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PECULIAR ROTARY MOTIONS FOUND IN LIGHTNING
AND OTHER ELECTRICAL CURRENTS.*

By Mosks GREELY PARKER, M.D.

Photographing lightning and making good pictures, repre-
senting the forked and irregular light as it shoots across the
sky, or from cloud to earth, has become quite common, and is
easily done in a dark night ; having first focussed the lens for
distant objects, one has only to point it in the direction he
expects the flash to appear, expose the plate and wait for the
lightning. If the night is dark, one can nbtain several flashes
of lightning on the same plate, as they often occur near to-
gether. The only difficulty is to have the flash come within
the field of the lens.

Photographing the current itself 80 as to get detail in the
track, showing how the electrical currents travel, is quite an-
other thing ; this we have been able to do, and present some
results,

From these we see that the electrical current may travel
without dividing ; or it may divide and sub-divide, twist and
meanfler in its passage from cloud to earth, its image on the
negative presenting such a variety in form, that many names
have been given descriptive of its general appearance, withoat
any reference to the real motion of the current itself,

Three of these motions I have observed, viz.: The twisted,
the curled, and the straightforward. Being unable to find
anything descriptive of this in print, a short account may not
be uninteresting.

The twisted motion resembles a loosely twisted rope; it
Fv.vists both ways, usually from left to right, as the twining
vine winds around its support. There are exceptions to this
rale in the electrical, as well as the vegetable kingdom, for
we find it twisting not only both ways (t.e., from left to right
and right to left), bnt it reverses its motion in the same
eourse.

The curled motion resembles a twisted ribbon or shaving as

it curls from the carpenter's plane, and in some respects is |

most remarkable.
The straight presents straight lines in its track, and is evi-
dently travelling with great force. '
Before describing the figures, or saying more about these
currents, it may be well to quote the report of the com-
mittee of the Royal Meteorological Society, London, England
on lightning., The report published this Year is as follows :—-’

—

* Read before the New York Electric Ciab, November 15th, 1888,

‘1. Stream lightning, or a plain, broad, rather smooth
streak of light. - Only two or three specimens of this form
have been received. The committee are disposed to consider
this a distinct type of a single stream.like character without
distinect irregularities or branches, and not merely the result
of bad focussing, because other objects, such aa trees, are ex-
tremely sharp.

¢ 2. Sinuous lightning, when the flash keeps in some one
general direction, but the line is sinuous, bending from side
to side in a very irregular manner. This is by far the com-
monest type. Tt is very noticeable that the thickness of the
line varies during the course of discharge. Sometimes the
thinnest part of the white streak is the highest, and the flash
appears to get thicker as it approaches the earth; at other
times a flash in the air begins thin, broadens out in the mid-
dle, and fines away again at the farther extremity. The com-
mittee can offer no explanation of this at present, but they
would call attention to the fact that in some photographs of
electric sparks, taken from an induction coil, those of high
tension are thinner than those of low tension.

¢¢3. Ramified lightning, in which a part of the flash appears
to branch off from the main streak, like the fibres from the '
root of a tree. Of course, there is no evidence as to whether
these fibres branch off from, or run into, the main flagh.

¢4, Meandering lighktning. Sometimes the flash appears
to meander about in the air without any definite course, and
forms small, irregular loops. The thickness of the same flash
may vary considerably in different parts of the course, as men-
tioned above, and a flash may go pretty straight in one
portion of its path, but meander considerably in another.

¢¢ 5. Beaded or chapleted lightning. Sometimes a series
of bright beads appear in the general white streaks of light-
ning on thé photographic plate. Occasionally these brighter
spots appear to coincide with beads in a meandering type, but
often the beads appear withoat any evident looping of the
flash. But as a flash is moving in space, while two directions
only can be shown on the plane of the paper, the.s is every
reason to believe that the brighter spots on the positive pic-
ture may be points where the flash was zig-zagging, either
directly toward or away from the observer, and thereby giving
a somewhat longer exposure to those spots.

‘“6. Ribbon lightning. Nearly one-sixth of the photo-
graphs received by the society show flashes exhibiting more or
less of a ribbon-like form. One edge of the ribbon is usually
much whiter and firmer than the other. Ocoasionally in the
same picture some fashes appear normal and others rib-
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boned ; but the flashes in a picture need not have occurred
simultaneors'y. The committee have not yet in their posses-
sion any conclusive evidence as to whether the same flash may
be normal in one portion and ribboned in another portion of
its cours:. Inone picture there is a bright streak on the top of
the flash ; then about an eighth of an inch of ribbon-like
light, the folds following the sinuosities of the bright streak ;
then a dark band parallal to and following every irregularity
of the bright streak, and then mnearly another ith of
an inch of ribbon-like light. In another picture a very
thin beaded flash has a precisely similar beaded streak, rather
fainter than itself, ranning parallel to it at a distance of about
Zsth of an inch on the paper. It might be suggested that the
second fainter image was formed by internal reflection from
the ba:k surface of the glass plate ; but it should be noticed
that som:times very thin flashes, which are not particularly
biight, are so duplicated. A far more probable ciuse is the
double image formed by the internal retlections of doublet
photographic lenses. All doublets are essentially two menis-
cus lenses, mounted with their concave surfaces facing one
another. The greater portion of a strong point of light, pass-
ing through both lenses, forms the usual image on the plate,
but a smaller portion is reflected from the concave surface of
the front lens, and from thence back through the rear lens to
the sensitive plate. The amount of displacement depends on
the angle formed between the direction of the bright point
and the optical axis of the lens.

“ M. (. Moussette, of Paris, showed some photographs of
the sun, in which this double reflzction image was very con-
spicuous ; and there is not the slightest doubt that some lighi-
ping flashes are bright enough to give this secondary image.
M. Moussette also showed the photograph of a flish in which
the centre of the flash was the whitest, with a darker edge on
either side. This may have been produced either by a double
reflection from the lens or by internal reflection from the
back of the glass plate. Two bands of light—the primary
and secondary images—slightly overlapping would form an
extra bright band where the overlap took place.

“In the majority of cases, the folds of the ribbon formation
are most obvious when the course of the flash is square to the
width of the folds, and they are but slightly pronounced when
in a line with them. This would suggest the idea of a shak-
ing of the camera in the direction of the folds of the ribbon ;
but, if this is so, the duration of a lightning flash must be
much longer than is supposed. The committee hope to have
the opportunity of making some experiments on ihe photo-
graphy of sparks from a coil or electrical influence machine.
In the meantime, they defer expressing an opinion as to
whether lightning ever really takes a ribbon-like form, till
further evidence is available, but would point out that both
sources of error—the duplication of the image either by reflec-
tion inside the lens or by reflection from the back of the
plate—would be avoided by the use of single lens:s, and of
paper, instead of glass, sunported films. The committee also
forbear for the present from publishing a reproductivn of a
ribbon-like flash till they are satisfied that such a form of
lightning really exists, and that the whole appearance is not
due to photographic causes.””

Some two years ago, while experimenting with electricity,
1 obtained a photograph, showing the dividing and twisting
rotary motion of the electrical current. My plate was not
quite in focus, but the image is sufficiently sharp to show
that the current divides and rotates, not only on itself, but
upon its fellow.

Kuowing, as we do now, that the current has a rotary mo-

Fe——

tion, we can see in the main track indications of this motion
that would be impossible for any jarring of the camera to
produce. Further investigation disclosed the three motions
before mentioned, to illustrate which I have, by permission of
A. H. Binden, taken his remarkable photographs of many
flashes of lightning, about which it was truly said in the
Boston Herald of July 29th, 1858—*¢ Mr. Binden has been
singularly fortunate in securing, with his two plates, photo-
graphic reproductions of all the typical forms of lightning
flashes mentioned in the committee’s report.”

The lightning flash, examined as a whole, is seen to leave
the cloud and reach the earth in an irregular, twisting, rotary
manner, throwing off branches as it goes ; these also twisting,
rotating, and sub-dividing into the sinuous, ramified, meand-
ering, beaded or chapleted, and ribbon lightning, mentioned
in the Meteorological Society’s report, while the main current,
rotating as it goes, finally enters the earth in a divided form,
which plainly shows this twisting rotary motion in the main
current as well as in its branches.

Stream lightning is well described by its name alone. In
this form I find what I have called the straightforward mo-
tion. Its photographs show almest straight lines, without the
curves indicating the rotary motion.

Sinuons, ramified,and meandering lightning are all very much
alike, if we grant that which we can hardly doubt,viz.: that they
all may divide and sub-divide as they advance. In all of
these we find a rotary motion, with a direction either from
left to right, or right to left; in some branches both motions
are found, and when well defined resemble the twist of a
rope.

Beaded lightning has that about it that is much more in-
teresting from a speculative point than either of the others.
The exp'anation given in the Rayal Meteorological Society’s
report of the beaded form hardly explains all that we fiud in
and on botlh sides of this bead ; for we see the rotary motion
of this current before entering the bead to be in one direction,
and immediately after leaving the bead to be in the opposite
direction, plainly indicating that the motion sometimes
changes in the bead.

Ribbon lightning has what I have designated the curled
motion. In this one sees the resemblance to a curled ribbon.
This current is evidently flat, with a motion that forms this
ribbon into a curl. It somewhat resembles the beaded form,
inasmuch as it isseen to change its direction, thus forming
curls twisted in opposite directions and united, not by a bead,
as in the beaded lightning, but by a white edge where the
process of reversing its motion goes on, while at another point
it presents the appearance of a curl pulled sidewise, being
thin and narrow ; afterward proceeding in a more regular
manner than before. No possible shaking of the camera could
produce this curled appearance. )

That currents of electricity are influenced by the medium
through or upon which they travel, is also seen, and to the
well-known theory that the resistance of the air changes its
direction, may be added, that the current changes in size and
contracts in volume as it enters the earth.

If we compare the size of these currents with the trees or
other known objects, seen in the same photograph, taking into
consideratiou the distance each one is from the lens, one must,
by comparison, judge the size of large currents to be, while
passing through the air, scveral feet in diameter ; distance
must always be considered in judging the size, for as the cur-
rent goes from the lens its image on the negative gets smaller,
and Jarger as it approaches it.

Sparks from an induction coil or Holtz and other machines
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give the same indications ol the threc motions found in the
lightning ; they are easily photographed ; the variety is not
s0 great as in lightning, but one has an opportunity here of
varying the current in many ways.

The three motions, the reversing of the rotary motion in
the continuous track of a spark, as well as the bead, are found
in these currents as in lightning, and add proof that these
currents and lightning are similar.

With one observation more, I close this paper. No doubt
many have noticed what I am about to meution, but its fre-
quency last summer attracted my attention. While travelling
in Maine last August, I noticed that many of the telegraph
and telephone poles, which were of the native white cedar,
twisted as this tree always grows, had been struck by light-
ning, and that the current, travelling from the top of the pole
to the ground, always followed the twist in the wood, often
taking a groove cut of the wood from top to bottom, winding
once or twice around the pole, following the grain of the
wood.

" Whenever it struck a pine hole or tree, these being straight
without twists, it ran down on one sile, taking out the groove
or tearing the bark down on one side only.

(A large number of interesting views of flashes of lightning
and a few of artificial discharges of induced electricity were
illustrated by means of the stereopticon, and fully described
by the lecturer.— Electrical Revicw.

—————————

THE WORKING STEAM ENGINEER.

While it is true that in every line of manual labor, whether
skilled or unskilled, genius and thought are recognizable, and
the service of one man is enhaneed beyond that of another,
still the divergence from the p aue of a general average, in
u}ost trades, is so slight as to make a standard of wages pos-
sible. The working steam engineer is an exception to this
condition,

.The street laborer may, by care and thoughtfulness, make
himself of more intrinsic value to his employer, yetin a general
sense his superiority is not materially felt, and a standard of
wages for him is possible. Thus, algo, in those branches of
skilled employwment where the labor becomes of a routine char-
acter, and where slight variation of subj
same conditions exist,

This being the case, it is easy for combinations of tradesmen
or labor to establish, by general consent, a code of wages for
the guidance of its members. The farther removed from that
class of labor where bone and muscle are the only elements
necessary for success, the more difficult it is to et any standard
by which to estimate excellence or make an equalization of
payment.

The medical profession may set a standard of payment, the
mere physical act of making a visit being the basis from which
payment is estimated ; but if the absolute service rendered a
patient were to enter into a discussion, the question of remun-
eration would be somewhat difficuit to settle,

The were fact that a man enters a shop and there toils for
the allotted number of hours makes it possible to settle his
wages by the standard of another man performing a like ser-
vice ; but when the service rendered is the product of thought
:.xud study, when the results of mental activity are thrown
into the balance against muscular exertion, then the reward

can ouly be measured by the profit given to the em-
ployer.

ect is necessary, the

The greater and more varied the knowledge necessary to
perform a certain line of duty, the greater the extreme from

——————

the inferior to superior talents; heuce in proportion is the
service rendered increased or decreased in value.

One of the leading English steamship line:, while having
one established code of payment for its chief engineers, has a
bonus fund, payable monthly to each chief engineer, which
payment is determined by the success of the engineer and the
ahsence of neglect on his part in the fulfilling of his duties.
Thus each engineer becomes a competitor for this extra emolu-
ment. As the business of steam engineering takes to itself
certain qualities of the professions it becomes necessary to
gauge the emoluments by the same standard-—that of especial
fitness. To set a standard by which all attorneys were to be
paid would at once close the doors to the chamber eminence,
and no member of the legal profession would consider the in-
centive sufficient to warrant him in putting forth the energy
necessary to advance beyond mediocrity.

In the emnployment of men, that class of labor that
is purely mental commands higher price tha: does that class
where only physical strength is wantel. Oae brain may de-
sign a steam engine, but more than one is necessary to build
it. Hence, then, among brain workers, experience and origin-
ality are factors of success. Neither can we gauge a man’s
worth—commercially speaking—by lap-<e of time, for one man
with frosty locks may have traveled a +horter distance along
the highway of observation than his neighbor with half his
years.

Certain qualities are always necessary to enable any man to
succeed in his vocation, and a man’s alvancement above his
competitor depends upon the magnitu le of these qualities.

The working steam engineer is a man in whom must be
found executive ability, and in proportion to his ability te
execute is his service as an engineer enhanced.

Twin sister to executive ability is self-reliince. The work-
ing steam engineer must be endoved with keen perspicuity,
so that he may be able to absorb generalities at a glance, and
sufficient executive powers to carry out details with correctness
and precision. One of the best and most reliable second engin-
eers that we ever met-—in marine service—was one of the most
inglorious failures as a chief. He lacked completely the attri-
bute necessary to execute. He was so devoid of self-reliance
as to hesitate to back out into thestrea n at the beginning of
a new trip any steamer upon which he was chiefl engineer. A
thorough mechanic, and of more than ordinary education, he
was in every way afirst class man to carry out the details under
the general planning of another.

Originality is the cradle in whizh eminencs is nursed, for
originality lifts men from the beaten track of the past into
unexplored fields, giving the world new productious iun science,
literature and art, To succeed, the engineer must be o-iginal,
and his performing a certain act must not be because someone
else did it, but because from his own observation he knows it
to be proper and correct.

Not only must the engineer be able to do for himself, but
he must plan for others to do ; he must be able to direct gen-
eralities and execute details ; in fact, he must combine the
practical and scientific to such an extentas to make it difficult
to establish a general 'standard of piyment for his services.—

American Engineer.
— e el S—

PAINT stains that are dry and old may be removed from cot-
ton or woollen gools with chloroform. First cover the spot
with olive oil or butter. .

Lignum-vite has been successfully used for blocks on piston
cross heads, and is said to be superior to metal for that purpose,
requiring less oil and never heating.

——— —

e — .
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THE RAMMING AUTOMATIC ENGINE.

The Ramming Automatic Engine, which we illustrate here-
with, presents in puint of attraction a number of interesting
features which we explain in detail.

The bed is & combination of the box and girder type, pos-
sessing great strength and rigidity, logether with compactness,
and is constructed to obviate the springing of the cld style of
box bed, and also the common defeet called breathing in the
girder type of engire,

This engine does not require a foundation of more than or-
dinary strength. The main journal, or pillow biock, which is
designed for strength and compactuess, also the circular guides
and bed are in one casting. Owing toits peculiar construction
the metal is so distributed that there are no weak points from
shrivkage cracks or shrinkago strains. The pillow block is
fitted up with heavy phosphor bronze shell in bottom, gun
metal quarter boxes partly filled with best engine babbitt
metal, and extends over the periphery of the shaft journal, and
has wronght iron wedges the full length and width of quarter
boxes with convenient adjusting facilities. It also hasa well-
fitted pillow block cap, with a large chamber on top to permit
clese inspection of the main journal while the engine is run-
ning. * The circular slides have wearing surface of large area,
and «re very strong and rigid.

