage.

Tho carriage is armauged for six drills working together.
These are placed three on each side, one above tho other. the
middle one being shown dotted in Fig. 13, page 300 ; and are

CANADIAN MAGAZINE OF SCIENCE

mounted iu sockets carried upou arms which can bo moved by -

means of screws ; the worken stunding at the side are able
to manage these with facility. In order that the drills may be

directeé (v any point in the face and at any angle, the sockets !

at the front end AA are made capablo of sliding laterally aloug
the arms BB, Figs. 14 and 15, so as to traverse inwards or
outwards as required. The movement is given by screws S
lying parallel to the arms. The arms are raised or lowered as

a whaole by means of the vertical screws C. The arms in rear -

DD, Figs 138 and 14, can also be raised or lowered by the ver-
tical screws T ; and the sockets EE on the arms can swivel
round them, 80 as to incline the drills at the required augle to
the vertical.

. 9. REMOVAL OF srolL.

The rock, after being blasted, was loaded into wagous, and

hauled out of the tunnel by smnall locomotives worked by -

compreased air. At the face of the heading the rock was first

loaded into small tip wagons, which were run back on the

narrow-gauge tramway already described, past the drilling ma-
chines, and then tipped into the ballest wagons on a lower le-
level. The loconiotives, shown in Figs. 16 and 17, pp. 204.5,
were butlt by, Schineider & Co. of Creusot. The frames, springs,
wheels, cylinders, craunks, reversing gear, etc., are all similar
to ordinary locomotives. On the frame ismounted a eylindri-
cal reservoir A containing the air under pressure. The pressure
of course diminisked during the journey. From the reservoir
the air passes through an automatic expander R, where it is
expanded down to the cylinder pressure, which 1s always kept
the same. Between the expander and the exlinders it passes

through a smnall reservoir B, which acts as a heater, and at the .

same time prevents shocks to the valves when the cngine ¥
started or stopped. The pressure in the main reservoir A is
limited only by the power of the air-compressors, and the
tightness of the joints in the pipes. In practice it reached 14
atms. (206 lbs. persq. in.). By a special arrangement the
compressors could be supplied with air already compressed o0
7 atma., at times whon the efficiency would have been too low,
if compressing direct to 14 atms. o

The cxpander R, shown cnlarged m Fig. 18, page 204, is

composed of a vertical cylinder A), communicating by a pipe
7 with the mamn resercoir, and partly surrounded by a jacket
B. This jacket is filled with the partially expanded air, which
can pass into it through two series of holes, aa and . From
the jacket it passes to the engine cylinders through the pipe
Y. At the lower end of the cylinder, next to the holes b, there
is a sohd caver ; the upper end communicates with the atmos.
phere.  Within the cvlinder works a piston.rod H, carrying
two pistons. Of these the upper one is of the ordinary form,
but the loweras prolonged into a trunk, picrced with holes ee.
The stroke 15 such that the buttom of the trunk unever covers
the heles 25, so that the bottom end of the cylinder below the
trunk is always in communication with the jacket. The upper
end of the piston-rad carries a plate K, and a spiml spring N
holds tins plate apart from another plate L, whose distance
from the cylinder can be regulated by means of the screw M.
Thas plate L being fixed, the spring tends w keep the tink a

the bottom of its stroke, and so to keep the holes ce oppositt
the holes aq, as shown in Fig. 18, If com)’smssed air now ene
ters through the pipe Z, it passes through these holes into the
jacket B, snd thence throngh the holes 4 iuto the space
beneath the trunk, where, 1ts pressure being greater than the
atmosphere, it tends to push the trunk upwards against the
pressure of the spnng. If the pressure be greater than tho

total resistance, the trunk rises, the holes ee become blind with
those aa, and the air ceases to pass into the jacket. Now sup-
pose the pipe Y ¢o be orcneﬂ, 5o that the airin the jacket es-
capes to the engine. T,

ien the upward pressure on the bottom
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tuo trunk diminishes, tho trunk descends, and the holesee
become partly open to those a. Tho result of these (wo teu.
deucies 18 that the area of the holes ¢c¢ which is open to aais
kept of such magnitude as will cause the pressure of air in the
jacket to balance exactly the reaction of the spring. The trunk
18 thus kept in equilibrium. and the pressure at which the air
passes to Y is kept constaut. Its amount can be varied if ne.
cessary by screwing up the spring.

The heating apparatus is on the Mékarski system. The hea.
ter B, Figs. 16 and 17, pp. 204-5, holds 390 litres (1377 cub.
ft.), aud isfitted with pipes and gauge-cocks for showing the
water-lovel in the interior—glass gauge-tubes not being appli.
cable on account of the severe shakingand shocks to which the
enginoe is exposed, The heater aud the pipes leading to it are
clothed with wood and felt. The mixture of compres-ed air
and water passes out of the main reservoir through a pipe P,
furnished with a cock and passing to the bottom of the heatet,
where, in order to devide the air into thin jets, it terminates
m a rose. 'These jetsare heated by the hot water, and the air
then rises {o the top of the heater, whence it is conveyed to
the expander R. From this it passes to=a pipo S ranning bet-
ween the main frames, and diviéing into two branches, which
lead to each of the workiug cylinders.

To charge the engine, tho cock between the main reservoir
A and the heeter B s closed, and the inlet pipe of the hoater
is coupled to a prpe leading from a fixed boiler. There are two
outlet pipes from this boiler, one 1n the steam space and one
in the water space, 20 a+ to give steam or water as reguired,
The 1ower is first goupled to the heater, which is then filled
with water up to the required level, This pipe is then shut
off and the heater conpled to the other, and filled with steam
up to the desired pressure. During the same time the main
reservoir A has been coupled to a pipe leading from the com.
pressed-air mains, awd bas thus been recharged with compres.
sed-air. When the charging is completed the inlets are clo-
sed, and the cock between the main reservoir and the heater
is opened : the engine is then ready for working. The pres.
sures arc ascestained by three gauges, one vn the main reser-
voir, one on the heater, and one on the pipe leading to the
working cylinders.

) The priucipal dimensions &e. of the engines are given be-
ow.

Capacity of the large reservoir....7:600 c.n. 268 c.ft.
Internal diam. of do  ....1°700m. 558 ft.
Le gthof do  ....8550 . 11-64 ft.
‘Thickuess of steel shell plate ... 0015 m. 059 in.
Thickness of the dished ends ....0°017 m. 067 in,
Capacity of the heater.........c4e0°390 c.m. 1377 c.ft
Internal diam. of do ...vnveenees0°800 M. 262 ft,
Length of do eeeiien. . 0°SN0 M. 2:59 fe.
Thickness of steeldo ..... vreeess 07012 047 in.
Diam. of cylinder.cesceancees... 0204 m. 808 in.
Stroke of cylinder. .. .0-360 m. 1427 in.
Diam. of tread of wheels.eeeen...0°760 1. 2-49 ft.
Volume swert through by piston | g o117 e, 0413 et

Volume swept through by both ) 00196 c.m.

~6a0
pistons per metre forward. ... \ 0692 c.ft

Absolute initial pressure of com.

pressed-air in the principal re- ; 12 kg.p.sq.cm. 171lbs.p.s.in
servoir..... ceesscesrtenens
Constant absolute pressure ou . - .
entering the cylinders..... ( {kgp-sq-em. 57lbs.p.s.in.
Extreme length of engine from} ... ..
buffer to buffer.cccveevnvees § 5000 m. 1640
Weight of enmine (about)........7 400 tonnes. 74 tons.

6. CONT.

The cost of the tunnel cannot be given with any great exact.
ness, but the total cost may be taken as follows ~—

(1) Blasting of tunnel, making of water-courses, &¢. 41,700,000fr
(2) Masonry, cte., inside the tunnel...... coee... 18,300,000 ¢’
3) do outside o 600,000 **

——————

Tota).ciean covena 55,600,000

S S ———
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| To this must be added the cost of various extra works, of the
' preliminary work of tnangulation &c., ol rop iring of damages,
" of allustinsg and laying the lme of materials, siganls, tele-
. graphs, &e., which together may be taken at 2,000,000 frs.
" ‘flns makes tho total cost of the tunuel about 48,000,000 fra.
. or fur a length of 14,890 metres 3,900 francs per metre (£140
. per yard), or in_round numbers .£250,000 per mile. With
| regrard to special items, the cost of blasting was on the avera-
. geabout 46 fr. per cb. m. (28s per cb. yd.). The cost of wal.
g per cb. m. may be taken as follows :—

| WageSeieieecerrennnescncasessavssresaseass-1d francs.
f Hewing snd transport of stone, and selection } T
)

and transport of rubble for packivg........ §

Hydraulic mortar and cement.... coveeevove.... 6
Centres, scoffolding, &cueeeeiiisvonaiocaniees 8
Superintendence,&c.vaseee sasonnsecssriocecase 8

|
,’ Toml..........‘rc_ “
|
i
'

€«
[
13

{Say 46s per cubic yard}

This however 1 rather the contract price than the actual
cost , the tatter was much reduced by using the rock blasted
on the spot to make the masonry. Again, for the greater part
i of the length this mason.y was merely a lining &)ut‘ for securi-
i ty, the rock bemng amply strong enough to stand without it.

GENERAL CONCLUSIONS,

¢ In canclusion, the points connected with the construction of
' this tunnel, which seem particularly to call for notice and com-
I, ment may be stated as follows :—

11) The advantage in such cases of constructing a long tun-
nelat a coparatively low level, instead of a shorter tunuel at
| a higher level.

' 2} The proper position of the leadiug heading in the sec-
| tio, and the proper mode of completing the full section from

n.

(3) The best construction avd arrangement of the turbines
and .r-compressors, to utilise & comparatively small quantaty
of water at a very high pressure and velocity.

41 The best construction and arrangement of the drilling
. 1pachines.

+5 The best means of keeping 2 long headiog cool, in view
~ of the very great loss of efficiency which is found to result from
too hugh a temperature.

- Itisonly on the first two of these points that any remark
will be made on the present occasion.

With regard to the finst of these pointe, the superior limit
to the level at whic' such a tunnel should be mede bas been
shown above to be fixed by considerations of climate, The in-
terior linit to its position is determined on the one hand by
the length, as inflacucing the tume and cost of construction,
and on the other hand by the height of the overlying strata
abore the tunnel, us influencing the heat within the heading.
From observations made at the St. Gothard and elsewhero we
may assume that the limit of temperature at which men can
work at all in 2 tuunel is 50° C. (122° F.) in dry air, and 40°
C..104° F.) in air satomted with moisture. The observations
at Mont Cems and the St. Gothard alse go to fix tho relation
between the depth below the surface and the internal tempera-
ture, At the St. Gothard the avorage increase appeared to be
27 C, per 100 metres vertical height{or say l'1°lF. per 100 ft.
vertical height). The torin of the overlying mountain, and the
uature of the rock, have of course also an irfluence on the tem-
perture.  The amount of water to be expected is a matter on
which 1t is generally impossible to apeak with any certainty 3
tat a long tunnel will always be more or less wet. Many modes
have been suggested for dryingand cooling the air within the
heahing, vat there 15 litle to be said practically as to their
ctheency.  The air used for ventilation is found to have
hztle wfluence in ¢ither direction. These considerations have
aphactical bearing, for example, on the proposed Simplon Tun-
uel, which iy to be nearly 12 miles long and caly 2,300 ft
above the sea.  In this case the temperature of the reck would
e about 47° C. {116° F.; according to the rule given above,
as detenmned for the St Gothard by Dr. Stapfl. If the tua-
nrlwere raised toa level of 2,600 . with a length of 10 miles,
the temperatare wonld bo about §0° C. 1104° ¥.]; while if it
wote raised 1o 2 level of 8,600 ft. with a length of 73 miles, the
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conditions would be about the same as in the St Gothard tun.
nel. It follows that the longest of these projected tunnels
cou!d not be made in the same way as was practised at the St
Gothard, and some improved method would have to be sought
for.

As to the secoud poiut, i.c. the actual wode of driving the
tunnel, the results obtained at the St. Gothard are of great in-
terest, In the improvement of the drilling machiues, and the
employment of dynamite, that tunnel had a great advantage
over the Mont Cenis ; and accordingly the progress of the first
heading was much more rapid.  On the other hand the com-
oletion of the tunnel lagged much further behind. At the

ont Cenis the tunnel was open for traflic 9 mouths after the
juaction of the headings, whilst the interval was 22 months at
the St. Gothard. Thero urises thercfore a question how the
improved rate of progress, which has been achieved for the
heading, may be extended to the work of completion.

Whilst in'the Mont Cenis tunnel the leading heading was
driven along the bottom of the section, M. Favre adopted the
opposite course at the St. Gothard, and drove the heading
along the top. In 1874 this wethod was sharply criticised by
TFrofessor Rziha and others ; and although the discussion led
tofno very definite result, the Arlberg tunnel is beingdriven by
means of a hottom hexding. These works have been txo yoars
in progress ; the rate of advance in the heading is half as great
again as at the St. Gothard, and the completed work follows as
closely behind it as it did at the Mont Cenis. Herr Bridel,
chief engineer ofthe St. Gothard Railway, aund formerly a sup-
porter of the Belgiau or top-heading method, has written a
report. comparing the two methods (top heading and botton
heading) under the three following heads :—

1. Infloence of each method on the rapid completion of
lengths ..Ircady pierced by the heading.

2. Tufluence oun the power of keeping back the pressura of
soft rock.

3. Iufluence on the cost of construction.

His results are as follows.

Completion of Tunnel —With regard to the first head, itis
very important, where drilling machinesare used in the enlarge-
mwent of the heading, to have as many points of attack as
possible, 8o that the workmen may not be too much crowded
together. With a bottom heading this is attained by adop-
ting what is called the English system, iu which openings are
commenced in the sides and roof of the heading at a number
of different places, corresponding to the rate at which the hea.
ding itself advances. It is obvious that the spoil from the
furthest of these openings can be carried past the others wi-
thout difficulty ; which would not be possible in the case of a
top heading, where the opening would have to be made in the
loor and not in the roof. The bottom heading was adopted
at the Mont Cenis tunnel, and also at the Arlberg tuannel;
and in the latter, in spite of the much more rapid advance of
the heudiug, the completed tunvel on 31st July, 1852, was
only 1090 yds. behind the face of the heading on the West side,
and 750 yds. on the East #:de. Thojsame system, with slight tmo-
difications, was adopted at the Laveno tunnel 1°9 mile loue.
Here the junction cf the headings took place 38S days after
the commencement, givitg an average advauce for the two
ends together of §'15 metres (26°7 ft.) per day. In the last
month the advance was 37°7 ft. per day. 'I‘og headings were
here carried forward at the same time as the bottom headings,
aud their junction ook place two months after that of the lat-
ter. Openings were made at short intervals from the ome to
the other, and the spoil from the top heading was thrown
down through these into wagons below. The completion and
walling of tge section did not lag bel ind ; and the tunnel was
open for traffic 4} months after the junction of the botrom
hu()ljngs, and only 16} months from the commencement of the
work.

On the other hand, in the case of the St. Gothard Tunnel,
the whole length under construction in October 1877 (a time
when the works were in an exceptionslly regular condition)
was 2750 metres (say 3090 yds.) ; which may bs compared with
1260 yards in the case of the Arlberg tunncel. Even theoreticsl.
1y, the length under construction with tho wmethod adopted at
the St. Gothard can never be less than 2600 yards, Assuming
a maxioum progress of 165 yards per tnonth, it follows that
the tunnel canuot be completed until 15°8 months after the
Junction of th headings. As a wnatter of fact the actugl inter-
val was over 21 months. In the Arlberg tunnel on the other
haud the completion map be expected to follow within 5
wonths from tho junction of the headings.
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Ou the whole 1t would seom that the method of driving a top
heading 18 not the best for any tunnel where machine drills
are useﬁ for the rapid completion of the work.

Pressure of Rock.—Where the rock is of a gravelly nature,
so that 1t exercises great pressure, but is not itself compressible
both theory and practice show that if the Belgian method be
adopted, and thearch put in without abutments, a sinking and
crushing 1n of the arch cannot be prevented. ‘The same is yet
more certain where the rock is of a clayey or plastic nature, as
has been shown on the line from Fosg;zia to Naples, and alson
the “‘pressure length” of the St. Gothard tunnel. Here it was
found in many places impossible to complete the arch at all on
the Belgian method , it was absolutely necessary to begin with
the abutments and invert, Inwet earth the Belgian method
is clearly quite inapplicable.

Herr Bridel has drawn the following conclusions ou this sub-
Ject:—

a. The Belgian method is not safe where there is great pres-
sure, and especially where the rock is plastic.

4. Even where all possible precautions are taken, the work
is extremely difficult, slow, and expensive, and the success
always doubtful.

¢. With a top heading, the English method of completing
the tunnel 1s possible mndeed but exceedingly costly, difficult,
and slow.

d. With a bottom heading, this method is capable of any
amount of development, and renders possible a much more
rapd advance,

¢. In along tunnel 1t 15 impossible to tell whether plastic
strata, or others exercising great pressure, will be met with,
through which it would be necessary to drive a bottom heading.
But it is exceedingly difficult to pass from working by a top
heading to working by a bottom heading.

All the above conclusions point to the superiority of the bot-
towi-heading system.

Cost of Construction.—The experience gained on this head

flcalds to the following conclusions, as drawn up by Herr Bri-
el t—

a. With forced working (z.e. where the progress is to be as
rapid as possible), when the conditions as to ventilation and
drying the tunnel are the same, the general cost of blasting is
nearly the same whether the leading heading is at the top or
at the bottom.

b. The drying and ample venullation of the working places
are however much more diflicult with a top heading than with
a bottom headng, s0 that the latter system 13 really superior in
these respects.

¢. The removal, loading, and transport of the spoil is done
much more easily, quickly, and cbeaply with the bottow hea.
aing than with the top heading,

d. The formation of dmins, and the laying of roads and of
air and waterpipes, are extensive and costly works with a top
heading. but are 2 small watter with a bottom heading.

It follows that, where rapid progress 13 nccessary, the bot-
tom-heading system 13 to be preferred to the other.

At the Arlberg tunnel the contract pnceai 3 to 4 kilometres
| from each portal (which 18 about the average distamce at the
St. Gothard), and where walling 1s thiunest, is as follows . —

Ft. per metre.

Botiom or leading lieading . ...... . 874
Top headung, foﬁowiug S cveaiens 242
Completinn, except masonry to trains........ 1430
Masunry 1o draing. ..o oiiiie i e . 57

Total...... 2103

Add 3% percent. fOT €AtI8S. e vieereescsnecas 73
Add 1nterest on cost of plant, &v., supplied by the
rallway company uaﬁnug thte as the same ay at
the St Gothald)..evvecessrerescireescsesnes 470

GrandTotali .oy ivvnenninannnae, .. 2646
(say £96 pevyard.)
On the other Liand the contract price at the St. Gothard tun-
nel was as follows :—
Pr. per metre.
Total except masonry.... 2300
Masonry, minimuw thickness. . 830

—

Total.e...... 8630

There is thus a ditlerouce in favour of the Arlberg tunnel of
984 fr. per mutre (.£36 per yard). 'This diffcrence 13 cortainly
more that can be accounted for by the somewhat harder charac-
ter of the rock at the St. Gothard : and thus confirms the cop.
clusion that, at least with force working, the bottom-heading
system is the cheaper of the two

THE DESIGN AND CONSTRUCTION OF BRIDGES.
(Sce page 208.)

The structure shown in our illustration page, represents the
bridgs constructed at Grenoble, over the lscre, by M. Berthier
engineer-in-chief.  As will bu seen, it comprises three arches,
segments of cticles. The centre arch has s opening of 2510
m., and & rise of 3.30m., the side arches are each 23'10m. spay,
and 3m, rise. These arcs correspond to an angle in the centre
of 60°; in other words, the chord is equal to the radius or side
of tho msenbed hexagon. Many engineers rightly consider
this proportion of arc as the most graceful. M. Debauve,
whose descriKtion we are quoting, says, the thickness of the
keystone of the middle vault is 1'20m., and that of the side
vaults 110m. The fronts of the “pierres de taille” (ashlar
voussoirs) are diessed to spring from a skewback, the mason-
ry is formed in steps, and the front portious of the piers or ent.
waters are also of ashlar masonry. The filling of the spandrel
18 1n masonry covered by a layer, and the infiltrated water
which collects is carried to the centre of piers, where it perco.
lates througn & heap of rubble or stones before being dischar-
ged by the inclined pipe seen in the section. The longitudinal
and transverse sections illustrate the construction of the span-
dre), and show the filling and masonry through the axis of the
pier. The picrs and quay walls have 2 slight batter, the for-
mer ope of gle and the latter of {%5. The width between
ths parapets is 12 metres, and there 1s a slight set-off from the
arch-face to the tympana. The widths of roadway and foot-
ways and parapets are figured in the cross section ; the foot.
ways have gutters. The cunvex contour of the bridge isfavou.
rable to the carrying off of the water, and also to the architec-
turaf effect. The plan and elevation show that the bridge is
turned by quarter circles or quadrants into the approaches or
quays, which angles are rounded off by a corbelling nf masonry

a plan favourable for the easy passage of traffic. We give a
plan of the end of bridge showing this arrangement We also

gve « plan and side view of the “‘organcaux,” or rings, for
mooring vessels. These are fixed in the piers. Al bridges:
built on oavigable rivers ought to be provided with these ap.
phances, which are {)laced at different heights The piers, as
will be seen, are bailt oo & mass of beton enbmerged in an in-
closure of piling. The scouring of the river is prevented by
the rubble aprous seen in the section The hed of foundation
is an incompressible gravel.

Uuar other ilustration shows the railway hridge of Plessis-les.
‘Tours, over the Loire. We only give one arch aud pier of this
fine structure which is composed of' 15 arches of elliptical shape
of 24 metres span each, and of 7 10m rise or versed sine, sepa-
rated by piers of 3 metres in width, anl terminated by abut.
ments of § metres. The width of the hridge is & metres bet-
ween the parapets. The thickness of the keystone is 1.20m.,
and the hine of extrados springs from the sumimit of the head
of the pier, which gives, at this part, a joint of 1°50m. for the
vault. The small discharging or reliel vaultshave only a thick-
ness of 0-70m. at the keystone. A dotted line on the eleva-
tion shows the backing. The foundations consist of measses of
beton 1nclosed by piles and planks. The conveyance of the water
which passes through the hallast, and which arrives at the sur-
face of the masonry, 18 effected by a covering or layer, which
15 shaped to the protile shown in the sectinps, orinclined from
the ax1s of pict to the summit of vault, wheie the discharge
takes place. By this means, the surface drainage is carried to
the summt of each vault, where they are met by vertical pipes,
the supoenor orifice of which is protected by a head or rose co-
vered by a mass of stones, fornling a filter. The covering of
the vault 18 composed of three layers, the lowest of concrete,
the intetvening of cement, and fthe upper of asphalte. Be-
tween the covering and masonry in the spandrels of bridge, the
vaults have been filled with a very thin beton or rubble, which
constitutes an incompressible material.

The parapets are built in terracotta, which, M Debauve od-
serves, 1s less costly than ashlar, and is preferable to iron rai-
lings. The “voussoirs des tétes’ are alternately in two or

(say £132 per yard.) three pieces, but the keystone is formed of a single block, the
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. side to side of the inclosed area.

front of which is cut dinmondwise ; and as will be noticed in
the cross- section, tho two keystones are connected by a rod of
wron, which does vot mjure tho solidity of the vault. The
susple and elegaut profile of the archesand the piers will com.
wend tho design to all bridge builders. The piers batter to a
pleasing proportion, and are faced with courses 0°20 in height,
and crowned by a cappiug of ashlar, The abutments have this
moulding carried through to the banks at the same level, thus
cunnecting in effect the piers and the abutments,

The total cost of the bridge was 1,345,000fr, for 438 metres.
Our readers will be enabled to study for thomselves the details
of these two excellent examples of bridges, as all the dimen-
siens are given, and the several radii of the arches in the last
deseribed structure are indicated. We ave no less charmed
with the scientific distribution of waterial aud construction.
than with the graceful eleganco and simplicity 1 the lines and
profiles of these two bridges. Our own London Bridge over
the Thames only i3 comparable with these 1n the extremo sim.
plic‘ilty and elegance of proportions between the opening and
solids.

The two designs are instructive also as showing two distinct
wodes of reducing the weight on the foundations. In the first
instance we see a backing of rubble masonry over the vault,
th» filling being ot lighter material ; in the latter case the
weight 18 discharged by a small arch over the pier, and a consi-
derablesaving of solid masonry 1s eflected. The designer of a
bridge must use his own judgment as to which planit is desirable

* for him to adopt. The man constderation <hould bathe nature

of the foundation or bed of tite rever. It thusis at all doubt.
ful, or if the formation is of a compressible soil, orif of
rock full of cracks, the less weight on the foundation the
better ; if it is unyielding, the designer may adopt bold pre-
portions for his openiugs. Perhaps no better foundation for a
prer of a bridge can be found than that shown in our sections.
Here we have no bearing piles supporting the pier, but a salid
mass of concrete “in a shell,” in the ono case 503 m, deep
and 6:40 m. wide, extending throughout the whols leugth of

! the pier. This mass of beton is supported while in the pro-

cess of setting by the piles, and further protected from the
scouriug action of the river by stones thrown in all round.
In treating of foundations, a writer in the 9th edition of the

- “Encyclopedin Britannica’ mekes some very apt remarks, and
. 43 VLT PUTPOSy 18 NOW Lo give practical information with res.

peet o the site and foundations of bridges, we may here refer

. tu theso observations in the course of our remarks.” As regards
; sile, the engineer must satisfy himself by borings at conve-
+ ment distances. A solid rock is, of course the best if homége-

aevus , butaf cracks are found, it cannot be relied upon, and
1s wofenior to such tormations as uniform gravel, ch:Sk, and
sume Kinds of sand and clay. A squeezable foundation is the

. wurst, as it would allow of subsidence when the piers were

waded. Even more objectionable than a compressibie founda.
tion is one of unequal bearing power. When softer materials
aie luuud they should be removed, and the inequalities filled

- up with concrete.

lieterniug more particularly now to foundations under water,

. the action of the scour is one of the chief difficulties in the way
. vi a lasing foundation against which the engineer has to con-

irud,  We may allude in passing to the subsidence of Water-
wo biidge over the Thames as au instauce of this. Little did
its engineer, Repnie, think that in little more than half a cen-
tury symptons of failure of the foundations from this cause
suald have shown themselves. Many other bridges have fai-
lid by the gradual undermining of the piers, and we may have
lv suy something about the action in a futare article.

Tuere are several methds adopted in the laying of founda-
uons of bridges to which we may briefly refer. We have na-
wirally first to speak of the system of cofferdams, aund for the
e u:elis of our younger readers we may say the cofferdam con-
ats of a donble row of sheet piles tied together by wales and
civss beams inclosing a vertical wall of clay puddle. Its width
i Jdetermined by tho pressure or head of water, and sometimes
i eyuals the head unless inside strutting can be adopted, from
The Cours dc Ponts, as used
4t the school of Ponts et Chaussés, remarks that a cofferdam

- heed not be made of greater thickness than from 4it. to 6ft.

The water being pumped out, the necessary cxcavations can
then be procee e({) with.

-Auother system of laying foundations is by making cais-
suns : these may be of timber or wrought-iron plates bolted

+ tugether 1n sections and sunk. One mode was by driving pi-

Is, cutting them off level at & certain depth, and then sinking
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a caisson or box filled with masonry on the proposed site. As
the scour of the river has beon found to injure this method of
procedure, it has been generally abandoned. Another and pre-
}erable form of caisson is to construct it of wrought.iron plates
din, to Fin. thick in eircular segmonts or rings, bolted together
30 as to form sections of a manageable diatneter and depth.
The lower section is made with a cutting edge to penetrate the
soil. Theso sections are sometimes sunk between guide piles,
and the joints made watertight, After being suuk by their
own and additional weight the ground withinis excavated and
the water kept down by chain and buacket or other kind of
pump. Sometimes mechanical dredgers ave used. Sometimes
a frame is floated to the site of pier and then sunk, the inside
soil is then excavated or concrete is shot within it, which sets
uudisturbed. These hollow timber frames without a bottom
are particularly adapted for bridge pier buildin%. They can be
made watertight after being lowered, and can be used in wa-
tor from 5ft. to 20ft. of depth. This mode of laying founda-
tiong will be effectual wherever a good rocky bed is found.
When the frame is in position, it is allowed to remain as a
protection for tho concrete, and in such a case should be sur.
rounded by a yubble embankment or “toe.”” The same plan
has been used by the French engineers in the bridges we have
described, and is called “concrete in a sholl.” This mode de-

ends on the valuable property of hydraulic concrete of setting
1nto a solid mass under water. The area of site i3 inclosed by
piling or a shell of tunber or iron. The soil ivside is dredged
ont by a mechanijcal excavator until the foundation is reached,
and concrete or beton is then shot or run in from a height of
about 10ft. and rammed in layers. The rubble stones heaped
up outside protect the shell or casing of piles against the scour
of the current,—T/e Building News.

e Y
Japanese napkins folded in the shape of fans and put in

glasses at each end of the top shelf on the sideboard are light
and ornamental.

———e P it s,

EXPERIMENTS ON AMERICAN WOODS.
BY PROF. S. P. SHARPLES, BOSTON, MASS,
(Read at the Boston Meeting, February, 1883.)

Under the act providing for the taking of the Tenth Censns
the superintendent was authorized to appoint experts to in-
quire into special industries. Under this act Professor Charles
S, Sargent was appointed to gather statistics in relation to the
forest industries.

As chief of the Department of Forestry of the Tenth Census
he has been busily engaged in this work since the Fall of 1869.
Soon after his appointment he became convinced that it would
be desirable to make an examination of the fuel-value of the
various woods of the United States, and this work was placed
in my hands.

At the same time 1 made the suggestion that while we had
the opportunity, it would be well to test also the strength of
these woods. The suggestion was adapted and Professor Sar
gent st once set hus agents to work in various parts of the coun-
try to collect specimens of all the trees growing in their locali-
ties, employing as a rule botanists who were familiar with the
flora of the region 1n which they were at work. The result of
this work was the collection of uver thirteen hundred specimens
of wood, compnsing over four hundred species and varie.
ties, nearly one hundred of which had not before been de-
scrabed as trees existing in the United States.