Tho length of the pitman or connecting rod is always calcu.-
latcd on a basis of three times the length of the stroke of the
engine, and is fitted up with stub ends, gibs and keys of such
Pproportion as to admit the use of wrist pins of a diameter of
more than one-fourth of the diameter of the cylinder. The
crosshead has its wrist in centre of the bearings—a mptter of
no little importance in the construction of an engine. The
cylinder has short steam passage and large exhaust port, and
is bolted direct to end of engine bed.

A false head which acts as a packing chamber for piston rod
fm outside, and for a cylinder centering piece inside, is forced
into & bored opening in end of engine bed. The cylinder is

& ' : %’//}/ T //é’fj/?é// 2 % ‘
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BORAX:

BORAX AND ITS USES.

For nearly forty years I have been engaged more or less in
promoting the introduction and useful application of borax.
_1 have also visited many of the districts where it is found in
}ts crude state, and have gained much information respecting
its valuable properties and important uses—an almost inex-
hanstable subject, into which it would take too long to attempt
to enter fully, I will therefore try, as briefly as possible, to

which supports the full length of the cylinder. Automatic
segmental cast iron piston packing of improved design is used
in cylinder.

The stea.n chest which acts as a reservoir between boiler and
cylind~r contains two main valves and two cut off valves of a
very simplc balance device. They are driven by two eccentrics
with wide wearing surface.

The governor is placed in centre of engine, and is especially
designed to meet the requirements of this style of valve, and
is very sensitive to the slightest change of speed.
adjusted to any required speed while the engine is running.
'This engine, owing to the peculiar construction of the valve, is
guaranteed to give full opening for the admission of steam at
a valve travel of three-eighths of an inch, and consequently
full boiler pressure on the piston can be obtained.

The manufacturer claims that these engines can be run at
any rate of speed desired, as there are no dash pots to increase
the care of the engineer, as is found in the Corliss type of en-
gine,

Special attention is called to the fact that there is not a
singlespring of any kind used in connection with the governor
or valve. The valve arrangement is as simple as a plain slide
valve engine.

All wrist pins are of steel as also are the piston and valve
rods. Pitman and engine are of hammered iron.

The cylinder is neatly covered with a heavy sheet-brass
jacket. Cylinder head and steam chest have polished and
nickel plated cast iron covers, which not only add to the at-
tractive appearance of the engine, but prevents condensation
in cylinder and steam chest, and is easily kept clean and
bright.

Mr. Ramming claims to have placed on the market an en-
gine that is thoroughly first class in workmanship and design,
and wkich for strength, simplicity, durability and economy of
fuel consumption is unsurpassed.

These engines are built in sizes from 30 to 300 horse power.

A
7
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ITS OCCURRENCE AND PREPARATION.

give an outline of its wode of occurrence in the natural state,
describe how it is collected and manufactured, and explain as
briefly as possible its uses :—

Borax is ro new article of commerce, but was known to and
used by the ancients from time immemorial. Nero used it.
Pansa regretted that he was not sufficiently rich to buy borax
to cover the arena after the death of the combatants, at the
time of the combat between the gladiators Lydon and Tetrides.
Doubtless its use on the arena was to deodorize the blood.

finished on the bottom and rests on a planed extension picce

It can be
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1 At this time there is no record of borax being found in its
crude state in any part of Europe, but it was known to the
Arabians, who called it baurach. Hence its name. They
used it to assist inreducing the oxides of metals. The conclu-
sion at which I have arrived is that the borax used by Geber,
who lived in the eighth century, was made from tiucal, or
crude borax, which is found in many lakes in Thibet.
In some of these lakes are numerous hot springs, the vapor
, of which contains boron, and the surface water is impreg-
nated by it. Evaporation taking place, the tincal is found
cystallized at the sides ot the lakes. lu addition to this, solid
borax is fuund in some form or other in the soil around this
distiict, and there is ample proof that unlimited supplies can
! be obtained. Tincal has been obtained from Yandok Cho
from time immemorial. It is exported in small quantities
hence to Lassa, where it is used by various workers in metal.
After the tincal has been collected it is bartered for cowrie
shells, Sheflield cutlery, and Birmi: gham ware. It is then sold
to the Kassawaris and Khampos traders, who arrange for its
transport to India on sheep’s backs. Each sheep carries from
40 to 60 Ibs. The transport across the Hitnalayas takes about
nine weeks. Each driver carries a distaff, which they use to
spin wool dragged from the sheeps’ back, to make bags in
which to pack the tincal. Should a sheep die on the way, its
flesh is eaten by the drivers, and the wool taken off and spun
as described. On the way vegetation is sometimes so scarce
that boughs of trees have to be cut down and the leaves strip-
ped, to feed the sheep.

From Moradabad and other parts of the foot-hills of the
Himalsyas the tincal is sent to Calcutta, and shipped from
thence to Liverpool, where it is refined into borax, and used
in making the glaze for china and earthenware. | may men-
tion that tincal was the only form in which borax was known
in Furope until the year 1742, when a Tuscan traveller and a
geologist paid a visit to Monte Cerboli, Castel Nuovo, where
he discovered a large number of hot springs, and noticed dense
vapors arising from them; but it was not till the year
1777 that Hoeffer found out that the steam contained boracic
acid at Monto Rotondo and Cestel Nuovo. Iu 1816 Hoelfer
and Mascagni proposed to make borax from them, but the
latter was too much engaged with other scientific labors, al-
though he had obtained a patent during Napoleon’s rule in
Italy to make boracic acid from the fume-roles. This right
he ceded to Fossi, who was the first to make it in any quanti-
ties. Gazzeri and Browret worked some of the lagoons at
Monte Rotondo, but made only about 3} tons in twelve
| months—a most unfortunate speculation for them.

In 1818 Laderet, a Frenchman, who was staying in Italy,
hit upon a brilliant idea of utilizing the natural stexm jets
oozing up so plentifully from the soil, to evaporate the water,
and so increase the supply of borax at a much cheaper rate,
as the great cost hitherto had been the wood for fuel. 1 must
now try and describe the very simple mode of preparing this
boracic acid, and when I first visitel Italy I was never more
astonished in my life. I made my headquarters Castel
Nuovoe, which is the very centre of these curious steam puifs
or fumeroles, and visited the most important places of produc-
tion, § sso, Lustiguano, Ladarello, Lago, and San Federigo.
Scarecly any one could give me any idea why the steam puffy
contuined the boracic acid, and, as | am neither a scientific
ner a learned man, I can but give you what I think may be
the cause, though 1 may be altogether mistaken in my sup
position.

My exact meaning will be best understood from the accom-
p: nying diagram—all that is seen below the surfuce being, of

o

course, imagiunary, but, I believe, correct. The subterianean
lake, A, is supposed to be surrounded with crude borax vapor,
geuerated from the lake by deep-seated heat or fire; the
vapor rises through the crevices, B, of the rocks; C are arti-
ficial lakes on the surface of the earth ; D isa tank wherein
any impurities fall to the bottom, boracic acid still remaining
in solution ; F is the cvaporating house; E is a soflione
vaulted over with stone and firmly bound with wrought-iron
bars ; and G are the crystalizing tubs or casks. Now, it up-
pears to me that for many miles round this distriet there exist
subterrannean lakes and seas—the sides containing borax in
some solid form ; and that the internal heat of the earth
affects the water, dissolving the borax. The steam forces its
way through crevices and fissures, sometimes puffing up to a
height of eight or ten feet.

To utilize the steam jet:, a wooden chimney is constructed
round those selected, which conducts the steam high up in
the air, in order to protect the workmen while preparing the
lagoon or lake. Around this is dug an artificial lagoon, about
six feet in depth and twenty feet in diameter. This lagoon is
faced with bricks or tiles. The wooden chimney is then re-
moved, and clear water run in the lake from an adjacent
stream. When it is full the water is turned off, and the
stream which comes up in the centre of the lagoon soon heats
the water, which quickly boils, the vapor rising with such force
as to cause it to bubble up to a height of three or four feet.

This is allowed to continue for about thirty hours, during
which time the water gives off a perfume like that arising from
rotten egus. It isthen conducted from the lagoon by a wooden
trough into a large iron tank, placed near to, but slightly
below, the level of the lake, when any impurities sink to the
bottom, while the boracic acid remains in solution. From
the tank the solution is conveyed through pipes to a series of
leaden pans or evaporators standing in a large building open
at the ends and sides, but having a roof to keep out rain.
These evaporators are placed over a brick built chnber, into
which steam from another famerole is conducted by a pipe at
one end of the builling, and after triversing the entire length
of the building, escap s through a pipe at the othsr end. By
this meaus the leaden pans bacome heated, aul drive off a
good deal of the superfluous water, the solution thus becoming
more dense, \nd while in this condition it is ran off through
wooden pipes into large casks.  When ¢)ol, the boracic acid
forms on the sides of the casks in a thickness of about five
inches. The liquor being drawn off, the boracic acil is re-
moved and put into wicker buskets. After a short time it is
carried to the drying cha ubzr and placed on a brick {lvor,
which is h ated by one of the steam jets. When dry, it is
packed in casks anlconveyed t Laghorn for shipment to Eng-
land, an 1 refined into bor.x.

About 3,000 tons of boracicacil are produced anuually in
Italy. Beside. thedistricts I have already mentioned iu Italy,
there are others, but they are insignificant.

Chili is the next important district where borax is found in
a crude state. It is also found in Peru and Bolivia, but the
largest deposits are in Chili. There exist large numbers of
dried-up lakes containing great quantities of borate of lime.
The most important is known as the Laguna de Maricunga,
which, besides borate of lime, eontains solid masses of salt.
It is situated between the two highest ri Iges of the Andes, at
an elevation of 1,300 feet. In some parts of the luke there are
deposits of burate of lime twenty feet deep, so that when the
business gets thoroughly established, borate of lime may be
collected and sold comparatively cheap ; and when the uses
of borax are better known, and more demand for it is created,

{
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this crude borax will be sent home in thousands of tons. The
cost of collecting it is trifling, but the carriage from the place
of production to the s a coast is expensive, There are won-
derful deposits of borate of soda and horate of lime in the
Uunited States in Nevada and Califoruia.

I believe T am correct in stating that no case of cholera was
ever known to have taken place in any of the villages where
the horacic acid is made, the vapors arising from the lagunas
acting as 1« charm against this terrible epidemic. —By ArTHrR
ROBOTTOM, in e Munufacturer and Builder.

e <o

GRAPHITE LUBRICATION,

In the development of the world’s history, the time has ar-
rived, it would seem, when a change is to come about in the
mode of ]ubricntirvg machinery, carringes, waggons, ete.

This change is to he brought abouat by substituting graplite
tor oil or grease in whole or in part.

For more than fifty years it has been known that graphite
was one ¢f the best lubricants extant, but no way has been dis.
covered to hold it in position and utilize it as a lubricant ex-
cept by mixing it with oil or tallow, and yet its use in this
form has gradually been growing for the last twenty years ;
and it is now quite extensively used in oils for heavy bearings
and particularly for packing boxes for railroad cars.

A few years agn the process was invented, and the invention
patented, for holding graphite in its position, in a journal box,
thus furnishing dry lubrication.

Like all other useful inventicns, the graphite bushing or
Jjournal box was greatly in advance of the times, an 1 after being
invented the invention came near to being lost to the world for
want of recoguition. Graphite bushings and boxes could not
be sold, in fact they could not be given away with an agree-
ment that they were to be put in use and used. Scientists
Were against the invention, engineers condemned it, and capi-
tal could not be found to introduce it ; and while it was suc-
cessfully introdnced in the block trade in the fall of 1877 and
aud on machinery in the fall of 1883, and on carciages and
waggons ahout the same time, we are informed that its progre-s
in actual use Las been very slow,
repeats itself.  Professor Morse in
principles of the telegraph,

In this partienlar history
1832 discovered the first
v but for want of means he struggled
uut.ll 1837, a period of five years, before he could get sufficient
assistance in money and mechanical skill to put up the first
few miles of telegraph wire in a foom. In 1837 many of the
principles of the telegraph were ag perfect ag they are to-day,
but pecuniary assistance could not be obtained to construct a
| mile of telegraph wire for commereial use, and Congress was
i also appealed to in vain, notwithstanding Morse and Vail had
Put up a wire in a room ten miles long in Washington in 1838,
aud operated it successfully. In 1342 Morse again applied to
i Congress for an appropriation, and on Mareh 3, 1843, Congress
appropriated $30,000 to build a line of telegraph from Balti-
more to Washington, and the first message passed between the
" two cities on May 24, 1844, some twelve years after the first
discovery of the telegraph. The restis fully known.

We have observed above that graphite bushings went into
use in the block trade in 1877, but the difficulty then presented
itself of getting a box iuto use upon amachine in a mill or fac-
tory, aud the first one put to use was in the factory of the Nor-
folk and New Brunswick Hosiery Compauny at New Brunswick,
New Jersey, and was started November 20, 1883. O the 5th
of March, 1884, the company, by their supzrintendent, isaued
the followiug certiticate :

*“ We have one of the graphite boxes in use on afancy move
of our cards since November 20, 1883. We oiled it a few timeg

———— - - T
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after putting it on, but it has been running since November
28th without oil at a rate of about 600 revolutions a minute,
and about 10 hoars per day.”

* The bearing surfaces at this date are found to be in good
condition, without showing signs of cutting or beating.”

Fromw this singie bushing, the graphite boxes on machinery
started, and in future articles we will endeavor to trace its
further development and also ‘o explain the priuciples of the
lubrication, so that engineers, mechanics and othwrs using
machinery can s:e how the revolution is being brought about
of discarding oil and substituting graphite in its place.—

American Engineer.
——————o——

HEAVY UNIVERSAL MILLING MACHINE.

It is designed for boring, facing, turning, milling, profiling,
key-seating, ¢plining, rack cutting (any length), gear cutting
with the vertical attachment up to five feet in Jiumeter, ete.

It not only admits of a greater range of work, but will dv
work than can be doue on no other universal milling machiue.
It is specially designed for use in railroad +hop , and for
builders of locomotives, portable and stationary engines. In
repairs to locomotives, where duplication of wearing parts is
so frequent, it is particularly valuable on account of its great
capacity, and work can be done to better advantage and with
greater precision than on planers, lathes, shapers, etc.

The gearing as shown in cut is external and back geared 4 to
1, it is also made with external gearing, back geared, 8 to 1.
All running parts have oil tubes and are accessible for oiling,
and is driven by a 3}-inch belt on a 4-step cone, of which the
largest diameter is 13 inches.

The spindle is of steel and runs in atlas bronze boxes. The
front bearing is 8} inches in diameter by 6 inches long ; back
bearing 2% inches diameter by 5 inches long and provided
with easy means of adjustment for wear. The front end of the
spindle is threaded on the outside for face plates or face mills.
In the spindle is a taper hole for cutter-arbors 2 inches dia-
meter at the front end, dimini-hing 4 inch in 12 inches, to
1/ inches diameter, through which the arbors are d iven out
by arammer. The atlas bronze boxes have an adjustment by
which the original centres are always retained without alter-
ing their position laterally—this is a very important point, as
the journal and bearing wear always in the same place. ln ail
other sleeve bearings, when wear is taken up by moving either
the box or spindle laterally, a new position is taken and wear
commencesand takes place very fast—the above style of bear-
ing overcomes this entirely,

The cutter arbor supporting bar, with its ad justable centre,
can be moved out to support cutter arbors 26 inches frowm the
end of the spindle or pushed back out of the way, thus facilit-
ating the milling or boring of a large piece of work that weuld
be prevented by the ordinary fixed bar.

The three feeds, vertical, horizontal (in line with spindle),
and traverse (at right angles to spindle), are all reversible, and
are operated and stopped altogether by the handle shown in
the cut near the cup-board. This reversing device is common
to engine lathes, does away with the crossing of belts and saves
time. The 4-step cone on the spindle belts to the lower cone,
the shaft of which runs in a hollow stud and drives, by means
of the reversing device referred to above, a sh.ft running
through the base of the column. Bevel gears conuect this
shaft with the vertical shaft, aud the latter by beve! gears with
the horizontal shaft in the knee, which communicates in turn
with the several screws for the various feeds in the front of the
knee by clutch gears. These clutch gears can be engaged or
discngaged at will by the knarled knobs shown in front, giving
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a vertical or horizontal feed. The platen feed is operated from
the upper shaft in the knee by means of a pair of mitre wheels
runningin a bearing which is a part of the platen slide on the
knee. A vertical stud passes upward to the long screw in the
platen, and is connected to it by clutch mitre wheels. The
screw in the platen is splined, and can be engaged and disen-
gaged by a clutch lever, shown in the cut, convenient to the
operator. In addition, there is an automatic stop for the
horizontal feed, useful for boring. These stops can be set at
any point.

The platen is 48 inches long, 14 inches wide, and has three
slots for g-inch bolts on the top and on the edges two slcts.

i
é,
!

HEAVY UNIVERSAL MILLING MACHINE.