The ash and speaific gravity of every specimen in this col-
lection has been determined, 1n most cases in duplicate. Abont
2,600 ash and 2,000 specific gravities have been determined,
about 325 species were further tested for transverse strengti
and resistance to crushing. In this series about 1,800 specimens
were tested. As each of these was tested in three different
ways, it made in all about 3,900 tests. The specific gravity of
each specimen in this last sertes was also ({):termined, thus
makiug in all about 10,600 tests that were made on the speci-
mens. Many of these tests, huwever, included not only a
single test, but often a series of tosts that required at least ten
entries on the final report, as I shall explain further in this

paper.
Pxex addition to to the tests already spoken of, 70 tests were
of the carbon and hydrogen in a number of specimens.
These tests have already, so fur as the results of the ash and
specific gravity of the dry wood 1s concerned, been published in
Forestry Bulletin No. 22, The carbon and hydrogen deter-
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minations are to be found in Bulletin No. 18, while the tannin
in the bark of a fow of the most promising trees is found in
Bulletin No. 24.

A Bulletin shortly to be published is to give the deflections
under various loads of the woods tested in this mauncr, and
the weight under which they failed, togother with the forco
necessary to crush in the :direction of the fibre pieces, whose
length was equal to eight diameters. In addition to the tables
pulﬁlshod in the Bulletins, the final report will give the foico
necessary to indent the wood.

Tlns series of tests is felt to be incomplate in many ways,
and with the expericnco that has been gained in the work
could doubtless beimproved. A brief description of the methods
used may be of interest.

Each specir~n as soon as received was given a number, and
this number ha. been constantly repeated in all the work done
on that specimen, it 13 designated in the report us the of.
fice number, and wherever met with always refers to tho same
tree.

After numbering, the sticks were at once sawed into bars five
centunecters square.  These pieces were then seasoned by air-
drying. During tho first winter they were kept in a room
warmed by a stove to about 70° F. After that they were re.
moved to a timbet-loft at Watertown Arsenal, where they were
kept until they wero dressed for the final tests.

Two blocks of fifteen centimeters in length w e taken from
cach specimen and dried rapidly with steam-l ,at until they
had lost :. st of their moisture. From these pieces blocks of
exactly 11 centimeters 1 length and about thirty-five milli-
meters square, Were dressed out. These were then placed 1 an
oven which was mamtaned at a constant temperature of 10y °
until the blocks were perfectly dry. After they had ceased to
lose weight, they wore carefully measured with a micrometer
cahper aud then weighed. Frown the measurement and weight
it was easy to calculate tho specitic gravity.

The ends removed from these blocks were used for determin-
ing the ash. They weighed from 1t to 20 grammes and thus
gave :}uite appreciable amouuts of ashes. The ash was deter.
mined by drying the wood in the same maunner as the specific
gravity blocks, then carefully burniug in a platinum dish in &
mufile.furnace heated by gas. The heat was so regulated as to
burn the ash perfectly wiite without melting 1t. In 1most
cases the ash was left in the exact shape thatit occupied in the
wood. It was judged best to report the ash exactly as found,
and not to attempt to make any correction, on account of car.
bon dioxade that might have been lost from the caleic carbon.
ate preseut.

From these 1esults, the approaximate fuel-value was caleu-
lated, assuming that equal weights of all woods have the same
fuel-value. This value is supposed to be given more correctly
by taking as the weight of the wood, not the specific gravity,
but the weight of a cubic decimeter, minus the ash contained
in it. The ash evidently adds nothing to the fuel-value,
while it does add to the weight. This assumption, which is
the one which is generally made, is not strictly true, but it is
near enough for all practical purposes. It is founded on ex-
periments made by Count Ruinford and Marcus Bull.

The carbon and hydrogen determinations were made by buru-
ing fine sawdust in a platinum hoat 1 a current of oxygen and
collecting the products in the usual way. These analyses were
calenlated on the dry wood. Tho determinations may be con-
venicently divided into two classes—~those of the coniferous
woods and the non-coniferous.

The coniferous woods examined, with two exceptions, gave
Iarger amounts of carbon than the hard woods. These two ex-
ceptions were the common white cedar or arbor vite of the
north, and the black spruce or picca alba, ueither of which
wonld be selected as valuable fuel.  The average composition
of twenty-nine specimen of rouniferous woods examined was
carbon, 53.21; hydrogeu, 6.45; ash, .82; specific gravity,
.5624.  Fuel-value by weight, $488.8; by volume, 2524.2.

For the non-coniferous woods the average results were car.
bon, 49.53 ; hydrogen, 6 33 ; Ash, .66 ; specific gravity, .6951.
Fuel values by weight, 3993.9; by volume, 2776.1. "These
latter values agree very closely with those given in the books,
as the results of the analyses of Luropean woods. It 18 rather
singular that with the exception of fir, no coniferous woods
bave been reported on in Europe.

Forty-one determinations of non-coniferous woods were
made. After the long sticks of wood had become thoroughly
seasoned they were dressed out to the exact size of four centi-
meters square, and were sawed as near as possible to the length

= bV
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of 11 decimeters, ‘They were then tested on the Watertown
machine. In testiug, the stick was placed in a perpendicular
osition resting on suprorts that wero exactly one meter apart,
he force was then applied at the centre of thelength by means
of an iron bearing, which bad a longth a little greater than the
width of the stick and a redws of 12,5 millimeters. The

weights were slowly applied, 50 kilograms at a time, after each
After 200 kilo- :

weight was added, the doflection was noted.
grams had been added, the weights were removed and the set
read ; the weights were again applied, the reading again taken
at 200 kilograms, and thenat every 50 kilograms until the stick
was broken, the breaking weight being noted. 1n making the
report, the coeflicicnts of clasticity for the weights, 50 and 100,
have been caleulated ; also the modulus of rupture,

So far I can only give the most general results in regard to )

these tests, In the first place we have not teen able to estab.
lish any general law in regard to thodirection m which a stick
is the strongest, that is, parallel or perpendicular to the annual
rings.

The results have shown, however, that it is by no means
necessary to break two sticks 1o show which is the strongest,
provided they ave of the same kind of wood. The weak stick
will show the largest deflections from the start. The strongest
atick found was a specimen of locust, hut following closely after
it were specimens of hickory and southern pine. Ash was
found to stand well up to a certain point, and then it gave
away suddenly and without warning, generally shattering
badly. The California red-wood was another that shattered
very much. White oak was found to be inferior in strength to
several other oaks, aud to Southern piue, the average breakuig
weight of 4u specimens being 386 kilograms, while the average
breaking weight of 8 spectmens of quercus prinoudes or the cow
oak of the South was 528 kilograms,

The average of 27 speciinens of punus australis was 490 kilo-
graws. The averago of 36 specimens of the Douglas fir from
the Pacific coast was 374 kilograms, and of six specimens of
the Western larch was 523 kilograms.

13 specimens of white pine (pinus strodus) gave 274 kilo-
grams.

11 specimens of beech gave an average of 454 kilograms.
16 specimens of carya sulcato averaged 464 kilograms,

20 specimens of curya albe averaged 512 kilograms.

24 specimens of white ash averaged 378 kilograms.

8 specimens of locust averaged 513 kilograms.

The next scries of tests which were made, consisted in taking
specimens of the same size, square as before, and 32 centimeter
long, and compressing them in the direction of their fibres.
Here again both locust and the Sonthern pine stood up well.

9 specimen of locust stood an average weight of 11,206 kilo-
grams.

5 specimens of the Western larch stood an average of 10,660
kilograms,

385 specimens of white oak stood an average of 3183 kilo.
grams.

24 specimens of pinus australis stood an average of 10,498
kilograms.

The third series of tests was to find the force necessary to
indent the wood at right angles to the grain. These tests are
not finished yet, and I have made no examination of the results.

They are made on blocks 4 centimeters square and 16 centi-
meters long, the beanng of such a size that it makes an im-

ression on the block which extends from side to side of the
glock and is the same length ; or, 1 other words, 15 4 centi-
meters square.

In closing this ;]»aper I wish to ex(})ress my thanks to Col.
Laidley for valuable suggestions made during the progress of
the work, and to Mr. Howard for the able manner in which he
has executed the tests. These tests have been made at the
joint expense of the War Department and the Census Bureau,
the machine having been put at our service by order of the
Secretary of War.

The tests will all probahly be published in the annual report
of the testing machine, calculated in feet and pounds.

—— P

DiscovERY oF A PLANET.—Another small plznet (No. 233)
was discovered by M. Borrelly at Maiseilles on May the 11th,
and observed by M. Bigourdan at the Paris Observatory on the
following night. It was of the eleventh magnitude.
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~ wark of the body is perpetually associated with waste.

" merely one indication of the extent to which that ener%’y has

OUR BODIES.
By Dr. Avpriw Winsoy, F.R.S.E, &,
1IHE BUDY s INCOME AXD EXPENDITURE.

Tn the course of our previous studies we have scen that the
Work
aud waste bear, in fact, a very well defined relation to each

" ather and of necessity, the function of nourishment, whereby
* gepuir of this waste is cﬂ’ectgd. must in turn relate itself to both
! procasses,  Work is impossible without the energy (or power

of perfarming it) ; we derive from our food, and the bodily waste

been applied in carrving out the acts of hfe. A human
as the result of its work, then, is perpetually breaking down,
in a chemical sense, into various waste products. Of these
products so much keat may be regarded as waste matter, sceing
that it is given off from the body, and is thus lost toit, Water
forms a sccond product of extreme importance, as also does,
thirdly, the gas named carbonic acid. A fourth kind of waste
1s represented by the substance known as urea: and, fifthly,
we can detect ammonia amongst the waste materials of our
frames.  To these we may add organic mallers of various kinds,

ody,

' ronsisting of the actual worn.out cells and particles of the
. body ; aud minerals, whereof n considerablo quantity is exe-
" creted or given off by the skin and kidneye especially.

The work of excreting or removing these waste matters from
the blood, iuto which they have been poured as the result of
the tissue-waste, falls chiefly uron the lungs, skin and kidneys.
These organs form, in fact, a kind of physiological trio, eugaged
wi the same kind of wark, and capable of mutually aiding each
other in its performance. The same products are excreted by
all three orgrans, but in different proportions. The practical
henefit of this knowledge is scen in the trestment of many
diseases. For when the lungs are disordered in any way, the
phivsician can compel the skin and kidneys to take up so much
of the lungs’® work, by giving medicines which stimulate the
skin and kidneys respectively. When the kidueys similarly
sutfer disorder, skin and lungs come to their assistance. The
mere fact that skin and lungs co-operate perfectly and in-
variably during excrcise is suflicient to impress upon us the
close interdependence which exists between the organs.

When we endeavour to sum up the income and expenditure
of the body in a kind of physiological balance-sheet, we are
met by the consideration that whilst the work of repair, or the
facts of badily income, are plainly enough to be discerned, the
sources of logs or expenditure are not so readily noted. We
huows that fued —solid and Jiquid —is coaverted into our own

. substauce, aud that the oxygen of the air also forms part of our

dirtary, since it is necessarv for the maintenance of heat, and
far other vital purposes. But the sources of loss are not so
apparent as the means and ways of gain ; hence we must fivstly

" se0 where and how the bodily income is spent. A little con-
. wderation will show us that there must be a considerable

amount of loss incurred through the action of what may be
called the ordinary ““wear and tear™ of life. All the organs
and tissues must wear aud lose their substance in the discharge
»f their duties. In such an organ as the stomach, daily en-
gaged in the important work of digestion, or the liver, which

- is perpetnally engaged in its labour of manufacturing bile,

there must be constant loss of substance. Again, there is actual
warfe of muscular substance in every movement of life, from
the winking of an eyelid, or the stroke of the heart, to the
Maksmith's energotic lahours, hamimer on anvil, Much of
the hodily waste (water, heat. carbonic acid, etc.) must there.
fare arise from this source. A second source of waste is that
sneurred in the production f heat and of movement in our
hodies  We are perpetuallv locing and giving off heat, yet the
normal temperature of onr bodies (about 100° Fahr.) requires
tn be maintained.  Such an amount of heat cannot be generat-
e} without exnenditure of force, or without the presence of ask,
ot speak, which ash makes its appearance in the form of
cettan of the waste products already mentioned. As regards
badily motion, we have already noted the immense expenditure
which muscular action entails upon us.

Oither and more subtle forms of waste make demands upon
our stores of energy, and necessitate bodily wear and tearas an

. *quivalent. The thoughts that originate in the brain, the ex-

rrewsion of nerve-force to which they give rise, its conveyance

¢
i ¥ the nerves, are, each and all, so many sources of waste and

hodily expenditure. Even growtk itsell, the digestion of food,
the |Topulsion of blood through the bodv, and all other pro-
cesses of nourishment, necessitate an outlay of the store of

b e
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strength we possess. [t is thus perfactly true, in ono sense
that life is a process in which we burn the candlo at hoth ends.
The very acts whereby we build up our frames anew and nourish
our hodies, whilst repairing these frames, at the same time
draw from them the strength and energy we owe to previous
acte of nourishmont. . _
Summing up the sources of ficome of our bodies, we may dis-
cover, firstly, that in solid food, water, and oxggen we may be
said to place our physiological trust. An adult consumes ovory
day about 8,000 graius of solids, about 35,000 grains weight of
water, and about 13,000 grains weight of oxygen. Nearly
84 1b, of matter, caleulating roughly, represent the daily in-
come, Daily expenditure practically shows a simlar amount,
for supposing growth has ceased, then jncome and loss will, in
health, be as nearly as may bo adjusted ; and 1f our means of
research were more delicate, they would probably be found, in
health, exactly to correspond. From the lungs we give off,
per day, carbonic acid gas, water, and organic matters equal
{0 20,000 grains, The skin gets rid, in the same time, of

Smarly 12,000 grains weight of water, mincrals, gases, ete. The

kidnoys excrete ahout 24,000 grains of waste (water, urea,
minerals, etc.), and from the intestine the digestive waste given
off may be estimated at about 2,800 grains weight., It follows
that with about 8% lbs. of material income, and the same
amount of material expenditure, a man will deal with about
3,000 Ibs. weight of matter per aunum ; and we cannot regard
the amount as excessive, if we consider, even for a moment,
the immense amount of work which his body performs upon
that material, and the results of its conversion into bodily
power. It has been caleulated, indeed, that the daily force
expended by an adult in maintaining his temperature, or heat,
in the work of heart, lungs, &c., and in his wnuscular acts, may
be set down at 3,400 foot-tons. In other words, the daily lifo
of man, summed up in one huge lift, would be capable of
raising 3,400 tons one foot high.  Knawledge.
————— = =&
Mars and rugs for halls are polar white bear, leopard, and
rliger skins mounted in black furs, the edging being extremely
ecp.
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A PREHISTORIC CEMETERY.
By Josers F. Jases,

CUSTODIAN CINCINNATI SOCIETY OF NATURAL RISTORY.
(See page 21.2.)

About ten miles from Cincinnati, along the Lattle Miami
River, is a locality which has long been known to the conntry
eople as the ** Pottery-Field.” The ground was strewed with
tragments of pottery, bones, arrow-points, and other remwains
of like character, and the place was generally considered to be
the site of an ancient work-shop. The primitive forest still
occu{)ies the locality, and is made up of oak, becch, elm,
maple, walnut, etc. All around are found numerous mounds
or tumuli, most of them small. A few of these were opencd
by Mr. Florian Gianque, in 1876, and some iutercsting things
found. But, in 1878, Dr. Charles Mctz and other gentlemen
interested in archaology commeunced a systematic exploration
of the country thereabout, and so much has been found that
we are onabled to form some idea of the babits, and get a
glimpse into the life, of the people who once lived in the im-
mediate vicinity of the city of Cincinnati.