The latter are very useful and convenient. The platen has &
transverse feed of 32 inches and a horizontal feed of 12 inches.
It can be tarned completely around and fed in line with the
spindle. It hesan automatic stop, while feeding in either di-
rection, and is secured by four f-inch boltsin the swivel base,
of easy access with a wrench,

The knee is so designed and constructed as to withstand all
straing liable to be put upon it. It has a bearing 24 inches
long and 14 inches wide. In addition, there are two slots,
running the whole length of the column, for §-inch bolts. The
two bolts in these slots secure the knee to the face of the
column, making it absolutely rigid.—Practical Mechanic.
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TIRRILL’S EQUALIZING GAS MACHINE.

TIRRILL'S EQUALIZING GAS MACHINE.

The illustrations acrompanying this article represent the
@ppearance and arrangement of parts of a'gas machine, which,
after a careful study of the principles involved in its construc-
tion and operation, we find to Tepresent a decided advance in
machines of its class, in that it provides, without unnecessary
complication, the means for obtaining at all times an <llumi-
nating gas of uniform quality.

The variability in the quality of the gas furnished by the so-
called gas machines, has always been g serions objection
against them, and has, more than anything else, hindered
their very general adoption in situations remote from cities.
The conditions of practical safety have been fully met in ma-
chines of this order, and to the entire satisfaction of the fire
underwriters, by locating the generator outside of, and a mini-
mum distance of 30 feet, from the building to be lighted, and
by the observance of other details of construction of minor im-
bortauce unnecessary to specify here ; but the variable quality
of the gas produced has, until lately, been recognised as the

one great and apparently insuperable objection to their use-
fulness.

This difficulty arises frum the fact that the more volatile
portions of the gasoline employed in the generator are the
first to pass off as vapour, yielding gn extremely rich gas,
which is difficult to burn properly on account of its tendency
to smoke. On the other hand, the process of evaporafion is &
chilling operation, and after a number of hours of ¢ t use,
the liquid becomes so highly refrigerated that its volatility is
groatly reduced, and the gas yielded grows Pprogressively poorer
in illuminating property., The same result will follow in time
as the liquid in the generator becomes progressively heavier,
and consequently less volatile. So that a gas machine that may
work satisfactorily for some time after the generator has been
freshly filled with gasoline, will make a progressively poorer gas
as the material is consumed, unless provision is made to pre-
vent this action by mechanical or other expedients.

These difficulties have long been recognized by the makers
of machines of this class, and various plans have been resorted
to, to meet and overcome them. Of these, two plans only




42

CANADIAN MAGAZINE OF SCIENCE

[¥ebruary, 1889.

deserve mention—that is, the use of adjustable burners, which
permit of being set to suit the variable gas delivered by the
machine ; and the application of artificial heat, to assist the
process of vaporization, and thus to insure a practical uniform-
ity in the quality of the gas manufactured.

Concerning the first of these expedients—the use of adjust-
F able burners—the fact that they involve the necessity of fre-
quent manipulation to adapt them to fit the variable gas made
by the machire, is sufficient to condemn the plan as incon-
venient and objectionable. Concerning the second expedient
—the use of artificial heat—no amount of ingenuity in con-
struction, and no amount of argument adduced, can remove
the grave objection to the use of fire about machines of this
class. We have seen several of these machines, and have
marvelled at the extreme ingenuity displayed in their con-
struction and automatic operation, but have not been able
entirely to disabuse our minds of the feeling of insecurity in
considering the question of their introduction.

In the solution of the difficult problem of producing a gas
of uniform illuminating vulue at all times and under all cir-
cumstauces, Mr. O. Tirrill, of New Yoik, the inventor of the
machine here illustrated, and a veteran in this particular field,
has proceeded upon a plan entirely different from that followed
by his predecessors, and we feel well assured that he hasstruck
at the very root of the difficulty, and eradicated it asa dis-
turbing element.

Instead of permitting the air, forced or drawn through the
generating chamber, to saturate itself with the mazimuwm
quantity of gasoline vapour, forming at first an exceedingly
rich gas, that can only be burned, witheut smoking, through
burners of small outlet, and which, later on, will give trouble
from inadequate illumination when the gas grows poorer in
quality from the causes above described, Mr. Tirrill permits
the air to convey to the buruers the minimum quantity of
vapour_necessary to produce a light of standard illaminating
quality with a burner of definite size. By this procedure, it
is evident, a priori, that the gas produced can never become
too poor. To overcome the opposite condition—that is, to
reduce a richer gas to the minimum standard, therefore, is
the task which the machine is called upon to perform ; and
this is accomplished very effectually by a simple aitachment
called an ‘‘equalizer,’”” by which the proper percentage of air
required at any time to reduce the gas to the standard qual-
ity to fit the burner, is automatically added by the machiue.
By this simple and scientific artifice, therefore, the gas deliv-
ered to the burners will not be effected, in respect of illumi-
nating quality, no matter what may be the quality of the
liquid remaining in the generator, or whether one burner or
many are being used, or how long they may be in operation, or
how far—within the area of the largest building to which the
gas is to be conveyed.

The manner in which the “‘equalizing” feature is applied in
the Tirrill machine will appear in the following description :—

Experience has determined the fact, that, to produce an
adequate illomination, the least quantity of pure gasoline
vapour that must be consumed at each burner per hour, will
be about one cubic foot. This cubic foot of vapour must be
mingled through some volume of air —more or less—as a car-
rier ; but, in all cases, it may safely be assumed that each
burner connected with a gas machine, to yield a satisfactory
light, must deliv.r as many cubic feet of air per hour as shall
contain one cubic foot of gasoline vapour. Experience has
shown, likewise, that when this cubit foot of vapour is dif-
fused through about 8 to 10 cubic feet of air, it will yield a
Etisfactory light, brilliantly white an 1 smokeless. 1f diffused

through a lesser volume of air, the light will be yellowish, or
even smoky, if the proportion of air is greatly reduced ; and
if diffused through a larger volume of air, the flame will be-
come progres~ively more and more bluish, and finally, entirely
nou-luminous.

From these con-iderations it will appear, therefore, that
the most advantageous conditions in respect of illumination
will Le realized when a cubic foot of gasoline vapour, diffused
through ten cubic feet of air, are consumed in each hour
through a burner capable of delivering this quantity of gas—
i.c., 10 cubic feet. These conditions, it is found, can Le real-
ized in practice with the best results, for the reason that when
the gasoline becomes heavy and nearly exhausted in the gen-
erator, it will require just about ten cubic feet of air to absorb
one foot of vapour.

From the foregoing explanations, it will be understood why
the inventor of the ¢ Equalizing'’ gas machine has selected
as his standard of quality a vapour gas of the minimum degree
of saturation (1 vapour to 10 air), to be consumed through a
burner of definite size (10 feet capacity per hour).

The modus operandi will best be understood by reference to
the illustration, in which B is a meter-wheel air pump, placed
usually, as in this case, in the cellar of the building to be
lighted, and actuated by the suspended weight ; W, the gaso-
line reservoir containing the carburetor, is placed outside of
the building, about 30 feet distant from it, and entirely buried
% the earth. The air pump B, when one of the burners is
opened in the house, is set in action, and through a suitible
pipe (seen in the picture) a current of air isforced through the
carburetor placed inside the reservoir. The air is thus charged
with gasoline vapoar, by which it is given an illuminating
quality. Now, in the ordinary gas machine, the vapour-laden
air thus formed in the carburetor, no wmatter what its grade
or quality, would be passed directly to the burners in the
building, by the action of the pump. In this machine, on
the other hand, it is not permittzd to reach the burners until
it has been standardized to conform with the above described
conditions. As the inventor expresses it, the gas, before
reaching the burners, must first be *rednced to a standard
quality, and made to fit a definite sized burner.”” How this
is accomplished will appear in the following:—When the
machine is started (with a freshly-charged gasoline chamber,
for example), two cubic feet of air will carry off one fuot of
vapour. It is required, however, that ten cubic feet of air
shall hold only one foot of vapour, since this quantity of
vapour must be consumed through a fixed ten-foot burner.
The “two-foot gas,” or any other that the wmachine
may be generaling at any given time, must have enough «ir
added to it to make up just ten feet in all; and this is what
the *‘equalizing” machine of Mur. Tirrill does. It takes the
gas of any grade that is being made in the machine, and, by
the simple adjustment to the proper degree of the air-percent-
age cam provided for the purpose, the machine automatically
and reliably reduces the gas to the proportions of the pre-
determined standard mixture—that is, a gas containing 1
cubic foot of vapour to each 10 cubic feet of air. The radical
difference between the operation of this machine and all others,
will appear from the single stateruent that when the machine
is generating gas of the maximum degree of saturation (i.c.,
one cubic foot of vapour to two of air), the operative mechan-
ism is called upon to incorporate with it 80 per cent of air,
in order to reduce it to gas of standard quality, capable of
yielding a white, smokeless light when consumed at the rate
of ten cubic feet per hour through fixed burners of this
capacity.




Febrnary, 1889.]

AND THE INDUSTRIAL ARTS.

43

-

The reader will by this time have comprehended the fact
that the previous difticulty encountered in the operation of
machines of this class—namely, the variability in the quality
of the gas produced—is in this form of the machine simply
and effectively met and overcome, as it iy cipable of deliver-
ing to the burners at all times, and under all cirenmstances, a
gas of uniform composition and illuminating quality.

In addition to the capital advantage of invariably uniform
light, the “‘equalizing "’ machine of Mr. Tirrill must obviously
be more economical in service than the ordinary forms of the
gas machine, for the reason that the air being almost always
undrr-saturated, there is at no time any loss of illumination
by reason of imperfect combustion—a smoky flame with this
machne appears to be a practical impossibility. Again, the
Tirrill equalizing machine, providing as it does a gas carrying
the minimum quantity ot gasoline vapour, will consequently
be far less subject—aud, within reasonable limits of tempera-
ture, not at all—to condensation, and consequent deteriora-
tion, which is one of the notable ditticulties ene untered in the
operation of the ordinary gas machines. Where the latter,
therefore, will be limited to a comparatively few lights, the
Tirrill machine may be successfully employed for a much
larger number.

One of these machines, capable of furnishing 4,000 lights,
(by way of proving this statement) has been in use for over
two years in the Binghamton State Asylum for the lusaune.
It was introduced under the most stringent stipulations, and
after a vigorus test of its performance, the trustees, the sup-
erintendent, and the architect, have united in a letter en lors-
ing it in the most unqualified terms, as having in every re-
spect fulfilled the stipulations of the contract uader which it
was introduced.

‘We feel fully justified, therefore, in the statzment made at
the opening of this article, that the *“‘equalizing ” gas machine
designed by Mr. Tirrill represeuts a decided a.lvance in ma-
chines of its class.—Manufacturer and Builder.

- <o
WORK DELIBERATELY.

There are some things that must be done in a hurry, or not
at all.  Catching a flea is one of the best examples apropos to
this. But as a rule, it is safe to say, the man or woman who
works deliberately accomplishes the most. The deliberate
worker is the thoughtful worker, with whom the habit of
system has become second nature. Any one may cultivate it
who will take the trouble to try ; and the most unsystematic,
spasmodic worker will realize with amazement how easy it is
to get through an allotted task in half the time it formerly
required, by planning it all out lefore entering the office,
workshop, or kitchen.

The hunied worker is the one who fancies he is an uncom-
monly busy man. True, he is; so is the man who tries to
bale out a leaky boat with a crownless hat; and in proportion
to the energy expended, very often, the one accomplishes about
as much as the other. The busiest men we have known were
those who never seemed to be in a hurry, and they accomplish-
ed more in a given time, and were less worn out when their
work was done, than many who accomplished half as much
and almost ruptured themselves in doing it.

Think about your work before beginning it, then go at it
deliberately. It will save wear and tear of nerve and muscle,

you will accomplish more,and what you do will be better done.
—— P

ONvx.-—The Mexican marble, which we know as Mexican
onyx, is not onyx at all. Ouyx is an agate consisting of par-
allel layers of chalcedony. Marble is a carbonate of lime.

" while the initial shock is comparatively slight.

NEW DYNAMITE GUN.

From time to time we have published accounts of the various
experiments that have been made of late years in ordnance for
the discharge of the high explosives. During the past eight
years, the value of dynamite, gun cotton, nitro-glycerine, mer-
cury fulminate, ete., for use in warfare, has been thoroughly
appreciated, and the only problem to solve has been how to
handle these explosives with less destruction to one’s self than
to the enemy. This has not been altogether so easy of accom-
plishment. It is believed that the problem of throwing large
charges of explosives to a considerable distance has beeun ac-
complished by Captain Zilinski’s dynamite gun, in which the
inertia of the shell in the gun is gradually overcome by sub-
Jecting it to a gradually incresing pressure of compressed air.
The experiments to this end have been successful, and the
shell leaves the muzzle of the gun at a very high rate of speed,
Owing to the
peculiar structure of the proJectlle used in this type of gun,
the range issomewhat limited. We have also illustrated a
dynamite gun in which common gun powder was used as the
propelling power. In both of these guns the shell is made of
a peculiar type, being adapted to take up the initial shock of
discharge.

In the gun which is 1llustrated on page 44, and which is the
invention of Walter E. Hicks, of New York City, the danger of
self-destruction from accidental explosion at discharge has been
reduced to a minimum, as there is absolutely no shock, the
shell being projected by the rotary motion of a revolving car-
riage. As this motion begins with a slow movement, gradu-
ally increasing in rapidity, there is no jar or shock until the
projectile has been discharged and has come in contact with
some obstructing object. The power that is employed to this
end is centrifugal force—that force which bursts grindstones
and tears them into a thousand pieces, and which dashes fly-
wheels to destruction. It is that same force which, according
to La Plice, gives the planet Saturn her beautiful rings.

The rotatable carriage from which the projectiles are dis-
charged consists of two steel disk wheels (see detail) mounted
parallel upon a shaft, which is provided with a pualley wheel
for connecting it with a steam engine, or any high power motor,
by meaus of which the carriage may be set at a high rate of ro,
tation. These wheels are constructed thick and strong at the
point at which they connect with the shaft, in order to resist
the great strain, which is measured by the square of the velo-
city multiplied by the weight of the carriage. The gun repre-
sented in the cut is constructed for carrying four charges at a
time, each of which may be discharged in rapid succession.
The projectiles are inserted in carriers or chawbers (see Figs. 3
and 4), which are arranged between the wheels at equal inter-
vals from one another, and near the periphery of the wheels.
The projectiles fit closely in these chambers, where they are
firmly held until the instant of discharge by two doors, which
lock and unlock automatically, and which hold the projectile
in a vise-like grip.

The end of the carrieris journalled in the side of the wheels,
and the other end is left free to oscillate in radial slots in the
wheels. The free ends of these carriers are held down when
loaded and locked by clutch bars meshing in teeth on the free
ends, the clutches being attached to a shaft connected with the
firing mechanism.; when the gun is to be discharged, the clutch
bars are released from the free ends of the carriers, which fly
upward by reason of the centrifugal force exerted upon them,
the doors fall automatically (see Fig. 4) into recesses in the
sides of the wheels, and the projectiles, having received their
momentum from the rotary motion of the carriage, are pro-

—
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DETAITLS OF DYNAMITE GUN.

Jected into space. As was observed, the carriors are pivoted
at one end, which allows a certain amount of outward play, for
the reason that when a body is suddenly set free from the outer
edge of a revolving disk or carriage, that body, owing to the
centripetal force, will follow a curved path, therefore, the pro-
Jectile carriers are mounted to admit of & certain amonnt of
outward play in order to counteract to a certain extent their
tendency toward a curvilinear trajectory. The gun can be used
a8 & mortar for high angle fire or close siege work, and is also
adapted for long range. The journals on cach sids of the wheels
are provided with flanges and concentric disks (see Fig. 2)
which revolve on sleeves extending on the inside of the jour-
nals. These concontric disks have the firing bolts attached to
the peripheries (see Fig. 5), and they are adjusted by caps and
8et screws to the journal flanges, the whole being surrounded

by au annular rim, indexed with the degrees ot two quadrants, |

8o that by adjustment of the concentric disks, the alidades at-
tached to the sleeves through which the firing bolts slide will
point to the degrees of elevation or depression desired.

The gun can be discharged at any angle in the vertical
plane, while the arc of fire in the horizontal plane is the same
8s in any other piece of ordnance. The tripping device on the

rotary disk is arranged in such a way that the shell can be dis

charged at the point previously tixed upon ; this being entirely
arranged before discharge by the position of the quadrant.
The tripping devices for two of the carriers are located upon
the right hand disk, and those for the other two carriers on
the left hand disk, whereby two of the shells may be discharged
at a time, the other two being left in the carrier until it is de-
sirable to discharge them. The four shells may be discharged
?n rapid succession, and the trajectory of each being practically
identical, each successive shot will add to the destruction done
by the preceding one. One peculiarity of the gun or engine,
a8 it might perhaps more properly be called, is its comparative
noiselessness. There being no expansion of gases and no va-
cuum, there is no report of any kind, the only sound being the
whiz of the shell as it passes through the air. There is neither
flash nor smoke, report nor recoil, and there is nothing to ap-
Prise an enemy of the whereaboats of the gun, and the destroyer
might come in the midst of an enemy unseen and unheard. It
is hoped that a thorough trial of this new gun will be made,

from which data may be obtained concerning the efficiency
range, and practicability of this as a weapon of warfare.

The combination shot and shell designed to be used in this
engine is of regulation shape, having a solid steel head for the
purpose of producing the greatest penetration upoh impact. It
is provided with a steel rod or precussion striker, extending
through the center, one end of which is adjusted’ in the apex
of the ogival head, while the other end rests against a percus-
gion primer, which apon impact explodes the charge of ex-
plosive, thereby producing a double blow by impact of the
shot and by the subsequent explosion.

The shot can also be exploded submarine, being provided
with a device which wiil produce an explosion in case the target
should be missed. Should that target be a ship, that effect
would thus not be wholly lost.—Scientific American,

- e e

PHOTOGRAPAING THE SUN ok MooN.—Mr. J. C. O'Loan of
Liverpool writes to the Scientific American as follows:—
‘¢ While experimenting with a ray of sunlight in a darkened
room, I had my attention directed to pinhole pictures, and am
of the opinion that startling results can be obtained in photo-

! graphs of the sun or moon in this way. In a room darkened

by blocking up the windows with thick paper, make a small
hole in the paper with a darning needle, so as to admit a ray
of direct sunlight. Hold a piece of paper in the path of the
ray, 12 in. from the hole, you will have an image of the sun
$ in. in diametor, at 4 ft. an image of 1} in. and so on. The
size of opening used as lens does not alter the size of image at
any given distance, but only in sharpness. Say the openingis 1
1-16 in., and gives a sharp picture at 4 ft., by enlarging the
opening to one-eighth, the size of the image at 4 ft. would be
still the same, but unsharp, so that the screen or plate must
be removed to twice the distance to obtain equal sharpness.
In a room 200 ft. long, & 12.inch picture of the sun could be
had, and of the moon very much larger. A series of pipes 100
yards long for camera would give a 3.ft. photograph of the
sun. In fact, there is no limit to size of image but the length
of camera. Perhaps some one who has more time and space
at his disposal than I have may take the subject up.

-——
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SHALL INVENIORS BE ENCOURAGED ¢
By J. H. G.

There has been much said on this subject first and last, but
still it has not been exhausted. The question in reality is
simply this: Shall we continue to advance, or shall we stop
and begin to drift backwards ¢ It is evident that we cannot
occupy a neutral position. There is no such thing as reaching
a point from which we can neither advance nor retreat. We
must go one way or the other. Who is willing that we should
fall back into the old ruts, and live and act as our forefathers
did ? Who is willing to be deprived of the advantages and
comforts of the present day ? In other words, who is willing to
exchange what is to-day for what was 25 years ago! I will
venture the assertion that not one such person can be found in
a thousand ; and possibly if that one will acknowledge the
truth, his opposition is grounded upon an uunreasonable preju-
dice. You will find him one of that kind whom nothing that
anyone else does will piease. Any fair minded person who has
lived in the world long enough to know anything about it, can
realize that during the period of his observation —though short
it may be-—great improvements have been made, not simply
in some particular line, but in every line. Machinery processes
and appliances of every kind in every branch of manufacture
aund in every avenue of production and consumption have been
so improved and perfected as to almost bafile the conception of
the finite mind. Todeed some have been so foolish as to make
the assertion that we have gone far enough and that we ought
to stop, that we do not need any more than what we already
have. When we began in our grand march of progress a quar-
ter of a century ago, there were those who thought that we
needed no improvements, that what we had was good enough,
and just so it is to-day. Those who were then trying to do
something for the advancement and enlightenment of their
fellow-creatures were laughed to scorn, were ridiculed and even
in some instances punished. To-day this same class is met
with the same derisive insinuations that we have enough and
that it is time to stop.

Theresult of any undertaking is the means by which we can
judge it, and in this case it has most clearly proven its correct-
ness. The world has never, during its history, made such
rapid progress as it has within the last few years, and the
reason is that never before was so much encouragement given
to inventors.

While the inventors have, most of them at least, as a natu-
ral result, been in a measure repaid for their trouble, the
world has received no less benefit therefrom. Inventions have
made it possible to plough through the waves of the mighty
deep with as much safety and certainty as one would stroll
over the hills and through the forests of his uative country.
‘They have encircled the globe and spanned the continents with
almost innumerable lines of railway, over which thousands of
giant locomotives speed with the velocity of the wind. They
have annihilated time and distance and placed man in direct
and immediate communication with his friends, though
thousauds of miles intervene. Many other things of as great
importance tous as these have been accomplished.

Can there be found one so foolish or inconsiderate as not to
appreciate all that has been done t 1Is thereanyone who feels
that he or the world would be benfited by not having any of
these things? Is the world to-day not in better condition
financially, morally, intellectually and socially, than it ever
was at any previous time ¢ It certainly is, and there is no one
thing which has had half so much to do with bringing about
this grand result as inventions.  Then are these not good
reasons why we should give encouragement to inventors ?

We have clearly seen that no boundary line can be drawn,
and past experience teaches us that there is ever room and a
demand for something better. No machine or anything else
has ever been made so perfect that it could not be made better,
cheaper or to betler advantage in some way.

As a people we are naturally ambitious, and we always want
the best of everything thatcan be hal, and the only way is to
get the latest improvements. We must keep advancing ; we
must keep pressing onuward and forward with all the zeal and
energy of which we are possessed, and the only way to do this
successfully is to encourage the inventor and carry him along
with us, for he isthe only source from which we can expectany-
thing ; and if we fail to encourage him, he certainly will not
make any effort to help us.

I am aware that inventions have been made a source through
which to swindle people, but it is not the inventor proper who
does this. Almostinvariably it is some scheming person who
gets hold of the article for no other purpose than to swindle.

Instead of erying down inventors and inventions, why do 5ot
people discountenance this wholesale patent traffic ? They will
buy every patented articlo or patent right that is offered for
sale, and if they get the worst of the bargain they are ready to
blame the whole patent system and every inventor in the
country, when they themselves are to blame. Why don’t
they have sense and judgment enough to pass these things
unnoticed, and only ebcourag: the sale of patented articles
through honest and legitimite channels of trade ?

As a rule people are not willing to take any blame upon
themselves in anything, when the truth of the matter is that
they alone are to blame. If they would not encourage such
things they would soon cease to exist. 1 want to see the day
when people will regard this matter in its proper light. We
know that inventions have been of inestimable value to us, for
there is hardly an article of any kind used that is not the sab-
jret of a patent.  Wehave many things of comfort and neces-
sity that our fore-parents knew nothing of, and still we need a
great many more. We are like the miser, the more we have
the more we want, and this everlasting want will never be
fully supplied.  Kach year finds us better preparel to encoun-
ter the difficulties and hardships of life, a1d surely eass and
comfort are what we are looking for.

It is plain enough that inventions tend to reduce the labor
and cost of gaining a living in the world. If thenan alvantage
to us, why cease to encourage them. Why not keep the ban-
ner of progress hoisted and press right on. We always need
the best and the best we must have, We must show some ap-
preciation of his efforts, or he who is instilled with the genius
necessary to meet these demands will lose interest and cease
to make an effort to do sn.

The number worthy the name of inventor is few, aud to these
we must look to fill the demands of future ages. T.ot us then
throw ofl this untimely prejulice against patents and inven-
tions, and make every etfort possible to encourage further pro-
gress and development. It canuot possibly work to our disad-
vantage, but, instead, will be of untold benefit to us in advan-
cing every interest connected with our welfare and prosperity.
Give the inventor a chance, encurage him, and good to all
will certainly be the vesult.—Practical Mechanic.

SoME one tells how to prepare soft coal in such a way, at
small cost, that there will be no accumulation of soot in the
chimney, and that the under sides of the stove lids will be kept
clean. Here it is: For a ton of coal buy a few cents’woith of
common salt, make a brine of it and pour over the coal. We
do not say that the result will be as effective as the promise.
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BRACING BOILER HEADS.

We commend the following article, which we glean from a
late impression of the Hartford Steam Boiler Inspection and
Insurance Co’s. Locomof(rr, to the attention of Boiler-makers :

The proper bracing of flit surfaces exposed to pressure,
which are necessarily present in alinost all forms of boilers, is
a matter of the greatest importance, as the power of resistance

" to bulging possessed by any considerable extent of such a

surface, made as they must be in the majority of cascs of thin
plates, is so small that practically the whole load has to be
carried by the braces. This bring the case, it is evident that
as much attention should be given to properly designing, pro-
portioning, distributing, and constructing the braces as to any
other portion of the boiler. This is not, however, always

© done, and it is no uncommon thing to subject new boilers to

hydrostatic pressure well within the limit of strength of the
shell, and so strain the bracing that the heads are bulged to
quite an appreciable extent, and when the pressure is released
the braces are found to be loose and badly strained. The
prevalent idea regarding bracing is, that it ¢hould be just
sufficient to prevent ‘‘vibration’ of the heads. There is no
objection to regarding it in this light if we consider properly
Just what is required to effeeteally da it.

Thesubject might profitably be discussed in a general man-
ner, but we think more advautage will he derived from the
cousideration of an actual example, such as would ari-e in
daily practice.  Suppose, for example, we are designing a
boiler 72 inches in diameter. Iow many braces shall be put
on the heads sbove the tubes? We first arrange onr tub-s,
Let us assume that they are 34 inches in external diame-er ;
t%len a good arrangement of them, paying due regard to a free
circulation of the water, will admit about 86, and will leave a
clear hight from the top of the upper row to the top of th:
shell of 29 inches. (See Fig. 1). Then it is evident that this
SPgmf?nt, 29 inches higk, of a cirele 72 inches in diameter,
co.nstxlutes the surface to be braced, and we must next ascer-
tain the strength of bracing required to render it safe.

Let us consider first just how much of the pressure on this
segment must be carried by the braces, and how much shall
be ﬂ}]OttC(l to the flange of the head and the top row of tubes.
For it is evident that as the area to be braced is bounded by
these parts, and they possess ample strength they may be
cal'culated to sustain their due share of the lzadt

Ijhe flange of the tube sheet may be assumed to have a
{'adll{s of l\\’.o inches. This curved portion will take care of
{Tselt, at:d, it it had a chance to do so, a great deal more be-
sides.  So we draw the line A-A” with a radias of 34 inches
and' disregard the portion outside of it '

:\ow, we know that on heads or flit surfaces of ordinary
?hlckness, the pitch of stays should not be much more than 8
n'lcl.les from centre to centre. In the fire boxes of locomotives and
slm}lar boilers they must be much closer, but the head of an
ordinary boiler is not exposed to such intense heat, and they
may be placed much further apart, with safety. S'o we draw
tpe line B B/ By, with a radius equal to 30 inches, and con-
sider that the load on the area between it and the f’lanue may
salely be borne by the flange itself. 3 ‘

Now, how much of the load on the heal above the
tubes may safely be carried by the tubes themselves? We
know by experiments that the tubes, if well put in, have a
great holding power when new. We also know that if the
water used is corrosive, or the fuel is of such a nature that its
g.ases attack the ends of the tubes externally, they may in
time corrode and lose much of their holding power. If this
were not so then we should be justified in keeping away from

the tubes 8 inches or so with the nearest brace; but for the
reasons above stated it would be deemed judicious to brace
closer down to the top of the tubes, so that if a portion of
them lose their holding power, the boiler will still be perfectly
safe. So we would put the line of braces as nearly as might
be 4 inches above the top of the upper row of tubes, and draw-
ing the straight line from B to B/, 2 inches above the tubes,
put in braces enough to carry safely the pressure on the seg-
ment of the head B B! Bu.  The arca of this segment is easily
computed by means of the tahle given in the Locomotive of
December, 1886, page 184. In this case it is a segment 21
inches high, of a circle 60 inches in diameter, and its area is
882 square inches. The braces should be sufficient to carry
safely the entire pressure coming on this surface. If the
boiler is intended to carry a pressure of 100 pounds per square
inch, it would aggregate on this segment 88,200 pounds, and
the braces should be sufficient to safely sustain this pressure.
The number of braces required will depeud upon their form.
If, of the ordinary crowfoot pattern, which if well made is as
good as anything yet devised, and one inch in diameter, they
could safely be allowed to sustain a tensile stress of 7,000
poundseach. This would give 88,200 + 7,000 — 13 braces,which
should be distributed as uniformly as possible over the surface
Yo be braced, about as shown in Fig. 1, making the arrange-
ment as symmetrical as possible, grouping them slightly
closer to each other near the centre of the heap than we do out
toward the flange. The braces should be attached to shell and
head by two rivets at each end. 'The rivets shauld be of such
size that the combined area of their shanks will be at least
equal to the body of the brace, and their length should be
sufficient to give a good large head on the outside to realize
strength equal to the body of the brace. We have seen cases
where the rivet used was so short that when hammered down
outsi-le, the head was s» thin and weak that it stripped off
under the test pressure. Sach scrimping of material is very
poor economy in the long run.

Fig. 2 shows an arrangement for a different form of brace.
Four-inch T-irons are riveted to the heads, and the braces,
with forked jaws, are attachel to the web by a turned pin or
bolt. The T-irons are, as far as practicable, so arranged that
the rivets which secure them to the heads will fall in about
the same position that they would if crowfoot braces were
used, that is, they should be distributed as uniformly as pos-
sihle. This enables a less number of braces to be used, but
they should be somewhat larger. Owing, however, to the
stiffening of the heads by the T-irons, which act as girders,
and transfer the stress due to the pressure to the flange and
the tubes, it is usual to make these braces but one inch in
diameter. We have never known the least trouble to occur
where a boiler was braced in this manner and the work was
well done, and recommend it asa very superior form. Fig.
3 shows the detail of this brace and its connection. Two
angle irons are sometimes used instead of the T-irons with
this form, but the T irons are to be preferred, as they are
free from the ‘‘claw hammer” strain which is unavoidable
when the angles are usad.

Many boiler-makers prefer to arrange the T or angle irons
horizontally across the portion of the head to be braced in-
stead of radially. This form is shown in Fig. 4, and there is
no objection to it provilded the braces are swung horizontally
to the point of attachment to the shell. Where they are
swung upward, as they are in the majority of cases, an awk-
ward bend is necessitated in the brace, and a square pull on
the jaws is impossible, and the consequence is they do not
remain taut for any great length of time. They should never
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be put in in this manner. When we wish to resist a direot
pull, & straight piece of material is the best thing to do it
with, and there is no reason for using anything else to brace
8 boiler head with.

Another favourite style with some makers consists in rivet-
ing heavy forged bars horizontally to the heads above the
tubes. These bars are provided with projections, to which are
attached ;heavy braces extending from head to head. The
objection to this form of brace is, that it offers a very serious
obstruction to a proper examination of the boiler, and is very
much in the way when cleaning and repairs to the inside of
the boiler become necessary. The principle embodied, that
of tying the heads of the boiler together, is all right, but it
should be remembered that boiler shells have an excess of
strength in a transverse direction to carry alf the Pl‘gmm
that can come on the heads, and so ample strength is setured
by bracing back well on the shell. We haye yet to learn of
a case where braces attached to the shell have caused an ex-
Plosion by the strain on them tearing it apart trans.
versely.

In localities where the water available for use in boilers is
very bad, a man-hole in the front head below the tubes will
be found very useful to enable the bottom of the shell to be
keptclean. Now, it is evident that & pertion of each head,
equal at the least to the area of the man-hole frame [see area
below) dotted line on lower part of Fig. 1], will be deprived of
the supporting power of the tubes, which must be displaced
fo admit the man-hole, and this ansupported area should be
Properly braced, more especially that at the back end. This
is done in a variety of ways. Some run crowfoot braces from
the head back on to the shell. The objection to this is, the
foot of the brace where it is attached to the shell is apt to
form a lodging place for sediment, which will accumulate
un'til there is danger that the shell may be burned at this
point. The better way is to put in throrgh braces here, ex-
tending from head to head, leaving the bottom of the shell
entirely clear. Various methods are practiced of attaching
these braces to the heads, but the preferable onme would seem
to be to make the brace of round iron 1} inches in diameter,
upset the ends to 1} inches diameter, and cut a full smooth
thread on them ; drill and tap the heads for this thread, and
screw the braces through, making them just long enough to
enable the ends to be headed down nicely outside, after the

manner of the ordinary screw stay, This will leave no chance
for sediment to accumulate. ’
Where this form of brace is used they should net be run
through parallel with the direction of the tubes ; if they are,
they will be of very little account as braces of the back head.
For their ends must be separated at the front end by a dis-
tance of at least two or three inches more than the greater
outside diameter of the man-hole frame, or say about 24 inches;
if they are run through parallel, this same distance on the
back head will be wholly unsupported, and will be apt to
bulge sooner or later. The braces should therefore be brought
closer together on the back head ; from 9 to 10 inches apart
will generally be found to give a better and more uniform sup-

port to the back head, where a mnian-hole of ordinary size is |

used in the front head. This is shown in Fig. 1 with suffi-
cient clearnpss to render further explanation unnecessary.