During the four years that the excavations have been carried
on, between six hundred and fifty and seven hundred skeletons
have been brought to light. Many of them are in an advanced
stato of decay, and ccumble to piece on the slightest touch,
while others, again, are in a very good state of preservation.
It can, thercfore, hardly be iuferre(% that, because some of the
skeletons are much decayed, they are necessarily very old;
for, though wo have well-preserved remains of bones from Ba-
bylon, Nineveh, and Egypt, which are certainly twenty-five
hundred or three thousam{, years old, still the cases are excep-
tional in which they are found in good condition after the lapse
of many years. Different kinds of soil snd differences in

climate have much to do with the matter: for, in a dry and
eql;:able climate, bones may resist fora iong time theinfluences
which would cause their decay, while, in a moist vlimate, and
with sudden and extreme changes of temperature, such as we
have here, any bone, unless buried in peat, or subject cons.
tantlg to heavy pressure, so asto become partially fossilized,
is liable to soon decay:.

An examination of the skulls found in the cemetery, asit is
called, as well as the other parts of the skeleton shows some
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mteresting facts In a paper by Dr. F. W, Langdon * is given
a table of measurements of the erania which shows that the
brachycephalous skulls (those with an index of breadth of -800
and over) + are largely 1n the majonty, there being fifty-two
out of seventy-two of thus character. None of them, however,
exhibit any signs of the flattentng of the frontul bone, which
18 such a charactenstic feature of the Natchez and other South-
ern races of {ndians,  The Caribs of the West Indies and the
Chinooks of Uregon both flattened the heads of thew children
w infaney ; and the skulls of the ancient Peruvians and the
figures on the monuments at Palenque show a remarkable
flattening of the frontal. Tlis 1s generally considered to have
been the natural form of the skull, to have been tho type of
beauty cultivated by the Peruvians, Central Americans, Tol-
tecs, etc,, and not to have been produced altogether by com.
pression.  The peculiar formn of the skull became hereditary,
and children were born with this (to us) deformity.

Varions forms of diseased bones are found among the human
remains,  One of these is a peculiar anchylosis of the spinous
and articular processes of some of the vertebre, the bodies
remaining free. § It 13 supposed to have been the vertebral
column of a fetnule dwarf, the skeleton of which presented
several other points of interest. Among the crauiz are several
which have been fractured by some blunt implement, and the
fracture has been partially or complotely healed. Two other
very interesting specimens are among the human bones. One
1s the cleventh dorsal vertebra, in which is imbedded fora
quarter of an inch one of the small flint-points called war
arrows. The other specimen is a sacrum in which there is
unbedded a similar point.  This last was found in a pit with
twenty-two skeletons, © and doubtless belonged to an indivi-
dual killed with tho othors in a battle, all of the killed having
Leen buried together.  These specimens show with what force
the people could send their arrows. Both had entered from
the front of the body, passed through it, and were only stopped
by the vertebral column. Some of the loug bones exhibit
various excrescences which have bern referred to syphilitic
discases, and which show that the prople here buried were
afllicted with that fearful scourge which, as some one has ex-
pressed it, ** turned Europe into a charnel-house.”’

But the bones of an extinet race of men, interesting though
they may be, can tell us but little of their domestic habits,
aud itis to the im{v]emcnts found here that we turn with
greatest interest.  These are so abundant, and often of such a
pecuhar character, that we have mnuch to speculate upon.
First of all 15 the remarkable circumstance of finding so many
implanents of bone, the abundauce of which has generally
been thought to be a proof of a low grade of civilization. But
probably their sbunduuce or their rarity has been regulated
also by the age of the deposit, for, the older the deposit, the
less likely 1t 1s that the bone relics have resisted the action of
time.

Jiany of the remams ave of a pecnliar character, unlike any-
thing found clsewhere, and speculations in regard to their
ongiu and use are rife,  Still other relics are strikingly like
some found clsewhere, not particularly in this country, but in
Eurape, as will be shown further on.

Among the most curious and anotnalous of all are certain
pecnhiarly grooved bones, as represented in Fig. 1 *  They are
usually made of thie leg-bones of the deer or elk. But few of
the speamens are peifect, the majority having been broken by
use and weanng away of the bone. The groove is often highly

lished, though scraiches running the long way are visible.

hese scratches were made in the manufacture or use of the
instrument or tool, but schat its use was no one has been able
satisfactonly to determune. Archxologists are puzzled, and
pronounce them to be anique. It has been supposed by nearly
every one that they were used in dressing skius, but no such
scratches as are obserred conld be made in that operation.
Some have suggested that perhaps they were made to serve
some purposc of ornamentation, but neither is this explanation

* “Jourr:al of the Cingannats Society of Natural istory,™ vel, iv,
Pyt 237, L aeg.

t Tho long diameter being taken in Jon,

§ For a firure of thiz and various uther discased bones; see anticlo
of **Journal of the Cincinnati Societv of Natural IHistory,” vol. iv,
P 241.237.

¢ Ibid.. vol. iv. e 232

* Capiedd {rom * Jonrnal of the Cincinnati Socicty of Natural His-
tory,” vol, iii., plate 1. Mnst of the figures herein given are made
{ﬁm‘awpccumcus 1n the collection of the Cincinnati Socicty of Natural

* exactly similar make and of exactly the same sort of material

probable, 1t seems to me that the groove has been tho result
of rubbing, for the purpose of polishang certain other relics
found here. ‘I'here have beeu found numbers of peculiar eylin.
drical pioces of bone and horn, like Fig. 2, as unlike anything
found elsewhere as the grooved bones; aud it secws probable
that these cylinders of bono have been rubbed aud polished in
the grooved bones. We find that the different sized cylinders
fit well into the different.sized grooves, and certuinly coustant
rubbing would both vound off and polish the cylinders, and
leave scratches in tho groove, 1t has Leen a matter of specula.
tion, also, to determine the use of these cylinders. Some have
said that they were used in playing a game ; but it is more
likely that they were tmade atito a belt for the waist, or a nock-
lace, thongs being woven between thew, first round one, then
the next, aud so on. None of them show any signs orattenpts
at boring from end to end.*

Deerand elk horns enter Jargely into the wanufacture of
many of the relics. Amonyg othersare what are xnown as bone
arrow or spear points,shown w Fig. 3aud 4. They are in.
variably made from the sharp points of horn, the piece
being ﬁyrst cut off, and then a hole driven into the blunt end
witha tlint. Marks made by the drill aro still distinctly seeu
in tho holes. "The points were fastened to wooden shafts iuserted
in tho holes. Now, strange though it may seem, relics of az

are found thousands of miles away. Dr. F. Keller, in his
elaborate book on the * Lake-Dwellers of Europe,” gives
figurcs + of these nnplements found 1n the Swiss lake-dwellings,
and Fig. 5is taken from lus book. It 1s immediately seen
that the relics from the two localitics are identical, with the
exception of the small hole drilled into the side. In Fig. 5
one of the arrow-points hias a portion of the shait still fastened
in the hole.

Large pieces of deer and elk-horr, with the prongs polished
by constant use, have probably been employed as digging im.
plements. Staaller peces of the flat part of the horn, with two
or three prongs, like Fig. 6, have circular holes drilled into
them, and were probably used for loosening the ground in
agricultural labors. Here also we have similar pieces found in
Switzerland, and Fig. 7 iscopied from Dr. Keller’s book, before
mentioned.” The same idea has evidently actuated the makers
of both these articles. Still other implements of hora are
known us skin-dressers. Thess are made of the broad bases of
deer-horn, sometimes six or eaght inches long aud four inches
wide. They are polished at the broad end by coastant use, so
that they look likeivory. Uccasionally ono is found with a hole
bored in it, but such are exceptional, and were perhaps used
for znother purpose. Here, again we find relics of u simiiar
character in Switzerland, as figured by D. Keller.t

Bone beads are also found with the other relics. These vary
in length from one to three inches, and are often very highly
polished. Fig.Sisa largo one, and has some peculiar zigzag
markings on it, the signilicance of which is not known. Bone
fish-hooks, as represented in Fig. 9, show the race to have
lived by the proziuct of the Little Miami River as well as by
the chase. Boune harpoons, similar in make to those still in
use by the Esquimsux,* show further that they derived susten-
ance {rom the river, while Fig. 10 shows a needle made of 2
fish-spine (¢} with a large hole in one end, a deer-bone (5), used
perhaps as an awl, anda turkey-bone (a), also used asan awl,

Besides the useful articles of bone that have been mentioned
there ave others uged more for ornamnent. The beads have zl-
teady been referred to. A pecuhiarly-shaped piece of elk-horn,
with five teeth and a perforated handle, has been foand and
hias been called a comb.  Fig. 11t represents it, and a strikieg
resemblance between it and ono from the Swiss lake-dwellings
(Fig. 1231 may be noticed.  Another pece, the use of which1s
not known, but which 1s supposed to have been perhaps some
sort of flute or whistle, 13 shown in Fig. 13. It is & hollow
picce of bone, with six holes of different sizes made in enc side,

* Since this was written, Dr. Phené, of England, suggeets that they
were used as currency, and it is very possiblo that this was the case,

 Sce plates 45, 62, 89, and 91 for these figurcs, _The ones hiere given
arc copicd from Figs. S5and 25 on plate 62, and Fig. 6 on plate 91,

* Sceplate 13, Fig. 2
1 Sco plate 13, Fig. M.
* Lubbock, ** Prehistoric Times,” p. 504, Yig, 219,

§ Copicd from the > Journal of the Cinecinnati Socicty of Natura)
listory,” vol. i, p.

$ Reller, ** Lake-Dwellings,” plate 28, Fig. &
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, and marks of another where the relic has been broken. How
much Jonger it was we can not tell. In Fig, 14 we have still
another tube, with only three holes, placed farther apart than
* 1n the preceding, and oblong instead of round ; and in Keller*
- there is figured almost an exact counterpart, except that the
. centre hole is placed a little below the level of the other two.
Tius last is called a weaver’s shuttle, and, if our relic may be
sularly named, we have evidence that weaving was another
occupation o his people. And other facts are at hand to show
that they d1d weave.,  Amcug the stoue relics is one of those
. peculiar of Yong preces of polished plate which have sometimes
- gone by the name of ‘‘gorgets.”” These pieces have one to
three holes dnlled thirough them, supposed to lhave Leen made
. to carry the ohject by. Still another and more probable pur-
jose, however, is for weaving, the holes being use to regulate
the size of the thread. But all doubt vanishes when it is found
that some *‘ ash-pits,”” in which mo-t of the relics have been
found, contatn pieces of coarse matting. This has been carbon-
. 1zed, so that it can not now be ascertained of what material it
was made. Enough, however, remains to show that the fibers
. runmng one way ate secured by twisted cords running across,
and woven in and out between and around them.
As is very well known, the copper mines of Lake Superior
were extensively worked at an early day, aud articles made of
* the copper are found all through the valleys of the Mississippi
and Ohio Rivers. The present cemetery is no exception, for
fragments of copper are quite commmon. The pieces are mostly
small, however, and do not seem to have been in very general
« use. In all probabulity the metal was highly prized, and used
simply for personal adornment. The most of the pieces are
sitply coiled or rolled, and Fig. 15 represents common shapes.
These two °.ces still have the remains of a leather thong in
them, showy ; that they had been used like beads. Another
piece is a sort of copper bell, made of =« single piece of metal,
with a hole in the side, a handle, and a small piece of copper
wside, which rattles when the bell is shaken.” Still another
large mece is like a cross with two arms, the use or purpose of
1t being entirely unknown. Objects like it have occasionally
been found elsewhere, Squier and Davis* have figured 2
sumilar picce, but of silver, which they refer to the French
© Jesuits ; and Professor Putman figuves another,+ which differs
w having only one arm. He considers it an orpament, *made
1 1ts present form siimply because it is an easy design to exe-
cute, and one of natural conception.” We must beg leave to
- ditfer from him in this latter point, for, if the design is one of
. natural conception, why do we make a point when it is found 7
Why are the forms like it not more numerous, and why does
not the ornamental pottery have innumerable examples of it in
tho ernamentation ?

Beads made of pieces of fresh.-water aud marine shells are
found among the other remains. Sometimes pieces are cut
from the mussel-shell, rubbed round, and ther a hole bored.
sometimes specitnens of Melania or Paludina had holes bored
near the aperture, and were then used as beads. The beads
nade of marino shell show that some system of barter or com-
wmerce existed with the Atlantic Ocean or the Gulf. Quantities
of shells, of species of the genus Uaio, ¢ fresh-water oysters,”
are found.  They go to show that shell-fish formed an article
of diet of the race.  And not only did they eat the animal, but
they made good use of many of the shells. Many of them
have been ground off at tho edge, and were used as spoons’ or
ladles, while others have holes punchea in the valves, and were
: probably used for hoes in their agricoltural operations. An
exammation of many of these shells show no difference between
the many individuals of the same species now fonad in the
nver.  Stil), a change conld hardly be expected in the inhabi-
tants of any locality, without a change in thoe conditions of
Iife, and there is no evidence of a change in conditions since
the shells were taken from the river.

The fint pieces, of various shaves, are quite numerons, and
many ol them beautifolly worked. In Fig. 16 are shown some
of the war arrow-points, and they are so abundant that one is
almost inclined to belicve the people who made them were uot
so praceable as has been supposed. I Fig. 17 is shown one
+ of the ““leal-shaped ™ flints, some of which ars beantifully
. Watked ; while, in Fig. 15 are some of the drills usc in borin

koles in bones or shells. There isonc thing to be noticeﬁ

* Lic. eit., Plate {1, Fig. 9.
* ** Ancient Monuments of the Mississippi Valley,” p. 208,
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among the flint picces. Itis said that, in war, arrows like
those in Fig. 16 were exclusively used, while, in hunting,
points which were notched at tho broad or lower end were
used. Now, the peculiarity noticed is the scarcity of points
of the latter character. For, out of 316 worked flints, selected
from some thousands, thers ave but four which are noteched at
the lower ends. One of two thingsis to be inforred. Either
that the race was more warlike than agricultura), and used
horn arrows in hunting instead of the notched ones; or else
they were masufacturers of war.points for other tribes, and
lived peaceably by hunting, fishing, and agricultural labors,
All that we know could be interpreted more in favor of the
first view than of the second, for, while we are suro they were
agricujtural to a certain extent, this fact would not be opposed
to an argument for their warlike character. The Southera
Indians, within the historic period, were at war all the time,
and still raised quantities of maize, *

The fact of the race of people here buricd raising maize is
established by finding, in some pits, quantities of it complet-
ely carbonized. Corn seems to hiave often been placed in pots
and buried with the budies, to serve, perhaps, as food for the
Journey to the spirit-land. Another of their agricultural labors
was that of raising tobacco; for, in common with nearly all
the other North American races, they were smokers. Numbers
of pipes, of various styles and materials, are found here. Some
of them are of the red clay known as Catlinite, others of or-
dinary limestoze. In Fig. 19 is shown a pipe carved out of
niard limestone. Jtis very highly polished, and considerable
skill is exhibited in the carving of the head. It is evidently
meant for a wolf, and the teeth, though interlocking in o pe-
culiar way, are still tolerably true to natare in having the long
canines, +

The stone implements are much the same as those found in
various parts of the country. There seems, however, to be a
remarkable paucity of grooved axes, there having been but
two found so far. There are numbers of the ungrooved *celts,”
as well as of sling-stones, blunt at each end, but with a groove
in the middle by which to fasten the handle. Some of theso
stones were also probably used as sinkers for nets in fishing,
and are very similar to those found in Swiss lakes, as noticed
by Dr. Keller. Rubbing.stones for polishing celts, bammers,
anvils, pestles, and corn-pounders, ate also abundant. Some

ieces of a coarse, gritty sandstone have shallow grooves worn
mto them, which are supposed to have been used in rabbing
down some of the bone or flint implements. Other pieces,
with similar grooves, but made of close-grained sandstone,
were probably used {o straighten the shafts of the arrows. The
shaft, at first wet and green, was rubbed up and down in the
groove, and all the bends or twists thus taken out. Stopes
like these have been used by the Indians of the historic period.