A few words concerning the frames usually put around the
man-holes in boiler heads may not be amiss. The common
practice is to rivet on a wrought-iron ring about half an inch
thick, and as narrow as can be used, and get & rivet through
it! This is entirely insufficient for the purpose, and the prac-
tiee may be described as entirely too economical, or some
stronger name may perhaps be profitably applied to it. This
ring should under no circumstances be less than 2} inches
wide (2§ inches would be better), and one inch thick (from
1} to 1} inches thick would be much better.) Then a degree
of stiffuess would be imparted to the front head, if a suitable
plate were used, which would insure perfect freedom from
trouble. It is no wncommon thing for these thin, marrow
riugs to give out under the hydrostatic pressure while the
boilers are being tested.

On a diagonal brace, which term will apply to any brace
which is not parallel to the direction of the stress applied to
it, such as gussets, braces attached $o heads, and having the
other end attached to the shell, etc., the strain is theoreti-
cally somewhat greater than it would be if the brace were
parallel to the direction of the stress applied. The actual
stress on the brace may be found by dividing the total pres-
sure on the area supported by the brace by the cosine of the
angle between the brace, and the direction of the stress. Or,
to arrive at the result without resorting to calculation, lay out
the brace in correct proportions, as shown in Fig. 5. Then,
if the pressure on the area to be braced is represented by the
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length of the line A-B, the length of the brace B-C measured
by the same scale will represent the actual stress npon it.
With the ordinary proportion of braces, this ditference is so
small it may be neglected ; but where the brace makes a
comparatively large angle with the shell, as may be the case
with gusset stays, it should be tak:n into accouut, and the
brace made corvespoudingly larger.—The Munufacturer and
Builder.

HAXNDLING OF ACIDs.

A correspondent informs us that he has met with a serious
accident, caused by the spattering of some drops of muriatic
acil into his eyes, while loosening the glass stopper of a five-
pint bottl- containing it.  He suggests that we eaution our
read-rs against similar mishaps, and he thinks that it would be
a useful thing to repeat such cautions occasionally, even with-
out waiting for the occurrence of an aecident.  We think this
suggestion deserves att-ntion, and, in compliance, will append
here some ciutionary remarks, whih do not claim to embrace
all that could be writtea upon the subject, but which may af.
ford som- practical hints at lzast for the young r and less ex-
perienced members of the profession.

When emptying carboys of acid, see that they are securely
held. Do not tilt them ever with one hanl, while holding a
receiving vessel in the oth-r, unless they are so hung or placed
that you have ahgolute control over them. A good way is to
put the carboy on an elevated place, say about 18 to 24 inches
high, so that when it lies on its side, its upper edge will be
about three inches within the edge of the platform. If the
carboy has a wooden strip or side rail, instead of a handle, it is
best to tilt it on the side where this is situated, as this assists
in keeping command over the earboy while it is tilted. 1f you
have a carboy swing, be sure you see that the cuhoy is securely
fastened, aud that allowance be made for the change in centre
of gravity as it becowes more cmpty.

Never stand in front of a carboy whil - e mptyin z it, but side-
ways, and use a receiving vessel with a substantal handle.
D not hold a bottle with u funnel under the mouth of a car-
boy, nor hold any v -8l so that il it shoullo erllov, the acid
would run over your hanis.

Cheose sunch a plac: for e ny tying carboys, or any other coun-
taine s of acid, as will suffer the least injury shou'd the vessel
be 'roken, or any of the acil be spilted.

Remember that the larger or the flim<ier the container iv,
the more care and circumspeetion must b exercised. A per-
son may have emptied a hundred or mor: ¢ thrys without any
mishap, when unexpectedly an accident will happen, and in
nine cases out of ten this is due to pure carelessness.

Never carry large containers of acid in contact with your
body. Should they accidentally break, a most painfal burn
(sometimes turning out fatally) may be the result.

When openiug acid bottles, for instanc>, the u-ual five-pint
sizes, first remove the cement from aro -ud the stopper, ant
wash and wipe the neck carefully t ren.ove every.trace of
foreign matter. Then, if the stopper caunot be easily loosened
by hand, place a coarse towel over the stopper and bottle, and
while bearing with the thumb of one hand against the edge of
one side of the stopper, tap the other side gently, with the
wooden (10t metallic) handle of a spatula, when it usnally will
become loose. Should it be very obstinate, and the bottle at
the same time appear to be of rather thin glass, place the bot-
tle into a sufliciently deep and large acid-proof jar to receive
the contents in case the bottle should break. The reason why
a towel should be put over the stopper is almost self-evident.

Our correspondent would have had no occasion to write to us |

——
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had he used one. If a bottle of acid is exposed to a warm tem-
perature, evidently some pressure will be develope L within the
bottle. By moving the bottle about, the neck and bottom of
the stopper will be wetted with the acid, and if afterwards the
stopper is suldenly loosened, the compressed air or gases will
throw out any particles of liquid which are between the neck
and stopper.

All acids are not equally dangerous.
iatic is perhaps the least risky. Sulphuric acid comes next, as
it does not evolve any gases. 'The greatest care,however, must
be exercised with nitric acid, and still more so with aqua regia.

When compelled to work for any length of time with acids,
it is well to have a vessel of fresh water close at hand, to wash
off any desps that may have come in contact with the haunis or
face. Sometimes it may be advantageous to wear India rubber
gloves, though most of those sold for this purpose are rather
clumsy.

Tn packing acids, it should be made a rule to put them in a
box by themseves, if at all possible. [t would certainly be
dangerous to pack sulphuric acid promiscuously with such arti-
cles as chlorate of potassium and organic substances.

In storing acids, equal care must be exercised. As a rule,
they should be kept in a place so arranged that, if the contain-

Hydrochloric or mur-

ers should be broken, the acid would be unable to reach other |

substances.

When dilutiug acids with water, remember always to pour
the acid, gradually and under stirring, into the water, and not
the water in the acid. In the case of sulphuric acid, for in-
stance, the latter method may develop such an amount of steam
at once that the whole liquid may be scattered about and do
much damage. The last time we saw this happen was about a
year ago, when several carbrys of acid accidentally fell from
the rear end of a truck in front of a factory of mineral waters.
The acid collected in a pool in the gutter, and ane of the work-
men connected with the establishment, wanting to wash it into
the sewer, turned a sinall steam of water upon it by means of
a hose. The vons quence was, a violent evolution of steam,
almost resembling an explosion, and a number of the bystanders
received more or less of the spray, to the damage of skin and
clothes.— Adwmerican Druggist.

A NEW SOLDER.

A soft alloy, which ad ieres so firmly to metallic, glass aud
porcelain surfaces that it can be used as a solder, and which is
iuvaluable when the articles to be soldered are of su:h a nature
that they cannot bear a high degree of temperature, consists
of finely pulverized copper ust, which is obtained by shaking
a solution of the sulphate of copper with granulated zine. The
temperatare of the solution rises cousiderably, anl the metal-
lic copper is precipitated in the form of a browunish powder;
20, 30 or 36 parts of this copper dust, according to the hardness
desired, are placed in a cast-iron or porcelain-lined mortarand
well mixed wizh some sulphuric acid having a specitic gravity
of 1.85. Add to the paste thus formed 70 parts (by weight) of
mercury, constantly stirring. When thoroughly mixvd, the
amalgam must be carefully rinsed in warm water to remove
the zcid, and then set aside to ¢rol. In ten or twelve hours it
wiil be hard enough to scrateh tin. When it is to be used it
should be heated to a temperature of 375 degrees C., when it
becomes as soft as wax by kneading it in an iron mortar. In
this ductile state it can be spread upon any surface, to which,
as it cools and hardens, it adheres very tenaciously.-—FErchange:

It is stated that a solution of pearl-ash in water, thrown
upon a fire, will extinguish it immediately.
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POLISHING GRANITE.

The form is given to the stome by the hands of skilled
masons, in much the same way as is done with other stones
of softer nature. Of course, the time required is considerably
greater in the cas: of granite, as compared with other stones.
If the surface is not to be polished, but only fine-axed, as it
is called, that is done 1y the use of a hammer composed of a
number of slips of steel of about a sixteenth of an inch thick,
which are tightly hound together, the edges being placed on
the same plane. With this tool the workmn smooths the
surface of the stone by a series of taps or blows given at a
right angle to the surface operated upon. By this means the
marks of the blows as given obliquely on the surface of the
F stene are obliterated, and a smooth face produced. Polishing
is performed Ly rubbing in the first place with an iron tool
and with sand and water. Fmery is next applied, then putty
with flinnel.  All pliin sutface and moulding can be done by
machinery, but all cirvings or surfaces broken into small por-
tions of various elevations, are done by the hands of the
patient hand-polishers. :

The operation of sawing a block of granite into slabs for
panels; tables, or chimney-pieces is a very slox process, the
Tate of progress being about half an inch per day of 10 hours.
The machines employed are few and simple. They are techni-
cally called lathes, waggons, and pendulums or rubbers. The
lathes are employed for the polishing of columns, the waggons
for flat surfaces, and the pendulums for moulding and such
flat work as is not suitable for the waggon. In the lathe the
column is placed and supported at each end by points, upon
which it revolves. On the upper suiface of the column there
are laid pieces of iron, segments of the circumference of the
column. The weight of these pieces of iron lying upon the
column, and the constant supply by the lathe attendant of
sand and water, emery or putty, according to the state of finish
to which the column has been brought, const.tute the whole
operation.  While sind is used during the rougher state of
the process, these irous are bare ; but when using emery and
putty, the surface of the iron next to the stone is covered
with thick flannel.

The waggon is a carriage runeping upon rails, in which the
pirers of stone to he polished are fixed, having uppermost the
furface to be operated upou. A“ove this surface there are
sha'ts placed perpendicularly, on the lower end of which are
fixed rings of iron. These rings rest upon the stone, and when
the shaft re volves they rub the surface of the stone. Atthesame
time the waggon travels backwards and forwar Is upon the
Tuils, so as to expose the whole surface of the stone to the ac-
tion of tke rings. The pendulum is a frame hung upon hinges
frem the roof of the wortkshop. To this frame are attached
iron rods, moving in a horizoutal direction. In the line
upon wh ch these rods move, and under them, the stone is
firmly placed upon the floor.  Pieces of iron are then loosely
attachcd to the rods, and allowed to rest upon the surface of
the stone. When the whole is set in motion, these irons are
dragged backwards and forwards over the rurface of the stone,
and so it is polished. When polishing plain surfaces such as
the needle of an obelisk, the pieces of iron are flat ; but when
we have to jolish a moulding we make an extra pattern of
ity form, and the irons are cast fiom that pattern.-— The
Stonemason. '

To Fix Pexcir. Drawines.— First pass the drawing through
clear water, go carefully over with skimmed milk, using a
camel’s-hair pencil, dip in a weak solution of alum, and let it
dry flat.  Allow a thin solution of isinglass to run over the
drawing on perfectly level surface.

—_— - _

THE GEYER-BRISTOL METER FOR DIRECT AND AL.
TERNATING CURRENTS.*

BY PROFESSOR WILLIAM E. GEYER.

In the meter about to be described we make use of the heat-
ing effect of the current. Electric measure instruments de-
pending on this heat effect are not new, as in the Cardew volt-
meter we have an application which has found much favour.
Here the current of greatsr or less strength traverses a long
thin wire, heats it more or less, and the direct expansion is a
measure of the current, and indirectly of electromotive force.

In an ammeter it is necessary to keep down the resistance,
and I therefore doubt whether direct expansion can be usefully
applied for this purpose ; for the actual elongation of a bar of
metal, even when raised through a considerable range of tem-
perature, is very small. Lo the familiar compound bar we have
a case where a very small actual elongation produces a relative-
ly very great lateral displacement.

I think I shall best be able to explain to you our meter, by
recalling to your minds this old device. In the simpiest com-
pound bar two strips of metal which have different coefficients
of expansion are securely soldered flatwise along their entire
length. Brass and steel are metals frequently employed. Oun
heating, the brass expands more than the steel, and, in conse-
quence, the bar bends, becoming convex on the side of the
brass. When such a bar is heated by the passage of the elec-
tric current, it will deflect, and this deflection may be made a
measure of the carrent. The disadvantage of such an instru-
ment would be that atmospheric changes of temperature would
also cause deflection, so that troublesome corrections would
have to be introduced.

In our meter we also use a sort of compound bar, but elimi.
nate at once the effect of the surrounding temperature by tak-
ing metals whose coefficients of expansion are the same or sen-
sibly equal ; in fact we take the same metal. Our first form
of construction was as fullows :—A wire of German silver is
laid upon a strip of G.orman silver of considerably greater cross-
section and radiating surface. The wire and strip are soldered
together at one end, separated for the remainder of the length
by a film of mica, then tied together at frequent intervals with
silk or other insulating material, and suitably supported or
clamped at the unsoldered end. If now a current, eith r con-
tinuous or alternating, is allowed to enter the strip at oneend,
it runs along its length, there enters the wire, anl leaves the
instrument at the other end of the wire.

For a given current the wire, on account of its greater re-
sistance and also on account of its smaller radiating surface,
becomes hotter than the strip. In consequence of the differ-
euce of expansion the bar bends, becoming convex on the sile
of the small r conductor. This combination we call a d.ffer
eutial bar.

We would also state that inasmuch as the results obtained
by the use of this instrament are due to the excess of the heat-
ing effect of an electric current upon one portion of the bar, or
its equivalent, over the other, it is in a measure immaterial to
the principle of the invention whether the current which pro-
duces the differences in temperature be caused to h -at the two
parts directly or indirectly. For eximple, the more expansible
part, in lieu of being included directly in the circait, may be
arranged in close proximity to, but iusulated from, a wire or
conductor which is heated by the current. The orher part or
element may be in the circuit or not, but in either case formed
or arranged to be less sensibly heated than the other.

1. will readily be seen, however, that to heat one or both of

* Read before the American Institute of Electrical Engineers, New
York, November 13th, 1888,
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the parts of the device in this manner would be clearly equiv-
alent to connecting them both in series in an electric circuit.
Unlike the case where magnetic action is employed, the force
here available is very considerable, so that to make the instra-
ment self-recording, it is only necessary to attach an inking
device to the free end and move in front of it a properly ruled
chart. In thisrespect we have no difficulty whatever. My as-
sociate, Prof. Bristol, who has done the larger part of the work,
has, since our first experiments, very much simplified the me-
thod of constructing the differential bar, and the one used in
the instrument exhibited was made by placing a flat strip of
German silver between a pair of dies which make alternate de-
pressions and elevations along the length of the bar ; the wire,
insulated with asbestos, was then slipped in the tube-like space
thus formed, and the whole pressed between plates provided
with grooves of the proper depth so as to leave the wire '~ one
side of the centre line and at the same time to insure its being
held firmly by the little bridges along the length of the ber.
Since the bars can be constructe” essentially by these two ma-
chine operations it is evident that they may be readily repro-
duced and at very small cost.

We have determincd experimentally the best relation be-
vween the cross section of the strip and wire to give maximum
deflection. We believe the instrument could readily be made
integrating, but doubt the desirability of doing so. Our reason
for this could probably not be better expressed than in the
words of an eminent engineer, Mr. Charles E. Emery, in his
paper on “ Heating cities by steam,” before the Franklin In-
stitute, which we quote as follows :—

]t was at first considered unfortunate that a reliable meter
could not be obtained, which, like a water meter would show
by differences of reading the quantity of steam used for the in-
terval between observations directly without calculation, and
without expenase of maintaining a time register at each location,
and of integrating the chart afterward. This system, however,
proved a blessing in disguise. The greatest difficulty in settling
with consumers lies in the fact that employés waste the steam.
This is particularly the case during the heating season, when
steam for various uses is left on continuously during nights and

Sundays, thus increasing the time of consumption from, say, 60
hours a week to 168 hours. In many cases, too, the rate of
consumption keeps uniform during the night as well as during
the day, so that it is an easy matter to more than double the
bills. The consumers at first naturally lay the blame to the
steam of the steam company, but the meter charts have been
the means of enabling the company to satisfy consumers when,
and te what extent, the increased bills were due to mismanage-
ment on their premises.”

Substitate electricity for steam and the reasoning will apply
perfectly to our case.

In the accompanying illustrations, Fig. 1 is a general view
of the differential bar, mounted in a case with inker and re-
cording dial. Fig. 2 is a side view of the important parts, the
case being removed.

The following letters refer to the different parts :—

A, sopporting framework ; B, differential bar; o, inking
pointer attached to bar; v, clockwork moving dial ; E, revolv-
ing dial for receiving record.