Reference was made in the early part of this article to the
name of the ¢ Pottery-Field,” given to the burying-ground.
It may be inferred from the name that pieces of pottery were
abundant, and the number of vessels taken oat fully confirms
the appropriateness of the name. These are all of one general
shape and character. The material is a clay mixed with finely-
powdered sheels, and was baked in the sun. Nearly all the
vessels are furnished with four handles, and are ‘geverally
devoid of auy ornamentation. Some have salamander-shaped
handles, and the few that are ornamental have simply cross-
lines and stripes with lines running round the vessel ncar the
top, and pechaps a few dots. Though some of them are very
well formed, they do not show any great advanco in art.

Among the most interesting remains of any race of people,
ave the rude beginnings of art they have left behind them;
and, though the peoplo under consideration did not have, as
fatr as we know, any written language, they have left a few
memorials of their artistic feclings in the shape of somo carv.
ings on bone, and a few inscribed stones. The most interest-
ing of these are here figured.  Fig. 20 represents, on a pioce of
limestone, the head and forelegs of some curious animal.
What is meant is hard to imagiue. The teeth are marvellous,

* Jones. * Antiquity of the Southern_Indians,” p. 7. * When, in
1730, the whites intcr&\acd their good offices to bring about s pu:'iﬁ-
cation betweon the Tuscaroras and the Cherokees, tho Iatter res-
ponded: *We cannot live without war; should we make peaco with
the Tuscaroras, with whom we are at war, wo must immediately look
out for some others withiwhom,we can engrged in our beloved
;)ccagiwon. For notice of agricultural labors, sce Jones, pp. 296

[

1 Many other forms of pipes from this locality are given in the
;%zu]m?l 05 g)o Cincinnn%ociety of Nuungllistory." vol. iii,
¢ = AN
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but still, in their arrangement, are like the tooth of the wolf-
pipe in Fig. 19. Fig. 21 is a portion of 2 bone having peculiar
marks cut on it. The marks are the ssme on both sides, but
the meaning intended to be conveyed is beyond the interpret-
ing powers of the writer, nor does he kuow of any explanation
having been attempted.

From the remaius here described, and from others found in
the cemetery, for such the locality undoubtedly was, we can
form some idea of the Labits of the people. They were warlike

et agricultural, hunters as well a5 fisbermen. They killed the
, deer, olk, beaver, ractoon, and other animals of the
forest, for the remains of all are quite abundant, They ate
the shell.fish of the Little Miami River, and caught fish with
hqoks and nets. They raised corn, as well as tobacco, in
uantities. They wove matting, mede fish-nets, and perbaps
blankets., They ornamehted themselves with necklaces of
bone and shell bear and beaver teeth, They dressed in
skins, prepared with horn and stone implements. They paint-
ed their bodies, as cakes of paint testify. They had commer-
cisl intercourse, or some system of barter, with Lake Snperior
and the Gulf, or the Atlantic. They were frequently embroil.

Fro a1,

ed in wars with neighboring tribes. They conld hardly have
been far advanced in civilization, if bone implements instead
of stone is any indication. They had not written lan

but yet left some record of their exiatence in the shape of carv-
od bopes and inscribed stones. Finally, if the burial of vessels
containing food for the dead be any indication, they had some
idea of a future life. Much farther than thisin their history
we can not go.

. The attention of the reader has been repeatedly called to the
similarity between the implements found in this “*Cincinnati”
cemetery and those found in the Swiss lakes.” No one counld
claim that, becanse of this similarity and almost identity of
forms, the two races of people ever had intercourse with each
other, But the fact is interesting as showing how, in two
‘cotintries, thousands of miles a and separated by s period
of hundreds uf Hears in time, there were made, with the ssme
materials, the same forms of weapons and implements. The
resemblance is no argument for & common crigin, but simply
shows that nearly the same grade of civilization may be deve-
]oged spontanecmsly in two widely separated countries.

t now bocames an interesting .matter of speculation to dis-

Fre. 0.

cover the age of the cemetery. It has been reforred to the age
of the mound-builders, but, if 8o, it is & most remarkable fact, §
unless we cousider the modern Indians as the lineal descen- |
dants of the monnd-builders, which is quite probabls. Here- i
tofore but three or four authentic skulls of the mound-builders
have been found in aay sort of Slruerntion, while here we have
a great many taken from a small ares. Further, if we are to
refer the cemetery to the mound-builders race, wo must admit
that the race disa within & very recent period. On a
level bank near the Little Miami Riveris & ci exoavation
about forty feet in diameter and seven feet deep. ‘‘An old
settlar relates that fifty years ago remains of stakes or

conld be seen surrounding the excavation.” ® Thage have since
disap! but their being there shows within how recent a
period the ground was abandoned. Then the age of the forest
trees growing on the ground argues against any very great sn-
tiquity. The largest rees measured are s walnut fifteen and a
half feet in circumference, an oak twelve feet, an oak and a
wmaple esch nine and a half feet in circumference, + squal to
about five, four, and three feet in dismeter reapectively. Now,

the aversge growth of fourteen different species of trees is
about .12 of an inch a year, or one foot radins (two feet dia-
meter) in ninety-eight years.t Taking this a a tree five
feet in diameter would be two handred and forty-five years |
old; one four feet in diameter, one hundred and nicaty-six |
years old ; and onc thres feet in diameter, ons hundred and
forty-seven years old ; or, in round numbers, two hundred and |
fifty, two hundred, and one hundred and fifty years respect-

1vely. i
Tiere is no evidence to show that there was any growth of
forest on this ground, after'its abandonment by the former re-
sidents, previous to the one now covering it. The roots of
liviog trees having trunks two and three feet in diameter have ||
been found penetrating the crania of akeletons found here,s

+ * Prehistoric Monuments of the Little Mismi Valley® by Dr. |
CbL uh{eu. "goumu of zhcﬁminuﬁntgooimof Nﬂxmmb’ Ol
vol. 1, B .

t Tbid., vol. iif, p. 44, |
1 Seetable by Dr. A. ham, of trees in Wisoonsin, given
IRy oy R B A U e i
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tolcrably sure indication of a first growth. Notwithstanding
the assertions of many people to the contrary, the proocess of
covering land with dense forest is by no means a slow ono. A
field allowed to go without being cultivated becomes in a fow
ears covered with a mew growth of saplings. Mr. Robert
Ridgway, in a late paper, after referring to the cutting off of
timber, and also to its encroachment on prairie land in Illi-
nois, says:  ‘ The growth of this'new foreat is so rapid that
extensive woods near Mount Carmel (Illinois), consisting
chiefly of oaks and hickories (averaging wnore than eighty feet
high, one to nearly two feet in dismetsr), were open prairio
within the memory of some of the present owners of the land.” *
Taking this fact into consideration, and remembering that the
largest tree found on ths ground was not over two hundred
and fifty years old, the time of the abandonment of the cema-
tery can not be more than tlree hundred years ago. This
would take it back to leas than one hundred years after the
discovery of America by Columbus, The present State of Ohio
was then probably oceupied by 4 tribe of Indians known asthe
i Eries, who were tbtally exterminated in 1656, and it is possible
we have in this cemetery one of the burial places of this tribe
of Indians.

Catlinite ¥: were unknown to the mound-builders, yet
some made of this material are found in this cemetery. Hoge
rooting in the ground find sufficient nutriment in the bones to
eat them ily, and probably there would be fewer bone
implements found if they had not been buried in ash.pits.
. Everything, therefore, tends to show the comparatively recent

date of this cemotery, and I would state, as a reasonable con-
clusion, that the remains are those of a tribe of Indians, per-
haps the Eries, and were deposited not more than three hun-
I dred and wha; only two hundred and fifty years ago. —
Popular Scrence Monthiy. .

THE THOMPSON IMPROVED INDICATOR.

The Richards Indicator, for many years an im.
portant adjunct of the steam engine, has been found to
require several important changes in order to adapt it

l to the high-speed engines which have come into general
| uso during the past few years. The changes consisted
i for the moat part in the reduction of the number and
woight of the moving parts, thereby reducing to a
minimum the vibration which is necessarily introduced
by the rapid movements of the modern engize making
from one to thres hundred revolutions per minute;
snd were worked out, & few years ago, by Mr. J, W,
Thompeon, who, at the same time, made provision for
working the instrament with pressures as grest as ive
hundred pounds to the inch. It shounld be added that
the Thompson Indicator will work equally well when
attached to low-speed engines, and is therefore gradu-
|ally superseding the older forms of indicators which
give very uncertaim results for engines making mors
: than about eighty revolutions per minute.

The American Steam Gauge Co., of Boston., the
; manufacturers of the Thompson Indicator, have recent-
'ly presented one of thess instrumenis with several
, accessories (including an Amstor Planimeter for mea-
' suring the diagran:e,) to McGill College. The colles-
| tion forms a most importsnt addition to the Museum
j of tho Faculty of Applied Scienoce,

. SCLPHOUR IN PARis.—M, Daubrée has drawn attontion to the
' occarrence of sulphur in the recent excavations in Paris for
| petlic works, e crystallization of the sulpburis evident to
| thi cye, and under the microscope the crystals are seou to be
. ocalicdral.  In some places the snlg’hnr isin sufficient quan-
Lty to pay for extracting. 3L Daubrée supposes it to be for-

Ticd by orgenic matters, such as manure, leather, bones, and
[ v, tables, acting on the sulphate ¢f lime.

; * “Noteson the Native Trees of the Lower, Wabash and White
River Valleys in Illinois and Indisus,’’ printed in ** Prooeedings of
the Laited States Musenm,” 1882, p.

INSIDE VIEW.
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Inwentions,

A New Rerisine Pructss.—At & recent meeting of the
Sociéte de industnie winerale, M. Thiollier communicated the
details of a method of refining pig, and finishing irou and steel,
by the action of damp hydrogen.  To assure himsel{ that the
well-known laboratory exgeriment may be carried out on a large
scale, he has erected experimental works near Paris, having
four fuinaces with cast-iron retorts capable of treating about
one tonat a time  The retorts are coated inside and out with
a vitrifiable substance to prevent oxidation, and loss of gas
through the pores of the metal. Hydrogen is introduced
through small metal tubes , and, in order to prevent all danger
of explosion, the air in the retort is displaced by carbonic acid
gas before the hydrogen is allowed to enter  After beiug an-
nealed for o few hours in an atmesphere of hydrogen at adark-
red to cherry-red Leat, malleablo cast iron acquires all the pro-
perties of steel.  Coarse steels may be changed into fine tool
stecl. On wrought iron the action is slower. The cost is
estimated at two fraucs per 100 kilos of poor-quality iron.

Arririctat Fuen.—The process of Mr. E. F. Loiseau for
making artiticial fuel from cual-dust isin successful operation
m Philadelpiua, where from 80 to 300 tons, according to size
of the lumps, are made daily.

. The process of manufacture seay be briefly outlined as fol.
ows I—

The coal-dust is fed into hoppers, together with about eight
per cent. of bituminous slack, frome which it passes through a
sertes of four -ylindrical revolving drums, in whieh it is thor-
oughly drivd.  From these it is carried to a receptacle situated
near the press. The dust, still at a temperature of about
140° K., is then thrown into the muxing apparatus, in which
it is thoroughly sturred by revolving shafts with blades, while
the proper quantity of pitch and coal-tar is added from a reser-
vuir in which it is mnaintaived at 3 temperature of 150° by
steam heat. The pitch is mixed with a certain quantity of
coal-tar to give it the proper toughaess. When thoroughly
mixed with the melted pitch, the mass is plastic, and can
readily be moulded into any desired shape. It is then carried
to the press, where it is delivered between rolls having moulds
upon their surfaces, from which the egg-shaped Jnmps are dis-
charged. When discharged from the press, the lumps are
quite hot, and have to be cooled by jets of water.

As thus prepared, the fuel is compact and very hard. For-
merly clay was used as a cementing material, but now no
incombustible or ash-producing material is required. ‘I'he fuel
is 53id to bo ¢ven superior to the natural coal ; and this oYinion
is borne out by ananalysis which gave the following results : —

Chestnut anthracite.  Joiseau fuel.

Cathon . . . . . 7340 $2.0]
Hydrogen . . . . . 255
Moistures. . . . . 0.44 241
Ash o, oo o Lo L 17.95 1047
Nitrogen aud oxygen by difference 512 255
Theartical calonific poswer, British

thermalumts . . 1233050 13,833.00
Equivalent to the evaporatior, from
and at 222, of lbs. water . 3176 1bs. 14,33 1bs.

THe Exuavst StEaM INskcton.—Mr L, J. Groves read a
vraper before the Institution of engineers aund shipbuilders in
Scotland, March, 20, descriding the exhaust steam-injector.
It resembes the feed-water injector of Henri Giffard both in
principle and in its geueral construction. It forces the feed-
watet ito the boiler by the action of the exhaust-steam at
nearly atmospheric pressure, at the same time heating consid.
erably the water passing through the iustrument. It differs from
the usual forms of Giflard injector in having the * mixing® or
¢ combining” nozzle spht in such a wmauner that it lies open
when the apparatus is not working, but closes up to form the
standard form of nozzle when the instrument starts into opera.
tion. The steam-nozzle 1s much larger thaa that of thie commmon
instrument, and has a central spindle, of cone shape, to direct
and concentrate the jet.  The instrument starts automatically
when the engine starts. It draws cold water, and forces it
into a high.pressure boilerat atemperatureof 190 F, (68 ©C.)
On a Jecomotive it Lins forced feed-water into the boiler at a
temperature of 277 © F. (136 ° C.), against a steam pressure of
ten atmospheres.

{
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A New ProagcetiLE,~DMr. J. D, Cable of Pittsburg, Pa.,
has applied for letters patont for & shell which, as a destructive
weapon, is claimed to bo unequalled, It is a nitro.glvcerine
bomb, aud is described as follows: A heavy conical shell is
first cast, and so arranged that one end is much heavier than
the other. One end is closed with a tightly-fitting cap screwed
after charging. The nterior of the shell is divided into three
compartments, each separated by a heavy plate-glasscap. The
division furthest from the open end is filled with sulphuric
acid, the next with glycerine and the outer one with nitrie
acid, these three elements being the component parts of nitro-
glycerme. A small opemng through the center of the ca
fitting the open end of the projectile admits a steel rod, to eac
end of which is firmly attached a small circular piece of metal,
the inner end resting against the first glass cap. The outer
cap is then screwed on and the projectile is ready for service.
According to the prinaiple of gravitation the heavy end nata.
rully strikes the ground first, the steel rod is driven through
the plate.glass partitions, the chemicds arg mingled and &
nitro-glycerino discharge take place The iunventor claims
that if such a projectile should strike a vessel it would have &
disastrous effect, and as & means of redneing intrenchments it
would be serviceable beyond measure.

Tie Powkn of A Steamsuip.—The Oregon, of the Guion
line, is to be the wost powerful and the fastest of the trans.
atlantic passenger-steamers. Her displacement is about 11,000
tons. lHer engines have three cylinders, and are of 13,000
horse-power. The boilers contains 74 furnaces, consume about
300 tons of coal per day, evaporate 2,700 tons of water, require
6,000 tons of air to support the combustion, or a volume of
nearly 175,000,000 cubic feot, and the power developed issuff.
clent to rawss about 20v,00u tons one foot high per misate,
The ship will make 20 nautical miles (knots) per hour, against
an estimated resistance of 94 tons, or twenty iimes the resis.
tance overcome by the most powerful locomotive. The Atlantic
will be crossed in s1x days in wand weather,

Z15¢ Coating Fuk Inon, —Attention hasbeen drawn to MAM.
Neugean and Delaite’s process of protecting iron againat rust.
A very fine powder of metallic zinc is mixed with oil and a
siccative, and applied to the iron by means of an ordinary
brush. In wauy cases one coat 1s suflicient ; two coats are at
any rate guaranteed to secure a yrotection against the corrosive
action of the atmosphere as well as of sea water. The zine
coating gives the iron a steel-grey appearance, and it does not
interfere with subsequent painting, MM. Neugean and Delaite
receaved a diploma at the Paris Electric Exhibition of 1881,
and now recommend their process for iron structures, bridges,
lamp-posts, &ec., and also for iron ships. If this process really
atfords the protection it claims, nothing need be said in vecom-
mendation of ir, since it can hardly be surpassed in simplicity
and cheapness, and is capable of application in cases wheres
ﬁalvanizmg, the Bower-Barll, and cimilar processes would

ardly be practicable. A good mixture, of which only the
necessary quantity ought to be prepared, consists of 8 parts by
weight of zine, 71 of oil, and 2 of a siccative.

Tur framework of a curious hall chair is composed entirely
of clk horns mounted in silver. The back and seat are of
cm_tl)osied leather, and the bordering is studded with brass
nails.

ZAucational,

ADMISSION TO STUDY FOR THE PROFESSIONS.

The following letter addressed by Dr. Heneker to
William White, Esq., as Batonnier of the Quebec Bar,
in regard to the preliminary examinations for admission
to the study of the professions, having been laid before
the Protestant Committee of the Council of Public In.
struction, it was unanimously resolved :—

*“ That the letter rcad by Dr. Heacker be adopted by this

Committee as expressing its views, aud be printed in the Re.
cord, and for general circulation.”
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| (Copy.) SnERBROOKE, 20th June, 1883.

William White, Esq., Sherbrooke.

| Mr DeAr Sir,—J am not about to address you offi-
i erally for I am not authorized to do so, yet I know you
| are o much interested in the question of education in
i this Province that, I cannot but feel (occupying as you
| do the highly honourable and important position of
| Batonnier of the Quebec Bar,) that you ought to be
; made aware of the desires of the Protestant Cowmittea
i of the Council of Public Instruction in the matter of
| the examination of candidates for the admission to
i study the professions in this Province,

1 wish, at once, to state that the Protestant Com-
mittee do not, in any way desire to interfere with the
education of Roman Catholics. The two Committees
| of the Council of Public Instruction have the same
: pbject in view, but they work on diffsrent lines,
| " “I'ie Protestant educationat system may bs classified
mtv threv grades, viz, Common Schools, High Schools
and Universities. With the limited means at the dis-
i posal of the Committee they are endeavouring gradually
l to raise the tone of the High Schools. The Common
| Schools demand a greut deal of thoughtful care in their
; administration, but hitherto they have been almost
| exclusively under the control of the Superintendent of
i Public Instruction: and the Universities, although
i receiving grants of public money, lis beyond the in-
1 specting power of the Committee. Regular returns of

their work and numbers ave sent periodically to the
Government,and they are worthy of the great confidence
| reposed in them by the public. But the High Schools
i or Academics, as they are called in country parts, have
| been in & most unsatisfactory condition. The Com-
| mittee have laboured earnestly to raise their tone and
i to fit them for the woik which the country demands of
them. I do not wish to trouble you with an uccount
of their shortcomings and of the efforts of the Protes-
tant Committee to improve them. Suffice it to say
that the aim of the Committes is to make the Aca-
demies the means whereby young men may prepare
themselves for the study of the professions and for en-
tering the Universities by giving them the ground work
of a liberal education, such as may qualify them for
public life, no matter what a man’s special calling may
be. One of the most serious difficulties the Committee
has to encounter arises from the powers possessed by
tho several professional bodies to examine candidates
for the permission to enter on professional study. This
is a very different thing from the professional examina-
tion itself for admission to practice. With this latter
the Committee have ne wish to interfere ; it is entirely
outside of their province. But as to the admission to
study, they feel that the best preparation a young man
can have is a broad liberal education without ¢ oram,”
such as will draw out the faculties and cultivate
thought and observation. This style of training is
. equally anplicable and useful to the intending student
of Law, of Medicine, of Engineering and other pro-
fessions, including even Divinity.

Under the present system there is no uniformity of
plan or subject, no tramned body of Exawminers, and in
the uncertainty which prevails, students are led to
search previous sets of questions end to prepare them-
selves by a system of ¢ Cram.”

ut further there is a great practical difficalty in

the fact that no Academy teacher can give attention to
students preparing for differont professions, and at the
same time attend to ordinary school work. Under
such a demand any educational system will break
down, The plan of the Committee is to have an
Examining Board of trained teachers of experience,
who may bo appointed by the Government on the re-
commendation of the Cummittee with, if necessary,
the concurrence of the professional bodies. Some
such plan would meet the requirements of the case,
provided the subjects taught in the Academies and
High Schools formed the ground work of the exami-
nations, and it would be of course open at any time to
the professional bodies to recommend certain objects
of study. The co-operation of the professionsl bodies
would bo welcomed by the Committee and would
greatly strengthen their hands.

The adoption of some such system would give a
higher tone to education and secure a higher class of
teachers, and the evils of the “cram ” system would
be avoided, The Committee moreover insist very
strongly on the absolute necessity of recognizing the
University Degree as in itself a qualification for the
entrance on the study of a profession. The two Pro-
testant Universities, McGill and Bishop’s College, are
working to increase the quality of the degree. They
are united on the subjects for matriculation in Arts,
and although there are subsequent differences, so as to
satisfy different classes of minds, yet both are earmest
to require good work from their students. If the pro-
fessional bodies will not accept men who have devoted
three or four years ot their strength to the study of
Arts and Science, not in techpicalities but on broad
fundamental grounds, there wounld seem to bs very
little room for Universities at all in the Province of
Quebec,

Commending these few observations to your kind
notice and attention,

I am, my dear Sir, very truly yours,
R. W. HENEKER,

THE FLORA OF ANCIENT EGYPT. (Nature.)
By Dr. G. SCHWEINFURTH.

The discovery made by Emil Brugsch Bey on July 6, 1881,
of the vault of a king of the twenticth dynasty, is of the great-
est 1mportance to botany, in consequence of the large number
in species of plants contained in the offerings and funeral re-
pasts and in the wreaths which adorned the illustrions dead.
Among them are several which were not known to belong to
au ient Egypt. 1 have begun the stady of the remains of
these plants taken from the breasts of the most celebrated
kings of Egypt and of such inestimable value to science. De-
puted by Mr. Maspero to arrange these velics for the Egypto-
togical Museum of Boulak, I havo classificd them sccording to
the high personages for whom they were intended. On the
eight cardboards which I have the honour to send you in the
name of Mr. Muspero, you have a part of the funeral wreaths
belonging to Ramses 1I., Ameuhotep 1., and Aahmes I.

The wreaths of Ramses 11. were rencwed towards the cnd of
the twentieth dynasty (1100 or 1200 1.C.), or at the time of the
twonty-first dynasty (1000 B.c.). The king of that period,
acconfing to records inscribed on the coffins and translated by
Mr. Maspero, caused & new coffin to he made for the great
Ramges, the one in which he had first been pleced baving been
accidentally destroyed. In this new coffin were several yards
of wreaths, which Mr. Maspero handed to me. 1 have cxam-
ined them all and ascertained their composition,

The wreaths of Ramses Il. ure formed of the leaves of
Mimusop Schimperi, Hochst., cither folded or torn in

e ———————
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l two and stiiched together, and serving as clasps for the

Ist:,pals and- petals of Nymphea carulea, Savi, and,

lymphea Lotus, Heok., the whole strung on strips of the
leaves of the date palm. Besides the wreaths, there were
in the coffin at the side of the body, and fastened between
the bands cncirchng the mummy, whole flowers of
Nymphea cerulea on stalks cighteen or twenty inches
long. The water-lilies thus scattered scparately on the
mummy were all of the blue-flowered species. An exa-
mination of these entire flowers and the sepals and petals
in the wreaths, whether of the white or of the blue-
flowered species, leaves no doubt whatever respecting
their identity with the living plants so common in ditches
2t the present day, especially in Lower Egypt, where they
blossom from July to November.

The Nymphraa caeyulea, Savi, which figures on all the
ancient monuments of Egypt and among the offerings
painted on the walls of the temples is often recognisable
from the blue colour of its petals. In the tereple of
Ramses I1. at Abydos the colour is remarkably well pre-
served, and besides there is always a leaf associated with

each cluster of flowers, clearly demonstrating by its entirs |
(not toothed) margin that the species represented is M.
cerulea and not V. Lotus. The latter, whose sepals and
petals occur abundantly in the wreaths taken from the
coffins of Rawses II. and Amenhotep I., has not been
found by me on the ancient monuments, though Unger
records an instance at Beni Hassan where the white
flower could be recognised.  With regard to the question
to which of the species the old namec Lotus properly
belongs, I have been able to ascertain the following facts,
No design on the ancient monuments is referable to
Nelumbiurm ; neither the fruits nor the leaves, so easily
characterised, are recognisable, Further, no remains of
Nelumbium have been found either in the coffins or
among the offerings and funeral repasts deposited in the
vaults of the Pharaohs. The Lotus was not referred to
Nelumébinm until a very much later epoch., This plant
has not been found among the wild plants of any part of
Africa, It is eminently Asiatic, and was perhaps not

 introduced into Egypt before the Persian invasion. At
‘ the time of Ramadus it was probably cultivated every-

FiG. 1.—Portion of 2 Funeral Wreath from the tomb of Ramses Il (3000t0 32008 € ), comﬁoscd of the folded leaves of Mimusops Schimperi and the
petals of Nymphaa carulea, Savi, stitched together with staps of the leaves of the Date Palm. A sep leaf of M ps Schimperi.

where in Egypt, for we often find it in the mosaics, sculp- . —that of M, Kummel, Bruce, a species spread through-
tures, &c., of that period, associated with papyrus and ; out Abyssinia and the region of the Upper Nile; yet no
animals characteristic of the Nile, and easity recognised | species of the genus is found wild in Egypt. The leaves
by its fruis. !forming the wreaths in question should belong to the
The most ancient writer who treats of the Egyptian , same species as the fruits found in the tombs. Never-
Lotus n such a way as to leave no doubt that he meant ; theless, in comparing them vith numerous specimens of
the Neluméium, and not a spectes of Nymphea, is | Mimusops Kummel, 1 did not meet with the perfect
Herodotus (Ub. 1i. cap. 92); after him Theophrastus ; identity one would have expected from the resemblance
(“Hist. Plant.” lib. 1v.),"and then Strabo, while Phny ; of the fraits. In Central Africa, and especially in Abys-
(lib. xin.j clearly alludes to a Nymphea 1n a comparison ; stia, an allied species, 4. Schimperi, exists, the leaves
of the fruit with the capsule of a poppy. j of whick are much more like those of the wreaths
"he Mimusops was evidently a sacred tree to the , A longer, and especially a slenderer, weaker petiole, anda
ancient Egyptians, The fruits, or the stones of the y more acute, less abruptly acuminate blade chara_ctensg
fruits, which had been eawen, are often found i the , these leaves. With regard to the fruit of 3. ScAimper?,
funeral repasts in the vaults; and the leaves not only ; I have not had an opportunity of studying it. More-
occur in the wreaths of the ancient empire but likewise ' over the two species under considesation are not suffi-
in thosc of later times, even down to the Graeco-Roman ¢ ciently estabhshed as distinct species. But an anatomical
epoch, as specimens in the Leyden Museum testify. { character came to my aid, Dr. Westermaier of Berlin
The €ruit of Mimusops found in Egyptian tombs?! ex- , has ascertained that the leaves of Mimusops Schimpers

{ actly resembles—except that the stones are a little thicker | and of 4, Elengz, L., have a double layer of epidernial
] cells, a character they possess in common with the leaves
i from the ancient tornbs ; whereas in the leaves of M.
Kummel there is only a single epidermal layer of cells.