Fig. 8 shows a small portion of the bar and a cross section

"on an enlarged scale.—Electrical Review.

—————t——————

SIMPLE EXPERIMENTS IN PHYSICS.
BY GEO. M. HOPKINS.

The engravings represent a few examples of the projection
of simple physical experiments upon the screen. Besides a
lantern, a few glass tanks with parallel sides will be required.
These are preferably, but not necessarily, made of three pieces
of plate glass, one a thick piece, having the shape of the cavity
cut out of it, the others simply flat pieces, attached to, opposite
gides of the first by means of marine glue or other suitable ce-
ment. '

A cell made of plates of glass clamped on oppositesides of &
bent rubber strip serves a good purpose. It is a great conven-
ience to have several of each kind, so that preparations for pro-
jection may be made at leisure.

In Fig. 1 is shown the well known experiment illustrating
cohesion. In thetank is placed a mixture of alcohol and water,
having the same specific gravity as olive oil. Into,the mixture
is very carefally introduced s globule of olive oil, which may
be colored or not. The oil assumes a perfectly spherical formr,
and produces a very interesting image on the screen.

In Fig. 2 is shown the method or projecting the experiment
in which the volume of equal parts of alcohol and water is less
when they are combined than it is when they are separate.
The tank has a large chamber with a narrow neck. The cham-
ber is divided in the centre by a removable parlition having
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Fig, 5.—EQUILIBRIUM OF LIQUIDS.

soft rabber edges. Water is introduced into one division of
the chamber, and slightly colored alcohol is placed in the other
division. The water and the alcohol are level with a mark on
th.e glass. On turning the partition, the water and aleohol
mix, and the level of the mixture immediately falls some dis-
tanoe below the mark on the glass. After a thorough mixture
:ilo :‘ho liquids, the partition may be replaced in its first posi-

Fig. 2—REDUCTION OF VOLUME BY MIXTURE,

R
Fig. 4 —ABSORPTION OF GAS BY CHARCOAL.

.By arranging a tank with a partition near one end, asshown
in Fig. 8, the experiment in which a large amount of cotton
is introduced into a vessel filled with alcohol, without causing
it to overflow, may be repeated so as to show it on the screem.
The smaller compartment of the tank is filled with alcohol, and
in the larger compartment is placed a quantity of loose cotton.
This is graddally transferred from the larger to the smaller
compartment, by means of a pair of fine tweezers, without caus.
ing the alcohol to overflow.

The absorption of gases by charcoal is readily shown in the
manner illustrated in Fig. 4. A glass tube, open at both énds,
is dipped in mercury contained in the bottom of the tank. A
oork is fitted to the upper end of the tube. Carbonic acid is
poured into the tube, then a piece of freshly heated charcoal is
dropped in, and the cork is instantly replaced. The charcoal
absorbs the gas rapidly, creating a partial vacuum, which causes
the mercury to rise in the tube to a considerable height.

In Fig. b is shown a tank containing four liquids of different
densities, the densities decreasing from the bottom upward.
This is simply the well known experiment of the “vial of four

‘elements.” The liquids are mercury, a saturated solution of

carbonate of potash in water, colored alcohol, and kerosene oil.
This simple experiment is very interesting when performed in
the usual way ; but when it is projected upon the screen, the
struggle of the different liquids to regain equilibrium, after
having been thoroughly stirred up, is striking.—Soienéific
American. .
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! WHAT WAS KNOWN ABOUT BELTING FIFTY YEARS

AGO.
BY JOHN ii. COOPER, AUTHOR OF ‘‘USE OF BELTING.”

Many devices now much employed in the arts, and which
are claimed to be of recent invention, are, indeed, not new at
all, but were used in the same forms, and for similiar purposes,
as much as half a century ago. Turning the face of a pulley
a little high in the middle seems not much of an achievement
in mechanic art—ha'dly worthy of noting —nor have we dis-
covered the person who first did this, but here isa statement
showing that it was early done, and is entitled to a record.
From Oliver Evans’ “ Millers’ Guide,” published in Pennsyl-
vania in the year 1807, we quote his method of making a
. wheat-elevator belt, and the pulleys over which it runs. He
says: °‘‘Make a strap 4} inches wide of good, strong, white
harness leather, only one thickness. It must be cut and
Jjoined together in a straight line, with the thickest, and, con-
sequently, the thinnest ends together, so that if they be too
thin they may be lapped over and doubled until they are thick
enough singly.” . . . ‘“Make the pulleys 24 inches diameter,
as thick as the strap is wide, and half an inch higher in the
middle than at the sides, to make the strap keep on.”” These
pulleys are of wood, secured on *‘gudgeons’’ of square
wrought iron, with round end for bearing.

In Buchanan’s elaborate work on mill gearing, publishad
in England in 1814, the following observations occur : “Throw-
ing a wheel into gear very often occasions the breaking of
the teeth, whereas a pulley is generally put in motion by a
belt so gradually, that no part of the machinery can receive
any injury. There is the elasticity of the belt, as well as
the liberty of slipping on the pulley, to yield to the inertia,
till by its friction the belt gradually brings it into motion.

The sliding pulley is one of the oldest contrivances for
disengaging and re-engaging 8 machine moved by a belt or
band.

The fast and loose pulley is shown in Fig. 1, in which Bisa
pulley firmly fixed on the axle A, and C a pulley with a bush,
so that it can revolve upon the axle A without comrmunicat-
ing motion to it. This contrivance is remarkable for its
beautiful simplicity, as the axle A cau be thrown in and out
of gear at pleasure, without the least shock, by simply passing
a strap from the one pulley to the other. Its application in
cotton mills is now general.

When a cord is used, the arrangement then consists of two
grooved wheels, B and C. Fig. 2, one being fixed on the axle
and the other loose thereon. The cord which conveys the
motion and force may be shifted at pleasure from either
pulley to the other, driving or not driving, the axle A,

Reference is made also in this wor': to the numerous contri-
vances for the purpose of engaging and disengaging machinery,
in which the particular object aimed at has been to commun-
icate motion without shock or jar, and the author proceeds
also to divide these inventions into two classes; when the
motion is communication by bands, belts or chains, and when
it is communicated by wheel-work. The former is referred to
as “‘ possessing the advantage of bringing on the motion more
gradually.”

English mechanics also discovered the necessity of rounding
the faces of the belt pulleys. ‘It may be proper here to
mention,” says one authority, * that, Jin order to make a belt
run properly on a pulley, it is necessary to have the rim a lit-
tle rounded or swelled in the middle. The belt always inclines
to that part of the pulley which is of greatest diameter. This
curious property is of great practical use, and, until it was

knewn, it was found very troublesome to prevent belts slipping
off the pulleys.” The remark is also made that Arkwright
used iron bevel wheels and band pulleys in cotton-spinning
mills in the year 1775,

Long cones, with shifting belt thereon, and opposite cones
of pulleys with belt that may be run on any pair for changing
speeds, are graphically shown ; also combinatious of belted
pulleys and gears for producing two very different speeds, by
the shitting of a belt. There must have been many modifica-
tions of these simple contrivances, for our author says: I
have only given the way in which they are most generally
applied. To give all the varieties would be an almost endless
labor.”

High-speed belts, now well known to be in the line of econ-
omical transmission of power and motion, were also suggested
and much employed in the earlier years of this century. By
way of comparison, witnes one of the conclusions arrived at on
making an exhaustive experimentation of belt-driving in Phil.
adelphia in the near past, and which may be formulated in the |
following words : ““ The economy of belt transmission depends
principally upon journal friction and slip, and it is important
on this account to make the belt-speed as high as possible
within the limits of 5,000 to 6,000 feet per minute.”

I give herewith a statement printed in Philadelphia in the |
year 1837, which spun about the same thread some fifty years
before : ‘A belt adheres much better, and is less liable to slip
when at a quick speed than at a slow speed. Therefore it is J
better to gear a mill with small drums, and run them at a
high velocity, than with large drums and to run them slo wer ;
and a mill thus geared costs less, and has a much neater ap-
pearance, than with large heavy drums.”

Much of the cumbrous, lumbering cog-wheel gearing, run-
ning slow and sure, and attended with a deal of friction and I
noise, was done away with when this century was young. Mr-
Fairbain dates the introduction of the new system of gearing
from the year 1815. ¢ At that time,’” hesays,  the shafts of
our cotton mills were moving from 40 to 50 revolutions per
minute, whereas now (prior to 1841) many are running 300 to
350.

One of the earliest attempts at investigating the essential
conditions of driving belts, and of formulating a rule and table
for ready reference, is that of M. Laborde, dating prior to the
year 1833.  As his memoir is little know and not easily access-
ible, a correct presentation of his views is desirable, and to this
end the literal rendering of his paper is given below. It is
worthy of note that M. Laborde derived his data from belts
in use, and that he relied for years upon the rule which he has
given.

““ The first idea which presents itself in this research is,
that the resistance to be overcome must be less than the force
which caases the belt to slip upon the circumference of the
pulley. The second is, that the tension of a belt must not ar-
rive at a point to stretch It, because it would be too quickly
destroyed. The third is, that drawing too strongly upon the
axes, the resistance increases, as if these axes were increased,
in the same proportion in weight as is represented by the ten-
sion, which necessitates an increase in the strength of the
journals,

““ Yet a fourth question presents itself : That a belt must be
very flexible, or, to express it better, very supple, in order that
the power employed to cause it continually to touch in all its
parts, be as little as possible.

“ One can then cornclude, with these four reflections, that a
belt ought never to be doubled, but consist of a single thick-
ness of leather, softemed, when dry, with plain tallow ; that

e
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it must never be employed at a tension which can streteh it
to a point to deform it, and that it ought to adapt itself per-
fectly to the circumference of the pulleys; that, for this reason
the pulleys must be turned smooth, and not ridged, neither
lengthwise nor crosswise, as is often done.

‘“ These well known truths have ouly helped us to find a rule
which governs the breadth and the speed, according to the re-
sistances to be overcome.

“If we wish to transmit power, the necessary force of
which be represented by 7, and the breadth of the belt be re-
presented by a number, for example, 10, and by a speed of 100,
it is evident that to transmit a double force, a breadth of 20
with a spe=d of 100 will be necessary ; or 10 of breadth with
200 of speed ; or, briefly, there is necessary a breadth and a
speed, such that their product, comparative at first, be in the
ratioof 2 to 1; hence, we may conclude that the forces to be
transmitted are to each other as the products of the breadths
of the belts, multiplied by their speeds.

‘1t is then no longer the question to find, in practice, a
base or starting point.

‘‘ Here each practitioner can vary his opinions on the adop-
tion of this base, but all must be in accordance with the for-
mula.

“ My experience has shown me, as a good base, that the
for.ce of 6 men, or of a horse, or, to express it better, a dynamic
unity, is transmitted very well with a breadth of 3 inches,
and 500 feet of speed per minute. Such a belt, acting upon a
non-ridged pulley, . ¢., smoothly turned, has no need of a
stroug tension, and does not deform itself. It is well under-
stood that this refers to a half-embraced pulley, for in trans-
missions where the pulleys are embraced but a fourth or a
sixth, we must modify the rule but the base is correct, what-
ever the diameter of the pulley may be ; and, in fact, if the
pu}ley be 5 feet in circumference, it will make 100 turns per
minute, but if it be only 24 fret, it will make 200 turns ; it
will then, during the same time, have presented the same sur-
face to the action of the belt ; which explains why, when a
large or small pulley, each half embraced by the belt does not
slip sooner on one than on the other.

Succeeding to this, Paul Heilmann communicated to the
Industrial Society of Mulhouse, at its general meeting, May
27, 1835, some observations on the friction of belts upon the
surfa'ce of the pulleys, and upon the width to give Delts in
special cases. Laborde’s views were sustained by the society,
and the dimensions indicated by him are reported as being
good, but apply ouly to the cases where the pulleys are em-
braced just one-half of their circumference by the belts which
they drive,

Mr: Heilmann then resorts to and employs the higher math-
ematics, from which he deduces a formula which will solve all
cases i.n practice. This formula is a very knoity one, and we
leave it untied for the present, offering the plain fabric which
he has woven for us in this form :

‘It results, therefore, that the friction is the same for the
same angle of contact, whatever may be the radius of the pul-
ley ; or, in other words, that the length of the are of contact
should be proportional to the radius of the pulley to produce
t?xe same friction, all the rest being equal : A result of great
simplicity. All this being considered, we see that the laws
?oncerning the friction of curved surfaces are very different
from those which relate to plane surfaces ; from which it fol-
lows, that, the friction is the same for g same angle and a
same tension, whatever may be the width of the belt. We

see, then, that the friction of a belt upon a pulley de-
pends :

(1). On the pressure or on the tensioun of a belt.

(2). On the angle of contact ; and that the friction is inde-
pendent :

(1). Of the diameter of the pulley ; and

(2). Of the width of the belt. The friction is proportional
to the pressure.

*¢ According to the formula cited above, I have constructed
with the aid of logarithms, a table which gives the ratio of
friction to pressure for any angle. The ratio of friction to
pressure for leather upon plane surfaces of cast iron has been
taken from the experiments of Mr. Morin ; I have, however,
verified the figures with a belt such as is used in cotion mills.
All the results relate to the cases where the machine passes
from a state of rest to that of motion—the case in which the
maximum of force is necessary.”’

The part of this table which is applicable to those cases com-
ing within the limits of usual practice, I have reproduced, by
way of showing the variation of drive in belts when they en-
velope their pulleys more or less than half their circumfer-

ences :

Fraction of the Ratio of Friction to

Degrees. Circumference. the Pressure.
120 oevvinnnnn. T eeveeeiianns v 0.2011
150 L.oovennunnns e PE eeereeeees eeens 0.3763
180 touvcvvncraooe T% covenrvernnnnnes 0.4670
210 ..h e T esererecesancon 0.5674
240 Liiieiiininnn. TH eecerinereacsecs 0.6669
270 Lieieeiiiiann e 0.7769
300 ... . ee 33 e 0.8941
1123 .0 iieiiivene T8 vevrvnnenreinens 0.2706
135 eevevennennens T ceecneriiaiinn 0.3330
1578, eenvevieeee T cocoeansaaraee.. 03933
P12 S Y T, ... 0.5390
225 i 18 coviiiiiiiene 0.6145
2474 ..., N T S vee... 0.6937
2028 ... 0ieiinnence 3 ciiiiiiiaeeen. . 0.8642

If, for instance, the width of a belt to do a certain work be
found to be 6 inches, and in this case it embraces the pulley
but 120°, we must multiply the width of this belt—6 inches—
by

4670

2911

which are numbers taken from the table opposite the two en-
veloped arcs expressed in degrees. This will give 945 inches,
the increase of width required to make up for the loss of arc
contact. I mention this table, and these methuds, because
modern writers have repeated this history as if original with
them.

Chief among the things that were know about belting fifty
years ago, is its co-efficient of friction, and it is mentioned in
this connection now because modern experimenters have given
us another measure for this, detracting from Morin’s figures
apon which we have so long relied. Later still, by careful ex-
periments made at the Massachusetts Institute of Technology,
by Prof. Lanza, Morin's figures have heen re-established, and
we can therefore rest surely again on Morin’s figures—namely,
0.282, expressing the ratio of belt friction to belt pressure,
and relating to dry belts on dry pulleys. Morin also estab-
lished at least three laws of belt friction :

*¢ By recapitulating the results of these series of experiments
upon the friction of belts upon wooden drums, or upon cast-
iron pulleys, one can see that we are justified in concluding
therefrom that the ratio of this resistance to the pressure is :

‘“1st. Independent of the breadth of the belt.

50
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Fig. 1.

*2nd. Independent of the surface of contact.

*‘8rd. Proportional to the angle subtended by the belt at
the surface of the drum.” .

These experiments were made, and conclusions drawn therc-
from, at Metz, in the year 1834,

In the Philosophical Transactions for 1829, experiments
are detailed which were made Ly G. Rennie,to a point or two of
which I here refer : ¢ The friction of fibrous materials is in-
creased by increased extent of surface and by time of contact.”
«.-.“The friction of lubricated surfaces is determined by the
nature of the lubricant, rather than by that of the solids them-
selves.”’

Here are plain statements, early made, recognizing a differ-
ence between friction and adhesion, proving fairly by ample
tests that yielding surfaces smeared with unciiovs or adhesive
matters offered more resistance to sliding than the surfaces of
clean, dry solids.

Much more of interest in this relation might be collated -

and re-presented, but enough has been said already to prove
the text that much was well known about belting more than
fitty years ago.—Manufacturer and Builder.

——— e —— .

THE IMPROVED WOODWARD STEAM PUMP.