? The ancient fruits, however, have usually a thicker stone, the three
?‘g!u of which appear to be more prominent than in that of M. Kumawel,
uce.
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thould this distinctive character be constant in the two ' admitted that no ancient authors ever mnde a nore un-
African species, there is a double reason for naming the . mistakable comparison, while the flowers of the Rala-
ancient Mimuscps M. Schimperi. The fruit of M., Elengi | nites have nothing in common with those of the apple,
1s very distinct from that found in the tombs. I think it ‘ Pliny (ktb. xin. p. 9) does not speak of the Persea, but of
very likely that this species, of which we so often find the ! the Persica, and the only surprising thing in it is that he
truits and leaves in the tombs of the ancient Egyptians, i treats it as indigenous in Egypt. He mentions, too, the
may be the Persea of the old authors, which modern | pecubarity of the Egyptian variety of the peach-tree,
botamsts bave erroneously veferred to Zalawites and ! which consists in its persistent foliage. Lven now in the
Drospyros mespiliformis.® ~ The latter has not hitherto | nnddle of winter we sec the peach-trees in blossom while
been found in the ancient tombs ; neitber does it occur { still carrying their leaves. The same author (lib. xv.
depicted on the monuments. Diodorus (i. p. 34) has|p. 13) expressly points out the dificrence between the
transmitted to us a valuable tradition concerning the | Persicn and the Persea. Qn Egyptian monuments we
Persca.  He states that it was introduced into Egypt ' often see a tree diagrammatically represented, though the
with the first colonists coming from Tthiopia, which | distichous, elliptical, acute leaves are evident. This tree,
clearly implies that the ancient authors regarded it as | sacred to IHathor or Isis, and often drawn with these

—

having been introduced from the regions of the Upper
Nile and not as belonging to the indigenous flora.

divimties, probably represent the Mimusops in question,
The fruit of Mumusops Kummel, of Central Africa, re-

Balanites, however, grows wild in the valleys of the ' sembles in appearance as well as in taste that of the wild

Eastern Thebaid and on the borders of the Red Seca, and
m Nubia this <hrub is of geuneral dispersion. True its

rose; and it may be that under cultivation a still more
palatable fruit could be obtained. Indeed, the fruit of

frit has been found in the funeral repasts in the tombs,  specimens of this species collected in Abyssinia appears
yet that of the Mimusops has been found much more : to be much more puipy.

frequently, and, in support of my hypothesis, the thick |
leaves of the Balanites are always wanting in the wreaths. |

All the wreaths of the find at Deir-el-Bahari are of one
and the same pattern.  The leaves are folded lengthwise

According to Theophrastus, the Persea had a black | in the middle,! then folded again in the contrary direc:
wood, and he compares the flowers with those of the 'tion over a string or strip about } in. wide, of a leaf of

apple-tree,

I do not know the wood of the Mimusops .

the date-palm.  In the fold of each leaf, single flowers,

sufficiently, but with regard to the flowers it must be jor parts of flowers (sepals and petals), are inserted in

F16. 2.~Portion of a Funcral Wreath from the tomb of Amenhotep I. (xioo t0 1700 8.C.), composed of the folded leaves of Sulix safi-/an) th:

fower-heads of Acacia Nilotica strung together with strips of the

represented too sharp)and a flower-head of the Acacia.

eaves of the Date Palm, A separate lea of the Salilz {the teeth

such a manner that they are fixed in the leaf as in a pair ; according to the species, the leaves, &c., recover their

of pincers. Then with a finer strip of the date-leaf than
the central one, they are stitched through and securely
fastened together in long rows side by side, and all
pointing in the same direction, These wreaths are
arranged in semicircles on the breast of the mummy, so
that thewr disposition 1s hke oue sees in the necklaces of
the present day. Theix thinness rendered them suitable
tur using 1n large numbers, and sometimes they occur in
several layers one above the other, filing up the limited
space between the mummy and the lid of the coffin.

it 1s probable that it is to this kind of wreath that
Fliny alludes (lib. xxi. p. 2) as the *‘so-called Egyptian
wreaths,” of which Plutarch and Athenius praised the
beauty. Unfortunately these wreaths, which, with ordi-
nary care, might have been removed entire from the
mummy when the coffin was first opened, were broken
and reduced to powder in several places. The specimens
1 send you attached to cardboard are the most perfect
wat I could procure after those selected for the Museum
of Boulak. On placing them in boiling or cold water,

pl;ni(umh took the stones of Mimwusogs found by Passalacqua te Le this

it may be menticned that Kunth published his determinations of the
feuus found by Passalacqua in the Awwairs des Sciemces Natnrelles, viii.
16 p. 428. * Untortunately it 1 not known to what perind they belonged.
Aneng them were seeds of & palm, Arrea (1) Passalacguer, Kunth, which
%33 subsequently identified by Unger with [yphane Argun, Mart., 2 palm
whch inhabits some of the valleys of the Nudian desert 1n the bend of the
tle between Korosko and Abou Hammed.—W. B. H.]

o

original flex:ility, especially in Nymphan carulec; and
with proper precaution one succeeds in spreading them

‘out and drying them again effectually. The fragility of

these objects is only due to the extreme state of dryness
they have reached during the thirty to thirty-five cen-
turies they have lain in the tombs. It is at the same
time the principal factor in their wonderful preservatio:.

The wreaths of the other kings cf this vaul: [ have at
present only partially examined. From theirgeneral ap-
pearance, however, as well as from the flowers and leaves
of which they are ¢omposed, which also indicate a dif-
ferent season® of the year, one would be justified in
attributing them to a different period from that during
which the wreaths of Ramses I1. were renewed. If they
really date from the time when the bodies of the kings of
the eighteenth dynasty were first deposited in the vault,
we bave liere to do with specimens four or five centuries
older than the wreaths of Ramses [I. In any case these
objects are at Jeast contemporaneous with the time com-
monly assigned to the Trojan war, if not several centuries
more ancient.

The wreaths of Amenhotep I. (who was found during

2

2 ’?‘l:ew iiﬁ:gf{owﬁmlﬁm ‘at}?:d:dai‘nmt?w day and the moath:
and these  swers will one day serve t0 fix the season with which the month
of that epoch cuincides. The Uarthamus could only be had from the ebd of
March to the middle of May ; the Waterlilies from July T‘t’o November mi

while the young itaves of Salix indicate the spring. e Acacia 2
Sesbania flower at all seasons. " i
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AN 0L Sturace BATTERY Patexr.—Electriciang aro in-
terosted at present in the discovery in the Patent Office of a
ateut issued Fobruary 6, 1861, to C. Kilchof, a New-Yarker,
or an electric battery, which presents all the features of the
storage batterics in use at the present day—lead plates immeraed
in acidulated water, whiclt becomes coated with the oxide of
lead. The principle appears to be the sime as that of the
Plante (French) storage battery, gund tho storage batteries now
in market must hereafter rely upon peculiarities of construction
instead of comprehensive claims.

Stinn ANorner Nrw TueiMoMg1ER.—Prof, Tait annouu-
ces that by means of pure iridinm and ruthenium he has been
enabled to construct a standard thermo-slectric thermometer, ca-
pable of reproduction anywhere, and which would attord a per-
fectly definite standard for the cowpatison and measurement
of high temperatures, for which at prescnt no proper tnstru.
ment exists,

Hart vereer.—Dr. k. . Hall finds that the values of the
¢ rotational cocflicients” givon by hium ut the Y ork meeting of
the British association for zinc, alum:num, copper, brass, and
Iead, are confirmned by later experiments. Uu trying theeffect
of change of temperature, only a negative result was obtained
with zold ; witlt iron, the increase was two-thirds of one per
cent., with a rtse ot 1 ©C. The coefliciant, with change in the
strength of the firld trom 1,00V to 7,5u0 absolute units, seemed
to increase ; bat, of this, Dr Hall does not feel sufhcient con.
fidence to publish his results. The object of another experimont
was to determine whether anv part of the rotational effect
conld be made perm-nent, For tlus purpose a thin prece of
very hard steel spring was used as the plate. The direction of
the equipotential hnes was permnanently changed by the action
of the magnet. This change was 1 the same direction as the
temporary eftect due to the maguet's action, and perhaps equal
to two per cent. of this.

RabDIATION AsD Apsorriiox oF Rock Sanr.—Herr C.
Baur has inade some observations on this suhject. His results
do not agree with those of Melloni and Magnus, Melloni
considered that heat, radiated from rock-salt, wasnot absorbed
by plafres of rock-salt, any wore thau heat radiated from other
suhstanees.  Magnus found that rock-salt plates absorbed heat
radiated from rock-salt mmeh more than that radiated from
other substances. He helieved that the radiation from perfectly
pure rock-sait would be completely absurbed by a plate of the
same substance, and thut the apparent exceptions to this law
were due to impurities in the radiating plate. Herr Baur con-
cludes from his cxperiments that, 1. Rock-salt absorbs its own
radiations better than those from any other body; 2. The
absorption increnses as the difference of temperature between
the radiating and absortang plates decreases,, 3. The absotp-
tion is probably complete when both plates are at the same
temperature. Magnus’ exceptions were probably not due to
impurities, but to a difference of temperature of thu two plates.

Eart-wurM~ Asb Frirtrney. —Aeccording to Heusen,
earth-worms increase the fertility of the soi! by forming bur-
rows through which the roots of plants can descend into the
subsoil  This applies chicHly to Lumbricus terrestris while L.
communs 1s confined chiefly or entirely to the surface-<oil The
tap-roots of many plants, he thinks may be able to force their
own way through the hard subsoeil : but the more slender side-
roots descead chiefly thraugh worm burrows, or other chanaels,
stich as those left by old decayed roots. By excavating in
frozen ground, he was able to trace roots downward through
worn-burrows, and to observe that the layer of excrements
with which the latter were lined was covered with a delicate
network of root hars praceeding from the root 1 the interior.
An important fuuction of these roots Hensen belwves to be, to
supply the plant with water fro.a the muist subsoil ; and tms
is particularly important 1 the case of quick-growing anvuals,
like the cereals, which must develop their root-system rapidiy,
and frequently have to withstand prolonged dry weather It
18 plain that no new material can be added to the soil by earth-
wortns ; but they effect the fixation of vegetable matters in the
soil by drawing 1nto their burrows leaves, aud other loose
fragments of vegetation : they hasten their decomposition, and
distribute them throngh the various layers of the soil.
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MAGNETIZATION OF IRON AND STEEL BY RUPTURE.—At a
recent merting of the Society of Physical and Natural Sciences
at Karlsruhe, Germany, Mr. Bissingar dwolt at some length
upon the phenomenon of maguetization of iron and steel when
broken in the testing machine. The phenomenon is ascribed
not to the clongation of the bar, but to the actual fracture, and
uotly parts are converted into two maguets of sousibly equal

ower. The shock and vibmtion of the metal on breaking, is
1n all probability the cause of magnetization. In testing bars
for tensile srength, the south pole is formed at the upper end
of the bar, and it haq beeun found that the ditferent 1won objects
near the machine at the moment of rupture are also magueti-
zed, but to a less degree.

AN INTERESTING DIsCOVERY.—According to a French paper,
the Echo du Nord, a number of coal mines in the north of
Frauce are ohant ta ho visited by a band of explorers of great
distinction. Mes3ages were recently sent from the place in
question 1o the Academy of Sciences, in Paris, aud to the au.
thorities at the British Musoum, inviting delegates from each
of the bodies to pay a visit to the subterranean passagas, where
an uncommon discovery is said to have been made. The paper
in question refates how, in excavating a new passage, the
miuers caate across some extraordinary fossils, proving the pre
sencs there, at some remote period, of human beings, as well
as of animals and fishes. The pnssago 1n question led, as it
appears, into tws caverns, the mouths of which have long been
closed up, and w the first of these were discovered five perfect
fossils—one of a man, two of women aud two of children, be-
sides several weapons and utensils of petrified wood and stone.
The second eavern, discovered some time later, contained uo
less than eleven fossil bo ties, described as bewnyg of large di-
mensions, 1 quantity of miscellaneous objects, and some
precious stones. In addition to this, it is ascertained that the
walls of the cave were covered with rude sketches representing
the combats of men with gigantic animals, from which it
would appear that the human race, while battling for existence
with the aid of stones axes against the mousters of the field
and forest, were still acquainted with the graphic arts, and
auxious to perpetuate thewr deeds of early horoism. Tho bones
and bodies themselves have now Leen removed to the neigh.
boring towns of Lens and Lille.

—~—— e
PROCEEDINGS OF SOCIETIES.

Esuixgers’ Cruvi ok Diiiankiriua - President Henry G Morris
w the Chmir, Mr. C 6. Darrach exhibited two profiles” from Tiffin,
Ohio, to Lake Station on tho southern bend of Lake Michigan The
eurvoys wore mado for the Daltimore and Ohio short dine to Chicago.
tine via Napoleon aud the other via Defiance, Nhio,

Tho Defiance hine (run by Mr. Darrach), was but 13 miles longer
than an sir line,

About 240 miles of survoyswere run and the profile nnd maps plotted
in 60 working days, with a party of 8 men,

The Scorotary presented a communication from Col. James Worrall
with regard to tho Panama Caual. Col. Worrall says-

* You ey remoember in my papor on the Panama project, I alluded
to a catch-water dam on the Chagres and compared it to the Schuyl-
kill. endeavouring to convey an idea of its difliculty. By tho enclosed
slip trom the Now York Timea, I sco thoy have abandoned the idea of
a dzm.~What sext_will they abandon® If thes come to quicksand
thes will abandon the wholo thing, at least as a canal @ nirean.

** Thoy can get across that neck of land with loch~, but it will be
many a long day before they get a level trenchdug through the Andes
even at tho Panama Gap.”

Tar Ivstirumiod or Civin ENGIdERRs.—At tho Mecting on the 8th
of April, Mr. Brunlces, Preudent, in the Chair, the Paper read was
O the Dinmond Fields and Mines of South Africa.”

The Author commenced by stating that Kuuberley was situated in
tiriqualand West, about 00 miles north-enst frum Table Bay. and
450 mule« inland from Port Elizabeth and Natal on the East Coast.
Linee of rmilway were in course of construction from Table Bav and
Port Elizabeth to Kimberlev, and were about hatf completed. In
Griqualand thero wero severnl dimingad munces. the principal of whick
were Kamberley, Do Beer’s, Du Toit's Pan_and Bultfontein.

In the Orange Freo States there were also two mines, viz., Jagers-
fontein and Kaffreyfontein, tho first of which produced fino white
stones. The mines were ail divided snto claims, the greatest number
of which were to bo found in the Du Toit’s Pan mine. Bultfontein
came next.

Tho deepect and most regularly worked was the Kimberley mine.
The next deopest was De Beer's, which, however, was very unevenls
worked. Then foliowed Du Toit's Pan aud Bultfontein. The Du
Toit’s Pan mine ranked next in importance to Kimberloy mine. Dia-
monds were first discovered in 1567 by Mr. O'Reilly, a trader and
bunter, who visited 2 colomist named Van Nickirk, residing in Gri-
qua._1he first diswond, on being <ont to the authorities, was valued
at £500, Conmderable e t wne caused throughout the colony,
and tho natives commenced to look for diamonds, and many were
found. among which was one of &?»3i carats, valued at £15000. In

868, many enterprisitg colonists made their way up tho \aal River,
and were successful in ﬁndm%a good number of diamonds The
centre of the.nvqr-dnlgz!ngs on the Transvaal sido was Klipdrift, and
on the oppotite side Pnicl.  In all there were fourteen river-diggings.

»
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Du Toit’s Pan and Bultfontein mines wore discovered in 1870 at »
distanco of 24 miles from the river-diggings. Tho diggors took pos-
sewwion of thoeo places. Liconces were granted giving tho tirst diggess
anght to work. In 1871, Do Beor’sa and Kimberleys mines wero dis-
eovered, and, in 1872, Mr, Spalding’s great dinmond of 2324 carats
wax found at the river-diggings.