The Woodward steam pump, manufactured by the Woodward
Steam Pump Co., of 10 Reade street, New York city, has lately
been improved in its construction, and we are enabled to pre-
sent the following illustrations and description concerning
it:

Fig. 1 is a general view as at present mannfactured, which
shows a fly-wheel pump. The great economy in the consump-
tiou of fuel, which is claimed for this pump, as well as the
extremely low cost and simplicity of repairs, is due to the
arrangement and design of the steam valve and cylinder, its
motion and the design of the water cylinder. The valve used to
admit steam to the cylinder is made in the shape of a D-slide,
its motion being obtained through a rod conmecting with a
strap on an eccentric on the fly-wheel shaft. The steam pas-
sages in the cylinder consist of one exhaust and two admission
ports, one at each end of the cylinder, there being no necessity
for double ports or poppet-valves with springs, etc., to over-
come the momentum of the piston at each end of the stroke.
The side-valve is usually et to cut off at five-eights 'of the
s‘roke, sc that the steam may be used expansively for remain-
ing portion. For delivering water at very high pressures the

Fig. 2.

slide-valve may be set by any engjneer to cut off later if desired,
and it is possible for the a:tending engineer to arrange its
steam-valves with perfect satisfaction. The economy is claimed
to be due to the use of the steam expansively, to the fact that |
it is not required to waste any live steam for the purposes of
‘¢ cushioning,” and to the high speed of piston, 300 to 400
feet per minute, which can be attaiued, while, at the same
time, obtaining the benefit of the full length of stroke at each
revolution. -,

To the centre of the rod between the cylinders is keyed a
cross-head A, Fig. 8, from the outer ends of which two cou-
necting rods pass at each side of water cylinder joining in a
T head, which is fitted to crank-pin of fly-whe-l shaft in pillow
blocks, all being firmly bolted and held in position on a sub-
siantial bed-plate. Between the steam cylinder and pillow
blocks the water cylinder is bolted to bed plate, as illustrated
by Fig. 2. The greatest effectiveness and durability are claimed
for this water cylinder and its valves. Tt consists of a longi-
tudinal cylinder for the water piston, having four transverse
horizontal cylinders, two below and two above, respectively,
to receive the suction and delivery valves. The ports for the
valves, as well as the openings above them, are rectangular in
form. At the opposite ends of the valve cylinders are capsy the
inside of which project inward, having slots to receive pivots
of valves. They are held in position by a long bolt and valve

Combined Pump and Engine—General View of Improved
Woodward's Steam Pump.,
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guide in each cap, with external nuts on each engd of bolt, and
this bolt limits the extreme lift of valve. The faces of the
valves are made true to the same radius as the inner surfaces
of the cylinders and are accurately fitted, while the valve

valves fall on their seats of their own: weight, and, being cir-
cular on the faces, evenly and gradually bed themselves, so
that no composition in the seats or valves is necessary and
springs, etc., are dispensed with. The wear of these valves is
very small. Dirt cannot lodge on the seats, and large objects
or impediments, such as fish, rags, etc., are cut, and any hard
matter large enough to pass through the ports goes through
without injury to the parts, or is removed by the swinging
motion of the valve. The working of this form of valve
increases the tightness, and they are thus made capable of
forming an almost perfect vacuum in the suction-pipe. This
Pump, we are informed, can pump molasses, mashes of any
kind, glue or anything that can be made to move.

An ingenious arrangoment of piston rods is used when power
is transmitted from the fiy-wheels of t};ese pumps. In Fig. 3,
B C is the main steam piston-rod, the end ¢ being turued to
small diameter so as to fit within the hollow part of the water
cylinder piston-rod . The dotted lines denote the hollow,
which acts as a guide for the rod B C. The nat £ passes on to
shoulder F, which nut is screwed to thread @ on cross-head 4.
When the pump is to deliver water this nut is detached, when
power only is needed and the water piston remains at rest,
These pumps are used for power engines in a number of instan.
ces, and we are informed give satisfaction, and for fire pumps

very efficient.—dmerican Engineer.

B

pivots are turned to exactly fill the slots in the caps. These.

or where a high pressure and rapid flow is tequired they are -

Fig. 4
Detaila of Valves.

‘ Fig. 3.
Detached

Piston Rod.

THE DANGER OF ELECTRIC DISTRIBUTION.

Notwithstanding the susceptibility of the public mind to
suggestions of alarm, it is doubtful if a full realization of the
risk to which the members of the community are exposed from
electric wires has been generally attained. If the recent law
providing for death by electricity as the punishment of maur-
derers never goes into effect, it will doubtless do its meed of
good. It will cause a more thorough discussion of the subject
in technical circles, and the idea and true conception of the
danger will be disseminated among all.

Electric companies, whether supplying current for lamps or
motors, have every inducement to increass the danger inevita«
bly attendant upou their installations. The cheapest wire is
the uncoated one. A wire however poorly insulated costs mors ;
a properly insulated one is still moro expensive, The quality
of the insulation at the start is only one element—its duration .
when exposel to the weather is another., Insuring the latter
gives a further increass in cost. As the network of wires grows
thicker, and as the lines cross each other more often, an addi-
tional cause of deterioration appears. The contact of swinging
wires with one another tends to rub off the insulation and ex-
pose the metal. The lines which have done the damage then
serve as conductors to carry off the current, possibly to a tele-
phoue box or other place where it may do much harm.

Recent experiments ic death by electricity which have been
made upon animals illustrate the fatal nature of the dynamic
shock. In the early days of the scienco, the static discharge
of immense potential and very small quantity was considered
the most fatal. It corresponded to the lightning stroke, both in
| its electrical characieristics and effects. Following the devel-
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opments of the last decade, dynawic currents of very high in-
tensity are everywhere in use, and these have been found to be
deadly, though of comparatively low potential. It is to such
currents as these that imperfectly protected wires are carrying
above the streets.
with wires conveying such currents is liable to be fatal. A
broken wire that has fallen so as to reach from the top of a
pole to the street has now come to be regarded as dangerous by
the populace. The dread is only too just. Repeated deaths
have proved it so.

It is futile to attempt to restrain the march of progress. No
advance in practical science is more remarkable than the de-
velopment of electricity. Goethe’s prediction, true for so many
years, is now being falsified. He said that electricity would
only be applied to the minor uses of life. Now engines are
driven by it, and the difficulties in the way of its application
to outdoor locomotors are gridually disappearing. The electric
light is practically complete in its development. But while
no effort should be made to restrict the uses of the current, the
fact that it is dangerous should not be overlooked. The rival
exploiters of different systems claim each a higher degree of
safety, or more properly a less degree of danger for his own in.
stallation, The direct and alternating current advocates are
engaged in active attack upon each otheron the basis of the
relative harmfulness of the two tystems. One engineer has
suggested a species of electric duel to settle the matter. He
proposes that he shall receive the direct current, while his
opponent shall receive the alternating current. Bosth are to
receive it at the same vollage, and it is to be gradually in-
creased until one succumbs, aund voluntarily relinquishes the
contest. The absurdity of the suggestion, which is made in
appatent earnestness, shows how decided the war has become.
Back of it all the fact remains that the working current of the
day, direct or alternating, is dangerous. Oue solution seems
adapted to protect the public. It is to properly dispose of the
wires underground.

[n examining the effects of the dynamic current upon the sys-
tems of animals, several points of interest have been developed.
Oune such point is the small amperage required for a fatal re-
sult. Thus, with a current of 536 volts eloctromotive force a
dog with a resistance of 11,000 ohms was killed. This reduces
to a current of less than 0-05 ampere, leaving out of considera-
tion the resistance of the dynamo. A horse weighing 1,230 lb-
was killed by a current of about 0°06 ampere. In the case of
the alternating current, the question of time seems to euter.
A current requires a certain period to destroy life, which period
varies with the current intensity. These data go to prove how
slight a contact with the wires may be fatal. Sooner or later
the plan of a modern city will have to provide some effective
sysiem of subways. The overhead wires will be a perpetual
‘menace, will be the cause of death and injury.

But a few days have rlapsed since a forcible illustration of
these dangers occurred. A storekeeper in Meriden, Coun.,
started to take in some articles of clothing that had heen hung
up in front of his store. It was raining at the time. He was
thrown violently back by an electric shock as soon as he at.
tempted to remove a kuit jacket. He soon recovered aud con-
tinued his work only to receive an additional shock which
scorched his hand. The attention of bystunders was excited,
and it was found that brilliant flashes of light could be drawn
from the iron front of the store. On investigation it was found
that an electric light wire had come in contact with the wet
awning, and thus had caused the trouble. Here at least is a
case where it would be hard for the electric light company to
plead contributory negligence.—Scicatific American.

When the dynamos are running, contact .

* plans which are at first prepared to demonstrate the weight,

. now covered with black lead. This is mixed into a thick

THE MANUFACTURE OF LARGE BELLS.

It may not be generally known, siys a writer in Stoves and
Hardware that there are only five concerns in the United States
engaged in the manufacture of church, school, and chime bells,
and that the Hy. Stuckstede Bell Foundry Company, St. Louis,
claims to be the largest of the five. In fact, it is not an indus-
try that calls for many factories, as a well made bell will last
almost for ever, and hence but little has ever been said about |
them in public print. Nevertheless, the process of manufac-
ture is one full of interest, and worthy of more thau passing
notice. i

A visitor to be in a bell foundry, where nothing but large
bells are manufactured, experiences peculiar, if not weird,
sensations. Not many workmen are employed, and as they
move around, with apparently noiseless motion, occasionally
stapping in the full light of the open furnace door, showing
their begrimed faces, and all the while the soft, resouant tones
of the bells being tested, in his ears, the impression is one far
removed from churches and church chimes. There is no con-
versation or bandinage, or loudly expressed orders, for the
workmen'’s duties keep them separated, and, as the floor is of
clay, there is not even the sound of a footfall. This is the
first impression received by a Stoves and Hardware representa-
tive on his visit to the works above mentioned. A easual
glance gave no indication of the work being done. A lot of
bells, of various sizes, distributed over the floor, a larger num-
ber of moulds, a pile of cast iron mountings, and a furnace with
a deep pit in front of it is all that is to be seen, yet here some
of the finest chimes in this country have been made.

Contrary to the popular idea, the exact musical tone of a beli
depends neither upon the metal nor upon any change in it
after being cast. If the bell should not be of the exact piich,
there is no alternative but to melt it over and recast it until
the proper tone is secured. Hence, it is clear that the great.
est cate must be exercised, and the most thorough skill dis-
played. |

The first operation, and the one upon which success depends,
is the forming of the moulds. They are made according to

thickness, and dimensions necessary to produce the required
tone. The moulding is done entirely by hand, without the use
of patterns. For the inside, the shape is made up of loam,
which is merely sand mixed with enough clay to make it cohe-
give. With nothing but a trowel, a paddle, and his hands, the
operator moulds the loam into the desired shape, workiag [rom
the bottom toward the apex. The work is uecessarily slow, as
great care must be exercised, as any variation from the plans
would inevitably ruin the effect, and frequent measurements
are taken to see that there are no deviations. The surface is

paint, or mortar, and applied with a brush. Each coat must
be allowed to dry, and successive coats applied uuntil it reaches
a thickness of about three-quarters of an inch, or until the de-
sired shape is accurately secured. The outside half of the
mould is built up of loam in the same way, ouly in this case
Do coating or plumbago is used. The exterior mould fits over
the iuside mould, the space between the two determining the
thickness of the bell. The moulds being finished, they are
placed in position in a pit iufrontof the furnace. At the apex
or at the point where the bell would be hung, an cpening is
made in the outside mould of about two inches in diameter. A
trough then carries the molten metal dircetly into the mould.

The furnace is very similar to those generally used in melt-
ing large quantities of brass. The melting pot is built between
two fire-boxes, so constructed that the heat str kes the sides

—
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and bottom with almost equal force, effecting quick results.
The metal used is simply ingot copper and tin, in the propor-
tion of four parts of the former to one of the latter. The cop-
per is first melted, -and then the tin is put into the molten
mass, soon becoming a prrt of it.  The kettle has a capacity of
about a ton. For a bell weighing thiee huundred pounds, the
mould is completely filled in seven or eight minutes. For bells
weighing six hundred pouuds, it requires about fifteen minutes,
and so on.

The bell having cooled sufticiently, the moulds are broken,
and it is taken out and turned over to the polisher. The in-
side, having been moulded against the smooth surface of black
lead, needs no polishing, but the outside requires attention in
that respect. The operation is very simple. The bell is hoisted
to the centre of a double revolving table. The part the bell
rests upon revolves one way, the surrounding part in an oppo-
site direction. This latter part is so constructed that it will
hold a large quantity of coke. Thus, in revolving, the coke
scours the outside of the bell, the result being a smooth, bright
surface.

Before polishing, however, the tone of the bell is tested, and
it is again tested after polishing, as carefully as the string of a
piano, or the reed of an organ. If satisfactory, notbing re-
mains to do but the mounting.

An idea of the great accuracy that must be displayed in the
plans and preparation of the moulds can be seen in that from
ten to twenty-five pounds of metal, either too much or too lit-
tle, in bells weighing from six hundred to two thousand pounds,
or a variation of from one-twentieth to one-twelfth of an inch
in thickness, will affect the tone. The successful manufacture
of chimes and peals, therefore, can only be done by those whose
knowledge of the business is as accurate as instinct, and this
i3 possessed only by those who have followed the business for

a lifetime.
———-———

THE INVENTOR OF THE SEWING MACHINE.

We glean the following carious scrap of history from the
Sewing Macline World :—

If you should inquire from zome one of the numerous per-
ons now using the sewing machine—Who is the inventor of
the sewing machine ? every one, accustomed as he is to see
everywhere the pictures of Elias Howe and the gigantic S of
the Si1 ger Sewing Machine Co., would undoubted'y answer
you that the sewing machine was deviged by American inven-
tors. Well, this is not true. American inventors have un-
questionably contributed largely to endow the sewing machine
with the numerous improvements which ft has received for some
thirty years, but they did not originate it. As early as 1830,
a man—a modest tailor—had appeared who had succeeded in
building, and running in an industrial way, a sewing machine
supplied with a continuous thread, and the needle of which
W28 not passed entirely through the cloth, and that man was
neither an American nor an Eoglishman ; he wasa Frenchman,
by name Barthélemy Thimonnier.

The English and Americans have so many industrial devices
of their own invention, that we do not hesitate to take away
from them, in behalf of a modest French inventor, who strug-
gled hard during his whole life, the glory of having devised a
machine by means of which many manufacturers—-Elias Howe,
Singer, Wheeler, Wilson, among others — secured large
fortun:s.

Barthélemy Tuimonnier, whose picture the reader will find
on page 60, was the son of a dyer of Lyons, and was born at the
Arbresle (Rhone), in the year 1793. He studied a little while

—_—

at the seminary of Saint Jean, and was put to the tailor trade
which he practiced at Amplepuis (Rhone), where he had been
brought up.  Thimonnier, who had many opportunities of
seeing the female sock embroiderers working for the manu-
facturers of Tarare, took it into his head to build a machine
to perform with it the work of the en.broiderers and the tailor.

In 1828 he removed to Saint Etienne, ard during several
years neglected his own business, his only means of earning a
livelihood for himself and his family, and devoted himself in
a lonely room to many pursuits and stuliey, which his friends,
as they were unable to understand them, considered at once as
foolish. At last, in 1829, after four years’ hard work, which,
ignorant as he was of mechanics, was the more painful, he
mastered his idea, and, in 1839, he applied for & patent for a
chain stitch sewing machine,

Taken to Paris by Mr. Beaunier, a supervisor of mines, who
guessed at first the real value of the invention, and beeame
morally and pecuniarily interested in its success, Thimonnier
was, in 1831, made a partner and appointed manager of the
firm Germain Petit & Co., and set up on Sévres Street, in
Puris, a workshop, where he used eighty machines, making
army clothing.

At this time, the workingmen were adverse to every kind of
new machinery, and used sometimes to destroy it, as the
boatmen on the Soan river broke Marquis de Jouffroy’s steam-
boat about twenty-five years before Falton launched his boat
on the Hudson river. Thimonnier's machine shared the fate
of the other machines ; the inventor was obliged to take
flight, and, a few months later, on account of the death of
Mr. B -aunier, the partnership with Germaiu Petit & Co., was
dis-olved, and Thimonnier returned to Amplepuis, in 1832.
In 1834 he went back to Paris, and,. as a journeyman, ran
his machine, which he was always stadying to improve.

In 1836 he was penniless, and obliged to go once more to
Amplepuis ; he went on feot, carrying his machine on his
back, and to earn his living during his journey he made a
show of it as a curious piece of mechanism. He manufacturerl
at Amplepuis a few machines, which he sold with a great deal
of trouble in his neighborhood; in 1845, his machine would
run at a rate of 200 stitches a minute. He made then a
partiership with Mr. Magnin, and built in Villefranche some
machines which he used to sell at fifty fraucs apiece ; and on
August 5th, 1848, jointly with Mr. Magnin, he applied for
an improvement patent for his machine, which he called
““Cuusobrodeur ”” (the Knglish patent was applied for on
February 9th, 1848), and which he no longer made of wood,
but of metal, and with accuracy.