[he mines woro of irrcfulur sluu]lc. and wero surrottnded by reef.
The tap reef was & loovo shale, and had given great trouble from tho
trequent hipg,  Below this were strata ot trachytic brecewn and an-
gie tho furmation was then scamy to an unknowa depth,

\Within tho reef, the surfaco sail was red, and of a <andy nature.
The next strtum waa of a lovse yellow gravolly lime, and tho third
biue, of & hard slately nature.  Tins was the real dinmaatiforous sml.
Large gtonex had been fowmld m the “ yellow,” but the workingof this
' eencrally did not pay . Kimberley wmine, howover had prid very well
Al throngh,  Thoe method of working in deep ground was deternnned
w rondways running north and gouth. ‘Lhe soil was hauled up to
theso ronehivays, and taken to the sorting tables. The “oadways do
eayime <hortly after exposure to the abmosphere, a systemn of hand
windlns® wag adopted, which worked very well for a tumo yntil horse-
whime wero introduced in 1873, ‘The depth of the mines increasing,
horsewhims had to give way to stenm-enginesin 1875,

Tho first diggers treated on an average 10 loads per day each party.
At the present tuug, the least taken ot by any engine, when fulfy
employed, was 230 toads per day,  The cost of working, with present
applinncos, tho first 100 feot in depth, was 3x, 64, per load 3 the second
¢ 1 teot twstly blue) dx. . the third 100 feet 8v., and the fuurth 100 feet
Iiv - Thruugh 'scaraty of water o system of dry surting had to be re
sorted to for several years, but it was superseded by the introduction
of washing-machinery, which was now genorally cmployed. |

At the commencemont, through inexperience, wany serious tnis-
tahes wore made.  When the first diggees reached the buttum of the
red sund, they thought vo diamonds would be found in the next stra-
tum.  When, huwever, dinmonids were found in the second stratum,
the diggers had again tu remove the debs ix, and so also when the

biae  was reuched. Somo of the clams wu the Du Tuit's Pan and
Bultfontein mines were ieregular in shupe, Thoe other mines, lhiow-
ever, had been properly and regulurly laid out. Onc or two shafts
hrad been sunk nnd conniected with the mines by undorground gatle
res,  Theso gallonies were comvenicnt in tho case of falls of reef.
Labour, at fiest, was chieap; but from 20~ per month, wages rose to
3, por week, aud foud. ‘The yellow sotl offered no difficulty in
?‘1""‘"'“' bowng loote and broken, but the blue soil required
pAasting.

several methods were adopted fur eatracting the soil and carrying
i Lrom the miue before steam was introduced.  The cost of woud for
heating purposes was &4 gorivus item, but good coal had now been
tound at 160 1nddes from Kimberles . custing £13 per ton . another sc-
nots item of expense was the tansporl wver nataral roads unly,
wng from £18 to £30 per ton,

The machinery dexigned by tho Author for thix industry was des-
cnbed. 6 .1, direct-neting winding-cngine was introduced for
havhing up londs at the rato of about 1,000 fccld)or minute, and a 23
#. ¢, geared-onging, for hauling up heavier Joads, at the rate of from
) to 700 feet per minute.

Water was Jcnr. and water-heators were fitted to each engine, by
whieh 33 per cont. of the water was again used, thussaving one-third.
The builers were as the locomotive type, mostly of steel, to save
weight, and thus reduce the cost of transit. The tire-boxes were also
wade of stecd of vory soft aud ductile quality. A scum-portable en-
gme was mude for driving the washomill. . The engine was so arrang
. ed that it uught be removed from the boiler and placed separatels.
The builer was nande to work at a pressure of 140 1bs, per square incﬂ.
Auramatee cut-off gear was fixed to cach _cngine, and the guvernors
were provided with a sparal aprng for adjusting the speed, A sereen.
or cyiinder wash-mll and elevator, wore ased fur dealing with the
diamuntiforous soil, und were deseribed.  Standing wires wero fixed
at tho back of tho machiners, und passed over 8 framo fixed at the
top of the mine, the end in the mjne being sccured to strong wooden

osts. - After tho blue soil had been blasted and collected into trucks,
it was placed in tubs, which ascended the standing wires. It was
then cmpticd into the depositing-box. Tho yellow soil might be pus
wto the wash-mill dircet, also that portion of the blue which had
pasced through the screen fixed over the depositing-box. The re-
mainder of the btue, which was spread out to a thickuess of 4 ur 6
nchex un the depogiting-ground sutne distance from the mine to dry.
. wacdelivered 1mto the upper part of the screen. Tho return-water
trom tho clevator, with a portion of fresh wator, was also discharged
at this point, and operations wero thus greatly facilitated, the soil
becoming thoroughly saturated, wnd passing more casily down the
shuots, o largo picces swhich would not drop through_the meshes
uof the screen wero }hse]mrgcd into trucks at tho lower end and earried
awav. The smaller pieces with water, in the form of sludgo, fc
through into a shoot, and thence were conveyed into the wash-mill
pn, and there kept in constant rotating motion by agitators. The
diamonds, and other picces of high specific gravity, sank to the
- deepeat part of the pan, aud the remainder of the studge was forced
over tho nnor ledgo to the elevator. The sludgo was then hited, and
thrywn upon an inchined sereen and down the shoot over the side of
the bank. ‘Tho regiduc left in tho pan at tho end of the day’s work
wae passed through a pulsator, in which. by tho force of water, the
mud and hghter particles were carried away, leaving behind the dia
. munds, agates, garoets, and other heavy stones. It was the practice
occasionallv to put a fow inforior stones in the soil, to test the effi-
tieney of the machinery. .

In 1881 tho Author paid a visit to Kimberlcs, and found the indus-
- iry a large onc. . The Post-office return showed the value of diamonds
. passed through the office in one year to be £3,685,000. Illicit diamond
tratfic had hitherto been a_source of great trouble at the Ficlds. Tt
waca question whether this industry would ever cease: in any casc
there was no doubt but that it would Iast for over a century. It was
belicved that the main bed of diamonds had not yet been roached,
and that the mines in_operation were morcly shafts J-ading to it.
Now that the watorworks were finished, with a bountifas supply of
. ®azer, coupled with tho great boon of railways to the Fields, and the
zdvantage of a Iaw recently passed for tho prevention of illicit buy-
lnxl. :: great and prosperous futute was in store for the Diamond

telds.
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T, DErkrsunation ov Corekr IN SthEL, by Magnug Troilius
Chemist to the Midvale Steel Compady, Philadelphin. Read at the
Bostan Mecting, February, 1883,

The followingis a very rapud method for dotermimug coppor in
steol, I havo found it to give results very closoly agrecing with thoso
obtained by galvanic precipitation of the coppor,

Five grams of steol aro distolve d in u mixture of 100 c.c, of water
and 100 c.c. of sulphunio acid.  When all 1s dissolved, add 2 ¢ c. of a
concentrated solution of hyposulphite of soda and stir well  Aftor 15
minutes boiling, all the coppor is down ng blnck sub-sulphite of oop-
por (Cu2S) and the solution reguins its grectish color.  Filter rapidly,
wash & few tumesx wath hot water, mere , tho filtor, aud wash the proci-
pitate back into the beaker, in which it was made.

Dissolvo 1 alittle aqua regia and ovavorate with about 2 c.c. of
snlphuric acid, until winte fumes appear- Dilute with water, hoxt
to near buithing and add oxecss of ammonia (sp.er. 0.96).  Allow to
sottloun a warm place, filter and wash with hot water contaiuing
fomo ammonin, From the filtrato evaporato tho excess of ammonia,
add a littledilute sulphurice aeid till itis «lightly acid,and precipitato
the copper as bhefore with a few drops of hyposulphite of sodn,  Fiiter
on a wasbed filter-paper, wash with hot water, placo the wet filter in
?Cw(r):ighcd poreelain oructble, ignito and weigh as oaide of coppor

u0).

When au ordinary Bunsen burner ig used, eare should bhe taken
Hot to lettho crucible como suto contact with the inner cono of tho
ame,

Exunzekrs’ Cutn or Punnavguema.—Record of regular meoting,
April, 21st 18835 President Steary G Morns in the Chuir, 22 mombors
and 2 visttors present,  Mr, Percivad Roberts, Jr.. exubitoda turning
from a cast steel roll, Tho dimensious of the roll, which was cast
from open hearth steel, wore about 30 jnches bg 5feet 6 inchex. The
turning 18 4 mches wido by 12 ches jong, 1-32 wnch thick, showing
the roll to be very homogenvus and very tough for enst stecl.
communication from Mr. E. H. Talbott, Scerctary National Exposi-
tion of Rarlway Applinuces, requesting the couporation of the Clubin
lli}o propused Department of Bugncening Eahibits, was presented and
discussed.

Record of Regular Meeting, May 5th, 1883.—President Henry G.
Marris 1 the Chuir: 22 wembors and 2 visitors presente My, To M.
Cleomanun was enabied to show, through the courtesy of Mr. W, W.
Evang, of New York, a map and profile of the Svathern Pacific Rail-
road in Cahifornia , showning where it crosses the dried up bedof a
lake, heing below the surface of tho Pucific Ocean for 58 miles, and
attaining a depth below said s=urface of fecet. At this point it
skirts 8 deposit of saft from o to 24 wches in thichness. Ho alsu
showed a number of photugraphs of the Tehachepi Pasgs on the same
radroad near Sau Fornando. In order to attain tho sununit with &
safficiently reduced grade, the hine was “developed,”’ advantage being
taken of a conmcat hittl to wind about it in the form of & helix, crossing
itself and continuing on its way with_ several meanderings, Tho
St Gothard Ratlroad has sevoral such helices, but they ave cut in the
sold rock, A simbar location was inado about 18 years ago in the
Southern Pennsylvania Railroad, but it was not built, . Another picce
of wteresung location was alsv exhitated, namoly, the mountain
division of the Weatern North Caroling Railroad, which shows groat
skifl in fitting 2 line to tho country. Mr. Georgo d. Strong described
a new ethod of wanufacturo of corrugated hgiler tubes. Mr. E. F.
Loiscan gave a gketeh of tho progress and condition of tho manufac-
ture of artiticial fuels.  Mr. R. I, Sandors described a derrick used
for hoisting material from a slate quarry by means of cable and
bucket, and Mr. T, M. Cleemanu noted o s'unlar method pursued in
the construction of & viaduct i Peru, 252 feet high, when the picces
were convoyed by s traveller to the pier, Mr. C. G. Darrach continyed
his romarke wath regand to the relative quakity of water at the top and
bottom of deep rexervairs, and discussed methods of meeting the
dlﬂ'lfcull) encountered in the accumulation of impuritics holow the
surfacc.

Sttt et O et .

THE AUTOMATIC GAS SEAL.

The tendency of improvements 1 blast furnaces has been
almost exclusively 1n the direction of increased capacity. The
matked success attained has naturally resulted in & very keen
competition so that, in the future, economy in fuel, repairs,
etc., will of necessity be the most important object to be songht
by the iron smelters.

The autematic gas seal, shown in the accompanying illustra-
t10p, is an invention of which the prime object 1s economy. It
consists in a cuveriug for the feeding hopper of a blast furnace,
which covering has two or more openings (the number is deter-
mined by the size of the furnace), provided with hids N N
lunged near the center. The lids are apencd and closed by the
movement of the Jever arm B O C, which is pivoted at O. The
woving Bower 18 denived from a cylinder connected to the arm
B O at D and supported on trunmons in the fork of the lever
F Ol G. The latter 1s pivoted at Ol, and connected with B O
C at C by a pin and slot.

In connecting and supporting the cylinder in the above
mannerits weight acts as a coiuterbalance to the lips. and
action and reaction, that s, the upward thrust on the piston
as well as the downward pressure on the bottom of the cylinder,
both become effective in raimng the lids, in consequence of
which a mucn smaller cylinder will operate the seal than
would be possibly by any other arrangement. Furthermore, it
isout of the way and easily got at. The illustration repre-
sents & design 1n which the blagt is the motive force. The
cylinder s cighteen by thurty inches, and cylinder K is twenty
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THE AUTOMATIC GAS SEAL.

four by thirty-six inches. If steam be crployed, which on
the whole 1s prefcrable, the diameotors may be reauced from
eighteen to six inches and from thirty-four tu eight inches,
respectively.

The operation of the automatic gas seal is as follows . Sap-
posing the hopper to be charged, the valve J is tarned 5o as to
admit the blast through T G T into the cylinder, where its ac.
ton is apward on the cyhinder head and downward on the pis-
ton, cuusiog I3 O to descend and the seal to be clused, At this
instaut the port hole au tho hollow piston rod will have onter-
ed the cylinder, thus establishing communication through D
C 8 R with cylinder K. The blast in entering raises the pis-
ton, this allowsng the beli H to lower and the coutents of the
hopper to be duscharged into the furnace. The apparatus has
now tahen tho position shown by the dotted lines. The bot-
tom of the hupper 1s vpen, but the top is completely closed,
thus preveating any gas frum escaping. Reversing the valve
J the air onters through Y 1nto X, causing the piston to des-
cend and tha bell to bo brought to its seat. At this moment
the pin I will have upen-d the valve H, allowing the air to
pass through 1 U U G to the cylinder, whero its action and
reaction causes the lids to be raised, leaving the hopper open
to reccive another charge.

The sutomatic gas scal requires nov extra labor to manipulate
it , it can neither be neglected not misplaced, couseyreatly the
furnace 1s Rever open Lo the atmosphere and no gas 1s permitted
to eszape.

The advantages of & gas seal on a blast farnace are manifold,
and its economical value much more far reaching than would
appear at first s;slg. First and most nf)parent is the saving of
the gas which ordinarily escapes while lowering the bell. %‘ha
amount of gas thus actually lost varies with the relative num.
ber of charﬁes and the time required in discharging, but will
iu no case figure less than equivalent to one ton of coal per 100
tons of iron.

There is also an indirect loss of fuel. First, in the furnace
itgelf, due to the dilation of the gaseous contents and the loss
of sentible heat carried off by the volames of escaping gases.
Second, when, while lowering the bell, the escapes at the
top of the furnace, thers is an inrush of cold air into the com.
bustion chambers of the hot blast stoves and under the boilers.
This has & cooling effect which undoubtedly causes as great a
loss of fuol as the escaping gas itself, which wéald increase the
fael economy due to the gas seal to two tons per 100 tons of
iron made. The items of fuel which are saved by a gas seal,
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although small per ton of iron, will amount to several times
the cost of a geal in a single blagt. It is, furthermore, not to
be over-looked that a device which completely shuts off the
ag and, requires no extra labor must be a boon to the *‘top
1ler,” who is ordinarily more or less exposed to the noxious
gased.
All these advantages, howover, are of small significance com-
ared with the great office of the gas seal to reduce repairs.
irst, the furnace itself, since the bell and lipring are scarcely
ever worn ont, but always burned or warped by overheating
caused by the ignition of the escaping gas, it follows that
when the hopper is provided with a seal which renders ignition
impossible they may last an indefinite length of time. Furnace
managers know that the most careful attendant can not always
prevent the gas from lighting, and that it is only in rare and §
exceptional cases that a bell and lipring last through a whole
blast ; but, on the contrary, not unfrequently have to be re-
placed soveral times, the expense of each renewal by far exceed-
ing the cost of a seal. Second, repairs fn the hot blast stoves.
The iron pipes may become warped by overheating, and can
even be melted down by too strong a fire, but are invariably
oxidized (barned) b{; tho carrents of uncombined oxygen im-
pirging upon their hot surfaces while the gas coases to flow.
The frequent failures of the iron pipes, the attendant dels
and consequent heavy expense have induced not a few of the |
most expenenced farnace managers to condemxt the iron stoves
and erect firo brick stoves at great cost, where a few hundred |

g;:fléani invested in gas seals might have helped them over the
ifficulty. j
Last, but not least, are the boiler regairs. The frequent ex- |
plosions, numerons narrow escapes, and conntless minor ¢ give §
outs” in furnace boilers have in nine cases out of ten been |
traced to the continued strain caused by the e{ﬁ:ﬁnﬂpn and |
contraction duse to the intermittent flow of gas. item is |
of the most vital importance, since it is not only a source of ¢
much annoyance and expense, but may result in fatal accidents. }
The deleterious effects of tho change of temtpentum snd of |

the shocks caused by the sudden 1gnition of the re.sntering
on the walls of the hot blast and boilers walls, is also an

1tem worthy of consideration. . .
Thus, considering the advan of the g seal in all its
bearings, it is evident that it is destined to become a fastor of
no small itnport in the economy of iron smel.tix;g.

Mr, Ed. A. Uchling, of Sharpsville, Ps., is the patentee.— |

American Invendor.