The revolution ot 1848 having stopped Thimonnier’s Lusi-
ness, he started for Englind, where he stayed a few months,
and sold his patent to a Munchester firm.

At the exhibition at London in 1851, on account of inex-
plicable bad lack, Thimonnier's machine was not ready for the
examination of the commissioners ; whereas, the Americans ex-
hibited their first improvements to Thimonnier’s machine, and
the shuttle and two-thread machine of Elias Howe ; as eatly a8
1832 Thimonnier had studied this kind of machine, and was yet
stulying it in 1856. But, exhausted by thirty years’ strug-
gling and sufferiug, he died penniless at Amplepuis on Aug.
5th, 1856, leaving « widow aud several children. Later, in
1866 and 1872, the French Government, at the request of the
Industrial Science Society of Lyons, relieved by its subsidies
the last days of that poor widow,who died on August 9th,1872.

The Board of Commissioners of the Exhibition of Paris in
1855, wrote the following about Thimonnier's machine :—
“ Thimonnier’s machine was evidently the stan.lard of all the
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Bartholemy Thimonnier, Inventor of the Sewing)
Machine.

[From an Old Print]

modern sewing machines,’”’ and they bestowed on Thimon-
nier-Magnin's * Cousobrodeur” s first-class medal ; the prize
was well-deserved, as the ** Cousobrodeur” of 1855 was by far
superior to the machine of 1830, which, made of wood, and
put in motion directly by a cord, was unable to make more
than one stitch at each oscillation of the treadle.

\

——— G i
'

A SIMPLE DYNAMO. J
1 venture to send you a brief description of a simple electro-

| magnetic instrument which:I have recently devised for illus-

trating the principle of the Gramwme ring.

Two pulleys, A.B., having semicircular grooves, are mounted,
as shown in the figure, on a piece of board; round the two
wheels is stretched a continuous coil of copper wire ; a horse-
shoe magnet is placed witn its poles close to the vertical parts
of the coil ; the wheels are connected to the terminals ¢ ¢%:
when the wheel A is rotated the whole coil moves, and a steady
current is at once generated, which flows from terminal to
terminal when they are connected together, the directiop of
the current depending on the direction of rotation. .

1t will be noticed that, since the coil and wheels are always
in contact, no undulations are produced as when brushes come
in contact with successive ends of coils, as in the ordinary
dynamo.

When the instrument is placed in circuit with a sensitive
galvano-meter, the rotation being constant, no variation in
the current can be detected, even when the motion is very
slow. The coil when arranged with one wheel at A, and a
mercury contact at B, will revolve when a current is sent
through it, becoming in this case a motor. If an iron chain,
or an elastic band of iron, such as a measuring tape, be placed
inside the ring coil, it then becomes a distorted Gramme ring,
the wheels taking the place of the brushes, the way in which
the current is produced being the same. If coils approaching
N produce a current upwards, then those which are leaving N
produce one downwards. The same takes place on the other

side ; coils luﬁng the s pole produce a current npwards, while
those which approach it produce a current downwards ; both
of the ascending currents, being in the same direction, go to
the wheel 4, while both of the descending cwrrents, being in
an opposite direction, go to the wheel B.

The first coil made was of copper wire. Phosphor bronze
wire answers better, being less easily distorted.—FREDERICK
J. SMmiTH, in Nature. .

Trinity College, Oxford, Nov. 12.

————————

THE DURATION OF LIGHTNING FLASHES.

It is well known that the lightning flash, or the spark be-
tween the terminals of an influence machine, exists for so
short an interval of time as to be beyond measurement by any
ordinary means. But notwithstanding the acceptance of this

knowledge, the peculiarities of some ef the flashes bhoto-'

graphed have been supposed to be due to the camera, or the
sensitive plate, being at the_ time in a state of vibration.
To test this line of thought, Mr. James Wimshurst has made
a dark slide for his camera, in which is fitted a train of clock-

work carrying a disc, upon which is an arrangement for hold-
ing the sensitive plate. When all is complete for photograph-
ing a flash, the clockwork is wound up, the sensitive plate
then rapidly acquires great velocity, which at the maximum
reaches 2,600 revolutions per minute, and with ‘the plate ro-
tating at this speed the spark is photographed. The annexed
engraving is from a photograph taken under these circum-
stances ; as will be seen, it in no way indicates movement in
the sensitive plate, for the protograph, throughout its length,
is as sharp and as clear as though the plate had been st rest.
The experiment is interesting, for it not only shows the in-
finitely short existence of the spark, but it also shows that
chemical change in the sensitive film takes place in an equally
minute interval of time.—Engineecring.

=1
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IMPROVED-CABLE RAILWAY MACHINERY.

- We give herewith another example of the improved cable
railway 'machinery, manufactured by The Wakler Manufactur-
ing Company, of Cleveland, Ohio.

The ““ G " frame is cast in two pieces so as to mold easily ;
it is hollow with flanges in the center to bolt each half togeth-
er and also has ribs and sides. The flanges form a back bone
to the frame when bolted together. The sides are
Dot pierced with heles as is common in such castings
to get core out when cast in one piece; these holes
make such castings quite weak, especially so as the metal
forming the plate or outside of the casting gives the greatest
strength. The castings are securely bolted together and
dowell-pinned before they are bored and fitted for the
boxes.

“The sheave has staggered arms which makes a very rigid
sheave for either horizontal or vertical motion. The principal

_advantage of the staggered arms sheave is a uniform casting ;
the arms not coming opposite each other dispenses with
all undue strains such as occur in straight arm castings.

The company has made a great many of these sheaves of 8
feet, 10 feet and 12 foet diameter, with the same general suc-
cess, .

As the sheave appears from an ordinary standpoint of mold-
ing it wonld be very difficult indeed to mold ; but they have
& system of molding them which is very simple.—Admerican

Engineer,

——l P

SHOP HINTS.

+ *

When boring deep holes in the lathe with the ordinary tool
used for such purposes, the leverage of the cut often forces the
point of the tool away from the work. This trouble may be
sastly ¥voided by making a soft steel block of the shape shown
in the sketch, and inserting the same in tool rest immediately
behind the boring tool, the tenon on the bottom at C, fitting
nicely in the top slot of rest, and the shank of the tool passing
through the groove D, the set screws shown at 4 and B being
used to prevent side play. The effect of this arrangement is
to held the boring tool as firmly as if two tool posts were used,
while being much more simple, cheaper and convenient. Its
?mployment will be found especially valuable for inside thread-
1ng tools, and it makes & handy acquisition to the machinists’

kit.

—

‘U FRAME AND STAGQERED ARM SHEAVE.

Arbors or mandrels for machinists’ use, also the screws for
tool posts, should be made from a good quality of tool steel,
and lathe centers of the best cast steel.

For polishing arbors, and every shop should have a special
set for this purpose, iron is ruch to be preferred to soft gteel,
as the centers will last longe?, and there is less liability to cut
when driving them into the work. '

Musket steel of smal! size may be readily cut off without the
trouble of heating in a forge by nicking the bars ull around at
the point where separation is desired, on the edge of an emery
wheel ; it may also be conveniently shaped for small cutting
points by the same means.

It pays to use this steel on cast iron, as the speed of work
and the fee'd may be greatly increased.— Ex.

AN INTERESTING FACT.—A boat may be pierced in several
places below the water line, and yet continue to float indafin-
itely, so long as a swift motion through the water is kept up.

This was recently proven by an interesting experimént tried
by the English builders, Thornyecroft & Co., with a new boat.
For the purpose of making the experiment a three-quarterinch
hole was bored into the side, about onme foot under water.
When the boat was at rest the water flowed in very rapidly,
but when moving at a speed of about ten miles an hour a skin
of water was drawn over the hole, which resisted any

inflow, _—_—.JJ
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MACMILLAN & CO’'S

TEXT-BOOKS FOR STUDENTS.

llow and Lecturer
BALFOUR. A Treatise on Comparative Embryology. By F. M. Balfour, M.A,, F_.R.S.f Fe nd Lectu
of Trinity College, Cambridge. With Illustrations. Second Edition, reprinted without alteration from the First Edition.
In 2 vols,, 8vo. Vol. I, $4.50 ; Vol. I1., $5.25.

i heory of Structures
COTTERILL. Applied Mechanics: An Elementary General Introduction to the Theory «
and Machines. ]';:7’ James H. Cotterill, F.R.S., Associate Member of the Cquncﬂ of the. ln§t1tu}tl10nR of i‘T aIYIalv:ﬁm(})l;ltle:t:’
Associate Member of the Institution of Civil Engineers, Professor of Applied Mechanics in the Royal Na g€,
Greenwich. Medium 8vo. $5.00.

DANIELL. A Text-Book of the Principles of Physics. By Altred Daniell, M.A., LL.B., D.Sc., FRdSIﬁé
late Lecturer on Physics in the School of Medicine, Edinburgh. With 1llustrations. Second FEdition, revised a
et e edinm Bvo. o hat h s yet appeared in the English

lancungo, and Biile weitien Sovsialo wal (o Cent clomentary text book for advanced stadents that has us ot wppenred i Uhe pen he

subject in a scientific and philosophical manner.”—The Chicago Tribune. ) . i

FOSTER. A Text-Book of Physiology. By Michael Foster, M.D., Sec. R.S., Professor of Physiology in the University
of Cambridge. With Illustrations. Fourth Edition, revised. 8vo. $5.50.

i f

CAMCEE. A Text-Book of the Physiological Chemistry of the Animal Body. Including an Account o

the Chemical Changes occurring in Disease. By A. Gamgee, M.D., F.R.S., Professor of Physmlogx in the Victoria Univer-
sity, the Owens College, Manchiester. 2 vols , 8vo , with 1llustrations. Vol. 1., $4.50. [ Vol. I1. in the Press.]

GEGENBAUR. Elements of Comparative Anatomy. By Professor Carl Gegenbaur. A Translation by F.
Jeffrey Bell, B.A. Revised, with Prefa(':)e by Professor E. Ray Lancaster, F.R.S. With numerous Illustrations. 8vo.
$5.50.

CGEIKIE. cCiass-Book of Geology. By Archibald Geikie, LL.D., F.R.S. Profusely illustrated with woodcuts.
12mo. $2.60,

- s i i for
. “We have no hesitation in declarin the book an excellent one, containing exactly such material as renders it especially fitted
Instruction. More than that, to the pergon with no geological turn of mind, the whole matter is so well oon}bmed, and t'll‘le e:x;ll?::s)lg!mg
simple, that by reading the volume, nature’s action in the past, as in the present, can be better understood; . . . hmd a aken on the
part of the student curiosity and interest, for at once it can be seen how observation, generalization, and induction go hand in
Progress of scientific rescarch.”—Netw York Times.

GEIKIE. Text-Book of Ceology. With Illustrations. Second Edition, revised and enlarged. 8vo. $7.50.
.+ A noble and ly work.”’—Christian Aduocate. o .
“ Inall re:x?ec:‘;z?geoﬁrfp‘:eﬂensive ar::itéggaustvigceatgxt-book of geology ; discusses every phase of the science in the light of the latest
researches and opinions, and is at once acceptable to the student and genersl reader.’’'— Philadelphia Times.
MUIR. The Elements of Thermal Chemistry. By M. M. l’attisou' Muir, M.A., F.R.S.E., Fellow and Prelector
of Cliemistry in Gonville and Caius College, Cambridge ; assisted by David Muir Wilson. 8vo. $3.25.

MULLER. The Fertilization of Flowers. By Professor Hermann Miiller. Translated and Edi.ted by D’arcy W.
Thompson, B.A., Professor of Biology in Uuniversity College, Dundee. With a Preface by Charles Darwin, F.R.8. With
humerous Illustrations. Medium 8vo. $5.00.

PHILLIPS. A i on Or osits. By J. Arthur Phillips, F.R.S.,, V.P.G.S., F.C.§, M. IHS‘E- C.E,
A.ucien Eléve deTlrE:Ofesdzs Mines, I?ari?,e:{)uthor of ¢ X Manual of Metallul;gy," “The Mining and Metallurgy of Gold and
Slllver,” etc. With numerous Illustrations. 8vo. $7.50. hod ontific Titerature with a contribation of
“ n_closing Mr._ Phillips’s volume we may congratulate him on having enriched our scientific literature Wl’ D e

Timited sy e, whieh wil proburly roumnin for muny ' 'y stundard work of rofepence,on it peculiar subloct, Rorwil it gee bo

the other side of the Atlantic.””—London Academy. .

SMITH. A Dictionary of Economic Plants: Their History, Products, and Uses. By John Smith,
A.L.S, etc. 8vo. 83.50.

VINES. Lectures on the Physiology of Plants. By Sydney H. Vines, M.A., F.R.8. 8vo. With numerous
Mustrations.  §5.00.

WIEDERSHEIM. Elements of the Comparative Anatomy of Vertebrates. Adapted from the German
of Robert Wiedersheim. By W. Newton Parker. With additions. Illustrated with 270 woodcuts. 8vo. $3.00.

ZIECLER. Text-Book of Pathological Anatomy and Patho-Cenesis. By Pl'ofeSa‘or Ernst Ziegler, 0({
Tibingen. Translated and Edited for English Students by Donald Macalister, M A., M.D., B.Sc., F.R C.P., Fellow al}ll
Medical Lecturer of St. John's College, Cambridge, Physician to Addenbrooke’s Hospital, and Teacher of Medicine in the

University. With numerous Illustrations. Medium 8vo.

Part 1. GENERAL PATHOLOGICAL ANATOMY, $3.50.~

Purt Il. SPECIAL PATHOLOGICAL ANATOMY. Sections I—-VIIl. 83.50.
Part [I1, Sections IX,—XII. $3.50.

Macmillan & Co.'s new complete Olassified Oatalogue will be sent free, by mail, to any
address on application.

MACMILLAN & ©O0., 112 Fourth Avenue, New York.
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A Ransone & Go.s New Paent PraNNG axo MOULDING NACHINE.

STANLEY WORKS, MADE IN FIVE SIZES, AS UNDER:—
BEELSE <X @ Fo.0,4by?2 £96; No. 1,7 by3, £140; No. 2, 0 by 3, £170;
C A, S. L i No. 3. 12 by 4, £220 ; No. 4, 16 by 6, £270.

ENGLAIND.
1 ILLUSTRATED CATALOGUES
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THE WORKS.

CAN BE SEEN IN DAILY OPERATION AT
*SLANIN V LEEd OF Ol dN GREd

*“Tt is in the contemplation of the superhuman accuracy with which these marvellous machines do their delicate work that the {mmense
value of such appliances is borne in with irresistible force upon the mind of a spectator. Anything more remarkable than the precision an
exquigite finish with which every detail of the work is carried out cannot easily be conc_ewed."-—ﬁritieh Mercantile Gazette.

We can only say that having seen most of these machines in actual every-day use in mills aud works in different parts of the country,
we have never come #sross one which, under capable management, did not perform its allotted task with that measure of efficiency an
lpee‘ql essential to perfection of preduction and economical working, '~ British Architect. . .

Soms idea of the economy effected by the use of these machines in greference to the ordinary type may be arrived at when it is under-
stood that while doing more than twice the work of one machine, they do not cost 8o much money as two machines, take up less than half
the space, and only about half the horse-power, besides the fact that the labour for running the second machine is entirely obviated.”’—Timber.

HELLIWELL'S PATENT.
= GLAZING WITHOUT PUTTY =
7iNc ROOFING WITHOUT EXTERNAL FASTENINGS!

Direct Importers of Vieille Montagne and Lipine Zinc.

WATERTIGHT. FREE FROM RATTLE. SAVES ALL OUTSIDE PAINTING. NO DRIP FROM CONDENSATION. OLD ROOFS RE-GLAZED.
80,000 ft. of old Putty Roofs have been Re-Glazed on this System. Extensively used b H.M. Gov-
ernment, and generally throughout the country for STATIONS, MARKETS, PICTURE
GALL RIES, and every description of Roof and Horticultural Buildings.

References to most Eminent Engineers and Engincers of all the leading K atlways. For particulars apply 1o

T W HELLIWELL, BRIGHOUSE, YORKSHIRE; AND 5 WESTMINSTER CHAMBERS, LONDON.

To preserve Wood against Decay, Dry Rot and Fungus.
To preserve Ropes and Leather against Weather.
To prevent Dampness in Walls.

ii%?%BBOLINEUM AVENARIUS 2=

[ ji
REGISTERED. “Il

Used with immense success by Military Authorities, Boards of Works, Railway Companies. T:amways, Mines, Engineers, Builders,
Contractors, Public Gardens, Estates, Breweries, &c.

For Pricea.ami Particulars apply to

PETERS, BARTSCH & CO., DERBY, ENGLAND.

Oarbolineum Avenarius oan only be had from Peters, Bartsch & Co., or their Authorized Agents.
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